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Preface
The 2009 International Conference on Fibrous Materials, under the great concern of
the experts and professionals of the fibrous material field, is convened in the modern
and beautiful city of Shanghai, crowned as the Oriental Pearl in May 2009. This
conference is focused on the latest development of multidisciplinary subjects ranging
from nanofibers, technical textiles, biomedical textiles, textile processing, textile
composites, textile testing, apparel technology, textile marketing, textile management
and some other textile related topics.

This is the first time for the International Conference on Fibrous Materials to be
convoked in the Chinese mainland, which is of special significance to the fibrous
material circles. The current convention gathers new and old friends from more than
20 countries and regions in the world. It shows that China, as a large country for
textile manufacture in the world, is now attaching more importance to the academic
research together with other countries in the world to build the brilliant future of the
fibrous material industry.
The purpose of the International Conference on Fibrous Materials is to provide an
arena for exports and professionals to exchange their latest informations of advances
and collide their sparkles of wisdom. In this sense, the conference at every turn
contributes a lot to the fibrous material field. Boasting 400-odd academic papers for
discussion from more than 20 countries and regions, the present convention offers
participants the latest developments and current challenges in this industry. It is the
bounden duty for us, the host of this conference, to compile the rich content of the
participants' presentations. Therefore, we elaborately complied the proceedings of the
2009 International Conference on Fibrous Materials in the hope that they may co-exist
with the promising future of the world.
We hereby would like to extend our heartfelt gratitude to all the lecturers and authors
of papers participating in this conference and cordial respect to all the personnel who
have been making unremitting efforts to ensure the successful convocation of this
conference.

Prof. Qiu Yiping
Dean of College of Textiles
Donghua University
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，

，
（ ）
Ｅｌｅｃｔｒｏｓｐｕｎ Ｎａｎｏｆｉｂｒｅ Ｙａｒｎｓ !!!!!!!!!!!!!!!!!!! Ｙａｑｉｏｎｇ Ｚｈｏｕ，Ｔｏｎｇ Ｌｉｎ，Ｘｕｎｇａｉ Ｗａｎｇ （４６８ ）
!!!!!!!!!!!!!!!!!!!!!!!!! Ｘｉｗｅｎ Ｚｈａｎｇ Ｒｙｏｈｅｉ Ｎａｋａｇａｗａ Ｍａｓａｙａ Ｋｏｔａｋｉ ４６６

··
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Ｉｎ － ｓｉｔｕ Ｓｔｒｕｃｔｕｒｅ Ｃｈａｒａｃｔｅｒｉｚａｔｉｏｎ ｄｕｒｉｎｇ Ｆｉｂｅｒ Ｐｒｏｃｅｓｓｉｎｇ ｂｙ Ｓｙｎｃｈｒｏｔｒｏｎ Ｘ － ｒａｙ Ｓｃａｔｔｅｒｉｎｇ ／ Ｄｉｆｆｒａｃｔｉｏｎ Ｔｅｃｈｎｉｑｕｅｓ

，

（ ）
Ｗｉｒｅ Ｃｏｉｌ Ｎｅｅｄｌｅｌｅｓｓ Ｅｌｅｃｔｒｏｓｐｉｎｎｉｎｇ ｏｆ Ｐｏｌｙｍｅｒ Ｎａｎｏｆｉｂｅｒｓ !!! Ｘｉｎ Ｗａｎｇ，Ｈａｉｔａｏ Ｎｉｕ，Ｔｏｎｇ Ｌｉｎ，Ｘｕｎｇａｉ Ｗａｎｇ （４７３ ）
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｂｅｎｊａｍｉｎ Ｃｈｕ Ｂｅｎｊａｍｉｎ Ｓ． Ｈｓｉａｏ ４７０

Ｓｔｕｄｙ ｏｆ Ｒｈｅｏｌｏｇｌｃａｌ Ｂｅｈａｖｉｏｕｒ ｏｆ Ｐｏｌｙｍｅｒ Ｓｏｌｕｔｏｎ Ｕｓｅｄ ｆｏｒ Ｅｌｅｃｔｒｏｓｐｉｎｎｉｎｇ Ｐｒｏｃｅｓｓ !!!!!!!!!!!!!!!!

，

，

，

，
（ ）
Ｍｏｄｅｌｉｎｇ ｏｆ Ｍｕｌｔｉｆｉｌａｍｅｎｔ Ｐｏｌｙｍｅｒ Ｆｉｂｅｒ Ｍｅｌｔ － ｓｐｉｎｎｉｎｇ !!!!!!!!!! Ｃｈｒｉｓｔｏｐｈｅｒ Ｌ Ｃｏｘ，
Ｙｏｕｎｇ － Ｐｙｏ Ｊｅｏｎ（４７６ ）
Ａｓｓｅｓｓｍｅｎｔ ｏｆ Ｓｐｉｎｎａｂｉｌｉｔｙ ｏｆ Ｃｏｔｔｏｎ Ｆｉｂｒｅｓ ｂｙ Ｃｏｍｐｒｅｓｓｉｏｎ Ｍｅｔｈｏｄ !!!!!!!!! Ｍｅｈｍｅｔ Ｅｍｉｎ Ｙｕｋｓｅｋｋａｙａ（４７８ ）
!!!!!! Ｋｈｅｎｏｕｓｓｉ Ｎａｂｙｌ Ｈｅｋｍａｔｉ Ａｍｉｒ Ｈｏｕｓｈａｎｇ Ｄｒｅａｎ Ｅｍｉｌｉｅ Ｓｃｈａｃｈｅｒ Ｌａｕｒｅｎｃｅ Ａｄｏｌｐｈｅ Ｄｏｍｉｎｉｑｕｅ ４７４

Ｃｏｍｐａｒｉｓｏｎ ｏｆ Ｍｅｃｈａｎｉｃａｌ Ｐｒｏｐｅｒｔｉｅｓ ｏｆ Ｅｌｅｃｔｒｏｓｐｕｎ Ｎａｎｏｆｉｂｒｅ Ｙａｒｎ ａｎｄ Ｍｅｌｔ Ｓｐｉｎｎｉｎｇ Ｆｉｌａｍｅｎｔ !!!!!!!!!!!

，

，

（ ）

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｙｕｅ Ｍａ Ｙｕｑｉｎ Ｗａｎ Ｆｒａｎｋ Ｋ Ｋｏ ４８０

Ｓｅｃｔｉｏｎ Ｃ

Ｔｅｘｔｉｌｅ Ｔｅｓｔｉｎｇ

Ａｎａｌｙｓｉｓ ｏｎ Ｍｅａｓｕｒｅｍｅｎｔ ｏｆ Ｂｕｒｓｔｉｎｇ Ｓｔｒｅｎｇｔｈ ｏｆ Ｓｏａｋｅｄ Ｋｎｉｔｔｅｄ Ｔｅｘｔｉｌｅｓ !!!!!!!!!!!!!!!!!!!!

，

，

，

，

（ ）

!!!!!!!!!!!!!!!!!! Ｚｈｕｏ Ｚｈａｎｇ Ｈｕｓｈｕｉ Ｙｅ Ｘｉｏｎｇｙｉｎｇ Ｗｕ Ｃｈｕｎ Ｌｉ Ｚｈｉｇｕａｎｇ Ｄｅｎｇ ４８２
Ａｕｔｏｍａｔｉｃ Ｒｅｃｏｇｎｉｔｉｏｎ ｏｆ Ｗｏｖｅｎ Ｆａｂｒｉｃ Ｐａｔｔｅｒｎｓ ｂｙ Ｓｔｒｅｔｃｈｉｎｇ ＆ Ｃｏｒｒｅｃｔｉｎｇ Ｔｅｃｈｎｉｑｕｅ ｉｎ Ｍｅｃｈａｎｉｃｓ ａｎｄ Ｉｍａｇｅ
Ｐｒｏｃｅｓｓｉｎｇ

，
（ ）
!!!!!!!!!!!!!!!!! Ｑｉｎ Ｙａｎｇ，Ｊｉｈｕａｎ Ｈｅ （４９１ ）

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｌｉｑｉｎｇ Ｘｉｅ Ｗｅｉｄｏｎｇ Ｙｕ ４８６

Ｎａｎｏｂｕｂｂｌｅ Ｄｙｎａｍｉｃｓ ａｎｄ Ｂｕｂｂｌｅ － ｅｌｅｃｔｒｏｓｐｉｎｎｉｎｇ

Ｄｅｔｅｒｍｉｎａｔｉｏｎ ｏｆ ＡＰｓ ａｎｄ ＡＰＥＯｓ ｉｎ Ｔｅｘｔｉｌｅｓ Ｕｓｉｎｇ Ｈｉｇｈ － ｐｅｒｆｏｒｍａｎｃｅ Ｌｉｑｕｉｄ Ｃｈｒｏｍａｔｏｇｒａｐｈｙ ｗｉｔｈ Ｆｌｕｏｒｅｓｃｅｎｃｅ

，

，

（ ）

Ｄｅｔｅｃｔｉｏｎ !!!!!!!!!!!!!!!!!!!!!!!!!! Ｗｅｉ Ｐａｎ Ｃｈｕｎｘｉａ Ｌｉ Ｐｅｎｇ Ｚｈａｎｇ ４９３

Ｒｅｌａｔｉｏｎｓｈｉｐ ｂｅｔｗｅｅｎ Ｃｏｅｆｆｉｃｉｅｎｔｓ ｏｆ Ｖａｒｉａｔｉｏｎ ｆｏｒ Ｒａｗ Ｓｉｌｋ Ｓｉｚｅ ｉｎ Ｄｉｆｆｅｒｅｎｔ Ｔｅｓｔｉｎｇ Ｌｅｎｇｔｈ !!!!!!!!!!!!!

，

，

， ，
（ ）
Ｅｆｆｅｃｔ ｏｆ Ｒｈｅｏｌｏｇｉｃａｌ Ｂｅｈａｖｉｏｒｓ ｏｎ ｔｈｅ Ｆｏｒｍａｔｉｏｎ ｏｆ Ｆｉｂｒｉｌｌａｒ Ｄｉｓｐｅｒｓｅｄ Ｐｈａｓｅｓ ｉｎ ｔｈｅ Ｔｈｅｒｍｏｐｌａｓｔｉｃ （ＴＰ）／ Ｃｅｌｌｕｌｏｓｅ
Ａｃｅｔａｔｅ Ｂｕｔｙｒａｔｅ （ＣＡＢ）Ｂｌｅｎｄｓ !!!!!!!!!!!! Ｒｕ Ｘｉａｏ，Ｍｕｆａｎｇ Ｌｉ，Ｓｈｅｎｙａｎｇ Ｌｉａｏ，Ｇａｎｇ Ｓｕｎ（５００ ）
Ｅｆｆｅｃｔ ｏｆ Ｔｅｎｓｉｌｅ Ｓｐｅｅｄｓ ｏｎ ｔｈｅ Ｂｉａｘｉａｌ Ｔｅｎｓｉｌｅ Ｐｒｏｐｅｒｔｉｅｓ ｏｆ Ｐｌａｉｎ Ｋｎｉｔｔｅｄ Ｆａｂｒｉｃｓ !!! Ｙｉｐｉｎｇ Ｚｈａｎｇ，
Ｈａｉｒｕ Ｌｏｎｇ（５０２ ）
Ｅｘｐｅｒｉｍｅｎｔａｌ Ｓｔｕｄｙ ｏｎ ｔｈｅ Ｅｆｆｅｃｔ ｏｆ Ｔｅｓｔｉｎｇ Ｓｐｅｅｄ ｏｎ Ｙａｒｎ Ｕｎｅｖｅｎｎｅｓｓ !!!!!!!! Ｗｅｉｌｉｎ Ｘｕ，Ｚｈｉｇａｎｇ Ｘｉａ （５０６ ）
Ｆｒａｃｔｉｏｎａｌ Ｄａｒｃｙ’ｓ Ｌａｗ !!!!!!!!!!!!!!!!!!!!!!!!!!! Ｇｕｏｃｈｅｎｇ Ｗｕ，
Ｊｉｈｕａｎ Ｈｅ （５０９ ）
Ｉｄｅｎｔｉｆｉｃａｔｉｏｎ ｏｆ Ｔｅｘｔｉｌｅ Ｆｉｂｅｒ ｗｉｔｈ ＴＨｚ Ｔｉｍｅ － ｄｏｍａｉｎ Ｓｐｅｃｔｒｏｓｃｏｐｙ !!!! Ｈｕｉｑｉｎ Ｌｉ，
Ｊｉｘｉａｎ Ｇｏｎｇ，Ｊｉａｎｆｅｉ Ｚｈａｎｇ（５１１ ）
!!!!!!!!!!!!!!!!!!!!!! Ｊｉａｎｔａｏ Ｎｉｕ Ｊｉａｎｍｅｉ Ｘｕ Ｙｉｎｇ Ｚｈｏｕ Ｗｅｉ Ｈｕ Ｌｕｎ Ｂａｉ ４９６

Ｑｕａｎｔｉｔａｔｉｖｅ Ａｎａｌｙｓｉｓ Ｒｅｓｅａｒｃｈ ｏｆ Ｐｒｏｆｉｌｅｄ Ｐｏｌｙｅｓｔｅｒ Ｆｉｂｅｒｓ ｉｎ Ｍｏｉｓｔｕｒｅ － ａｂｓｏｒｂｉｎｇ ａｎｄ Ｓｗｅａｔ － ｄｉｓｃｈａｒｇｉｎｇ Ｆａｂｒｉｃｓ

，

，

（ ）

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｚｈｉｌｅｉ Ｙｕａｎ Ｗｅｉｍｉｎ Ｌｕ Ｊｕｎｌｉ Ｇｕ ５１５
Ｓｅｎｓｉｔｉｖｅ Ｄｅｔｅｒｍｉｎａｔｉｏｎ ｏｆ Ｔｏｘａｐｈｅｎｅ ｉｎ Ｔｅｘｔｉｌｅｓ ｂｙ Ｇａｓ Ｃｈｒｏｍａｔｏｇｒａｐｈｙ － ｍａｓｓ Ｓｐｅｃｔｒｏｍｅｔｒｙ ｗｉｔｈ Ｓｏｌｉｄ － ｐｈａｓｅ

，

，

（ ）

Ｍｉｃｒｏｅｘｔｒａｃｔｉｏｎ !!!!!!!!!!!!!!!!!!!!!!!! Ｓｈｕｈｕａｎ Ｗｕ Ｌｉｑｉｎ Ｌｉｕ Ｗｅｎ Ｆｅｎｇ ５１８
Ｔｗｏ Ｋｉｎｄｓ ｏｆ Ｄｅｓｉｇｎｓ ａｎｄ Ｃｏｍｐａｒｉｓｏｎ Ｔｅｓｔｉｎｇ ｏｆ Ｆｌｅｘｉｂｌｅ Ｆａｂｒｉｃ Ｋｅｙｂｏａｒｄ Ｍａｔｒｉｘ Ｃｉｒｃｕｉｔ

!!!!!!!!!!!!!

，

，

（ ）
Ｓｔｒｕｃｔｕｒｅ ＆ Ｐｒｏｐｅｒｔｉｅｓ ｏｆ Ａｃｒｙｌｏｎｉｔｒｉｌｅ Ｂａｓｅｄ Ｃａｓｅｉｎ Ｆｉｂｅｒｓ !!! Ｎｉ Ｗａｎｇ，Ｚｈｅｎｇ Ｗｅｉ，Ｈｕｉｙａｎ Ｒｅｎ，Ｊｉａｎｙｏｎｇ Ｙｕ（５２５ ）
Ｓｔｒｕｃｔｕｒｅ ａｎｄ Ｐｒｏｐｅｒｔｉｅｓ ｏｆ Ｍｉｌｋ Ｐｒｏｔｅｉｎ ／ ＰＶＡ Ｂｌｅｎｄ Ｆｉｂｅｒ !!!!! Ｙｕｙｕａｎ Ｔａｎｇ，Ｍｉｎｇ Ｚｈａｎｇ，Ｚｈａｎｈａｏ Ｚｈａｎｇ （５３０ ）
!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｍｅｉｌｉｎｇ Ｚｈａｎｇ Ｒｕｉ Ｗａｎｇ Ｚｈａｎｇａｎｇ Ｗａｎｇ ５２１

Ｓｔｕｄｙ ｏｎ Ａｕｔｏｍａｔｉｃ Ｆａｂｒｉｃ Ｇｒａｄｉｎｇ Ｂａｓｅｄ ｏｎ Ｗａｖｅｌｅｔ Ｔｒａｎｓｆｏｒｍ ａｎｄ Ｉｍａｇｅ Ｓｅｇｍｅｎｔａｔｉｏｎ

，

!!!!!!!!!!!!!

，

，
（ ）
Ｓｔｕｄｙ ｏｎ Ｃｏｍｐｏｓｉｔｉｏｎ ａｎｄ Ｓｔｒｕｃｔｕｒｅ ｏｆ Ｓｏｙｂｅａｎ Ｐｒｏｔｅｉｎ ／ Ｖｉｓｃｏｓｅ Ｂｌｅｎｄ Ｆｉｂｅｒ !!!!!!!! Ｘｉａｏｊｉｅ Ｇｕｏ，
Ｂｏｊｕｎ Ｘｉ（５３９ ）
!!!!!!!!!!!!!!!!!!!!!!!! Ｃｈｅｎｇｔａｉ Ｔｉａｎ Ｊｕｎ Ｗａｎｇ Ｄｏｎｇｓｈｅｎｇ Ｘｉａ Ｌｉｑｉｎｇ Ｌｉ ５３４
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，

（ ）
Ｓｔｕｄｙ ｏｎ ｔｈｅ Ｔｅａｒｉｎｇ Ｐｒｏｐｅｒｔｉｅｓ ｏｆ ＰＶＣ Ｃｏａｔｅｄ Ｂｉ － ａｘｉａｌ Ｗａｒｐ Ｋｎｉｔｔｅｄ Ｆａｂｒｉｃｓ !!!!! Ｙｉｘｉ Ｌｕｏ，Ｒａｕｌ Ｆａｎｇｕｅｉｒｏ（５４７ ）
Ｔｅｎｓｉｌｅ Ｐｅｒｆｏｒｍａｎｃｅ ｏｆ Ｃｏａｔｅｄ Ｍｅｍｂｒａｎｅ Ｍａｔｅｒｉａｌｓ ｕｎｄｅｒ Ｕｎｉ － ａｘｉａｌ，Ｂｉ － ａｘｉａｌ ａｎｄ Ｍｕｌｔｉ － ａｘｉａｌ Ｌｏａｄｉｎｇ
Ｃｏｎｄｉｔｉｏｎ !!!!!!!!!!!!!!!!!!! Ｓｈｏｕｈｕｉ Ｃｈｅｎ，Ｙｕｙｕａｎ Ｔａｎｇ，Ｈｏｎｇｑｉｎ Ｙｕ，Ｘｉｎ Ｄｉｎｇ （５５２ ）
Ｆｒｉｃｔｉｏｎ Ｔｅｓｔｉｎｇ ｂｅｔｗｅｅｎ Ｈｕｍａｎ Ｓｋｉｎ ａｎｄ Ｆａｂｒｉｃ !!!!!!!!!!! Ｘｕ Ｗａｎｇ，Ｇｕａｎｇｂｉａｏ Ｘｕ，Ｆｕｍｅｉ Ｗａｎｇ（５５６ ）
Ｓｔｕｄｙ ｏｎ ｔｈｅ Ｄｉｓｔｒｉｂｕｔｉｏｎ ａｎｄ Ｑｕａｎｔｉｔａｔｉｏｎ ｏｆ Ｈｉｓｔｉｄｉｎｅ ｉｎ Ｓｉｌｋ Ｆｉｂｒｏｉｎ

!!!!!!! Ｑｉｎｇｑｉｎｇ Ｚｈａｏ Ｂａｏｑｉ Ｚｕｏ ５４３

Ｕｓｉｎｇ Ｇｅｎｅｔｉｃ Ｐｒｏｇｒａｍｍｉｎｇ ｔｏ Ｐｒｅｄｉｃｔ ｔｈｅ Ｓｌｉｖｅｒ Ｑｕａｌｉｔｙ ｏｎ ｔｈｅ Ｄｒａｗｉｎｇ Ｆｒａｍｅ !!!!!!!!!!!!!!!!!!

，

，

，

，
（ ）
!!!!! Ｊｕｎ Ｘｕ，Ｙｉｓｏｎｇ Ｃｈｅｎ，Ｈｕｉｙｉｎｇ Ｚｈｅｎ，Ｊｉｎｇｊｉｎｇ Ｗｅｉ，Ｌｉｎａ Ｌü （５６６ ）

!!!!!!!!!!!!!!!!!! Ｎｉｂｉｋｏｒａ Ｉｌｄｅｐｈｏｎｓｅ Ｊｕｎ Ｗａｎｇ Ｘｉａｏｙｉ Ｊｉａｎｇ Ｗｅｉｊｉａ Ｂｉ Ｑｉｏｎｇ Ｘｉ ５６２
Ａ Ｍｅｔｈｏｄ ｆｏｒ Ｍｅａｓｕｒｉｎｇ Ｆａｂｒｉｃ Ｅｍｉｓｓｉｖｉｔｙ

Ａ Ｎｅｗ Ｔｅｓｔｉｎｇ Ｍｅｔｈｏｄ ｏｆ Ｙａｒｎ Ｃｏｍｐｏｎｅｎｔｓ Ｂａｓｅｄ ｏｎ Ｐｏｌａｒｉｚｅｄ Ｏｐｔｉｃａｌ Ｍｉｃｒｏｓｃｏｐｅ Ａｎａｌｙｓｉｓ

，

!!!!!!!!!!!!

，

，
，
，
，
Ｒｕｏｑｉ Ｙａｎｇ，Ｊｉａｘｉｎｇ Ｂａｏ，
Ｓｉｃｈｅｎ Ｃｈｅｎｇ，
Ｊｉ’ａｎｇ Ｙｅ，Ｎａｎｓｈａｎ Ｚｈａｎｇ（５７１ ）
Ａ Ｒｅａｌ － ｔｉｍｅ Ｄｅｔｅｃｔｉｎｇ Ｓｙｓｔｅｍ ｏｆ Ｃｏｔｔｏｎ Ｗｅｂ ｂｙ Ｃｏｍｐｕｔｅｒ Ｖｉｓｉｏｎ !!!! Ｊｕｎｙａｎ Ｃｈｅｎ，Ｍｅｉｌｉｎ Ｌｉ，Ｃｈｏｎｇｗｅｎ Ｙｕ （５７５ ）
Ｄｉｓｔｒｉｂｕｔｉｏｎ ｆｏｒ ｔｈｅ Ｃｏｅｆｆｉｃｉｅｎｔ ｏｆ Ｖａｒｉａｔｉｏｎ ｉｎ ｔｈｅ Ｅｌｅｃｔｒｏｎｉｃ Ｔｅｓｔｉｎｇ ｆｏｒ Ｒａｗ Ｓｉｌｋ Ｓｉｚｅ !!!! Ｊｉａｎｍｅｉ Ｘｕ，Ｌｕｎ Ｂａｉ（５７８ ）
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，

!!!!!!!!!!!!!

，

，

（ ）
!!!!!!!!!!!!!!! Ｘｉａｏｈｏｎｇ Ｘｕ，Ｃｈｕａｎｇｌｏｎｇ Ｈｅ（９３１ ）

!!!!!!!!!!!!!!!!!!!!!!!!! Ｃｈａｏ Ｚｈａｎｇ Ｈｕｉｚｈｉ Ｙａｎ Ｙｕ Ｚｈａｎｇ Ｙａｎｍｏ Ｃｈｅｎ ９２７
Ｃｒｏｓｓｌｉｎｋｉｎｇ ｏｆ Ｅｌｅｃｔｒｏｓｐｕｎ ｆｉｂｒｉｎｏｇｅｎ Ｎａｎｏｆｉｂｅｒｓ

ＵＰＭ ／ ＰＨＢＶ Ｅｌｅｃｔｒｏｓｐｉｎｎｉｎｇ Ｃｒｅａｔｅ Ｄｉｆｆｅｒｅｎｔ Ｓｔｒｕｃｔｕｒｅ Ｔｈｒｏｕｇｈ Ｄｉｆｆｅｒｅｎｔ Ｂａｔｈ Ｒａｔｉｏ

，

，

，

!!!!!!!!!!!!!!!

，

，

（ ）

!!!!!!!!!!!!!!!! Ｊｕｎ Ｌｉｕ Ｙｕ Ｈａｏ Ｃｈｅｎ Ｌｏｎｇ Ｊｉｎｇｊｉｎｇ Ｚｈａｎｇ Ｓｈｕｉｐｉｎｇ Ｌｉｕ Ｚｈａｎｇ Ｙｕ ９３６

··
·12
１２ ·

（

）

（

）

Ｓｙｎｔｈｅｓｉｓ ａｎｄ Ｃｈａｒａｃｔｅｒｉｚａｔｉｏｎ ｏｆ Ｐｏｌｙ Ｌ － Ｌａｃｔｉｄｅ － ｂ － Ｐｏｌｙ ε － Ｃａｐｒｏｌａｃｔｏｎｅ Ｍｕｌｔｉｂｌｏｃｋ Ｃｏｐｏｌｙｍｅｒｓ !!!!!!!

，

，

（ ）

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｍｉｎｇｌｉ Ｊｉａｏ Ｗｅｉ Ｐａｎ Ｋａｉ Ｙａｎｇ ９４０
Ｔｈｅ Ｉｎｆｌｕｅｎｃｅ ｏｆ Ｐｌａｓｍａ Ｔｒｅａｔｅｄ Ｎａｎｏ ＴｉＯ ｘ Ｐａｒｔｉｃｌｅｓ ｏｎ ｔｈｅ Ｓｔｒａｉｎ Ｒａｔｅ Ｓｅｎｓｉｔｉｖｉｔｙ ｏｆ ＰＰ ／ ＰＬＡ Ｎａｎｏ － ｃｏｍｐｏｓｉｔｅｓ

，

，

，

（ ）

Ｆｉｌａｍｅｎｔｓ !!!!!!!!!!!!!!!!! Ｙｉｎｇｃｈｅｎ Ｚｈａｎｇ Ｊｉｎｇｎａｎ Ｈｕａｎｇ Ｈｏｎｇｙａｎ Ｗｕ Ｙ． Ｐ． Ｑｉｕ ９４４
Ｔｈｅ Ｉｎｆｌｕｅｎｃｅ ｏｆ Ｐｌａｓｍａ Ｔｒｅａｔｍｅｎｔ ｏｎ ｔｈｅ Ｔｈｅｒｍａｌ ａｎｄ Ｔｅｎｓｉｌｅ Ｂｅｈａｖｉｏｒ ｏｆ Ｐｌａｓｍａ Ｔｒｅａｔｅｄ Ｃａｒｂｏｎ Ｎａｎｏｔｕｂｅｓ ／ Ｐｏｌｙｐｒｏ －

，

，

，

（ ）

ｐｙｌｅｎｅ ／ Ｐｏｌｙｌａｃｔｉｃ Ａｃｉｄ Ｎａｎｏ － ｃｏｍｐｏｓｉｔｅ Ｆｉｌａｍｅｎｔｓ !! Ｙｉｎｇｃｈｅｎ Ｚｈａｎｇ Ｊｉｎｇ Ｚｏｕ Ｈｏｎｇｙａｎ Ｗｕ Ｙ． Ｐ． Ｑｉｕ ９４８

Ｔｈｅ Ｈｉｓｔｏｃｏｍｐａｔｉｂｉｌｉｔｙ ｏｆ Ｐｏｌｙｕｒｅｔｈａｎｅ ／ Ｓｕｐｅｒｆｉｎｅ Ｓｉｌｋ Ｆｉｂｒｏｉｎ Ｐｏｗｄｅｒ Ｂｌｅｎｄ Ｆｉｌｍ !!!!!!!!!!!!!!!!!

，

，

，

，

，

（ ）

!!!!!!!!!!!! Ｈｏｎｇｊｕｎ Ｙａｎｇ Ｗｅｉｌｉｎ Ｘｕ Ｈａｉｙｅ Ｘｕ Ｗｅｉｃｉ Ｗａｎｇ Ｃｈｅｎｘｉ Ｏｕｙａｎｇ Ｗｅｉｇａｎｇ Ｃｕｉ ９５２

Ｈｉｇｈｌｙ Ｄｉｓｐｅｒｓｉｖｅ Ｃａｒｂｏｎ Ｎａｎｏｔｕｂｅ ／ Ａｌｕｍｉｎａ Ｃｏｍｐｏｓｉｔｅｓ ａｎｄ ｔｈｅｉｒ Ｅｌｅｃｔｒｏｓｐｕｎ Ｎａｎｏｆｉｂｅｒｓ !!!!!!!!!!!!!

，

，

，

，

（ ）

!!!!!!!!!!!!!!!!!!! Ｐｉｎｇ Ｌｕ Ｑｉｎｇ Ｈｕａｎｇ Ｂｉｎ Ｄｉｎｇ Ａｍｉｙａ Ｍｕｋｈｅｒｊｅｅ Ｙｏｕｌｏ Ｈｓｉｅｈ ９５４

Ｆｕｎｃｔｉｏｎａｌ Ｎａｎｏｃｏａｔｉｎｇｓ ｏｎ Ｔｅｘｔｉｌｅｓ Ｔｈｒｏｕｇｈ Ｌａｙｅｒ － ｂｙ － ｌａｙｅｒ Ｓｅｌｆ Ａｓｓｅｍｂｌｙ !!!!!!!!!!!!!!!!!!

，

，

（ ）
Ｃｏｎｔｉｎｕｏｕｓ Ｎａｎｏｓｃａｌｅ Ｃａｒｂｏｎ Ｆｉｂｅｒｓ ｗｉｔｈ Ｓｕｐｅｒｉｏｒ Ｍｅｃｈａｎｉｃａｌ Ｓｔｒｅｎｇｔｈ !!!!!!!!!!!!!! Ｈａｏ Ｆｏｎｇ（９５７ ）
Ｅｎｅｒｇｙ － ｒｅｌａｔｅｄ Ａｐｐｌｉｃａｔｉｏｎｓ ｏｆ Ｅｌｅｃｔｒｏｓｐｕｎ Ｎａｎｏｆｉｂｅｒｓ !!!!!!!!! Ｘｉａｎｇｗｕ Ｚｈａｎｇ，Ｌｉｗｅｎ Ｊｉ，Ｚｈａｎ Ｌｉｎ（９５９ ）
!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｍａｎｇａｌａ Ｊｏｓｈｉ Ｓ Ｗａｚｅｄ Ａｌｉ Ｎｅｈａ Ａｇａｒｗａｌ ９５６

Ｎａｎｏ Ｓｕｒｆａｃｅ Ｆｉｎｉｓｈｉｎｇ ｏｎ Ａｒａｍｉｄ Ｈｉｇｈ Ｐｅｒｆｏｒｍａｎｃｅ Ｆａｂｒｉｃ ｔｏ Ｉｍｐｒｏｖｅ ｉｔｓ Ａｎｔｉ ＵＶ Ｄｅｇｒａｄａｔｉｏｎ Ｐｒｏｐｅｒｔｙ !!!!!!!

，

，

（ ）

!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｌｉｄａｎ Ｓｏｎｇ Ｓｈｕｑｉｎ Ｗｅｎ Ｇｕｏｗｅｎ Ｓｏｎｇ ９６１
Ｐａｒｔｉｃａｌ Ｌｏａｄｉｎｇ Ｃａｐａｃｉｔｙ ｏｎ ｔｈｅ Ｃｏｍｐｏｓｉｔｅ ｏｆ Ｍｅｌｔｂｌｏｗｎ Ｅｌｅｃｔｅｒｔｓ ａｎｄ Ｅｌｅｃｔｒｏｓｐｕｎ Ｎａｎｏｆｉｂｅｒ Ｗｅｂｓ ａｓ Ａｉｒ Ｆｉｌｔｅｒ Ｍｅｄｉａ

，

!

（ ）

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｐｅｔｅｒ Ｐ． Ｔｓａｉ Ｙｕｒｏｎｇ Ｙａｎ ９６３

Ｓｅｃｔｉｏｎ Ｅ

Ｆｕｎｃｔｉｏｎａｌ ａｎｄ Ｉｎｔｅｌｌｉｇｅｎｔ Ｔｅｘｔｉｌｅｓ

，

，

（ ）

Ａｎａｌｙｓｉｓ ｏｎ Ｍｅｃｈａｎｉｃａｌ Ｐｒｏｐｅｒｔｉｅｓ ｏｆ ｔｈｅ Ｔｕｂｕｌａｒ Ｔｅｘｔｉｌｅ Ｃｏｍｐｏｓｉｔｅ !!! Ｓｈｕｊｉｅ Ｚｈａｎｇ Ｒｕｉ Ｗａｎｇ Ｓｈｕｊｉｎｇ Ｐｅｎｇ ９６４
Ａｎｔｉｂａｃｔｅｒｉａｌ Ｐｒｏｐｅｒｔｉｅｓ ａｎｄ Ａｎｔｉ － Ｕｌｔｒａｖｉｏｌｅｔ ｒａｙ ｏｆ Ｂ． ｍｏｒｉ Ｓｉｌｋ Ｆａｂｒｉｃｓ ｔｒｅａｔｅｄ ｗｉｔｈ Ａｌｏｅ Ｎａｎｏ － Ｓｉｌｖｅｒ

，

!!!!!!!

，

（ ）

!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｘｉａｏｃｕｉ Ｈｕａｎｇ Ｈｏｎｇ Ｌｉｎ Ｙｕｙｕｅ Ｃｈｅｎ ９６７
Ｄａｍｐｉｎｇ Ｐｒｏｐｅｒｔｉｅｓ ｏｆ Ｎｏｖｅｌ Ｏｒｇａｎｉｃ Ｈｙｂｒｉｄｓ ｏｆ Ｃａｒｂｏｘｙｌａｔｅｄ Ｎｉｔｒｉｌｅ Ｒｕｂｂｅｒ ａｎｄ Ｈｉｎｄｅｒｅｄ Ｐｈｅｎｏｌｓ

，

!!!!!!!!!

，

（ ）

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｑｉｘｉａ Ｌｉｕ Ｈｕｉｐｉｎｇ Ｚｈａｎｇ Ｘｉｏｎｇ Ｙａｎ ９７０
Ｄｅｓｉｇｎ ａｎｄ Ｆａｂｒｉｃａｔｉｏｎ ｏｆ Ｔｈｒｅｅ Ｄｉｍｅｎｓｉｏｎａｌｌｙ Ｉｎｔｅｇｒａｔｅｄ Ｍｉｃｒｏｓｔｒｉｐ Ａｎｔｅｎｎａｓ ｗｉｔｈ Ｄｉｆｆｅｒｅｎｔ Ｆｅｅｄｉｎｇ Ｍｅｔｈｏｄｓ

，

，

，

!!!!!

，

，
（ ）
Ｆｉｎｉｔｅ Ｅｌｅｍｅｎｔ Ｓｉｍｕｌａｔｉｏｎ ｏｆ ｔｈｅ Ｂｏｏｓｔｅｒ Ｄｉａｐｈｒａｇｍ !!!!!!!!!!!! Ｈａｏ Ｚｈａｎｇ，
Ｌｅｉ Ｓｕｎ，Ｊｉａｎｗｅｉ Ｍａ （９７６ ）
Ｒｅｓｅａｒｃｈ Ｂａｓｅｄ ｏｎ Ｆｉｒｅ Ｒｅｔａｒｄａｎｔ Ｆｉｎｉｓｈ ｏｆ Ｆｌａｘ ａｎｄ Ｊｕｔｅ Ｆａｂｒｉｃ !!!!!!!!!! Ｓｈｉｈｕｉ Ｇａｏ，
Ｌａｉｊｉｕ Ｚｈｅｎｇ （９８０ ）
!!!!!!!!!!!!!!!!! Ｌａｎ Ｙａｏ Ｆｕｊｕｎ Ｘｕ Ｘｉｎ Ｗａｎｇ Ｄａ Ｚｈａｏ Ｍｕｗｅｎ Ｊｉａｎｇ Ｙｉｐｉｎｇ Ｑｉｕ ９７４

Ｓｔｒｕｃｔｕｒａｌ Ｐａｒａｍｅｔｅｒｓ Ｉｎｆｌｕｅｎｃｅ ｏｎ Ｅａｓｙ Ｓｈａｐｅ ａｎｄ Ｅａｓｙ Ｃａｒｅ Ｐｒｏｐｅｒｔｉｅｓ ｏｆ ＰＴＴ Ｓｈａｐｅ Ｍｅｍｏｒｙ Ｆａｂｒｉｃｓ !!!!!!!!

，

， （ ）
!!!!! Ｊｉａｎｇｗｅｉ Ｙａｏ，Ｙｅ Ｌｉ（９９０ ）

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｌｉｈｕａｎ Ｚｈａｏ Ｆｕｍｅｉ Ｗａｎｇ Ｌｉ Ｑｉｎ ９８５
Ｔｅｎｓｉｌｅ Ｓｔｒｅｎｇｔｈ ａｎｄ Ｆｒａｃｔｕｒｅ Ｓｕｒｆａｃｅ Ｃｈａｒａｃｔｅｒｉｓａｔｉｏｎ ｏｆ Ｈｉｇｈ － ｐｅｒｆｏｒｍａｎｃｅ Ｆｉｂｅｒｓ
Ｔｈｅｒｍａｌ Ｉｎｓｕｌａｔｉｏｎ Ｐｅｒｆｏｒｍａｎｃｅ ｏｆ Ｔｒｉａｎｇｌｅ Ｈｏｌｌｏｗ Ｆｉｂｅｒ

!!!!!!!!!!!!!!!!!!!!!!!!!!

，

，

，

（ ）

!!!!!!!!!!!!!!!!!!!!!! Ｗｅｎｌｉａｎｇ Ｘｕｅ Ｍｅｎｇｙｕａｎ Ｗｅｉ Ｌｏｎｇｄｉ Ｃｈｅｎｇ Ｘｉｕｌｉ Ｇａｏ ９９５

（ ）
!!!!!!!!!!!!!!!!!!!!! Ｌｅｉ Ｘｕ，Ｒｕｉ Ｗａｎｇ，Ｓｈｕｊｉｅ Ｚｈａｎｇ，Ｑｉｕｈｏｎｇ Ｙａｎｇ（９９８ ）

Ｄｅｔｅｃｔｉｎｇ ｔｈｅ Ｐｈａｓｅ Ｔｒａｎｓｆｏｒｍａｔｉｏｎ Ｔｅｍｐｅｒａｔｕｒｅ ｏｆ Ｎｉ － Ｔｉ Ｓｈａｐｅ Ｍｅｍｏｒｙ Ａｌｌｏｙ ＳＭＡ Ｆｉｂｒｅ ｂｙ Ｅｌｅｃｔｒｉｃａｌ Ｒｅｓｉｓｔａｎｃｅ
Ｍｅｔｈｏｄ

··

·13
１３·

Ｐｒｅｐａｒａｔｉｏｎ ａｎｄ Ｐｒｏｐｅｒｔｉｅｓ ｏｆ Ｍｉｃｒｏｅｎｃａｐｓｕｌａｔｅｄ ＰＣＭｓ ｆｏｒ Ｔｅｘｔｉｌｅ ｂｙ ｔｈｅ Ｍｅｔｈｏｄ ｏｆ Ｍｉｃｒｏｅｍｕｌｓｉｏｎ !!!!!!!!!!

，

，

，

，

（ ）

!!!!!!!!!!!!!!!!!!!!!! Ｊｉｎ Ｚｈａｎｇ Ｌｉｍｉｎｇ Ｚｏｕ Ｙｉｎｇ Ｔａｎ Ｓｕ Ｘｕ Ｌｅｉ Ｚｈｏｎｇ １００３

Ｐｒｅｐａｒａｔｉｏｎ ａｎｄ Ｔｈｅｒｍｏ Ｐｈｙｓｉｃａｌ Ｐｒｏｐｅｒｔｉｅｓ ｏｆ Ｈｉｇｈ － ｌｏｗ Ｔｅｍｐｅｒａｔｕｒｅ Ｒｅｓｉｓｔａｎｃｅ Ｆｌｅｘｉｂｌｅ Ｍａｔｅｒｉａｌｓ !!!!!!!!!

，
（ ）
Ｔｈｅｒｍａｌ Ｒａｄｉａｔｉｏｎ Ｐｒｏｔｅｃｔｉｖｅ Ｐｅｒｆｏｒｍａｎｃｅ ｏｆ Ａｌｕｍｉｎｉｚｅｄ Ｆａｂｒｉｃｓ ｆｏｒ Ｆｉｒｅｆｉｇｈｔｉｎｇ !!!!! Ｌｉｃａｉ Ｈａｏ，Ｗｅｉｄｏｎｇ Ｙｕ（１０１０ ）
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｊｉｎｊｉｎｇ Ｃｈｅｎ Ｗｅｉｄｏｎｇ Ｙｕ １００７

Ｃｏｎｓｔｒｕｃｔｉｏｎ Ｄｅｓｉｇｎ ｏｆ Ｆｉｒｅｆｉｇｈｔｅｒ Ｔｕｒｎｏｕｔ Ｃｌｏｔｈｉｎｇ ｆｏｒ Ｉｎｃｒｅａｓｅｄ Ｅａｓｅ ｏｆ Ｍｏｖｅｍｅｎｔ !!!!!!!!!!!!!!!!

，

，

（ ）

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Ｊｕｎ Ｌｉ Ｍｉａｏ Ｙｕ Ｘｉａｎｇｈｕｉ Ｚｈａｎｇ １０１３

’

Ｉｎｆｌｕｅｎｃｅ ｏｆ Ｗａｓｈｉｎｇ ｏｎ ｔｈｅ Ｆｌａｍｍａｂｉｌｉｔｙ ｏｆ Ｉｎｆａｎｔｓ Ａｐｐａｒｅｌ Ｆａｂｒｉｃ !!!!!!!!!!!!!!!!!!!!!!

，

，

，

（ ）

!!!!!!!!!!!!!!!!!!!!!!! Ｊｉｑｕｎ Ｌｉ Ｓｈｕｈｕａ Ｙｕａｎ Ｙａｗｅｎ Ｇａｎ Ｘｉａｎｇｆｅｎｇ Ｒａｎ １０１７

Ｓｔｒｕｃｔｕｒｅ ａｎｄ Ａｎｔｉｂａｃｔｅｒｉａｌ Ａｎａｌｙｓｉｓ ｏｆ Ｓｉｌｖｅｒ Ｆｉｂｅｒ !!!!!!!!!!!!!!!!!!!!!!!!!!!!!

，

，

，

，

，

（ ）
Ｓｔｕｄｙ ｏｎ ｔｈｅ Ａｃｏｕｓｔｉｃ Ｉｎｓｕｌａｔｉｏｎ ｏｆ Ｗｏｏｌ Ｆｉｂｅｒ Ａｓｓｅｍｂｌｙ !!!!!!!!!!!!!! Ｑｉａｎ Ｌｉｕ，Ｗｅｉｄｏｎｇ Ｙｕ （１０２４ ）
Ｔｈｅ Ｆｕｎｃｔｉｏｎａｌ Ｆａｂｒｉｃｓ ｏｆ Ｎａｎｏ － ＺｎＯ ｉｎ Ｓｉｔｕ ａｎｄ Ａｎｔｉ － ｕｌｔｒａｖｉｏｌｅｔ Ｆｕｎｃｔｉｏｎ !!!!!! Ｗｅｉｇｕｏ Ｄｏｎｇ，Ｈｕａｎ Ｌｉ（１０２７ ）
!!!!!!!!!! Ｌｉｎｇ Ｌｉｎ Ｗｅｎｚｈｏｎｇ Ｇｏｎｇ Ｓｈａｏｊｕａｎ Ｃｈｅｎ Ｊｉａｎｗｅｉ Ｍａ Ｄｏｎｇｍｅｉ Ｓｕ Ｓｈａｎｙｕａｎ Ｗａｎｇ １０２１

Ｔｒａｎｓｖｅｒｓｅ Ｉｍｐａｃｔ ａｎｄ Ｔｅｎｓｉｌｅ Ｂｅｈａｖｉｏｒ ｏｆ ｔｈｅ Ｔｈｒｅｅ － ｄｉｍｅｎｓｉｏｎａｌ Ｗｏｖｅｎ Ｒｅｉｎｆｏｒｃｅｄ Ｔｈｅｒｍｏｐｌａｓｔｉｃ Ｃｏｍｐｏｓｉｔｅｓ
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ABSTRACT
A cotton cloth strip bioreactor has been designed and fabricated with papain as model enzyme and sol-gel as
immobilization method. X-ray photoelectron spectra (XPS) was used to characterize the fiber element before and
after papain immobilization. The efficiency of papain bioreactor for the hydrolysis of chitosan was investigated by
examining the viscosity decrease percentage (V.D.P.) of chitosan. The results show that the new bioreactor plays a
certain role in hydrolyzing chitosan. After using for 4 times, the V.D.P of chitosan is about 3.74%.
Keywords: Bioreactor; Papain; Cotton cloth; Chitosan
1 INTRODUCTION

presented.

Bioreactor has been extensively applied in all kinds of

2 EXPERIMENTAL

reactions such as food and medicine due to its high

2.1 Materials

catalysis efficiency and simple process. The common

Tetraethylorthosilicate (TEOS, ≥98 %) was from

carriers

are

Sigma-Aldrich. Papain (EC3.4.22.2) was obtained

，which have limitations of

from Shanghai Biochemical Reagent Co. Cotton fabric

high-pressure drop and prevents the flow of reactants

(50 tex ×50 tex, 50 ends/cm× 24 picks/cm) was

in bioreactor as well as difficulty in retrieval for the

desized and bleached. Commercial chitosan (86.75%

carriers. Instead, bioreactor with fabrics as carriers

of

used

in

conventional

particulate or beads

[1, 2]

bioreactors

could effectively solve the existed problems

[3-6]

.

deacetylation

degree

and

5.49×105

of

viscosity-average molecular weight) was purchased
from Shanghai city, China. All other reagents were

Fibrous carriers have the advantages of large surface

analytical grade and used without further purification.

area, stable mechanical strength and flexibility. Taking
the advantages of fibers, fibrous carriers varying from

2.2 Preparation of sol

microcosmic to macroscopic such as thread, woven

TEOS of 8.32 g and distilled water, along with 0.05 M

cloth, knitted cloth and bags could be easily

HCl for 2 ml, were mixed and sonicated for 30 min by

manufactured. Therefore, it is possible to develop

a SK2200H ultrasonic cleaner. The mixture was then

various bioreactor designs with fibrous carriers.

stirred for another 20 min at 50 °C until a
homogeneous solution was obtained.

To our knowledge, however, few studies on the
manufacture and application of bioreactor with fabrics
as carriers and papain as model enzyme have been
reported. Our previous studies have shown the
possibility of papain immobilization on cotton fabric
by sol-gel method

[7]

. This paper provides a cotton

cloth strip bioreactor with papain as model enzyme
and sol-gel as immobilization methods. The bioreactor
performances for the hydrolysis of chitosan are also

2.3 Immobilization of papain on cotton cloth strip
See reference[7]
2.4 Viscosity decrease percentage of chitosan
(V.D.P)
The viscosity of chitosan was tested by an NDJ-1
viscometer with suitable rotor and speed at room
temperature. The V.D.P of chitosan was calculated by
- 789 -

using the following equations:
V.D.P(%) =

V1 − V2
× 100%
V1

(1)

where V1 is the viscosity of chitosan before hydrolysis
with bioreactor(mpa·s), and V2 is the viscosity of
chitosan after hydrolysis with bioreactor(mpa·s).

FIGURE 1. XPS N1s for cotton with papain immobilization

2.5 XPS analysis
The atomic composition in the surface region of

3.2 Design and fabrication of cloth strip bioreactor

cotton fabric was recorded on an X-ray photoelectron
spectra instrument (Thermo ESCALAB 250, VG
Scientific) using Mg Kα (hν=1253.6 eV, 300 W power).
The vacuum in the analysis chamber was maintained
less than 5×10-10 mbar. Binding energy of the peak C1s,
corresponding to graphitic carbon, was referenced at
284.6 eV. The N1s signals were recorded with higher
resolution at the pass energy of 20 eV.
3 RESULTS AND DISCUSSION
3.1 XPS analysis
X-ray photoelectron spectra have been applied for
collecting elements of carbon, oxygen, nitrogen,

Figure 2 shows the schematic of cloth strip
bioreactor. Cloth strips with papain immobilization
are stitched on needles on the top and bottom of the
inner frame of reactor. The cloth strips are 3 cm
breadth and 10 cm in length. The ends of the cloth
strips are leveled in a line. An outer frame of reactor
allows chitosan solution feed in and production feed
out for finishing the continuous process.
Furthermore, a stirrer could be applied to make
solution completely react with the immobilized
papain on cotton cloth strip. The bioreactor is
simple and easy to be handled.

silicon, and the results are summarized in Table I. The
N1s is analyzed in detail as seen in Figure 1.
The main elements of cotton fibers include carbon and
oxygen. It is seen From Table I that the element of
nitrogen and silicon are introduced into the cotton with
papain immobilization (nitrogen is 2.72 % and silicon
is 15.51 %). In the meanwhile, the N1s peaks at the

FIGURE 2. Schematic diagram for the cloth strip bioreactor

binding energy 399.96 eV (Figure 1) corresponds to
amino group (at around 399.60 eV)

[8]

. The above

3.3 Chitosan hydrolysis of bioreactor

analyses on the element of nitrogen and silica prove

Both degree of deacetylation and viscosity-average

that papain is successfully immobilized on cotton

molecular weight are important parameters for

fabric by sol-gel technique.

papain depolymerization. The chitosan used in this
study is a suitable substrate as reported by Ye

TABLE I

treatment on chitosan viscosity.

samples

Element contents (at%)
Sample
O

N

Si

1

71.74

28.26

0

0

2

26.92

54.85

2.72

15.51

1--raw cotton；2--cotton with papain immobilization

.

Figure 3 demonstrates the effect of different

XPS data for element content (%) on the various

C

[9]

FIGURE 3. Viscosity of chitosan with different treatment
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The viscosity of chitosan solution (10 g/l) after

immobilization method. It is demonstrated from the

hydrolysis for 15 min with bioreactor was assayed at

analysis of XPS that the papain has been immobilized

room temperature. About 15 % of viscosity decrease

on cotton fabric with sol-gel method. The new cloth

is found as shown in Figure 3b. The effect of the

strip bioreactor plays a certain role in hydrolyzing

stirrer used in bioreactor and free papain for 0.5 g on

chitosan. After reaction for 15 min, the viscosity

the chitosan viscosity were also studied and

decreases about 15 % of the original viscosity. The

illustrated in Figure 3a and Figure 3c, respectively. It

bioreactor retains 3.57% of the V.D.P when repeatedly

is seen that the stirrer has no effect on the decrease of

used for 4 times. The bioreactor provided by this study

viscosity while free papain hydrolysis chitosan from

could be extensively ranged from textile carriers,

24 mpa·s to 13.5 mpa·s. Therefore, it could be

immobilization methods to biomolecules.

concluded from the above comparisons that the cloth
strip bioreactor is useful to hydrolyze chitosan.
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4 CONCLUSIONS
The study designs and fabricates a simple cloth strip
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Abstract
A new zwitterionic surface was obtained by a novel three-step grafting procedure. The zwitterionic monomer
was introduced by cerium-induced graft copolymerization. Chemical composition of all modified surfaces
was investigated by attenuated total reflection Fourier transform infrared spectroscopy (ATR-FTIR), X-ray
photoelectron spectroscopy (XPS) analysis and water contact angle. The results suggest that zwitterionic
monomer was grafted on to PU surface successfully.
Keywords: graft copolymerization; polyurethane; surface modification; zwitterion
Infrared Spectroscopy (ATR-FTIR) measurements

Introduction
Numerous

modification

been

were carried out on a Nicolet Nexus FT-IR

published, including polyethylene oxide grafting,

equipped with an ATR accessory MUP with GeS

heparin immobilization and phosphatidylcholine

crystal.

[1-3]

materials

have

. The zwitterions of sulfobetaine or

XPS was used to determine the near-surface

carboxybetaine modified polyurethanes have been

composition of the membrane. Spectra were

investigated by many researchers as a means to

recorded on a spectrometer (PHI 5300) by using Al

reduce the thrombogenecity of vascular devices

Kα exciting radiation.

containing

[4]

fabricated form PU elastomers . In our study, we
demonstrated

a

novel

strategy

for

surface

modification that builds a chemical reactive spacer

Dynamic contact angles were measured using the
Wilhelmy plate technique in a Krǔss K12 contact
angle apparatus (KRüSS Corporation German).

poly(ethylene glycol) (PEG) on the surface of PU
allowed for the subsequent graft copolymerization

Results and discussion

of zwitterionic vinyl monomer.

The ATR-FTIR spectra of PU-HDI (b), PU-PEG (c),
PU-PEG-g-MEDSA (d) surfaces, and PU (a)

Experimental

surface are shown in Fig.2. Comparison between

In this study, a three-step grafting procedure was

spectra (a) and (b) shows that a new characteristic

performed. In the first step, diisocyanates have been

peak at 2260 cm-1 was observed. This peak is

used for activating PU surfaces. In the second step,

assigned to stretching vibration of NCO. These

PEG was introduced to PU surfaces by the reaction

indicated

of hydroxyl groups with isocyanate. In the third step,

successfully synthesized. The ATR-FTIR spectrum

the stable activated surface was obtained by the

of PU-PEG is similar as that of PU. In the Fig.2 (d),

graft

there exist peak at 1038 cm-1 that cannot be

copolymerization.

The

progress

of

that

the

PU-HDI

membrane

was

modification was depicted in Figure 1.

observed for PU-PEG. The peak is attributed to the

Attenuated total reflectance Fourier Transform

-SO3- and -N+(CH3)2CH2 existing in the structure of
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MEDSA, respectively. These data confirm the
occurrence of MEDSA partly polymerizing on the
surface of PU-PEG membranes.
The XPS survey scan spectra of the PU (a),
PU-PEG (b) and PU-PEG-g-MEDSA (c) are shown
in Fig.3. The PU (a) and PU-PEG (b) show three
main peaks corresponding to C1s (binding energy,
285 eV), N1s (binding energy, 400 eV) and O1s
(binding

energy,

531

eV),

while

the

PU-PEG-g-MEDSA show one additional main peak
corresponding to S2p (binding energy, 166 eV). The
peak at 166 eV, which corresponds to S2p, indicates
that MEDSA was grafted to the PU surface.

Figure 3. Survey XPS spectra of (a) PU, (b) PU-PEG, (c)
PU-PEG-g-MEDSA

The results of the dynamic contact angle
measurement

of

PU,

PU-PEG

and

PU-PEG-g-MEDSA membranes were listed in
Table 1. The advancing and receding angles of
PU-PEG and PU-PEG-g-MEDSA membranes both
decrease. The reason for this behavior can be
attributed to the surface structural changes. After
PU surface grafted with PEG or PMEDSA, it
displays hydrophilic, thus causing the decrease of
Figure 1. Procedure of grafting MEDSA onto PU membrane surface

water contact angles. And the contact angle study
also exhibits that the PU-PEG-g-MEDSA surface
indicates higher hydrophilicity than PU-PEG, which
can be due to the zwitterionic structure of MEDSA.
Therefore, it is indicated that zwitterionic structure
exhibited higher hydrophilicity than the nonionic
one such as PEG.

Table 1 Dynamic contact angle results

Sample

Advancing

Receding

PU

76.1

31.8

PU-PEG

49.0

21.2

PU-PEG-g-MEDSA

45.2

20.0

Conclusions
Figure 2. ATR-IR spectra of (a) PU, (b) PU-HDI, (c)

In summary, zwitterion of sulfobetaine structure

PU-PEG, (d) PU-PEG-g-MEDSA

monomer was successfully grafted onto PU
membrane surface through the PEG reactive species.
This study demonstrated a reliable method to graft

- 793 -

sulfobetaine vinyl monomer onto PU membrane
surface by using cerium nitrate as a catalyst. The
zwitterion of sulfobetaine groups were revealed by
ATR-FTIR and XPS measurements.
References
[1] S. Sharma, W. Tan, T.A. Desai. Improving the integrity of
three-dimensional vascular patterns by poly(ethylene glycol)
conjugation. Bioconjugate. Chem. 2005,16: 18-22.
[2] J.S. Bea, E.J. Seo, I.K Kang. Synthesis and characterization
of heparinized polyurethanes using plasma glow discharge.
Biomaterials. 1999,20: 529-537.
[3] T. Nakaya, Y.J. Li. Phospholipid polymers. Prog. Polym. Sci.
1999,24: 143-181.
[4] J. Zhou, J. Yuan, X.P. Zang, J. Shen, S.C. Lin. Platelet
adhesion and protein adsorption on silicone rubber surface by
ozone-induced grafted polymerization with carboxybetaine
monomer Colloid Surface B. 2005,41: 55-62.

- 794 -

Comparison of PGA and PLA Fibers
Guo Zheng1, Zhang Peihua1*, Liu Wei2, Wang Bin2
1Engineering Research Center of Technical Textiles, Ministry of Education, Donghua
University, Shanghai 201620, P. R. China, 2Shanghai Ninth People’s Hospital, Shanghai,
200011, P.R.China
phzh@.dhu.edu.cn, real_gz@mail.dhu.edu.cn

APPROCH
Materials
PGA and PLA long fibers were offered by Shanghai
Tianqing Biomaterials Co. Ltd. The braded fibers
were also used.
Initial property
The strength and elongation of fibers were tested
using a single-fiber strength tester (LLY-06E ，
Shandong Laizhou electronic equipment Co. Ltd).
The gauge length was set at 20mm and the sample
tested at a speed of 20 mm/min. The result was the
mean value of 10-time testing data.
In vitro degradation
The in vitro degradation was simulated by immersing
the samples in a phosphate buffer saline (PBS)
solution with pH 7.4 and the temperature at 37℃
constantly. The buffer solution was changed once a
week. The mass loss and strength remaining of fibers
were examined during degradation in vitro. The mass
of PGA fibers was determined using a balance with
an accuracy of 0.0001 mg once a week, up to 8
weeks, but the mass of PLA fibers was tested once a
week, up to 12 weeks. The strength of PGA fibers
was determined at different aging time intervals of 0,
0.5, 1, 1.5, 2, 2.5, 3 weeks, but the strength of PLA
fibers was determined at different aging time
intervals of 0, 4, 8, 12 weeks. The sample was
vacuum dried in a frozen dryer (FD-10-50, Beijing
boyikang experiment instruments Co. Ltd) at
approximately -50℃ at a vacuum of 8Pa for 2 hours
before each test.

Biocompatibility
Cells (monkey dermal fibroblasts) were isolated from
dermis and in vitro expanded in DMEM medium
with 10% fetal bovine serum. The expanded cells
were harvested, and resuspended in cultured medium
and then seeded on braded PGA and PLA fibers
respectively. After in vitro culture for 8 days, the cell
seeded fibers were examined with scanning electron
microscope (Philips-XL-30) to observe cell
attachment and matrix production.
RESULTS AND DISCUSSION
Initial property
The strength and elongation of a PGA long fiber
were 5.9 cN/dtex and 31.1%, but the strength and
elongation of a PLA long fiber were 3.8 cN/dtex and
39.1%. Compared with the PGA fiber, the PLA fiber
possessed lower strength but higher elongation.
In vitro degradation
As shown in FIGURE 1, the mass loss of PGA fibers
increased obviously with degradation time. The mass
loss of PGA fibers only increased slightly in 2 weeks,
but form week 2, the mass loss of PGA fiber began to
increase sharply. After 8-weeks of degradation, the
PGA fibers almost lost their all mass. However, the
mass loss of PLA fibers did not change obviously,
but only increased slightly after 12-weeks of
degradation.
100

PGA fiber
PLA fiber

80
Mass loss/%

INTRODUCTION
Poly(glycolic acid) (PGA) and poly(lactic acid) (PLA)
belong to the family of Poly-α-hydroxyesters. This
family of degradable polymers has been approved for
a variety of clinical applications by the Food and
Drug Administration (FDA). In recent years, PGA
and PLA fibers have been used in tendon/ligament
tissue engineering as scaffold materials[1-3]. The
scaffold should provide a place for cells growth and
the mechanical strength before tissue formation. The
scaffold material determines the initial properties,
degradability, and biocompatibility of the scaffold.
In this work, the initial mechanical property,
degradability and biocompatibility of the two kinds
of fibers were compared.

60
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FIGURE 1. Changes of mass lossv during degradation

As shown in FIGURE 2, the PGA fibers lost their all
strength after 3-week degradation, but the strength of
PLA fibers only decreased slightly after 12-weeks of
degradation.
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FUTURE WORK
Our future work will focus on design and fabrication
of scaffold for tendon tissue engineering using
combined PGA and PLA fibers.

PGA fiber
PLA fiber
100

Strength remaining/%

80
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FIGURE 2. Changes of strength remaining during degradation

Both mass loss and strength remaining of the PGA
fiber changed very obviously during degradation in
vitro. Compared with the PGA fibers, the PLA fibers
possessed a lower rate of degradation.
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Scaffold for Ligament Replacement: Design Considerations and in
Vitro Evaluation”, Biomaterials, Vol 26, No 13., 2005, pp15231532.

Biocompatibility
As shown in FIGURE 3, cells attached on braded
PGA fibers much better than on braded PLA fibers.
Moreover, it seemed that cells on the PGA fibers
produced more matrices.

FIGURE 3. SEM image of cells on braded fibers after 8 days in
culture (magnification×500, left: PGA, right: PLA)

The differences of degradability and biocompatibility
between PGA and PLA fibers might be caused by
their difference in hydrophility of the two kinds of
fibers. Compared with the PGA fibers, the PLA
fibers were more hydrophobic, which led to the
lower rate of degradadation and worse cell
attachment.
CONCLUSIONS
Two kinds of biodegradable fibers, PGA and PLA
fibers, possessed different initial mechanical property,
degradability and biocompatibility. Compared with
PLA fibers, PGA fibers possessed higher initial
strength. Cells attached on PGA knitted fibers much
better than on PLA counterpart. However, the PGA
fibers lost its mass and strength very quickly during
degradation in vitro.
For these two kinds of fibers, each possesses its own
advantages and its disadvantages and these can be
counteracted by the other one. Therefore, a scaffold
which combines PGA and PLA fibers, may have the
potential usage in tissue engineering.

- 796 -

The effect of processing parameters on the quality of
electrospun polyacrylic acid nanofibers
Shili Xiao1,2, Mingwu Shen3, Rui Guo3, Shanyuan Wang2, Xiangyang Shi1,3*
1

State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, 2College
of Textiles, and 3College of Chemistry, Chemical Engineering, and Biotechnology, Donghua
University, Shanghai 201620, China
xshi@dhu.edu.cn
ABSTRACT
Electrospinning is an emerging technology to produce continuous polymer fibers with diameters in the range of
nanometer to a few microns for various applications. Polyacrylic acid (PAA) is an important material for metal
ion complexation and for nanocomposite materials synthesis. In this study, we systematically investigated the
processing parameters on the morphology and stability of the electrospun ultrafine PAA nanofibers. We show
that a higher concentration (up to 25 wt%) favored the formation of uniform PAA nanofibers, whereas at the
concentration of 10 wt%, only bead structures were produced. Increasing the applied voltage (up to 22.5 kV)
resulted in more uniform PAA nanofibers. In addition, longer collection distance (20 cm) was beneficial for the
evaporation of solvent and for decreasing the adhesion between nanofibers, thus leading to the nanofibrous mats
with high porosity. Finally, the PAA nanofibers could be rendered water-insoluble by heating the electrospun
composite PAA/polyvinyl alcohol (PVA) nanofibers at 145 ℃ for 30 min. The resulting fiber exhibited
excellent water stability even after immersing in water for a week. The fabricated PAA/PVA nanofibers may
find various applications in ultrafiltration, separation, and environmental sciences.
Keywords: Electrospinning; nanofiber; polyacrylic acid
applied to the metallic needle to make the fluid
charging. Under the forcing of electric field, the
charged pendant drop at the tip of needle is
stretched into a conical shape, which is usually
called the “Taylor cone”, and then the electrified
polymer jets generated by the applied high voltage
field was elongated to ultrafine fibers and whipped
continuously by the electrostatic repulsion until it
was deposited as a nanofiber mats onto the
grounded collector (such as aluminum board).

1 INTRODUCTION
Electrospinnig technology is emerging as a simple
and low-cost method for synthesizing various
polymeric
nanofibers
and
nanostructured
inorganic/polymer compostite materials with
outstanding properties such as small diameters in
the range of nanometers to a few microns, high
aspect ratio and specific surface area.[1] The unique
properties of nanofibers or nanostructured
composite materials make them widely used in
ultrafiltrations, wound dressing materials, tissue
scaffolds, catalysis films, and sensors etc. [2-6]

A wide variety of nanofibers have been fabricated
by electrospinning of various polymer solution, and
experimental and theoretical studies demonstrate
that the fiber formation greatly depends on the
solution properties and operating parameters such
as applied voltage, collection distance, and feeding
rate of the solution. [8,9] Chen[10] investigated the
electrospinning
performance
and
solution
properties of Nafion and its blend with the
polyelectrolyte of polyacrylic acid (PAA), the
results showed that within the concentration of 535%, pure Nafion solution nearly could not been
electrospun into the nanofibers. But, after mixing
the polyacrylic acid, smooth nanofibers could be
produced just at the mixed concentration of 12%,

In the electrospinning, the nanofiber-forming
process can be simply broken down into four
components: (1) charging of the fluid, (2)
formation of the cone-jet, (3) thinning of the jet in
the presence of an electric field, and (4) collection
of jet (or its solidified fibers). [7] After the polymer
solution or melt is loaded into the syringe, which
was equipped with a metal needle having an inner
diameter of several hundreds of micrometers, the
viscous solution was driven to the needle tip to
form a droplet with a proper flow rate by a syringe
pump. At the same time, a high voltage power is
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were mixed to achieve a mass ratio of 1:1 at
constant total polymer concentrations of 8.5 wt%
and 10 wt% , which can get the highest mixture
viscosity according to the literature reported. [15]
The mixed solution was stirred about 30 min
before use in order to make the solution
homogenous. 10 mL polymer solution was loaded
into the syringe, which was equipped with a
metallic needle having an inner diameter of 0.8 mm.
The positive voltages applied to polymer solutions
were in the range of 15-25 kV. And, the distance of
tip-to-collector was in the range of 15-25 cm. The
feeding rate was controlled with a syringe pump.

which revealed that lack of sufficient chain
entanglement evidenced by low viscosity could
prohibit the fiber formation during electrospinning.
Kim[11] studied the effect of solution conductivity
to the electrospinning feasibility of polyacrylic acid
by adding different contents of inorganic salts,
sodium chloride. Li[12] discussed the effects of
solution concentration and solution viscosity on the
morphology, size and structure of polyelectrolyte
fibers through electrospun polyacrylic acid by
using solvents with different dielectric constants,
namely water and DMF. And, the swelling
behaviours of poly(vinyl alcohol)/poly(acrylic acid)
bi-component fibrous hydrogel membranes in
response to the solution pH, the ionic strength, and
the electric field have also been analyzed. [13,14]
Although the factors affected the formation and
morphology of polyacrylic acid nanofibers have
been extensively studied in the literature reported
above, they basically focused on the solution
properties, a systematic investigation related to the
effects of processing parameters and solution
properties on the morphology of nanofibers from
electrospun polyacrylic acid has not been reported
in the literature.

Characterization.
The morphologies of electrospun pure PAA and
PAA/PVA nanofibrous mats were observed using a
scanning electron microscope (SEM) (JSM5600LV, JEOL Ltd., Japan) with an operating
voltage of 10kV. Prior to SEM treatment, samples
were sputter-coated with 10 nm Pt films. Fourier
transform infrared (FTIR) spectra were recorded
using a Nicolet 5700 FT-IR spectrometer (Thermo
Nicolet Corporation, US) at the wavenumber range
of 4000-500 cm-1 at room temperature.

In this present paper, PAA nanofibers were
prepared from electrospinning, and the related
factors such as concentration, applied voltage, and
collection distance to affect the formation of PAA
nanofibers and the quality of nanofibrous mats
were systematically investigated. Otherwise, the
fibrous mats were rendered water-insoluble by
crosslinking with polyvinyl alcohol via heattreatment.

3 RESULTS AND DISCUSSION
3.1 Electrospinning of Pure PAA solution.
Polyacrylic acid is commercially available at 25
wt% in water. Electrospinning of pure PAA
solution at series of concentrations produced a
stable polymer jet under proper spinning conditions,
but yielded different morphologies of nanofibrous
mats.

2 EXPERIMENTAL
Materials.
Poly(acrylic acid) (PAA, average Ww=240,000, 25
wt% in water) was obtained from Aldrich
Chemical Company. Poly(vinyl alcohol) (PVA,
88% hydrolyzed, average M.W. 88000) was from
J&K Chemical. Distilled water was used
exclusively in all solution preparations.
Electrospinning.
Electrospinning was performed with pure PAA,
and PAA/PVA blend solutions. 10 wt%, 15 wt%,
20 wt%, and 25 wt% PAA solutions were simply
prepared by diluting a special amount of the 25
wt% commercial PAA solution. PVA solution was
prepared by adding PVA power into the distilled
water with gently stirring at 80 oC for 3 hours, and
then cooled down to the room temperature.
Measured PVA and PAA solution respectively

FIGURE 1. SEM images of electrospinning nanofibers from
different concentration of PAA. (a) 10 wt%; (b) 15 wt%; (c) 20
wt%; (d) 25 wt%.
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Figure 2 shows the SEM images of different
applied voltage. At the same electrospinning
condition, we can see that some spindle-like
structures were formed along the fibers at the
applied voltage of 18.8kV (Figure 1d). However,
with a higher applied voltage of 22.5 kV, the
spindle-like structure disappeared (Figure 2). This
is because that with the increasing of electric
voltage, more ionized solution would be produced,
resulting in the increase of solution charge density.
Then, stronger electrostatic forces applied to the
electric polymer jet made the fiber get more
drawing force, and uniform fiber structure were
formed. However, it was worth noting that the
increase of voltage should be limited in a given
range. Because a certain higher voltage would
result in unstable electrospinning. [16]

3.1.1 Effect of concentration
Figure 1 shows the SEM images of electrospun
pure polyacrylic acid at the concentrations of 10
wt%, 15 wt%, 20 wt%, and 25 wt%. We can see
that, at the concentration of 10 wt%, only beads
were produced on the collector (aluminum foil).
With the increasing of concentration, some fiberlike products were formed, with a large number of
beads still existing. When the concentration was up
to 25 wt%, the fiber structure with an average
diameter of 614 ±127 nm was clearly observed on
the membrane. However, some beaded structures
along the fibers were also observed and there was
distinct adhesion between the nanofibers, resulting
in the uneven appearance.
The morphology changes of electrospun PAA
nanofibers resulted that concentration of solution is
the most critical and remarkable parameter to
control the quality of nanofibers. The concentration
of solution is a combination factor of solution
properties such as viscosity, surface tension, and
conductivity. Low concentration will result in low
viscosity and higher surface tension, which favors
the formation of beads. And increasing the
concentration could increase the related viscosity
of solution, which favors the formation of fibers.
When the concentration is extremely low, too
higher rheologic property caused two low
viscosities, which makes the polymer jet broken
down in the electrospinning process, with only the
liquid drop left, rather than fiber. [15] This is
consistent with the results of SEM. Although
concentration is a main parameter to reflect the
spinability of polymer solution, different molecular
weight exhibits different properties. So, some
literature[12] reported that at the molecular weight
of 450KDa, uniform PAA nanofibers were
fabricated at the concentration of 8 wt%.

3.1.3 Effect of the collection distance
The process of thinner fiber formation is also a
process of the fiber solidification and solvent
evaporation. In general, longer collection distance
benefits the evaporation of solvent and the decrease
of the adhesion between nanofibers, thus getting
the nanofibrous mats with high porosity. Figure 3
shows the SEM images of PAA nanofibers with 15
cm, 17 cm, and 20 cm, respectively. At the
collection distance of 20 cm, the nanofibers got
better solidified and the pores on the fiber mat is
clearly visible, whereas for the case of 15 cm and
17 cm collection distances, the pores on the fiber
mats are scarce.

FIGURE 3. SEM images of PAA nanofibrous mats with
different collection distances (a): 15 cm; (b) 17 cm; (c) 20 cm.

3.2 Electrospinning of PAA/PVA blend solution
PVA nanofibers have been successfully fabricated
by electrospinning at series of concentrations. [17]
Compared width PAA solution, aqueous PVA
solutions were consistently more viscous than the
PAA solutions at similar concentrations, and the
highest viscosities of PAA and PVA mixture could
be achieved at the weight ratio of 1:1 due to the
possibly maximized hydrogen bonding between the
two polymers. [14] Herein, PAA and PVA were
mixed at weight ratio of 1:1 to prepared
homogeneous
solutions
with
constant
concentrations of 8.5 wt% and 10 wt% respectively.

FIGURE 2. A typical SEM image of PAA nanofibers fabricated
at a voltage of 22.5 kV. The PAA concentration was 25 wt%,
and the collection distance was 17 cm.

3.1.2 Effect of applied voltage
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explanation for outstanding property of water
insoluble theoretically. The water stability of PAA
nanofibers are often improved through thermol
treatment maybe some other method such as
electrostatic interaction between two kinds of
opposite charged polymer could be introduced to
make them good water stability.

The morphologies of electrospun PAA/PVA
nanofibers were shown in Figure 4. We can see
that continuous nanofibers were obtained under the
applied voltage (16.6 kV) and collection distance
(20 cm). However, some beaded structures along
the fibers were also observed and there was some
adhesion phenomenon between the nanofibers,
resulting in the uneven appearance (Figure 4a),
whereas smooth and uniform nanofibers were
produced at the concentration of 10 wt% (Figure
4b). This further confirmed that the concentration
was a key parameter affecting the morphology of
electrospun nanofibers.
Since the PAA and PVA are water soluble
polymers, the electrospun PAA/PVA nanofibers
could dissolve in water immediately. In order to
retain their unique fiber structure, the PAA/PVA
nanofibrous mats was treated at 145 ℃ for 30 min
to form inter-molecular crossliking between
carboxyl of PAA and hydroxyl of PVA. The
nanofibrous mats thus obtained become water
insoluble and kept excellent porous fiber structure
even after immersion in water for a week, which
was shown in Figure 5b. However, nothing was left
after immersing the PAA/PVA nanofibrous mats
collected on the aluminum foil for only 10 min.

FIGURE 6. FTIR spectrum of PAA/PVA nanofibers before and
after heat treatment.

4 CONCLUSION
Electrospun PAA nanofibers under various
processing parameters were systematically
investigated. The results showed that at higher
concentration (up to 25 wt%), more uniform
nanofibers were fabricated, whereas at the
concentration of 10 wt%, only droplets were
formed for lack of enough chain entanglement.
However, adding of PVA could significantly
improve the spinnability of PAA. Smooth and
uniform ultrafine PAA/PVA fibers were produced
at the concentration of 10 wt% by electrospinning.
Otherwise, in the aqueous solution of PAA, much
higher positive voltage (up to 22.5 kV) and longer
collection distance (20 cm) were beneficial for the
electrospinning of uniform, porous nanofibrous
mats. The excellent water insoluble PAA/PVA
nanofibers were obtained by thermal treatment at
145 ℃ for 30 min, which may find various
applications in ultrafiltration, separation, and
environmental sciences.

FIGURE 4. Morphologies of PAA/PVA nanofibers with
differenct concentrations. (a) 8.5 wt%; (b) 10 wt%
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FIGURE 5. SEM images of PAA/PVA nanofibers after
immersion in water before (a) and after heat-treatment (b).

The FTIR spectrum of PAA/PVA nanofibers
before and after heat treatment was shown in
Figure 6. There was nearly no difference in the
spectra of PAA/PVA nanofibers before and after
crosslinking, no ester-bound adsorption peak was
detected and a strong adsorption peak at 1710 cm-1
ascribed to carboxyl group was still left , even
though the esterification was the properly
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ABSTRACT
Electrospun nylon-6 nanofibrous membrane with fiber diameters in the range of 50–200 nm were prepared and
employed as affinity membrane material for papain adsorption. In this work, Covalent coupling of chitosan (CS)
to activated nylon membrane was performed after the reaction of the nanofibrous nylon membrane with
formaldehyde. Cibacron Blue F3GA (CB F3GA) as a ligand was immobilized onto electrospun nylon
membranes to produce high efficiency affinity membranes. Under batch equilibrium experimental conditions at
277, 298, and 310K was investigated. Two kinetic models were used to fit the experimental data at different
initial concentrations, temperatures at pH 8.0. Studies showed that the adsorption of papain on dye nylon
affinity membranes could be described by the Langmuir isotherm.
Keywords: electrospinning; affinity membrane; nanofibers; Isotherm; Kinetic
The adsorption of protein is a complex process,
which can be determined by several factors such as
the chemical structure, surface roughness, the
degree of hydrophilicity of surface, etc. Protein
adsorption, in particular, depends on the surface
composition and morphology of the membrane. So
far, only a limited number of studies have focused
on the kinetic models studies on protein adsorption
by dye affinity membranes. However, at the
present time no information concerning the kinetic
models studies of papain adsorption on the dye
affinity membranes can be found in the literature.
The objectives of this study are: (1) to on
adsorption isotherms of papain by the dye affinity
membranes, (2) to establish a kinetic model that
better described the adsorption of papain by the
dye affinity membranes. This study is the first to
investigate the isotherms, kinetics of papain
adsorption on the dye affinity membranes. The
equilibrium and kinetic models in association with
model parameters would be useful for the design of
membrane reactor and the establishment of
biochemical plant for the purification of papain.

1 INTRODUCTION
Electrospinning is a simple and versatile method to
generate nano- to submicrometer fibers. Developed
more than a half century ago, electrospinning is far
from a new technique but received an extensively
renewed research interest in recent years. Our
interest of the electrospun polymer nanofibers is
for affinity membrane applications. It combines the
high selectivity of chromatographic systems with
the high production capacity of macroporous
filtration membranes. A large surface area to
volume ratio is one of the most important
requirements for an ideal affinity membrane.
Our interest of the electrospun polymer nanofibers
is for affinity membrane applications. It combines
the high selectivity of chromatographic systems
with the high production capacity of macroporous
filtration membranes. Thanks to its very-short wide
bed inducing lowpressure drop and thus reduced
residence times, membrane chromatography treats
large solution volumes in limited operating time [1].
Using electrospun nonwoven mesh as the base of
affinity membrane, it may own properties like high
porosity, micro-scaled pore size and high
interconnectivity of the interstitial space, and above
all, the nano-scaled fiber diameter give rise to an
increased surface area as compared with the
conventional nonwoven filter media. A large
surface area to volume ratio is one of the most
important requirements for an ideal affinity
membrane.

The adsorption of protein is a complex process,
which can be determined by several factors. So far,
only a limited number of studies have focused on
the kinetic models studies on protein adsorption by
dye affinity membranes. However, at the present
time no information concerning the kinetic models
studies of papain adsorption on the dye affinity
membranes can be found in the literature. The
equilibrium and kinetic models in association with
- 802 -

q = [(Ci − Ct)Vs] / m

model parameters would be useful for the design of
membrane reactor and the establishment of
biochemical plant for the purification of papain.

(1)

where q is the amount of papain adsorbed onto unit
mass of the membrane (mg/g); Ci and Ct are the
concentrations of the papain in the initial and in the
final solution after adsorption, respectively
(mg/mL); Vs the volume of papain solution (mL);
m is the mass of the membrane (g).

2 APPROACH
2.1 Materials and chemicals
Nylon-6 (Mw~30,000), Chitosan (Mw~80,000)
and papain (EC3.4.22.2) were purchased from
Sigma-Aldrich. The concentration of papain was
determined using a UV-2102PC spectrophotometer
(UNICO Instrument Co. Ltd., Shanghai, China).

3 RESULTS AND DISCUSSION
3.1 Physical and morphological properties of
dye affinity membrane
An SEM image of 8 wt.% nylon solution spun onto
a static collector in Fig. 1(a) shows relatively
smooth, defect-free fibers. Fig. 1(b) shows SEM
micrographs of the modified nylon nanofibers after
chemically tethered CS. CS contains many free
amino groups, which could attach dye ligands
successfully. Fig. 1(c) shows an obvious change
after dye CB as a ligand was then covalently
immobilized on the CS-coated membranes. The
diameters of the nanofibers become coarser than
those of uncoated nylon nanofibers due to CB
immobilizing. In addition, the pore sizes look
smaller than those of the uncoated nanofibers since
the CB coating covers the surface and intersections
of the nanofibers, as revealed in Fig. 1(c).

2.2 Electrospinning
Electrospinning solutions were prepared by 8 wt.%
nylon solution in FA. The electrospinning solution
was placed in a 5 mL syringe with a metal needle
of 0.6 mm in diameter. A power supply (ES40P20W/DAM) was used to provide a high voltage of
16 kV to the syringe needle tip and a metal
collector. The electrospun fibers were collected on
an aluminum foil. A tip-to-collector distance of 15
cm, and a solution flow rate of 1 mL/h. All of the
electrospinning procedures were carried out at 25
°C. The obtained nanofibers were dried in a
vacuum oven 24 h at 60 °C for characterizations.
2.3 Adsorbents
The procedure for the preparation of dye affinity
membrane in this study was described in details in
our previous study [2]. Mainly, covalent coupling
of chitosan to activated nylon membrane was
performed after the reaction of the electrospun
nylon membrane with formaldehyde, and then the
dye Cibacron Blue F3GA as a ligand was then
covalently immobilized on the CS-coated
membranes.

FIGURE 1. SEM photos of surface of: (a) untreated nylon

2.4 Batch experiments of bromelain adsorption
The procedure for the adsorption capacities of
papain in the CB immobilized CS-nylon nanofiber
membrane were measured batch wise described in
details in our previous study [3]. Hundred
milligrams of CB immobilized CS-nylon nanofiber
membrane was immersed in 10 mL papain solution
(Tris-HCl, pH 8.0). The solution was shaken in a
shaking machine under 37 °C for 3 h. The amount
of adsorbed papain on the CB immobilized affinity
membrane was determined by measuring the initial
and final concentrations of papain within the
adsorption medium. The concentration of papain
was measured by spectrophotometry at the
wavelength of 280 nm. The amount of adsorbed
papain was obtained by using the following
equation:

nanofiber membrane; (b) the nylon nanofiber membrane

chemically modified by chitosan; (c) Dye affinity nylon
nanofiber membrane.

3.2 Equilibrium modeling
In this study, two classical adsorption models, i.e.
Langmuir and Freundlich isotherms, were
employed to describe the papain adsorption
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equilibrium. The Langmuir model is based the
assumption of adsorption homogeneity, such as
equally available adsorption sites, monolayer
surface coverage, and no interaction between
adsorbed species. If the papain adsorption follows
the Langmuir model, the adsorption process can be
expressed as:
Ce/qeq = Ce/qm + Kd/qm

0.06
0.05
C e/q eq

0.04
0.03
37℃

0.02

25℃

0.01

(2)

4℃

0

where Ce (mg/ml) is the equilibrium concentration
of papain in solution, qeq (mg/g) the adsorption
capacity at equilibrium, qm (mg/g) the maximum
adsorption capacity and Kd is the effective
dissociation constant. The linearized Langmuir
adsorption isotherms of papain at 4, 25, and 37 OC
are illustrated in Fig. 2(a). The values of qm and Kd
estimated from the plots along with the correlation
coefficients are listed in Table 1.

0

1

2

2.5

log q eq

(a)

2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
-0.6

37℃
25℃
4℃

-0.4

-0.2

0

0.2

0.4

log Ce

(3)

where qeq (mg/g) is the adsorption capacity at
equilibrium, Ce (mg/ml) the equilibrium
concentration of papain in solution, and KF and n
are the physical constants of Freundlich adsorption
isotherm. Fig. 2(b) shows the linear relationship of
the Freundlich isotherm for the adsorption of
papain on the affinity membranes. The Freundlich
constants are presented in Table 1.
From Table1, it can be seen that the corresponding
semireciprocal plots (Ce/qeq versus Ce) of the
experimental data gave a non-linear plot for the
dye affinity membrane in all temperatures studied.
In other words, a non-linear plot indicates the
adsorption heterogeneity. Since the Langmuir
model is formulated for homogeneous adsorption,
the Freundlich isotherm models are usually
adopted for heterogeneous adsorption [4]. As seen
from Table1, the parameter KF related to the
adsorption density increased with increasing
temperature. This was consistent with the
experimental observation.

1.5
Ce

The Freundlich equation is the empirical
relationship whereby it is assumed that the
adsorption energy of a protein binding to a site on
an adsorbent depends on whether or not the
adjacent sites are already occupied. This isotherm
can be described as follows:
log qeq = log KF + (1/n) logCe

0.5

(b)
FIGURE 2. Linearized adsorption isotherms of papain at
different temperatures (pH8.0, initial concentration of papain
1.0 mg/ml and time 3 h): (a) Langmuir; (b)Freundlich
TABLE I. Langmuir and Freundlich isotherm constants of
papain adsorption on dye affinity membrane at different
temperatures
Temperature
(K)

Langmuir constants

qm

kd

R2

277

51.5

1.35

0.998

298

63.2

1.09

0.989

310

131.
9

2.06

0.977

Freundlich constants

KF
19.7
6
29.9
1
32.5
4

n

R2

1.02

0.915

1.45

0.965

1.38

0.943

4 CONCLUSIONS
Ultrafine nylon nanofibers were prepared by the
one-step electrospinning method. After a series of
modification, the modified nylon membranes was
covalent attached a general dye ligands. This newly
developed dye affinity membranes were used for
papain adsorption. The isotherms for the adsorption
of papain on the dye affinity membranes have been
analyzed. According to the comparison of the two
- 804 -

adsorption models, the Langmuir model was found
to give a better fitting than the Freundlich model.
These features make the dye–ligand affinity
membranes very good candidates for use in the
separation of papain and would be effective in
processing large volumes of biological fluid
containing a target protein.
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ABSTRACT
Plenty of wool products have been damped as waste, which stimulates innovations to add value to these keratin
proteins. Wool wastes were melt into keratin protein by reduction method and electro-spun into valuable
nanofibers with the aid of PVA. The influences of the spinning solution on spinning and facility settings were
investigated and the morphology of the obtained nanofibers was observed for an optimal processing scheme.
KEYWORDS: Electrospinning; Nanofiber; Keratin; PVA
1 INTRODUCTION
Electrospinning appeared in the early 20th century[1].
Typically, charged polymer solution or melt is
elongated and fine-drawn in the electrostatic field.
These high-performance nanofibers may be widely
used in filtration[2], biomedical applications[3], and
other purposes. Plenty of wool products have been
damped and it is expected to add more values to the
recycled wool materials. An innovative method is
thus proposed to utilize the waste wool fibers into
keratin nanofiber combining with PVA. Following
Prof. Yao[4], recycled wool fibers were melt into
keratin protein by blending the wool protein, urea,
reductant and SDS together. Stir the mixture without
the air under the temperature of -100℃. Afterwards,
the mixture of keratin solvent and PVA are
electrospun into a new type of nanofibers. The
influences of relevant parameters on nanofiber
quality, such as electrical field, solution
concentration in the fiber forming process were
carefully explored, for future processing optimization.
The nanofiber morphology was observed with
scanning electron microscope (10 000 times) and the
diameter distribution of nanofibers was obtained
using image analysis.
2 EXPERIMENTAL
2.1 Materials
Wool fibers, sodium bisulfite (analytical reagent),
urea (analytical reagent), sodium dodecyl sulfate
(analytical reagent), sodium chloride (analytical
reagent) and polyvinyl alcohol (chemical reagent,
polymerization degree of 2300~2400) were used in
this experiment.
2.2 Extraction of keratin
The 100% (owf) sodium bisulfite, 300g/L urea, 15g/L
sodium dodecyl sulfate, distilled water and wool
were blended in a conical flask. The liquor ratio was
1:14. The blended solution was heated in hot water at
the temperature of 100℃ for 3hrs, and then some
ammonia was dipped into the solution until the pH of
the solution reached 6.0. The solid impurities were
filtered with polyester mesh. The pH of the solution
was reduced to 4.0 by dipping hydrochloride into the
solution. It is known that the isoelectric point of wool

keratin is 4.0, where the protein exhibits the lowest
solubility and appears white precipitation. The white
precipitation was dried and weighted at 70℃ to
obtain light yellow wool keratin with 30000~70000
of molecular weight.
PVA was blended with keratin to improve the
spinning ability due to the low solubility of wool
keratin and less desirable viscosity of saturated
solution. Polyvinyl alcohol of 5%, wool keratin of
2% and sodium chloride of 1% were added into the
distilled water at 80℃. After stirred for 6 hrs by a
magnetic stirrer (85-2), the solution was deaerated in
vacuum pump for 6 hrs to acquire spinning solution.
The solution concentration was varied from 4% to
12%.
2.3 Electrospinning
The equipment of electrospinning used includes high
voltage DC power (DW-P303-1AC), miniature thrust
pump (WZ-50C2), multifunctional agitator (D8-401),
syringe and stainless needle. The spinning solution
was pumped into the syringe with the stainless needle.
The needle was connected with a transformer
providing voltage from 0 to 30V. Aluminum foil
receiver was put on the rotatable chassis. The
distance from the rotatable chassis to the metal
needle was 8 cm. The axis of the rotatable chassis
and the metal needle was inclined to form an angle of
5°～10° with the horizontal direction. Therefore, the
surface tension of solution could hold a suitable
droplet at the top of needle[5]. Electrospinning was
carried out using the mixed solution at the room
temperature. Keratin/PVA nanofibers were collected
by the aluminum foil receiver.
2.4 Characterization
The solution viscosity was tested by rotary
viscosimeter (NDJ-7). The surface tension was tested
by surface tensiometer (JZHY-180). The solution
conductivity was tested by surface conductivity
meter (DDS-11A). Keratin/PVA samples of 4mm ×
4mm were observed by SEM to examine the
nanofiber morphology. The diameter distribution of
nanofibers was obtained from SEM images (10,000

- 806 -

FIGURE 2. SEM images of keratin/PVA nanofiber at different
concentrations of spinning solution (10,000 times)

3 RESULT AND DISCUSSION
3.1 Effect of concentration on the solution
viscosity
It is seen from Figure 1 that the solution viscosity
increases with the concentration of spinning solution.
The solution viscose is 2.2 mPa·s when the solution
concentration is 4%. However, the solution viscose
increases to 44.6 mPa•s as the concentration is 12%.
When the concentration is above 10%, no jet appears.
When the concentration is blow 6%, the jet is broken
into small droplets. It is seen that continuous jet
exists only during the concentration is from 6% to
10%. At this condition, the solution viscosity is 7.8
mPa·s, the surface tension is 33 N/m and the
conductivity is 0.4～0.8 mA/V·m.

Summarizing the observation above, we may
conclude that best concentration for spinning is 8%.
And the diameter distribution of keratin/PVA
nanofibers at 8% concentration of spinning solution
is shown in Figure 3.
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The SEM images of keratin/PVA nanofiber at
different concentrations of spinning solution are
shown in Figure 2. Continuous jet may be obtained if
the concentration increases to 6%. However, as
shown in Figure 2(a), beads as defects appear on
fibers obtained from that low solution concentration.
As shown in Figure 2(b), nanofibers are more even
and have fewer beads when the concentration rises
up to 8%. With the concentration increasing to 10%,
as shown in Figure 2(c), fibers become distorted and
more beads occur. The flowability of solution gets
worse as the concentration increases to 12% and
results in severe block of the nozzle.

3.2 Effect of concentration on initial voltage
The produce of stable and continuous jet depends on
the concentration of spinning solutions mainly.
However, different voltages are needed with different
concentrations. A higher initial voltage is required to
overcome the surface tension and viscoelasticity with
the concentration of the spinning solution increasing.
It is directly shown in Figure 4.
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FIGURE 1. Relationship between solution concentration and
solution viscosity
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FIGURE 4. Relationship between solution concentration and
initial voltage
(b) 8%

(a) 6%

(c) 10%

3.3 Effect of voltage on the fiber diameter
The jet’s diameter gets finer as the distance with
aluminum foil smaller in the process of spinning
because of the solution evaporation and continuous
extension of jet in the role of electromagnetic force.
Figure 5 shows the relationship of the nanofiber
diameter at 8% concentration of spinning solution
and the voltage. It indicates that the jet diameter
increases with the voltage.
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Fiber diameter (nm)

[5] Kosuke O, et al. Preparation of non-woven
nanofibers of Bombyx mori silk, Samia Cynthia
ricini silk and recombinant hybrid silk with
electrospinning method. Polymer, 44, 2003, 2002,
841-84
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FIGURE 5. Relationship of the nanofiber diameter at 8%
concentration of spinning solution and the voltage

4 CONCLUSIONS
Keratin/PVA nanofiber from Wool Wastes was
prepared by electrospinning. When the concentration
of the spinning solution is within 6% to 10%,
continuous jet may be obtained under appropriate
voltage. No jet appears when the concentration is
above 10%, and the jet is broken into small droplets
when the concentration is below 6%. The best
diameter uniformity of nanofibers is obtained when
the concentration of spinning solution is 8%.
The most suitable voltage changes with
concentrations. When the concentration of the
spinning solution increases above 8%, a higher initial
voltage is required to overcome the surface tension
and viscoelasticity. The diameter of jet becomes fine
when closes to the aluminum foil during the spinning
process. The jet diameter increases with the field
strength.
The keratin dissolving rate, however, is low both in
water and in blending solution leading to the low
content of keratin in keratin/PVA nanofibers. Our
further research, therefore, will focus on a better
blending method to increase the content of keratin.
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filtration and washed with deionized water until its
PH value retained around 7. The acid-treated AT
was dispersed in DMSO by sonication. The
PAN/AT/DMSO solution for spinning was
prepared by mechanical strring and PAN/AT
nanocomposite fiber with 0%, 1%, 3% and 5% AT
was then obtained through wet-spinning, using
DMSO/H2O (1:1) as coagulate bath. The samples
were named as AT0(neat PAN), AT1, AT3 and
AT5, respectively. The draw ratio of the fibers was
controlled at 7.

INTRODUCTION
Polymer/clay nanocomposites (PCN) belong to a
class of organic-inorganic hybrid materials in
which nanosized inorganic particles are dispersed.
Since the invention of PA6/ Na-montmorillonite
material in Toyota Central R&D Labs, Inc. (Toyota)
in 1985, many researches have been done on
polymer/layered silicate nanocomposites and
showed that a combined enhancement of modulus,
strength, toughness and thermal barrier properties
was achieved in polymer/clay nanocomposites.[1, 2]
Another key point in PCN research is the clay
exfoliation. Previous work has concluded that the clay

Characterization
The as-spun fiber in the middle of the coagulation
bath was selected and then immersed into
deionized water for 3 days to remove residual
solvent. The SEM measurements were carried out
on a JEOL JSM-5600LV SEM equipments to
observe as-spun fiber cross-section morphology
sputter-coated with Pt. Single fiber tensile tests
were on Individual Filament Strength-meter (XQ-1)
(manufactured by Donghua University) at room
temperature. Each sample test was repeated for 10
times. Thermogravimetric analysis (TGA) was
performed using NetzschTG 209 F1 Iris instrument.
The samples were heated from room temperature to
500 °C, at a heating rate of 10 °C/min, under an air
purge, at a flow rate of 20 ml/min.

dispersion plays an important role in
nanocomposite and the lower degree in property
enhancement has often been attributed to the
difficulty to achieve clay exfoliation [3, 4].
Recently, another group of clay with onedimensional geometry shape (such as sepiolite,
attapulgite and boehmite) has attracted growing
attention in nanocomposite research. Compared
with layered silicates, rod-like morphology of the
nanoparticle is readily controlled, without one to
worry about the intercalation or exfoliation kinetics.
This is advantage not only for controlling
nanocomposite morphologies, but also for
elucidating fundamental issues [5]. Unfortunately,
the research of nanocomposite on this aspect is still
rare and the mechanism has not yet well
understood.
In the present study, Poly(acrylonitrile) (PAN)
solutions in dimethyl sulfoxide (DMSO) containing
AT nanoparticulates were first prepared and then
wet-spun into nanocomposite fiber. We selected
PAN as the polymer matrix because PAN is
commercially important polarized polymer and one
of the carbon fiber precursors and has drawn
attention for many years. The morphology,
mechanical and thermal properties of the obtained
nanocomposites fiber were examined and the
mechanism was also elucidated

RESULTS AND DISCUSSION
Morphology of PAN/AT as-spun fiber
Figure 1 presents the cross-section of the as-spun
PAN/AT nanocomposite fibers with various AT
loading. From the cross-section morphology, it
could be found that the hole in AT5 is larger than
AT1. Further, it can be seen that AT dispersion in
the fiber is significantly influenced by the filler
loading. In AT1 (Figure 1a), we can see that AT
was well-dispersed through the cross section while
in AT5 (Figure 1b), aggregation of AT is clearly
marked by red dot circles and the local surface of
AT5 sample is porous, implying that the
aggregation of AT may also affect the diffusion
process in the as-spun fiber coagulation process.
According
to
the
diffusion
model
of
polymer/layered silicate nanocomposite proposed
by Bharadwaj [6], there are two points should be
point out that the first one is that the AT may
oriented under the shear force in the channel and

EXPERIMENTAL
Preparation of the PAN/AT Nanocomposite
Fibers
The crude AT was firstly purified by deionized
water and then treated with 0.1mol/L hydrochloric
for 5h.The suspension was separated through
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the second one is that in this case, the welldispersed rodlike silicates may not greatly hinder
the solvent/non-solvent mutual diffusion, or in
other words, make this kind of diffusion more
homogeneously. However, if AT parallel arranged
(aggregation) then its geometry will be similar to
layered silicate which may significantly affect the
ultimate structure of the as-spun fiber.

Nevertheless, the stacking of the clay will be less
mobile. This result is also similar to the previous
report of other PCN nanocomposites [7].

FIGURE 2. Single fiber tensile strength and elongation at break
for PAN/AT nanocomposite with various AT contents.

(a)

Thermal property of PAN/AT nanocomposite
fiber
Figure 3 demonstrates the thermo-oxidative
stability of PAN/AT nanocomposites fiber.
According to these curves, firstly, we can see that
nanocomposite fibers show better thermal stability
than neat PAN sample. The high residual content
may result from the formation of ring compounds,
pyridinoid structures, which are precursors of
carbon fibers. Obviously, the addition of AT will
significantly affect the process. Secondly, it is
found that AT1 sample shows the lowest
degradation rate among the samples. We deduce
that this phenomenon is also related to the clay
dispersion and its heat resistance effect.
Furthermore, from these curves, the temperature of
5wt% mass loss (T5%) of all samples was obtained,
which summarized in Table I. Obviously, AT1 has
the largest T5% value among the samples. However,
according to the previous studies[8,9], the thermal
degradation process can be influenced by many
factors, such as mental ions catalyze, so the
mechanism of thermal degradation of the
nanocomposites is complicated and need some
further investigation.

(b)

FIGURE 1. Clay dispersion state in the cross-section of PAN
nasecent fiber (a) AT1, (b) AT5. The dot-circle shows the
aggregation of AT in the matrix.

Mechanical properties
Figure 2 shows the trend of tensile strength and
elongation for PAN/AT nanocomposite fiber with
different AT contents. Single fiber tensile strength
reaches a maximum value when the AT content is 1
wt%. It can be seen that with addition of 1wt% AT,
the single fiber strength have been raised by approx.
22%. However, with further addition of the filler,
the value of tensile strength decreases
monotonically. These results are consistent with the
cross-section morphology of the as-spun fiber. The
elongations at break for PAN/AT fiber was reduced
with increasing of AT content, indicating that the
additional of AT will be more brittle. It is well
known that the positions of nanofillers’ aggregation
in nanocomposite material may induce stress
concentration during mechanical test. Combining
with Figure 1, it is logical that aggregation of the
fillers in high AT content sample nanocomposite
fiber will be responsible for the decreasing of the
strength. Furthermore, we deduce that the
alignment of fibrous clay in the test may allow clay
to move, providing additional energy dissipating
mechanism which is absent in neat PAN fiber.

FIGURE 3. Thermo-oxidative stability of PAN/AT fibers
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TABLE I. T5% of PAN/AT nanocomposites with various AT
loading
Sample

T5% (oC)

AT0
AT1
AT3

284.9
291.7
286.7

AT5

288.6

[4] Schaefer DW, Justice RS. “How nano are
nanocomposites?”, Macromolecules, 40, 2., 2007,
pp. 8501-8517.
[5] Pan, Y.Z., Xu, Y., An, L., et al. “Hybrid
network structure and mechanical properties of
rodlike silicate/cyanate ester nanocomposites”,
Macromolecules, 41, 23., 2008, pp. 9245-9258
[6] Bharadwaj, R.K. “Modeling the barrier
properties of polymer-layered silicate
nanocomposites”, Macromolecules 34, 26.,2001,
pp.9189-9192
[7] Pan, B.L., Yue, Q.F., Ren, J.F., Wang, H.G., et
al. “A study on attapulgite reinforced PA6
composites”, Polymer Testing, 25, 3., 2006, pp.
384-391
[8] Yuan, X.P., Li, C.H., Guan, G.H., et al.
“Thermal degradation investigation of
poly(ethylene terephthalate)/fibrous silicate
nanocomposites”, Polymer Degradation and
Stability, 93, 2., 2008, pp. 466-475.
[9] Peng, Z., Kong, X.L. “A thermal degradation
mechanism of polyvinyl alcohol/silica
nanocomposites”, Polymer Degradation and
Stability, 92, 6., 2007, pp. 1061-1071.

CONCLUSIONS
PAN/AT nanocomposite fiber was successfully
prepared by wet-spinning. From the cross section
morphology of as-spun fiber, it can be seen that the
addition of AT may affect the mutual diffusion
process during coagulation bath and change the
porous structure in the as-spun fiber. It was found
that the AT1 sample has homogeneous clay
dispersion while large amount of AT nanoparticles
will be poor-dispersed in the fiber and this
phenomena is different from the previous proposed
barrier model. The single fiber tensile strength test
results showed that the dispersion state will be
greatly related to mechanical property of the fiber
and it was found that with additional of 1% AT, the
tensile strength of nanocomposite fiber raised by
approx. 22% when compared to neat PAN fiber.
The thermal-oxidative stability of PAN/AT
nanocomposite fiber was also investigated and the
results showed that the pre-oxidative process of
PAN is also influenced by heat resistance effect of
AT.
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ABSTACT
Polypro/Na+-montmorillonite nanocomposites were prepared by the in-situ polymerization of polypyrrole in the
presence of MMT. The properties and structure polypyrrole/MMT nanocomposites were investigated by FTIR
spectroscopy, X-ray diffraction. The FTIR spectroscopy showed that there was interaction between PPy and
MMT clay. From XRD result shown the interlamellar spcing of the MMT became larger, which implied PPy
had inserted into the MMT. With the increasing of PPy loading, the dc conductivity of composites was
increased. When the PPy loading was higher than 20%, the dc conductivity of the composites reached up to
100S/cm.
Key words: polypyrrole; montmorillonite; nanocomposites; conductivity
chemicals co., Ltd, China) with its cation-exchange
capacity (CEC) of 90 meq/100g clay. Pyrrole
( Sinopharm Chemical Reagent Co., Ltd, China)
was purified by distillation under reduced pressure
and stored in a refrigerator before use; and the
oxidant FeCl3 6H2O(Sinopharm Chemical Reagent
Co., Ltd, China) was used as received.

INTRODUCTION
Polypyrrole (PPy) is one of the most promising
conductive materials because of its high electrical
conductivity, low cost of synthesis, thermal and
good environmental stabilities. These properties
provide possible applications in battery electrodes
electrochromic devices, energy storage devices and
photoelectric cell. However, PPy is brittle,
insoluble and infusible, not easy processable. This
led to intensive research was on the preparation of
a variety of conducting polymer nanocomposites
because they can promote new development of
enhanced properties by overcoming the inherent
limitation of pure materials including conducting
polymers..[1-7]

Preparation of PPy/MMT nanocomposites and
PPy Pyrrole was added in MMT aqueous
suspension under vigorous continuous stirring, then
ultrasound 15min. The mixture was cooled to 0℃.
FeCl3 (oxidant, FeCl3/pyrrole molar ratio was 2.3:1)
aqueous slution was added dropwise into the
mixture and the polymerization continued for 6 h
under stirring. The products washed with ethanol
and distilled water several times, then fitered and
vacuum dried at 60℃ for 24 h.

Clay minerals have been adapted to the field of
nanocomposites because of their small particle size
and intercalation property, especially in the
application of reinforcement materials with
polymers. Among various clay materials,
montmorillonite (MMT) clay, whose lamella are
constructed from an octahedral alumina sheet and
sandwiched between two tetrahedral silica sheets,
exhibits a net negative charge on lamella surface,
and causes it to absorb cations such as Na+ or Ca2+.
[8,9]The interlayer spacing becomes large enough
to be penetrated by relative charge size micelles
with swelling of the clay in water.
EXPERIMENTAL
Materials Montmorillonite(MMT) is
montmorillonite
(Zhejiang
fenghong

Tests and analysis The change of the gallery
structure of PPy/MMT nanocomposites was
determined by WAXS using a Rigaku Corporation
Japan/max-2550 PC.
Infrared absorption spectra were carried out on a
NEXUS-670 spectrophotometer(Nicolet company),
using KBr disc technique.
Electrical measurements were carried out on disk
shaped test prepared by compression molding of
the materials between two Ni foils by a laboratory
press. The dimensions of the disks were 15 mm in
diameter. PPy/MMT test samples were prepared by

Na+clay
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applying 30MPa mold pressure at room
temperature and then measured by the Model BD86A Semiconductor Resistivity Meter four-point
probe.

nanocomposite. The variation of the d-spacing (001)
of the clay interlayer of the materials, which was
calculated from the observed peaks by using the
Bragg equation: λ=2dsinθ. The WAXS diffraction
pattern of Na+-MMT shows a peak at 2θ=7.0°，
which correspond to interlayer spacing 1.26nm.
After polymerization, the diffraction peak of the
PPy/MMT nanocomposite was shifted to a lower
angle. The d-spacing of PPy/MMT-20%,
PPy/MMT-40%, PPy/MMT-60%, PPY/MMT-80%
nanocomposites were increased up to 1.82nm,
1.90nm, 1.94nm, 1.96nm, respectively. The size of
the pyrrole ring calculated theoretically by
Complete Neglect of Differential Overlap (CNDO)
method or by using molecular simulations [16,17]
is about 0.4 nm. This result demonstrated the
insertion of PPy between the clay layers.

RESULTS AND DISCUSSION
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FIGURE. 1 shows the FT-IR spectrum of PPy(a) and
PPy/MMT-80%(b) ， PPy/MMT-60%(c) ， PPy/MMT-60%(d),
MMT(e) sample.
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FT-IR spectra of the PPy/MMT nanocomposites
are shown in Figure 1, together with pristine PPy
and MMT. The band at 1433 cm-1 is assigned to the
C-N stretching mode. These peaks are ascribed to
the formation of PPy. The strong peaks of 1094,
1036cm-1 and the peak at 800-400cm-1 were
estimated to be the characteristic vibrations of
MMT. The band at 1433 cm-1 in spectrum of pure
PPy occurs at 1440 cm-1 for PPy/MMT (80wt% of
PPy), at 1449cm-1 for PPy/MMT (60wt% of PPy)
and at 1451cm-1 PPy/MMT(20wt% of PPy)
nanocomposites.
Therefore,
the
FTIR
spectroscopy supplies evidences of possible
interactions between PPy matrix and MMT
clay.[9,10]

1 E -4

f
14

16

18

2Theta(deg)

FIGURE.2 XRD
PPy/MMt-40%(b),
MMT(e), PPy(f)
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CONCLUSIONS
We have described a simple route for the synthesis
of nanocomposites of conducting polypyrrole with
MMT clay by the in situ intercalative
polymerization method. Intercalation of PPy is
confirmed from the XRD analysis, in which the
characteristic peaks of PPy and MMT in the
PPy/MMT nanocomposites are identified. FTIR
indicates that there might be possible interactions
occurring between the MMT clay and PPy matrix.
Consequently, this simple intercalation method
provides a new and effective method for the
preparation of PPy/MMT nanocomposites.
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The electrical conductivity of PPy/Na+-MMT
composites is plotted against PPy content in Fig. 3.
The electrical conductivity sharply increases with
polypyrrole loading until it reaches the plateau
value matching that of bulk powder polypyrrole.
This perhaps because PPy loading of the PPNA
reach 20%wt, PPy form a continued conductive
network. [11,12]
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FIGURE.3 Plot of the electrical conductivity of the PPy/MMT
nanocomposites versus polypyrrole mass loading.
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diagram with PPy/MMT-20%(a) and
PPy/MMT-60%(c), PPy/MMT-80%(d),

Figure 2 shows the WAXS results for the Na+montmorillonite, pure PPy, and PPy/MMT
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ABSTRACT
This paper introduces a new-developed water-soluble polyester(WSPET) membrane. We firstly research
molecular structure and aggregation structure of the membranes. Then the ingredients of the solution which
membranes hydrolyzing in are discussed. At last, a series of conclusions will be obtained through discussion.
KEYWORDS: WSPET; hydrolyzation; molecular structure; aggregation structure
The hydrolyzation speed is actually determined by
chemical structure and crystallization of the
polymer. The methods of accelerating the reaction
can be generalized as follows. Firstly, hydrophilic
group must be grafted to backbone so as to improve
the hydrophilicity of the polymer, secondly
reducing degree of crystallinity is another effectual
way. Above two ways are commonly modes used
to improve hydrophilic property. The methods used
to modify the polyester which our group used are
not oversteping the two major ways.

INTRODUCTION
Water-soluble polyester(WSPET) has been
researched for many years for its good
hydrolyzation property. It has been used in textile,
coating, adhesive[1] and many other industrial
circles. The super-fine fibers and micro-reticular
fibers are just produced through composite
spinning by use of water-soluble polyester[2,3,4].
Since water-soluble polyester actually exist in
composite filament as a morpha similar to
membrane, we introduce a new-developed WSPET
membrane so that the corresponding experiments
and discussions could be closer to the reality.
Besides, through disscussing some basic properties
of the membrane, the corresponding conclusions
obtained are also useful for the possible application
of WSPET membrane.

SIPE(m-phthalic acid two hydroxyethyl ester-5sulfonic acid sodium) and PEG(polyethylene glycol)
are major monomers used to modify the polymer.
The effect of SIPE is that it can reduce electron
density of the benzene ring next to it, thus, it
becomes easier for OH-1 attacking the carbonyl
group, all these actions are applicable to improve
hydrophilicity. The application of PEG is majorly
considered to reduce the rigidity of the macrochain.
Apparently the decrease about the rigidity of the
macromolecule is advantageous for improving
hydrolyzation property.

HYDROLYZATION MECHANISM
Although the polymer is named as water-soluble
polyester, actually it is Easy Hydrolysis Degradable
Polyester. The veritable WSPET is only used in
coating and adhesive circles but not in composite
spinning. The following reaction formula can
denote the procedure about the hydrolyzation of the
polymer.

EXPERIMENT SECTION
The main experimental material are WSPET
membrane and chips produced by Hangzhou
Xiaoshan Dahua Plastic Product Co.,Ltd with the
aid of our technology. The thickness of mambrane
is 15μm which stretched 10 times biaxially. And
the specific density is about 1.36 g/cm3. Sodium
hudroxide used is purchased from market and the
purity is about 98%.

Firstly, OH-1 attacks carbonyl group for its lower
electron density, midbodies are created, the
reaction continues so that –COOH is created at the
third step. Eventually the –COOH transforms to
–COONa since the whole process is implementd in
alkali solution.

Experimental instruments used in experiment are
Fourier Transform Infrared Spectrometer(FTIR),
Wide-angle X-ray Diffraction Spectrum(WAXRD)
and GC-MS. Besides, beaker, thermostatic water
tank, volumetric flask, electronic balance,
thermostatic oven and glass rod are also used for
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diffraction angle 2θ, 2θ=0~60°; the ordinate
denotes diffracted intensity I(2θ). The key
parameters of wide-angle X-ray diffraction
spectrum include 40kV of voltage and 12kW of
power, 10°/min of scanning rate of X-ray and 0.02°
of sample interval. Cu/K-α with 15.4056nm of
wavelength was used in this experiment.

researching the hydrolysis property of WSPET
membrane.
Membrane and chips were firstly tested by FTIR
Spectrometer and X-ray diffraction spectrum, then
we heated the membrane in alkali solution and
analyzed the ingredients of the solution which
membrane hydrolyzed completely in by GC-MS.
For contrast, the crystallinity of WSPET chip is
also tested through X-ray diffraction. At last, alkali
deweighting on different condition was calculated
by use of electronic balance for analyzing
hydrolysis discipline.

9000
8000
7000
I(2θ)

6000
5000
4000
3000

RESULTS AND DISCUSSION
The Molecular characteristics of the WSPET
membrane is investigated with FTIR, which sample
is prepared by KBr wafer method. Their infrared
absorption spectrum can be seen clearly in Fig.1.
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FIGURE 2. X-ray diffraction of WSPET membrane
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FIGURE 1. infra-red spectrogram of WSPET membrane
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FIGURE 3. X-ray diffraction of WSPET chips

The absorption peak values of 2800～3000 cm-1
are attributed by the stretching vibration of carbonhydrogen bond (C-H) existed in molecule. It can
also be verified that there are stretching vibration
of carbonyl group(C=O) in aromaticring by the
absorption peak value of 1722cm-1, vibration of
unsaturated carbon-carbon bond in aromaticring by
the absorption peak values of 1409 ～ 1609cm-1,
stretching vibration of carbon-oxygen bond at
carboxy by the absorption peak value of 1265 cm-1
and flexural vibrations of carbon-hybrogen in
aromaticring by the absorption peak values of 725
cm-1 and 1018 cm-1. The most important is that the
absorption peak value of 1100 cm-1 verifies the
modified group –SO3Na has existed in molecular
chain. So it is easily deduced that SIPE has been in
molecular chain of the WSPET membrane. While it
is just SIPE that improves the hydrolyzation
property of the WSPET membrane. Through above
analysis, we can know that the WSPET membrane
has had the possibility of more easily hydrolyzing.

After the analysis by compute, crystallinity is
calculated out. The value is 41.18%. While the
crystallinity of the chips is about 49.07%. The
crystallinity value of the WSPET membrane is
lesser than the WSPET chip, which is opposite the
common discipline that fibers’ crystallinity value is
bigger than chips. However, the proper lower
crystallinity is just beneficial for hydrolysis of the
WSPET membranes because it becomes much
easier for water molecules entering into the spatium
of macromolecules.
By use of the Gas Chromatograph-Mass
Spectrograph(GC-MS), we can analyze the
ingredients of the WSPET membranes after
hydrolyzation,
the
intuitive
result
is
demonstrated in Fig.4.
After analysis, sodium salt of terephthalic acid,
m-phthalic acid, glycol and m-phthalic acid two
hydroxyethyl ester-5-sulfonic acid sodium which
used to be expected are not found in the NaOH
solution which WSPET membranes hydrolyzed in.
Considering Mass Spectrograph can only detect
the compound whose molecular weight is lesser

Through analysis of X-ray diffraction, the
characteristicses of the WSPET membrane and
chip are respectively presented in Fig.2 and Fig.3.
As seen in Fig.2 and Fig.3, the abscissa denotes
- 816 -

Absolute Intensity

than 1000, we can deduce that the molecular
weight of the soluble substance in NaOH solution
are all above 1000. So we can know a fact that if
only the molecular weight of the macromolecule is
lesser than 1000 through controlling molecular
chain length, water-soluble polyester can dissolve
in particular solution. Even if the molecular weight
is higher 1000, dissolving still possibly happens.
[MS Chromatogram] TIC 500 3420 1.5 29.992
Absolute Intensity
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FIGURE 4. Chromatogram of GC/MS

Since membranes are made by use of water-soluble
as a unique component and ingredients after
hydrolysis in different conditions are all researched
and contrasted, the hydrolysis discipline of watersoluble polyester obtained by us is much closer to
factuality.
CONCLUSION
Through the above analysis, we can have a primary
understanding of the WSPET membrane, the
corresponding datas are necessary for farther
research and application of the membrane. The
accurater hydrolysis discipline about WSPET
membrane can help us preferably understand the
hydrolysis property and characteristic of watersoluble polyester in composite filament.
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Abstract
In this paper, the dynamic viscoelastic properties of bacterial cellulose and the effect of moisture
on the dynamic viscoelastic properties of bacterial cellulose were studied by dynamic mechanical
thermal analysis (DMTA). There are six transitions for bacterial cellulose: α1, α21, α22, αH2O, αm, βα
from -125 °C to 350 °C, and the mechanism of the six transitions were discussed in this paper.
Besides, a typical behavior for a polymer plasticized with a low molecular weight material was
observed, and the effect of moisture on the dynamic viscoelastic properties of bacterial cellulose was
studied.
Keyword: bacterial cellulose, Acetobacter xylinum, dynamic viscoelasticity, plasticizer
the above systems are not quite the same as

Introduction
The pure form of cellulose could be

bacterial cellulose film

derived from some kinds of microbial cells

investigated

such

and

three-dimension ultrafine networks and much

Rhizobia strains, and this form of cellulose is

higher crystallinity of bacterial cellulose. In

called bacterial cellulose. Bacterial cellulose

this paper, we investigated the effect of

has been utilized for numerous applications,

moisture content on the dynamic viscoelastic

such as dressings, acoustic diaphragms, micro

properties of bacterial cellulose by dynamic

blood vessels, and a scaffold material for

mechanical thermal analysis (DMTA).

as

Acetobacter,

Agrobacteria,

here

because

of

the

tissue engineering of cartilage.
The dynamic viscoelastic properties of

Materials and Methods

plant cellulose and regenerated cellulose have

Preparation of samples
Acetobacter xylinum was maintained on

been the subject of super-molecular structure
[1]

for cellulose. Stratton et. al.

studied the

sucrose

medium

with

composition
[5]

as
The

effect of moisture content on dynamic

mentioned by Watanabe and Yamanaka.

viscoelasticities

cellulose.

bacterial cellulose pellicle obtained from the

studied the mechanisms of

culture broth of the organism after two weeks

dynamic transition of regenerated cellulose in

at 30 °C, was purified with 0.1M NaOH

the temperature range from 280K to 600K and

solution by boiling 30 minutes and rinsing 4-5

[2,3]

Manabe et. al.

of

regenerated

[4]

assumed

times with distilled water until a neutral pH

that water molecular penetrate into a part of an

was attained in the drained water. The pure

amorphous region consisting of loosely packed

pellicle was dried in 80 °C for 24 hours.

150K to 350K. Nakayama et. al.

chain molecular as in the case of nylon 66. But

The moisture content was varied by

- 818 -

placing

the

sample

under

continuous
Tanδ

evacuation for different periods of time. After

0.075

the prescribed evacuation, the sample was
isolated from vacuum pump so that no further

0.070

drying would take place. Measurements would

0.065

begin when the sample had reached the desired

α21

0.060

low temperature. Sample BC1 stands for
bacterial cellulose with 0% moisture content,

0.055

and sample BC2 with 5%, sample BC3 with

0.050

10%.

120

140

160

180

200

220

T(oC)

Fig. 2 Spectrum of Tanδ vs. T for BC1

Measurements

from 110 °C to 220 °C

The dynamic viscoelastic properties of
the

α22

samples

were

studied

by

dynamic

mechanical thermal analysis (DMTA). The
measuring frequency was 1Hz, while the

lgEr

heating rate was 10 °C/min from –125 °C to

3.15
3.10

350 °C.

lgEr- T

3.00

Results and Discussion
Fig. 1 and Fig. 2 show the temperature

2.95

dependence of dynamic viscoelasticity for

2.90

sample BC1 in the temperature range from 25

2.85

°C to 350 °C. And Fig. 3 shows the
dependence

viscoelasticity

of

Tanδ- T
βα

3.05

temperature

Tanδ

am

sample

of

dynamic

BC1

in

-120 -100 -80

-60

-40
o
T( C)

-20

0

20

the
Fig. 3 Spectra of Tanδ vs. T and lgEr vs.

temperature range from –125 °C to 25 °C.

T for BC1 from -125 °C to 25 °C

There are six dynamic transitions for bacterial
cellulose: α1, α21, α22, αH2O, αm, βα from –125
°C to 350 °C.
Tanδ 0.17
0.16

BC1:0% moisture content

0.15

0.20Tanδ

lgEr 3.0

0.13

2.5

lgEr- T

a
2.0

a1

H2O
Tanδ- T

1.5
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Fig. 4 Spectra of Tanδ vs. T for BC with

T (oC)

different moisture content from 25 °C to 350
Fig. 1 Spectra of Tanδ vs. T and lgEr vs. T for

°C

BC1 from 25 °C to 350 °C
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The results for the loss tangent for sample with

Programme

different moisture content are presented as a

Discipline to Universities (111-2-04) and

function of temperature in Fig. 4. The peak

Shanghai

value of these curves shift to the lower

Project (B603).

of

Introducing

Leading

Talents

Academic

of

Discipline

temperature with increasing percentage of
water, which is a typical behavior for a
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the storage modulus at room temperature with
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initially to the dry cellulose are prone to
increase the inter-chain bonding in the
amorphous regions. On this basis the kind of
molecular motion postulated for this loss
mechanism would be one of a cooperative
nature involving segments of two chains
joined by hydrogen bonds through water
molecular.
Conclusion
In conclusion, the effect of moisture
content on dynamic viscoelastic properties of
bacterial cellulose has been studied. The
curves of loss tangent vs. T shift to lower
temperature with increasing percentage of
water content. This is a typical behavior for a
polymer plasticized with a low molecular
weight material. The plasticizer contributes
more free volume per unit weight than the
polymer does, therefore, facilitates molecular
motion at lower temperature possibly than the
pure polymer does.
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ABSTRACT
A new sol containing POPA-Si(OCH3)3 structure which was applied to wool fabric with nano-CB
(carbon black) particles was proposed to obtain the antifelting and antistatic performance. The sol
was prepared through the hydrolysis process of alkoxysilane functionalized POPA-Si(OCH3)3,then
the wool fabric samples were treated with sol by pad-dry-cure process at 140 oC curing temperature
with 3 min. The thermal properties and microstructure of the treated wool sample were characterized
by TGA and XRD, the hydrophilic nano-CB was obtained by using the acidic modifier treated on the
raw material, i.e. mixing nitric acid and sulfuric acid in volume ratio 1∶3, then dropped the
nano-CB solution into the above sol and treated the wool sample under the same process .The results
were identified that the area-shrinking value decreased from 13.44% to 2.23% , the static voltage
decreased from initial 1600V to 1200 V, and the static voltage half-life from 2.2 S to 0.8s.
Keywords: Nano-CB; antifelting; antistatic
1 INTRODUCTION

Wool fabrics finished with this new agent via

Sol-gel processes for wool antifelting has been

sol-gel method showed a significant smaller

developed quickly in recent year[1-4]，however,

area-shrinking rate and much better antistatic

o

due to the curing temperature higher (180 C)

properties.

and apt to making wool damage, so new
precursor exploited is necessary obviously. In
addition,based

on

the

hydrolysis

2 EXPERIMENTAL

and

condensation of metal alkoxide compounds,

2.1 Materials

have various technical applications such as the

Polyoxypropylenediamine(POPA
®

D-2000,

Mw=

,
2000,

preparation of special glass, ceramics, and

JEFFAMINE

coatings [5,6],so the new sol if containing some

HUNTSMAN)

function material ,such as CB (Carbon black

3-glycidoxypropyltrimethoxysilane(GPTMS)

nanoparticles), the treated sample should display

were purchased from Dow Corning Corporation;

new

CB(Carbon

properties

besides

wool

antifelting

black

and

nanoparticles,

8nm

in

character.

size )were supplied by Columbian Chemicals

In this paper, based on the previous research, we

Co.; Acetic acid (99.5%) ,hydrochloric acid

adopted a new method and prepared a new agent

(37%), nitric acid (68%)and sulfuric acid

containing

by

(98%)were of analytical grade from Shanghai

Polyoxypropylenediamine (POPA) and Nano-CB,

Chemical Agent Co.; Scoured and undyed wool

GPTMS

modified
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samples (100%, 211 g/m2) were supplied by

consequently the samples were dried at 80 oC

Shangdong Ruyi Co.Ltd.

for 3min and then cured at 140 oC for 3min.
The pH value of the treatment solution was

2.2 Methods

adjusted to 5～6 using acetic acid (99.5%).

2.2.1 Synthesis of the new agent

2.3 Characterizations
The weight loss was determed and calculated
from

thermogravimetric

curves

with

thermogravimetry analyzer (TGA-209F1). The
H2N CH CH2 [O CH2 CH]nNHCH2CHCH2OC3H6Si(OH)3
CH3

CH3

OH

microstructures of the wool sample was
characterized by XRD. The antistatic effect
was measured by induction type electrostatic

FIGURE 1.

instrument (YG(B)342D type).
Under the nitrogen atmosphere, D-2000 was
introduced to two 500 ml four-necked flasks.

2.4 Test Methods

When the solution temperature increased to 80

The fabrics were washed in an Electrolux

o

Wascator

C, stoichiometric amount of GPTMS were

dropped

into

the

flasks

within

FOM

71

washing

machine,

1hr

according wash program 5A for felting

( Polyoxypropylenediamine︰GPTMS=1.1︰

shrinkage testing with a standard detergent.

1.0 mol ratio) and the reaction mixtures were

The shrinkage was measured by the standard

o

stirred at 80 C for 90 min, then cooled to room

procedure

temperature, the absolute alcohol and water

(20×20cm) differed from that specified in the

were slowly added to the mixtures and stirred

test (50×50 cm) .The area shrinkage was

vigorously for 2 hr at ambient temperature.

calculated as follows: Area dimensional

After standing for 10 hr, the new sol were

change (%) =WS＋LS－[(WS×LE)/100]

except

that

the

sample

prepared (FIGURE 1.), named POPA-Si(OCH3)3
sol.

3 RESULTS AND DISCUSSION

CB nanoparticle powders were mixed with

3.1 Thermal analysis of the wool sample

65% nitric acid and 98%sulfuric acid in a 500mL
flask, and the mixture (H2SO4 ∶HNO3=3:1，
a:POPA-Si(OCH 3 ) 3 sol / wool
b:W ool

volume ratio)was refluxed at a given temperature
was washing by distilled water to near-neutral
and drying for 3h in oven, the modify powder

TG / %

for a certain period of time. Then the mixture

achieved with better water soluble. The modified

a
b

CB powder soluble in water with concentrations
(5%, o.w.f ) poured into above sol and applied to
wool samples.

100

200

300

400

500

600

700

O

Temperature / C

FIGURE 2. The TGA curves of
POPA-Si(OCH3)3 sol/wool(a)wool (b)

2.2.2 Anti-felting treatment on wool fabrics
The wool samples were dipped and nipped
twice in POPA-Si(OCH3)3.sol or containing
CB

powder

pickup

ratio

of

90-100%,
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size

0.2

a

1600

a

a: Original wool
b: POPA-Si(OCH3)3 sol + Nano-CB /wool

DTG / ( % / min )

0.1
0.0

b

b
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-0.1
-0.2
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a:POPA-Si(OCH 3)3 / Wool
b:Wool

-0.4
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The static voltage (V)

FIGURE 3.TheDTGcurves of

The static voltage half-life(s)

Antistatic effect

POPA-Si(OCH3)3/wool (a) wool (b)
FIGURE 5.The antistatic effect of the wool
FIGURE

4 is the XRD graph of the wool

samples. The crystallinity of the fiber is
directly related with the physical, chemical as

TABLE I. The thermal data of the wool samples

well as mechanical properties of the fiber. By
Sample

Ti

Tp

Tf

O

O

O

R

analyzing the diffraction intensity of X ray

（ C）

（ C）

（ C）

（%）

diffraction of the samples. The result indicates

Original

249.6

326.8

386.2

22.71

that the XRD shape of the treated samples is

Treated

251.7

327.9

402.4

24.77

similar to original wool, and the two stronger
diffraction

peaks

appear

at

9oand

21o,

The TGA curve of the samples were presented

respectively, which means that the basic

2.and 3 ,and the corresponding data

structure of crystal of fiber is not altered under

1.The

sol process, but crystallinity changed from

results of the thermal analysis demonstrated

original sample 27.51% to 35.78%, this is

that the wool treated by POPA-Si(OCH3)3 sol

because the sol may be entered the inter space

had good thermal stability. The main reason is

of the fiber and the sol gelled with some

that the amount of the required GPTMS for

crystallization fields and lead to the wool fiber

POPA-Si(OCH3)3 synthesizing is contained

crystallinity increased a certain extent.

in

FIGURE

of the analysis were listed in

TABLE

more inorganic composition, and lead to
displaying better thermal properties, among
which the Tf was increased about 20 OC .
3.2 WAXD analysis of the wool samples

3.3 The wool antistatic effect analysis
FIGURE

5.show the static voltage and the static

voltage half-life of the original wool is1600 V
and 2.2 s, the value of the treated samples was
decreased to about 1200V and 0.8s.The reason

a:POPA-Si(OCH 3) 3 sol / wool
b:W ool

is because the modified CB with some

Intensity / counts

hydrophilic group attached to the wool fiber
and the wool moisture absorption increased, in
addition the wool with CB coating by the sol

0

10

20

30

40

50

a

can display better dissipation performance and

b

better fastness to washing,so

60

antistatic effect changed inevitable.

2-Theta ( deg )

FIGURE 4.The XRD curve of the wool samples

3.4 Anti-felting test analysis
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the wool

The area dimensional change of the wool

Ministry of Education (Zhejiang Sci-Tech

samples treated with anti-felting materials

University) subsidized project (2008QN11).

decreased obviously. The area dimensional
change of the wool sample decreased from
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increased. The crystallinity of the wool fiber
changed from original sample 27.51% to
35.78%.In addition, the wool treated by the sol
containing nano-CB displayed better antistatic
effect，the static voltage and the static voltage
half-life value of the treated samples was
about 1200V and 0.8s. The area dimensional
change of the wool sample decreased from
13.44% of original sample to 2.23%，the data
indicated that the treated wool achieved better
antifelting effect.
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Charge Retention Characteristics of Electrospun
Polystyrene (PS) Webs
Yurong Yan*1 and Chuanwen Zhang1
College of Material Science and Engineering，South China University of Technology，
Guangzhou，510640
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ABSTRACT
Polystyrene electret fiber webs were prepared by electrospinning. The effects of

solution

concentrations, applied voltages and polarities on charge retention properties of PS electret were
investigated. Also the relationship of applied voltages’ polarities and the morphology, initial charge and
regularity of residual charge dissipation were also studied. Results showed that the influence of solution
concentration played on the charge retention properties was not clear. But the initial charge has a
distinctly increase with the applied voltage. The charge decay tendency curves indicated that the charge
trapped in the fiber web can be stored for a long period time.
Keywords: electrospinning; polystyrene; electret; residual electric potential
1 Introduction

In this paper, we investigated the morphology of

Electret is a dielectric material that is capable of

the fiber, and the charge initial and retention

storing electrostatic charges for a lengthy period

properties

of time. Polymeric electrets have special features

electrospinning of the PS at different solution

such as abundant of resources, excellent process

concentrations as well as by different applied

ability, and physical flexibility, which make

voltages and polarities.

of

the

electret

made

by

them possible for the use as filter media,
bio-medical materials, microelectronic devices
and sensors

[1-3]

2 Experimental

.
2.1 Materials and preparation of spinning

Electrospinning is a fiber formation technique

solution

that uses high electric field to manufacture fibers
with the size in the nanoscale range[4]. During

Homogeneous and clear polymer solutions used

the electrospinning process, a large amount of

for electrospinning were prepared by dissolving

charges are embedded and stored in fibers for a

PS in N,N-dimethylformamide(DMF) at 60℃

[5-6]

. That made

after stirring for six hours. The solution

electrospinning being a candidate to manufacture

concentrations were varied from 12% to 21%

electrets. Compared with other methods, such as

(w/w). The viscosities and conductivities of the

thermal-polarization,

polymer solutions were measured by NDJ-79

significant period of time

charging,

tribocharging,

low-energy

electron

corona
[1]

beam ,

electrospinning is a straightforward way to make

rotational viscometer and CON-510 conductivity
meter, respectively.

electret, for its spinning and charge loading
process can fulfill simultaneously, and do not

2.2 Preparation of electrospun PS webs

need post-processing.

In

the

electrospinning

process,

PS/DMF

solutions were injected into a syringe fitted with
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a metallic needle of 0.8 mm in inner diameter.

same tendency is observed on solution’s

The high electric potential varied from 8 to 20

viscosity, but opposite result is found in

kV was applied to the droplet of solution at the

conductivities of solutions. The morphology and

tip of a syringe needle. The distance between the

the diameter of fibers were varied with the

needle and the collector was 15cm. All fibers

concentrations of the polymer solutions. This

webs were collected on tinfoil sheets.

agrees with the results observed by Huang[8]. We
also observed that fibers with fewer defects were
obtained at a lower solution concentrations.

2.3 Characterization of electrospun PS webs
The morphology of electrospun PS fiber
was

observed

using

a

scanning

electron

microscopy (PHILIPS COLD, XL-30FEG) after
spray of gold. The average fiber diameter was
calculated

using

Digimizer

sofeware

by

Properties of PS/DMF and the electrospun PS
TABLE I.Properties of PS/DMF solutions and the electrospun
PS fibers
Concentr

Viscosi

Conductiv

Residual

Mean diameter

ation

ty

ity

potential

/nm

/ μs

/kV

measuring 100 Þbers in each SEM figure.

/%

Charge retention properties such as initial charge

/(mPa·

and it's distribution and dissipation regularity in

s)

the fiber webs prepared by electrospinning under
different process parameters were tested by

12

48.2

1.97

0.42

659

Electrostatic Fieldmeter (SIMIC, FXM-003). All

15

83.0

1.76

1.13

884

samples were put on a grounded metallic plate,
and the distance between web samples and
Electrostatic Fieldmeter was fixed at 1 inch. The
charge

distribution

dimensional

depicted

schematics

in

was

a

three

measured

by

shifting fiber webs at regular intervals.

when they used electrospinning to fabricate PS
webs for filter medium that electrospun PS webs
had a good charge retention ability. The same
electrospun

observed
at

different

polymer solution increased from 12 % to 21%
(w/w) due to the higher number of polymer
chains entanglements. While the electrical
images indicated that defect-free nanofibers

It was reported by Shin and his co-worker[7]

were

The viscosity increased as the concentration of

conductivity has a reverse tendency. The SEM

3 Results and discussion

results

fibers are summarized in table 1.

in

our

polymer

PS

webs

solution

concentrations and applied electrical voltages.
They all retain noticeable initial charges. PS
material owns the properties that are required to
make electret by electrospinning.

could be fabricated by electrospinning only
when the concentration of solutions reached a
certain value, such as 17%. These findings are
consistent with previous findings in the literature
where bead-free PS fibers were obtained only at
the high viscosity range. Increasing conductivity
of solution favorited a thinner, bead-free and
uniform fibers because polymer solutions with
higher conductively is subjected to stronger
stretching tendency under a high electrical
field[9]. At the same time, decreased conductivity

3.1 Influence of polymer concentrations on
the residual charge of PS electrospun webs
Solution with low concentration are always
unused to make thinner fibers . As shown in
Table 1, the diameter of PS fibers decreased with
the increasing concentration of solution, the

lead to a bolder fibers diameter distribution[10].
But an exception can be found when the solution
concentration is about 15% (Tab 1), that maybe
the result from lots of beads were formed during
the fibers elctrospinning process.
There is no obvious relationship between the life
of charge retention in PS webs and the polymer
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solution

concentrations,

under

the

same

fibers stacked in the center than the edge. So the

electrspun processing condition, as shown in

fiber web is thicker in the center than in the edge,

Table 1.

while in the further place on the tinfoil there is

3.2 Influence of applied voltage on the

no fiber collected. After compared with the

residual charges of electrospun PS webs

measurement of the residual charge in the fiber

The magnitude of the applied voltage is one of

web in different regions, the result can illustrate

the major factors that determine the initial

that the quantity of residual charge has some

charge density due to the fact that more charges

relationship with the thickness of fiber mat. But

are built up in the polymer solution when a

not all the regularities of charge distribution

higher voltage was applied to the spinning

were alike, it was also affected by some other

electrode.

factors, Such as bulkiness, density and stability

The initial charge density in the electrospun PS

of the jet[5].

webs increased rapidly with the increase of the
applied voltage as shown in Figure 1.

3.4 Effects of the polarities of applied voltage

The tendency of the initial charge density may

Effects of the polarities of applied voltage on the

relate to the change force worked on the solution

morphology of the collected fiber web, initial

jet during the spun process. Higher applied

charge

voltages will lead to stronger force under the

dissipation were analyzed.

same condition. So the force worked on the jet

The fiber surface spun from positive polarity

would be alerted, and there would be more

was fairly smooth. Fiber folds were present from

surface charge around the spinning let, besides

negative polarity(Figure 3). The result indicates

the moving speed of the jets became faster,

that the polarities of applied voltage can greatly

which made the charge around the spinning jet

affect

and

the

regularity

of

morphology

residual

of

the

charge

resulting

do not have enough time to dissipate, therefore
more initial charge was kept down in the fiber
web[11].

Residual potential/kv

2.2
2.0
1.8

FIGURE 3. SEM micrograph of PS fiber mat produced
under positive and negative voltage

1.6
1.4

electrospun PS fibers, it maybe correlate with s

1.2
1.0
8

10

12

14

16

18

olvent evaporation [12].

20

Applied voltage/kv

FIGURE 1. The curve between surface residual
charge in the fiber mat and applied voltage

1200

positive
negative

Residual potential/kv

1000

3.3 Distribution of retention charge
The charge distribution is a bell-shape curve as
shown in Figure 2. The retained charges
decreased gradually from the center to the border
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-1000

800

-800

600

-600

400

-400

200

-200

0

0
0

50

100

150

200

Time/h

of the web. That is closely related to the

Fig 4 Decay curve of residual charge
stored in the fiber mat produced in
opposite applied voltage

thickness of the web. It was found that fibers
collected on the plate distribute randomly, which
likes the distribution of electron around nuclear.

The charges in the negatively electrospun webs

When the jet is stable, there would be more

decayed at a faster rate than those in the positive
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webs as shown in Figure 4. We also observed as
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ABSTRACT
Titania nanofibers have been prepared by electrospinning of a titania precursor sol without addition of polymer,
followed by calcination. The viscous spinning sol was prepared by aging of the mixture of tetra-n-butyl
titanate(TBT) and anhydrous acetic acid for hours. In situ esterification reaction between acetic acid and butanol
eliminated from TBT proceeded and liberated water homogeneously for the hydrolysis of titania precursor. The
viscosity of the titania precursor sol during aging time was traced. The titania nanofibers before and after
calcination were observed by SEM.
It is well known that carboxylic acids, i.e., acetic
acid are used to modified titanium alkoxides in solgel process to increase their stability and thus
control their hydrolysis and condensation. However,
the role of carboxylic acid is more complex to be a
chemical modifier. The reason is that one or more
OR groups can be substituted with carboxylate
ligands, but in addition, the Lewis acidic metal
alkoxides catalyze formation of an ester between
the employed carboxylic acid and the eliminated
alcohol[8]. The water generated by this in situ
esterification allows a very controlled hydrolysis of
carboxylate-substituted titanium alkoxides.

INTRODUCTION
In recent years, titania (TiO2) has been widely
studied for optical and electrical applications, such
as photocatalysis, gas sensors and dye-sensitized
solar cells and batteries[1]. One-dimensional (1D)
titania structures are particularly attractive because
of the unique chemical reactivity and photophysical
behavior that arises when the morphology is
restricted to a single direction[2]. Electrospinning
has attracted much interest among them as it is a
simple, versatile, and relatively inexpensive
technique for synthesizing ceramic nanofibers[3].
Most reported electrospun ceramic nanofibers have
focused on electrospinning from a ceramic
precursor solution blended with organic polymer to
improve its spinnability, wherein the polymer
matrix could be removed by simply calcining
afterwards. However, polymer used in this socalled polymer-assisted electrospinning must be
miscible with the sol–gel precursor and structural
defect would be induced during the removal of the
polymer[4], no matter through calcination or
selective dissolution. In fact, ceramic precursor sols
with spinnable viscosities for electrospinning can
be prepared via sol-gel chemistry without the
assistance of polymer additives. Choi prepared
silica nanofibers by electrospinning of sol
(TEOS/ethanol/water/HCl =1/2/2/0.01 in molar
ratio) aged at 80℃ for 30 min[5]. Similarly,
Al2O3[6], ZrC[7] nanofibers have also been
fabricated in this way. TiO2 nanofibers have been
electrospun from sol (titanium isopropoxide/2ethoxy methanol) slowly hydrolyzed in contact
with the moisture in air on ageing[1]. Controlled
hydrolysis and aging of the precursor are key steps
for the solution through spinnable viscosities.

Ti(OR)4 + nR’COOH → Ti(OR)4-n(OOCR’)n +
nROH
(1)
ROH + R’COOH → R’COOR + H2O

(2)

These reactions between carboxylate acids and
titanium alkoxides can be described by three basic
stages: (1) ligand exchange and modification of
titanium alkoxides, (2) esterification results in
gradual hydrolysis of the titanium precursor, (3)
precipitation and/or crystallization of reaction
products[9]. However, studies on the intermediate
states between stage 2 and stage 3, like viscosity of
the mixture are rarely reported in papers.
EXPERIMENTAL
Tetra-n-butyl titanate (TBT, 98%, CP) was
purchased from Shanghai RichJoint Chemical
Reagents CO., Ltd. Acetic acid glacial (HOAc, AP)
was purchased from Guangzhou Donghong
Chemical Plant. Both were used as received. The
sols for electrospinning were prepared by adding
HOAc in TBT in molar ratio of 2.5, 2.7 and 2.8,
followed by aging the mixture at 50℃ for hours
- 829 -

directly. The spinnability of the sol indicated that
polymer chains may present in the mixture, which
was also noted by Birnie. He believed but did not
confirm that linear oxo-bonded titanium chains of
different lengths coexist in the mixture[10]. The
clear solution was converted to a cloudy mixture
after being aged for 44h, which can be considered
as the entrance of stage 3, where titanium clusters
have grown to visible size. And the viscosity of the
sol began to decline after the cloudy point.

with magnetic stirring. To obtain viscous spinnable
sol, aging time was controlled to prevent the
reaction extent reach stage 3, where precipitation
occurs and viscosity declines markedly. The
viscosity of the sol in molar ratio of 2.5 was
measured at 35 ℃ on a rotation viscometer
(Shanghai Changyi Geological Instruments NDJ79).
The electrospinning setup was a horizontal
mounted apparatus which utilized a home-made
syringe pump, DC power source, 2ml glass
syringes, blunt-tip stainless steel needles with inner
diameter of 0.47mm. The tip-to-collector distance
(TCD) was fixed to 15cm, the applied voltage was
9kV and the feeding rates ranged from 2.16ml/h to
5.4 ml/h. The titania precursor nanofiber mats as
spun were calcinated in a muffle furnace at 680℃
for 2h. The morphology of electrospun fibers
before and after calcination was observed on a
scanning electron microscopy (PHILIPS COLD,
XL-30FEG) after gold coating. The average
diameters of the nanofibers were determined using
software Digimizer. The aged sol in molar ratio of
2.8 was distilled with a rotatory evaporator
(Shanghai Yarong Instrument), and the distillate
was
characterized
in
a
pyrolysis
gas
chromatography-mass spectrometry (Py-GCMS)
(Shimadzu GCMS-QP2010 Plus) at 280℃.

1000
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800
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40
36

2.8

--
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400
200
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aging time /h

FIGURE 1. The viscosity curve of the sol during aging time

The aged sol in molar ratio of 2.8 was distilled with
a rotatory evaporator, and the distillate was
characterized in a pyrolysis gas chromatographymass spectrometry (Py-GCMS) at 280 ℃ . The
result shown that butyl acetate, HOAc and BuOH
existed in the distillate.

TABLE I. Aging time needed for spinnable viscosities and
cloudy mixture at different molar ratios of HOAc/TBT.

Molar
ratios
2.5
2.7

600

Cloudy point /h
44
39

With the help of an optical microscope, it was
observed in the process of electrospinning that only
mild stretch of the sol can lead to continuous
nanofibers, while strong stretch resulted in short
threads or even droplets. The weak resistance to
stretch of the sol is another evidence of the short
titanium oxo-acetate polymer chains. When the
electrostatic force came to a critical point, the short
chains in the spinning sol were free from weak
tangles and the sol was snapped to droplets. Lower
applied voltage and higher feeding rate favored the
formation of continuous fibers.

37

RESULTS AND DISCUSSION
The clear solutions at ratios of 2.5 and 2.7 could
reach spinnable viscosity after being aged for 40h
and 36h respectively, while solution at ratios of 2.8
was converted to cloudy mixtures directly within
37h, without significant increase of viscosity. The
required aging time for different solutions to reach
spinnable viscosities and cloudy mixtures are listed
in TABLE I. As the HOAc/TBT molar ratio
increased, the aging time required for the solutions
to gain spinnable viscosity was shorten due to the
addition of HOAc which could accelerate the
esterification reaction (equ. 2). Moreover, the
addition of HOAc could produce water supplying
for the hydrolysis of titanium precursor which may
make the cloudy point arrive earlier.

The morphology of titania nanofibers before and
after calcination observed on a SEM is shown in
FIGURE 2. The surface of the as-spun and calcined
titania fibers were smooth and uniform. However,
it is noted that filament breakage occurred
intensively along the fibers. It indicates that fibers
in the cross sectional direction was fracture. On one
hand, jet fluids drawn out by a strong stretch of the
electric field force can be snapped in the flight time,
as mentioned above. On the other hand, the titania
precursor fibers collected on the receiver shrink

The development of viscosity of the mixture (molar
ratio 2.5) during aging time is shown in FIGURE 1.
It was found that the sol after aging for 40h (with a
viscosity of 670 mPa·S) could be electrospun
- 830 -

gradually possibly due to further hydrolysis of
titanium precursor in contact with the moisture, so
that the TiO2 nanofibers were snapped again.

[4]Maneeratana V. and Sigmund W.M., "Continuous hollow
alumina gel fibers by direct electrospinning of an alkoxidebased precursor", Chemical Engineering Journal, Vol. 137, No.
1, 2008, 137-143.
[5]Choi S, Lee S G, Im S S, et al, “Silica nanofibers from
electrospinning/sol-gel process”, Journal of Materials Science
Letters, Vol. 22, No. 12, 2003, 891-893.
[6]Larsen G, Velarde-Ortiz R, Minchow K, et al, “A method for
making inorganic and hybrid (organic/inorganic) fibers and
vesicles with diameters in the submicrometer and micrometer
range via sol-gel chemistry and electrically forced liquid jets”,
Journal of the American Chemical Society, Vol. 125, No. 5,
2003, 1154-1155.
[7]Cui X M, Nam Y S, Lee J Y, et al, “Fabrication of zirconium
carbide (ZrC) ultra-thin fibers by electrospinning”, Materials
Letters, Vol. 62, No. 12-13, 2008,1961-1964.
[8]Schubert U, “Organically Modified Transition Metal
Alkoxides: Chemical Problems and Structural Issues on the Way
to Materials Syntheses”, Accounts of Chemical Research, Vol.
40, No. 9, 2007, 730-737.
[9]Birnie D.P., and Bendzko N.J., "H-1 and C-13 NMR
observation of the reaction of acetic acid with titanium
isopropoxide", Materials Chemistry and Physics, Vol. 59, No.1,
1999, 26-35.
[10]Birnie D.P., "Esterification kinetics in titanium
isopropoxide-acetic acid solutions", Journal of Materials
Science, Vol. 35, No. 2, 2000, 367-374.

a

b

FIGURE 2. SEM images of as-spun and calcined titania
nanofibers (in molar ration of 2.5): (a) as-spun, average
diameter 670nm, (b) calcined at 680℃ for 2h, average diameter
840nm.

CONCLUSION
The mixture of TBT and HOAc can be converted to
a viscous sol for electrospinning, just by being aged
for hours. To obtain viscous electrospinning sol,
the molar ratio of TBT and HOAc, the aging time
and temperature must be controlled carefully.
Esterification between HOAc and BuOH
eliminated from TBT happened and butyl acetate
was formed. The viscosity curve of the titania
precursor sol shown a peak in aging time. Linear
titanium oxo-acetate polymer may be produced
during aging process, but it is not confirmed and
requires further researching.
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ABSTRACT
In this paper, oligomers were extracted from dried PET by Soxhlet apparatus, with chloroform as
solvent. The extraction temperature and during time which are optimized by orthogonal tests are 80℃
and 20 hours, respectively. Then oligomer characterized by FTIR, DSC and TGA. The results showed
that oligomers were cyclic trimer and linear oligomer, and cyclic trimer was the main content.
Oligomer/PET blends chips were prepared by method of double strew extrude. The nonisothermal
crystallization behaviors of pure PET and Oligomer/PET blends have been observed by DSC. It has
been found out that the oligomers dispersed in the matrix have effects on both the formation of nuclei
and the growth of crystallites of PET matrix.
Keywords: PET; oligomer; blend; crystallization
INTRODUCTION
Because of the valuable characteristics including
strength, toughness, solvent resistance and heat
resistance, PET was widely used in fiber, bottle
and film industry. In recently years, together
with the rapid development of super fine fiber
and bi-oriented film, PET attracted the eyes of
many colleges and research centers again.
Oligomers, which have low polymerization
degree from 2 to 10, are the byproducts of PET
during the polymerization. The oligomers are
divided into two groups by their structure, linear
oligomers and cyclic oligomers. The existence of
oligomers will affect many properties of PET
products such as the dying evenness of fiber and
the haze of film besides the negative influence
during the process of fine fiber and BOPET
making. In this paper, the crystallization
properties of PET and oligomers/PET blend with
different oligomers contents were studied by
DSC analysis [1,2]. This will make convenience
for the further research.

The extraction temperature and during time
which are optimized by orthogonal tests are 80
℃ and 20 hours, respectively. Then, Oligomers
were added in the pure PET which was dried at
120℃ for 24 hours [3]. The blend was mixed
uniformly by minisize double-screw extruder by
DACA instrument at 260℃, and was cooled
down at room temperature.

EXPERIMENT
PET with intrinsic viscosity [η] = 0.82 dL/g
was obtained from Sinopec Yizheng Chemical
Fiber Research Institute, China. Chloroform
(chemically pure) used to extract oligomers from
PET was purchased from Shanghai Fine
Chemical Material Institute, China.

FTIR spectrum was recorded at 4 cm-1 resolution
on Nicolet Nexus-670 FTIR spectrophotometer
in the range of 500-4000 cm-1. DSC technique
(DSC822e, Mettler-Toledo, Switzerland) was
employed to study the thermal behaviors of
oligomer, in a nitrogen atmosphere at a heating
and cooling rate of 10 ºC/min. Nonisothermal
DSC test of oligomer/PET blends were carried
out, too. The nonisothermal crystallization
process was recorded from 290℃ to 40℃ [4,5].

Oligomers were extracted from dried PET by
Soxhlet apparatus, with chloroform as solvent.

In this article, the oligomer concentrations of
oligomer/PET blends are calculated as the
following equation:
C (wt %) =Wo/ (Wo+ Wp)×100

(1)

Where Wo and Wp represent the weight of
oligomer and PET, respectively. The Samples
with different oligomer contents was expressed
as PET0, PET1, PET3 and PET5, corresponding
to oligomers content of 0, 1, 3, and 5%,
respectively. All the samples were kept in a
vacuum desiccator before measurement.
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(A)

Heat Flow Endo Down (mW)

TGA of oligomer was conducted with a
TG201F1 system in platinum pans at a heating
rate of 20 ºC/min from ambient temperature to
720 ºC in nitrogen atmosphere.
RESULTS AND DISCUSSION

FTIR analysis

972

1637

3500

3000

2500

2000

1500

727

1098

1000

(A)

972
872

1470

50

795

1580
1510

501

2910

60

2960

0
4000

1720

10
3500

3000

2500

2000

1500

725

20

1130

1410
1340

30

1020

40

1270

Transmittance (%)

1960

3050

3430

3530

2100

100

70

1000

200

250

300

350

400

DSC analysis of PET oligomer was showed in
FIGURE 2. As FIGURE 2 (A) shown, PET
oligomer showed two peaks at 297.55 ℃ and
188.20 ℃, and their enthalpy were 231.28 mJ
and 114.48 mJ respectively. FIGURE 2 (B)
showed the heating process of oligomer, and the
peak were 242.46 ℃ and 312.43 ℃ and their
enthalpy were 118.87 mJ and 211.83 mJ
respectively. According to Goodman’s study [6],
the peak at 312.43 ℃ was corresponding to
cyclic trimer and the peak at 242.46 ℃ was
corresponding to linear oligomer. The cyclic
trimer was the main content because of the larger
enthalpy.
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FIGURE 2. DSC analysis of PET oligomers (A) cooling and
(B) heating
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FIGURE 1. Infrared spectrums of (A) PET oligomer and (B)
pure PET

The infrared spectrums of extraction material
and pure PET were exhibited in FIGURE 1. The
characteristic peaks of extraction material at
1722 cm-1, 1270 cm-1, 1130 cm-1 and 727 cm-1
were similar to the pure PET. The wide and
strong peak of extractioin material at 3400 cm-1
was corresponding to hydroxyl. The structure of
extraction material is similar to the pure PET
basically by infrared spectrums. It can be
concluded that the extraction material is PET
oligomer.

Heat Flow Endo Down (mW)
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FIGURE 3. The TGA traces of oligomers

The Gel Permeation Chromatography (GPC)
was used to separate the oligomers and two
contents of oligomer were obtained named
oligomer1 and oligomer2. The TGA traces of
oligomer1 and oligomer2 were given in
FIGURE 3. The trace of oligomer1 showed that
the thermal gravimetric temperature was 360℃,
and it had a good thermal stability. In contrast,
the trace of oligomer2 showed worse thermal
stability and the weight decreased with
increasing temperature from about 100℃. As we
know, cyclic oligomers, especial cyclic trimer
- 833 -

exhibit excellent stability and their melting point
is above 310 ℃ . On the other hand, linear
oligomers show bad thermal stability and their
melting point is about 120 ℃ . As shown in
FIGURE 3, the traces of oligomers indicate that
oligomer1 and oligomer2 are cyclic oligomers
and linear oligomers respectively.

PET0
PET1
PET3
PET5

0.5

Ln[-Ln(1-Xt)]

0.0

Analysis of crystallization kinetics of
oligomer/PET blends

-0.5

-1.0

-1.5

4.2

TABLE I. Melting and crystal parameters of oligomer/PET

4.3

4.4

4.5

4.6

4.7

4.8

4.9

Lnt

FIGURE4. Plots of ln (-ln (1-Xt)) versus lnt for
samples

Tc/℃

Tm/℃

ΔTmc℃

ΔHc
（J/g）

Xc/%

crystallization of PET and oligomer/PET blend

PET0
PET1
PET3
PET5

216.87
214.79
211.42
211.32

256.68
255.85
256.13
255.50

39.81
41.06
44.71
44.18

45.69
49.18
46.09
47.12

38.88
41.86
39.23
40.10

The value of Zt was converted to Zc according to
the Jeziorny method by the following equation:
LnZc=LnZt/Φ

The results of DSC measurement for pure PET
and oligomer/PET composites are listed in
TABLE I. There are different kinds of method to
study the nonisothermal crystallization kinetics
of polymer. Each has its advantage and
disadvantage. In this paper we use the Jeziorny
method to analyze the nonisothermal
crystallization
kinetics
of
PET
and
oligomer/PET blends. The whole crystallization
process could be described using Avrami
equation:
1-Xt=exp (-Zt tn)

(2)

Where Xt is the relative crystallization rate in
any time t; n is the Avrami constant; and Zt is the
general rate constant, which describes nucleation
and growth of crystallites. However, the Avrami
equation indicates only the relationship of Xt and
t, and so we have to convert the measurement
temperature to time according to the follow
equation:
Ln (-Ln (1-Xt)) =LnZt + nLnt
t= (T0-T)/Φ

(3)
(4)

Where t is the crystallization time; T0 is the
onset crystallization temperature; T is the
crystallization temperature at time t; and Φ is the
cooling rate.

(5)

Where Zc is the crystallization rate constant, the
calculated results were listed in TABLE II.
TABLE II. Nonisothermal crystallization parameters of
samples

Oligomers in PET
0
1%
3%
5%

n
5.45
6.20
5.18
5.29

Zc
0.09
0.06
0.082
0.78

T1/2
39
50
58
59

From the table above the t1/2 increased from 39s
to 59s with the increase of oligomers content,
and a slow down of the crystallization speed was
obviously noticed. For the oligomer/PET
composition we can explain this to the cross
linkage of oligomers with PET chain. Due to the
much remained end group of –COOH and –OH,
a cross linkage reaction would occur between
oligomers and PET chains. The cross linkage of
oligomers with PET chain made the movement
of PET chain, thus hindering their orderly
distribution, and so we can safely say that
oligomers have effects on the growth of
crystallites, which results in an increased t1/2 in
overloading PET samples.
CONCLUSIONS
In this paper oligomer was extraction from PET
and characterized. The results showed that
oligomers were cyclic trimer and linear oligomer,
and cyclic trimer was the main content. The
crystallization
properties of PET and
oligomer/PET blends with different oligomer
contents were studied by DSC analysis. It was
found out that the oligomers have effects on both
the formation of nuclei and the growth of
crystallites. All of these results in an increased
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t1/2 in overloading PET samples, a decrease in
crystallization temperature and after all an
increase in crystallization rate.
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New Study of Caprolactam Decomposition Phenomenon
under High Temperature during Hydrolysis
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ABSTRACT
During the caprolactam hydrolysis polymerization process under high pressure, the temperature of the caprolactam
pre-heater must set higher than 240 °C to assure the reactants including caprolactam and oligomers especially
cyclic dimmer take part in ring-opening reaction smoothly, however, decomposition reaction occurs in the
pre-heater, ammonia and other by-products are produced at too high temperature. Further study of FT-IR proved
almost all the characteristic absorption peaks of Nylon 6 had shifted to a lower wave number side. After repeatedly
adjusting the temperature of the first and the second caprolactam pre-heater, the reason for caprolactam
decomposition under high temperature was ascertained and a suitable way to prevent such decomposition
phenomenon was found.
Keyword：caprolactam; Nylon 6 polymerization; pre-heater; decomposition; ammonia; ring-opening

1 Introduction

such conditions, which would lead to the

As the LDR (Lactam Directly Recycling)

formation of oxidation[8-9] and the decomposition

hydrolysis polymerization process has evolved,

of products. If exposure of polymer to the

polymer experts and engineers throughout the

oxygen can be avoided at any time, certain of

world

relative

observed side reactions may not occur, and the

experiments to learn and improve the new

temperature effect on the decomposition may be

technology. These studies have resulted in a

better accessed. Therefore, in this study, to learn

pressure which cyclic oligomer crack into linear

the decomposition phenomenon, many relative

oligomers

high

experiments were performed and summarized

.The

herein. Moreover, the FT-IR spectroscopy

have

completed

in

the

many

pre-heater

under

temperature and high pressure condition

[1-2]

reported decomposition of caprolactam resulted

(Nicolet

in the release of by-products such as ammonia

adopted for characterization of the Nylon 6

[3-6]

1

, the by -products will influence not only the

content of stopping agent (in this study is acetic

Nexus

FT-IR

spectrometer)

was

polymer. The Process Flow Diagram(PFD) of
caprolactam polymerization is shown in Figure 1.

acid) in the reaction system but also the quality
of products[7]. Generally, the processing of
Nylon

6

involved

polymerization

at

the

follow

temperature

of

steps:
about

250-270°C, extrusion into sheets or ribbons,
cutting into chips, extraction with hot water,

FIGURE 1

PFD of caprolactam polymerization

drying to extremely low moisture content, and

1.inlet of caprolactam 2.first pre-heater 3.second pre-heater

re-extrusion into filament or film. The polymer

4.pre-poly tube 5.degasing tower 6.condensator7.collecting

would be experienced exposure to oxygen under

tank 8.dosing pump 9.gear pump10.VK tube11.gear pump
12.outlet of polymer
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The number-average molecular weights are
calculated from the relative viscosity (ηrel)
through the equations (1) or (2):

2 EXPERIMENTAL
2.1 Experimental material
Caprolactam

(CPL,

Yueyang

yingshan

(

M n = 11500 ηrel -1

petrochemical industry), CPL mixture(pure CPL

)

(1)

mixed with 80% CPL water solution, weight
ratio was 5:1), HAC, All analytical reagents used

(

M n = F ηrel -1

in this study were obtained as analytical grade

)

(2)

from commercial vendors.
These equations have been used for a long time
2.2 Preparation of Samples

and have been verified many times. Equation (1)

Pure caprolactam with 3% water or caprolactam

must be used with a non-chain-ended polyamide

mixture was injected into the pre-heater by pump.

6 or with a monofunctional chain-ending[10-11].

The pressure in the pre-heater was kept at

Equation (2) must be used with a polyfunctional

0.5MPa while the temperature was adjusted

chain-ending, when the molecular distribution

according to the measurement result. All the

index is other than D=2.Factor F depends on the

other process operation conditions were kept

molecular weight distribution[10-11], following

unchanged throughout the study.

equation (3):

The polymer samples obtained from reactor
under different conditions were casted on a clean

F=

glass and cooled down at room temperature. The

4.044 - D
-4
1.777x10

polymer samples were cut into small pieces with

(3)

5mm in length and 3mm in width for analyzing

In case of bi-functional chain-endings, index D

the viscosity of polymer.

will be obtained from the ratio R between
non-terminated and terminated chains[3] as

About 50ml process vapor condensate from the

showed in equation (4):

collecting tank(tank 7 in Figure 1

D = 2 - 2 [1 (2 + R )]

) was

collected into a 100ml stainless cup for

2

(4)

measuring the content of monomer and the
concentration of ammonia or acetic acid leached

2.5 Measurement of vapor condensate and

in it.

FT-IR
The evolved ammonia was determined by

2.4 Measurement of polymer viscosity

titration of sulfuric acid trap with 0.01 N NaOH,

Relative viscosity is determined by dissolving

with the use of a pH meter to determine the end

the polyamide samples in a solution of sulfuric

point[5].The acetic acid is titrated by 0.01 N

acid 95.7%±0.2% (w/w) at a temperature of

NaOH, 1wt.% phenolphthalein was used as end

50÷55°C, at a polyamide concentration of 0.01

point indication. Content of monomer in

g/ml. When the polyamide is completely

condensate is determined by Abbe refractormeter

dissolved, cool down the solution and measure

(RX-5002,Japan) at a temperature of 25±0.01,

the

Ubbelohde

inject a small drop of process vapor condensate

Viscometer at 20.0±0.1°C. Relative viscosity is

solution into a small measurement hole on the

calculated by dividing this flow time by that of

instrument with the help of a pipette. The

the solvent measured in the same viscometer.

concentration of extraction water solution

flow-time

in

a

suitable
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(C%)can be read on the screen immediately after

a condition, the content of cyclic dimmer is

the cover of the hole is closed.

higher than 0.8% at the end of reaction and will

FT-IR

spectroscopic

were

cause undesirable problems to the plant, for

performed by using a Nicolet Nexus 670

example, the content of caprolactam monomer

spectrometer (Nicolet Instrument Co., Madison,

and olygomers exists in the vapor condensate,

WI)

total

which is collected in collecting tank 7 in Figure 1

reflectance (ATR) sampling accessory (Specac

maybe increase, the relative viscosity of polymer

Inc., Technology Court, Smyrna, Georgia, USA).

will decrease. Therefore, it is necessary for us to

equipped

measurements

with

an

attenuated

-1

The resolution was 4 cm . A 5 cm long and 3 cm

let the cyclic oligomers be cracked into linear

wide polymer film was used to collect the IR

oligomers in the pre-heater in advance.

-1

spectra (400-4000cm ).

In the plant where the study was completed, the
temperature in the pre-heater was set in a range
225÷235 °C when pure caprolactam was used as

3 Results and discussion

the source material. However, when a mixture
3.1 Problems in polymerization process when

including

used mixture as material

caprolactam condensate was used, as mentioned

Generally, in a two-step continuous caprolactam

as above, the content of caprolactam monomer

polymerization

tube

and olygomers in the vapor condensate increased

hydrolyzes the monomer, converts it to a

obviously, which was less than 0.05% when used

pre-polymer, and builds up the polymer a certain

pure caprolactam as material at the same

molecular weight, and in the same time removes

operation condition, the results are shown in

much water and monomer via evaporation.

Table1. To decrease the caprolactam content in

However, in a LDR polymer plant which source

the vapor condensate, the flow of reflux (the

materials are pure caprolactam and 80%

reflux system consists of part 5,6,7,8 in Figure 1)

caprolactam concentrate , it is hard fur us to

was forced to be increased. Unfortunately, the

obtain polymer with the same molecular weight

relative viscosity of polymer decreased too since

in the pre-poly tube at the same operation

the

condition. Mainly account for the function of

decreased along with the increase of reflux water

cyclic dimmer. As well as we know, in a

flow, results are shown in Table1. Setting the

conventional

initial

temperature in the pre-heater higher can be used

concentration of cyclic dimmer is 0%, it will

to compensate for the decreasing of the reaction

increase to a value below 0.5% in the raw

temperature in the pre-poly tube, results are

polymer which is well below the equilibrium

shown in Table2.

plant,

the

polymer

value of approx. 0.8%

[12]

pre-poly

plant,

the

. While in a LDR plant,

the initial content of cyclic dimmer depends on
the

feeding

ratio

of

80%

caprolactam

concentrate solution, in most conditions it is
higher than 10%. The Cyclic dimmer will reach
its equilibrium again after 25 hours[12-13], the
equilibrium value is about 0.8% this time. In a
fact, the total reaction time for reactants is less
than 15 hours in an industrial nylon 6 plant, it is
far less than the necessary reaction time for
cyclic dimmer to get its equilibrium. Under such
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pure

reactants

caprolactam

temperature

in

and

the

80%

reactor

wasbelieved that both ammonia and acetic acid
3.2 Phenomenon of caprolactam

were produced, however they neutralized one

decomposition when used only one pre-heater

another.

Although increasing the temperature in the
pre-heater was successful in maintaining the

To confirm that ammonia existed in the

appropriate

composition products, a qualitative test for

Relative viscosity of polymer, a new problem

ammonia was performed as reported method[14]:

appeared: If the temperature was greater than

100ml process vapor condensate liquid was

240°C,the operators confirmed the presence of

added into a 250ml small beaker, on which 2

ammonia and the solution in the collecting tank

pieces of watch glass covered reversely, a wet

7 was found to be basic. If the temperature was

pH paper was stick to the surface of the upper

lower than 238°C, the operators confirmed the

watch glass, an alcohol burner was used to heat

presence of acetic acid and the solution in the

the solution. If NH4+ in the solution was no less

collecting tank 7 was found to be acidic. At

than 0.5μg and the minimum concentration was

normal condition, we can only found acetic acid

no less than 1ppm at the same time, the wet pH

in the solution, for the only stopping agent in

paper would become blue after the condensate

this case is acetic acid, some of them could be

being heated for a while. Equation is as below:

removed together with the vapor and then
condensed

in

the

collecting

tank.

OH-

NH4+ +

The

==

NH3

+

H2O

(5)

components in the condensate at different

Such test confirmed that the released gas was

reaction condition and other measuring results

ammonia. The formation of ammonia has been

are shown in Table 3 and Table 4.

explained by a reaction between two primary amino
end-groups resulting in a secondary amino end-group:

TABLE3 caprolactam decomposition phenomenon observed

CO(CH2)5NH2

CO(CH2)5NH

when temperature was lower than 240℃ acetic acid, in this

CO(CH2)5NH2

CO(CH2)5NH

case was chain-terminate agent and volatilized with process

NH3

+

+

H 2O

==

NH3

(6)

NH4 . OH

(7)

vapor

Kamerbeek.[4] et al also concluded this reaction
must have occurred, at least to some extent,
when Nylon 6 was heated for 12 days at
281°C,since after hydrolysis of the resulting
gelled polymer some di(ε-carboxypentyl)-amine
was found. Schlack had suggested upon heat
TABLE4 caprolactam decomposition phenomenon observed

treatment of nylon 6 fibers, cyclic amidine

when temperature was higher than 240℃

end-groups may be formed[15]. On the base of the
discovery of Schlack, Resimschussel
tested

the

caprolactam

[5]

also

decomposition

phenomenon in a small tube reactor in his lab, he
found that ammonia would not be released
unless the heating temperature elevated 250°C
and in the same time the reaction time was more
than 24 hours, finally he insisted that the
These results were reproduced several times.

reaction (6) could be ignored. In the considered

Between a temperature of 238°C and 240°C it

temperature range, he assumed that is either
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paralleled or preceded by the formation of an

FIGURE

imino ether type end-group according to either

decomposition product

or both of reactions of (8) and (9):

Obviously all the characteristic absorption peaks

(CH2)5

+ H2 N

O

C

side,

NH2
(CH2)5 C

O
C

(CH2)5

H

O

N

C

O (CH2)5

+

C

(8)

NH3

of

Nylon

6

polymer

contains

NH2

C

N

(CH2)5

O
N

the

absorption

most
peak

important

of

NH

in

reference is at band of close to 3400 cm , while
in Fig.2 it shifted to a lower wave number side

NH2

of 3281.22 cm-1, the displacement is about 119

O
(CH2)5

example,

-1

OH

C

for

characteristic

O

(CH2)5

FT-IR

of Nylon 6 shifted to the lower wave number

O

NH2
(CH2)5 C

2

C

cm-1. The similar results was observed by the

(9)

(CH2)5

While in this case, what we can concluded is that

researchers in the Research Institute of Yueyang

both of the conclusions of Kamerbeek et al and

Petrochemical Factory, in their FT-IR, which

Resimschussel are very different to ours:

was shown in Fig.3, the main characteristic

caprolactam

absorption peaks of nylon 6 shifted to a low

stayed

in

a

small

tube-

heat-exchanger less than 30s at a temperature of

band too.

about high more than 238°C and released
ammonia.
3.3 FT-IR of Nylon 6 polymer contains the
new decomposition product
The reported FT-IR provided the information as
below[15]: The IR band of free amide group in
pure Nylon 6 polymer near to 3400cm-1 was
monitored. On the other hand, in the present
-1

article, the IR band of NH at 3281 cm

was

measured. In the IR spectral, the characteristic
-1

band of 1638cm

was assigned to the C=O

Figure 3

FT-IR of different Nylon 6 polymer，1.polymer

generated from pure caprolactam; 2.polymer generated from
mixture of pure caprolactam and 80% caprolactam
concentrate(mixture weight ratio 5:1)

stretching vibration, the characteristic band of
1538 cm-1 was assigned to the CH2 shearing

So far as we know, the characteristic bond

vibration. There are another absorption peaks

C-O-C in the byproduct formed according to the

-1

-1

near 2928cm and 2848 cm , the former is

equation (8) has a very strong absorption peak in

assined to the asymmetric deformation of CH2

the zone 900~1150 cm-1, the characteristic bond

and the latter is belong to the symmetric

C=N in the byproduct formed according to the

deformation of CH2 . The FT-IR result of the

equation (9) has a middle absorption peak in the

Nylon 6 polymer contained decomposition

zone 1580~1690 cm-1, however, in both Fig 2

product is shown in Fig2.

and Fig.3, the absorption peak of C=N and
C-O-C were not found in the according zones at
all, for this reason, we can confirm that the
imino ether end-groups formed according to the
reaction (8) or (9) does not exist in the
decomposition products. Therefore we hold on
the same viewpoint of Kamerbeek et al: The
formation of ammonia is according to reaction
(6), two primary amino end-groups results in a
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secondary amino end-group and ammonia.

n,Monograph(London),13,357(1961).

However, we have to stress that we could not

[5] H. K. Reimschuessel, G. J. Dege J.Polym. Sci, Part A:

determine the decomposition byproduct with a

Polym. Chem, 8,3265-3283(1970).

secondary amino end-group exist in the polymer

[6]G.Volk,

after decomposition only by the help of FT-IR,

Makromol.Chem.,107,158(1967).

for this kind of di(ε-carboxypentyl)-amine has

[7] C.W. Yi, China Synthetic Fiber Industr.(in Chinese), 27,

all the same characteristic absorption peaks of

56 (2004).

nylon 6.

[8]A.Rieche,E.Schmitz,and M.Schulz,Z.Chemie.,

H.

K.

Reimschuessel,

and

P.Diehl,

3,443(1963).

4 CONCLUSION

[9]R.N.Vachon,L.Rebenfeld,and H.S.Taylor,

As the temperature of first pre-heater increased,

Text.Res.J.,38,716(1968).

caprolactam experienced three changes although

[10] A.Filippi, R.F. Filippini, “ Giornate di studio sulla

the temperature of second pre-heater kept

policondensazione ” , Associazione Italiana di Scienza e

unchanged: decomposition reaction occurred,

Tecnologia (AIM), 1981, p.87

decomposition reaction stopped, decomposition

[11] J. Lin, Z.L. Tang, R.F. Filippini, “The 2nd China-Italy

reaction occurred again. According to the

Joint Polymer Symposium”, Polymer Division of Chinese

experiments observations we concluded the

Chemical Society – Hangzhou, 1995, p.85

following：

[12]K.Bergmann,Poliamide6production

(1)The decomposition reaction of caprolactam

Product Development,Chemical Fibers International,

occurred in the pre-heater after the ring-opening

2001,51,P338-340.

reaction was initiated;

[13]C.S.Wang,W.H.Xiao,Zhiliang Tang.Research Collection

(2)The reason that caprolactam decomposition

of the 2nd Engineering Plastic Industry Association

reaction occurred in the pre-heater was that

Polyamide Professional Committee’2001. 2001.

caprolactam temperature increased rapidly in a

[14]WuhanUniversity,China,

very short time, not only that the heated

Education Publisher, 1992, P58.

temperature was too high;

[15]R.S.Deng, Y.F. Wei, B.N. Cheng,Application Handbook

(3)The

mechanism

of

caprolactam

decomposition reaction was that two reacted
primary

amino

end-groups

resulted

in

of Polyamide Resin., China Chemical
publisher, 2004.

a

secondary amino end-group and thus released
ammonia;
(4) The difference between this study and former
study may be caused by the capacity and
reaction pressure condition of the reactors.
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few minutes are needed for this phase separation
behavior [4].

STATEMENT OF PURPOSE
Object to prepare thermo-sensitive and pHsensitive intelligent hydrogels. The phase transition
temperature of different components hydrogels
were studied by using UV-VIS spectrophotometer
at λ=550nm. Further more, swelling ratios were
investigated at different temperature and pH value.
This research would provide research foundation
for drug delivery system.

APPROACH
N, N-dimethyl amino) ethyl methacrylate
(DMAEMA, 98%) sample and Poly (vinyl alcohol)
(PVA,1750±50) were purchased from Aldrich and
Sinopharm Chemcial Reagent company Shanghai
China respectively. In this paper, PDMAEMA
polymers were prepared in aqueous solution with
ammonium
persulfate/
N,N,N’,
N’tetramethylethylenediamine( APS/TEMED) as
redox initiator under nitrogenous atmosphere for
reacting 48h at 25℃, ripened for 2h at 60℃, and
then vacuum drying under the condition of 40℃. The
Semi-IPN hydrogels composed of temperature/pH
sensitive PDMAEMA and PVA were prepared as
follows: a certain amount of PVA solutions, and N,
N′-methylenebisacrylamide (MBAAm) which as
crosslinker at 2.0 wt% based on PDMAEMA and
was dissolved in distilled water, were added into
PDMAEMA solutions, and then oxygen was
excluded under nitrogenous atmosphere for 20min.
After, APS and TEMED were added into above
reaction systems for preparation of PDVA SemiIPN hydrogels. The products were marked PDVA5,
PDVA7 and PDVA10 according to difference
amount of PVA. In this paper, the phase transition
temperature was tested by using UV-VIS
spectrophotometer at λ=550nm with warmed
0.5℃/min from 20℃ to 60℃. Swelling ratios were
investigated by weighting methods under different
temperature and pH value conditions. The swelling
ratio was calculated using the Eq. (1).

INTRODUCTION
Controlled drug delivery systems via targeted drug
delivery of a predetermined dose over a sustained
period have been used to overcome the
shortcomings of conventional dosage forms [1].
This is because the controlled drug delivery system
can provide sustained therapeutic level of drug
concentration without toxicity. Drug delivery
technology also provides convenience for patients.
It would be more beneficial and ideal if a device
that would respond to physiopathological signals
from an underling disease could deliver the drug.
The correct amount of drug would be released
upon the stimulation of such a physiopathological
signal.
Among those polymers that can respond to external
stimuli, Poly- (N, N-dimethyl amino) ethyl
methacrylate (PDMAEMA) has been examined as
a smart drug delivery material due to its unique
reversible phase separation behavior stimulated by
external pH value and temperature[2,3].
PDMAEMA hydrogels are well known for their
phase separation near their phase transition
temperature or called lower critical solution
temperature (LCST), exhibited a sudden shrinking
in volume at a temperature right above LCST, only

SR = (mt − md ) / md
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(1)

Where SR is swelling ratio defined as swelling
ratio obtained from Eq. (1) doesn’t change with
time. mt is swelling hydrogels’ mass as it reaches

From the figure1, we can see that phase transition
temperatures of PDMAEMA solutions were
decreased gradually with the increasing of
PDMAEMA
concentrations.
Among
polyelectrolyte PDMAEMA polymer molecular
structure, there are hydrophilic groups such as
tertiary amine groups and carbonyl groups. These
hydrophobic alkyl tertiary amine groups are
protonated in aqueous and formed quaternary
ammonium cations, which attracted hydroxyl ions
in solutions. The electrostatic interaction
strengthened with increase of PDMAEMA
concentrations, and then, hydroxyl ion atmosphere
formed around PDMAEMA molecular chains. As a
result of this, electrostatic interaction strengthened
greatly, polymer molecular chains were
compressed. Manifested as phase transition
temperatures of PDMAEMA solutions were
decreased gradually with the increasing of
PDMAEMA concentrations. From the figure2, we
can see that phase transition temperatures of PDVA
semi-IPN hydrogels were increased gradually with
addition of PVA contents. On the one hand, PDVA
hydrogels’ hydrophilicity was increased with the
addition of hydrophilic PVA. On the other hand,
hydro-bond produced between carbonyl groups
belonged to PDMAEMA and hydroxyl groups
belonged to PVA. Thus, the solubility of PDVA
semi-IPN hydrogels in water increased, and caused
the phase transition temperatures of them moved to
higher temperature from 43.7℃ to 51.8℃.

swelling balanced state in medium solutions. md is
dry hygrogels’ mass after it is dried in vacuum. In
this paper, hydrogels used for swelling ratio
investigated are the same disc cut with puncher.
RESULTS AND DISCUSSION
The phase transition temperature (LCST), swelling
ratio and structural morphology were studied. The
LCST of PDMAEMA polymer and semi-IPN
PDVA hydrogels were investigated by using
warming UV-VIS spectrophotometer through
different concentrations PDMAEMA aqueous
solution, and PDMAEMA/PVA blend solutions.
The results were shown in Figure1 and Figure2.
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To research the effect of temperature on swelling
behavior of semi-IPN hydrogels’ prepared from
PDMAEMA and PVA, two different mediums,
which pH value was 5 and 10 were chose. The
results were shown in the following figure 3 and
figure4. The effects of temperature on swelling
ratios under different pH value were just country.
Under acid condition, the swelling ratios of
PDMAEMA and PVDA semi-IPN hydrogels
increased gradually with increasing of temperature.
Subsequently, they reached balance values as
temperature was higher than phase transition
temperature. One cause of the result is that pKa
value of PDMAEMA is 8[5], hydroxyl are
neutralized by hydrogen ion in acid condition,
quaternary ammonium cations relatively increased.
As a result of this, electrostatic repulsive forces
induced by quaternary ammonium cations were
increased, thereupon, molecular chains relaxed.
Meanwhile, the diffuse rate of water molecules
increased with increasing of temperature. Another
result was that swelling ratios of PDMAEMA
hydrogel were larger than those of PDVA semiIPN hydrogels. The reason was probably that pKa
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as a results of this, PDMAEMA and PDVA
hydrogels’ hydrophobicity enhanced, the swelling
ratios were decreased with the increasing of
temperature. But, polymer molecular chains’
hydrophilicity was improved by adding of PVA,
and the increasing extent in hydrophilicity was
proportional to PVA contents. Figure 4 was the
relationship of swelling ratios on temperature in
base conditions.

value of PDMAEMA was decreased with addition
of PVA, more excess hydrogen ions were
aggregated around polymer molecular chains, the
pressure increased caused by electrostatic repulsive
forces between quaternary ammonium cations and
hydrogen ions. At the same time, polymer
molecular chains twisted, speaking relatively,
water molecular into polymers resistance increased.
So, the result as shown in figure3 was displayed.
If hydrogels were dipped into base conditions that
pH value was 10.0, hydroxyl unceasingly diffused
inside and outside cation polyelectrolyte molecular
chains in base mediums. Thus, cation electrostatic
field was balanced in the polymers, such as
PDMAEMA and PVDA semi-IPN hydrogels.
Meanwhile, electrostatic repulsive forces decreased
because quaternary ammonium cations were
neutralized by hydroxyl, polymer molecular chains
twisted and changed from coil to globule. At this
time, hydrophobic alkyl groups played a major role,

Figure5 and figure6 were the cross sections SEM
images of PDVA5 sample undergoing freezedrying after it reached swelling equilibrium in acid
and base mediums at phase transition temperature.
The samples were examined with a JEOL JSM5600LV scanning electron microscope at an
accelerating voltage of 15KV. The images were
taken at magnifications of 100×after the samples
were coated with a gold-palladium target using a
vacuum
evaporator
for
30min.
Mutual
interpenetrate network structures were observed
during the swelling process in acid solutions as
shown in figure5. Thus, diffuse rate of water
molecule increased, and swelling ratio increased
too. In addition to, the contractive network
structures were presented in base conditions, as
shown in figure6. The channels of water molecules
into and out of the hyrdogels were decreased for
contractive structures formation. On the other hand,
dense water proof protective films, which caused
by contractive network structures and hydrophobic
alkyl groups’ influence, were formed in the surface
of hydrogels. Further more, the higher the
temperature, the stronger the hydrophobic action.
So, the relationships of swelling ratio on
temperature in base conditions displayed
decreasing trend.
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CONCLUSIONS
PDVA semi-IPN hydrogels were successfully
prepared from PDMAEMA and PVA. PDVA The
phase transition temperatures of these hydrogels
were increased with the increasing of amount of
PVA. Semi-IPN hydrogels are of temperature
sensitivity properties, which is the same as those of
PDMAEMA hydrogels. They had opposite
temperature sensitivity as they dipped into acid or
base conditions. This shows that intermolecular
interactions of polyelectrolyte polymer were
strongly effected by pH value. Meanwhile, relaxed
and compact structural morphology formed in acid
or base solutions. As a result of this, swelling ratios
of these hydrogels changed obviously with
temperature at different pH value solutions.
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Abstract: Tin oxide nanofibres with diameter of 100-180 nm were successfully prepared by electrospinning a
precursor mixture of polyvinylpyrrolidone (PVP) / stannic chloride pentahydrate, followed by calcination
treatment of the electrospun polymer/inorganic composite fibers. The effect of voltage, tip-to-collector distance
and calcining temperature on the morphology and crystal structure of nanofibres was investigated by scanning
electron microscope combined with energy dispersive X-ray spectroscopy (SEM-EDS) and X-ray diffraction.
And the diameter distribution of nanofibres was measured by Image-Pro Plus. It is found that the optimum
continuous tetragonal rutile SnO2 nanofibers can be obtained calcined at 700℃ when voltage is 15kV, tip-tocollector distance is 10-15cm and PVP/ SnCl4·H2O concentration is 15%.
Keywords: Tin oxide nanofibres; Electrospinning; Image-Pro Plus; Calcining temperature
In the present work, polyvinylpyrrolidone (PVP)
/SnCl4·5H2O are electrospun and the effect of
process parameters on spinnability and crystal of
SnO2 were investigated. Once the optimum SnO2
nanofibres were achieved, then a more detailed
experimental design can be employed including
gas sensing characteristics.

INTRODUCTION
In recent years, one-dimensional (1D) metal-oxide
semiconductors nanostructures as sensing materials
have received considerable attention. High surfaceto-bulk ratio allows very sensitive transduction of
the gas/surface interactions (adsorption or catalytic
oxidation). Tin oxide or stannic oxide SnO2 is a
typical gas sensing material. In order to further
improve its performance, many researches are
focused on one-dimensional (1D) nanostructured
SnO2 [1]. Good quality SnO2 nanocrystalline films
(nanowires, nanobelts or nanofibres) were made by
several techniques including thermal deposition
[2,3], solution-based crystal growth [4,5], laser
ablation [6] and electrospinning technique [7].

EXPERIMENTAL
Preparation of spinning solution
Polyvinylpyrrolidone (PVP) (Mw=130,000g/mol)
was dissolved in N,N-dimethylformamide (DMF)
under vigorous stirring for 5h to prepare the
uniform solution with the concentration of 10wt.%.
A solution of tin chloride (4g SnCl4·5H2O, 10ml
C2H5OH and 8ml H2O) was slowly added into the
20g PVP solution and stirring to full-mixture.

Electrospinning is currently the only technique that
allows the fabrication of continuous fibers with
diameters down to a few nanometers [8]. Up to the
present, organic, inorganic and organic-inorganic
hybrid nanofibrous mats have been fabricated
because of their potential applications in sensors,
catalyst, tissue scaffold and anodic material [9-14].
Recently, SnO2 nanofibres were prepared by
electrospinning of the polymer solutions
incorporated metal precursors and annealing [15,
16]. However, how to prepare optimum continuous
tetragonal rutile SnO2 nanofibers by adjusting the
parameters of electrospinning remains a question.

Fabrication of SnO2 nanofibers
In this study, the applied electrostatic field strength
(EFS) on the morphological appearance and/or size
of as-spun SnO2 nanofibers is emphatically studied.
The electrode-to-collector distance varied from 10
◦
to 20cm. The syringe was placed at an angle of 20
to horizontal in order to get uniform flow of the
solution. And the applied voltage was changed
accordingly in the range of 10-30kV. All
electrospun fibers were dried for 24h at 100℃ to
ensure that the solvents were vaporized completely.
Subsequently, those fibers were annealed 700℃.
- 846 -

The annealing processes were performed in air in a
muffle furnace with a temperature ramp of 100℃/h
and lasted for 6h.

The morphology and surface composition of the
electrospun SnO2 nanofibres were analyzed using
the scanning electron microscopy combined with
energy dispersive X-ray spectroscopy (SEM-EDS)
(QUANTA 200, Fei. Co., USA). Based on the

Characterization

FIGURE.1. SEM images of tin oxide nanofibres: (a) as-electrospun PVP/SnO2 composite fibres and (b) fibres calcined 700 ℃.

PVP and conversion of metal chlorides to metal
oxides (Fig. 1b).

SEM photos, diameter range of the nanofibers was
obtained by using image visualization software
Image Pro. The crystal structure was examined by
X-ray diffraction (XRD) with Cu Kα radiation (λ =
1.5418Å).

Fig. 2 shows the SEM image of the as-synthesized
SnO2 nanofibers. The product with an applied EFS
of 15kV/15cm is highly dominated by the
nanofibers with lengths of several ten micrometers
and diameters ranging from 100 to 170 nm.
Average diameter of the nanofibers is about 135
nm(Fig. 2a). However, it is found that the result is
not ideal when applied EFS is increased (Fig. 2b-c).
At the higher applied voltage of 20 kV and distance
of 10cm, Fig.2(b), it is observed that, fibers
adhered to each other and some fibers broke. It can
be explained that the jet cannot be fully stretched

RESULTS AND DISCUSSION
The general morphologies of the as-prepared fibres
in pre and post of calcination calcination are shown
in Fig. 1a–b. The electrospun fibers are randomly
distributed on the substrate and are even and
smooth (Fig. 1a). After annealing the sample at
700℃ in air, a well-defined fiber texture keeps
unchangeable, but exhibited shrinkages and
diameter was reduced due to the decomposition of

FIGURE.2. SEM images and diameter distribution of SnO2 nanofibers gained at with different applied EFS: (a) 15kV/15cm, (b) 20kV/10cm,
(c)30kV/15cm
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FIGURE.3. (a) EDS and (b) XRD patterns of the SnO2 nanofibers.

and the solvent cannot be completely vaporized
before the jet reached the collector because of a
high flight speed made by a higher applied EFS.
When voltage and distance are further increased
(30kV/15cm), Fig.2(c), it is found that the diameter
is fuether decrease, however, the number of broken
fibers is large which can be explained that a higher
applied EFS is beneficial to the reduction of
diameter, but at this low concentration the low
shear viscosity of the solution, hence the low
viscoelastic force, was not sufficient to counter the
stretching forces from both the electrostatic and
Coulombic repulsion forces. Overstretching of the
charged jet, as a result of these forces, resulted in
partial breakup of the jet and, as a result of the
surface tension, broken fibers were formed.

CONCLUSIONS
SnO2 nanofibers with an average diameter of ～
150nm were obtained using electrospun PVP/SnO2
composite fibres as precursors. The morphology of
the electrospun SnO2 fibers was analyzed by
scanning electron microscopy (SEM). The surface
composition was analyzed using EDS, which
illustrated stannum and oxygen were the main
elements and no impurity elements including
carbon were clearly observed. The formation of
phase was identified by XRD, which indicated the
existence of tetragonal rutile tin oxide crystals. The
result showed that the optimum continuous
tetragonal rutile SnO2 nanofibers can be obtained
calcined at 700℃ when the applied EFS is
15kV/10-15cm and PVP/ SnCl4·H2O concentration
is 15%. It is clear that the optimum SnO2
nanofibers can be achieved with even less
diameters and well distribution by carefully
controlling the electrospinning parameters.

Fig. 3 shows the EDS spectrum and XRD pattern
of the SnO2 nanotubes. The sample is
polycrystalline in nature. EDS result shows that
stannum and oxygen are the main elements and no
impurity elements including carbon were clearly
observed (Fig.3a), indicting that the carbon
element originating from PVP templates has been
fully removed during heating treatment in air. In
the XRD pattern of the products shown in Fig.3b,
series of diffraction peaks corresponding to anatase
structure of SnO2 were observed. All the
◦
◦
diffraction peaks at 2θ = 26.6 (1 1 0), 33.9 (1 0 1),
◦
and 51.9 (2 1 1) were indexed to the tetragonal
rutile SnO2 with lattice constants of a = 4.734Å
and c = 3.185Å, respectively, and the values in
JCPDS card (21–1250). The above results imply
that the as-obtained product is rutile SnO2
nanofibers.
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ABSTRACT
The inclusion complex of benzoic acid with β-cyclodextrin (β-CD) was prepared by the copreci-pitation method.
The complex was characterized by FTIR. The optimum inclusion process was deter-mined by orthogonal
experiment. It was showed that the molar ratio of β-CD to benzoic acid was 1:2, the volume ratio of water to
absolute ethanol was 80:20, the inclusion temperature was 50℃ and the inclusion time was 2 hours. The
inclusion com-plex was grafted onto cotton fabric by citric acid (CA) as a crosslinking agent and sodium
dihydro-gen hypophosphite (SHP) as a catalyst. The optimum conditions were CA 50g/L, the inclusion complex
60 g/L, SHP 40g/L, cured at 160℃ for 4min. The finished cotton fabric had the inhibition to Staphylococcus
aureus and Escherichia coli.
INTRODUCTION
β-cyclodextrin (β-CD), which is a cyclic oligosaccharide having seven glucose units linked by α(1,4)-glycosidic bonds. It can be obtained through the
enzymatic degradation of starch. Its toroidal shape
and the presence of internal hydrophobic hollow
cavity produce the extraordinary capability to include
a wide variety of different molecules which fit into
its
cone-shaped
hydrophobic
cavity.
The
encapsulation process is accompanied by changes of
the properties of the substance within the cavity[1]. βCD is commercially most interesting because of its
simple production, availability, cavity diameter, and
price[2]. β-CD and its derivatives are successfully
exploited in different fields, such as food
manufacturing, cosmetics, pharmaceuticals, and
analytical and organic chemistry. In recent years,
some researchers in textile industry have also taken
advantage of CDs to prepare function fabrics and
have gained the desirable results[3-5].
Benzoic acid is a kind of antiseptics and antibiotics,
which performs the functions such as inhibiting
bacteria and embalmment. In our research, the
inclusion complexes of benzoic acid with β-CD were
prepared by the coprecipitation method. The
inclusion complex was fixed onto cotton cellulose
via grafting or crosslinking with CA, which provides
an effective method for development antibacterial
health textiles.
APPROACH
MATERIALS

Mill desized, scoured, bleached and mercerized
cotton fabric with a mass of 140g/m2 was supplied by
Nantong Dyeing and Finishing Co. Ltd.
β-CD, benzoic acid, citric acid and other reagents
were purchased from Shanghai chemical reagent Co.
Ltd. All of them were laboratory grade chemi-cals.
The water used was distilled and deionized.
APPARATUS
HH-S constant temperature water bath， JJ-1 electromotion agitator， Avatar-370 Fourier transform
infrared spectrometer ， TU-1800 SPC ultraviolet
spectrophotometer， DZF-60 vacuum dryer.
PREPARATION OF INCLUSION COMPLEX
The inclusion complexes of benzoic acid with β-CD
were prepared by the coprecipitation method.
Benzoic acid dissolved by ethanol was dispersed in
β-CD saturated aqueous solution and mixed in a
laboratory stirrer and then the solution was refrigerated for 12h. The suspension was filtered. The solid
inclusion complexes were washed with water and
ethanol in turn, then obtained by vacuum drying at
50℃.
FABRIC TREATMENT
The conventional pad-thermofixation method was
applied. The desized, scoured, bleached and mercerized cotton fabric was immersed in treatment baths
containing the inclusion complex and CA, for the
reduction of the curing temperature, the catalyst SHP
was used. The concentrations of the inclusion
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complex, CA, and SHP in the finishing baths were
varied within a certain range of values. The fabric
was padded twice to a wet pick up of 90% in the
solution, dried at 80℃ for 5 min, cured at 150~
170℃ for 3~5 min. The treated fabric was then
rinsed thoroughly using cold water, and then dried.

FT-IR ANALYSES
Four different types of samples such as β-CD alone,
benzoic acid alone, physical mixture and inclusion
complex were used to identity difference in IR
spectra. The samples were pressed with KBr into a
pellet before measuring the infrared absorption
spectra using Avatar-370 FTIR spectrometer.
STUDY OF THE CALIBRATION ABSORPTION CURVE OF BENZOIC ACID
Accurate amount of benzoic acid was mixed in 10%
(v/v) ethanol aqueous solution, and then it was
diluted to form a series concentration of solution
containing decreasing amounts of benzoic acid. The
absorbance
was
measured
by
UV/visible
spectrophotometer at 196nm. The calibration
absorption curve of benzoic acid is shown in
FIGURE 1. The plot shows a linear trend, which
indicates that it is feasible to determine the amount of
benzoic acid by UV/visible spectrophotometer when
its concentration under 5mg/L.

Absorbance

1.00

y = 0.1657x + 0.0415
R2 = 0.996

0.80
0.60
0.40
0.20
0.00
0.0

1.0

2.0

3.0

4.0

5.0

6.0

Samples of the treated fabric (3cm×3cm) were
accurately weighted, then cut into small pieces and
extracted with 10% (v/v) ethanol aqueous solution.
The absorbance of the extraction solution was
determined at 196nm. The benzoic acid content
grafted to the treated fabric was calculated by the
following equation:
Benzoic acid content on fabric (mg/g) = CV/W (2)
Where C is concentration of benzoic acid calcu-lated
from regression equation in FIG.1 (mg/L); V is the
volumn of extraction solution (L); W is weight of the
sample extracted with ethanol (g).
ANTIBACTERIUM TEST
The determination of antibacterial property of the
different fabric samples were carried out according to
AATCC Test Method 90 -1992 (Halo Test).
Staphylococcus aureus and Escherichia coli were
selected to investigate the antibacterial property.
DETERMINATION OF THE WHITENESS
INDEX AND TENSILE STRENGTH OF THE
FABRIC
The whiteness index and tensile strength of the fabric
were measured according to AATCC Test Method
110-2000 and ASTM methods D5035-90.
RESULTS AND DISCUSSION
OPTIMUM INCLUSION PROCESS
The orthogonal experiments were designed on the
basis of single factor experiment. The factors such as
the volume ratio of water to absolute ethanol (factor
A), the inclusion time (factor B), the inclu-sion
temperature (factor C) and the molar ratio of β-CD to
benzoic acid (factor D) were studied. The results are
shown in TABLE I.
TABLE I. Scheme and result of orthogonal experiments

benzoic acid concentration(mg•L-1 )

FIGURE 1. The calibration absorption curve of benzoic acid
Num.

DETERMINATION OF THE RATIO OF
INCLUSION
The inclusion complex was accurately weighted and
extracted with 10% (v/v) ethanol aqueous solution
under shaking water bath at 30℃ for 3h, and let them
stand for 12h. The absorbance of extraction solution
was determined at 196nm by UV spectrophotometer.
The ratio of inclusion (Rc) was calculated by the
following equation:
Rc (%) = ( W1/W0 )×100

1
2
3
4
5
6
7
8
9
K1
K2
K3
R

(1)

Where W1 is weight of benzoic acid of inclusion
calculated from regression equation in FIG.1 (mg);
W0 is weight of benzoic acid added to the solution
(mg).
DETERMINATION OF THE BENZOIC ACID
CONTENT GRAFTED TO THE FABRIC

A
80/20
80/20
80/20
70/30
70/30
70/30
60/40
60/40
60/40
58.90
37.11
26.63
32.27

Level of factors
B(h)
C(℃)
1
40
2
50
3
60
1
50
2
60
3
40
1
60
2
40
3
50
37.71
23.70
49.95
52.70
34.97
15.41
14.98
37.29

D
1/1
1/2
2/1
2/1
1/1
1/2
1/2
2/1
1/1
36.18
45.99
40.46
9.81

Rc (%)
33.86
84.92
57.93
45.34
46.85
19.13
33.94
18.10
27.84

TABLE I shows the primary and secondary factors
effecting on the ratio of inclusion are inclusion
temperature, the volume ratio of water to absolute
ethanol, inclusion time, the molar ratio of β-CD to
benzoic acid in turn. The optimum inclusion pro-cess
was showed that the molar ratio of β-CD to benzoic

- 851 -

acid was 1:2, the volume ratio of water to absolute
ethanol was 80:20, the inclusion tempera-ture was
50℃ and the inclusion time was 2 hours.

There is a absorption peak at 1687cm-1 in the IR
spectra of benzoic acid (d), but no absorption peak at
1687cm-1 in the IR spectra of β-CD (a). There is a
similar absorption peak in the IR spectra of physical
mixture (b), however the peak appears at 1695cm-1 in
the IR spectra of inclusion complex (c). This testifies
that the benzoic acid has entered into the cavity of βCD and formed inclusion complex.

Transmittance(%)

(d)

benzoic acid content
on fabric/ (mg•g-1 )

IR SPECTRA
FIGURE 2 presents the IR spectra of four different
types of samples. As seen in FIGURE 2, the IR
absorption peak of the physical mixture is simple
superposition of the peak of β-CD and that of
benzoic acid, whereas the spectra of the inclusion
complex and that of the β-CD are pretty alike.

0.50

0.30
0.20
0.10
0.00
10

benzoic acid content
on fabric(mg•g-1 )

1695

(b)
1687

(a)

2500

2000

1500

1000

50

GRAFTING OF THE INCLUSION COMPLEX
ON COTTON FABRIC
The conventional pad-thermofixation method was
applied. The main process parameters were studied
as follows.
EFFECT OF THE INCLUSION COMPLEX
CONCENTRATION
FIGURE 3 shows the effect of the inclusion complex concentration in the solution on the amount of
benzoic acid on the treated fabric. It is clear that
increasing the concentration of inclusion complex
from 20 to 70 g/L is accompanied by an increase in
the amount of benzoic acid on the treated fabric, but
when the concentration of inclusion complex is
increased to over 60g/L the amount of benzoic acid
on the treated fabric is changed little. The suitable
concentration of the inclusion complex is 60g/L.

70

80

0.40
0.35
0.30
0.25
0.20
30

40

50

CA concentration in

FIGURE 2. IR spectra of: (a) β-CD alone (b) physical mixture (c)
inclusion complex (d) benzoic acid alone.

60

0.45

500

-1

Wavenumbers(cm )

60

70

solution(g•L-1 )

FIGURE 4. Relation between CA concentration in the solution and
benzoic acid content on the fabric (Treated conditions: inclusion
complex 60 g/L, SHP 40 g/L, curing temperature 160℃, curing
time 3min )

EFFECT OF SHP CONCENTRATION
In general, for the reduction of the curing temperature, the catalyst SHP was used. FIGURE 5 shows
the effect of SHP concentration in the solution on the
amount of benzoic acid on the treated fabric.
benzoic acid content
on fabric(mg•g-1 )

3000

40

EFFECT OF CA CONCENTRATION
FIGURE 4 shows the effect of CA concentration in
the solution on the amount of benzoic acid on the
treated fabric. It is clear that increasing the concentration of CA from 30 to 50 g/L is accompanied by
an increase in the amount of benzoic acid on the
treated fabric, but when the concentration of CA is
increased to 60g/L the amount of benzoic acid on the
treated fabric is decreased. The suitable
concentration of CA is 50g/L.

(c)

3500

30

FIGURE 3. Relation between inclusion complex concentration in
the solution and benzoic acid content on the fabric (Treated
conditions: CA 50 g/L, SHP 40 g/L, curing temper-ature 160℃,
curing time 3min )
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inclusion complex concentration
in solution /(g•L-1 )
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FIGURE 5. Relation between SHP concentration in the solution
and benzoic acid content on the fabric (Treated conditions:
inclusion complex 60 g/L, CA 50 g/L, curing temperature 160℃,
curing time 3min )

It is clear that increasing the concentration of SHP
from 30 to 40g/L is accompanied by an increase in
the amount of benzoic acid on the treated fabric, but
when the concentration of SHP is increased to 5060g/L the amount of benzoic acid on the treated
- 852 -

fabric is decreased. The suitable concentration of
SHP is 40g/L.

benzoic acid content
on fabric(mg•g-1 )

EFFECT OF THE CURING TIME
FIGURE 6 shows the amount of benzoic acid on the
treated fabric cured at 160℃ for 1~5 min. It is clear
that increasing the curing time from 1min to 4mim is
accompanied by an increase in the amount of benzoic
acid on the treated fabric, but when the time is
increased to 5min the amount of on the treated fabric
is decreased. Because the lattice structure of β-CD
will changed when the curing time is prolonged.
Benzoic acid included within β-CD will be released,
and then removed by wash. The suitable curing time
is 4min.

The inclusion complex was grafted onto cotton fabric
by CA as a crosslinking agent. The optimum
conditions were CA 50g/L, the inclusion complex 60
g/L, SHP 40g/L, cured at 160℃ for 4min. The
treated cotton fabric had the inhibition to
Staphylococcus aureus and Escherichia coli. These
data will offer us the first-hand information to
develop the medical and skin-care textiles in our
subsequent research.
FUTURE WORK
The inclusion compounds will be anchored to
cellulose and silk using glyoxal to provide a chemical
linkage at lower temperature.
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FIGURE 6. Relation between curing time and benzoic acid content
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PERFORMANCE OF TREATED FABRIC
Table II shows the performance properties of
untreated fabric, treated without inclusion complex
and treated with inclusion complex. The results
indicate that the treated fabrics lead to a decrease in
the tensile strength and whiteness index. The cotton
fabric treated in the presence of inclusion complex
had the inhibition to Staphylococcus aureus and
Escherichia coli, its breaking strength and whiteness
are similar to that of the cotton fabric treated in the
absence of inclusion complex.
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Table II Performance properties of fabric

Sample

Whiteness
index
(%)

Tensile
strength
(N)
562.8

Diameter of inhibition
zone(mm)
Escherichia Staphylococcus
coli
aureus
0
0

a

84.75

b

76.92

457.3

0

0

c

77.41

451.4

14

16

a-untreated fabric, b-fabric treated without inclusion complex, cfabric treated with inclusion complex (Treated conditions:
inclusion complex 0 or 60 g/L, CA 50g/L, SHP 40 g/L, curing
temperature 160℃, curing time 4min )

CONCLUSION
Benzoic acid was encapsulated by β-CD, forming an
inclusion complex. The optimum inclusion process
was determined by orthogonal experiment as the
molar ratio of β-CD to benzoic acid was 1:2, the
volume ratio of water to absolute ethanol was 80:20,
the inclusion temperature was 50℃ and the inclusion
time was 2 hours.
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ABSTRACT
Nanometer aluminum thin film was deposited onto Nylon fabric by DC magnetron sputtering at room
temperature. Sample fabrics were obtained under different parameters of sputtering power. By testing yarn’s
tensile properties of the coated fabric, the influence of magnetron sputtering on fabric substrate was
investigated. Compared with original yarn’s tensile property, all the coated yarn’s breaking tenacity was
improved and its CV value was reduced, the breaking work was sensitive to the breaking elongation. With the
increasing of sputtering power, both breaking work and breaking elongation decreased. The surface
morphology of sputter coated fabric were observed by atomic force microscopy (AFM), it revealed that a
complete and uniform nanometer aluminum film was formed on the nylon fabric surface.
Keywords: Magnetron sputtering; Aluminum film; Nylon; Tensile properties; Sputtering parameters
INTRODUCTION

Many materials have been successfully deposited

Textile materials have been increasingly used in

using this technique [5, 6]. Metal, ceramic and glass

many industries ranging from automobile, medical

are the preferring substrates in sputtering technique,

and health care to aerospace. For all these technical

which has slight influences to substrate during

applications it is desirable to produce such textile

sputtering process. Recently, fabric as new substrate

materials with specially designed surface features to

also has been used in magnetron sputtering. Fabric

meet various needs. However, the surfaces of

substrate

polymer fibers are often not ideal for a particular

performance is obviously different with metal,

application

deposit

ceramic and glass. Its properties need to be

well-controlled coatings on the surface of fabric

investigated after magnetron sputtering. In this paper,

would expand the applications of fabric, not only

nylon fabric was deposited by aluminum films using

keep the fabric softness, yieldingness properties, but

DC magnetron sputtering. The tensile properties of

also significantly change the surface characteristics

nylon yarn were explored under different deposition

of fabrics and endow many variously new functions,

parameters, such as sputtering power. The surface

such as antistatic, antibacterial, waterproof and

morphology of sputter coated fabrics was observed

anti-ultraviolet. So far, a lot of fabrication methods

by atomic force microscopy (AFM).

[1,

2].

The

ability

to

consists

of

polymer

fiber,

whose

have used to plat metal film on fabrics, for instance,
magnetron sputtering technique, electroless plating

EXPERIMENTAL

process, evaporating deposition technique [3].

Materials

Among those methods, magnetron sputtering

Substrate: plain weave nylon fabric, the yarn

technique has many advantages such as high

fineness is 6.7 tex and the density of warp and weft

deposition speed, low incident energy, good film

is 380×280/10cm, the sample size is 15×15cm.

uniformity,

less

industrialization [4].

pollution,

and

easy

for
Target: Al target (purity 99.999%, diameter
100mm).
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atom unevenness deposition onto the fabric surface
Argon gas: Argon purity is 99.999%.

[7]. In the experiment, the substrate was rotated at

Instrument

speed of 35r/min during sputtering so that the thin

A magnetron sputter coating system JPGF—450I was

films uniformity was improved and the shadow

used to deposit a nano-films on the materials (Beijing

coating effect was overcome.

North Innovation Vacuum Technology Co., Ltd.),
The DC (direct current) output power used for

Sputtering power, which affects the metal films’

Aluminum sputtering was 5KW and the frequency

deposition rate, is a very important deposition

was 20 KHz ( ZhuHaishengpu power supply Co.,

parameter. At very low sputtering power, it is very

Ltd.), S49—33M/MT Mass Flow Meter was used to

difficult to maintain the glow discharge and the

regulate the import value of argon into the vacuum

deposition rate is also low. If the sputtering power is

chamber, HY9940C Composite pressure controller

very high, although the deposition rate will increase

was used to control the argon pressure.

rapidly, the target temperature is also high and a lot
of condensation nucleuses are formed when sputtered

The morphology of the coating was observed by the

atoms deposited on the substrate [8], which leads to

Agilent AFM/STM 5500 atom force microscope

defects in the film and inner film stress increased.

(Veeco Precision Instruments Ltd., United States).

Therefore, high sputtering power is detrimental to the

Yarn’s tensile properties before and after coating

overall film properties. In this experiment, the

were tested by HD021 yarn strength electronic

selected sputtering power used for aluminum target

instrument.

sputtering was at 200-800w. Under working pressure
of 7.9×10-1Pa and sputtering time of 120s, different

Preparation of aluminum coated fabrics

sputter coated fabric samples were obtained with

In all experiments, the substrate was kept at a

changing sputtering power.

distance of 60 mm from the target in the vacuum
chamber. The target is fixed on equilibrated

RESULTS AND DISCUSSION

magnetron effect cathodes. The nylon substrate was

The tensile properties of the yarns dismantled from

fixed on a water cooled substrate holder. At room

fabrics before and after sputter coating were tested

temperature, the chamber is evacuated to a pressure

by the yarn strength electronic instrument. The

-3

of 2.0×10 Pa prior to the deposition. Argon gas is

distance between the fixtures was 90mm and the

used as the Bombardment gas. Under different

stretching speed was 90mm/min. Two group yarns

sputtering power, aluminum films are deposited on

from each sample fabric were tested and each group

the surface of nylon fabrics.

includes 15 warp ends. The average values of
breaking tenacity, work, elongation, as well as the

Affected by the non-uniform electromagnetic fields

CV value of breaking strength and elongation were

on the cathode target surface, the plasma density is

reported. Table I shows the results of yarn tensile

not evenly distributed which will result in the target

properties of uncoated nylon fabric.

TABLE I. Tensile properties of yarn from uncoated nylon fabric

Testing index

Test value

Breaking

tenacity

(cN/tex)
34.92

Breaking work

Elongation at break

Breaking strength

Breaking elongation

(cN·cm)

(%)

CV (%)

CV (%)

392.7

25.5
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8.24

12.06

Influence of sputtering power on yarn tensile

8.24% of uncoated yarn, which mean that the

properties

evenness of breaking tenacity after sputter coating

Table II shows the test results of coated fabric’s

has been improved. The reason lies in the

yarn breaking tenacity and its CV values under

nanometer aluminum films coated on the nylon yarn

different sputtering power. It can be seen that the all

enhancing the yarn structure, smoothing the fiber

the breaking tenacity are higher than that of

surface and improving the original fiber’s weakness

uncoated yarn (34.92cN/tex) and the increase range

as breakage always takes place at the fiber’s

from 2.21% to 7.15%. The CV values of breaking

weakest point.

tenacity range from 4.94% to 7.79%, lower than
TABLE II. Yarn Breaking tenacity and its CV values under different sputtering power

Sputtering power (w)

206.17

307.80

447.3

603.26

662.72

719.28

Breaking tenacity (cN/tex)

37.42

36.72

36.70

35.69

36.11

36.90

Breaking tenacity CV (%)

4.94

7.58

6.50

6.29

7.79

6.25

Figure 1 represents the influence of sputtering

tenacity and elongation. Although nylon yarn’s

power on the breaking work and the breaking

breaking tenacity increased after aluminum atoms

elongation. Along with the increase of sputtering,

were deposited on the fabric surface, the decline of

both the breaking tenacity and elongation decrease.

breaking work under high sputtering power

Because the rigidity of aluminum material is greater

indicates that it is more susceptible to the breaking

than that of nylon yarn, when aluminum atoms are

elongation. They possess the same tendency with

deposited on the surface of nylon yarn, the rigidity

the variation of sputtering power, which can be seen

of coated yarn increase and its breaking elongation

from Figure 1.

certainly reduce as compared with the original yarn.
Higher sputtering power means more target

Surface morphology observation

+

elements will be bombed out of the target by the Ar

The surface morphology of sputter coated fabric

ions with higher energy, which increases the

were observed by atomic force microscopy (AFM)

deposition rate [9]. In accordance with the

and shown in Figure 2. The fabric was coated with

increasing of sputtering power, the thickness of

aluminum material at room temperature under

coated aluminum film increases and the breaking

parameters of sputtering power 450W, working

elongation further decreases.

pressure 7.9×10-1Pa and sputtering time 120s.
26

400

22
20
18

300

16
250

14
12

200
200

300

400
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600

700

Figure 2 (a) is the AFM images by 1100nm×1100nm
Breaking elonggationg (%)

Breaking work (cN· cm)

24
350

10
800

Sputter power (w)
Breaking elongation
Breaking work

FIGURE 1. The effect of sputtering power on breaking work and

scan and shows the details of the sputtered aluminum
nanoclusters on the nylon fabric. The coated surface
appears to be much rough; there are small granules,
bumps and grooves in different sizes. Figure 2 (b)
gives the variation of aluminum nanoclusters along
the line of 511.1nm in Figure 2 (a). It can be seen the
sizes of nanoclusters varying from about 50nm to
over 250 nm.

breaking elongation

Breaking work is affected by both the breaking
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ABSTRACT
Styrene（St）-butyl acrylate（BA） polymer latexes with different copolymerization composition were
synthesized by miniemulsion polymerization. The final latexes were dried on PTFE (Polytetrafluoroethylene) to
prepare a series of films. The surface composition of the obtained films are studied by attenuated total reflection
with Fourier transformed infrared spectroscopy (ATR-FTIR). The analysis results show that the sodium dodecyl
sulfate (SDS) concentration at film-substrate (PTFE) interface is always much higher than that at film-air
interface. This phenomena relates to the “film formation towards the substrate” and the interfacial tension of
film/substrate. The magnitude of enrichment of SDS is more abundant in the polymeric film with relatively low
Tg.
KEYWORDS miniemulsion polymerization； latex film,；surfactant distribution,；ATR-FTIR
1 INTRODUCTION
Emulsion polymerization is the commonest way of
forming polymer latexes. Being of numbers of
technical advantages (e.g. environmentally benign,
excellent heat dissipation, low viscosity, ease in
handling, high yield, high molecular weight polymer
products), emulsion polymerization is widely used
technique industrially to synthesize large quantities
of latex for a multitude of applications such as
surface coating (paints, adhesives,…) and bulk
polymer
(poly(styrene-co-butadiene),
polychlorobutadiene,…) [1,2].
Miniemulsion polymerization is termed as a
modified emulsion polymerization. Distinct from the
conventional ones, the monomer droplets are
mini-emulsified into 30~500 nm before polyreaction.
These small droplets are stabilized by a so-called
co-surfactant (n-Hexadecane, polymer,…) and
surfactant (anionic,cationic or nonionic). For the
reason of extremely small droplet size, the specific
surface area is so large that most of the surfactant
molecules absorb at the droplet surface and no
micelles presents in the aqueous phase. So, droplets
nucleation are the predominately nucleation
mechanism, where the latexes are essentially a
polymerized copy of the original droplets. Thus, the
drifting of latex composition with conversion found
in conventional emulsion polymerization is absent
[3~5]
. This unique feature is also favored by the
synthesis of latex with special morphology, e.g.,
nanocapsulation, hybrid nanoparticles [3~5].
St-BA copolymer latex is widely used in coating and
adhesive industry. Although the latex properties are
mainly determined by the particle morphology and

composition, the free (unabsorbed at the latex surface)
surfactants may adversely affect the application
adhesive [6], water-resistant [7] and gloss properties of
dried latex films. As a result, reactive soaps were
investigated and deemed to be good alternatives to
conventional ones [8]. Meanwhile, being of great
importance for the applications, the exploration of
the surfactant distribution especially at the surface
attracts particular interests. In the case of anionic
surfactants, the enrichment of surfactant at the
interface is driven by: Tendency to reduce the
interfacial energy drives it initially to the two
interfaces; Water flux carries the soap to the film-air
interface;
Surfactant-polymer
incompatibility
proving the driving force for long term migration to
the interfaces [9]. The enrichment of surfactant has
been proved by ATR-FTIR, XPS (X-ray
photoelectron spectroscopy) and SSIMS technique
(static secondary-ion mass spectrometry) [9]. Among
the major analytical techniques, ATR-FTIR was
found to be a very powerful tool in probing latex film
surfaces, whose sampling depth was around 2~3 µm
[6]
.
In this paper, St-BA copolymer latex with different
compositions
were
firstly
prepared
by
minimemulsion polymerization and then dried on
PTFE. The ATR-FTIR technique was used to study
surfactant distribution at the film/substrate and
film/air interface of the resulting latex films.
2 EXPERIMENTAL
2.1 Materials
De-ionized water (conductivity<4µS/cm), potassium
persulfate (KPS, >99%), sodium dodecyl sulfate
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(SDS, surfactant), 2,2’-Azobis(isobutyronitrile)
(AIBN, 98%) and sodium hydroxide (NaOH) were
used as received. The inhibitor was removed from
styrene (St) and butyl acrylate (BA) by three
washings with a 10% NaOH solution followed by
three washings with de-ionized water. Then, St and
BA were dried with anhydrous calcium chloride and
stored below 4oC.
2.2 Bulk reaction
The mixture of St(20g), BA(20g) and AIBN(0.6g)
was transferred to a 250 ml five-neck flask reactor,
equipped with a condenser, a thermometer, a
nitrogen inlet, and a mechanical stirrer. After 15
minutes’ purging of nitrogen, the flask was bathed in
75oC. After 3 hours, the reaction was quenched by
purging the reactant in cold methanol. The sediment
was collected and washed with methanol repeatedly.
Then it was dried at 50oC in a vacuum oven
overnight. The final conversion was about 43% and
15g St-BA copolymer was collected.
2.3 Latex preparation
St and BA were copolymerized by a batch
miniemulsion polymerization process and prepared
according to the following procedure. St and BA
were first mixed with cosurfactant (copolymer of St
with BA). This organic mixture was then added to
the aqueous phase (water and SDS) under stirring.
After ten minutes, the coarse emulsion mixture was
ultrasonified by using a JY92-II Sonifier (amplitude
70%, 600 W) for a time period of fifteen minutes.
The obtained miniemulsion was then transferred to a
250 ml five-neck flask reactor, equipped with a
condenser, a thermometer, a nitrogen inlet, and a
mechanical stirrer. The miniemulsion was aged at
room temperature for fifteen minutes. The reactor
was immersed in a thermostated water bath at 65oC.
Then the system (deoxygenated for 60 minutes
before the miniemulsion was charged) was
deoxygenated by purging with nitrogen for fifteen
minutes. Finally, the addition of KPS dissolved in 5g
water gave the zero time of the polymerization. And
the reaction was stopped after 5 hours by cooling the
reactant to the room temperature. The final
conversion was achieved gravimetrically.
2.4 Film preparation
The PTFE vessel used for film preparation were
immersed into the NaOH-Ethnol solution overnight.
Then they were dried by hot air after washing with
detergent and plenty of pure water. The latex was
first purged into PTFE vessel with 3 mm in depth
and 60 mm in diameter. Then, the latex was dried for
16 hous at 60 oC and 60% RH. The thickness of the
films prepared on PTFE were about 1mm.

range was from -20oC to 100 oC at a heating rate of
10 oC/min.
The film for ATR-FTIR analysis was always peeled
off from the substrate freshly except for the samples
for post heating treatment (see 3.3). ATR-FTIR
spectra were collected on Nicolet 5700, where the
crystal was ZnSe. In a typical experiment, 32 scans at
resolution of 4 cm-1 were collected.
3 RESULTS AND DISCUSSION
3.1 The glass transition temperature of the film
Table I summarizes the recipes of bulk and
miniemulsion polymerizations engaged in the current
study. SDS is employed as the surfactant. Copolymer
of St and BA is used as the cosurfactant. All
miniemulsion runs ended with 100% conversion
according to gravimetrical analysis results. The glass
transition temperatures (Tgs) of the latex film for
each miniemulsion runs are also listed in Table I.
TABLE I . The experimental recipes and some analysis results

P（St-BA） SDS
(wt%) c
( wt%)c

Expt

St
(g)

BA(g)

Initiator
(g)

1

15

15

0.6 a

---

---

---

2

22.5

7.5

0.15 b

5

1

45

3

18

12

0.15 b

5

1

21

4

15

15

0.15b

5

1

5

Tg
(oC)

a: AIBN; b: KPS; c: based on the monomer; d: Expt 2, 3, 4’s solid
contents were controled at 30% ( wt%).

The Tgs of the film increase with the decrease of the
concentration of BA. As the film preparation
temperature all exceeds the Tg at least 15 oC, it leads
to the formation of a mechanically continuous film
[10]
.
3.2 Interpretation of the FTIR spectra of SDS and
St-BA Copolymer
Before the start of the ATR-FTIR spectrum analysis,
it is essential to consider the relevant spectral
features of SDS and St-BA copolymer latex. In
Figure1, the spectrums of SDS, St-BA copolymer
achieved from miniemulsion and bulk reaction are
compared.

2.5 Characterization
The glass transition temperature of the latex films
was determined on PE DSC-7. The temperature
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3.3 The distribution of SDS at the film-PTFE (F/S)
and film-air (F/A) interface
The latexs of Expt 2~4 were firstly dried on PTFE. In
Figure 2, the ATR-FTIR spectrums of resulting films
at F/A and F/S interface are compared. In
Expt2(Figure 2a), the intensity of the 2850 cm-1 band
at F/S interface is significantly stronger than that at
F/A, demonstrating the magnitude of the SDS
enrichment is much greater at the F/S. Analogous
results are found in Expt 3 and Expt 4, showing as
Figure 2b and 2c. The magnitude of enrichment
slightly grows with the concentration of BA in the
polymer.
0.5

Absorbance

Expt2 (St/BA=75:25)
Film-PTFE
Film-Air

a

2850

0.2
0.1
0.0
3000

2900

Wavenumber(cm -1 )

2800

0.6
0.5

The peak centered at 1730 cm-1 is assigned to the
C=O stretching mode from butyl acrylate, which is
selected as the band for the normalization. And all
ATR-FTIR spectra are normalized against it for
further study. The band centered at 2850 cm-1 is
assigned to the asymmetric stretching of C-H in
–(CH2)n- (n>4) group in SDS molecular. And the
relative magnitude of the band represents the SDS
concentration.

3100

2900

Wavenumber(cm )

FIGURE 1. FTIR spectra comparison: (A) SDS; (B) St/BA (50/50)
copolymer from Expt1; (C)St/BA (50/50) copolymer from Expt4
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b
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0.4
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0.5

1730
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2850
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0.2
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0.0

3100

3000

2900

2800
-1

W avenum ber(cm )

FIGURE 2. Comparison of normalized spectra recorded at
F/S(PTFE) and F/A interface for Expt2(a), Expt3(b) and Expt4(c)

In an attempt to answer the question, latex film
formation process is first recalled. Generally, the film
formation process is considered in terms of three
sequential steps: water evaporation, deformation of
the latex and coalescence of the deformed latex [11].
Once the latex experiences deformation, the original
interface of the particles almost disappears. The SDS
initially absorbed at the water/particle interface
became freed. Then, during the following film
formation process, soap is expelled from the bulk of
the film due to its thermodynamical incompatibility
with the polymeric medium. And the migration is
controlled by three factors:
1) Some of the SDS molecular transported to the
film/air interface as the water flux out of the
film, rendering an increase of SDS
concentration at the F/A interface [9].
2) As a thin layer always coalesces initially at
the surface of the film (F/A) followed by a
slow film formation towards the substrate, the
hydrophilic nature of the SDS molecule
drives part of the SDS to go deep into the
bulk of the latex[12].
3) Arising from the extremely low surface
energy of PTFE, the SDS molecules will
enrich at the PTFE surface as soon as the
latex was poured onto the substrate, whose
concentration is almost the same as that at the
latex-air interface[13,14]. However, this works
especially during the early stage of film
formation.
In order to evaluate the effect of interfacial tension of
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film/PTFE on the SDS distribution at the late stage of
film formation process, an experiment called post
heating treatment was designed. The freshly peeled
off films in Expt3 hang in the oven again and were
then heated at 60oC, 75 oC and 100 oC for 3 hours
respectively. The ATR-FTIR spectra were
recollected and shown in Figure 3. After heating in
the air, the SDS molecules initially enriched at F/S
interface moved into the bulk of the film, which led
to a decrease in the peak at 2850 cm-1. While, the
spectrum of the former F/A interface changed little.
Gas permeability experiments suggested that the
latex films never became completely homogeneous
even after long aging time [15]. A large number of
small holes still presents in the final film, leaving
much bigger area of particle/air interface than that of
film/air interface. As a result, a large quantity of
surfactant will come to the particle/air interface
during the post heating treatment. It could be the
reason for the decrease of SDS concentration at the
F/S interface after post heating. This fact also
demonstrates the contribution of PTFE to the SDS
enrichment during the late stage. And it may result
from the tendency of SDS to reduce the interfacial
tension (1.25 mN/m) [12] between film and PTFE.
It is also found that the migration of the SDS is
enhanced with the post heating temperature.
According to the free volume theory [16], the external
volume of polymer consists of core and free volume.
However, only the latter one is available for the
segmental motion. The number, as well as the size,
of the free volume are positively affected by the
temperature especially above glass transition
temperature [17], leading to an enhanced mobility of
polymer chains. So, during the post heating treatment,
it is reasonable to believe that the diffusion of SDS
into the bulk phase is more greatly enhanced at 100
o
C than those at 60oC or 75oC, resulting in the
absence of enrichment of SDS at F/S interface. The
much higher SDS concentration at F/S found in
Expt4 is also related to the free volume theory, as
lower Tg means higher free volume at a certain
temperature.
So, the enrichment of SDS at the film-PTFE can be
explained as: the “low surface energy of PTFE” leads
to the initial SDS enrichment; the presence of
interfacial tension between film and PTFE, as well as
the “slow film formation towards the substrate”,
result in the final differences in SDS concentration
between film-PTFE and film-air interface.
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P ost treated
P ost treated
P ost treated

heating
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2800
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FIGURE 3. Normalized spectra recorded at F/A and F/S interface for
film from Expt3 before and after post heating

CONCLUSIONS
St-BA acrylate copolymer latexes with different Tgs
were prepared in miniemulsion polymerization.
Latex films were prepared by drying the latex on
PTFE. The relative concentrations of SDS at F/A and
F/S interface of the resulting film are determined by
ATR-FTIR technique. It is found that:
1)
The surface energy of the substrate plays a
minor role in the distribution of SDS;
2)
In both cases, the concentration of SDS at
the film-substrate are always much higher
than those at film-air interface. And, the
magnitude of enrichment at F/S interface is
more abundant in the film with lower Tg;
3)
The main reasons for the enrichment of
SDS are related to the “slow film formation
towards the substrate” and the “interfacial
tension between film and substrate”.
FUTRURE WORK
For at least the following two reasons, it is quite
meaningful to study the the disribution of the
surfactant in the film:
1)it would be a great instruction for the application of
the polymer latex;
2) Well knowing of the soluble polymers (e.g.
SDS,ABS,…)is also helpful for the construction of
some precise pore morphology in the film by feeding
some selected polymers.
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Surface properties of excilamp-treated meta-aramid fabrics
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ABSTRACT
Poly-metaphenylene isophthalamide (or meta-aramid) fabrics were irradiated with a Xe2* excilamp (λ=172 nm)
at atmospheric pressure. Surface properties of the irradiated meta-aramid fabrics were characterized by scanning
electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS) and wettability measurements. The results
showed that a rougher surface was appeared and more photo-oxidized carbon functional groups were formed on
the surface of the excilamp-treated fiber, and the surface wettability of the treated fabrics improved obviously
with UV irradiation time increasing. Excilamp treatment imparted the meat-aramid fiber a rougher and polar
activation surface.
Keywords: meta-aramid, excilamp, surface modification
(XPS) analysis carried out using Thermo
ESCALAB 250-Multitechnique surface analysis
system equipped with a single Al Kα X-ray source
(150 W). The surface wettability was characterized
by the measurement of wetting time, which was the
time taken for the adsorption of a (40μl) deionized
water droplet by the fabric.

INTRODUCTION
New applications of meta-aramid fabric require the
additional properties in such area as magnetic
performance for increasing the value of fabric.
However, it is difficult to make the magnetic
nanoparticles grow on the fiber due to the smooth
and inactive surface. Surface modification of the
meta-aramid fiber is extremely important [1].
Excilamps, as a novel and powerful source, are
used for water and air purification, biomedical
application and semiconducting material deposition.
In the processing of textiles, however, the
applications of the excilamps have not been widely
explored [2].

RESULTS AND DISCUSSION
Morphological study
Figure 1 shows the SEM results of control and
excilamp-treated meta-aramid fiber. The surface of
control fiber was smooth while a much roughened
surface was observed for excilamp-treated fiber.
After excilamp treatment, the surface of metaaramid fibers was partially peeled off and part of
fragments remained on the surface. It is important
for functional finishing of meta-aramid fibers, such
as preparation of magnetic fabrics (magnetic
nanoparticles growth on the surface of etched
fibers).

In this present work, a Xe2* excilamp (λ=172 nm)
was used to modify the surface of meta-aramid
fabric prior to functional finishing. The surface
properties of excilamp-treated fabrics were
investigated.
APPROACH
Meta-aramid fabrics were provided by Dupont
Company. Before excilamp treatment, the fabrics
were scoured with 1 g/L sodium acid carbonate
solution at 85 ℃ for 20 min followed by cleaning
in distilled water and air drying.
The excilamp treatment of samples was conducted
on a Xe2* excilamp, with a model Bluelight
Compact 172/120Z, manufactured by HeraeusNoblelight, Germany. The electrical input power
and irradiance were 20 W and 50 mW/cm2,
respectively. The distance between the excilamp
and specimen was kept at 0.5 cm.

(a)

The scanning electron mircroscopy (SEM, JSM5600LV) was employed to analyze the surface
morphology of control as well as treated fibers. The
analysis of surface chemical composition was
evaluated by X-ray photoelectron spectroscopy
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FIGURE 1. SEM micrographs of meta-aramid fiber under the
magnification of 10,000×: (a) control (b) Xe2* excilamp treated
for 8 min.
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For the excilamp etching of the fiber surface, no
significant temperature rise was observed.
Consequently the etching with incoherent UV
radiation originating from excilamp is mainly of
photolytic nature. That is the difference from the
excimer laser etching and low temperature plasma
etching. The former is mainly of thermal ablation
and the latter is of bombardment of active species
including of electrons, ions, free radicals and UV
photons [3-4].
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FIGURE 2. Deconvoluted XPS C1s core level spectra for metaaramid fibers: (a) control, (b) Xe2* excilamp-treated for 8 min.

The aramid polymer mainly contains the chemical
bonds like –C–C–, and –C–N–. Hence, the highenergy photons （ 7.2 eV ）can easily break the
surface molecules and thus generate free radicals
over the fiber surface which may further react with
the oxygen in the gas phase (air) and thus form
hydrophilic groups. It may react as Figure 3,

Chemical composition analysis
To gain insight into the interaction between
excilamp and fiber surface, XPS technique was
applied to analyze the surface chemical
composition of meta-aramid fibers. The element
composition and the atomic ratios of O/C and N/C
are given in Table I. The O/C ratio increased
87.79% when the fibers were exposed to the Xe2*
excilamp for 8 min, whereas no variation was
observed for N/C ratios.

NH

NH

CO

CO
n

hγ

TABLE I. XPS elemental analysis of control and excilamptreated meta-aramid fiber

H
N

NH

CO

CO
n

O2

Sample
Control
Treated,
8 min

Chemical composition (%)
C1s
O1s
N1s
74.76
15.95
9.29
65.41
26.17
8.42

Atomic ratio (%)
O/C
N/C
21.3
12.4
40.0
12.9

NH

NH

O

O

CO

CO

n

hγ

HOOC

The deconvolution analyses of C1s peak are
performed as expressed in Figure 2. The C1s
spectra of control sample are fitted to three parts: a
major peak at 284.8 eV assigned to aliphatic carbon
atoms, a peak at 285.8 eV corresponding to the
carbon atoms in C-N bonds and a peak at 288.0 eV
arising from the carbon atoms in amide group (CONH-), as shown in Figure 2(a). After excilamp
treatment, it can be seen that the newly photooxidized carbon functional groups are imparted to
the fiber surface. They are primarily assigned to the
C-O bonds (286.3 eV) and carboxyl groups (288.8
eV) referring to the most likely formed oxidized
groups in excimer UV irradiation (Figure 2(b)) [5].

CO

NH

+
NH

CO

NO

n

FIGURE 3. Possible reactions of the meta-aramid fiber with UV
photons originated from Xe2* excilamp

Wettability
Wetting time is used to evaluate surface wettability.
As shown in Figure 4, after Xe2* excilamp
treatment for 0.5 min, the wetting time of metaaramid fabrics decreased significantly from 30 sec
of the control sample to 5 sec.
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[4] Kogelschatz U., et al, High-intensity sources of
incoherent UV and VUV excimer radiation for
low-temperature materials processing, Applied
Surface Science. 168, 2000, 29-36.
[5] Praschak D., Bahners T., Schollmeyer E., PET
surface modifications by treatment with
monochromatic excimer UV lamps, Applied
Physics A, 66, 1998, 69-75.

In combination with the analysis of surface
morphology and chemical composition of metaaramid fibers, Xe2* excilamp treatment resulted in
considerable changes on fiber surface, such as
increased roughness and more functional groups,
which are responsible for the improvement of the
wettability of the fabrics.
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FIGURE 4. Wettability curves for control and excilamp-treated
meta-aramid fabrics.

CONCLUSIONS
Xe2* excilamp treatment improved the surface
roughness and introduced polar functional groups
into the surface of meta-aramid fibers. The etching
and formation of functional groups with incoherent
UV radiation originating from Xe2* excilamp are
mainly of the photolytic nature and photooxidization, respectively. They are responsible to
the improvement on surface wettability of the
treated fabrics.
FUTURE WORK
The following work is grafting magnetic
nanoparticles into the excilamp-treated metaaramid fabrics for functional fabrics with
magnetism.
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Abstract
Four water-soluble azo dyes including Reactive Red MS, Reactive Blue B, Mordant Black PV and
Acid Orange 156 were selected to investigate their adsorption properties and modes on the surface of
TiO2 particles at varied pH levels and in the presence of sodium chloride, respectively. Also the
adsorption parameters of the dyes were obtained using experimental data fitting method. The results
indicated that high pH values caused low adsorbing capacities of the dyes into TiO2particles, and their
adsorption decreased significantly in pH range of 4-8. Moreover, the amounts of four dyes absorbed
into TiO2 were increased in the presence of sodium chloride and two acid dyes were much higher than
two reactive dyes in the terms of the amounts absorbed into TiO2 at the same conditions. In addition,
the adsorption isotherms of four dyes were described well by Langmuir adsorption model and reactive
dyes showed higher adsorption constants and coverage on the surface of TiO2 than acid dyes.
Key words: Azo dyes; Adsorption; TiO2; Inorganic salt
INTRODUCTION
UV/TiO2 process has been considered to be an
important method in treatment of dyes effluent,
because TiO2 as a catalyst can produce hydroxyl
radicals under irradiation, which decompose
dyes absorbed on the catalyst in water [1-4].
Moreover, Langmuir-Hinshelwood model is
often adopted to describe the dynamics of
photocatalytic degradation process of the dyes [2,
5]. It is found that the adsorption mode and
amount of dyes have a significant effect on the
UV/TiO2 photocatalytic process. Several dyes
have been choose to examine their adsorption
characteristic on the surface of TiO2, however,
the adsorption behaviors of water soluble azo
dyes with different structure on the surface of
TiO2 have not been investigated and compared.
Reactive dyes and acid dyes were commonly
used in the dyeing of the textiles and produce
large amount of wastewater during the use. So it
is practical to evaluate the adsorption and
degradation of these dyes on the surface of TiO2
catalyst. In this work, two types of water-soluble
anionic azo dyes including Reactive Red MS,

Reactive Blue B and Mordant Acid Black PV,
Acid Orange 156 were used for the adsorption
on TiO2 catalysts in aqueous dispersion. Effects
of pH and sodium chloride on the adsorption
behavior and the adsorption model of these dyes
on the surface of TiO2 catalysts were
investigated.
APPROACH
Materials and reagents
Four azo dyes including Reactive Red MS,
Reactive Blue B, Mordant Black PV and Acid
Orange 156 are purchased from Tianjin Sanhuan
Chemicals Company (China). Their chemical
constructions were showed in Figure 1. Degussa
P-25 TiO2 powder employed in this work is
approximately spherical and nonporous with
greater than 99.5% purity and the average
particle size of the TiO2 particles is 30 nm. Other
reagents such as sodium chloride, sodium
hydroxide and nitric acid were all of analytical
grade.

FIGURE.1 Chemical structure of four azo dyes
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The method of adsorption
50 μmol/L dye solutions were prepared by
dissolving different dyes in distilled deionized
water. And pH value of dye solution was
adjusted with sodium hydroxide or nitric acid
aqueous solution. 0.020 g of TiO2 powders were
added to prepare TiO2 aqueous dispersion under
strong stirring at 25℃ for 45 min to reach
adsorption equilibrium. 1-2 ml of dispersion was
withdraw and centrifuged for 30 min to remove
TiO2 powder.
All dye concentrations were determined using
spectrophotometer
at
the
wavelengths
corresponding to maximum absorbance,
respectively. The amount of the dye absorbed
onto TiO2 powders (Q) was calculated as
follows:
Q = (C0-C) × V/M
where C0 is the initial concentration of the dye,
C is the residual concentration of the dye after
the adsorption, V is the volume of dye solution
and M is the mass of TiO2 powders.

that the adsorption amount of four dyes (Q) were
significantly reduced as increasing the pH value
of aqueous dispersion and lowest Q levels of
four dyes were found at pH 8-10. This indicated
that dyes absorbed more easily onto the surface
of TiO2 powders in acidic medium than alkali
medium. A literature survey reveals that the
isoelectric point reported for TiO2 varies from
pH 4.0 to 6.1 [1]. There is the high concentration
of TiOH2+ and TiOH on the surface of TiO2 at
pH below isoelectric point, and as a result, the
dye molecules in water transferred more easily
on TiO2 surface through the improved electric
attraction between dye molecule and TiO2
particle. On the contrary, at pH values above
ioelectric point, increasing the concentration of
TiO- caused low absorption of the dyes due to
the enhanced electric repulsion between dye
molecule and TiO2 particle. The change in
electric charge on the surface on TiO2 powders
was as follow:

RESULTS AND DISCUSSION
pH value
The adsorption experiment of four dyes on the
surface of TiO2 powders were carried out in the
dispersion at different pH levels. Figure 2 shows
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Effect of pH value on adsorption of the dyes on TiO2 powders (a) Reactive dyes,（b）Acid dyes

Sodium chloride
Sodium chloride is used extensively as dyeing
auxiliary in the dyeing of textile. On the other
hand, it is considered as a pollutant in dyeing
wastewater effluent and may have the effect on
the dye adsorption on the surface of TiO2
catalyst. In this work, the adsorption of four dyes

on the TiO2 catalyst was performed in the
presence of 100 mmolL-1 sodium chloride. For
comparison, control experiment in which sodium
chloride was absent in dispersion was also
carried out, experimental results of which are
presented in Figure 3.
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FIGURE 3 Adsorption of the dye in the presence or absence of NaCl, (a) Reactive Red MS, (b) Reactive Blue B, (c) Mordant
Black PV, (d) Acid Orange 156

It can be seen From Figure 3 that Q is increased
in the presence or absence of sodium chloride
during the adsorption and shows little change
after 40 min, thus indicating the adsorption
equilibrium has been reached within 40 min. It is
noteworthy that Q values of two acid dyes are
much higher than that of two reactive dyes at the
same conditions, particularly in the presence of
sodium chloride, because of the difference in dye
molecular structure and adsorption mode on the
surface of TiO2 powders between them.
Compared to reactive dyes, the molecular
structures and the sizes of acid dyes are simple
and small; in addition, contain only one
sulphonic group. As a result, acid dyes adsorb in
vertical form on the TiO2 powders more easily
than reactive dyes at the same condition [2, 3], is
described Figure 4 (a). Owing to the
characteristic adsorption mode of acid dyes, less
space on the surface of TiO2 powders may be
occupied, thus, leading to much higher Q value
than reactive dyes.

long distance will be kept as a result of
electrostatic repulsion between molecules after
adsorbing in horizontal type since that two ends
of reactive dye have sulfonic group or vinyl
sulphone group. Therefore, when reactive dyes
absorbing on the TiO2 powders, more space may
be occupied, causes a lower Q values at the same
conditions.
Figure 3 also shows that Q values of four dyes,
especially acid dyes are enhanced by the
addition of sodium chloride. The reason is that
there is TiO¯ at neutral medium that inhibit the
on the TiO2 powders adsorption of anionic dyes
through electrostatic repulsion effect. After
adding sodium chloride, sodium ions with
positive charge can decrease the electrostatic
repulsion between dye and TiO2 powder, thus
dyes molecules can absorb on TiO2 powder with
little difficulty.
Adsorption kinetics
The adsorption of TiO2 for water-soluble azo
dyes was expressed by Langmuir isothermal
adsorption model, and the adsorption
equilibrium equation is expressed by Eq (3).
Qeq-1 = (Qmax K Ceq)-1 + Qmax-1,

FIGURE.4 Absorption modes of dyes on TiO2 surface

On the other hand, reactive dyes have bigger
molecular sizes, and contain more sulfonic
groups and vinyl sulphone groups with strong
electro-negativity than acid dyes. As a
consequence, reactive dyes absorb on the surface
of TiO2 powders by using only horizontal form
(Figure 4 (b)). In addition, it is believed that

where Qep and Qmax are the equilibrium
adsorption amount of the dye, respectively, K is
the adsorption equilibrium constant, and Ceq is
the equilibrium adsorption concentration of the
dye. By regressing the adsorption equilibrium
equation mentioned above with respect to
experimental data in Figure 3, the results were
shown in Figure 5. Qmax and K were also
determined and listed in table 1.
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FIGURE.5 Relationship equilibrium concentrations and equilibrium absorption of dyes
Table 1 Adsorption parameters of four azo dyes on TiO2 particles
Dye
Reactive Red MS
Reactive Blue B
Mordant Black PV
Acid Orange 156

Molecule size1) (nm)
2.79 × 0.64 × 0.64
2.98 × 1.12 × 1.12
1.32 × 0.84 × 0.84
1.96 × 0.84 × 0.84

Qmax2) (μmol/g)
26.32
31.45
42.92
78.13

K3) (L/μmol)
2.193
0.452
0.0526
0.0315

R
0.9937
0.9985
0.9871
0.9891

Coverage4) (%)
44.1
98.5
28.3
28.3

Note: 1) Obtained by calculation using Chem3D Ultra 6.0; 2) Maximum amount of adsorption corresponding to complete
monolayer coverage on the surface; 3) Langmuir constant related to the energy of adsorption; 4) Based on the (perpendicular)
projection area of their molecules.

Figure 5 and Table 1 show that there is a good
linear relation between Qep-1 and Ceq-1,
suggesting that the adsorption of four dyes on
TiO2 powders can be described by using
Langmuir model. Moreover, it is found in table 1
that reactive dyes have lower Qmax values, but
higher K values and coverage than acid dyes.
This is mainly due to the difference between two
kinds of the dyes in molecular size, number of
sulfonic group and adsorption form on TiO2
powders.
CONCLUSIONS
Four water-soluble azo dyes can be adsorbed on
the surface of TiO2 powders. Moreover, the
absorption characteristics of four dyes onto TiO2
were significantly dependent upon the pH of
dispersion. Their adsorption amounts decrease as
pH value increase, and reach the lowest level at
the strong medium. Reactive dyes have much
lower adsorption amounts on TiO2 powders than
acid dyes at the same time. The adsorption
amounts of the dyes, particular in acid dyes are
increased in the presence of sodium chloride.
Finally, the adsorption of the dyes is described
using Langmuir model, and reactive dyes have

lower Qmax values, but higher K values.
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ABSTRACT
In this study, carbon nanofibers (CNFs) with the typical diameter ranging from 50 to 150nm were prepared from
polymer blends of PAN/PMMA via wet-spinning method and subsequent thermal treatment. The main factors
that influence the diameter of CNFs, including molecular weight of PAN, mass ratio of PAN: PMMA and
drawing ratio were studied. The characteristics of CNFs were investigated by TG, FT-IR, Raman and XRD. The
complex permittivity (ε’-jε’’), complex permeability (μ’-jμ’’) and microwave absorption properties of carbon
nanofibers/epoxy composites have been studied in X-band frequency range (8.2-12.4 GHz). ε’, ε’’, μ’ and μ’’
were found to increase with increased CNF contents.
INTRODUCTION
Carbon nanofibers (CNFs) with the diameter 100200nm locate the size scope between the carbon
nanotubes (CNTs) and carbon fibers. Like CNTs, the
CNFs show unique physical and chemical properties,
so they could be used potentially in many fields, such
as conductive polymer composites, biological
applications, etc. [1]
Polymer blend technique has been used widely in
polymer field to improve properties of polymers.
Based on this technology, two kinds of polymers are
used to produce CNFs, a carbon precursor polymer
(CPP) with carbon residue after heating under an
inert atmosphere, and a thermally decomposable
polymer (TDP), respectively. Consequently, CNFs
can be achieved by spinning the polymer blends of
CPP and TDP and then followed by carbonization.
Several researchers have preceded several trials to
prepare carbon materials by using this kind of
technology. For instance, activated carbon fibers[2-4],
unique porous carbon[5]and thin carbon fibers[68]
achieved by polymer blend technique; carbon
nanotubes prepared by three-layered core/shell
particles, which were synthesized by a soap-free
polymerization
method[9-11];
porous
carbon
nanofibers produced by combining polymer blend
technique and electrospinning method[12]. However,
the critical factors which affect the diameters of
CNFs and the characteristics of CNFs were seldom
discussed in the research mentioned above.
In this paper, CNFs were prepared by spinning of
polymers blends and then followed carbonization.
Additionally, the characteristics of CNFs were
studied, and the permittivity of CNFs/Epoxy
composites was investigated.
EXPERIMENTAL
Polypropylene acrynitril (PAN) was chosen as a
carbon precursor polymer (CPP) and polymethl
methacrylate
(PMMA)
as
the
thermally
decomposable polymer (TDP). They are mixed in N,

N-dimethylformamide (DMF) with different
PAN/PMMA ratios, 3:7 and 7:3. Then the CNFs
were achieved via the wet-spinning followed by an
oxidative stabilization process and a carbonization
process, and the composites with epoxy matrix were
fabricated.
The morphology of CNFs was observed by SEM.
FT-IR, XRD, and Raman spectra were used to
determine the structure formation of CNFs. The
permittivity was measured using a HP8722ES
network analyzer.
RESULTS AND DISCUSSION
Figure 1 shows the SEM images of the blend films
fractured in liquid nitrogen, and the carbonized
polymeric blend fibers treated at 1000℃. The macro
morphology differs due to the varied weight ratio of
PAN to PMMA. It can be seen that when PAN:
PMMA=7:3 (weight ratio), PAN forms continuous
phase (sea) and PMMA forms a discontinuous one
(fig. 2a). While on contrary, PAN reversed to be the
discontinuous phase (island) with the weight ratio of
3:7
to
PMMA
(fig.
2b).
a

b

FIGURE 1. Morphology of fractured PAN/PMMA films
(a. 7:3; b. 3:7)

The diameter of the micro fibers can be controlled
via proper ratio of drawing during spinning. Fig. 2
displays the tendency that micro fibers could get
thinner with higher drawing ratio. When the ratio
increased to 6, the diameter ranges in 70~130nm (fig.
2a).
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a

b

FIGURE 2. Carbon nanofibers with different draw ratio
(a: 2.6; b: 6)

Fig. 3 shows the FT-IR spectra, 2948 cm-1 and
2997cm-1 attributed to −C−H flex vibration
disappeared in the following carbonization. With the
carbonizing temperature increased, 2240cm-1 peak
for −C≡N became weaker whereas 1600 cm-1 for
−C=N appeared, indicating that the cyclization took
place [13].

FIGURE 5. XRD spectroscopy of CNFs treated at different
temperature

Fig. 6 shows the complex permittivity for the
composite samples in the frequency range of
8.2~12.4GHz. The ε’ and ε’’ spectra of samples with
different CNFs content shows insignificant variation
in the whole frequency range, but all of the value
increase as the CNFs amount increased.

FIGURE 3. FT-IR spectroscopy of CNFs obtained under different
carbonization temperature form PAN/PMMA

Fig 4 figures out the Raman spectroscopy of CNFs.
The intensities ratio (R) of D-peak (1358cm-1) to Gpeak (1580 cm-1), could characterize the quality of
the structure and the graphitization extent, and the
smaller R value the higher graphitization extent [14, 15].
CNFs carbonized at 1000℃ were found to have a
ratio of 1.11, compared to 1.25 for CNFs treated at
400 ℃ , 1.25 at 600 ℃ and 1.12 at 800 ℃ . These
figures suggest that high carbonized temperature led
to improve crystalline and enhance the perfection of
CNFs.

FIGURE 4. Raman spectroscopy of CNFs carbonized at
different temperature

Fig. 5 represents the WAXD curves of CNFs. The
diffraction peak of [002] plane (2θ≈25°) related to
graphite structure became sharper with the increasing
carbonizing temperature, and another peak attributed
to [100] plane (2θ≈43°) emerged at a higher
temperature, giving the information that the more
perfect graphite structure has been built [3, 4].

FIGURE 6. Permittivity of composite samples: (a) real part ε’; (b)
imaginary part ε’’

CONCLUSIONS
The carbon nanofibers with diameter of 70~130nm
have been successfully prepared by spinning of
polymer blends. By changing the carbonization
temperature, the perfection of the CNFs structure can
be promoted. The permittivity of CNFs/epoxy
composites can be enhanced with the increasing
CNFs content.
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ABSTRACT
Attapulgite (AT) nanofiber reinforced polyurethane (PU) composites have been prepared by direct
blending. The result of FT-IR demonstrated AT has an effect on the carbonyl of hard domain and
intensive the hydrogen bonding between molecular chains. Compared to the pristine PU, the AT/PU
nanocomposites not only exhibited higher thermal stability properties, but also the dramatically
improved tensile mechanical properties.
Keywords: Attapulgite; Polyurethane; Nanocomposites; Hydrogen bonding
INTRODUCTION

and AT can be regarded as physical joint

In resent years, clay reinforced polyurethane

between

nanocomposites have attracted much attention

Compared to the pristine PU, the AT/PU

because

remarkable

nanocomposites not only exhibited higher

and

thermal stability properties, but also the

they

improvements
properties

often
in

exhibit

mechanical

comparing

with

other

common

polyurethane

dramatically

polyurethanes, such as increased tensile strength

improved

molecular

tensile

chains.

mechanical

properties.

and heat resistant [1~2]. Wang and Pinnavaia[3]

EXPERIMENTAL

reported the first work on composites of
polyurethanes and layered silicate clays and

Materials:Polyurethane

showed that large enhancement in tensile

Shanghai Petrochemical Co. Ltd, the attapulgite

strength and tensile modulus are possible even

was provided by Jiangsu Junda Attapulgite
Ltd

and

supplied

by

with intercalated clay particles. It was followed

Material

by a spate of research activities on the

acetamide(DMAc) was supplied by Wenmin

preparation of montmorillonite clay composites

bio-chemical technology Ltd, Shanghai.

of thermoplastic polyurethanes (TPU) by

Sample preparation:Polyurethane were fully

solution and bulk polymerization methods

solved in DMAc by stir in 90℃. Attapulgite

[4–14]. In these methods, layered silicate must

solution, which was dispersed in DMAc about

first be organically treated to facilitate its

60 minutes by ultrasonic, was added in. The

separation and dispersion in the polymer melt.

blend was mixed uniformly by strong stir and

In this paper, Attapulgite (AT) nanofiber

put into an oven for deaeration in 80℃ for

reinforced polyurethane (PU) composites have

about 24hs. The solution concentration was

been prepared by direct blending. Measurement

controlled within 14%~16%. Then the blend

in DMA showed that AT increase the adhesive

solution was ready for film preparation.

force between molecular chains and limit the

Sample characterization:The nanocomposites

motion of the polyurethane molecular chains,

were characterized by the SEM, FTIR and
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Co.

was

N,N ’ -dimethyl

tensile strength test, respectively.
RESULTS AND DISCUSSION
Morphological analysis
nanocomposites:

of

the

PU/AT

It is well known that the structure and properties
of polymer-clay nanocomposites depend on the
shape, size and dispersion of clay and the
similarity between the employed polymer and

FIG.2 SEM photograph of sample PU1.5

clay. Attapulgite can easily disperse into PU
matrix because PU is full of polar segments and

FTIR analysis

attapulgite has hydroxyls on the surface. Fig.1 is

The hydrogen bonding of PU has been

the SEM photograph of purified attapulgite. It is

extensively studied using FT-IR spectroscopy.

clear from this picture that the attapulgite

[6,7,10,11,15]

appears a nano-rod shape with a diameter of

groups characterized by urethane carbonyl

50-100nm and a length of 0.5-5μm. From SEM
observations

of

the

surface

of

The fraction of H-bonded carbonyl

groups being H-bonded to the NH groups of

PU/AT

urethane within hard segments, was used as an

nanocomposites, as shown in Fig.2 and Fig.3, it

index of the extent of phase separation while

can be found that the attapulgite nano-rods are

hydrogen bonding between the ether oxygen to

dispersed well in the matrix of PU. In addition,

NH groups of the hard segment represents the

the interface between PU matrix and attapulgite

degree of phase mixing between hard and soft

is not so clear, which means that PU and

segments.

attapulgite may combine very well. It can be
seen that the attapulgite nano-rods are well

TABLE1 .Ratio of area under the peak of hydrogen-bonded

enwrapped by PU matrix. The excellent

-NH (AhNH), hydrogen bonded C=O (AhCO), and -CH

adhesion between PU matrix and attapulgite can

stretching (ACH) of FTIR spectra and the ratio of area under

be attributed to the formation of hydrogen

the peak of hydrogen bonded C=O (AhCO) and free C=O

bonding within them.

(AfCO) groups.

FIG 1 SEM photograph of purified AT

T

AT

AhNH/ACH

AhCO/ACH

AhCO/AfC

(℃)

(wt)

25

0

0.3244

0.1433

0.9105

25

0.5%

0.3198

0.1442

0.9276

25

1.5%

0.3153

0.1460

0.9420

120

0

0.2743

0.1175

0.7017

120

0.5%

0.2730

0.1198

0.7110

120

1.5%

0.2713

0.1209

0.7147

180

0

0.2360

0.1012

0.6531

180

0.5

0.2320

0.1032

0.6541

180

1.5%

0.2285

0.1048

0.6551

O

The area under the characteristic peaks of PU
and their composites are summarized in Table 1.
In the case of composites at temperature 25℃,
the smaller values of AhNH/ACH ratio in the
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presence of clay indicate that the fraction of the
NH groups hydrogen-bonded to ether linkages

Mechanical Properties:

or the fraction hydrogen-bonded to the C=O
groups of hard segments reduced in the

The experimental results of the AT content on

presence of clay. The greater values of

the tensile mechanical properties of the

AhCO/ACH perhaps result from that the C=O

nanocomposites are shown in Table 3. It was

groups of hard segments hydrogen-bonded to

found that the AT content had a remarkable

the hydroxyl on the surface of nano- fibrillar

effect on the mechanical properties of the

AT which can be regarded as the physical joint

nanocomposites. As shown in Table 3, both the

between molecular chains . A similar trend was

tensile strength and the modulus of the PU / AT

noticed

of

increased with the increasing AT content in the

hydrogen-bonded carbonyl peaks at 1701 cm-1

range of 1–5 wt%. Compared to the pure PU,

(AhCO) and free carbonyl groups at 1725 cm_1

the tensile strength of the 1.5 wt% AT content

(AfCO). In addition, the values of ANH/ACH, ACO/

was increased by more than 201 %. When the

ACH,

at

AT content was less than 1.5%, the tensile

temperature 120℃ and 180℃ are the same as

strength and the modulus of the AT/PU both

that of temperature of 25℃. In view of this, the

increased by increasing the AT contents. When

state of clay-polymer hydrogen bonding among

the AT content attained the range of 1.5--5 wt%,

hard segments can be depicted as in Fig. 3. The

the tensile strength of the AT/PU decreased by

nanofiller has an effect on the carbonyl of hard

increasing the AT contents. The tensile strength

domain and intensive the hydrogen bonding as

of the AT/PU attained was maximum when the

evident from the data presented in Table 1.Thus,

AT content was 1.5%.

from

and

the

ratio

AHCO/AFCO

in

of

area

composites

the clay particles can be considered as physical
linkage among the molecular chains and they

TABLE 2 Tensile properties of polyurethane and

have improved the phase separation between
hard and soft segments in a certain content and

Sampl

Tensile

Modulus

Elongation

increased the cohesive force in hard segment

e

stress

(MPa)

at

domains.

(MPa)

FIG.3 The schematic drawing of morphology of
well-disper
sed AT in
PU
nanocomp
osites

break

（%）

Pu0

37.4

6.5

1099

Pu0.5

47.9

7.3

1079

Pu1

68.3

8.3

1044

Pu1.5

75.2

10.8

1183

Pu2

67.3

11.2

908

Pu5

53.2

11.7

767

polyurethane /attapulgite composites

It is understandable that restriction on polymer
chain rearrangement exerted by the silicate
fibers dispersed in the nanocomposites enhances
the modulus of the nanocomposites. Due to size
Soft

Hard

Attapulgite

features and surface properties, AT can be
considered as the physical joints between
polyurethane molecular chains. In a certain
range with the increasing content of AT,
physical joints between molecular chains
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increased and cohesive force enhanced, so

[5] Petrovic ZS, Javni I, Waddon A, Banhegyi

nanocomposites

G. J Appl Polym Sci 2000;76:133.

possess

unique

mechanic

properties. When the content added up to 1.5%,

[6] Chen TK, Tien YI, Wei KH. Polymer

the tensile stress decreased with increasing

2000;41:1345.

content of AT in respect that AT is difficult to

[7] Xu R, Manias E, Snyder AJ, Runt J.

disperse into nano-size by stiring.

Macromolecules 2001;34:337.
[8] Ma J, Zhang S, Qi Z. J Appl Polym Sci

From our analysis of the experimental results,

2001;82:1444.

we propose the morphology model of the effect

[9]

of AT on the nanocomposites that is presented
in Fig. 3. The motion of segments located in the

Polymer 2002; 43:1017.

general understanding of the restricted motion
in

[13] Tien YI, Wei KH. J Appl Polym Sci 2002;

fibrous

86:1741.

silicate-polymer nanocomposites as the friction

[14] Chang JH, An YU. J Polym Sci, Part B:
Polym Phys 2002; 40:670.
[15] Zhang X, Xu R, Wu Z, Zhou C. Polym Int
2003;52:790.

among the molecular chains increase.
CONCLUSIONS
High tensile strength TPU nanocomposites were
pepared successfully with the different content
of attapulgite. The present of AT increases the
adhesive force between molecular chains, limits
the motion of the polyurethane molecular chains
and

acted

as

physical

joint

between

polyurethane molecular chains and improved
the phase separation between hard and soft
segments in a certain content. The tensile
mechanical

properties

of

these

AT/PU

nanocomposites were dramatically improved
compared to the pristine PU, and the tensile
strength of the AT/PU attained a maximum
when the AT content was 1.5%.
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ABSTRACT
The polymer blend technique is proposed as a method for designing carbon fibers [1]. In this paper, two different
types of carbon fibers are prepared, the porous carbon fibers including thin and long pores aligned parallel to the
fiber and the nano carbon fibers. The mechanism of the polymer blend technique determining the type of the
carbon fibers is also discussed in this paper.
Keywords: polymer blender technique, porous carbon fibers, nano carbon fibers
INTRODUCTION
Carbon fiber is one kind of high performance fibers
which shows very important uses in many fields.
Nano carbon fiber is a new form of carbon fiber with
nanometer size in diameter and great ratio of length
over diameter. Porous carbon fiber is usually the
form of activated carbon fiber. The reported methods
to prepare nano carbon fiber includes vapor growth,
static spinning etc.. Porous carbon fiber is produced
by additionally activation process. In this article, the
polymer blend technique was developed as a novel
method to prepare porous and nano carbon fibers[2][3].
SCHEMATIC APPROACH
The method to prepare porous and nano carbon fibers
is shown in Figure 1 and Figure 2. The polyacrylonitrile (PAN) is chosen as the Carbon precursor polymer (CPP), and the polymethyl
methacrylate (PMMA) is chosen as the thermally
decomposable polymer (TDP) because it can be
totally decomposed after heating.
The PAN/PMMA blend solutions were obtained
while DMF was used as a solvent. The
PAN/PMMA blend fibers were prepared after the
wet-spinning of PAN/PMMA solutions. It was
noticed from Figure 1 and Figure 2, to make porous
carbon fibers, the PMMA component must be
separated by PAN component in the blend fiber;
while to produce nano carbon fiber the PMMA
component should be the matrix in the blend fiber.
Therefore, the PAN with varied molecular weight,
5*104 and 8*104 (PAN5 and PAN8) respectively,
were employed to achieve the purpose mentioned
above.
RESULTS AND DISCUSSION
The
cross-sections
of
PAN5/PMMA
and
PAN8/PMMA blend films were investigated by SEM,
as given in Figure 3 and Figure 4. The dispersed
ellipse phase in Figure 3 is composed of PMMA,
because the PAN5 with low viscosity tended to form
continuous phase in the PAN5/PMMA blend. By
contrast, the PAN8 with relatively high viscosity
could be dispersed by PMMA component in

PAN8/PMMA blend, so the circle phase in Figure 4
belongs to PAN8 component.

FIGURE 1.Schematic of porous carbon fiber preparation using the
polymer blends technique.

FIGURE 2.Schematic of nano carbon fiber preparation using the
polymer blends technique.

FIGURE 3.The cross-section of PAN5/PMMA blend.
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FIGURE 8.The nano carbon fiber.

FIGURE 4.The cross-section of PAN8/PMMA blend.

It is easy to understand that both the matrix and
dispersed phase would be elongated along the
drawing direction during spinning. The observation
of cross-sections of these blend fibers revealed the
alignment of PAN and PMMA phases along fibers
axis, as shown in Figure 5 and Figure 6. The
dispersed PMMA phases became cylinders in
PAN5/PMMA fibers, while dispersed PAN8 phases
were left as microfibers after dissolving of PMMA
from the PAN8/PMMA blend fiber by acetone
(Figure 6), suggesting the orientation of micro PAN8
phases along fiber axis.

CONCLUSION
The porous and nano carbon fibers were prepared by
a new and convenient approach. The chosen CPP and
TDP was blended and the blend solution was spun
into blend fibers. After oxidation and carbonization
of the blend fibers, the porous or nano carbon fibers
could be obtained with the removing of the TDP
component. The phase separation and morphology
between CPP and TDP was important to control the
end product.
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FIGURE 6.The remnant of PAN8/PMMA blend fiber after
dissolution by acetone.

You could image what would be left when these
PAN5/PMMA and PAN8/PMMA blend fibers were
oxidated and carbonized at high temperature. The
porous carbon fiber was left from PAN5/PMMA
blend fiber (Figure 7) and the nano carbon fiber was
received from PAN8/PMMA (30/70) blend fiber
(Figure 8) after oxidation and carbonization of them
based on the explanation in schematic approach.

FIGURE 7.The porous carbon fiber.
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Abstract
A series of novel high clay content poly (N-isopropylacrylamide) (PNIPAAm), poly (lacrylamide)(PAAm)
copolymer nanocomposite hydrogels (NC gels) have been successfully prepared by using Laponite XLS
(Clay-S), a kind of synthetic hectorite modified by tetrasodium pyrophosphate (Na4P2O7) as crosslinker. The
mechanical strength was investigated. The result revealed that the PNIPAAm-co-PAAm/clay hydrogels exhibit
excellent mechanical properties and with increasing Clay-S content, the mechanical properties increase further.
Bio-security tests of hypersensitivity, pyrogen, acute system toxicity, cytotoxicity were developed on the
hydrogels. Test data were analyzed and evaluated as well. The results confirmed that PNIPAAm-co-PAAm/clay
hydrogelss are of bio-security and suitable to be used as biomedical barrier materials.
Key words: clay, nanocomposite, hydrogels, barrier materials
Introduction
The industrial and biomedical applications of
hydrogels made from either natural or synthetic
sources are strongly limited by their poor mechanical
properties. Conventional synthetic hydrogels
(cross-linked by organic cross-linker) breaks under
low stress because there are very few energy
dissipation mechanisms to slow crack propagation. In
addition, as their crosslinking points are distributed
irregularly and the polymer chains between the
crosslinking points have different lengths, the stress
cannot be evenly distributed between the polymer
chains, and crack initiation is facile. Many efforts
have been focused on increasing the mechanical
strength of hydrogels[1-3], but the robustness still
remains unsatisfactory. In recent years, Haraguchi et
al. prepared a kind of nanocomposite PNIPAAm
hydrogels using hectorite as crosslinker replacing
traditional organic crosslinkers, which show
excellent fracture strength and tensile elongation
[4-6]. It was found that the mechanical properties of
the nanocomposite hydrogels became better with
increasing hectorite content of hydrogels. However,
high hectorite content aqueous dispersions are hard
to prepare, even using special mixers, due to the high
viscosity of clay aqueous dispersion. To increase the
hectorite content in the PNIPAAm gels become the
key for increasing the fracture strength of these gels
further.
In this paper, we prepared high clay content

PNIPAAm-co-PAAm-Clay nanocomposite hydrogels.
The bio-security tests (e.g. hypersensitivity, pyrogen,
acute system toxicity, cytotoxicity) were developed
on the hydrogels to be sure the hydrogels could be
applied as implant materials. The bio-security
hydrogels were selected as barrier material to plant
between chin nerve and blood vessel of New Zealand
rabbit to cure trigeminal neuralgia resulted from
macrovascular compression. The histological
changes of the nerve and blood vessel near the
implant material were investigated.
Experimental
Materials
Acrylamide (AAm) (98.5%, Shanghai Fine Chemical
Material
Institute,
Chemical
Purity),
N-isopropylacrylamide(NIPAAm) (99%, Acros Co.,
Belgium), synthetic hectorite Laponite XLS (Clay-S)
(Rockwood Co., USA, 92.32 wt.-% Mg5.34Li0.66Si8O20(OH)4Na0.66,
7.68
wt.-%
Na4P2O7),
N,N’-methylenebisacrylamide
(NMBA),
potassiumpersulfate
(KPS),
and
N,N,N’,N’tetramethyldiamine (TEMED) (Shanghai Chemical
Reagent, Analytic Reagent) were all used as received.
All solutions used in the experiments were prepared
in deionized water.
Preparation of the Copolymer Hydrogels
Hydrogels were prepared using initial solutions
consisting of monomer acrylamide (AAm) and
N-isopropylacrylamide(PNIPAAm) (NIPAAm ),
crosslinker (Clay-S or Clay-G), initiator (KPS), and
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1000

S15N10

800
Stress (%)

an accelerator (TEMED). In all cases, the
water/initiator ratio and the volume of the accelerator
were fixed at 1000/1 (w/ w) and 24μl, respectively.
First, a transparent aqueous solution consisting of
water (28 ml), clay (1.5-3 g) and AAm and NIPAAm
(3-6 g) was prepared. Then, the accelerator (TEMED,
24μl) and an aqueous solution of the initiator (KPS;
0.03 g in 2 ml of water) were added to the former
solution with stirring at room temperature. Next,
free-radical polymerization was carried out at 5 °C
for 72h. All the hydrogels were synthesized in
airtight glass tubes (interior size: 5 mm in diameter
and 60 mm long). In this article, the nanocomposite
hydrogels are expressed as SxNyMz where S, N and
M stand for the Clay-S concentration, and PNIPAAm
concentration and PAAm respectively, x, y and z
stand for 100 ×clay/water (w/w), 100×NIPAAm
/water (w/w), and 100×AAm /water respectively. For
example, S15N7.5M2.5 stands for the gel containing
Clay-S with a Clay-S/water ratio of 15/100 (w/w),
PNIPAAm with a polymer/water ratio of
7.5/100(w/w), and PAAm with a polymer/water ratio
of 2.5/100(w/w).
Measurements
Mechanical strength
Tensile strength measurements were performed on
hydrogels of the same size (5 mm diameter×80 mm
length) and the same polymer/water weight ratio
(1/10) using a Dejie DXLL- 20000. The following
conditions were as follows: temperature 25oC; a
sample size of 5 mm in diameter and 80 mm length;
gauge length of 30 mm; crosshead speed of 100
mm/min. The strength and modulus were calculated
on the basis of the initial cross section.
Bio-security test
On the basis of medical device industry standard and
GB /T16886 standard, the bio-security tests of
hypersensitivity, pyrogen, acute system toxicity,
cytotoxicity were developedv on the hydrogels.
Preliminary animal test
Preliminary animal test was preformed by planting
nanocomposite hydrogels with bio-security between
the chin nerve and the blood vessel of New Zealand
rabbits to investigate the histological changes of the
nerves and blood vessels by microscope.
Conventional terylene was selected as control. The
samples as barrier materials were taken out after
having been planted for 40 day in the rabbits, and
fixed using formalin solution before being dyed by
HE.
Results and discussion
Mechanical strength

S10N7M3

600
S10N5M5
400

S10N3M7

200
0

S10M10

0

500

1000

1500

2000

2500
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Fig.1. Mechanical properties
PNIPAAm-co-PAAm/clay hydrogels
Fig. 1 shows effects of different PAAm content on
tensile properties of PNIPAAm-co-PAAm/clay gels.
It indicates that the mechanical strength increased
with the increasing clay content. The mechanical
strength approached to 1Mpa for S15N10 hydrogels.
Also, it was found that the tensile strength decreases,
and the tensile elongation increases obviously with
increasing PAAm content in the copolymer.
Cytotoxicity

Fig.2 Microscopic picture of cell propagation after
72h a) Negative control (about 100%) b) S10N5M5
about 87%; c) S10N7M3 hydrogel ( about 17%).
S10N5M5 and S10N7M3 hydrogels were selected to
be subjected to in vitro cytotoxicity test in cell
culture. MTT assay was involved in the evaluation of
the gel cytotoxieity. High Density Polyethylene
(HDPE) was used as negative control, while phenol
as positive control. The cell propagation rate for
negative control is about 100%. As shown in Fig.2,
the microscopic observation showed that the cell
propagation for S10N5M5 hydrogel is about 82%. Its
cytotoxicity is first rank. While for
S10N7M3
hydrogle, the cell propagation was only about 17%.
The cytotoxicity in vitro amounts to second rank.
This result indicated that for S-N-M nanocomposite
hydrogels, different PNIPAAm content may result in
different cytotoxicity in vitro. With increasing the
PNIPAAm content in S-N-M hydrogels, the
cytotoxicity increases. So, S10N5M5 hydrogel was
non- cytotoxicity.
Pyrogen
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Table 1 and 2, the maximum temperature rise is 0.45
o
C, and the total one is 0.85 oC for S10N5M5
hydrogel, while they are 0.35 oC and 0.75 oC
respectively. The results showed that S10N5M5 and
S10N7M3 hydrogels can not induce pyrogen.

The extracts of nanocomposite hydrogels (S10N5M5
and S10N7M3 hydrogels) were injected to the body
of two New Zealand rabbits. The changes
of body temperature of the rabbits were observed and
recorded to guarantee non-pyrogenic of the hydrogels.
The results of the body temperature changes of the
rabbits were shown in Table 1 and 2. As shown in

Table 1 Body temperature change of the rabbits being injected the extract of S10N7M3 hydrogel (oC)
anima

Weigh

l

t
(kg)

Body temperature before

Injecting

being injecting

doses(ml)

1

2

Basic

Body temperature after being injected

Temperatur
e rise

body

1

2

3

4

5

6
38.5

0.45

38.5

0.20

39.0

0.20

temperature
1

2.2

38.
3

2

2.4

3

2.3

38.

38.25

22

2

38.

38.

4

6

38.

39.

8

0

38.50

24

38.90

23

38.

38.

38.

38.

38.

5

6

7

6

6

38.

38.

38.

38.

38.

5

6

7

6

6

38.

38.

39.

39.

39.

9

9

1

0

0

Table 2 Body temperature change of the rabbits being injected the extract of S10N5M5 hydrogel (oC)
anima

Weigh

Body temperature before

Injecting

l

t

being injecting

doses(ml

(kg)

Body temperature after being injected

Temperatur
e rise

)
1

2

Basic body

1

2

3

4

5

6

temperatur
e
1

2.4

38.4

38.3

38.35

24

38.5

38.7

38.7

38.6

38.7

38.7

0.35

2

2.5

39.1

38.9

39.00

25

38.8

38.9

39.1

39.0

38.9

39.0

0.10

3

2.2

38.6

38.8

38.70

22

38.7

38.9

39.0

38.9

38.9

38.8

0.30

Acute system toxicity
The extracts of S10N5M5 and S10N7M3
nanocomposite hydrogels were injected into the
body of two mice. The change of the weight and
toxicity the mice were observed and recorded.
The results indicated that the two mice flaked
out for minutes, and then began to behave
normally, no death or toxicity was observed.
Hypersensitivity
The extracts of S10N5M5 and S10N7M3
nanocomposite hydrogels were injected into the
back of two white cavies. The response of the
skin around to the injecting section was
investigated. It was observed there was no any
hypersensitivity was observed after having been
injected for 24h、48h、72h.
Preliminary animal test
S10N5M5 hydrogel was of bio-security
according to above bio-security tests. So,
S10N5M5 hydrogel was selected and planted
between chin nerve and blood vessel of New
Zealand rabbit as barrier material. After having
been planted for four weeks, the histological

change of the nerve and blood vessel was
observed by microscope, The pictures are
shown in Fig.3. As shown in Fig.3. it was found
that the structure of cross and longitudinal
section of local histological of peripheral chin
nerve for S10N5M5 hydrogel is very close, very
similar to the normal histology of peripheral chin
nerve(as shown in Fig.3e, as the hydrogels was
very smooth, it was very difficult to pick up
from implant site, the cross and longitudinal
section of local histological were hard to
separate, they were on one picture, the left is the
cross section and the right is the longitudinal
one). While for conventional terylene, the
structure of the cross and longitudinal section of
local histological were loose (as shown in Fig.3a
and b). This indicated that S10N5M5 hydrogel
will not induce histological change as barrier and
can be a potential barrier material for curing
trigeminal
neuralgia
resulted
from
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macrovascular compression through endoscopic
neurosurgery in clinic.

Fig.2. Microscopic picture of histological observation : a) Cross section of normal histology; b)
Longitudinal section of normal histology; c) Cross section of terylene; d) Longitudinal section of
terylene; e) Cross and longitudinal section of hydrogel.
[2]

Haraguchi K, Takehisa T, Fan S,
Macromolecules 2002, 35, 10162.
[3] Haraguchi K, Farnworth R, Ohbayashi A,
Takehisa T, Macromolecules 2003, 36, 5732.
[4] Zhu M F, Liu Y, Sun B, Zhang W et al,
Macromol Rapid Comm. 2006, 27, 1023.
[5] Zhang W, Liu Y, Zhu M F, Liu X L et al, J.
Polym. Sci. Part A: Polym. Chem., 2006, 44,
6640.

Conclusions
A series of high clay content copolymer NC
hydrogels have been successfully prepared by
using Laponite XLS (Clay-S), a kind of
synthetic hectorite modified by tetrasodium
pyrophosphate (Na4P2O7) as crosslinker.
PNIPAAm-co-PAAm/clay gels shows good
tensile strength and bio-security. Preliminary
animal test by planting the S10N5M5 hydrogel
between the chin nerve and blood vessel of New
Zealand rabbits confirmed that the NC hydrogels
composed of PNIPAAm, PAAm and clay are
suitable to be used as barrier materials for curing
trigeminal neuralgia by modulating the content
of PNIPAAm content in the hydrogels.
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ABSTRACT
In this work a new kind of photocatalyst was prepared, the evidence for the formation of every element was
provided by XRD. And its photocatalytic activity was tested by taking methylene blue as model compound. This
photocatalyst was prepared for its potential application on cotton textiles. The Ag core was added for improving
photocatalytic activity by absorbing photo electrons. SEM observations revealed the size of Ag core.
Keywords: core-shell; TiO2; HAP; photocatalysis
1 INTRODUCTION
Photocatalysis has emerged as a promising advanced
oxidation process that provides solutions to many
environmental pollution problems. But it could
arouse degradation when loaded on cotton textiles, so
pure TiO2 must be coated in HAP (hydroxyapatite).
HAP is a kind of calcium phosphate ceramic; it is
good candidate for bone substitutes due to their
chemical and structural similarity to bone minerals.
Nanostructure hydroxyapatite is also expected to
[1]
have good bioactivity and bio-affinity
. The
mesoporous HAP is helpful for enrichment of
compounds. Noble metal was reported to be helpful
for increasing the photocatalytic activity of TiO2 due
[2-4]
to schottky barrier
; therefore, Ag particles were
added in as core also because of its bactericidal
[5]
activity . Finally the photocatalyst was designed as
figure 1.

and ethanol (C2H5OH, 99.5%,) as solvent for butyl
titanate. HAP (pure, 12μm) as HAP coat source. HCl
solution and NaOH solution were used as solvent and
precipitator for HAP.
Preparation of Ag nanoparticles was made in the
[6]
following way . An aqueous hydrazine solution
(100 mM, 0.5 ml) was added to an aqueous CTAB
solution (1 mM, 20 ml), and the mixture was stirred
for 1 minute at room temperature. To this mixed
solution was added an aqueous AgNO3 solution (50
mM, 0.5 ml), and the mixture was stirred further for
10 min at room temperature to give an Ag
nanoparticle dispersion. Core/shell-type titania
capsules were prepared as follows. An ethanolic
butyl titanate solution (1 mM, 30ml) was added to
the Ag nanoparticle suspension, and the mixture was
vigorously stirred for several minutes at room
temperature to yield a suspension of Ag-titania
composite particles. The Ag/TiO2/HAP particles were
[7, 8]
made as follows
. The HAP was dissolved in
0.2M/L HCl aqueous solution,

FIGURE 1. Structure of the designed photocatalyst in this study

2 APPROACH
2.1. Materials and catalyst preparation
FIGURE 2. Schematic diagram of the whole experiment approach

The chemicals used were silver nitrate (AgNO3,
99.8%) as Ag precursor, hydrazine monohydrate
(N2H4·H2O,
98.0%)
as
reducing
agent,
cetyltrimethyl- ammonium bromide (CTAB) as
protective
agent
for
particles,
butyl
titanate[CH3(CH2)3O]4Ti (95.0%) as titania precursor,

and then the mixture and 0.2M/L NaOH aqueous
solution were added in core/shell-type titania
capsules dispersion system. Finally the products were
centrifugated and sintered in muffle at 550℃ for 2
hours, to make the titania change from amorphous
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state to anatase type. Figure 2 shows the flow chart.

FIGURE 3. X-ray diffraction diagrams of HAP and sintered
Ag/TiO2/HAP.

2.2 Irradiation procedures

It is shown the peak intensity of pre-sintered Ag/TiO2
is about twice as that of the sintered Ag/TiO2. The
peaks at 2θ=38.4, 44.5, 64.7, 77.7 is characteristic
peaks of metal sliver according to PCPDF card
89-3722.

The photodegradation of methylene blue(2mg/L,
30ml) was carried out in photochemical reactors
made from Pyrex glass (cutoff = 290 nm) of 50 ml
capacity containing 30 ml aqueous solution. The
quantity of sample is respectively pure Degussa TiO2
3×10-4g,
Ag/TiO2
6.4×10-4g,
Ag/TiO2/HAP
-4
596×10 g.
The vessels were keeping magnetic stirring and
irradiated with a high pressure mercury lamp (500 W)
in a XPA-7 photocatalytic reactor from
Photochemical Reactor Ltd. (Xujiang, Nanjing,
China) provided with a water-cooling jacket. The
lamp had a bandwidth from 260 to 435 nm. The main
emission wavelength was at 366 nm. The lamp was
immersed in quartz well.

The diagram shown in Figure 3 shows the peaks of
HAP as referenced in the PCPDF card file 89-4405
and Ag/TiO2/HAP. The HAP was prepared under
circumstance same with Ag/TiO2/HAP preparing
progress. The HAP and sintered Ag/TiO2/HAP curves
are not different from each other obviously attributes
to low contents of Ag and TiO2. The quality
proportion Ag:TiO2:HAP is about 9:8:1573. The peak
of Ag/TiO2/HAP is sharper and higher than pure HAP
indicates the crystalline nature of HAP is better after
550℃ sintering of TiO2.
3.2 Scanning electron microscopy studies

3 RESULTS AND DISCUSSION
Fig. 3 shows the Ag particles prepared at 25℃
following the first step.

3.1 X-ray diffraction studies
Figure 2 shows the XRD diagram of pre-sintered and
sintered Ag/TiO2.
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FIGURE 3. Ag particles prepared at 25℃
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FIGURE 2 X-ray diffraction diagrams of pre-sintered Ag/TiO2,
sintered Ag/TiO2.
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As shown in figure 3, Ag nanoparticles were
spherical, and their size was symmetrical about 80
nm. The nanoparticles dispersed well without
agglomeration. The reaction temperature 25℃ is
chosen after a series of temperature-particle size
experiments.
3.3 FTIR studies
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The FTIR spectra of sintered and pre-sintered
Ag/TiO2 are shown in figure 4. The peaks of sintered
Ag/TiO2 appear at the same place with the
pre-sintered Ag/TiO2. The peaks of pre-sintered
Ag/TiO2 at 2920cm-1 and 2850cm-1 are supposed
C-H stretching vibration of –C-(CH2-) n-C- from
CTAB, and they disappeared after 550℃calcination.
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The broad absorption peak between

The particles need further characterization by
TEM,and the particle size should be smaller. The
load experiment of Ag/TiO2/HAP on cotton textile
should be developed to test the protecting
performance.
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FIGURE 4. FTIR spectra of Ag/TiO2 before and after calcinations.

420cm-1 and 800cm-1 is supposed to be Ti-O
stretching vibration of TiO2 [9].

3.3 Photodegradation of the model compound
methylene blue
Figure 5 shows the disappearance of methylene blue
in aqueous suspensions under high pressure mercury
lamp
pure TiO2
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FIGURE 5. Photodegradation of methylene blue.

irradiation in the presence of pure Degussa P25 TiO2,
prepared Ag/TiO2, or prepared Ag/TiO2/HAP
respectively, the photocatalytic activity of
Ag/TiO2/HAP in one time reuse was studied as well.
4 CONCLUSIONS
A new kind of nanophotocatalyst based on the
photocatalytic activity of anatase titania was prepared.
The microstructure and formation of the resulting
samples were investigated by X-ray diffraction
(XRD), scanning electron microscopy (SEM).
Photocatalytic decomposition of methylene blue was
utilized to test the photocatalysis of resulting sample
and the result was compared with that of pure TiO2
and Ag/TiO2 powders. The results indicated that
core/shell Ag/TiO2/HAP was prepared. It was shown
that the samples had a fine phtocatalytic activity.
They can be used for indoor air environmental
purification.
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ABSTRACT
Aqueous solutions containing 20wt% poly (acrylic acid- co- acrylamide) were prepared by solution
copolymerization of acrylic acid, acrylamide and potential crosslinking agent. Considering interpenetration,
entanglement, and interactions of polymer chains and the interaction between the hydrophilic groups of polymer
chains and water, the rheological behaviour of the concentrated solutions was further complicated than dilute
solutions. Rheological studies were performed on a TA Instrument AR 1000 rheometer using parallel plate
geometry. A 20 mm parallel plate with a gap set at 1000 μm was used while a shear rate sweeping from 0.125s-1
to 12.5s-1 in steady shear flow. Relationship of the viscosity average molecular weight of polymer and the
rheological behaviour of the aqueous solutions was observed. The effect of environmental temperature on the
rheological behaviour of the aqueous solutions was also studied. Results show that either the lower viscosity
average molecular weight or higher temperature leads to the lower apparent viscosity and the lower K, n value,
and the greater shear thinning and molecular alignment.
Keywords: poly (acrylic acid- co- acrylamide); rheological behaviour; concentrated aqueous solution
STATEMENT OF PURPOSE/OBJECTIVE
The rheological behaviour depends on a number of
parameters [1], some of which may be controlled to
achieve the desired results within the imposed
constraints; for example, choice of polymer
(chemical species, molecular weight and its
distribution, reactivity, degree of branching,
components of mixtures, etc.), type and amount of
additives (particulate solids, low molecular weight
fluids, etc.), and environmental conditions
(temperature, pressure, fluid surroundings, etc.). If it
were known how the rheological behaviour varied
with these parameters, it would be possible to do a
better job of optimizing the selection or design of the
material and the processes employed in handling it.
INTRODUCTION
Superabsorbents have properties of absorbing
moisture up to several thousand times their original
weight [2]. For the abilities to be converted into a
wide range of textile structures, superabsorbent fibers
are far more suitable for special applications than
superabsorbent powders [3]. With lots of hydrophilic
side groups in the macromolecules, poly (acrylic
acid- co- acrylamide) has been more investigated
than other polymers, either as superabsorbent
powders[4, 5], or as superabsorbent fibers [6,7]. The
rheological behaviour of concentrated poly (acrylic
acid- co- acrylamide) aqueous systems has not been
widely studied but it is of considerable practical
importance because such concentrated solutions will
inevitably be formed during spinning processes. In
this manner, it is intended that insights be gained into
effects of the molecular weights and the rheological
factors on the rheological behaviour of these

concentrated systems observed.
APPROACH
Materials
Acrylic acid (AA) was purified by decompressed
distillation. Acrylamide (AM) was purified by
recrystallization from chloroform. Ammonium
persulphate (APS) was recrystallized from distilled
water. Sodium hydroxide (NaOH), 2-hydroxypropyl
acrylate (HPA) and sodium chloride (NaCl) were
used as purchased.
Preparation of Concentrated Poly (acrylic acidco- acrylamide) Aqueous Solutions
70.17ml 5N AA aqueous solution was neutralized in
the icy water bath by the dropwise addition of
52.63ml 4N NaOH aqueous solution. 6.23g AM and
3.15ml HPA and the neutralized AA solution were
mixed under nitrogen atmosphere in a four-neck
glass flask equipped with mechanical stirrer and gas
inlet, which was placed in the water bath preset at
60℃. Then, a given quantity of the initiator APS
aqueous solution was added dropwise. The
polymerization temperature was maintained in the
region of 60℃ and a high stirrer was maintained so
as to assist the dissolution of polymers. After the
polymer was fully dissolved, the polymer was cooled,
poured into a storage bottle and degassed to remove
any micro bubbles present. 20wt% concentrated poly
(acrylic acid- co- acrylamide) (PAAM) aqueous
solutions were formed.
Rheological Measurements
Steady-state viscosity experiments were performed
on a TA Instrument AR 1000 rheometer using
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parallel plate geometry. Shear dependent behaviour
of the examined systems under steady shear
conditions was evaluated by ascending shear rate
ramps from 0.125 to 12.5s-1. Couples of 20 mm
disposable parallel plates with a gap set at 1000 µm
were used for the 20wt% aqueous solutions.

fitting were less than 20[10]. The flow behaviour
index relates to the shear thinning behaviour where
the lower the n value, the greater is the shear thinning
and molecular alignment. Results show that the lower
viscosity average molecular weight of PAAM, the
lower is the K value, and so do the n value.

RESULTS AND DISCUSSION
Known as the Ostwald-deWaele power law fluid [8],
this mathematical relationship is useful because of its
simplicity, but only approximately describes the
behaviour of a real non-Newtonian fluid. There are a
number of other models that better describe the entire
flow behaviour of shear-dependent fluids, but they do
so at the expense of simplicity, so the power law is
still used to describe fluid behaviour, permit
mathematical predictions, and correlate experimental
data.
When the rheological behaviour of 20wt% aqueous
solutions, tested at 25°C, for three different viscosity
average molecular weight ( M η ) of PAAM ( M η ,

TABLE I. Effect of different viscosity average molecular weight
of PAAM on the rheological parameters of 20wt% PAAM
aqueous solution at 25℃

75,400; 63,700 and 53,300) were graphed against
shear rates on logarithmic plots, as shown in
FIGURE 1.

K
(SI units
Pa•s-n)
2431
3935
4526

Mη
53,300
63,700
75,400

n
(dimensionless)

Standard
deviation

0.1824
0.1844
0.2131

12.5
13.6
13.6

When the apparent viscosity for three different
viscosity average molecular weight ( M η ) of 20wt%
PAAM ( M η , 75,400; 63,700 and 53,300) aqueous
solutions were graphed against shear rates on
logarithmic plots, as shown in FIGURE 2, curves
obtained indicate that increasing on shear rates leads
to lower apparent viscosity, which shows the
characteristic of Pseudoplastic fluid.

4.2
3.9

3.5

lg (ηa / Pa s)

lg (σ w / Pa )

4.0

3.6
3.3
0.0

0.5

1.0

FIGURE 1. lg σ w -lg γ& curves of 20wt% PAAM aqueous solution

It was found that the curves obtained displayed
classical shear thinning and the rheological behaviour
could be characterized by the power law fluid model
[9]:

σw

2.0

0.0

at 25℃ on three different M 75,400(■), 63,700(●), 53,300(▲)
η

In Eq. (1),

2.5

1.5

1.5

lg ( γ / s -1)

σ w = K ⋅ γ& n

3.0

(1)
is the shear stress (SI units Pa), K

is the flow consistency index (SI units Pa•s-n), γ& is
the shear rate or the velocity gradient perpendicular
to the plane of shear (SI unit s−1), and n is the flow
behaviour index (dimensionless).
The flow consistency index (K) and the flow
behaviour index (n) for the concentrated aqueous
solutions are deduced from these flow curves in
FIGURE 1 and are tabulated in TABLE I. The
Ostwald-deWaele power law fluid can describe the
rheological behaviour of 20wt% PAAM aqueous
solutions well, for the standard deviations of curve

0.5

1.0

1.5

lg ( γ / s -1)

FIGURE 2. lg ηa -lg γ& curves of 20wt% PAAM aqueous solution
at 25℃ on three different Mη 75,400(■), 63,700(●), 53,300(▲)

A.K. Lele, et al [11] demonstrated a phenomenological framework of a transient network theory as
the Energetically Crosslinked Transient Network
(ECTN) model in solutions of polar polymers.
Concentrated PAAM aqueous solutions can be
considered as a network at lower shear rates, wherein
the polymer chains are connected through transient
crosslinks which are physical (chain entanglements)
and energetic (H-bonds) in nature. The
shear-thinning phenomena of concentrated PAAM
aqueous solutions are attributed to two reasons: the
microscopic kinetic processes of the formation and
breakage of energetic interactions, and those
involved in chain entanglement- disentanglement
phenomena. Although lower viscosity average
molecular weight of polymer leads to a lower
apparent viscosity and will be convenient for
extruding during the spinning process, the
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mechanical properties of fibers will be brought down
correspondingly. Taken all factors into consideration,
we choose 20wt% PAAM ( M η 75,400) aqueous
solutions as spinning solutions and continue to
discuss the effects of temperatures on the rheological
behaviour of the said solutions.
The rheological behaviours of 20wt% PAAM
( M η 75,400) aqueous solutions, tested at 60, 70, and
80°C, were graphed against shear rates
logarithmic plots, as shown in FIGURE 3.

will be useful to improve spinnability of concentrated
PAAM aqueous solutions. The shear-thinning can be
supposed that the large molecular chains tumble at
random and affect large volumes of fluid under low
shear [12], but that they gradually align themselves
in the direction of increasing shear and produce less
resistance.

on

3.5

lg (ηa / Pa s)

3.0

lg (σw / Pa)

3.0
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2.5
2.0
1.5
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lg ( γ / s
-1.0

-0.5
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0.5
lg ( γ / s -1)

1.0

FIGURE 3. lg σ w -lg γ& curves of 20wt% PAAM ( Mη 75,400)
aqueous solution at various temperatures: 60℃(■), 70℃(●),
80℃(▲)

Fitting these plots in FIGURE 3, the flow
consistency index (K) and the flow behaviour index
(n) were obtained and listed in TABLE II. It is
interesting to note that the same trend is seen in each
case, namely that at low temperatures the indices are
relatively high (indicative of an essentially viscous
system), while at higher temperatures the frequency
dependence is considerably reduced, reflecting the
more elastic nature of the concentrated PAAM
aqueous systems. The k values for 20wt% PAAM
( M η 75,400) aqueous solutions at 80℃ are much
higher compared to concentrated aqueous solution at
25℃indicating a decrease in apparent viscosity.
TABLE II. Effect of environmental temperatures on the
rheological parameters of 20wt% PAAM ( Mη 75,400) aqueous
solutions
Environmental
Temperature
(℃)
60
70
80

K (SI units
Pa•s-n)

n
(dimensionless)

Standard
Deviation

392.1
385.1
284.9

0.3517
0.3514
0.2901

9.412
10.23
11.86

When the apparent viscosity of 20wt% PAAM
( M η 75,400) aqueous solutions, tested at 60, 70, and
80°C, were graphed against shear rates on
logarithmic plots, as shown in FIGURE 4. With
increasing environmental temperature or the shear
rates, the apparent viscosity decreases quickly, and

0.5

1.0

-1

)

FIGURE 4. lg ηa -lg γ& curves of 20wt% PAAM ( Mη 75,400)
aqueous solution at various temperatures: 60℃(■), 70℃(●),
80℃(▲)

CONCLUSIONS
The concentrated aqueous solution behaves as a
shear-thinning power law fluid. Relationship of the
viscosity average molecular weight of polymer and
the rheological behaviour of the aqueous solutions
was observed. The effect of environmental
temperature on the rheological behaviour of the
aqueous solutions was also studied. Results show that
either the lower viscosity average molecular weight
or higher temperature leads to the lower apparent
viscosity and the lower K, n value, and the greater
shear thinning effect and molecular alignment.
Clearly, more work is required in order to clarify the
precise mechanisms involved, but it is nevertheless
of use to highlight the possibility of this spinning
process occurring in a practical environment.
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STATEMENT OF PURPOSE/OBJECTIVE
In the recent years, due to the increasingly use of
solutions of fluorocarbons and freon, the
ozonosphere of the atmosphere of the earth has been
severely destroyed so that the amount of the UV that
reaches the surface of the earth has been keeping
increasing, which is more and more seriously
affecting the health of the human beings. It is
estimated by some experts that by the end of the 21st
century, the incidence of dermatosis will be the first
one among all kinds of the diseases and will be the
biggest enemy that threatens peoples’ health. Cotton
fabric, which is used to make clothes worn in
summer, appeals to people for its characteristics of
being
hygroscopic,
ventilative,
anti-static,
comfortable. As a matter of fact, its ability to
resisting UV is relatively poor and is one kiang of the
material that UV radiation can most easily go
through. Therefore, we should waste no time in
exploring some methods to make effective UV
Shield finishing for the cotton fabric.
INTRODUCTION
Because the existing commonly used organic UV
absorbents more or less have toxicity and irritant
effect, they are limited to further popularization and
application. Compared with them, nanometer new
type inorganic UV shield agent not only has no side
or toxic effect on people but also is a broad-spectrum
shield agent which has higher chemical stability, heat
stability and has a broader study-perspective.
However, inorganic UV shield agent does not
dissolve in water and to the natural fabrics like cotton
lacks affinity, it is necessary theta before using it we
should first change it into relatively stable roughdispersoid: emulsion or suspended body, and then
transfer the UV shield agent to the fabric by way of
dip roll.
APPROACH
Nano-powder TiO2 and ZnO possess excellent antiUltraviolet (UV) performance in UVB(280~320nm)
and UVA (320~400nm) respectively, so that their use
in UV resistance finishing is worth researching. To
obtain better anti-UV performance in both UVB and
UVA, a new approach using mixed nano-powder
TiO2 and ZnO is presented.
Materials
Nano-powders TiO2 and ZnO are supplied by Mingri
Nano Material Company in Zhoushan, Zhejiang. And
the dispersant Na Polycarboxylate,

a kind of high-efficiency water-soluble anion
polyelectrolyte, is supplied by the Shanghai
Chemical Reagent Ltd. Distilled water is selected as
dispersed phase
Experiments
Determination of ultrasonic time
The CPS-l Probe Ultrasonic Grinder with 40w out
power is used to disperse nano powders. In order to
get the correct time for dispersing six samples of 1%
mass percent TiO2 (or ZnO) suspended liquid were
dispersed separately from l min to 15mins with 50%
ultrasonic efficiency. Then they were settled in the
volumetric cylinder and recorded the volume
percentage of supernatant layer after 2 hours.
Adjustment of PH value
PH value of 10 TiO2 (or ZnO) samples with 1% mass
percent were adjusted by HCl or NaOH from 1 to 10.
After 10 mins ultrasonic dispersion the samples were
settled for 0.5 hours and ξ potential value was tested
by JS94B cataphoresis apparatus made in China.
Concentration of dispersion
Four kinds of Na polycarboxylate solutions with
0.05%, 0.1%, 0.2% and 05% mass percent
respectively corresponding to 9~10 PH value were
confected. Added 2% TiO2 and ZnO (correspond
to water weight), the samples were oscillated for 10
mins then the settling test was done.
Distribution of the nano powder
Size distribution of powder in suspended liquid was
tested with Zetasizer 3000HS Laser Size Analysis
Apparatus of Britain Malvern Company.
The anti-UV properties of the nano-powder
suspended liquid
In order to examine the anti-UV performance of the
suspended liquid of nanometer powder, simple diproll finishing were implemented to the pure cotton
pile fabric. The anti-UV property of the fabrics was
tested using UV-1000F UV-absorbance detector
made in USA LabsPhere Company.
The optimal formula of the mixed powder
In order to obtain better anti-UV effect both on UVA
and UVB area using the transmittance of UVA and
UVB as the index to make 3 factors and 3 levels
orthogonal experiments to determine the best
combining formula. The main factor is the mixing
ratio of TiO2 and ZnO powders (mass percent
remaining 2%). Other two actors are the dispersant
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dosage which makes an important effort to the
stability of mixed powders suspended liquid and PH
value of soliquoid. The optimal formula is as
followed: the mixing ratio of TiO2:ZnO 80:20,the
dosage of dispersant 0.15% correspond to water
weight and PH value 9.

TiO2 without dispersants
ZnO without dispersants

40

TiO2 with dispersants
ZnO with dispersants

ξ/mV

20
0
1

-20

3

4

pH

5

6

7

8

9
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-60

FIGURE 2. The relationships of ξ potential value and PH value in
suspended liquid without and with dispersants

The effect of the dosage of dispersant
Fig.3 presents that the dosage of dispersant have its
optimum value in certain range under definite
powder content. More or less will lead to coflocculation of powder particles and make stability of
the dispersion system less.
3

TiO2
ZnO

2
1
0
0

0.1

0.2

0.3

0.4
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dispersants dosage（％）
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FIGURE 3. The effect of dispersant dosage
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FIGURE 1. The effect of ultrasonic time to suspended liquid

The effect of PH value to stability dispersion
As can be seen from the flg.2, the isoelectric
point of TiO2 dropped to 2.7 and ZnO to 6.8.This
accounts for the fact that carboxylate anion R-COO
ion which is ionized by Na polycarboxylate h water
is easy to be adsorbed to the oxide surface. The
adsorption results in increasing negative charge in
the surface of powders and decreasing ξ potential
value. The decline of isoelectric point not only
broaden the range of PH va1ue in alkalinous TiO2
dispersant to obtain higher ξ potential value, but also
make ZnO suspended liquid acquiring higher ξ
potential value when PH value is more than 8. It is
important that the common rang of both dispersion
stability PH value were obtained, in which two
powders have uniform charged polarity, highest ξ
potential value, best dispersion stability while
avoiding hetero coagulation caused by the reverse
electrical property.
The change of suspended liquid's PH value unfolds
the polymer chain and form chain end adsorption.
Having electrostatic steric effect within a large
compass, thick adsorbent layer make dispersion best.

Anti-UV property of single powder1iquid
Fig.4 shows that the UV percentage transmission
drops sharply for cotton fabrics treated by UV
resistance finishing. The results indicate that the
suspended liquid obtained has excellent anti-UV
property, and when the wave length is within
350nm,the UV percentage transmission of TiO2 is
lower; while from 350nm to 400nm,ZnO possesses
excellent anti-UV property comparing with TiO2.
T iO 2
ZnO
u n fin ish e d

30

25

Transmittance( %)

Supematant layer(%)

2

-40

pure liquid layer/m

RESULTS AND DISCUSSION
The effect of ultrasonic time to single suspended
liquid
It can be seen from Fig.1 that it is vital to select
appropriate ultrasonic time. Although the water
affinities of two kinds powder are different and the
dispersing situation in water exist diversity. The
effect of ultrasonic time towards the suspended liquid
is almost same. To lengthen the ultrasonic time
properly can improve coacervation of powder
efficiently. The percentage supernatant layer's
volume to tota1 volume decrease. After certain
ultrasonic dispersion time, the volume percent tends
to stability, which suggests that too long ultrasonic
time is little effect to improve dispersing. The best
ultrasonic time is about 10 mins.
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W a ve le n g th( n m )

FIGURE 4.Percentage UV transmission before and after treated

Anti-UV property of optimal formula suspended
liquid
Test result shows that the particle diameter
distribution of mixed nano-powders TiO2and ZnO in
optimal formula suspended liquid mainly focus on
the range from 50 to 200, and mean diameter is
88nm,and the percentage transmission of UVA and
UVB of cotton fabric treated with the liquid is 2.42%
and 1.38% respectively, which indicate that
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suspended liquid by mixed nano-powders TiO2 and
ZnO possess exce1lent anti-UV property both in
UVA and UVB wave band ranges.
CONCLUSIONS
The Na polycarboxylate will make the mixed TiO2
and ZnO nano-powders stable and dispersion in the
suspended liquid. According to the percentage
transmission of UVA and UVB, this paper has
obtained the optimal formula for the mixed liquid
through the orthogonal experiments on mixing ratio,
dispersants dosage and PH value. The UVA and
UVB percentage transmission of cotton fabric treated
is 2.42%and 1.38%respectively using optimal
formula, which indicate that the treated cotton fabric
by the mixed liquid possesses much better anti-UV
performance than those treated by single liquid.
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ABSTRACT
Poly-lactic acid(PLA) fiber treated by chitosan solution was investigated in the paper．Nano-particles of Chitosan
used in present work were formed via ionotropic gelation method. The structures and properties of PLA fibers
treated by different types of chitosan were tested and analyzed. It can be observed from SEM that the surface of
PLA fibers was attached by the chitosan particles under some treatment technology. Some other changes of the
fibers in morphology and aggregation structure were also observed from SEM, FTIR spectra and DSC. The increase
of fibers’ moisture regain proves that Nano-particles of Chitosan can improve the moisture absorption of PLA. It is
also shown that the breaking strength keeps stable after chitosan and chitosan nano-particles treatment, but decreases
after crosslink reaction. The flexibility and spring distortion increase after crosslink reaction treatment．And the
reasons for thermal properties and mechanical properties of treated fibers were analyzed briefly.
Keyword: Poly-lactic acid (PLA); Chitosan; Structure; Property
1 INTRODUCTION
Chitosan(CS) is derived from chitin, a natural abundant
substance found in the exoskeletons of insects, shells of
crustaceans, and fungal cell walls, and normally used
as a natural environmental friendly finishing agent. It
can make the treated fabric promote the fullness,
moisture retention capacity, sweat uptake, high
elasticity, comfort, as well as improve the crease
resistance, dyeability, antibacterial property, because of
its physiological activity.
Poly-lactic acids and their copolymers have attracted
much attention in medical and pharmaceutical
applications owing to their biodegradability and
bioenvironmental compatibility. However, their clinical
applications are sometimes limited due to the high
hydrophobic and consequent poor water holding-up,
which in turn resulting in a slow hydrolytic degradation
rate.
In this paper, the PLA fibers were treated by chitosan,
chitosan nano-particles and the cross-linking chitosan.
And then the structures and properties of the poly-lactic
acid fibers treated by chitosan solutions were tested and
analyzed, in hope of providing theoretical data for
developing a new type of poly-lactic acid material.
2 EXPERIMENTAL MATERIALS AND
METHODS
2.1 Materials
The PLA fibers (fineness=3.53tex) was from a
company of Japan.

The chitosan (DAC Degree=92.3%), practical grade
from crab shells, was purchased from Xianju
Tengwang Chitosan Factory (China).
Glutaraldehyde (GA; 25% content in water) was
obtained from Shanghai Chemical Industry (China) and
used for the crosslink.
Acetic acid solution, Sodium tripolyphosphate (TPP),
Span-8, Hydrogen peroxide were also obtained from
Shanghai Chemical Industry (China).
All reagents were of analytical grade and used without
any further purification. Pure water was used as solvent
of feed solutions.
2.2 Preparation of chitosan solution
Chitosan was dissolved in 2 wt% aqueous acetic acid
solution and the concentration was adjusted to 3 wt%.
The solution was quadrisectd. One of quadrisection
was flush mixed with TPP and the formation of
chitosan-TPP nano-particles started spontaneously via
the TPP initiated ionic crosslink and coacervation
mechanism. The nano-particles were formed. The
nano-particles suspensions were gently stirred for 60
min at temperature 20±2℃ [2], and then were used to
treat the PLA fibers as nano-chitosan (NCS). The other
two of quadrisection were added with different volume
glutaraldehyde, marked as CSW1 and CSW2
respectively. The last part of the quadrisection had no
treatments, was marked as CS.
2.3 Treatment technology of PLA fibers
The treatment technology is as follows:
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Double soak and pressure(surplus rate 80%)→Predrying(80℃,5min)→Baking(120℃,30min)→Immersin
g in deionized water(24h)→ Washing→ Drying [4]
Untreated fibers (pure PLA) and the fibers treated by 2
wt% aqueous acetic acid solution (AAS) were used to
do comparative experiments with the fibers treated by
the above four types solutions.
2.4 Scanning electron microscopy (SEM)
SEM images of the different fibers were obtained by
using a scanning electronic microscope.

attached. This is because the chitosan, carrying positive
charge, can be attached to the surface of the fibers, 安
and then forms a layer of elastic film on the surface of
the fibers by socking, rolling and drying. After treated
by chitosan, the hand-feeling of fibers is harder than
that of untreated fibers. But when washed by water,
with the chitosan reduced, the fibers reduce their
hardness, too. During the washing process, parts of the
chitosan elastic film were washed out due to the weak
combining structure with the fibers.

a

2.5 Weight gain ratio
Test method: weight the samples before preprocess (G0)
and after preprocess (G1) by using an electronic
balance (FA2004A). The weight gain ratio is defined as:

ratio = G1

− G0

G

× 100%

(1)

0

2.6 Moisture regain ratio
The samples were laid for a period of time at the
standard environment (20℃, RH=65%). The weights
of the samples G0 and G1 were tested before and after
drying them. The moisture regain ratio was calculated
as follow:

ratio =

b

G0 − G1
G

× 100%

(2)

1

2.7 Fourier transforms infrared spectra (FTIR)
The infrared spectra were used to characterize the
samples. Each spectrum of the samples was acquired
by accumulation of 256 scans with a resolution of 4
cm-1.

FIGURE.1.SEM image of the fibers: (a) The fiber untreated, (b) The
fiber treated by chitosan

3.2 Weight gain rate
The weight gain rate can reflect the binding capacity of
the chitosan and PLA. Weight gain rate of every
sample was shown in Figure.2. From the figure, weight
gain rate of the CSW1 has the max value. The value
increases with the attached chitosan increaseing. The
quantity of attached chitosan is influenced by the
lacunas of the fibers, the size of particles and washing
resistance.

2.8 Thermal properties (DSC)
Thermal properties were measured with the Thermal
Analysis Instrument at a heating/ cooling rate of
20℃/min on injected samples. And the testing range is
from 30℃ to 250℃.
2.9 Mechanical properties
Mechanical properties were determined from tension
tests. The static tensile experiments were performed on
the LLY-06E single fiber strength testing apparatus.
Samples were clamped between grips and then force
and deformation were recorded during extension at
20 mm/min, with an initial distance between the grips
of 20 mm.

FIGURE.2. Weight gain rate of the fibers

3.3 Moisture regain rate

3. RESULT AND DISCUSSION
3.1 Scanning electron microscopy (SEM)
From the images, the surface of the treated fiber
samples is smooth, except a few air bubbles
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a
b
c

FIGURE.3. Moisture regain rate of the fibers

Figure.3. shows the moisture regain rates of the fibers.
The pure PLA is 0.97%. After treated by the solvents,
the moisture absorption changed differently. The
moisture regain of the fibers treated by NCS reduced a
little, the fibers treated by CSW1 were the best, and
then CSW4. This may be caused by the crosslink
reaction. The improved moisture absorption can
enhance the antistatic property of the fibers
significantly.
3.4 FTIR spectra

FIGURE.5. FTIR of the fibers: (a) pure PLA, (b) PLA treated by
CSW1, (c) PLA treated by CS.

Comparing FTIR spectra of the samples, the strong
peaks ranged from 800 to 2000 cm−1 are different.
To chitosan, the peaks range from 3000 to 3700cm−1,
indicating the conversion of –OH group into acetal
linkage and representing saccharine structure.
Additionally, the PLA treated by chitosan doesn’t have
stronger peak changes. After treated by the solutions,
the fiber’ FTIR has no great change. The solutions
mainly attached to the surface of the fibers, no new
groups formed. From Figure.5, all of the peaks of the
fibers treated by CSW1 were enhanced, when the peaks
of the fibers were treated by NCS. CSW4 were
enhanced at 2240cm-1.
3.5 Mechanical properties
TABLE Ⅰ The breaking strength and elongation of the fibers

FIGURE.4. FTIR of the PLA fibers and chitosan: (a) chitosan, (b)
the PLA fibers

Breaking
Strength
Breaking
Elongation

PLA
10.716

CS
10.483

6.138

8.234

AAS
11.12
6
9.224

CSW1
8.017

CSW4
7.941

8.227

8.192

NCS
11.30
2
8.747

Table Ⅰ summarizes the results of the tensile
experiments. Chitosan induces stabilization of the
stress and strain at break, whereas pure PLA exhibits a
decrease of these values. From the result, the tension
and the elongation at break of the sample treated by
NCS is the best one. The breaking strength of fibers
treated by CSW1 and CSW4 reduces a lot. The
breaking elongation of all samples was improved. The
crosslink reaction makes the chain segment
arrangement of the chitosan more closely and orderly.
The filming of the chitosan reduces the breaking
strength of fibers, because Van der Waals force
influences the mechanical properties. Improved
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strength can avoid the thermo-mechanical degradation
of PLA fibers.
TABLE Ⅱ The initial modulus of the fibers

initial
modulus

PLA

CS

AAS

CSW1

CSW4

NCS

0.427

1.342

1.36

0.194

0.22

1.327

Table Ⅱ shows the different initial modulus of PLA
fibers, which were treated by AAS, CS, CSW1, CSW4
and NCS. Except fibers treated by CSW1, CSW4, the
initial modulus of other treated samples increase stably.
That shows the cross-linking chitosan treated the PLA
in stripping erosion, made the internal structure relaxed,
thus the better flexibility. But the other treatment
mainly caused infiltration adsorption, strengthened the
internal combination, and increased the stiffness of
the PLA fibers.
3.6 Thermal properties (DSC)
Thermal properties were measured at a heating/cooling
rate of 20℃/min on injected samples. Figure.6. shows
the DSC thermograms of the fibers. The endothermic
peak is at around 150℃, corresponding to the
dehydration of the fibers, appeares in all samples. The
main endothermic peaks are respectively 150.633
152.059 149.7 147.86 150.080(PLA, the fibers treated
by CS CSW1, CSW4, NCS). The fibers have no great
thermal changes. It shows that the peeling and
permeation of the chitosan is helpful to improve
thermal stability. Most fibers have the similar curve
characteristics except the fibers treated by CSW1 and
CSW4. From the DSC of the CSW1, there are small
peaks from 128℃ to 145℃, caused by the crosslinking
agent. CSW4 has also the same changes, but not
apparently.

FIGURE.6. The DSC of the fibers

4 CONCLUSIONS
The structures and mechanical, thermal properties of
PLA fibers, which were treated by chitosan solutions,
were studied in this paper. The effect of crosslink
reaction on PLA properties was proposed. The results
led to the following conclusions:
(1)The surface of fibers was attached by chitosan
particles significantly after seeing from the SEM
images of the fibers. The chitosan-treated fibers have
decreased micropores and increased certain
comfortable handing.
(2) From the FTIR and DSC, the structure of the PLA
doesn’t change a lot. That means the chitosan and its
derivatives were adsorbed only on the surface of the
fibers.
(3) The breaking strength and initial modulus of PLA
fibers changed according to the used treating solutions
of chitosan and its derivatives. The values of PLA
treated by CSW1 and CSW4 decreased, but increased
while treated by other solutions. Crosslink reaction
influences the mechanical properties of the PLA fibers,
and make the initial modulus reduced, but the
flexibility increased.
Finally, to meet the application need, antibacterial
property and biodegradation of the treated PLA fibers
will be studied in our future work.
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ABSTRACT
Raman spectroscopy has been used as a tool to monitor the micro-deformation of carbon fiber during
carbonization in this paper. Three samples, namely PAN-based pre-oxidized fiber (OC), low
temperature (800℃) heat-treated fibers (LC) and high temperature (1500℃) carbonized fibers (HC)
were investigated by Raman and XRD respectively. Raman spectra of the heat-treated fibers can be
separated as three bands (D, G and D′). The degree of disorder of the fibers can be measured by Raman
spectra parameter, such as the integrated intensity ratio in the form of R (ID/ IG) and ID/(ID+IG).In the
end, the tests revealed the disorder of the structure of the fiber at high-temperature carbonization still
holds 47.7% and the values of R decrease with the temperature increasing. In addition，through
studies of the crystallization and the orientation of carbon fiber by XRD, we find crystal size parameter
(La) and crystal thickness parameter (Lc) increase with the temperature increasing.
Keywords: Carbon fiber; Carbonization; Raman spectroscopy; X-ray diffraction
crystallite size effect and is more generally

1 INTRODUCTION
Raman

spectroscopy

has

been

a

major

attributed to a disordered carbon mode. The G

experimental technique to determine information

mode of graphite at about 1581–1585 cm-1 has

about the microstructure of various carbon

E2g symmetry and is related to the relative

materials. Tuinstra and Koenig first reported an

motion of sp2 bonded carbon atoms[2,6]. The D

empirical relationship between the crystallite

to G band intensity ratios are thus parameters to

size La obtained from X-ray diffraction (XRD)

quantify the degree of disorder in this type of

and the intensity ratio of the two major Raman

material.

bands in disordered non-graphitic carbons[1].

For XRD data of PAN-based carbons, the use of

Since then, innumerable studies on carbons

the Scherrer equation is the classical way to

using Raman spectroscopy were reported and

estimate the size of the crystallites La and crystal

several authors applied both XRD and Raman

thickness parameter (Lc)from the width of the hk

spectroscopy as complementary methods. With a

layer lines[3]. The X-ray diffraction traces

planar structure of graphite-carbon materials in

obtained with the bundles in the plane were used

general have two very strong bonds of Raman

to calculate the d002 [4], orientation and

spectra. The Raman spectrum of the first-order

crystallinity.

region (1000–1800cm-1) of the materials tested

In the present study, PAN-based carbon fibers

generally showed two main prominent peaks[2].

are

-1

The 1352–1355 cm

(D band) attributed to the

A1g mode, is rendered Raman active by a small

investigated

by

XRD

and

Raman

spectroscopy. Particular emphasis is put on the
data evaluation to obtain La and the Raman D/G
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intensity

ratio

estimating

the

structural

gradually, and G peak increases gradually. If we
use ID and IG indicate the intensity of D and peak

parameters.

(R= ID/ IG) respectively, we find the values of R
2

and ID /(ID+IG) ratio decrease gradually. Indeed,

APPROACH
a

the values of 1/R have been postulated to be

Renishaw2000 and the monochromatic light

indicative of the degree of graphitization of

source was an Ar+ laser (514.5 nm). The laser

well-ordered carbon materials [5,6] and the ID

beam, polarized parallel to the fibers axis, was

/(ID+IG) ratio will be adopted as a reference

focused on the samples with the 50× objective

dis-order parameter[3]. Although the value of

onto a spot (1–2) um in diameter.

ID/(ID+IG) of HC still holds 47.7%, the values of

Wide-angle X-ray diffraction (WAXD) traces

R and ID /(ID+IG) （listed in table 1）decrease

were obtained from bundles of parallel fibers

gradually

using nickel filtered Cu/Ka radiation, with a

indicating the improvement of well-ordered

wavelength of 0.154 nm. Measurements were

structure. From Table 1 by comparing LC and

taken with the fiber bundles oriented in three

HC, we can see that wave number is increasing

different directions relative to the plane of the

with increasing temperature, whether D or G

diffractmeter[5].

peak, which may indicate that the temperature

The

Raman

spectrometer

used

was

with the temperature increasing,

will take the impaction of changes of wave
3

number.

RESULTS AND DISCUSSION

3.1 RAMAN ANALYSIS
OC

Fig. 1 shows the Raman spectra of pre-oxidized
fiber (OC), low temperature (800℃) heat-treated
fibers (LC) and high temperature (1500℃)

1000

1500

2000

2500

3000
LC

1000

1500

2000

2500

3000
HC

1000

1500

2000

2500

3000

carbonized fibers (HC). All curves exhibit two
relatively broad Raman bands at about 1360 and
1600cm-1 corresponding to the D and G bands,
respectively. The presence of the D band in
carbon

materials

has

been

traditionally

associated to the existence of defects. In the

Raman shift/cm-1

perfect graphite crystal, the Raman spectrum of
which exhibits only the G band. It seems

Fig. 1 Raman spectra of the PAN-based carbon

obvious then that a relationship between both D

fibers

and G band intensities should indicate the degree
of structural order with respect to a perfect
graphitic structure. From Fig 1 we can also see
that the relative intensity of D peak weakens
TABLE. 1Raman parameters of three samples(Positions (v) 、widths (W) )
Samples

v(D) (cm-1)

v (G)(cm-1)

W(D)(cm-1)

W(G)(cm-1)

R (ID/ IG)

ID/(ID+IG)(%)

OC

1377.21

1597.89

57.94

96.48

2.38

0.705

LC

1351.04

1593.68

6.24

3.89

1.05

0.513

HC

1362.16

1606.94

5.11

4.16

0.91

0.477

3.2 Crystal structure by XRD
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From Fig.2 and Fig.3, two main peaks can be

indication of the presence of certain amount of

seen appearing at approximately 2θ=26.2° and

disorder in the LC fiber structure (turbostratic

2θ=43.0° respectively [7]. These two peaks are

layer structure), which is consistent with the

corresponded to the (002) and (100) reflections

results reflected by Raman, according to XRD

of the Pseudo-graphitic structure, respectively.

spectra, the parameters are listed in table 2.

In the regions corresponding to the (002)

The X-ray diffraction patterns corresponding to

reflection (Fig. 2) are used to be improved the

the vertical bundle arrangement also exhibit

accuracy of d002 and Lc data calculation. From

significant

Fig. 2, some information can be got in the paper.

parameters of the (100) peak (band width at half

For instant, diffraction peaks at 2θ=26° become

intensity and peak maximum) were used to

sharper as the temperature increasing with

calculate the crystal size parameter La [8]

diffraction peak at 2θ=16.7° only existing in

according to Scherrer formula [9]

pre-oxidation fibers. This shows that the

L = k λ / β cos θ

structure of pre-oxidized fibers has not been

information

from

Fig.3.

The

(1)

completely transformed to that of carbon fibers.

Where β is the full width at half maximum of the

It means that some PAN precursor structures are

diffraction peak and λ is wavelength. As a

partly conserved. Through carbonization, d002

constant, K = 1.84 when we calculate La and K

decreases from 0.369 nm (for LC) to the 0.353

=1when we calculate Lc.

nm (for HC), implying the crystal planes stack

For XRD data of disordered carbons, the use of

closer. After carbonization at high temperatures,

the Scherrer equation is the classical way to

microcrystalline contains 4-5 graphite layers

estimate the size of the crystallites La from the

according to the Lc and d002. The (002) peak of

width of the hk layer lines. Normally, La

HC carbon fiber is well defined when compared

increases

to the LC fiber reflection which is broader and

temperature[10].

continuously

with

increasing

of

shows an appreciable asymmetry. This is an
TABLE .2

XRD parameters of pre-oxidation、 low and high temperature carbonized fibers

Samples

Orientation (%)

Crystallinity(%)

d002(nm)

Lc（nm）

La（nm）

OC

75.8

36.85

0.369

——

——

LC

76.1

37.11

0.358

1.13

4.20

HC

75.6

33.31

0.353

1.51

4.51
OC

OC

0
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0

LC

0

10

20

30

40

50

60

HC

0

10

20
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Two-Theta

10

20

0

10

20

0

10

20
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40
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LC

30

40

50

60
HC

30

40

50

60

Two-Theta

Fig.2 XRD pattern showing the (002) peaks of

Fig.3 XRD pattern showing the (100) peaks of

three heat-treated fibers

three heat-treated fibers
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4 CONCLUSIONS

pre-oxidized

The pre-oxidized, low-temperature heat-treated

Carbon Materials. 2008;23:No. 2Jun.

and high temperature carbonized PAN-based

[9] InagakiM. Texture in carbon materials.

fibers were investigated by Raman and XRD.

New Carbon Materials. 1999;14(2):1213.

The results show that the crystal structure

[10] Iwashita N PC, Fujimoto H, Shiraishi M,

becomes more orderly and the crystal planes

Inagaki

stack closer after high temperature carbonization

procedure of X-ray diffraction measurements on

and the Raman is very usefully tool to analysis

carbon materials. Carbon. 2004;42:701-14.

microstructure of the carbon fiber.
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ABSTRACT
We report a facile approach to synthesizing fully
dispersed, reactive zero-valent iron nanoparticles
(ZVI NPs). In this process, electrospun polyacrylic
acid (PAA)/polyvinyl alcohol (PVA) hybrid
nanofibers with excellent water stability were
prepared and used as a nanoreactor to complex Fe(II)
ions through the free carboxyl groups of PAA,
followed by an in situ reducing reaction with sodium
borohydride to form composite nanofibers containing
ZVI NPs. The composite nanofibrous mats
INTRODUCTION
Recently, zero-valent iron nanoparticles (ZVI NPs)
have received immense scientific and technological
interest because of their intense applications in
environmental remediation. A large number of
research work demonstrates that the expanding list of
contaminants
including
chlorinated
organic
contaminants,[1, 2] noble metal cations,[3, 4] biosolids,[5]
dyes, [6, 7] and nuclear waste[8] etc. can be rapidly
reduced by ZVI NPs and their nano-bimetallic
system.[9-13]
To date, the ZVI NPs used for environmental
remediation are commonly synthesized by reducing
iron salts (Fe2+ or Fe3+) with strong reducing agent
such as sodium borohydride.[1] However, ZVI NPs
thus produced exhibit strong tendency of
agglomeration and rapid sedimentation during the
process of contaminants degradation and their
transport in aquatic environment, resulting in a lower
reactivity, thus decreasing their capability of
contaminants removal.[14, 15]
In order to mitigate the agglomeration of ZVI NPs
and thus improve their transport and delivery
capacity through porous media, some promising
synthetic methods are being developed to produce
more dispersive and stable ZVI NPs without
significantly sacrificing their surface reactivity. For
instance, Sun et al[16] synthesized a class of stable
dispersive ZVI NPs using surfactant poly(vinyl
alcohol-co-vinyl acetate-co-itaconic acid) (PV3A) as
a dispersant. The resulted particles were pretty stable
for over six months. Lowry and coworkers[17]
developed a novel method to synthesize a polymeric
targeted reactive nanoiron system for remediation of
chlorinated contaminatants. The designed triblock
copolymer coated onto the ZVI NPs significantly
improved the colloidal stability of the particles.

containing ZVI NPs with a diameter of 1.6 nm were
completely characterized by scanning electron
microscopy, energy dispersive spectroscopy, Fourier
transform infrared spectroscopy, and transmission
electron microscopy. The composite nanofibers thus
produced could be used as a filter material for
wastewater treatment.
Keywords:
zero-valent
iron
nanoparticles,
characterization, electrospining, nanofibers
Mallouk’s group[18] has successfully immobilized ZVI
NPs (10-30 nm in diameter) on a nonporous,
hydrophobic polymer resin support, which features a
high reactivity to the aqueous noble metal
contaminants.
Recently, the tunable synthesis and immobilization
of ZVI NPs into polymer multilayers assembled via a
layer-by-layer (LbL) approach was developed in our
previous work.[19] In this approach, the carboxyl
groups of PAA in the PAA/polyallylamine
hydrochloride (PAH) multilayers constructed onto a
supportive surface were used as a nanoreactor for the
in situ formation of ZVI NPs. The synthesized ZVI
NPs could be used for the remediation of
trichloroethylene. It appears that developing a
supportive material containing ZVI NPs is beneficial
to significantly improve the recyclability and the
longevity of the NPs, thereby avoiding the potential
second-time contamination during the remediation
process. As such, we hypothesize that immobilizing
ZVI NPs onto a continuous medium with high
surface area-to-volume ratio and porosity could yield
a novel alternative material desirable for
environmental applications.
Electrospinning is an emerging technology to
produce various polymeric nanofibers and fiberbased organic/inorganic hybrid nanostructured
materials.[20] For example, Zhang et al [21] fabricated
ultra-fine polyimide fibers containing silver NPs via
an in situ thermal curing of silver ion-containing
nanofibers. Using the electrospinnig technique,
Ding[22] and Hong [23] were able to prepare titania
nanofibrous mats using a LbL assembly method and
a sol-gel process, respectively. In addition,
continuous conductive gold nanowires were simply
obtained by Pol et al. [6] through sintering the as-spun
Au
precursor
(HAuCl4)-containing
polymer
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nanofibers. To our knowledge, there is no reported
literature describing the use of electrospining mats as
stabilizers to synthesize and immobilize ZVI NPs for
environmental applications.

4 Fe3+ + 3BH 4− + 9 H 2O ⎯⎯
→ 4 Fe0 ↓ +3H 2 BO3− + 12 H + + 6 H 2 ↑

(1)

Characterization. Morphologies of the electrospun
nanofibrous mats were observed through an SEM
(JSM-5600LV, JEOL Ltd., Japan) with an operating
voltage of 10 kV. The elemental composition of the
samples was analyzed by an EDS detector (IE 300X,
Oxford, U.K.). In order to determine the distribution
of iron particles in the nanofibers, the composite
nanofibrous mats containing ZVI NPs were
embedded in epoxy resin and sectioned with a
thickness of 70 nm using an ultramicrotome
equipped with a diamond knife. TEM was performed
using a JEM2100 transmission electron microscope
(JEOL Ltd., Japan) with an operating voltage of 200
kV. TGA was carried out using a TG 209 F1
instrument (NETZSCH Instruments Co., Ltd.,
Germany) with a heating rate of 10 oC /min at the
temperature range of 30-900 oC. FTIR spectra were
recorded using a Nicolet 5700 FTIR spectrometer
(Thermo Nicolet Corporation, US) at a wavenumber
range of 4000-500 cm-1 at room temperature.

In this present study, electrospinning technology was
introduced to produce PAA/PVA hybrid nanofibers
with excellent water stability, which was used as a
nanoreactor to complex Fe(II) ions through the free
carboxyl groups of PAA, followed by an in situ
reducing reaction with sodium borohydride to form
composite nanofibers containing ZVI NPs. The
composite nanofibrous mats were completely
characterized by scanning electron microscopy
(SEM), energy dispersive spectroscopy (EDS),
Fourier transform infrared spectroscopy (FTIR),
transmission electron microscopy (TEM), and
thermogravimetric analysis (TGA).
EXPERIMENTAL
Materials. Poly(acrylic acid) (PAA, average
Ww=240,000, 25% in water) was obtained from
Aldrich Chemical Company. Poly(vinyl alcohol)
(PVA, 88% hydrolyzed, average M.W. 88000) and
sodium borohydride (NaBH4) were supplied by J&K
Chemical. FeCl3.6H2O (ACS reagent grade) was
purchased from Sinopharm Chemicial Reagent Co.,
Ltd. Distilled deionized water was used exclusively
in all solution preparations and rinsing procedures.

RESULTS AND DISCUSSION
PAA/PVA
nanofibers
were
produced
by
electrospinning from the blend solution of PAA and
PVA under the applied voltage (16.6 kV) and
collection distance (25 cm). Because the excellent
water solubility of PAA and PVA, the produced
PAA/PVA nanofibers are able to be dissolved in
water immediately, this is impossible for their use as
a filter material for wastewater treatment. In order to
retain porous nanofibrous mat structure in water, we
attempted to treat nanofirous mats at 145 oC for 30
min via a heat-introduced crosslinking reaction, the
mats thus obtained became insoluble in water and
nanofibrous structure was retained even after
immersion in water for a week. The water insoluble
PAA/PVA nanofibrous mats were then used as a
nanoreactor to complex ferric cations through the
free carboxyl groups of PAA, followed by an in situ
reducing reaction with sodium borohydride to form
ZVI NPs. SEM, TEM, EDS, FTIR spectrometry, and
TGA were used to characterize the composite
nanofirous mats.

Synthesis of ZVI NPs/nanofibrous mats. PVA
solution was prepared by gently stirring with a
magnetic bar at 80 oC for 3 h, and then cooled down
to the room temperature. PVA and PAA aqueous
solution were mixed to achieve a constant 10 wt%
polymer concentration at a mass ratio of 1:1. The
mixed solution was stirred for 30 min before use in
order to make the solution homogenous. The freshly
prepared PAA/PVA mixture solution (15 mL) was
loaded into a syringe and the flow rate was set at 0.5
mL/h through a syringe pump. The distance of tip-tocollector was 25 cm, and the electrospinning voltage
was kept at 16.6 kV.
Freshly prepared PAA/PVA nanofibrous mats were
rendered water insoluble through heat-induced
crosslinking at 145 oC for 30 min. The waterinsoluble PAA/PVA fiber mats were then immersed
into ferric trichloride solution (0.18 mol/L) for 3 h to
allow Fe (III) cations to complex with the free
carboxyl groups of PAA through ionic exchange,
followed by three times immersions into water to
remove unadsorbed Fe(III) ions. NaBH4 solution
(0.94 mol/L) was dropped onto the nanofibrous mats
gradually to reduce the Fe(III) ions to zero-valent
iron according to Equation 1, followed by three times
rinsing steps through immersing the nanofibrous
mats containing ZVI NPs into deionized water. The
composite nanofibrous mats were finally dried in a
vaccum oven at room temperature for 24 h and stored
in a desiccator before characterization.

Figure 1 shows the SEM images of PAA/PVA
nanofibers before and after immobilizing ZVI NPs.
There was no significant difference between the
morphologies of pure PAA/PVA nanofibers (Figure
1a) and the ZVI NPs immobilized PAA/PVA
composite nanofibers (Figure 1b). Smooth and
uniform composite nanofibers containing ZVI NPs
prepared has an average diameter of 205 nm, which
was slightly larger than that of pure PAA/PVA
nanofibers (170 nm). TEM image (Figure 2) of the
cross-section of composite nanofibers containing
ZVI NPs illustrates that spherical ZVI NPs
immobilized into the PAA/PVA nanofibers have an
-903-

evenly distribution with an average diameter of 1.6
nm.

FIGURE 4 FTIR spectrum of the crosslinked PAA/PVA nanofiber
before and after immobilizing ZVI NPs.

FIGURE 1. SEM images of PAA/PVA nanofibers before (a) and
after (b) immobilizing ZVI NPs.

Iron loading of the composite nanofiber mats was
measured through TGA at a heating rate of 10 oC
/min in the temperature range of 30-900 oC under an
air atmosphere. The results show that at 600 oC, the
polymer component of composite nanofiber mats was
burned out (Figure 5), and iron oxide was left
(Fe2O3). Thus, we could know that the content of
ZVI NPs immobilized into the composite nanofiber
mats was 22.3%.
CONCLUSIONS
PAA/PVA nanofibers containing ZVI NPs were
successfully synthesized using electrospun waterstable PAA/PVA nanofibrous mat as a nanoreactor.
Immobilization of ZVI NPs into PAA/PVA
nanofibers was confirmed by TEM and EDS. We
show that the ZVI NPs have a dense and even
distribution in the nanofibers with an average
diameter of 1.6 nm. The synthesis of ZVI NPs into
porous nanofiberous mats could avoid the
agglomeration of ZVI NPs prepared with
conventional method and provide versatile platforms
for various environmental remediation applications.

FIGURE 2. TEM image of cross-sectional ZVI NPs immobilized
into the PAA/PVA nanofibers.

The existence of ZVI NPs is further confirmed by
EDS. The EDS spectrum taken from some area of the
ZVI NPs composite nanofibers clearly shows the
presence of element iron and oxygen (Figure 3),
consistent with an iron/iron oxide core-shell structure
reported by the literature.[19] However, the oxygen is
also partly attributable to the component of polymer
nanofibers.

FIGURE 3. EDS spectrum of ZVI NPs composite nanofibers.

The FTIR spectra of crosslinked PAA/PVA
nanofibrous mats before and after immobilizing ZVI
NPs were shown in Figure 4. We can see that
obvious differences are shown in the spectrum. After
immobilizing the ZVI NPs, the adsorption peak of
carboxyl group attributed to the PAA at 1718 cm-1
has disappeared and a new strong band at 1560 cm-1
was detected, which was ascribed to C=O stretching
in carboxylate. The significant changes in the
spectral regions at 1480-1090 cm-1 indicated the ironcarboxyl interactions.

FIGURE 5. TGA results of ZVI nanoparticles/polyelectrolyte
composite mats
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Synthesis and antimicrobial activity of chitosan
biguanidine hydrochloride
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ABSTRACT
Chitosan biguanidine hydrochloride (CGH) has been synthesized by the guanidineylation reaction of
chitosan with dicyandiamide. Its synthetic mechanism and conditions were studied. The structures of
CGH were characterized by UV, FT-IR. The antimicrobial activities of CGH were measured by means
of the minimal inhibition concentration（MIC）. The substitution degrees of guanidinylated chitosan
were confirmed by elemental analysis. In vitro antimicrobial activity of guanidinylated chitosans with
different substitution degrees were evaluated against staphylococcus aureus, bacillus subtilis,
escherichia coli and pseudomonas aeruginosa. The results show that CGH are effective of bacteriostasis,
compared with chitosan, guanidinylated chitosan had much better antibacterial activity. The
antibacterial activity of chitosan biguanidine hydrochloride derivative enhanced with increasing
substitution degrees of guanidinylated chitosan.
Key words: chitosan biguanidine hydrochloride; synthesis; antimicrobial; mechanism
chitosan oligosaccharide significantly improved

1 INTRODUCTION
Chitosan (CS) is the N-deacetylated product

the bactericidal activity and minimum inhibitory

of chitin and an attractive material because of its

concentration; this probably indicates that the

properties such as immunological activity,

higher the number of amino groups, the higher

wound healing, biocompatibility, low toxicity,

the antimicrobial activity

and biodegradability, which is the second most

have attracted increasing interest in recent years,

naturally occurring biopolymer (after cellulose).

some

Chitosan is soluble in acetic acid and other

(polyhexamethylene

organic solvents and has found a wide variety of

(polyhexamethylene guanidine hydrochloride)

applications in both industrial and medical fields.

have showed broad spectrum antimicrobial

Some antibacterial activities have been described

activity against gram positive and gram negative

with chitosan and modified chitosan derivatives.

bacteria, fungi, and yeasts, have been used

However, chitosan shows its biological activity

commercially,

guanidinium

and

[2]

. Guanidinium salts

salts

such

biguanide)

has

.

PHMB

and

PHGS

toxicity

The

and

guanidine

only in acidic medium because of its poor

environmental

solubility above pH 6.5. Thus, water soluble

derivatives with antimicrobial and antifungal

chitosan derivatives which are soluble in both

activity have been investigated as medical and

acid and basic physiologic circumstances might

crop protection agents and antiseptics for

be good candidates for a polycationic biocide

[1]

.

impact

low
[3]

as

industry products, food and other goods for daily

Chitosan possesses primary amino groups

use

[4-9]

. Few studies have investigated the

in its structure and the number of these amino

feasibility of guanidinylated chitosan. Therefore,

groups is related to the rate of antimicrobial

possibility of guanidinylated chitosan with

activity. The introduction of asparagine to

multi-amino groups seemed attractive.
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We report here a novel guanidinylated
chitosan

derivative

hydrochloride

:

CGH

chitosan

biguanidine

dicyandiamide (corresponding to a molar ratio of

prepared by chitiosan with dicyandiamide in

1:1 compared with chitosan residue) was added

0.15mol/L hydrochloric acid solution, expecting

at 100℃ for 2h and then it was cooled to room

to improve its water solubility and antibacterial

temperature.

activity futher..Derivate was characterized by

thoroughly with ethanol, then dried under

Fourier transform infrared spectroscopy (FTIR),

vacuum to constant weight to give product

UV–vis absorption spectra.The antimicrobial

chitosan biguanidine hydrochloride (CGH 1).

activities

biguanidine

Different substitution degrees guanidinylated

hydrochloride against staphylococcus aureus,

chitosan CGH 2 and CGH3 prepared from

bacillus

chitosan

the

which

hydrochloric acid, and the desired amount of

was

of

(Fig.1.),

Chitosan (2% w/v) were dissolved in 0.15mol/L

chitosan

subtilis,

escherichia

coli

and

were

The

mixture

synthesized

was

using

washed

different

pseudomonas aeruginosa were explored by

amounts of dicyandiamide (corresponding to a

means of the minimal inhibition concentration

molar ration of 1:2, 1:3 compared with chitosan

（MIC）.In order to research the relationship

residue) using the same method as above.

between substitution degrees and antibacterial
activity of guanidinylated chitosan, the effects of

2.2 Characterization

substitution degrees on the antibacterial activity

UV-vis absorption spectra were obtained using

of guanidinylated chitosan were investigated.

dilute aqueous solutions on a U-3310 UV-vis
spectrophotometer. FT-IR spectra were recorded

CH2OH
O
OH

CH2OH
O
O

NH

+

H
NH2

NCNHCNH2

Δ

OH

HCl

n

in powder form in KBr discs in the range of

O

H
NH
NH2Cl

C

4000-500cm-1

n

on

a

Nicolet

670

FT-IR

HN
C

spectrophotometer. The degree of substituteion

NH2Cl

NH2

Fig.1. The synthesis of chitosan biguanidine hydrochloride

was determined by elemental analysis. The

(CGH)

elemental analysis (C, N, H) of samples was
performed on a Elmentar Vario EL III Elemental

2 EXPERIMENTAL

Analyzer.

2.1 Materials

2.3 Microorganisms and culture conditions

Chitosan (molecular weight 800 KDa; the
degree

of

deacetylation

96.0%)

and

The cultures, obtained by growing the bacteria
overnight at 37℃ in nutrient broth (peptone

dicyandiamide

0.5%, beef extract 0.3%, pH 7.0±0.2 (25℃)),

(CP) were supplied by Guayao chemical reagent

were diluted with sterile normal Saline (0.9%)

Co. Ltd (Shanghai, China). Staphylococcus

solution, each of the culture suspensions

aureus, bacillus subtilis, escherichia coli and

containing ca.106-107 CFU/ml, which was used

pseudomonas aeruginosa were supplied by

for the antibacterial test.

Biological Laboratory of Donghua University

CGH1 and chitosan (0.1g, 0.075g, 0.05g, 0.025g.

(Shanghai, China). Beef extract and peptone

0.01g) was dissolved in 1% v/v acetic acid

were supplied by Yijia chemical reagent Co. Ltd

(10ml), nutrient agar (peptone 0.5%, beef extract

(Shanghai,

are

0.3%, agar 1.5%, pH 6.8±0.2 (25℃)) 90ml were

analytical grade provided by Beihong Yijia

mixed, pH values of CGH1 and chitosan sample

chemical reagent Co. Ltd (Tianjin, China).

solutions with different concentrations 0.1%,

China).All

other

reagents

0.075%, 0.05%, 0.025%, 0.01% were adjusted
2.1 Preparation of chitosan biguanidine

by addition of 1.0mol/L NaOH to 6.0. All

hydrochloride (CGH)

solutions were autoclaved at 121℃ for 15min.
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Minimum

inhibitory

concentration(MIC)

Novel

chitosan

biguanidine

hydrochloride

determination the above sample solutions (15ml)

having unique structures and properties are

were heated to 45℃ and poured into autoclaved

prepared by reaction of the chitosan with a

petri-dishes,

of

dicyandiamide. Fig.2 showed that reaction

microorganism suspension was spread on cooled

mechanism between chitosan and dicyandiamide

nutrient agar, then incubated at 37℃. The MIC

was the nucleophilic addition reaction, the free

was defined as the lowest concentration of the

amino group in the chitosan adds to the triple

tested sample at which the microorganism

bond of the cyano group present in the

colonies were not visible with naked eye within

dicyandiamide reactant. This reaction can be

16-38h.

readily carried out in aqueous media in the

cooled,

one

loopful

presence of a protonating agent, HCl. It is found
3. RESULTS AND DISCUSSION

the side reaction of dicyandiamide hydrolyzing

Synthesis reaction mechanism of chitosan
biguanidine hydrochloride (CGH)

to guanylurea during the synthesis of chitosan
biguanidine hydrochloride. The trend of the
hydrolysis is significant with the increasing

CH2OH
O
OH

acidity. The hydrolysis reaction was showed in

CH2OH
O

O

OH

+

+

H
NH2

H

O

Fig.3

H
+
NH3

n

（2-Ⅰ）

n

NH
C
H2N

NH

N

+

C

C
H2N

NH

H2N

+

C

H

H2N

NH
C

+

NH NH2

H2N-R

C

H2N

NH

C

NH NH

-H+
R

NH NH

C
H2N

C

H 2O

C
NH

C

C

C
+

NH OH2

NH O

NH NH

-H+

NH NH

（2-Ⅱ）
H2N

H2N

C
NH OH

C
H2N

C
NH NH2

by product

NH
C
H2N

CH2OH
O

N

OH

+

C
NH

CH2OH
O
O

OH

H
NH2

N

n

-

HN

C
H2N

CH2OH
O

+

NH

NH

OH

+

C
NH

H
NH2

O

H
+
NH2

C
C

Fig.3. The nucleophilic addition reaction of chitosan, water

n

NH

（2-Ⅲa）

NH2

CH2OH
O
O

OH

n

HN

hydrochloride (CGH)

n

NH

C

3.2.1 Solvent

NH2

（2-Ⅲb）
CH 2 OH
O
OH

N

-

HN

TABLE 1. The influence of solvent on the synthesis reaction
O

HN

H
C

CH 2 OH
O

HN
HN

O

proton transfer

H
+
NH2
C

NH

C

NH2

n

n

NH

C

HN

NH2

-H

OH

O

OH
NH

n

NH

C

yield

CH 2 OH
O

proton transfer

H
+
NH2
C

and dicyandiamide

3.2 Synthesis process of chitosan biguanidine

O

H
+
NH2

C

HN

NH2
+

Synthesis reaction of CGH can be readily carried

CH 2 OH
O
OH

H 2N

+

HN

O

out in aqueous media in the presence of a

H
NH
C
C

R

NH NH

main product

NH

C

H

NH

+

NH

+

+

NH
+

N
C

NH

protonating agent, e.g. HCl. Organic solvents, i.e.

n

aprotic

NH2

dipolar

dimethylformamide,

（2-Ⅳ）

solvents

such

as

dimethyl

sulfoxide

or

N-methyl-pyrollidone, may be used in place of,
Fig.2. Synthesis reaction mechanism of chitosan biguanidine

or in addition to water. Table 1 showed that the

hydrochloride (CGH)

reaction yield was 78.7% in the presence of a
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0.15mol/L hydrochloric acid, which revealed

The influence of reaction time on the synthesis

that the optimal solvent was hydrochloric acid.

reaction yield was presented in Table 5. The
result showed that the synthesis reaction yield

3.2.2 pH value

was affected by the reaction time. An increase in
the reaction time increased the reaction yield.

TABLE 2. The influence of pH value on the synthesis

When synthesis reaction time was increased to

reactionyield

3h, the reaction yield was optimal.
3.3 Characterization of chitosan biguanidine

The influence of pH value on the synthesis

hydrochloride (CGH)

reaction yield was listed in Table 2. As results

Richard F. Stockel showed a general method for

indicated, the optimum pH value was 3.0. The

preparing aminosaccharide biguanides over a

trend

decade age

of

dicyandiamide

hydrolyzing

to

[10]

. By this means, the synthesis of

guanylurea during the synthesis of chitosan

the chitosan biguanidine hydrochloride was

biguanidine hydrochloride is significant with the

achieved by a nucleophilic addition reaction of

increasing acidity.

the chitosan with dicyandiamide. UV, FT-IR
analyses

indicated

the

reaction.

success
UV-vis

of

the

TABLE3. The influence of molar ratio on the synthesis

guanidylation

reaction yield

absorption

spectra of CGH dilute aqueous solution are
shown in Fig.4.

The influence of molar ratio on the
synthesis reaction yield was investigated. Table
3 showed that good reaction yield was obtained
1.2

when

molar

ratio

of

CGH

residue

to

1.0

dicyandiamide was 1:2.
ABS

0.8

3.2.4 Reaction temperature

0.6
0.4
0.2

TABLE 4. The influence of reaction temperature on the
synthesis reaction yield

0.0

232

Fig.4. UV-vis
spectra of chitosan biguanidine hydrochloride
-0.2
(CGH)

200

300

400

500

600

λ/nm

In the UV spectrum of CGH, the peak at 233nm
suggested the existence of the guanidine groups
[11]

Table 4 showed that reaction yield increased with the
increase in synthesis reaction temperature, the optimal
reaction temperature was 120℃.

.

Structural changes of chitosan and its derivative
were confirmed by FT-IR spectra (Fig.5.).

3.2.5 Reaction time
TABLE 5. The influence of reaction time on the synthesis
reaction yield
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microorganisms tested. When chitosan had been

Chitosan
CGH

converted into a guanidine derivative, the

100

1506
1265
1333

80

Reflection/%

1638
1421
1383

60

2921

40

2877

1640 1601

1238

positive charge density of the derivative

921

increased, which led to enhanced adsorption of
849
899

607

polycation onto the negatively charged cell

583

1330
20

2940

1154
1435

3377

0

3500

3000

to associate with cell surface and show higher

1076

3424

4000

surface. Guanidinylated chitosan may be easier
1094

2500

2000

1500

1000

antibacterial activity. Reasonably, CGH showed

500

-1
Wavenumbers/cm

better antibacterial activity than chitosan. The

Fig.5. FT-IR spectra of chitosan and chitosan biguanidine

antibacterial activity of guanidinylated chitosan

hydrochloride (CGH)

enhanced with increasing substitution degrees.
4 CONCLUSION
-1

The IR spectra of CGH showed new 1638cm

Chitosan biguanidine hydrochloride (CGH) with

assigned to the stretching vibration of C=NH in

good water solubility was prepared by the

guanidine group [-HNC（=NH）NH2], the peak at

guanidineylation reaction of chitosan with

-1

1601cm that had been assigned to the binding

dicyandiamide.

vibration of –NH2 group of chitosan had

nucleophilic addition reaction of chitosan with

-1

The

mechanism

of

the

disappeared, the new stronger peak at 1435 cm

dicyandiamide

was assigned to the stretching vibration of

optimum reaction conditions were determined as

C-N-C and the peak at 1330 cm-1 was assigned

follows: solvent 0.15mol/LHCl, pH value 3.0,

to the stretching vibration of C-N, it can be

molar ratio of CGH residue to dicyandiamide 1:2,

deduced

reaction temperature 120℃ and reaction time 3h.

that

guanidinylation

had

been

was

brought

forward.

The

successful.

Chitosan biguanidine hydrochloride (CGH) has

3.4 Antibacterial activity

been characterized by UV and FT-IR analysis.

The minimum inhibitory concentrations

The antibacterial activity of chitosan biguanidine

(MIC) of chitosan and chitosan biguanidine

hydrochloride (CGH) was studied. CGH showed

hydrochloride (CGH) with different substitution

better antibacterial activity than chitosan. The

degrees against two gram-positive bacteria:

antibacterial activity of guanidinylated chitosan

staphylococcus aureus and bacillus subtilis and

enhanced with increasing substitution degrees.

two gram-negative bacteria: escherichia coli and

All the results imply guanidinylated chitosan

pseudomonas aeruginosa are shown in Table 6.

will be useful as a potential new antibacterial
agent.

TABLE 6 MICs of chitosan CGH with different substitution
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ABSTRACT
This work focused on the complex reaction between polymethy -lmethacrylate (PMMA) and
1’,3’,3’-trimethyl-6-nitrospiro(2H-1-benzopyran-2,2’-indoline) (NO2SP) as well as the photochromic
properties of the resultant complex compound and the electrospun fiber fabricated from the compound. The
complex reaction between PMMA and NO2SP was verified by infrared spectrum（IR）. The complex
compound showed good photochromic property upon ultraviolet ray irradiation in solution.
The morphology of the electrospun fibers from the complex compound was observed by scanning electron
microscopy (SEM). The photochromic property of the electrospun fibers was observed by ultraviolet
visible spectrophotometer.
Keywords：complex reaction; photochromic; polymethylmethacrylate; morphology
1 INTRODUCTION
Electrospinning is the most popular technique to
fabricate nanofibers that utilizes electric force
alone to drive the spun process from solutions or
melts. Unlike solution- and melt-spinning, which
are capable of producing fibers with diameters in
the micrometer range (5-15μm), electrospinning is
capable of producing fibers with diameters in the
nanometer range (50-500 nm, or even smaller).
Native extracellular matrix (ECM) in human
bodies is a chemically and physically cross-linked
complex network with structural fibers such as
collagen fibers and elastin fibers having diameters
ranging from several ten to several hundred
nanometers. To mimic the native structure of ECM,
many Tissue Engineering scaffolds had been
developed from biodegradable electrospun
nanofibers . Due to the very small diameter, the
electrospun fibers have a very large specific
surface. As a result, they have potential
applications
ranging
from
optical
and
chemo-sensor materials, nanocomposite materials,
nanofibers with specific surface chemistry to tissue
scaffolds, wound dressings, drug delivery systems,
filtration and protective clothing.
Current research efforts have been focused on
understanding the formation, shape, texture and
morphology of electrospun fibers. We pay more
attention to the functional application of
electrospun fibers. PMMA was used as the support
material, and dissolved with the photochromic

material NO2SP in acetone. Complex reaction
occurred between PMMA and NO2SP, through
which a complex compound forms. The results of
UV-Vis spectrum showed the good photochromic
property of PMMA- NO2SP complex compound as
well as the nanofiber felt fabricated from it.
2 EXPERIMENATL
2.1 Materials and test equipments
PMMA, AR; Absolute ethyl alcohol; Acetone, AR;
NO2SP, Synthesized in our own lab were used as
the original materials.
Infrared-Raman spectrometer, NEXUS670; Doub
le-beam UV-visible spectrophotometer, TU-1901;
DC High Voltage Generator, JG50-1;Syringe p
ump, KDS101; Optical microscopy; electron mi
croscopy.
2.2 The solution of the complex compound for
electrospinning
PMMA and NO2SP were dissolved in Acetone.
The proportion of PMMA, Acetone and NO2SP
were 85%、15%, 0%; 84.95%、15%、0.05%，
84.9%、15%、0.1%. About 8-10 drops Absolute
ethyl alcohol were dropped into the solution for
regulating the polarity and the solution should be
kept stirring for 24h at the room temperature.
2.3
Electrospinning
of
PMMA
PMMA-NO2SP in different proportions
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and

The spinning solutions of PMMA and
PMMA-NO2SP were prepared from their acetone
solutions. The electrospun nanofibers were
collected on a piece of glass slide placed at a
distance of 15 cm below the tip of the syringe
needle. The mass flow rate was maintained at
0.06mL/min. The electrospinning was conducted
under room temperature.
The experimental set-up used for conducting
electrospinning is schematically shown in Figure 1.
The setup included a high voltage power supply
(JG50-1 high-voltage generator), purchased from
the Shenfa Co., Ltd. (Shanghai, China), and a
digitally controlled and extremely accurate syringe
pump (Model 100, KD Scientific). During
electrospinning, a positive high voltage of 10 kV
was applied at the tip of a syringe needle with the
inner diameter of 0.9 mm. The electrospun
nanofibers were collected on a piece of aluminum
foil placed at a distance of 10-20 cm below the tip
of the syringe needle. The mass flow rate was
maintained at 0.5-5mL/h. The electrospinning was
conducted
under
room
temperature.

PMMA
S P 0 .0 5 % -P M M A
S P 0 .1 % -P M M A

c

b

a

3500

3000

2500

2000

W a v e n u m b e rs /c m

1500

1000

500

-1

Fig. 3 IR spectrum of PMMA and PMMA- NO2SP

There always was water in pure PMMA, in IR
spectrum a water peak appeared at 3600cm-1. So
the change of water peak was used to measure the
complex reaction of PMMA. In figure 3, with
increasing content of NO2SP, the water peak
became smaller. This proved the occurrence of
complex reaction in solution.
3.3 Morphology of PVP- NO2SP nanofibers
Like other small molecular and macromolecular
blend electrospun systems, the NO2SP didn’t
change the morphology of PMMA electrospun
fibers. There are a number of factors influencing
the fiber morphology, such as polymer
concentration, applied voltage, needle diameter,
and the delivery rate of polymer solution.

Fig. 1 Shematic diagram of electro-spinning equipment

3. RESULTS AND DISCUSSION
3.1 The mechanism of complex reaction
Complex reaction occurs slowly, it took place
along with the dissolution process. PMMA had a
good complex ability and NO2SP had -OH in the
side group, which made the complex reaction
occur through hydrogen bond. The effect of
complex reaction made NO2SP disperse well in the
solution. The equation of complex reaction in
solution is illustrated in Figure 2.
CH3
*

C C n*
H2
COOCH3

+

=

Fig. 2 Reaction equation of the complex reaction

3.2 Infrared (IR) spectrum of complex
compound
The infrared spectrum of PMMA and PMMANO2SP with different content of NO2SP, were
showed in figure 3.

a

b

c

Fig. 4 SEM of PMMA with different ratio of NO2SP
In fig 4, (a), (b), (c) represented the SEM of 15%PMMA
containing 0%, 0.05%, 0.1% NO2SP

As shown in figure 4, the micrographs of the
PMMA- NO2SP electrospun fibers with different
contents of NO2SP were similar. The results of
SEM showed that NO2SP exerted little effect on
the morphology of electrospun fiber of PMMA.
3.4 The photochromic property of electrospun
fiber felt
The color of photochromic materials changes
when treated under certain conditions and the
photochromism can also be applied to electrospun
fiber felt. Color change was obviously and could
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be observed easily. Through changing the time of
UV irradiation and the content of NO2SP, different
colors were obtained. As shown in figure 5, was
the electrospun fiber felt with different contents of
NO2SP. For both picture (a) and picture (b), the
content of NO2SP in the electrospun fiber felt on
the right was higher than that in the electrospun
fiber felt on the left. The electrospun fiber felt in
picture (b) had been irradiated by UV light for 20
seconds. The color of electrospun fiber felt
containing more NO2SP was heavier than the one
containing less NO2SP.

a

4 CONCLUSIONS
PMMA–NO2SP -containing nanofibers have been
successfully electrospun from their acetone
solutions, which was achieved by direct
electrospinning of PMMA–NO2SP solution. The
photochromic properties of the complex compound
of PMMA–NO2SP and the corresponding
electrospun fiber felt was obtained using
ultraviolet visible spectrophotometer. The good
photochromic property of PMMA–NO2SP
nanofiber felt gives insight into new application of
electrospun fibers. Photochromic nanofibers with
excellent photosensitivity can be used in the field
of optical devices.

b

Fig.5 Electrospun fiber felts before and after UV irradiation

Ultraviolet visible spectrophotometer was a useful
approach for studying photochromic materials.
Generally speaking, when a photochromic material
absorbs light of a certain wavelength, the
molecular structure of the material will change. To
make the measurement of Ultraviolet visible
spectrophotometry successful, the PMMA- NO2SP
film was used. As shown in figure 6, NO2SP could
absorb UV light with the wavelength of 339 nm,
the energy of UV light excited the transformation
of NO2SP into its isomer, and the isomer had a
different characteristic absorption wavelength. The
UV and visible absorbability of PMMA- NO2SP
film was shown in figure 7. The maximum
absorption wavelength was at about 567nm, it lied
in the range of visible light. It was clear that the
absorption peak of PMMA- NO2SP film at 567nm
increased when irradiated by UV light for longer
time.
hv
heat
Fig. 6 NO2SP and its isomer

1.6

PMMA
P M M A -S P 0.1 %
P M M A -S P 0.1 V 10s
P M M A -S P 0.1 V 20s
P M M A -S P 0.1 V 40s
P M M A -S P 0.1 V 60s
P M M A -S P 0.1 V 80s

3 38.91

1.4
1.2

Abs

1.0
0.8
0.6

567 .10

0.4
0.2
0.0
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5 00
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7 00

nm

Fig. 7 absorbability of film with different UV irradiation time
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cooled to 0 ºC and transferred to the bottom of a
vacuum desiccator. A Petri dish with 4 mmol
pyrrole (Py) was put above the separation board in
the desiccator. Lastly vacuumize the desiccator to 0.09 MPa and kept magnetic stirring of suspension
at 0 °C for 6 h for polymerization of Py. After
reaction, the suspension was filtered and washed
with deionized water until the filtrate was neutral.
The composite PPy/AYM was dried under vacuum
and abbreviated as PPy A 20. When PPy A 20 was
washed with CH2Cl2, the AYM could dissolve in
CH2Cl2 and PPy was obtained after filtration of the
solution. The resultant PPy was abbreviated as PPy
20. After evaporation of CH2Cl2 from the solution
under reduced pressure, the AYM template was
collected at 93% recycled rate.

INTRODUCTION
In recent years, one dimensional (1D) conductive
polymers at nano/micro scales, such as nano/micro
fibers, nano/micro tubes and nano/micro cables,
have attracted great attention, because of their
various excellent properties such as superior
sensitivity [1], novel switching transition of
resistance [2], inverse proportion between tube
diameter and its conductivity [3] etc. Among these
nano/micro conductive materials, 1D Polypyrrole
(PPy) became the focus because of its good
environmental stability, high electrical conductivity
and easy synthesis.
Template synthesis, which was firstly studied by
Martin [4], is usually used for preparing 1D PPy.
Soft and hard templates are the common types of
templates for synthesis of these nano/micro
materials. The soft templates is generated by the
micelles from solvent and surfactant [3], and the
hard one is formed by the nano/micro pores within
porous film [2, 4].
However, most of these templates can’t be easily
recycled after synthesis of 1D PPy, especially for
the hard templates. In this article, we reported a
new reusable template, 2-anthracen-9-ylmethylene
malononitrile (AYM, Figure 1) which could selfassembly into nano/micro fibers/wires, where
nano/micro PPy tubes were produced after
removing AYM by CH2Cl2 solvent [5] after
polymerization of Py.

RESULTS AND DISCUSSION
The infra-red spectrum (ATR) of AYM, PPy A 20
and PPy 20 were shown in Figure 2.

CN
FIGURE 2. IR (ATR) spectrums of AYM, PPy A 20 and PPy 20

CN

It is found that, whether before or after removing
AYM template, both PPy A 20 and PPy 20 exhibits
the typical characteristic adsorption peaks of bulk
PPy [6], such as the C-C stretching vibrations in
pyrrole ring at 1550 cm-1; the C-N in-plane
deformation vibration at 1305 cm-1; the breathing
vibration of pyrrole ring at 1175 cm-1; the C-H inplane deformation vibration at 1045 cm-1.
Furthermore, the characteristic adsorption peaks of
AYM template can also be observed in the
composite PPy A 20, such as the C≡N peak at 2231

FIGURE 1. Chemical structure of 2-anthracen-9-ylmethylene
malononitrile (AYM)

APPROACH
0.2 mmol AYM (self made as Reference 5 reported)
was added into 50 mL absolute alcohol then stirred
at 50 ºC for complete dissolving. 10 mL FeCl3
solution with 9.2 mmol FeCl3•6H2O in deionized
water was added drop wise into the AYM solution.
Then 40 mL deionized water was added slowly into
the mixed solution of AYM and FeCl3 with stirring
at room temperature for the appearance of
flocculent AYM template. The mixed solution was

at 736 cm-1. However,
cm-1 and the peak of
these peaks are much weaker than that of pure
- 915 -

AYM. Therefore, it can be inferred that the
template of AYM may be covered by polypyrrole
to form the composite PPy A 20.
The SEM images of PPy 20 at different
magnifications were shown in Figure 3.

FIGURE 4. TEM of polypyrrole nano/micro tubes PPy 20

CONCLUSIONS
The nano/micro wires formed by self-assembling
of small molecular AYM were used as the template
for synthesis of the PPy/AYM composite under
vapor-liquor phase polymerization of Py. Then the
nano/micro PPy tube was successfully obtained
after removing of AYM from the composite by
CH2Cl2. And the AYM was also collected by
evaporation of CH2Cl2 under reduced pressure, the
recycled efficiency was 93%.

(a)
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FIGURE 3. SEM of polypyrrole nano/micro tubes PPy 20, a)
lower magnification, b) higher magnification

It is shown in Figure 3.a that the diameter of PPy
20 tubes is around 1-2 µm. Higher magnification
indicates that there are several slimmer tubes
(about 300 nm) arranging in a paralleling way, and
these slimmer tubes seem “fuse” together to form
the fatter tube. This makes it difficult to identify
each small tube individually.
It is shown in Figure 4 that there are obvious
empty channel in the PPy 20 tubes after removing
the AYM template from PPy A 20 composite,
which confirm the presence of the nano/micro tube
structure in the obtained PPy 20 by template
synthesizing.
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STATEMENT OF PURPOSE
The surface of nano-TiO2 was modified by silane and
titanate coupling agent. Spectrophotometer and
scanning electron microscopy (SEM) were used to
characterize the nano-TiO2 before and after the
modification. The results indicated that the
dispensability of the modified nano-TiO2 was
improved by using appropriated coupling agent. The
modified nano-TiO2 was used for preparation of
fresh-keeping film with PE plastic. Then the antimould properties of PE film were determined.
INTRODUCTION
Nano-TiO2 had many kinds of function as new
inorganic material, such as the speed of anti-mould
and disinfection [1-3]. The bag using for keeping fresh
was made of nano-material, and the nano-TiO2 was
made new film using on anti-mould. There were
many kinds of functions for the new bag, such as gas
adjustment, C2H2 absorption; antibacterial and
suppressing mature after picking. It could be used in
preservation fruits and vegetables for long time and
long-distance transport [4-5]. It also could be used in
keeping fresh specially. But nano-TiO2 was easy to
reunion in organic high polymeric material and has
water affinity before modification. So it would
influence actual use. Nano-TiO2 must be modified to
expanded use scope. At present, conducts the
superficial modified to a nanometer granule research,
but also waits for the further exploration [6-9].
The surface of nano-TiO2 was modified by silane and
titanate coupling agent. Spectrophotometer and SEM
were used to characterize the nano-TiO2 before and
after the modification. The results indicated that the
dispensability of the modified nano-TiO2 was
improved by using appropriated coupling agent.
Then the nano-TiO2 PE fresh-keeping film was
developed and its properties were determined.
APPROACH
Instrument Spectrophotometry, SEM, Brabener
Plastifies the meter. Reagent Nano-TiO2; coupling
agent: silane 1#, titanate TC-2 2#, titanate TC-F 3#,
titanate TPT 4#, titanate TC-114 5#; C2H5OH;
Glycol; LDPE: analysis purity. Methods Nano-TiO2
was easy to reunion in organic high polymeric
material and has water affinity before modification.

So we should choose the material having the same
nature as organic high polymeric material to
modificate Nano-TiO2. Then we should choose the
material having the same nature as Nano-TiO2. So
we chose two kinds of coupling agent: silane and
titanate. Icreasing coupling agent (1#-5# ，
Concentration was 0、3%、5%、8%、10%) into
C2H5OH, then adding 10g nano-TiO2, backflow for
3 hours. After filtration, drying and attrition the
modification was finished. Subsequently modified
Nano-TiO2 was determinate. Increasing modification
nano-TiO2 into glycol and offender, we chose
supernatant to make t-LAR curve use UV
spectrophotometer. SEM was used to characterize
the nano-TiO2 before and after the modification.
Makes the fungus the apple white rot disease germ to
hang the fluid, compounds 2% bacterial mother
liquor with the nanometer TiO2 powder, examines
the superficial modification with the inhibition zone
method to the nanometer TiO2 antibacterial
performance influence. The union modification
nano-TiO2 powder dispersive and antibacterial,
selection different resin acceptor processing nanoTiO2.and the low density polyethylene mix, after the
fusing blending, squeezes out pellet, and so on blow
molding thin film, mixes on the BRABENER
plasticizing meter squeezes out and the blow
molding becomes the film (Figure1). Characterize of
thin film of anti-mould before and after modification
was determinate according to the method of QB/T
2591-2003. [10]

FIGURE1. The preparation process of fresh-keeping film
TABLE1. Relations between concentrationg of modified nanoTiO2 coupling agent and LAR

coupling agent
The
largest
curve
The
largest
LAR
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1#
5%

2#
8%

3#
8%

4#
8%

1.073

1.878

2.295

2.047

5#
0

LAR

0% silane

2.8
2.7
2.6
2.5
2.4
2.3
2.2
2.1
2
1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2
1.1
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

3% silane
5% silane
8% silane
10% silane
3% titanate TC-2
5% titanate TC-2
8% titanate TC-2
10% titanate TC-2
3% titanate TC-F
5% titanate TC-F
8% titanate TC-F
10% titanate TC-F
3% titanate TPT
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5% titanate TC-114
8% titanate TC-114
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FIGURE2. LAR-t curves of nano-TiO2 particles treated by different coupling-agents in ethylene glycol

RESULTS AND DISCUSSION
For testing the influence of modification, it increases
nano-TiO2 modification into glycol. Then we could
see the lowlier the speed of nano-TiO2, the better of
the dispersive of nano-TiO2.We would test the LAR
in different time. Make the curve of t-LAR. The
solution had the largest LAR, the nano-TiO2 had the
best dispersive. LAR of 5# was lower than before, so
we knew that the result was bad. From Figure2 and
Table1 we knew 2#, 3#, 4# were better than other
coupling agent. Especially the coupling agent of 2#
and curve was 8%, the coupling agent of 3# and
curve was 5%, 8%, 10%, the coupling agent of 4#
and curve was 8%,10%.So we chose appropriated to
improve dispersive of nano-TiO2.
From Figure3 we could see characteristic of nanoTiO2 before modification (Figure3a) dispersive was
poor. And we could see so much space in the visual
field. Characteristic of nano-TiO2 after modification
(Figure3b) dispersive was better.
Different resin acceptor processing nano-TiO2 was
chose and the low density polyethylene mix and
blowing molding thin film.

TABLE2. Anti-mould properties of PE film after adding nanoTiO2 improved by using coupling agent

NO.
Coupling
agent
Curve
Antimould

a
1#

b
2#

c
3#

d
4#

e
5#

f
－

5%
1

8%
2

8%
1

8%
1

8%
2

－
2

From Table2 we the anti-mould characterizes of the
film were determined by the kind of coupling agent.
CONCLUSIONS
An anti-mould PE film was made in this study and
Nano-TiO2 was added into the film as an additive
agent [11]. Nano-TiO2 was easy to reunion in PE film
so the test modified the surface of nano-TiO2, and it
made the film using on anti-mould [12]. Then the
dispensability of the film is tested.
Nano-TiO2 as inorganic was easier by modification
in the organic materials and the surface of nano-TiO2
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was modified by silane and titanate coupling agent.
Spectrophotometer and SEM were used to
characterize the nano-TiO2 before and after the
modification. Then anti-mould properties of PE film
were determined.
We had chosen 6 kinds of nano-TiO2 and the
modified nano-TiO2 was used for preparation of
polyethylene (PE) film with PE plastic, and the
physics function and H2O passing function were
tested. And we tested the grade of antimicrobial
according to national standards.

a

b

University of Science and Technology, Number
BJ08-17.
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Abstract
The bacterial cellulose (BC) microfibrils generated by Gluconacetobacter xylinum are 60~80 nm wide, 1~9 μm
long, with high water capacity and excellent biocompability and can be used as medical materials. Multi-walled
Carbon nanotubes (MWNTs) are nearly one-dimensional nanomaterials with a high aspect ratio, superior
mechanical and electrical properties, and can be used to fabricate advanced MWNTs composite materials. The
BC microfibrils were disintegrated by a double-cylinder homogenizer and formed the suspension. MWNTs were
purified and treated by mixed acid, which was rapidly blended with the BC microfibrils suspension. The mixed
suspension was filtrated after ultrasonicated and a composite membrane was obtained. The BC microfibrils and
MWNTs impenetrated each other and built a new 3-dimensional reticulate structure by scanning electron
microscopy (SEM) and atomic force microscopy (AFM) analysis. The temperature at maximal degradation for
composite membrane increased with increasing MWNTs content by TGA analysis. And the tensile strength and
Young’s modulus of composite membrane rapidly increased as the amount of MWNTs concentration increased.
Keywords: bacterial cellulose; multi-walled nanotubes; composite membrane; microstructure
1 INTRODUCTION
The bacterial cellulose(BC) is a microbial extra
cellulose polymer comprising of β -1,4-linked
glucopyranose units. It is generated by
Gluconacetobacter xylinum[1].This material is
commonly produced as a hydrated membrane or
pellicle at the air-medium interface . Membrane
morphology is dependent on the shape of this
interface, which may easily be controlled. Bacterial
cellulose membranes possess excellent mechanical
strength and high surface area when compared to
plant derived cellulose, due to the highly crystalline
structure and reduced fiber diameter[2]. Furthermore,
the physio/chemical properties of these membranes
can be controlled by changes in growth conditions
such as the composition of the culture media, its pH,
temperature and oxygen tension, or by chemical
modification to obtain desired functionality[3]. These
features, along with its biocompatibility, render BC
ideal for use in encapsulation systems whether for
living tissue, viable cellular systems or
protein/enzymatic species[4].
Since the documented discovery of carbon nanotubes
(CNTs) in 1991 by Iijima and the realization of their
unique physical properties, including mechanical,
thermal, and electrical, many investigators have
endeavored to fabricate advanced CNT composite
materials that exhibit one or more of these
properties[5]. By introducing small amounts of CNTs,
the mechanical strength, electrical conductivity, and
thermal conductivity of polymer composites can be
improved tremendously compared with those of the
pristine polymer[6-9]. Moreover, the multi-walled
carbon nanotubes (MWCNT) possess good
biocompatibility, which leads to many proposed

applications in the biomedical field, including
biosensors,
drug,
vaccine
delivery
and
biomaterials[10].
In this study, the acid-treated MWNTs were added to
the BC suspension and filtrated to form the
composite membrane. Their microstructure and
properties was investigated by SEM, AFM, TGA
analysis and tensile test.
2 Approach
2.1 Materials
2.1.1. Bacterial cellulose
The cellulose was produced by static cultivation of
Acetobacter xylinum, sub species 1.1812, provided
by microorganism institute of Acemdy Institute of
China, in the Hestrin-Schramm culture medium (HS)
( 2.0% D-glucose, 0.5% peptone, 0.5% yeast extract,
0.115% citric acid, and 0.27 % disodium hydrogen
phosphate) at 30 ℃ for 7 days. The bacteria were
grown in 400 mL erlenmeyer flasks containing 100
mL of media. In order to remove the bacteria and to
exchange remaining media, the produced cellulose
pellicles were boiled in 1 M NaOH at 80 ℃ for 1 h
followed by repetitive boiling in deionised water. To
prevent drying and to avoid contamination, the
washed cellulose was stored in diluted ethanol in a
refrigerator.
2.2. Preparation of MWNTs suspension
The MWNTs were synthesized by thermal chemical
vapor deposition (CVD). The purity of the asreceived pristine MWNTs was 97%.The MWNTs
were etreated with nitric acid and sulfate acid (1:3)
fluxing at 80°C for 10 hrs. The purified MWNTs
were then washed to neutral by in deionised water,
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dispersed using an ultrasonic generator in pure water
(0.2mg/mL) at ambient temperature.
2.1.3. BC/MWNTs nanocomposites membrane
Cellulose pellicles were homogenised in water by use
of a double-cylinder homogenizer. The speed
schedule followed was: 3 min at speed of 3000 rpm,
3 min at speed of 5000 rpm and 5 min at speed of
12000 rpm. Homogenization was performed at room
temperature and resulted in a microfibril suspension.
The MWNTs dispersion was added to the microfibril
suspension, and the blend was left under stirring for
30 min at room temperature. The blend was filtrated
through 0.22 μm PVDF filtration membrane at
0.08MPa.
2.2 Methods
2.2.1 Scanning electron microscopy (SEM) and
atomic force microscopy (AFM) observation
The samples dried in air were coated with gold
palladium by cathodic spreading in a Polaron E 5100
coater and examined with a Hitachi S 3000N (Tokyo,
Japan) scanning electron microscope operated at an
accelerating voltage of 15 kV.
The AFM used to image the membrane surfaces was
a multimode scanning probe microscope with a
Nanoscope III a controller, supplied by Digital
Instruments (Santa Barbara, CA). Small pieces were
cut from each membrane, glued onto metal disks, and
attached to a magnetic sample holder located on top
of the scanner tube. The membrane surface was
scanned in the tapping mode. All the AFM images
were undertaken at 25 ℃.
2.2.2 TGA test
A Netzch TGA instrument was used for TGA by
heating the samples up to 650 ℃ with a rate of 5 ℃
/min under nitrogen atmosphere.
2.2.3 Tensile test
Tensile tests were performed using INSTRON
5583 under across head speed of 0.2mm/min.
3 RESULTS AND DISCUSSION
Figure 1a shows the scanning electron micrographs
of the bacterial cellulose membrane incubated in
static HS medium. The bacterial cellulose ribbons
produced in HS medium were about 40-60 nm wide
and constructed the layer-by-layer reticulated
structure. Figure 1b shows the SEM image of the
BC/MWNTs composite
membrane containing
0.5wt% MWNTs. The BC microfibrils were shorted
and could not form the layer-by-layer structure. The
MWNTs are well dispersed in the composite. They
construct the 3-dimensional network with the BC
microfibrils, as shown in Figure 2, which is the AFM
micrograph for the composite. The AFM image also
show that the MWNTs are well dispersed and
crossbedded with BC microfibrils each other. It
means that the acid-treatment is very effective.

a

b
Figure 1. SEM images of (a) BC membrane and (b) BC/MWNTs
composite membrane containing 0.5wt% MWNTs .

Figure 2. The AFM height image for BC/MWNTs composite
membrane containing 0.5% MWNTs.

Figure 3 shows the derivative thermogravimetric
curves (DTG curves) of composite membrane. The
temperature at maximal degradation rate increases
with the higher MWNTs content in the composite.
The temperature for pure BC is 315.3 ℃ , the
composite containing 0.5wt% is 330.8 ℃, and the
temperature arrives at 340.9 ℃, which showing that
the thermal stability of the composite was improved
by the addition of MWNTs, which may be
attributed to both the excellent thermal stability of
MWNTs and their interactions with BC microfibrils.

Figure 3. DTG curves of BC/MWNTs composite membrane.
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Figure 4. Stress-strain curves of BC/MWNTs composite
membrane with different percentage of MWNTs.

The stress–strain curves of different percentages of
MWNTs are presented in Figure 4. The tensile
strength radically increases as the amount of
MWNTs concentration increases. The general
tendency is that the stress level is increased by the
addition of MWNTs which play the role of
reinforcement. The data from the mechanical test are
listed in Table I. From these results, it is deduced that
the reinforcing effect of MWNTs is very marked. As
the MWNTs content in the composite increases, the
stress level gradually increases but at the same time
the strain of the composites decreased. So the
Young’s modulus increase with the MWNTs content
in the composite increasing.

[6]
Carreno-Morelli,
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Table I Results from tensile test
MWNTs content

Strain

Stress

Modulus

(wt%)

(%)

(MPa)

(GPa)

0

10.32

58.07

0.831

0.5

10.26

71.96

1.01

5

11.15

91.97

2.20

8

7.50

95.36

2.73

10

6.72

97.03

2.31

20

4.80

110.99

3.36
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ABSTRACT
Melt blending poly(lactic acid) (PLA) and biodegradable hyperbranched poly(ester amide) (HBP) has
been performed in an effort to toughen the PLA without compromising its biodegradability and
biocompatibility. Thermal properties and mechanical properties of blends with different HBP content
were investigated. The addition of HBP not only reduced the crystallinity from 30.99% to 18.58%, but
also toughened PLA. With an increase in HBP content from 2.5% to 10%, the blend showed a slightly
increased tensile strength and significantly increased elongation at break. The reasonable toughening
mechanism was given too.
Keyword: ploly(lactic acid); hyperbranched poly(ester amide); blend, toughening
influence of different hyperbranched polymer

INTRODUCTION
PLA has been explored as a substitute for

contents on mechanical properties of PLA was

packaging

shown.

film,

thermoformed

containers,

short-shelf-life bottles, food and non-food
packaging materials, extruded foams and other

EXPERIMENTAL

disposable items. But the inherent brittleness and
low toughness of PLA constrain its applications.
So substantive research has been done on the
blends of PLA with various polymers [1,2].
Hyperbranched polymers can provide a lot of
end

reactive chemical

groups

as

surface

modification agents and toughness additives
[3-5], such as hydroxyl group and carboxyl
group. Many researchers were made to reduce
the crystallinity of polymers in order to make
them ductile [6]. The potential interaction
between hyperbranched polymers and PLA
matrix may constrain the mobility of PLA
macromolecules that will reduce the crystallinity

FIGURE 1. Chemical Structure of (a) PLA and (b)

of PLA.

HYBRANE PS2550

In this article, we report a novel modification
method by using biodegradable hyperbranched

PLA was supplied by BrightChina Industrial Co.,

poly(ester amide) to improve the toughness of

Ltd. (Shenzhen, China). Its average molecular

PLA. The thermal properties of the blend of

weight was measured by viscosity in chloroform

HBP in PLA were observed by DSC, TGA. The

and yielded M
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η

=1.0 × 105 g/mol. The

biodegradable hyperbranched polymer (HBP)

showed the second heating scans at a rate of 10

was donated by DSM corporation (Heerlen,

℃ /min, and the results obtained from these

Netherlands), having the trade name HYBRANE

heating scans for all samples were exhibited in

PS2550. The chemical structures of PLA and

TABLE I. When the HBP contents was less than

HYBRANE PS2550 are presented in FIGURE 1.

5%, the samples showed only one single Tg, and

The blends were prepared by melt mixing in a

the Tg decreased slightly with the HBP content

microcompounder (Haake RC90, Germany).

increase, such as Tg(PLA)=63.60, Tg(H2.5)

Polymers were mixed at screw speed of 50 rpm

=62.37℃ and Tg(H5)=61.91℃. On the contrast,

for 5min at 170℃. PLA was mixed with HBP

the samples showed two Tg, when the HBP

from 2.5 to 20% (w/w). In this article, we use the

content is more than 10%. For example, the Tg1

term ‘Hn’ to represent the blend containing n%

and Tg2 of the H10 are 61.94℃ and 24.63℃,

HBP.

respectively.

DSC measurements of blends were carried out

miscibility of the polymer blends.

That

indicated

the

partial

on the instrument: DSC822e, Mettler-Toledo,
Switzerland. DSC tests were performed in a
nitrogen atmosphere at a heating and cooling
rate of 10℃/min. The samples were heated from
-20 ℃ to 140 ℃ , holding for 5min to erase
thermal history effects and cooled to -20℃, then
heated to 200℃ again for the second scan. All
the data were collected by the second scan. The
degree of crystallinity of the samples were
calculated from the ratio of their enthalpy of
fusion to the enthalpy of fusion of the PLA
crystal △Hm = 93 J/g.
TGA

measurements

NETZSCH

FIGURE 2. DSC traces of HBP/PLA blends at various

were

TG-209-F1

done

with

a

concentrations

thermogravimetric

analyzer. Conventional constant heating rate

TABLE I. Thermal properties of PLA with various HBP

TGA measurements were run at 10℃/min in

contents

nitrogen with the sample size about 8-10 mg to

Tg1

Tg2

Tm

△Hc

△Hm

Xc

provide a control set values for thermal

(℃)

(℃)

(℃)

(J/g)

(J/g)

(%)

decomposition parameters.

PLA

63.60

/

150.11

7.50

28.82

30.99

Tension properties were determined using a

H2.5

62.37

/

150.12

5.55

24.87

26.71

screw-driven universal testing machine. Tensile

H5

61.91

/

150.37

4.60

23.82

25.61

bars were hot injection-molded at 170℃, 5MPa

H10

61.94

24.63

149.80

3.82

19.36

20.82

for 3min by a DAKA instrument, and then

H15

61.93

24.29

150.14

2.95

18.85

20.27

cooled to room temperature under ambient

H20

61.95

24.30

151.17

2.91

17.28

18.58

condition.

HBP

/

23.58

RESULTS AND DISCUSSION

Crystallization properties have a large influence

Thermal Properties

on mechanical properties and degradation rate of

DSC measurement was employed to evaluate the

PLA. Therefore, the influence of HBP on

thermal properties of PLA, HBP and HBP/PLA

crystallization behavior of PLA was investigated

blends with various concentrations. FIGURE 2

and shown in FIGURE 1. The DSC trace of pure
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PLA

exhibited

a

large

exothermic

peak

are shown in FIGURE 3(a). The decomposition

compared to HBP/PLA blends at 108℃. All the

temperature (Td) moved to lower temperature

samples showed a tiny broad exothermic peak at

with the HBP contents increasing. The derivative

about 100-120℃ and the crystallization area

thermogravimetry

decreased with the HBP contents increase. As

HBP/PLA blends of various contents are shown

the TABLE I showed that the crystallinity

in FIGURE 3(b). Here Td was the temperature at

decreased from 30.99% for pure PLA to 18.58%

the maximum rate of weight loss, that was the

for H20, obviously. It is concluded that the HBP

decomposition temperature. The Td of pure PLA

reduced the crystalline ability of PLA. The

and HBP is 358℃ and 301℃,respectively. The

reason can be explained by two reasons as

presence of a single peak in the DTG curves of

follows. Firstly, the potential interaction between

blends with 2.5%-10% HBP contents suggested

PLA and HBP by hydrogen bond constrains the

that weight loss occurred in a single stage and

mobility of PLA molecules; secondly, the

their Td were about 358±2℃。This behavior

dilution effect of the amorphous phase of HBP

ascribed to the high dispersion and partial

on the system decreased the crystallinity of the

miscibility of HBP and PLA in blends. But when

blends.

the HBP contents were more than 15%, the

(DTG)

curves

of

the

blends showed two peaks obviously. The Td1
belonged to PLA in the H15 and H20 decreased
in comparison with the pure PLA indicated the
HBP

possibly

facilitated

the

thermal

decomposition of PLA.

Mechanical Properties

FIGURE 4. Tensile strength and the elongation at break of
HBP/PLA blends with different HBP contents.

The tensile strength and elongation at break
FIGURE 3. (a) TGA curves of HBP/PLA blends of various

curves were shown in FIGURE 4. It is observed

contents at heating rate of 10℃/min. (b) DTG curves of

that addition of HBP changed the tensile

HBP/PLA blends of various contents at heating rate 10℃

properties of PLA obviously. Pure PLA is very

/min.

rigid and brittle. The tensile strength of pure
PLA is 46.58 MPa and the elongation at break is

TGA curves of HBP/PLA blends of various

only 5% with no yield point. On the contrary, the

contents in nitrogen at heating rate of 10℃/min

HBP/PLA
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blends

showed

obvious ductile

fracture. The tensile strength of blends increased
from 48.31 MPa to 53.17 MPa, according to
2.5% and 5% HBP contents respectively.

[2]

Meanwhile the elongation at break increased
from 12.11% to 24.01%. When HBP content
increased to 10%, its tensile strength decreased
to 48.81MPa, but its elongation at break
increased to the largest value 43.06%. The H5

[3]

and H10 blends showed yielding and stable neck
growth under tensile load. It was proved that
HBP toughened the PLA. Its toughening

[4]

mechanism can be explained as follows. Firstly,
the potential hydrogen bond interaction between
HBP and PLA enhanced the interfacial adhesion
and improved the mechanical properties [7].

[5]

Secondly, decrease of the crystallinity of PLA
made it ductile.
When the HBP content is more than 15%, the
mechanical

properties

of

blend

decreased

[6]

enormously. The tensile strength of H15 and
H20 were 35.32 Mpa and 31.49 MPa, while the
elongation at break of H15 and H20 were
17.00% and 2.92%, respectively. It was resulted
that the stereo hindrance and dilution effects
became dominant and the blends lost the tensile

[7]

strength and great elongation at break.
CONCLUSION
A series of HBP/PLA blends have been
successfully prepared by melt blending. It was
found that addition of HBP significantly
improved mechanical properties of PLA. The
tensile strength and elongation at break of the
blend increased with the HBP content increased.
Especially, the blend with 10% HBP showed
good tensile strength, about 48.81 MPa, and
wonderful elongation at break, about 43.06%,
compared with pure PLA. We believe that the
method of toughening will widen the application
of the PLA, such as shape memory materials,
body substitute materials and so on.
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Abstract：Taking advantages of its dyeable groups, organic nanoparticles was blended with PP to improve its
dyeability．On the basis of the research of the influence with different particle’s composition and blending ratio
on the dyeing properties, the dyeing mechanism of modified PP fiber is also discussed．The results show that
using dedicated PP resin blending withPS(HC) / P(ST-MMA-MA-BA) nanoparticle, we can made the fiber
through melt-spun, which owns increasing dyeability in disperse dyes. The depth and color fastness of disperse
dyed PP/organic nanoparticle blended fiber are acceptable．
1 INTRODUCTION

distillation and maintain them at 4 ℃ .Cross linker:

Polypropylene (PP) is a versatile and widely used

ethylene dimethacrylate (EGDM A), Sigma-aldrich

synthetic polymer. However, they do not enjoy

company ;Emulsifier :sodium lauryl sulfate, SDS;

comparable popularity in the apparel sector of the

octyl-phenyl polyglycol ether（OP－10）; Initiator:

textile industry, one of the main reasons being lack

potassium

[1]

persulfate, KPS; PP special resin;

of dyeability . The reasons for its inability to be

Disperse dye：Foron Br-Red S-RGL 2000，clariant

colored by conventional dyeing techniques used for

company；

other synthetic fibers are its high crystallinity,
non-polar nature, and lack of functional group to
.[1-5]

2.2 Preparation of nanocomposite fibers

The nanocomposite exhibit

Firstly we prepare some kinds of nanoparitcles

outstanding improvement in material properties

through emulsion method, and choose three types of

as

particles to research on.

hold dye molecules
compared

to

neat

and

conventional

Before the fiber

micro/macro-composites. And organic nano-particle

preparation ,All the additive should be blend with

can provide the dyeable groups ,such as ester

the PP resin ,using a twin-screw extruder ,for two

linkage and benzene ring ,etc. It is speculated that

times, during the blending process, various organic

by incorporating nanoparticles in the polymer

nanopaticles were added, namely PS（HC）/PS、PS

matrix improved dyeability can be achieved., so in

and PS/P（ST-MMA-MA-BA）. After that ,the

this research, we investigated the dyeability and

complex resin is obtained. Then, the nanocomposite

fine denier of PP fibers filled with nano-sized

fibers were prepared by solution mixing followed

organically.

by melting spinning . (use the MST C-400 spinning
machine , Fuji Filter Mfg Co. Ltd japan). After

2 APPROACH

winding fiber is obtained , do the drafting

2.1 Materials

process(use the TF-100 parallel drafting machine)

Styrene (St); methyl methacrylate(MMA) ; butyl

the spinning process and drafting process is done

acrylate(BA);methylacrylate(MA);All the monomer

following these parameters.

need to be purified through reduced pressure

Spinning process parameters is list below: Screw
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pressure: 55 kgf/cm2; Box pressure: 40 kgf/cm2;

(2) The spinnability of 5%PS(HC)/PS core-shell

Winding speed: 400 m/min; NO1:210℃; NO2:

particles blending with PP ,which also underwent

230℃; NO3: 235℃.

the Kneading process, perform the best in all the

Drafting process parameter of modified fibers：

sample. It shows that the kneading process make the

Upper wheel 70℃，low board 100℃，low wheel

dispersion more uniformly.

room temperature，drafting speed 100m/min。
After the fibers is prepared ,boiling dyeing the

3.2.2 Tensile property of the modified PP fiber

fibers at normal pressure following the below

From the data of Tensile property test, we can get

parameters: Disperse dye:2 ％ （ o.f.w ） Diffusant

the conclusion as below.

NNO：1g/L；Monoammonium phospate：2g/L；

when keeping the same draft multiple and

Osmotic agent JFC：2ml/L；Bath ratio:50:1.

increasing the pump supplement ,the breaking
strength of the fibers will decrease .It is concluded

3. RESULTS AND DISCUSSION

that drafting the fiber to the same multiple cause the

3.1 study on the basic properties of polymer

increase of orientation degree, and consequently

emulsion

lead to the higher relative intensity and lower

The three formulations can lead to the nearly same

breaking elongation.

size of particles. On the same condition of emulsion

study on relative strength of the neat PP , blend of

concentration and monomer quality，there is no

5%PS(HC) / PS core-shell particles and PP,

absolutely link between the species of monomer and

composite of 5%PS(HC/PP（ST-MMA-MA-BA）

the diameter of Latex particles,and we also find the

core-shell particles and PP ,we can get the

diameter will slightly increase, if the amount of the

conclusion that the addictive will lower the tensile

cross linker is up. The conversion rate is high（more

property of modified PP fiber. The more uniformly

than 97%），and the diameter of the particle is less

the particle dispersed, the more slightly the strength

than

come down.

100nm,

Particle

size

distribution

is

mono-disperse,and PDI<0.15.We also use Fourier

the breaking strength of blend of 5%PS(HC)/PS

transform infrared

core-shell particles and PP is higher than PS

spectroscopy to calibrate the

chemical composition of polymerized addictive,

pellet-05/PP

and also reckon the amount of blending according
to the height of characteristic peak.

3.3. Study on dyeability of modified PP fiber
3.3.1 dyeing property of modified PP fiber

3.2 Research on the formation of modified PP

We can see the improvement in dyeability of

fiber

modified PP fibers clearly and directly From The

3.2.1 the spinnability of blending resin and the

FIGURE 1.

drafting ability of modified PP fiber
Research on the spinnability of blending resin and
the drafting ability of modified PP fiber has the
following result.
(1)Blending PS power and core-shell nanoparticle
powder of

PS（HC）/P（ST-MMA-MA-BA）

respectively with PP through the same method ,we
can get the conclusion that the spinnability of
A4-05/PP performed much better than the other,
which reflect that the core-shell particle has the
good dispersion effect.

FIGURE 1.the photo of colored fibers
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And we also use the DATACOLOR computer color

and structure of two-phase, which rely on the

matching Miriam to do quantitative test of the dyed

blending

fibers, the result is showed in TABLEⅠ.

two-phase。The FIGURE 2 is the photo of neat PP and

composition

and

compatibility

of

modified PP taken by the polarizing microscope
TABLEⅠ. Dyeing property of modified PP fibers

malta cross can be seen clearly in A 。 the
spherocrystal in B、C and D is much smaller than

sample

K/S

A ，Although the growth of PP spherocrystal is not

Neat PP-39-3.0

0.1292

prevented，there is also some difference in malta

Neat PP-39

0.2018

cross among phase A and others.

A2-05/PP-39-3.0

0.9332

A2-05/PP-39

1.2978

PS pellet-05/pp -39-3.0

1.1031

PS pellet-05/pp -39

1.7301

A5-05/PP -39-3.0

2.9325

A5-05/PP -39

4.8134

A Neat PP

B

PS pellet-05/PP

* Neat PP-39-3.0:the parameters of spinning process of neat PP
C A5-05/PP

is that the pump revolution speed is 39r/min,and Drawing

D A2-05/PP

multiples is 3. A2-05: 5%PS(HC)/PS core-shell particles;A5-05:

FIGURE 2. the photo of neat PP and modified PP taken by the

5% PS（HC）/P（ST-MMA-MA-BA）core-shell particles

polarizing microscope(A、B、C、D 50X10X2.4 multiple )

Besides the fact that the dyeability of winding yarn

The spherocrystal size of A5-05/PP and A2-05/PP

is better than drawn yarn, the K/S of A5-05/PP is

are a little small than Neat PP and PS pellet-05/PP.

more than PS pellet-05/PP.Its K/S of winding yarn

Thanks to the small size of core-shell addictive, it

is 170% more than PS pellet-05/PP’s,and its K/S of

disperse in the PP uniformly ,which lead to the

drafting yarn is 159% more. The A5-05/PP

increase of fiber’s dyeability。

performed the best ,whose winding yarn’s K/S is

The FIGURE 3 and FIGURE 4 was respectively the

2300% more than that of neat PP, and also its K/S

DSC curves of the Filament winding and drawn

of drawn yarn is 2170% more than that of neat PP.

yarn of the neat PP and the modified PP fiber. we

So we can concluded that our method to improve

can find that the crystal structure of all the fiber

the dyeability of PP fiber has the obvious effects,

hardly change, which in conformity with the result

which may be caused by its mutual force between

of FIGURE 2

polyacrylate and dye molecule.
3.3.2 Study on dyeing mechanism of modified PP
fiber
It seem to be that when the addition amount of A5 is
only 5%, the dyeability of the modified fiber
increase rapidly. In order to reveal the fact, we use
polarizing microscope with heating and freezing
stage \ sound velocity meter and DSC to research on
the dying mechanism of the rapid increase.
The dyeability of PP fiber has a close relation with

FIGURE 3. The DSC curves of the Filament winding of

its chemical composition, supermolecular structure

modified PP
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organic nanoparticles. As compared with neat PP
fibers and 4# fibers, 5# fibers ,which contain
core-shell particles, has the best dyeability, so It is
concluded that the core-shell particle has the better
dispersion effect. And also the kneading process
make the dispersion more uniformly. Tensile testing
of neat PP and nanocomposite fibers showed that
the addictive will lower the tensile property of
modified PP fiber. The more uniformly the particle
dispersed, the more slightly the strength come down.
After that , we also research on dyeing mechanism
of modified PP fiber and concluded that lower
FIGURE 4. The DSC curves of the drawn

crystallinity will increase the dyeability of modified

yarn of modified PP

PP fiber ,but the main reason of the rapid increase in

According to the recent research ,the dyeability of

modified PP fiber dyeability is the mutual force

modified PP fiber, to some extent, rely on its degree

between addictive A5 and the molecule of disperse

of crystallinity and orientation. The high the degree

dye.

of crystallinity is ,the smaller the unformed area,
and the lower the dyeability of fibers; also, the high

5. FUTURE WORK

the degree of orientation , the harder the dye

Because the experiment is still in the starting stage,

molecule access into the fiber, and lead to low

there are only some samples reaching the fine

dyeability. The Sound velocity, sound velocity

denier standard, which are not very stable. Our

modulus and crystallinity of neat PP and modified

further work will concentrate on the improvement

PP is tested .

of the mechanical property and research on

The DSC test result indicate that the crystallinity of

preparation of fine denier PP fibers, even super fine

modified A2-05/PP,PS Pellet-05/PP is lower than

denier PP fibers, so that we can conform the

neat PP ，so we can consider that the increase of

dyeability with the fine denier ,and widen the

dyeability is due to the lower of crystallinity.

applicant field of PP fiber in clothes material.

However,

the

crystallinity

degree

of

A5-05/PP-39-30 is only 1% lower than Neat
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ABSTRACT
The aim of this study was to enhance the mechanical strength and control the biodegradability of
electrospun fibrinogen nanofibers by crosslinking with different methods. The electrospun fibrinogen
scaffolds were successfully fabricated as a biomimetic scaffold for tissue engineering. The
morphologies of the resulting nanofibers were observed under scanning electron microscopy (SEM),
and their mechanical properties were tested by uniaxial tensile test. The results indicated that the
mechanical properties of electrospun fibrinogen nanofibers were significantly increased after
crosslinked by genipin vapour, thus crosslinked electrospun fibrinogen nanofibers should be a very
promising biomaterial for tissue engineering scaffold.
Key words: Fibrinogen Electrospinning Genipin Crosslink
1 Introduction
received

Fibrinogen is a soluble protein (340 kDa,

considerable attention in the fabrication of

globular) and has also been defined as fibrin

nanofibers from a wide varity of polymeric

molecules coupled to charged peptides [5]. The

recently[1,2], and more recently as a well-known

fibrinogen molecules are comprised of two sets

method to produce novel scaffold for tissue

of disulfide-bridged Aα-, Bß- and γ-chains that

engineering

because

are linked by 29 disulfide bonds. This material

architecture

similar

Electrospinning

technique

has

of
to

its

nanoscaled

that

of

natural

plays indispensable roles in blood clotting,

extracellular matrix . Many studies have been

fibrinolysis, cellular and matrix interactions,

reported about the electrospun natural polymers,

wound healing[9]. When fibrinogen is exposed to

such as fibrinogen, collagen, silk, hyaluronic

thrombin, two peptides are cleaved to produce

[3]

[4-7]

. It is well known that the natural

fibrin monomers. These monomers, in the

polymers have good properties as tissue

presence of Ca2+ and factor XIII, induce the

engineering

acid, et al

highly

assembly of steady fibrous clots (insoluble gels)

hydrophilicity and the low mechanical strength

and other fibrous structures, which function as

of the electrospun natural polymers could not

nature’s provisional matrix. Once needed by

meet the demand of applications in vitro and in

such tissues, the special structures can rebuild

vivo. Therefore, the further use of these natural

and repair themselves as an attractive tissue

materials

engineering

scaffolds,

have

been

but

the

limited.

However,

scaffold[10].

Fibrinogen

based

crosslinking is an effective way to slow down

scaffolds have previously been developed in the

the biodegradation and enhance the mechanical

form

[8]

properties .

of

fibrin

gels

and

others,

which

demonstrated that fibrinogen-based scaffolds are
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easily degradable and facilitate cell migration.

For this study, fibrinogen was dissolved in nine

The practical application of fibrin gels, however,

parts HFIP and 1 part 10×Dulbecco's Modified

[5]

has been limited by lack of structural integrity .

Eagle Media (DMEM) at concentrations of

In this study, we successfully electrospun

180mg/ml. Fibrinogen was electrospun under

fibrinogen

and

ambient conditions by loading the solutions into

crosslinked the membranes with a naturally

a 2.0-ml syringe with the inner diameter of

occurring crosslinking agent (genipin, GP) to

0.4mm. A clamp connected with high voltage

improve the mechanical properties of the

power supplier was holded on the needle. A

material. Usually, it was crosslinked by as

piece of aluminum foil was placed below the

glutaraldehyde, which is by far the most widely

needle the distance of 150-160 cm as grounded

used bifunctional reagents and also be utilized to

collector. The polymer jets generated from the

improve the mechanical properties of many

needle by high voltage field to the grounded

[11]

nanofibrous

scaffolds,

. However, the prior results shows

collector and formed the nanofiber membrane.

glutaraldehyde is toxic for cell growing on

The applied voltage and flow rate of the solution

films

[5]

fibers . Therefore, an effective crosslinking

were fixed at 24 kV and 0.8 ml/h respectively.

agent is needed, that can form stable and

All the nanofiber membranes were placed under

excellent biocompatible products with low

vacuum for 24h prior to any additional chemical

toxicity.

crosslinking.

Therefore,

genipin,

a

naturally

occurring crosslinking reagent, can be obtained

2.3 Cross-linking

from

2.3.1 Glutaraldehyde cross-linking

an

iridoid

glucoside,

geniposide,

abundantly present in gardenia fruits with less
[12]

Recently,

diameter of the Petri dish, which was put in the

fibrinogen scaffolds crosslinked by soaking in

bottom of a Sealed dryer to construct the vapour

genipin solution have been used in tissue

chamber. Fibrinogen scaffolds were placed in

toxicity

than

[13]

glutaraldehyde

.

25% glutaraldehyde firstly was placed in a 10cm

. As the films were easily shrinked

the sealed system at room temperature for 2h[13].

in solution, so the method of genipin vapour

After that, the cover was removed and the

were adopted. For this study, the 18mg/ml

scaffold was allowed to degas.

fibrinogen were electrospun, then crosslinked by

2.3.2 Genipin cross-linking

genipin vapour and glutaraldehyde vapour, that

Genipin was dissolved in ethanol (90%,v/v) with

were characterized by mechanical testing.

the concentration of 500mg/ml, that was put into

engineering

a 10cm diameter of the Petri dish. Subsequently,
2 Experimental

it was placed on the bottom of the Sealed dryer

2.1 Materials

with

diameter

of

21cm.

The

fibrinogen

Fibrinogen (porcine soluble fraction, Guang

membranes were crosslinked by genipin vapour

zhou beixiu, Co.,Ltd, China), 1,1,1,3,3,3–

in the sealed dryer for 2h to contrast the

hexafluoro-2-propanol(HFIP,

Shanghai Darui

membranes treated by glutaraldehyde vapour for

Finechemical China) and genipin (GP, Shanghai

the same time. After cross-linking, all the fibrous

Huyun pharmaceutical Co.,Ltd,China), glutaral-

membranes were also placed into vacuum oven

dehyde(25％solution, Guoyao Co.,Ltd, China),

for 24h to remove the residual solvents.

ethanol(Shanghai Boer chemical reagent Co.,Ltd,
China), all chemicals were of analytical reagent

2.3.3 Controls

grade and used without further purification.

As genipin cross-linker was dissolved in ethanol,
it was decided that a pure ethanol solution

2.2 Electrospinning

should be used as a control to ensure that the
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crosslinking effects were a result of the

（b）

cross-linkers rather than the ethanol. Electrospun
scaffolds were placed in an ethanol solution for 2
h to mimic that of genipin cross-linked scaffolds.
2.4 Characterization of cross-linking
2.4.1 Scanning electron microscopy analysis

（c）

The morphologies of the electrospun fibrinogen
fibers were observed under a Scanning Electron
microscope (JSM-5600LV) at the voltage of 15
kV.
2.4.2 Mechanical testing
Mechanical characterizations were achieved

（d）

by applying uniaxial tensile test loads to
specimens

prepared

from

the

electrospun

membranes. As the electrospun membranes were
very weak, so the preparation method of
specimens were adoped in the reported way[1].
The resulting specimens had a planar dimension
of width × gauge length = 10mm × 30mm. The

Figure 1. SEM micrographs of electrospun fibrinogen

mechanical properties were determined by using

scaffolds after treatment with(a) no fixation (b)genipin vaper,

an nano material tension testing machine (Nano

(c)ethanol vaper, (d)glutaraldehyde vaper

Bionix System, MTS, TN, USA) at a constant
speed of 10 mm/min at humidity of 60 with

SEM

homeothermia.

crosslinked by various crosslinkers were shown

micrographs

of

fibrinogen

fibers

in Figure1. The images indicated that the
2.4.3 Statistical analysis

electrospun

Statistical analysis was performed using Origin

interconnected, forming an apparently robust,

7.5 (OriginLab, USA). Statistical comparisons

and the average diameter increased significantly

were made by analysis of one-way ANOVA. In

and porosity declined.

all evaluations, P<0.05 was considered as

3.2 Mechanical properties

statistically significant.

The tensile stress-strain curves of the electros-

nanofibers

became

strongly

pun fibrinogen nanofiber membranes crosslinked
3. Results

with genipin, glutaraldehyde and ethanol are

3.1 Morphologies of crosslinked fibrinogen

shown in fig.2. Comparied with no fixation

fibers

(fig.2a), the mechanical properties of electrospun

（a）

fibrinogen membranes improved after crosslinked (fig.2b-d). The concrete comparative
results of various crosslinkers are shown in table
1. The breaking stress and breaking strain of
electrospun fibrinogen membranes crosslinked
with genipin vapour significantly enhanced, and
the properties of glutaraldehyde vapour (fig.2a)
- 933 -

crosslinking and control group (fig.2c) enhanced

important for their successful application in

a little only in breaking stress. So the mechanical

tissue engineering. Therefore, we could adjust

performance

the

of

electrospun

fibrinogen

mambranes was received excellent in this study.
5

No fixation
Genipin vapour
ethanol vapour
glutaraldehyde vapour

stress / MPa

4

mechanical

properties

to

meet

the

requirement in practice.
5 Conclusion

B

In this study, genipin-crosslinked fibrinogen

3

membranes was prepared in a vapour conditions

D

using genipin, a naturally occurring crosslinker.

2

C

In comparison with the glutaraldehyde vapour

A

1

and ethanol vapour crosslinking, the genipin
0
0

10

20

30

40

50

60

70

shows excellent properties by SEM and tensile

80

strain / %

test. Thus, this naturally occurring crosslinking

Figure 2. Stress-strain curve of electrospun fibrinogen fibers

agent-genipin can be considered a very good

crosslinked with different linkers

alternative as cross-linking agent for fibrinogen
based materials for biomedical applications.

Table Ⅰ: Comparison of mechanical properties of

Specifically, Its innate biological and excellent

electrospun fibrinogen with different crosslinkers

mechanical properties make it an excellent
candidate for tissue engineering.

crosslinker
No fixation
Genipin
vapour
Ethanol
vapour
Glutaraldehyde
vapour

Breaking

Breaking

strength

Strain

(Mpa)

(%)
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ABSTRACT
Electrospinning is a straightforward method to produce ultrafine fibers. Electrospun fibers often have beads or
line typed in regular or irregular arrays. UPM (unsaturated macromonomor polyester) / PHBV (Poly
-(hydroxybutyrate-co-hydroxyvalerate) blended system was electrospun to form different structure. The
different ratio of ethanol/water bath solutions system were varied to control the fibers morphology from
abnormity to bead structure and transfer to be the shuttle structure and final to be lines and resultant different
wetting property. Beads morphology changed the contact angles of water droplet from 114.6±0.8°to 139.6±0.4°.
It is shown that assisting with different bath solution, UPM/PHBV mat has not only the different hydrophobic
property but also good morphology controllable.
Keywords:
Electrospinning;
(UPM)unsaturated
macromonomor
polyester;
Poly(hydroxybutyrate-co-hydroxyvalerate); Hydrophobic; Fibre technology; bath solution

(PHBV)

1 INTRODUCTION
Many surfaces in nature such as plant leaves etc. are

be greatly enhanced by increasing the surface

super hydrophobic, displaying apparent contact

reported the examples of superhydrophobic coatings

angles with water greater than 150° and low contact

were created by electrospinning. [7-12] Zuo.w’ [4] paid

angle hysteresis.

[1]

morphology. Lei Jiang

The hydrophobic surface has

more

attention

to

[2]

and Kazim Acatay

building

the

beads

[3]

[5]

important practical applications for human beings,

morphologies by electrospinning and controlling the

which attracts the increasing interests for people to

wetting property. The aggregation of the beads

develop

caused the contact angle scan to reaches 145.3 ±

hydrophobic

products

imitating

the

structure of the nature surfaces.

1.0û. It is a simple and inexpensive way has been
attempted by a number of groups.

Electrospinning is a simple, convenient, and
versatile technique for processing extremely long

Previous methods of morphology controllable

fibers with diameters on both the micro- or

polymer fibers relied on either the electrospinning

nanoscales.[1-6] Recently, there has been much

of blends followed by selective removal of one of

interest in improving this technique to produce

the phases or phase separation based on the

novel fibers with different compositions and

evaporation of solvent or in the presence of vapor.

morphologies. For example, modification of the

Xia et al. showed that, by using a coaxial spinneret

spinneret has facilitated the electrospinning of

with miscible solvents and immiscible polymers,

hollow, core-sheath, and porous fibers.[2]

highly porous fibers could be obtained by selective
dissolution (in the case of polymer fibers) or

Many of the applications of electrospun fibers could

calcination (in the case of composite fibers).
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and PHBV(Mn 460,000, HV content 3%) were
kindly supplied by Ningbo TianAn Co and was
purified before being used.

In addition, in order to obtain nanofibrous structures
having the proper diameter, electrospinning was
carried out with benzyl trialkylammonium chlorides
soluble in many solvents and easily removable from

2.2 Electrospinning
solutions

the resulting ultrafine fibers by further treatment.

The UPM/PHBV concentration was 10 wt% and

These salts can change the solution properties of

mixed at predetermined ratios (UPM:PHBV=4/1 ,

polymer solution such as surface tension and

w/w). The electrospinning setup consists of a

conductivity, and consequently it is expected that

syringe and needle (ID= 0.495 mm), the voltage

the diameter and morphology of electrospun fibers

ranges from 5kv to 60 kV.

would be affected by these addition.

solvent was immersed into the collector in a bath of

or other salts, which were chosen because they are

water/ethanol

system.

of

UPM/PHBV

The UPM/PHBV blend
Different

morphology

polymer fibers can be obtained through varied the
ratio between water and ethanol. The sketch was
showed in Fig 2. Foil is placed 15 cm vertically
from the tip of the syringe to the collector. Solution
flow rate was 3 ml/h.

Fig 1. Chemical structure of UPM and PHBV

In pre-study,

[6]

we reported the synthesis of the

novel unsaturated macromonomor polyester (UPM).
It has lots of good properties, such as good
resistance against water, acids, oxidizing agents,
organic solvents, light and weather. Crosslinked
UPM can also improve the mechanical strength. But
UPM could not be directly electrospun as result of
its low viscosity, low molecular weight. So PHBV
was

used

to

improve

the

electrospinning
Fig2. (UPM)/PHBV electrospinning sketch

processability.[13-14] The chemical structures of UPM
and PHBV are shown in Fig. 1.

2.3 Characterization

In this paper, the fibers hit a bath with different

The morphology and diameter of the electrospun

ratios of ethanol/water blended solution before

fibers aggregates were determined with Optical

reaching the collector. The remaining solvent is

Microscope

changed from incompatibly in bath solvent to

Contact angles were measured by OCA40

compatibility. In such process, polymer structure

contact angle system (Dataphysics Co.,). The
volume of the water for measurement was 3 × 10−9

changed with the solvent separation. By controlling

m3.

the way, the solvent is evaporated or separated or
solved in the bath, a different morphology fiber can

3 RESULTS AND DISCUSSIONS
3.1 Morphology of electrospun films

be easily obtained in a single step.

2 EXPERIMENTAL
2.1. Materials
UPM was prepared and reported in our pre-work

The morphology of the electrospun films from
UPM/PHBV was observed by Optical Microscope.
[6]

,

With the increasing of ethanol in water, the
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chloroform, which was used as spinning solvent,

films

became easier to solve in the bath and the

Fig. 4a shows the wetting property of the surfaces.

nanofibers with uniform diameter can be gradually

The result of the measurement of water contact

obtained. If there is no ethanol, fibers are not

angle on UPM/PHBV electrospun fiber mat reads

formed but only abnormity that was observed in

114.8 ± 0.8û (Fig. 3a), indicating that UPM/PHBV

Fig.3a, because the chloroform can not solve in

electrospun fiber is an intrinsically hydrophobic

water and in low water temperature, chloroform

structure.

also hard to be volatilized and will suspend on
water surface. The UPM in spinning solvent then

Fig. 4b to 4d shows the shape of a water droplet on

will be diffusing with the accumulation of

the shuttle and beads like and beads structure film

chloroform on the water. When the water/ethanol

surface. The contact angle on film surface changed

ratio was higher than 4:1, the electrospun fibers

from 120±0.7û to 139.6±0.4° is higher than that on

show bead and string structures observed in Fig. 3b

none-beads fiber, indicating that the surface

to 3d, because chloroform is easy to solve in

property is more hydrophobic.

ethanol. And with the vaporizing of ethanol,
chloroform also easier to volatilize it help the fiber
keep normal structure.
The consecutive line type fiber structure with an
average fiber diameter of 1 μm was observed when

114.6±0.8°

120±0.7°

water/ethanol ratio was lower than 1:4, fiber

the shape of a water droplet on

the shape of a water droplet on

morphologh changes to the shuttle structure and

the none beads mat surface

the shuttle mat surface

134±0.6°

139.6±0.4°

the shape of a water droplet on

the shape of a water droplet on

the beads-like mat surface

the beads mat surface

final to be lines shown in Fig. 3e to 3f.

(a)100%water

(b)20%ethanol：80%water

Fig 4 water droplet on UPM/PHBV fibers and beads surface

The above results reveal that a bead-predominant
surface generates larger contact angles than one
mainly consisting of fibers does. It is due to the fact
that
(c)40% ethanol：60% water

bead-rich

surface

is

rougher

than

fiber-predominant one.

(d)60% ethanol：40% water

4 Conclusions

Fig3 Influence on different bath ratio between ethanol and water

Controlling the bath ratio between ethanol and
water, surface morphology by electrospinning,can

3.2 Wetting property of electrospun

changed from line style to the shuttle structure and
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beads structure and final the abnormity. The water
contact angles ranged from 114.8 ± 0.8û to 139.6±
0.4°
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ABSTRACT
In attempts to modify the intrinsic properties of PLA, the PLA-PCL-PLA triblocks copolymers were
synthesized by ring opening polymerization of L-lactide, initiated by the hydroxyl terminal groups of
the PCL chain, followed by using hexamethylene diisocyanate (HDI) in absolute chloroform solvent.
Various analytical techniques such as FTIR, DSC, and 1H NMR were used to characterize the structure
of the copolymer. According to that it is inferred that PLA-PCL-PLA tirblocks and multiblock
copolymers are synthesized.
Keywords: PLA-b-PCL multiblock polymer; HDI; diisocyanate PCL
INTRODUCTION

properties of PCL such as biodegradability and

Polylactide (PLA) is biocompatibility linear

high flexibility. Most studies have focused on

aliphatic thermoplastic polyester produced from

random, diblock, and triblock copolymers [4].

renewable resource and readily biodegradable,
which has attracted much attention in aspect of

To

polymerization and processing [1,2]. Whereas

copolymers, we synthesized new PLA-PCL

PLA resins have mostly used in biomedical

multiblock copolymers. PLA-PCL multiblock

applications, including drug delivery devices and

copolymers were prepared by using coupling

hard tissue scaffolds. Thanks to mechanical

reactions between two short triblocks in the

properties comparable to PET, PLA could

absence of chain extension. The chemical

reasonably substitute traditional commodity

structures, thermal properties were characterized

polymer

using FTIR, DSC, and 1H NMR.

in

domains

such

as

everyday

expand

the

properties

of

PCL/PLA

applications. However, the brittle performance of
PLA

under

impact

loads

limits

its

EXPERIMENTAL

applications.Many researches on the toughening
of PLA focuses either on modifying PLA with

Materials: Poly(ε-caprolactone) diols with a Mn

copolymerization with another molecules such

of 3000 was dry in vacuum oven at 110℃ for 3

as GA, CL, and

the macroinitiators such as

hours. PCL and HDI were supplied by Nippon

PCL, PEG, or blending with other flexibility

polyurethane Industry Co., Ltd. The Stannous

polymer and plasticizers [3]. Polymer blends or

Octanoate

copolymers of PLLA and PCL have gained much

purchaced from the Shanghai Chemical Reagent

interest in recent years because of the unique

Company, China Medicine (Group). Chloroform
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catalyst

and

chloroform

were

were distilled before used. L-lactide was
synthesized according Literature procedures[5].
(b)

Synthesis of PLA-b-PCL triblock copolymer:
L-Lactide, stannous otoate (monomer/catalyst
ratio=200), and PCL were weighed into a round
bottomed flask equipped with a mechanical
stirrer. The molar feed ratio of PCL and LA was
1:1000.The flask was purged with dry nitrogen

(c)

and immersed in an oil bath at 160℃ for 3h. The

SCHEME1. Synthetic Path way for PLA-b-PCL Multiblock

product was dissolved in chloroform and

Copolymer

precipitated by pouring the polymer solution into
an excess of methanol, filtered and dried under

PLA-PCL

multiblock

copolymers

were

vacuum.

synthsiszed by coupling PLA-b-PCL and PCL
segments. PLA-b-PCL was prepared by ring

Synthesis of PLLA PCL Multiblock Copolymers:

opening polymerization of L-lactide, initiated by

Poly(ε-caprolactone) diols was dissolved in

the hydroxyl terminal groups of the PCL chain

purifed chloroformand, and HDI was added to

(Scheme 1a). The multiblock copolymers were

the solution. The molar feed ratio of HDI and

prepared by using coupling reactions between

PCL was 1.5:1. The reaction was carried out at

two triblocks polymer (Scheme 1 b,c).

60℃ for 3h. And then, the triblock polymer was
added into the solution at 70℃ for 3h. The
polymers were precipitated by pouring the
polymer solution into an excess of methanol,
filtered and dried under vacuum.
Characterization:

1

H

NMR

spectra

were

recorded in CDCl3 at room temperature using
Varian Unity Plus 400-MHz sprctromer. The
FT-IR spectra of the polymers were recorded on
an FT-IR spectrometer () at ambient temperature.
Differential

scanning

calorimetry

(DSC)

thermograms were obtained using a Mettler DSC

FIGURE 1. 1H NMR spectrum of the PLA-b-PCL multiblock
copolymer

822e at a heating rate of 10℃/min.
Figure 1 shows the 1H NMR spectrum of the
RESULT AND DISCUSSION

PLA-b-PCL multiblock copolymer. The terminal
methylene protons at δ 3.65 of PCL disappeared
which indicated the absence of unreacted PCL.
The copolymer composition, i.e. the ratio of
methylene and lactic acid residues can be
calculated

(a)

from

the

integrated

peaks

of

methylene protons (4.07ppm) and that of
PLA-methine proton (5.15ppm).
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The synthesized polymers were characterized by

of polymer and PCL are shown in Table I.

FTIR measurement. The FTIR spectrum of the

Compared with the triblock polymer, molecular

triblock, multiblock and blends was shown in

weights of the multiblock exhibit a rise at low

Figure

-1

2. The absorption at 2270cm

was

ratio of PCL. As shown in Table I, the molecular

assigned to –NCO. The peak disappeared at

weights had a slowly rise with the PCL inreased,

FTIR

polymer,

and then the molecular weights quickly drop

compared with the blends, which indicated the

from 56,000 as the ratio beyond 7:3. The triblock

absence of –NCO and the preparation of

polymer cannot react with PCL coupling agent

multiblock polymer PLA-b-PCL.

completely, and the coupling agent with low

spectrum

of

multiblock

molecular weights decreased the value of Mη.

Transmittance

(a)

Thermal properties of PLA and bolck polymer
were shown in Figure 3. It can be seen that the
glass-transition temperature and crystallization

(b)

temperature were lower than that of pure PLA.

(c)

PLA-b-PCL multiblock copolymers exhibited
only one melting peak, which corresponded to
the PLA phase. As increased of the ratio of PCL,

1000

1500

2000

2500

3000

3500

4000

the crystallization temperature got decrease.

Wavenumber(cm-1)

FIGURE 2. FTIR spectrum of multiblock (a), the blends
PLLA, PCL and HDI (b), and triblock copolymer
PLA-b-PCL.

TABLE 1 shows the intrinsic viscosities of
multiblock polymer. From these analysed, we
confirmed the completeness of PLA-b-PCL
multiblock copolymer reaction.
TABLE I. the intrinsic viscosities of multiblock polymer of

FIGURE 3 DSC thermograms of PLA homopolymers, PCL

multipolymer prepared at different ratio of coupling agents.

and PLA-b-PCL multiblock polymer

No.

Conclusions

PCL coupling agent

[η]

Mη

/ PLLA-b- PCL
1

9/1

1.5124

52,000

New PLA-b-PCL multiblock copolymer were

2

8/2

1.5547

54,000

synthesised by diisocyanate coupling agent

3

7/3

1.5950

56,000

between

4

6/4

1.3721

45,000

Copolymers produced were characterized by

5

5/5

1.2203

38,000

NMR, FTIR, DSC. PLA multiblock copolymers
exhibited

By changing the ratio of PCL coupling agent

only

one

triblock

melting

corresponded to the PLA phase.

PLA-b-PCL multiblock copolymer of various
molecular weights were prepared. The molecular

PLA-b-PCL
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ABSTRACT
In the current study the role of both plasma treated TiOX particles and strain rate on the tensile properties of
plasma treated Nano TiOX particles PP/PLA nano-composites filaments (PTNTOPPCF) was studied. For this
purpose filaments tensile samples of PTNTOPPCF were prepared on a twin screw mixer-twin screw extruder
with a particle content of 0.3~1%. The influence of surface treatment of the particles, with and without
low-temperature oxygen plasma treatment, on the physico-mechanical properties was studied. The experiments
included tensile tests. Tensile test was done at different strain rates. The addition of plasma treated nano TiOX
particles to PP/PLA causes a change in Young's modulus and yield stress of its composites. Also it was
concluded that strain-rate sensitivity of PTNTOPPCF changed as plasma with and without oxygen treated Nano
TiOX particles was added to it with different rate. The findings were found to be in accord with available
experimental evidence in both a quantitative and qualitative manner. Deficiencies in the available experimental
evidence were noted, specifically in the context of explaining some of the difficulties in comparing theoretical
predictions to experimental observation.
INTRODUCTION
Nanocrystalline materials have received much
attention as advanced engineering materials with
improved physical and mechanical properties[1, 2]. As
nano-materials possess high strength, high hardness
and excellent ductility and toughness, undoubtedly,
more attention has been paid for the application of
nano-materials[3, 4]. Wu et al.[5] has found that At 0.5
wt.% TiO2 content, the composite membrane has an
excellent performance, however higher TiO2 content
(than 0.5 wt.%) resulted in defective pore structure of
the membranes and decline of the performances, such
as permeability and mechanical strength. Paulmier et
al.[6] has reported that by controlling the plasma
discharge intensity and the treatment time on the
surface, they had been able to produce a large range
of structures and morphologies that must be
promising in various technological applications, from
nano-electronics to solar cell technologies. Ma et al.[7]
has told that helium ion implantation into titanium
leads to the formation of bubbles with a diameter
from a few to more than 10 nm and the bubble size
increases with the increase of dose. And hardness in
the near surface layer has been improved for all the
implanted samples. And the agglomeration of nano
material is the key problem for it usages.
At present, plasma treatment has been wildly used in
the surface modify. Effects of plasma treatment
include the improved wettability[8, 9], adhesion[10],
dyeability[11] because it can incorporate a large
variety of chemically active functional groups as well
as roughen the surface of the materials[12-14].
Upadhyay et al.[15] has shown that the nitrogen
plasma processing induces cross-linking on
membrane surface leading to effective improvement

in separation performance of membrane. Mondala et
al.[16] has said that for the plasma treatment the
significant improvement of micro-hardness was
observed with optimal concentration of TiCN
reinforcement addition in WC–Co system without
sacrificing much fracture toughness value of the
composite cermets. However, no one has ever
reported it had beening used plasma to treated nano
particles.
In order to determine what deformation mechanisms
operate in nanostructured material, there has been a
resurgent interest in equations of state involving
activation energies and activation volumes.
Activation volume is an important parameter if one is
concerned with the time and temperature stability of
recording inter-phase effect on strength in nano
TiO2/PP/PLA nano-composited filaments . By taking
advantage of the simple kinetics in a nanocrystal
system, we obtain insight into the mechanisms and
microscopic processes of structural phase transitions.
The purpose of this paper is to report the material
influence on the strain rate sensitivity of plasma
treated Nano of TiOx particles PP/PLA
nano-composites. Tensile tests were performed to
evaluate mechanical performance. The SEM
micrographs are used to investigate the surface
morphologies.
APPROACH
We designed the experiment by orthogonal test and
analyzed the data with range analysis (Table 1 and
Fig.1). For this orthogonal test, there were eighteen
samples, they were numbered from Sample1 to
Sample18.
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Table1. THE HEAD OF FORM OF THE ORTHOGONAL TEST DESIGN
PP/PLA [%]

TiO2[%]

He [l/min]

Time[s]

Power[w]

O2 [l/min]

MAH[%]

80/20
75/25
70/30

0.3
0.7
1

17
18
20

36
72
108

60
80
120

0
0.1
0.2

0.6
1.2
1.8

100
90
80
70
60
50
40
30
20
10
0

strength, hardening modulus and UTS were all at the
strain rate of 0.03s-1, and the highest initial modulus
was at the strain rate of 0.003s-1. It could also be
found that UTS at the rate of 0.1s-1 is 80.57% smaller
than the rate of 0.03s-1.

ma
h

O2

po
we
r

ti
me

he

ka1
ka2
ka3
kr

Ti
O2

PP
/P
LA

tensile strength(Mpa)

2
0
-2

Fig.1. BREAKING TENACITY RANGE ANALYSIS

The stress–strain curves for the nano-composite
fibers were measured on a tensile testing machine
(YG001A) at the strain rate of 0.003s-1, 0.03s-1 and
0.1s-1. The reported values of all the mechanical
properties had been averaged over at least 32
independent measurements. And the worked data
were shown in Fig.2-4.
RESULTS AND DISCUSSION
Tensile
stress–strain
curves
of
PP/PLA
nano-composited filaments at different strain rates
were shown in Fig.2-4. These figures shown that the
stress-strain relationships of PP/PLA nanocomposite filaments were non-linear even at strains
lower than the yield strain. After the yield point, the
stress increased much steadily with strain, and then
the hardening strain occurred. After the hardening
point, the polymer molecules became more oriented
with strain increased. The tensile properties of each
material at different test conditions were listed in
Table 2. Fig.2-4 shown the effect of strain rate on the
stress–strain curves. With the increasing of strain rate,
the initial modulus, yield strength, hardening
modulus and tensile strength all changed for each
material.
From Fig.2, the strain rate at 0.03s-1 had the highest
initial modulus, yield strength in this sample, and
ultimate tensile strength (UTS), the hardening
modulus was lower than the strain rate at 0.1s-1, and
the strain rate at 0.003s-1 had the lowest initial
modulus, yield strength, hardening modulus, and
UTS in the specimen.

Fig.3 THE STRESS-STRAIN CURVES OF SAMPLE 4 IN
DIFFERENT STRAIN RATE

For Sample8, at the strain rate of 0.03s-1, it had
the highest initial modulus, meanwhile yield strength,
hardening modulus, and UTS were similar to the
strain rate of 0.1s-1. The UTS at the rate of 0.003s-1
was 246.9% lower than it at the rate of 0.1s-1.

Fig.4 THE STRESS-STRAIN CURVES OF SAMPLE 8 IN
DIFFERENT STRAIN RATE

From Fig.5, it could be found that Sample8 had the
lowest initial modulus, and Sample5 had the lowest
yield strength and UTS. That was because Sample8
had the highest flow rate of helium, and Sample5 had
the longest plasma treated time in this group. The
power from high to low were Sample5, Sample2, and
Sample8. Moreover, the medium high power made
the UTS had the largest digital number in the three
specimens.

Fig.2 THE STRESS-STRAIN CURVES OF SAMPLE 2 IN
DIFFERENT STRAIN RATE

From Fig.3, in this sample, the highest yield

Fig. 5 THE STRESS-STRAIN CURVES OF DIFFERENT RATIO
OF PP AND PLA AT THE STRAIN RATE OF 0.03s−1
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From Fig.6, Sample8 had the highest initial modulus,
yield strength, and UTS, this was due to the highest
flow rate of oxygen in this group, it might improve
the aggregation of nano TiO2, and the interphase
between organic polymer and inorganic particles.
The power from high to low were Sample8, Sample9
and Sample16. Opposite from Fig.8, the medium
high power had the smallest digital number in the
three specimens.

initial slop of stress–strain curves can be expressed
as:
dσ/dε = E1

(2)

At the large deformation the slop could be expressed
as:
dσ/dε =E1E2/(E1 + E2)

(3)

From the Young’s modulus and the hardening
modulus of material, the value of E1 and E2 could be
obtained. After that, from experimental stress–strain
curves by using the least square method, the quantity
η could be simulated, which had been listed in Table
2. It had shown the relationship between η and the
strain rate. The values of η decreased with increasing
strain rate, and with the increasing of flow rate of
helium and treated time, η still decreased. Opposited
with it, the increased flow rate of oxygen made η
increased. Did not like them, the trend of the effect of
power had a peak.

Fig. 6 THE STRESS-STRAIN CURVES OF DIFFERENT
CONTENT OF TiO2 AT THE STRAIN RATE OF 0.03s−1
Fig.8 STANDARD LINEAR SOLID MODEL

Substituting for parameters in Eq. (2), the simulated
stress-strain plots were drawn as shown in Fig.5-7.
25000
20000
ita (MPa*sec.)

Looking at Fig.7, it could be found that
Sample4 had the shortest elongation in this group,
that was because it had the lowest flow rate of helium
and shortest treated time in this group. And Sample5
did not has the oxygen plasma treatment may the
reason of it had the highest UTS in this group. Like
Fig.9, the medium high power had the smallest
digital number in Sample5, Sample4 and Sample13,
which were the power from high to low. Compared
with Fig.8, Fig.9 and Fig.10, it could be known that
with the increasing of power, UTS would decrease,
after 80W of power, it would increase again. The
different of the PP/PLA group was due to the other
plasma treatmental test parameters.

2
4
5
8
9
13
16

15000
10000
5000
0
-5000

0

0.02

E1E 2
E12 ε&η
E1 + E 2 ε
ε+
[1 − exp(−
)]
η
ε&
E1 + E 2
( E1 + E 2) 2

0.08

0.1

0.12

η=82.7505έ-0.89797
η=28.39775έ-1.10515
η=68.85618έ-0.89556
η=114.5464έ-078702
η=56.36678έ-0.95403
η=38.74261έ-1.06315
η=57.55379έ-0.96824

Table2 CONSTITUTIVE PARAMENTS OF 7 SAMPLES

In this paper we used the “standard linear solid”
model to describe the strain rate sensitive behavior of
the composited material (see Fig.8). The stress–strain
relationship can be express as following:
σ=

0.06

Fig.9 EFFECT OF NANO PARTICLE CONTENT AND STRAIN
RATE ON VISCOSITY COEFFICIENT η

For Sample 2:
For Sample 4:
For Sample 5:
For Sample 8:
For Sample 9:
For Sample 13:
For Sample 16:
Fig. 7 THE STRESS-STRAIN CURVES OF DIFFERENT
CONTENT OF MAH AT THE STRAIN RATE OF 0.1 s−1

0.04

strain rate (1/s)

(1)

where E1 and E2 were the modulus of the spring in
front and the spring in the Kelvin element. The
quantity η was the viscosity coefficient with the
dimension of stress×time. According to Eq. (1), the
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Sample

η

2

14882.85

2069.97

624.56

4

15737.48

1844.55

297.39

5

12908.05

1453.25

574.63

8

10407.19

2171.45

622.26

9

14825.03

1465.04

537.08

13

19828.19

1345.54

504.40

16

15891.39

1735.68

531.03

CONCLUSIONS
Tensile tests were conducted on TiO2 particle filled
PP/PLA. Based on the experimental results, the
following conclusions are reached:
Tensile results shown that helium plasma could
increase the elongation of the composite filaments.
The treated of oxygen would reduce the UTS of
samples. As the treated power increased, the lowest
UTS emerged at 80W in our experiment.
A nonlinear constitutive model had been established
to describe the strain rate sensitive behavior of the
PP/PLA nano-composite filaments. The parameters
in this model were the modulus E, hardening
modulus E1, and viscosity coefficient η. The
simulated results had shown that the increased flow
rate of oxygen made η increased. And the highest η
was arising at 80W in our experiment.
FUTURE WORK
After this, what we will do is biodegradation.
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ABSTRACT
The purpose of this current paper was to investigate the effect of atmospheric pressure plasma jet (APPJ) treated
carbon nanotubes particles on the mechanical properties of polypropylene /polylactic acid nanocomposite
filaments. Tensile samples of CNTs/PP/PLA nanocomposites were prepared on a twin screw extruder, to study the
influence of surface treatment of the particles, with different plasma treatment, on the physico-mechanical
properties. The experiments included tensile tests, differential scanning calorimeter (DSC), scanning electron
microscopy (SEM) experiments. Tensile test was conducted at different strain rate, which showed the plasma
treatment power, time, helium and oxygen gas flow rate cause a change in mechanical performances of
nanocomposites. In addition, DSC results showed that the increase of plasma treatment power, time and helium
gas flow rate can lead to a decrease of Tg and Tm of nanocomposites, while the addition of oxygen gas flow rate
results in an increase of Tg and Tm of nanocomposites. Some models have been established to estimate activation
volumes for truly nanocrystalline material. The findings were found to be in accord with available experimental
evidence in both a quantitative and qualitative manner.
Mechanical properties were examined by tensile
tests. Morphological studies were characterized by
1. INTRODUCTION
scanning electron microscopy (SEM). We still use
Plasma treatments have been widely used for
the models to predict the stress–strain relationship
decades in modifying the properties of materials
and estimate activation volumes (nano-scale). These
[1-3]. Among various plasma treatment methods,
experimental results allow us to expect that the
atmospheric plasma treatment jet (APPJ) has many
APPJ characteristics can be effectively controlled by
advantages, which generate uniform plasmas, not
the different parameters for applications with
requiring a vacuum system and thus treating
specific requirements.
materials continuously with much higher activated
particle density [4]. However, the effects of
atmospheric pressure plasma treatment on properties
2. EXPERIMENTAL METHODS
of nanocomposites have been rarely reported in the
2.1. Preparation of Plasma treated CNTs
The plasma treatments were carried out using an
literature.
Atomflo 250 atmospheric pressure plasma jet
It has been reported that the degree of plasma
manufactured by the Surfx Technologies LLC
modification and the character of induced changes
(California, USA).
depend on parameters such as what kind of plasma
was used, how high the plasma power was, and how
2.2. Blends and fiber preparation
Based on above spinnability test, actual
long the fiber surfaces were exposed to the plasma
melt-spinning experiments for Plasma treated
[5-6]. To understand the complex reaction between
CNTs/PP/PLA/MAH were carried out on a Twin
the plasma and the polymer, it is necessary to
Screw Compounding System EUROLAB 16
investigate the plasma parameters and the effect of
(Thermo-Hakke) with ten zones of temperature with
certain parameters on the efficiency of plasma
a spinneret containing 1 orifices of 3.5 mm diameter.
treatments. Therefore, we study the influence of
The extruder was set with ten different temperature
plasma parameters on thermal and mechanical
zones of 165, 180, 190, 200, 210, 210, 195, 190, 185
properties of material to optimize the plasma
and 180 °C at the feed, metering, melt-blending, die
treatment conditions and to improve the plasma
and spinneret sections, respectively. The as-spun
treatment effectiveness.
filaments were collected at a take-up speed of 100
In this paper, the effects of different plasma
m/min.
treatment parameters (such as plasma treatment
power, time, helium and oxygen gas flow rate) on
2.3. Orthogonal design
The experiment was designed by orthogonal test.
thermal and mechanical properties of APPJ treated
The configurations of the control factors and their
carbon nanotubes (CNTs) / Polypropylene (PP) /
levels are shown in Table 1. With the selection of
Polylactic acid (PLA) nanocomposites are further
orthogonal array, using seven mentioned parameters
investigated. Corresponding changes in thermal
and their levels, the number of experiments required
can be drastically reduced to eighteen.
performances of nanocomposites were analyzed
using differential scanning calorimeter (DSC).
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TABLE I. The head of form of the orthogonal test design.
PP/PLA g
80/20
75/25
70/30

2
0
-2

CNTs 50nm
0.3
0.7
1

He l/min
17
18
20

time s
36'
72'
108'

power w
60
80
120

O2 l/min
0
0.1
0.2

MAH g
0.6
1.2
1.8

2.4. Range analysis
breaking tenacity

breaking tenacity range analysis
15
i1
i2
i3
r

10
5
0
i1
i2
i3
r

PP/PLA

CNTs

He

time

power

O2

MAH

10.33
10.13
9.586
0.746

9.99
9.164
10.89
1.726

10.78
9.612
9.654
1.166

10.72
9.142
10.18
1.578

9.647
10.97
9.425
1.546

10.39
10.26
9.389
1.006

9.675
10.57
9.801
0.893

FIGURE 3. breaking tenacity range analysis
Tm range analysis
200
i1
i2
i3
r

Tm

150
100
50
0
PP/PLA
i1 163.34
i2 163.8
i3 163.33
r 0.4777

CNTs
163.4
163.93
163.15
0.7805

He
163.53
163.25
163.69
0.4402

time
162.92
163.63
163.93
1.0097

power
163.92
162.98
163.57
0.9428

O2
163.24
163.81
163.42
0.576

FIGURE 5. Low-temperature portion of DSC curve for
CNTs/PP/PLA nanocomposites

MAH
163.85
163.59
163.03
0.8272

TABLE II. The parameter of different samples.

Sample
4
5
11
12
14
15
18

FIGURE 4. melting temperature range analysis

To investigate whether the factors’ effect on thermal
and mechanical properties was significant or could
be ignored, a range analysis is introduced, as shown
in Fig.3-4. This section is devoted to investigate the
effects of plasma treatment on mechanical and
thermal performance with four factors including
plasma power, plasma treatment time, helium gas
flow rate and oxygen gas flow rate. Based on Fig.3
and Table 1, it can be observed that 18 l/min and 20
l/min helium gas flow rate, 36 s and 108 s plasma
treatment time, 60 W and 120 W plasma treatment
power, 0 l/min and 0.1 l/min oxygen gas flow rate
make relatively small difference in the breaking
tenacity of the nanocomposites, respectively.
Meanwhile, from Fig.4 and Table 1, it can be seen
that 17 l/min and 20 l/min helium gas flow rate, 36 s
and 108 s plasma treatment time, 60 W and 120 W
plasma treatment power, 0 l/min and 0.2 l/min
oxygen gas flow rate have almost the same effects
on the melting temperature of the nanocomposites,
respectively.

He l/min
17
18
17
18
20
17
18

time s
72'
108'
36'
72'
36'
72'
36'

power w
80
120
120
60
80
120
80

O2 l/min
0.2
0
0.2
0
0
0.1
0.2

rate, 0 l/min and 0.2 l/min oxygen gas flow rate
have almost the same effect on the thermal
properties discussed in the range analysis previously.
Therefore, the increasing glass transition
temperature (Tg) occurred on the nanocomposites
may be attributed to plasma treatment power varied
from 120 W to 80 W, indicated the increase of
plasma treatment power help the mobility of
polymer chains during the process of the heating. Tg
of sample 5 and 11 with different helium gas flow
rate (18 l/min and 17 l/min) and fixed oxygen gas
flow rate, plasma treatment time and power is
conducted from the DSC curves in Fig. 5 when
0.l/min and 0.2 l/min oxygen gas flow rate, 36 s and
108 s plasma treatment time have almost the same
influence on the thermal properties as the range
analysis mentioned before. It can be observed that
Tg of the nanocomposites increase when helium gas
flow rate decrease, illustrating that the increase of
helium gas flow rate could help polymer chains
motion during the process of the heating. When
ignoring the influence of helium gas flow rate which
is a smallest factor indicated from Fig. 4 and 60 W
and 120 W plasma treatment power make relatively
small difference in the thermal properties, we
choose sample 12 and 15 to evaluate the effect of
oxygen gas flow rate. The increase of oxygen gas

3. RESULTS AND DISCUSSIONS
3.1. Thermal response
3.1.1. The glass transition
Fig. 5 shows low-temperature portions of the DSC
curves relating to the glass transition for all samples.
As shown in Table II., sample 11 and 14 have
different plasma treatment power but constant
plasma treatment time, helium and oxygen gas flow
rate when 17 l/min and 20 l/min helium gas flow
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coefficient as follows:

flow rate going up to 0.1 l/min may be responsible
for the change of Tg in sample 12 and 15. When
ignoring the influence of helium and oxygen gas
flow rate which are not significant factors illustrated
in Fig. 4, the effect of plasma treatment time can be
investigated. Compared sample 5 with sample 15,
Tg of the nanocomposites show an decrease when
plasma treatment time enhanced from 72 s to 108 s,
suggesting the increase of plasma treatment time
may decrease the thermal stability of the
nanocomposites.

strain rate(1/s)
c18

120

0.003
0.03
0.1

110
100
90

Stress(MPa)

80
70
60
50
40
30
20
10
0
-10
0.0

0.5

1.0

1.5

2.0

2.5

Strain(%)

3.1.2. The melting temperature

FIGURE 7. Tensile stress–strain curves of CNTs/PP/PLA
nanocomposites

V = RT
(1)
λ2
where V is activation volume, R Gas constant, and T
the temperature, λ 2 strain rate strengthening
coefficient.
TABLE III. Constitutive parameters of CNTs/PP/PLA
nanocomposites
Sample λ2
η
V(nm)3
0.003
0.03
0.1
4
14188. 1176.
449.4
-0.08534
-55.7781
98
024
155
5
12540. 2909. 540.9
0.26852
17.72717
71
058
407
11
17210. 1297. 591.0
0.03392
140.3331
26
73
244
12
13239. 1158.
384.8
-0.03936
-120.938
03
951
535
14
9068.4 1819. 500.2
0.1532
31.07115
93
841
869
15
15431. 2332. 568.9
0.12761
37.30194
68
9
004
18
7820.0 1437. 549.0
0.3673
12.95971
16
1
656

FIGURE 6. High-temperature portion of the DSC curves for
CNTs/PP/PLA nanocomposites

Fig. 6 shows the high-temperature portions of the
DSC curves for all samples. The different melting
temperature (Tm) between sample 11 and 14
represents the influence of plasma treatment power.
With plasma treatment power decreasing from 120
W to 80 W, Tm of nanocomposites show a slight
increase. The change of Tm of nanocomposites with
different helium gas flow rate comparing sample 5
and 11. When the helium gas flow rate up to 18
l/min from 17 l/min, Tm of nanocomposites
decreases. Sample 12 and 15 have been chosen to
analyze the influence of oxygen gas flow rate. With
the addition of oxygen gas flow rate, Tm of
nanocomposites increases. Meanwhile, sample 5 and
15 have been selected to investigate the effect of
plasma treatment time. The change of Tm of sample
5 and 15 with different plasma treatment duration. it
can be observed that Tm of nanocomposites show a
decrease when plasma treatment time going up to
108 s from 72 s.
3.2. Stress–strain diagrams
Tensile stress–strain curves of CNTs/PP/PLA
nanocomposite filaments at different strain rates are
shown in Figs. 7. It can be observed that the yield
strength and tensile strength of sample increase with
increasing of strain rate.
3.3. Strain rate sensitivity of yield strength
According to the Eyring equation, the activation
volume of the material (shown in TableⅢcan be
obtained from the strain rate-strengthening

3.4. Morphological studies
To investigate the state of the distribution and
dispersion, the cross section micrographs of
CNTs/PP/PLA nanocomposite were shown in Figs.
10a-e. As mentioned before, sample 5 and 14
represents the influence of plasma treatment power.
It can be seen that the materials in sample 14 with
lower power is mixed relatively better than that of
sample 5. Sample 15 with low helium gas flow rate
have good combination of components compared
with sample 12. Sample 5 and 15 have been chosen
to analyze the influence of plasma treatment time. It
can be observed that the increase of plasma
treatment time has a negative influence on the
mixing of polymers. Meanwhile, sample 5 and 11
have been selected to investigate the effect of
oxygen gas flow rate. Fig. 10a-b shows the cross
section of sample 5 and 11 with different oxygen gas
flow rate. With the addition of oxygen gas flow rate,
nanoparticles are not well dispersed in the polymer
matrix and CNTs agglomerates are formed.
3.5 Constitutive equation
The stress–strain relationship can be expressed as
following:
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filament. And at the strain rate of 0.003 s-1, higher
plasma treatment power, lower helium gas flow rate,
less plasma treatment time, higher oxygen gas flow
rate could help to increase the viscosity of
CNTs/PP/PLA nanocomposites.
(b)
ite (MPa*sec.)

(a)

(c)

(d)
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-2000 0

4
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strain rate (1/s)

0.1

0.12

FIGURE 9. Effect of nanoparticle content and strain rate on
viscosity coefficient
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FIGURE 8. cross section of CNTs/PP/PLA nanocomposites. (a) :
sample 5, (b) : sample 11, (c) : sample 12, (d) : sample 14, (e) :
sample 15.

2&
σ = E1E 2 ε + E1 εη [1− exp( − E1+ E 2 ε )]
η ε&
E1+ E 2 ( E1+ E 2)2

(2)

where E1 and E2 are the modulus of the spring in
front and the spring in the Kelvin element. The
quantity η is the viscosity coefficient with the
dimension of stress×time. The quantity η can be
simulated from experimental stress–strain curves by
using the least square method, listed in Table III. Fig.
9 shows the relationship between η and the strain
rate. The values of η decreased with increasing
strain rate, and at the strain rate of 0.003 s-1, higher
plasma treatment power, lower helium gas flow rate,
less plasma treatment time, higher oxygen gas flow
rate could help to increase the viscosity of
CNTs/PP/PLA nanocomposites.
−0.9974
For sample 4: η = 41.12639ε&
(MPa × min)
−0.86166
(MPa × min)
For sample 5: η = 96.04915ε&
−0.98286
&
η
=
52
.
53344
ε
(MPa × min)
For sample 11:

−1.01547
For sample 12: η = 35.41127ε&
(MPa × min)
−0.80917
&
η
=
88
.
03021
ε
(MPa × min)
For sample 14:
−0.9252
&
η
=
76
.
03395
ε
For sample 15:
(MPa × min)
−0.75461
(MPa × min)
For sample 18: η = 98.68471ε&

4. CONCLUSIONS
The increase of plasma treatment power, time and
helium gas flow rate can lead to an decrease of Tg
and Tm of nanocomposites, while the addition of
oxygen gas flow rate results in an increase of Tg and
Tm of nanocomposites. The activation volumes
have been calculated to to describe the strain rate
sensitive behavior of CNTs/PP/PLA nanocomposite
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Recently, more and more studies have indicated that
silk
fibroin
fibers
exhibit
comparable
biocompatibility in vitro and in vivo with other
commonly used biomaterials such as polylactic acid
and collagen. In a variety of forms, such as gel,
sponge and film, water-soluble regenerated silk
fibroin was prepared for biomedical applications. In
this present work, water-insoluble native silk fibroin
in superfine powder form (SFP) was directly
obtained from degummed silk fiber using a purposebuilt machine, and was utilized to improve the
histocompatibility of biomedical polyurethane (PU).
As a polymeric biomaterial, PU has been received an
increasing amount of attention owing to its excellent
chemical and mechanical properties. Physical
blending was employed to prepare blend films
composed of SFP and PU, as this method is facile
and it can keep the original properties of the two
macromolecules.

was taken out from the rats’ legs at the 7th day after
implantation and observed the histological response
with hematoxylin-eosin (HE) reagent.

20 g PU and SFP mixture with different blend ratios
(the mass ratio of PU/SFP=100:0, 90:10, 70:30,
50:50, 30:70) was dispersed in 80 mL N, Ndimethylformamide (DMF) and stirred for 10 hours
to get homogeneous blend solution. The solution was
placed in vacuum system for 1 hour to remove
bubble prior to use. The blend films were prepared
by casting the solution on clean glass plates at room
temperature, and then immerged into coagulation
bath of distilled water for 12 hours. The blend films
were removed from glass plates and dried in a
vacuum oven at 60 °C for 3 days before testing.
Water contact angel of the blend films was measured
with interface tension/contact angle equipment
(JC2000A, Shanghai zhongchen digital technic
apparatus Co., Ltd) at 25°C. Surface morphology of
blend films was observed on a JSM-5610LV
microscope (JEOL, Japan) at 20 kV accelerating
voltage. Tensile testing was performed using an
Instron 5566 Micro tester equipped with a 500 N
load cell, at a gauge length of 50 mm and strain rate
of 100 mm/min. Thickness of the blend films was
measured with YG (B) fabric thickness gauge
(Wenzhou Darong Textile Instrument Co., Ltd. China)
at room temperature before tensile testing. To
observe the effect of SFP on histocompatibility of PU,
the histocompatibility of pure and blend films was
evaluated using rat model. The material (PU/SFP)

TABLE 1. Water contact angle data of the pure PU and blend
films with different blend ratios.

FIGURE 1. SEM images of pure PU and blend films with different
blend ratios: a- pure PU; b- PU/SFP 3:7; c- PU/SFP 5:5; dPU/SFP 7:3.
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Sample

Water contact angle

Pure PU

69±6

PU/SFP=9:1

67±3

PU/SFP=7:3

53±5

PU/SFP=5:5

0.00

PU/SFP=3:7

0.00

FIGURE 2. Stress-strain curves of pure PU and the blend films
with different blend ratios.

adsorption of protein from aqueous solution and can
maintain the protein normal bioactivities [4].
The present study demonstrated that SFP improved
both the hydrophilicity and the histocompatibility of
PU. The blend films composed of PU and SFP,
especially when the content of the SFP was above
50%, had the histological properties close to the
negative comparison group at 7 days after
implantation. However, mechanical properties were
damaged by the powder, and the interface between
PU and SFP need to be improved.
This work was supported by NNSFC (No. 50873079).
FIGURE 3. Histological response to the blend films with different
powder contents after being embedded in rats for 1 week. (a.
negative comparison; b. SFP: PU=0/100; c. SFP/PU=50/50;
SFP/PU=70/30). (1: muscle-fibrin; 2: inflammatory cells; 3: fibrintissue; S: silk-fibroin powder.)

SEM photos of the pure PU and SFP/PU blend films
with different blend ratios were shown in FIGURE 1.
As shown, the smooth surface of blend films was
destroyed by the powder, and the rough surface was
formed with the increase of blend ratios. The data in
TABLE 1 showed that the water contact angle
declined with the increase of SFP content in blend
films, which suggested that the hydrophilicity of the
blend film was improved. The stress-strain curve
(FIGURE 2) of pure and blend films indicated that
there was an obvious decrease in the tensile strength
and elongation at break of films with the increase of
SFP content. This may be attributed to the change of
film structure. The regular and uniform structure of
film was damaged when the powder was presented in
film, and then resulted in the decline of tensile
strength and elongation at break. The histological
results of the prepared materials embedded in the
rats’ legs were shown in FIGURE 3. The
pathological biopsy stained with HE revealed that
muscle-fibrin had a good continuity, and there were a
few inflammatory cells infiltrated into the tissue, and
a little hyperplasia existed on the surrounding tissue
in negative comparison group. However, it was seen
that there was obvious dropsy, tumefaction and
engorgement in pure PU group, and a large number
of inflammatory cells infiltrated into the tissue,
accompanying with obvious hyperplasia phenomena
from the surrounding fibrin of the embedded tissue.
On the contrary, for the blend films containing SFP,
especially when the content of the SFP was above
50%, the histological results were close to the
negative comparison group, such as light dropsy and
a few inflammatory cells infiltrated into the tissue.
These results demonstrated that the presence of SPF
can lighten the histological response of PU, so the
addition of SPF in the PU membranes can improve
the histocompatibility. This is owing to the change of
blend film hydrophilicity and surface structure. It is
well known that hydrophobic surfaces favor the
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INTRODUCTION
Carbon nanotubes (CNTs) have attracted attention
for their outstanding mechanical properties
stemming essentially from their unique geometric
and chemical structures[1]. Theoretical calculations
and experimental results have shown the Young’s
modulus along the axial direction of the CNTs to
exceed 1TPa and its tensile strength to approach
150 GPa.[2] [3] Recently, there has been a significant
movement to introduce these one dimensional
tubular-form nanomaterials into traditional
ceramics in an attempt to simultaneously enhance
bending strength and fracture toughness[4]. The
effective load-transfer, crack-bridging and fiberpullout mechanism have been universally regarded
as the main reason for the positive role of CNTs in
the ceramic matrix.
Electrospinning is a versatile process to generate
highly-oriented fibers from a wide range of
polymers and has only entered ceramist’s horizon
in recent years[5]. The three dimensional
architectures of grain structure and alignment in
ceramics fibers, necessary for applications such as
sensors, thermoelectrics, biomedical tissue
engineering and Li-ionic cells, were easily
fabricated by electrospinning the ceramic
precursors with other polymers, followed by hightemperature calcination to transform the ceramic
gel to nanocrystalline particles in the final fibers.
In the present study, a facile chemical approach is
first introduced to obtain mono-dispersive CNTs in
the ceramic powders (alumina in this study)
through noncovalent functionalization of CNTs.
Furthermore, CNT/alumina, hereafter referred to as
CA, composite powders were successfully
electrospun into composite fibers for the first time.
The alignment of CNTs along the axis of fibers was
also revealed in the composite fibers. A novel
approach to fabricate controllable aligned-CNT
ceramics through electrospinning technique is also
proposed.

of CNTs that would maximize the load transfer. A
previous study on cellulose sodium lignosulfonate
(SLS)/CNT systems indicated that SLS molecules
can spontaneously bond on the sidewall of CNTs,
and lead to negatively charged assemblies in a wide
pH range (from 2 to 11)[6]. The SLS molecule is an
industry-scale biopolymer composed of a
phenylpropane group which has a favored π-π
interaction to sp2 hybrid C hexagon on the CNTs.
Meanwhile, the hydrophilic sulfonate, phenolic
hydroxyl, and aliphatic hydroxyl groups in the SLS
molecule allow the SLS-functionalized CNTs to
become
readily
water
soluble.
Alumina
nanoparticles are positively charged under acidic
conditions, thus have a tendency to attract
negatively charged CNTs by electrostatic force,
forming a homogeneous mixture.

FIGURE 1. SEM image showing the even distribution of
CNT/alumina composite powder.

Figure 1 shows the SEM image of as-prepared CA
composite powder prior to electrospinning process.
CNTs are in mono-dispersive state and
homogeneously distributed among alumina
nanoparticles. No obvious CNT agglomerates were
observed in the CA composite powder, showing
separated and dispersed CNTs. This observation
confirms that this non-covalent functionalization
approach is feasible for isolating bundles of CNTs.
Well dispersed CNTs in composite powders and in
resultant ceramic bulks are crucial not only for

RESULTS AND DISCUSSION
Noncovalent functionalization of CNTs is a crucial
step that warrants the integrated graphene-sidewall
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structure application, but also
dissipation in the bulk materials.

for

electrical properties. Considering their high
temperature stability up to 500ºC (above which
CNTs will be oxidized), CA composite fibers are
promising candidates of catalyst carriers. Moreover,
due to the high interface area and the potential of
high fracture toughness that can be achieved, these
kind of multiphase fiber-like blocks are also
attractive candidates for damping materials.

energy
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FIGURE 2. SEM images showing the morphologies of aselectrospun (first row) and corresponding as-calcined fibers
(second row): CA/PAA with weight ratio of 0/4 (a) and (e);
0.2/4 (b) and (f); 2.4/4 (c) and (g); 4/4 (d) and (h). Calcinations
are performed at 500°C under the protection of argon for 2h.
TEM images of (i) and (j) of single calcined CA composite
fibers showing the axial alignment of CNTs. SEM image of CA
fibers calcined in the air atmosphere (k).

Figure 2 presents the morphology of products and
their variation in composite fibers with tuned
weight ratios of CA to PAA. Obviously, all CNTs
and alumina nanoparticles are filled into fibers
instead of attaching on the fiber. The surface of
composite fibers is as smooth as pure PAA fibers,
which means PAA evenly coats on the composite
particles. No isolated CA agglomerates were found
in the fiber mats. As more CA composites were
incorporated into PAA fibers, the average diameter
of composite fibers first reduced then became
larger. The reduction in diameter is mainly
attributed to the increase in electrical conductivity
in the presence of CNTs. At high concentration of
CA, nevertheless, the impact of solid content of CA
in PAA on viscosity of solution overwhelms the
factor of conductivity which varies little after a
threshold concentration.

CONCLUSIONS
In summary, a non-covalent method to
functionalize CNTs was introduced in this paper to
obtain mono-dispersive CNT/alumina composite
powders. The as-prepared composite powders were
further electrospun into uniform fibers in which
CNTs were oriented along a specific direction.
Controlled in-plane orientation and potential onedirection alignment of CNTs in ceramics matrix
may propel the related research on anisotropic or
textured ceramics with particular mechanical and
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Abstract
A nanocoating is the deposition of matter on the
surface of a substrate conforming to certain
characterizations in uniformity and feature size. The
thickness of nanocoating generally deals in ranges
less than 50 nm, although a number of parameters are
to be considered, before a coating can be labeled as
‘nano’. It gives control over surface and interface
properties at molecular level while maintaining the
bulk properties. The surface modification of textile
materials either through finishing or coating is
widely used to enhance their quality as well as add
functionality or a property such as wrinkle resistance,
improve color or light fastness, flame retardancy,
water or oil repellency or even antimicrobial
properties. However, conventional coatings which
are about microns to few mm thick can make the
fabric totally impermeable and this adversely affects
its handle, feel and breathability. Thus, nanocoatings
on individual fiber surfaces which are about 50-100
nm thick are expected to impart property to the fabric
without affecting its handle and breathability.
Nanocoating on textile materials is a relatively new
area and the popular techniques reported are plasma
assisted polymeric coatings [1] and layer-by-layer (Lb-L) or self assembly approach [2-3].
Layer-by-layer assembly is a unique technique for
the fabrication of composite films and deposition of
coatings with nanometer precision. The attractive
feature of this approach is its ability to assemble
complex structures from modular components, and
integrate them into self-assembling constructions for
a wide range of applications. Since the introduction
of polyelectrolyte multilayer architectures formed by
the alternate deposition (layer-by-layer self assembly)
of polycations and polyanions from solution to a
solid support by Decher et. al. in 1991[4] numerous
papers have been published on different scientific
and technological aspects using this very simple yet
versatile technique to modify organic or inorganic
solid surfaces. However, most of the studies were
realized on model inorganic supports (e.g. quartz or
charged silicon wafers), for technical reasons (need
for a very flat substrate) and because it was thought
that charged supports were required to initiate the
process of multilayer buildup. There are very few
reports on investigation of the deposition of alternate

polyelectrolyte nanocoatings on organic polymer
supports. Moreover, application of L-b-L process to
modify the surfaces of textile substrates i.e. fiber or
fabrics has not been either extensively studied or
understood. Recently there have been few reports on
depositing nanolayers of polyelectrolytes on cotton [2],
silk and nylon fibres [3]which seem to be a more
promising technique for future applications.
In the present work, we report nanocoating on cotton
fabric/yarn substrate using L-b-L process, to impart
various functional properties such as antimicrobial,
self cleaning, hydrophilicity/hydrophobicity etc. In
one of the study, PSS (Poly sodium-4-styrene
sulfonate) has been used as the anionic
polyelectrolyte and chitosan, a natural biopolymer as
the cationic polyelectrolyte. Although, chitosan has
been extensively used as a finish agent on textiles to
impart antimicrobial properties either through
padding or exhaust method. But nanocoating using
chitosan as a polyelectrolyte is being reported here
for the first time. In another study, nanosilica has
been used to create roughness which will help in
creating Lotus-leaf effect on fabric. The Lotus effect
i.e. superhydrophobicity is obtained by combination
of two criteria: a low surface energy alongwith a
well-designed surface roughness. The emphasis has
been to explore the feasibility of applying silica
nanoparticles on cotton substrate by L-b-L self
assembly deposition process. The effect of nanosilica
on further enhancement of the hydrophobic effect
imparted by application of low surface energy finish
on cotton has been studied.
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Carbon fibers possess high strengths (3-7 GPa), high
moduli (200-500 GPa), and low densities (1.752.00 g/cm3).
The high strength-to-weight ratio
combined with superior stiffness has made carbon
fibers the material of choice for high performance
composite structures in aerospace, defense, and other
industries. [1] Shortly after how to produce carbon
fibers was discovered, the tensile strength of the
T300® carbon fibers made by the Toray Industries,
Inc. reached ~3 GPa. The theoretical tensile strength
of carbon fibers, however, is over 180 GPa. After
many years of research, the strongest carbon fibers
that can be produced today (T1000®) have a tensile
strength of merely ~7 GPa. Research efforts have
repeatedly demonstrated that the degree of structural
perfection is the most crucial factor on mechanical
strength of carbon fibers. The amount, size, and
distribution of structural imperfections directly
determine the mechanical strength of carbon fibers. [1]
The structural imperfections in carbon fibers, as
schematically shown in Figure 1, include (1) surface
defects such as nicks, cracks, punctures, as well as
diametrical bulges, (2) bulk defects such as large
cavities, small holes, endogenous pores and/or flaws,
cracks and/or flaws induced by internal stress,
Mrozowski cracks, refractory inclusions, and other
entanglements, voids, and/or disordered structures,
and (3) structural inhomogeneity such as sheath-core
structures.
Small cracks
and/or flaws
induced by
internal
stress
Refractory
inclusions
Small holes
Diametrical
bulges

Surface
nicks

Sheath

Core
Mrozowski
crack
Large
cavity
Endogenous
pores and/or
flaws
Entanglements,
voids, and/or
disordered
structures
Punctures

FIGURE 1. Schematic representation of carbon fibers showing
numerous types of structural imperfections.

FIGURE 2. Surface morphologies of (A) the T300® carbon fibers
made from wet spun precursor fibers, and (B) the T1000® carbon
fibers made from air-gap spun precursor fibers.

The fundamental approach for further improving the
mechanical strength of carbon fibers is to reduce
structural imperfections. It is well-known that many
structural imperfections in the precursor fibers are
likely to be retained by the resulting carbon fibers.
Research efforts have also indicated that the
significant improvement on mechanical strength of
carbon fibers is unlikely to be achieved with current
PAN copolymer fibers being the precursors. [1] This
is because the degree of structural perfection of the
current precursor fibers is limited by the
conventional spinning methods, which utilize
solutions that usually are 15-20 wt.% PAN
copolymer dissolved in suitable solvents such as
DMF and DMSO. Although several conventional
spinning methods have been investigated, wet
spinning and air-gap spinning (also known as “dryjet wet-spinning”) are the most commonly adopted
methods for producing PAN copolymer fibers. [1] In
wet spinning, a spinneret with 40-80 μm diameter
orifices is immersed in a coagulation bath (an
aqueous solution) and the solution is extruded
directly into the bath to form filaments. In air-gap
spinning, a spinneret is positioned several
millimeters above a coagulation bath and filaments
are extruded vertically into the bath. The air-gap
spinning method permits the solution and coagulation
bath to be set at different temperatures and avoids the
high stress caused by the solution coagulating on the
surface of filaments. Thus, the macromolecules can
be oriented prior to coagulation and since the
filaments gel before entering the coagulation bath,
the air-gap spun fibers are smoother with probably
less surface defects than the wet spun fibers. The
SEM images in Figure 2 show the representative
surface morphologies of (A) the T300® carbon fibers
made from wet spun precursor fibers, and (B) the
T1000® carbon fibers made from air-gap spun
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precursor fibers. As described above, the T300®
carbon fibers have a tensile strength of ~3 GPa while
the T1000® carbon fibers have a tensile strength of
~7 GPa; the amount of surface defects is suspected to
partially attribute to the difference in mechanical
strength. [1]
The highly aligned and extensively stretched
electrospun PAN copolymer nanofibers are an
innovative type of precursors for developing
continuous, nano-scaled, and extremely strong
carbon fibers due to the following three reasons: (1)
the diameters of the as-electrospun nanofibers are
~0.3 μm, whereas the diameters of as-spun (before
stretching) conventional fibers are tens of microns.
Fewer amounts of structural defects (such as submicron scaled voids and/or flaws) would be formed
during the removal of solvent(s) from the much
smaller diameter electrospinning jets than that from
the much larger diameter conventional spinning
filaments.
Furthermore, solvents are removed
through evaporation in electrospinning, whereas they
are removed through coagulation in the conventional
spinning methods (including wet spinning and airgap spinning).
Compared to coagulation,
evaporation causes much fewer structural defects. (2)
Before stretching, the conventional fibers have
almost no macromolecular orientation; whereas in
the as-electrospun nanofibers, the macromolecular
chains are oriented due to the huge elongation (draw)
rate involved in the electrospinning process,
particularly during “bending instability”. Therefore,
after undergoing a similar post-spinning stretching
process, the stretched electrospun nanofibers are
expected to possess a much higher degree of
macromolecular orientation than their conventional
counterparts. (3) The highly aligned and extensively
stretched electrospun PAN copolymer nanofibers
have diameters of ~100 nm, while their conventional
counterparts have diameters of ~10 µm.
The
nanofibers are two orders of magnitude thinner, and
are much less likely to form structural inhomogeneity
(particularly
sheath-core
structures)
during
stabilization and carbonization. Additionally, since
diameters of the as-electrospun PAN copolymer
nanofibers are ~0.3 μm, after these nanofibers
undergo 10-times stretching (which reduces the
diameter by ~3 times) as well as stabilization and
carbonization (which further reduce the fiber
diameter by ~1.5 times, based on the fact that the
carbon yield of PAN copolymer precursors is 5060 wt% [1]), the resulting nano-scaled carbon fibers
will have diameters in tens of nanometers, which are
in the same order of magnitude as the diameters of
multi-wall carbon nanotubes. But unlike carbon
nanotubes, which are produced by bottom-up
methods, the nano-scaled carbon fibers are produced
through a top-down nano-manufacturing process,
which results in low-cost, and more importantly,
continuous nanofibers that do not require further

expensive purification; and they are also easy to align,
assemble, and process into applications.

FIGURE 3. SEM images showing the representative morphologies
of (A) the as-electrospun PAN copolymer nanofiber bundle, (B)
the aligned and stretched nanofiber bundle, and (C) the nanoscaled carbon fiber bundle.
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pulverization due to the large volume changes
during electrode reactions have prevented this
anode material from being commercialized.[1-2] In
this presentation, we report the fabrication and
characterization of Si nanoparticle-embedded
carbon (Si/C) composite nanofibers through the
electrospinning of ultra-thin Si/polyacrylonitrile
(PAN) composite nanofibers and subsequent
thermal treatments. The resultant nanofiber
materials can be directly used as LIB anodes to
achieve high performance without adding any
polymer binders.[3]
The second example is Pt/C composite nanofibers
for direct methanol fuel cells (DMFCs). DMFCs
have attracted extensive interest from both
academia and industry because methanol can be
stored in its liquid phase with a high energy density,
unlike gas-phase pressurized hydrogen.[4]In this
work, we prepared Pt/carbon nanofiber (Pt/CNF)
composites by electrodepositing Pt nanoparticles
onto electrospun carbon nanofibers (CNFs) under
the potential -0.20 V vs. Ag/AgCl/4M KCl, and
characterized their electrocatalytic properties
towards the oxidation of methanol.

ABSTRACT
Research and development in textiles have gone
beyond the conventional applications as clothing
and furnishing materials; for example, the
convergence of textiles, nanotechnologies, and
energy science opens up the opportunity to take on
one of the major challenges in the 21st century ⎯
energy. This presentation addresses the energyrelated application of electrospun nanofibers.
INTRODUCTION
Today’s global economy is dangerously dependent
on fossil fuel, and this problem is exacerbated
because heavily populated developing countries are
expanding their economies and becoming more
energy intensive. Air quality and global climate
impact are other major concerns with this
continuing dependence on dwindling fossil fuel
sources. As a result, many nations are forced to
reconsider their energy policies. Among various
energy technologies, fuel cells and rechargeable
batteries are promising candidates for generating
and storing power in a clean manner because they
can provide electricity without thermal combustion
and the pollutants associated with burning fossil
fuels. Research, development and deployment of
these clean energy technologies that provide a
permanent solution are, hence, urgently needed.
Novel electrospun nanofibers with functional
properties can dramatically alter surface reaction
rates and charge transport throughout fuel cells and
batteries, causing significant improvement in
energy storage, conversion and generation. The
design of functional nanofiber materials for
alternative energy systems is a way to develop a
wide range of new technologies for a healthy future.
Here, we present two examples of our work on the
development of advanced functional nanofibers and
the integration of these materials into rechargeable
batteries and fuel cells to achieve high system
performance.

RESULTS AND DISCUSSION
TEM images of 15 wt% Si/PAN and corresponding
Si/C composite nanofibers are shown in Figure 1.
It is seen that the stabilizing effect of PAN allows a
relatively homogeneous distribution of Si
nanoparticles along the nanofibers. Although some
Si nanoparticles begin to agglomerate, large
clusters are still absent (Figure 1a). After thermal
treatment, Si nanoparticles still have a good
dispersion along nanofibers (Figure 1b), but their
diameters decrease.
Galvanostatic chargedischarge tests were carried out to evaluate the
electrochemical performance of Si/C nanofiber
anodes in lithium-ion half cells. Figure 2 shows
the voltage profiles of Si/C nanofiber anodes within
a voltage window of 0.01-2.8 V and at a current
density of 100 mA g-1. It is seen that Si/C nanofiber
anodes
show
remarkably
improved
charge/discharge capacities, compared with those
of graphite and pure carbon nanofibers.

APPROACH
The first example is electrospun composite
nanofiber anodes for high-performance lithium-ion
batteries (LIBs). Among various anode materials,
silicon is the most attractive candidate for LIBs
because it has a low discharge potential and the
highest known theoretical intercalation capacity
(more than 4000 mAh/g), which is more than ten
times larger than theoretical value (372 mAh/g) of
graphite, the current commercial anode material.
However, the large capacity fading and
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(a)

Figure 4 shows current-potential curves of C and
Pt/C nanofibers in the 0.125 M methanol + 0.20 M
sulfuric acid solution. There is almost no methanol
oxidation peak found for the C nanofibers. In
comparison, Pt/C nanofibers present the electrooxidation of methanol, which starts at + 0.40 V and
then the current increases to a maximum at + 0.62
V. After the maximum, a decrease in current is
observed due to the formation of oxides on the Pt
surface, which decreases the number of active sites.
Moreover, another current peak is found at +0.55 V,
which signifies the desorption of CO generated
through the methanol oxidation.[5] In summary, Pt
nanoparticles deposited on C nanofibers by
electrodeposition exhibit good catalytic activity
toward the methanol oxidation, and can be
potentially used as electrodes in DMFCs.

(b)

FIGURE 1. TEM images of (a) 15 wt% Si/PAN and (b) the
corresponding Si/C composite nanofibers.
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CONCLUSIONS
Electrospun composite nanofibers with different
compositions and structures have been prepared for
energy-related
applications.
The
results
demonstrated that these composite nanofibers are
promising electrode candidates for lithium-ion
batteries and fuel cells.
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FIGURE 2. Charge/discharge curves of Si/C nanofiber anodes
from 15 wt% Si/PAN precursor nanofibers.
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FIGURE 3. SEM images of (a) C and (b) Pt/C nanofibers, and
TEM images of Pt/C nanofibers with different magnifications (c:
× 40,000 and d: × 100,000).
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FIGURE 4. Current-potential curves of C (a) and Pt/C (b)
nanofibers in the 0.125 M methanol + 0.20 M sulfuric acid
solution.

Figures 3a and b show SEM images of C and Pt/C
nanofibers. In Figure 3a, C nanofibers exhibit long
and straight fibrous morphology with relatively
uniform diameters ranging from 200 to 300 nm. Pt
nanoparticles are observed on the surface of
nanofibers after electrodeposition (Figure 3b).
Figures 3c and d show TEM images of Pt/C
nanofibers with different magnifications. It is seen
that Pt nanoparticles are evenly distributed on the
surface of nanofibers, and their diameters are
around 20 nm.
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INTRODUCTION
RESULTS AND DISCUSSIONS
Nomex, developed by Du Pont in the early 1960s, is
a flame resistant meta-aramid material. Its molecular
structure composed of the aromatic rings and the
conjugated amide bonds is particularly strong and
resistant to chemical attack. At least 85% of the
amide linkages are attached directly to two aromatic
rings, which provide a high degree of heat resistance
to the polymer backbone [1]. Nomex material is
widely used in industry, military and firefighting
circumstance for its excellent performance in tenacity,
modulus, dimensional stability and heat resistance.
But Nomex fibres degrade severely under ultraviolet
radiation both from natural and artificial light. The
tensile strength of Nomex fibre retained 65% after 96
hours continuous exposure to light of 360nm
wavelength [2]. Discoloration of Nomex fibre
occurred with the strength loss. The strength loss
caused by UV degradation may restrict the practical
application of Nomex material. The purpose of this
study is to search an effective method to protect the
aramid high performance fabric from UV
degradation.

Our preliminary work to this study showed that after
the exposure to xenon light for 160 AATCC Fading
Units (AFU) [5], the strength of Nomex fabric lost up
to 60%.
Figure1 and figure2 show the tensile strength and
elongation changes. The 6.0oz fabric performs better
than the 3.25oz fabric in tensile strength and
elongation after light exposure because the fabric
thickness can shield the further UV degradation.
Each of the coated Nomex fabrics in the two figures
has a 6.7% add-on weight after coating. The tensile
strength of the 6.0oz treated fabric exposed to xenon
light after 160 AFU is 17.1% higher than that of the
untreated fabric compared to 8.7% of the 3.25oz
fabric (Figure1). The elongation of the 6.0oz treated
fabric exposed to xenon light after 160 AFU is 15.7%
higher than that of the untreated fabric compared to
20.7% of the 3.25oz fabric (Figure 2).

60

APPROACH
50

Tensile strength,kgf

The approach applied in this study is to coat a
nanosized titania thin film on fabric surface as a
shield to protect the fabric from UV degradation.
Sol-gel coating is an optimum choice due to its
flexibility and low requirement to processing, which
is currently used on textiles to improve the functions
such as abrasion stability, water and oil repellence,
electrical conductivity as well as UV protection [3]. In
this study, nanosized titania sol is prepared by
hydrolysis and condensation reactions of the
precursor titanium isopropoxide. Then the sol is
coated on the surface of plain woven Nomex fabric
by passing through a wringer at room temperature.
Two Nomex fabrics with different weights 6.0oz and
3.25oz are selected to reflect the influences of fabric
thickness on UV resistance and effectiveness of the
sol-gel coating process. The add-on weight of the
coating film is controlled by adjusting the coating
pressure of the wringer in order to find an optimum
coating effects for the property improvement.
Properties of treated fabrics including add-on weight,
tensile strength, elongation, surface morphology [4],
and laundry resistance are investigated to evaluate
the effectiveness of the surface coating.
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FIGURE 1. Comparison of tensile strength between untreated and
titania treated Nomex fabric.
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FIGURE 2. Comparison of breaking elongation between untreated
and titania treated Nomex fabric.

It is expected that with the increase of the add-on
weight, the treated fabric performs better in the
tensile strength and elongation. But the add-on
weight negatively affects the drapability and thermal
comfort property.
Scanning electronic microscopy (SEM) image shows
a morphological change on the surface. The thickness
of titania thin film coated on cotton fabric showed to
be about 100 nm under SEM [6]. It can be expected
the sol-gel treatment could generate a continuous thin
film with the thickness about 100 nm.

[1] Technical Guide for NOMEX Brand Fiber. (n.d.).
Retrieved
August
14,
2007,
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Textile Research Journal, 72, No 4., 2004, 97-100.

Laundry resistance of coated fabric is important to
evaluate the effectiveness of the sol-gel treatment. It
can be expected that with the increase of laundry
cycles, the tensile strength of treated fabric will not
decrease significantly to show a good adhesion [7].
CONCLUSIONS
A method to improve the anti UV degradation
property of Nomex fabric is developed by adopting a
sol-gel coating approach. The method has improved
the tensile strength and elongation of Nomex fabric
under UV radiation without adding a weight load to
the fabric. It is expected a continuous thin film with
thickness about 100 nm will be showed on the treated
Nomex fabric from SEM images and the laundry
resistance is excellent.
FUTURE WORK
A plasma treatment method will be considered to
improve the anti UV degradation property of Nomex
fabric.
REFERENCES
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Pressure Drop (mmH2O)

and also decreases the increasing rate of
penetration as shown in Figure 2 when
challenged by DOP particles as an example.
More discussions including the loading of
other composites and the loading of the
composites by other aerosols such as NaCl
solid particles will be addressed in the
presentation.
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Fig. 1. Pressure drop w ith DOP loading at 32 lpm

Fig. 2. Penetration with DOP Loading at 32 lpm
ES W eb only (1)

Penetration (%)

Fibrous materials take the advantage of
having high filtration efficiency (FE)
because of the high fiber surface area, and
low pressure drop (DP) due to their high
porous structure. Meltblown (MB) electrets,
electrospun (ES) nanofiber webs, and
microporous membranes are widely used as
high FE filter media. Among them, MB
electrets have a lower FE but lowest DP
while ES nanofiber webs have both medium
FE and DP. The basis weight of ES webs
can be easily controlled by changing the
moving speed of the web former to achieve
the required FE and DP. The DP of a web is
inversely proportional to the square of the
fiber diameter. However, when the fibers
are in the range or below the mean free path
length of air molecules, the DP is inversely
proportional to the fiber diameter according
to Knud’s number. MB electrets take the
advantage to attract small particles moving
at slow speed because the electrostatic
attraction force overcomes the aerodynamic
convection force of the particles. The
nanofibers in the ES webs have higher
capability to attract nanoparticles by
Brownian
diffusion
in
mechanical
mechanisms. However, large particles in the
aerosol cake on the surface of the ES web.
Most of the nanoparticles are attracted on
the surface of the nanofibers. A large
amount of the microparticles are blocked by
the microchannels in the ES web. Therefore,
the DP increases sharply with the loading of
particles. The use of MB electrets as a
prefilter of an ES filter media tremendously
decreases the increasing rate of the DP as
shown in Figure 1 by the particle loading
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Abstract
The tubular textile composite material as the liner is inversed in the pipeline by gas or water pressure, and then
the damaged pipeline can be rehabilitated. During inversion, because of the inversion pressure, the tubular
textile composite material must endure the complicated stress and strain. Adopting the finite element method,
the paper analyzed the stress and strain of the tubular textile composite during inversion, and the finite element
simulation data compared with test data. The results show that the stress and strain in head of the tubular textile
composite material during inversion is instability, where the stress is concentrative, so the head of the tubular
textile composite material is easy to break.
Keywords: pipeline rehabilitation; tubular textile composite; stress; strain; finite element simulation data; test
data
sides [5], then the entity is plotted freely, the regular
gridding came into bieing, such as figure 3.

INTRODUCTION
Adopting the tubular textile composite to
rehabilitate the pipeline at home, the technology
mostly was introduced into from the foreign country,
the theory of the inversion construction is
completely blank [1-4]. The paper analyzed the
stress and strain of the tubular textile composite
during inversion, the stress that the finite element
simulated can forecast the force of the tubular
textile composite, the stress is centralized or not.
Comparing the finite element simulation data with
test data, the results show that the finite element can
simulate accurately the stress and strain of the
tubular textile composite during inversion, it is
significant for the tubular textile composite to be
used safely, and the method saves labour and time,
doesn’t need to do many experiences, and under the
situation of decreasing the cost, the tubular textile
composite can meet the requirement of the property
during inversion.

FIGURE 1The head of the tubular textile composite

1 Simulation of the finite element
1.1 Establishment of the model of the finite
element
Referring to the real shape of the head of the tubular
textile composite during inversion[4], such as figure
1. curved face of the inversion head wassimulated
as annularity shell whose section is oval, the high of
shell is 80mm. Considering the symmetry of the
model along Z axial, in order to predigest
calculation, the model is predigested 1/4, such as
figure 2, that is 1/4 of the model whose
displacement is restricted. The size of the cell was
regulated 1, the shape of the cell is prism with three

FIGURE 2 Displacement restriction of the model

FIGURE 3 Result of girding plot
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6(b), we can see that the distributing of the
Displacement of thickness of the pipeline wall,

1.2 Resolution of the finite element analysis
Adopting the acquiescence resolution of the

when the axial data are 15～20cm, the strain in

system, the stress in radial direction can be
gained, such as figure 4, we can see that the
isoline is a circularity curve with one heart.

radial direction is 8.32%.

(a)

(b)

FIGURE 6 Stress in radial direction and Displacement of
thickness of the pipeline wall (a)stress in radial direction, (b)
displacement of thickness of the pipeline wall

2.3 Stress in circle direction and strain
displacement in radial direction
From the figure 7(a), we can see that the stress
strain in circle direction is also instability, namely
within 20cm in circle direction, where the stress is
concentrative, where the stress is 50 times than the
stabilization stress after inversion, so the head of
the tubular textile composite is easy to break.
When the axial data are 15～20cm, the stress in
circle direction is 4.34Mpa, the displacement in
radial direction is 4.06.

FIGURE 4 The sketch of the stress in radial direction

2 The result of the finite element simulation
2.1 Stress and strain in axial direction
During analysis of the finite element, modulus of
elasticity and Poisson ratio as material properties
must be input, where modulus of elasticity is
22.83MPa, Poisson ratio is 0.3, Considering the
real inversion, the inversion pressure is 0.05 ～
0.08MPa[6], so at first, the inversion pressure was
adopted 0.05MPa to analyze.
According to the solution of the node[7], the stress
and strain in axial direction can be gained, such as
figure 4, we can see from the figures that the stress
and strain in head of the tubular textile composite
material during inversion is big and instability, and
undulation is big, exceeding 10cm from the origin,
the stress and strain in axial direction become stable.
When the axial data are 15～20cm, the stress in
axial direction is 2.14Mpa.

(a)

(b)

FIGURE 7 Stress in circle direction and strain displacement in
radial direction. (a) Stress in circle direction, (b) displacement in
radial direction

2.3 Stress and strain in radial under different
inversion pressures
Depending on the real inversion pressure, the
scope of the inversion pressure is 0.05～0.08MPa,
(a)

(b)

so during the finite element analysis, we can input
the 0.06,0.07 or 0.08 to analyze the stress and strain,
the other analysis course is same. Such as table 1 is
the result, from the table 1, we can see that the
stress and strain increase with the increasing of the
inversion pressure.

FIGURE 5 Stress and strain in axial direction. (a) stress in axial
direction, (b) displacement in axial direction

2.2 Stress in radial direction and Displacement of
thickness of the pipeline wall
From the figure 6(a), we can see that the stress in

radial direction is also instability, and undulation
is big, exceeding 10cm from the origin, the stress
in radial direction become stable. From the figure
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composite during inversion need to be further
investigated.

TABLEⅠStress and strain under different inversion pressures.
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Inversion press
/MPa
Sample
Stress in circle direction
/MPa
Stress in axial direction
/MPa
Strain in circle direction /%
Strain in axial direction /%
Strain of thickness of the
pipeline wall /%

0.05

0.06

0.07

0.08

2.14

2.59

3.01

3.41

4.34

5.23

6.10

6.90

4.14
16.76

4.99
20.75

3.77
22.67

6.54
26.51

8.32

10.13

11.09

13.45
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CONCLUSIONS
(1)The results of the finite element analysis show
that the stress and strain in head of the tubular
textile composite material during inversion is
instability, where the stress is concentrative, so the
head of the tubular textile composite is easy to
break.
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the test data tallies with the simulation data, so the
finite element method can simulate the inversion
process of the tubular textile composite.
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Abstract
Aloe silver nanoparticles were biosynthesized using aloe extract and applied to treatment of B.mori silk fabrics.
The antibacterial and anti-UV performances of the treated silk fabrics were tested. The results showed that the
treated fabric was imparted a antibacterial rate of 99.9%. When the silver content on silk fabric was about
97.35mg/kg, the bacterial efficacy was 99.80%, at the same the laundering durability was satisfied. The UPF
value of the fabric enhanced from 6.52 to 33.43, while the average transmissibility of fabrics to UVA, UVB
decreased from 30.21%, 11.96% to 5.75%, 2.50% respectively. The treated silk fabrics had benign antibacterial
properties against the staphylococcus aureus and bacillus coli, and the anti- ultraviolet protection was enhanced
distinctly.
Keywords: Nano-silver; Aloe; B.mori silk fabric; Antibacterial propertity; anti-ultraviolet.
The B.mori silk fabric was 60g/m2(China). Silver
nitrate (AgNO3) and ammonia (NH3·H2O) were
purchased from Sinopharm Chemical Reagent Co.
Ltd. (China) and of analytical grade. The aloe
nano-silver was prepared in the laboratory. E. coli
(ATCC 8099) and S.aureus (ATCC 6538) were
obtained from College of Life Science, Soochow
University (China).

1 INTRODUCTION
Modifying the silk fiber to expand the field of silk
fiber consumption is the development direction of
silk fiber industry [1]. People usually use the
chemical graft to modify natural fibers [2].
With the environmental awareness increased, there
is a growing need to develop environmentally
benign nanoparticle synthesis processes that do not
use toxic chemicals in the synthesis protocol [3].
There have been so many plants being used to
biosynthesize nano-silver. For example, the
Cinnamomum camphora leaf [4], the Geranium leaf
[5]
, the Magnolia and Platanus [6]. At present, the
researches about biosynthesis of nano-silver
applied to the treatment of the textile are
insufficiency. But the research [7] has showed that
the biosynthesis of nano-silver can be incorporated
in cloths. These cloths with nano-silver are
antibacterial.

2.2 PREPARATION OF THE ALOE NANOSILVER SOLUTION
The nano-silver prepared by using the aloe solution
and the silver ammonia solution. And then the size
distribution of nano-silver were tested by HPPS
5001 laser particle size distribution Miriam of
Malvern Co. Ltd.(UK), the TEM images of silver
nanoparticles in the aloe nano-silver solution were
tested by TecnaiG220 transmission electron
microscope of FEI Co. Ltd.( America).
2.3 SILK FABRICS - TREATED WITH ALOE
NANO-SILVER SOLUTION
Firstly, the aloe nano-silver solutions were
prepared using the aloe and the silver ammonia
solution. The silk fabrics were immersed in aloe
nano-silver solution at a liquor ratio of 50:1. The
solution was oscillated gently at 60°C for 60min.
Then the treated silk fabrics were washed with
deionized water and were air-dried.

In this paper, the B.mori silk fabrics were treated
with aloe nano-silver solution to study their
functions.The
antibacterial
and
anti-UV
performances of the silk fabrics were improved
evidently. It’s a new method to both the
preparation of the nano-silver and the modification
of silk fiber.
2 EXPERIMENTAL
2.1 MATERIAL

2.4 ANTIBACTERIAL TEST FOR TREATED
SILK FABRICS
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The antibacterial activity of aloe nano-silver silk
fabrics was tested against E. soli and S.aureus by
using a shaking flask method according to FZ/T
73023-2006(China).This method by measuring
bacteria quantity between the untreated fabric and
the treated fabrics using nano-silver, to evaluate the
antimicrobial properties of fabrics. The colonies
formed were counted. Using the antibacterial rate
to measure the antibacterial performance. The
antibacterial rate was calculated as follows:
Antibacterial rate (%)=

(f)

(e)

FIGURE 1.The histogram of size distribution (a, c, e) and TEM
images of silver nanoparticles in the solution (b, d, f) (The
concentration of silver ammonia solution were 0.01Mol/l(a and
b), 0.0125Mol/L(c and d), 0.01Mol/L(e and f)，the volumes
ratio of aloe solution and ammonia silver were 10:1, reaction
after 24h.)

A− B
×100
A

Where, A is the bacterial colonies of the
original silk fabrics, and B is the silk fabric treated
by aloe nano-silver solution.

TABLE 1.Average size of nano-silver particles under different
concentration of silver ammonia solution
Concentrat
ion (mol/l)
Size(nm)

2.5 LAUNDERING DURABILITY TEST
Laundering durability test was performed
according to AATCC Test Method 61-1996. The
treated fabrics were washed with warm water under
40°C 10 times, 30 times and 50 times, respectively.

0.017

0.014

0.0125

0.01

53.42

3.43

13.43

5.48

0.007
2.91

Figure 1 and table1 showed that the small size and
uniform distribution of nano-silvers were prepared
after 24 hours. Different average particle sizes of
nano-silver were prepared by changing the
concentrations of the silver ammonia solution
shown as table 1. Then chose the concentrations of
the silver ammonia solution were 0.007Mol/l, 0.01
Mol/l, and 0.014 Mol/l to treat the silk fabrics.

2.6 ANTI-UV PERFORMANCE TEST FOR
THE TREATED SILK FABRICS
The an-UV performance of treated silk fabrics was
tested with Labsphere Fabric UV Tester according
to GB/T18830-2002(China). Test the transmittance
and the ultraviolet protection factor (UPF) of the
untreated and treated silk fabrics, then to evaluate
the anti- UV performance.

3.2 THE ANTIBACTERIAL PERFORMANCE
OF TREATED SILK FABRICS
The volume of the aloe solution was constant. The
volume ratio of aloe solution and ammonia silver
was 10:1. While the concentration of silver
ammonia solution were different as follow:
sample1, 0.007Mol/l; sample2, 0.01 Mol/l; sample
3, 0.014 Mol/l.

3 RESULTS AND DISCUSSION
3.1 THE SIZE AND THE TEM IMAGES OF
THE ALOE NANO-SILVER

TABLE 2.The silver content and antibacterial rate of silk fabrics
treated using aloe nano-silver

(a)

Sample no.
Silver content(mg/kg)
Antibacterial E.coli
rate (%)
S.aureus

(b)

1
97.35
99.80

2
172.84
99.86

3
245.93
99.93

99.85

99.97

99.94

The volume of the aloe solution was constant. The
volume ratio of aloe solution and ammonia silver
was 10:1. While the concentration of silver
ammonia solution were different as follow:
sample1, 0.007Mol/l; sample2, 0.01 Mol/l; sample
3, 0.014 Mol/l.

(c)

Table 2 showed that with the silver ammonia
solution concentration increased, the silver
contents of treated fabric also increased. Moreover
the antibacterial rate improved (more than 99.80%).

(d)

- 968 -

UVA, UVB could decrease from 30.21%, 11.96%
5.75%, to 2.50% respectively (sample 1).

When the silver content on silk fabric was
245.92mg/kg, the antibacterial rate against both
E.coli and S.aureus reached more than 99.9%.
When was 97.35mg/kg, the antibacterial rate
reached more than 99.80%. The following
experiments selected sample 1 to test the
laundering durability of the treatment.

The anti-UV performance of treated fabrics
enhanced related to the aloe containing
anthraquinones. The anthraquinones have the
capabilities of against ultraviolet [8] 。 In every
sample, the volume of the aloe solution was
constant, it meant that all the samples had the close
quantities of the anthraquinones, so all the sample
almost had the close value of UPF.

3.3
ANTIBACTERIAL
LAUNDERING
DURABILITY OF TREATED SILK FABRIC
TABLE 3.The silver content and antibacterial rate of the treated
fabrics under different degree of washing
The degree of
washing(times)
Silver content(mg/kg)
Antibacterial E.coli
rate (%)
S.aureus

10

30

50

107.35
99.78

87.36
99.33

77.25
98.43

99.61

99.56

98.18

4 CONCLUSIONS
The silk fabric owned a better antibacterial effect
against both E.coli and S.aureus after were treated
with aloe nano-silver solution. The bacterial
efficacy can reach 99.9%. Furthermore, when the
silver content on treated silk fabric was 97.35
mg/kg, the antibacterial rate can reach more than
99.80%. And laundering durability was satisfied.
As a result of the existence of aloe solution, the
anti-UV performance of the treated fabric had
improved distinctly.

Table 3 showed that with the times of washing
increased, the silver contents decreased; however,
the antibacterial rate can still remain at more than
98% after washing 50 times. It was known that the
washing durability was satisfied.

ACKNOWLEDGEMENTS
The authors are grateful for the financial support
by Specialized Research Fund for the Doctoral
Program of China (No. 20060285004)

3.4
THE ANTI-UV PERFORMANCE OF
TREATED SILK FABRIC
TABLE 4.The anti-UV performance of the treated fabrics
Sample
no.
UPF

Untreated

1

2

3

6.52

33.43

27.64

29.35
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It was clear that the treated silk fabrics owned a
visible higher UPF than the untreated from table 4.
The UPF value of the fabric could enhance from
6.52 to 33.43.
40
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FIGURE 2.The transmittance of the treated silk fabric auntreated silk fabric; b-sample 3; c-sample 2; d- sample 1.

From figure 2, the transmittance had decreased
obviously compared with the untreated silk fabric.
Moreover the average transmissibility of fabrics to
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Abstract
In this paper, carboxylated nitrile rubber (XNBR) was chosen for the first time as matrix in organic hybrid
systems and two novel organic hybrid systems based on XNBR were prepared. The damping properties of
organic hybrids consisting of XNBR, 2,2'-Methylene bis(6-tert-butyl- 4-methylphenol) (AO-2246), and
Pentaerythrityl- tetrakis-[β(3,5-di-tert-butyl-4-hydr-oxylphenyl)-pro-pionate] (AO-1010) were investigated by
DMA analysis. Binary XNBR/AO-2246 system was compatible and showed only one damping peak
associated with XNBR, whereas binary XNBR/AO-1010 system was partly compatible and a new damping
peak appeared besides that of XNBR. FT-IR measure- ments and SEM observation were carried out to clarify
the molecular mechanism of the different additive effects of AO-2246 and AO-1010.
Keywords: Carboxylated nitrile rubber (XNBR); Damping property; organic hybrids; Hindered phenol;
Dynamic mechanical analysis
INTRODUCTION
Recently, Wu et al. have reported that addition of
some functional organic small molecule compounds
such as vulcanization accelerator, hindered phenol
compounds into some polar polymers will give rise
to some unknown useful functions, especially the
super damping properties [1-6]. This new type of

systems. With this work, we intend to partially fill
this gap. Therefore, in this study, XNBR was
chosen for the first time as the polar matrix polymer
to develop novel XNBR-based organic hybrid
systems with high-performance damping properties
and also to widen the application field of XNBR
into organic hybrid systems.

organic hybrid damping materials are designed

APPROACH

based on the sophisticated use of hydrogen bonds

The new XNBR-based organic hybrids is prepared

and have attracted many researchers’ attention.

by adding polar organic hindered phenol antioxidants

For such organic hybrid damping systems, the

2,2'-Methylenebis(6-tert-butyl-4-methylphenol)

selection of matrix polymers and organic low

(AO-2246) and Pentaerythrityl-tetrakis-[β-(3,5-di-

molecular substances is of vital importance. Polar

tert-butyl-4- hydroxyphenyl)-propionate] (AO-1010)

polymers such as chlorinated polyethylene (CPE),

(as shown in Figure 1) into XNBR matrix.

chlorinated polypropylene (CPP), and acrylate
rubber (ACM) have been widely reported as matrix
polymers. XNBR is a kind of modified NBR with
carboxylic groups along the hydrocarbonate chain
[7], thus it has larger polarity. It is also reported that
XNBR has improved damping properties, showing
a great potential to be used as matrix polymer [8-9].
However, till now no reports have been made on the

FIGURE 1.

use of XNBR as matrix polymer in organic hybrid

Chemical structure of (a) AO-2246, and
(b) AO-1010.
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The additive effects of AO-2246 or AO-1010 on the
damping properties of XNBR were firstly investigated by DMA analysis and the molecular mechanism of different systems were discussed further via
FT-IR measurements and SEM observation.
RESULTS AND DISCUSSION
Figure 2 shows the temperature dependence of
tan δ for XNBR/AO-2246 samples with various

weight ratios. All the XNBR/AO-2246 blends show a
single tan δ peak associated with Tg of XNBR and

FIGURE 3. Temperature dependence of tan δ at 1 Hz for

the tan δ peak height increases up to 3.5 and its peak
position shifts significantly towards room temperature as the AO-2246 content increases, resulting in
that XNBR/AO-2246 composite is a promising
damping material.

XNBR/AO-1010 with various weight ratios.

We also note that though the first tan δ peak height
decreases sharply with increasing AO-1010 content,
the tan δ value between the two tan δ peaks increases
gradually, showing a broader efficient damping
temperature region.
In order to clarify why there is such a big difference
in the additive effects of AO-2246 and AO-1010 on
the damping properties of XNBR, various types of
hydrogen bonding interactions formed in the two
systems were investigated by FT-IR measurement.
The infrared spectra centered near 3500 cm-1
corresponding to hydroxyl group (OH) stretching
region and that corresponding to nitrile group
( C ≡ N ) stretching region (2200-2300 cm-1) as well
as

carbonyl

group

(C=O)

stretching

region

(1650-1850 cm-1) for various samples are shown in
Figure 4 and Figure 5, respectively. The peak

FIGURE 2. Temperature dependence of tan δ at 1 Hz for

intensity is normalized by the peak height of the C-H

XNBR/AO-2246 with various weight ratios.

stretching vibration at 2954 cm-1.

By contrast, in the case of XNBR/AO-1010, as
shown in Figure 3, with increasing AO-1010 content,
the tan δ peak associated with Tg of XNBR firstly
increases slightly and then decreases sharply and
samples with a larger AO-1010 content than 20 wt%
clearly exhibit two tan δ peak, indicating that
AO-1010 is partly compatible with XNBR.

FIGURE 4. Infrared spectra in

FIGURE 5. Infrared spectra

the hydroxyl group stretching

in the nitrile group as well as

region for various samples:

carboxyl group stretching

(1) pure AO-1010; (2)

region for various samples:

XNBR/AO-1010 (60/40);

(1) XNBR/AO-1010 (60/40);

(3)

pure

AO-2246;

XNBR/AO-2246 (60/40)
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(4)

(2) XNBR/AO-2246 (60/40);
(3) pure XNBR

As shown in Figure 4, in the spectrum of pure
-1

AO-1010, there exist a narrow band at 3643 cm and
-1

hydrogen bond with OH of AO-2246.
To further elucidate the various intermolecular

a broad band at 3465 cm , which can be assigned to

hydrogen bonding interactions in XNBR/AO-2246

free

and

(60/40) system, a Gaussian multi-peak fitting process

OH-C=O (hydrogen bonded) interaction between

was performed on its infrared spectra in the OH

AO-1010

the

group stretching region (3100-3800 cm-1). Results

XNBR/AO-1010 (60/40) sample, the two bands

showed that the large new broad band can be

-1

attributed to the superposition of the small
absorption band at 3573 cm-1 corresponding to
the OH-C ≡ N intermolecular hydrogen bond
between C ≡ N of XNBR and OH of AO-2246 and

(non-hydrogen
molecules,

bonded)

OH

respectively.

groups
For

decrease sharply and a new band at 3598 cm

appears. As seen in Figure 5, in XNBR/AO-1010
(60/40) system, the band at 2237 cm-1 corresponding
to C ≡ N of XNBR becomes very small and the band
at 1725 cm-1 corresponding to C=O of XNBR
becomes extremely large, which indicate that by
addition of AO-1010 into XNBR, the number of
free C ≡ N groups decreases sharply while the
number of free C=O groups increases remarkably.
The increase of free C=O groups is attributed to the
dissociation of OH-C=O intermolecular hydrogen
bonds between AO-1010 molecules which releases
some C=O and OH groups. However, the band at
3643 cm-1 corresponding to free OH groups
decreases sharply rather than increases. Thus it can
be deduced that the new band at 3598 cm-1 may be
assigned to OH-C ≡ N intermolecular hydrogen bond
between C ≡ N of XNBR and free OH as well as
released OH of AO-1010 molecules.
It can also be seen from Figure 4 that the salient
feature of the spectrum of pure AO-2246 is the
presence of two significant absorption bands
associated with the OH group stretching vibration.
The band at 3601 cm-1 is assigned to free OH groups,
whereas the band at 3389 cm-1 is assigned to the
OH-OH intermolecular hydrogen bonds between
AO-2246 molecules. For XNBR/AO-2246 (60/40)
sample, the two bands both decrease while a large
new broad band appears, which suggests that some
new types of hydrogen bond may be formed. As
shown in Figure 5, compared with XNBR, the band
at 2237 cm-1 corresponding to C ≡ N and the band at
1725 cm-1 corresponding to C=O of XNBR/AO-2246
(60/40) sample both become smaller. This indicate
that by addition of AO-2246, the number of free
C ≡ N and C=O groups of XNBR decreases, which

may be caused by the formation of intermolecular

the much larger broad band centered at 3375 cm-1
corresponding to the OH-C=O intermolecular
hydrogen bond between C=O of XNBR and OH of
AO-2246.
From above analysis, we can confirm that different
types of intermolecular hydrogen bonds between
XNBR and AO-1010 or AO-2246 formed in the two
systems. By further comparing the intensity and
location of the absorption bands corresponding to
these hydrogen bonds, we’ll find that addition of
AO-1010 brings about a new narrow band at 3598
cm-1, while the addition of AO-2246 brings about a
large broad band centered at 3375 cm-1 besides a
small broad band centered at 3573 cm-1. This
indicates that the few intermolecular hydrogen
bonding interactions formed in XNBR/AO-1010 are
weak, while those formed in XNBR/AO-2246 system
are more and much stronger. The differences in the
number and intensity of the intermolecular hydrogen
bonds in the two systems may lead to different
dispersion state of AO-2246 and AO-1010 in XNBR
matrix, which will finally result in different additive
effects on damping properties of XNBR. To confirm
this, SEM observation was performed on different
samples.
Figure 6 shows the SEM photographs of XNBR/AO2246 (60/40) and XNBR/AO-1010 (60/40) samples.
In the XNBR/AO-2246 system, all the AO-2246
molecules and XNBR are hybridized due to the
strong intermolecular hydrogen bonding interactions
between them. A molecular-level uniform dispersion
state, which is demonstrated by the special flowerlike single-phase morphology, is achieved. Thus,
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only one tan δ peak appears in the tan δ − T curve

CONCLUSIONS

and the peak height is remarkably increased as a

The damping properties of two novel XNBR-based

result of the hybridization effect. However, in the

organic hybrids were investigated. Results showed

XNBR/AO-1010 system, most of the AO-1010

that binary XNBR/AO-2246 system was compatible

molecules are dispersed in the XNBR matrix in the

and showed only one damping peak associated with

form of crystal particles or aggregates and the system

XNBR, whereas binary XNBR/AO-1010 system was

exhibits

matrix)-island

partly compatible and a new damping peak appeared

(AO-1010-rich domain) morphology due to weak

besides that of XNBR. The differences in intermole-

interaction between AO-1010 and XNBR. As a result,

cular interactions leaded to different dispersion state

a new tan δ peak appears besides the tan δ peak of

of AO-2246 and AO-1010 in XNBR matrix and

XNBR. According to the above FT-IR analysis,

finally resulted in different additive effects on

appearance of the new small tan δ peak seems to be

damping properties of XNBR.

a

sea

(XNBR-rich

due to the relatively weak OH-C ≡ N intermolecular
hydrogen bonding interaction between XNBR and
AO-1010 within the AO-60-rich domain in which
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Abstract
The objective of this study is to design two types of 3D integrated microstrip antennas (3DIMAs) with different
feeding methods. The two feeding methods are coaxial and microstrip feeding. The integration of a microstrip
antenna and 3D orthogonal woven composite was a new approach, which is expected to be adopted for
embedding other fibrous functional elements through weaving processes
Integration Microwave Network Analyzer under
laboratory conditions, and the return loss was
obtained at Port 2, with a termination at Port 1. The
radiation pattern was measured in the anechoic
chamber using HP 8510C Antenna Test System.

INTRODUCTION
Most of the conventional antennas have protruding
aerials which may not be desirable for aerospace
applications since protruding antennas located on
the surface of the structures will increase
aerodynamic drag. To overcome the limitations of
conventional antennas, new conformal antenna
structures called CLAS (conformal load-bearing
antenna structures) [1] and CSS (composite smart
structure) [2, 3] were developed to realize the
integration of structures and antennas. However,
the dominant failure mode of CLAS was face sheet
peel off or delamination. Similar results were found
in the CSS, which finally led to the malfunction of
the antennas [4]. In the present study, two new
types of conformal load-bearing antenna structures,
3D integrated microstrip antennas (3DIMAs) were
designed. The 3DIMAs will show excellent
integrity due to the existence of through-thickness
reinforcements and superior conformability
because the radiating patch and the ground plane
are both composed of woven conductive wires.
After fabrication of the designed structure, the
electrical performances of the antennas were
measured.

RESULTS AND DISCUSSION
The return loss of an antenna can be calculated as
shown in Eq.(1).

RL = −20 log Γ

(1)

Where RL is the return loss at the operating
frequency and Γ is the reflection coefficient. The
input return loss curves of the coaxial-fed and
microstrip-fed 3DIMAs in the range of 1-2 GHz
are shown in Figure 1. They indicate a return loss
of -13.15 dB at the resonant frequency of 1.872
GHz for the coaxial-fed antenna, while a return loss
of -31.50dB at the resonant frequency of 1.33GHz.
This proved beneficial when the antennas are used
in this frequency range application. However, the
shift of the resonant frequencies of the measured
antenna is mainly due

DESIGN OF THE 3DIMAs
The 3DIMA was designed to work at radar L-band
with the resonant frequency of 1.5GHz. This
antenna structure integrates 3D Kevlar 129/vinyl
ester composite and a microstrip antenna. Coaxial
and microstrip feeding methods were applied for
the 3DIMAs. In either of the two structures, 50 Ω
connections were needed to build for the feeding.

1.87GHz
-13.15dB

EXPERIMENTAL
Fabrication of the 3DIMA
The 3DIMA preform was manufactured on the 3D
orthogonal
weaving
machine.
The
grid
configuration of copper wires in the first and
second bottom layer plays an important role for the
electric conduction of the ground plane. The
assembly was then cured using vacuum assisted
resin infusion at ambient temperature.
Antenna performance tests The reflection
coefficient was measured using an AV3618

(a)

- 974 -

the microstrip-fed antenna are mainly due to the
existence of the curvature of copper wires.
CONCLUSIONS
In summary, the 3DIMA is a new concept of
constructing smart materials and structures with
structurally effective materials. Both of the coaxialfed and microstrip-fed 3DIMAs have reasonable
return loss. The microstrip-fed antenna is more
suitable for obtaining the conformal structure
compared with the coaxial-fed antenna. Similar
approaches can be adopted for embedding other
fibrous functional elements through weaving
processes.

1.33GHz
-31.50dB

(b)
FIGURE 1. Input return loss of (a) coaxial-fed and (b)
microstrip-fed 3DIMAs in the frequency of 1-2GHz
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to the inaccurate prediction of the dielectric
constant of the substrate material. In addition, the
microstrip-fed antenna has better return loss than
the coaxial-fed one. This result presents accuracy
of the microstrip feeding for the fabricating of the
3DIMA. Furthermore, the microstrip feeding is
more suitable to obtain the planar and conformal
antenna structure.
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FIGURE 2. Radiation patterns of (a) coaxial-fed and (b)
microstrip-fed 3DIMA

Figure 2 shows the radiation patterns of the two
types of antennas. Each antenna has the highest
magnitude of the main lobe directly from the
radiation patches. The larger back and side lobes of
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ABSTRACT
This paper mainly presents the analysis of rubber diaphragm reinforced by plain woven fabric with finite
element software ABAQUS in order to find out the position easiest to fail at work and carry out structural
optimization so as to reduce product developing time and cost. Firstly, an accurate model which characterizes
the mechanical behavior of a diaphragm is established. Besides, the constitutive relationship of the diaphragm
material is described in detail. The booster principle and work mechanism of a rubber diaphragm is introduced
briefly in Section 3. In addition, a model is established on the computer. Finally, the rubber diaphragm is
analyzed and simulated with flexible shell elements in Section 4. Results show that hogged edge of the
diaphragm where failure can easily take place suffers larger force. Experimental results agree with the
simulation results well.
KEYWORDS: finite element, ABAQUS, booster diaphragm, simulation
1 INTRODUCTION
The booster diaphragm is an important component
of the key part in fuel booster. It controls the
pressure of fuel outlet and keeps the pressure in the
range of design value. It is a kind of composite
material which uses textile as reinforcement to
combine with matrix.In order to analyze and
simulate the stress in diaphragm deformation, it is
required to establish an accurate model to
characterize the material behavior.
FIG.1 THE PATH OF A SINGLE YARN

2 THE CONSTITUTIVE EQUATION OF
RUBBER DIAPHRAGM

y = a sin(

2.1 The micro-architecture of the booster
diaphragm
In order to characterize the performances of woven
fabrics with different weave architectures simply
and accurately, a non-orthotropic constitutive
model for woven fabrics is proposed in this paper.
Then combined with a rubber model with viscous
behavior in macroscopic approach, the booster
diaphragm is simulated with flexible shell elements.
It is assumed that the yarn is of sinusoidal path and
lenticular cross section (as seen in Fig.1) and its inplane elongation, shear and transverse shear force
is homogeneous.

2π x

(1)

)

T
tgθ 0 = dy / dx = (2π a / λ ) cos(2π x / λ )

(2)

[1]

Chou & Takahashi （1987）proposed a model
for flexible composites and explained their
deformation through examining a representative
element of sinusoidal wavelength. And the element
is divided into sub-elements along X axis. Every
sub-element of composite between x and x+dx is
approximated by off-axis unidirectional yarn
composite. The yarns are inclined by θ 0 about X
axis. Then the initial yarn orientation of this subelement (n) is as following.
1

2π ( x + dx )

2

λ

θ 0 = {arctg [(2π a / λ ) cos(2π x / λ )] + arctg[(2π a / λ ) cos(

)]}

Where x and y are the coordinates in two
perpendicular yarn directions, representatively, a
is yarn curvature wave height, λ is the path length
of a yarn unit cell, θ 0 is the yarn inclination angle.
According to warp and weft density, the yarn
sweeping path length can be determined. Besides,
the geometrical size for yarn of plain woven fabric
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can be determined based on yarn diameter along
with the assumption that the yarn has lentoid cross
section.

1
G XY

= 4(

1
E1

+

1
E2

+

2ν12
E1

1
2
2
2
2 2
) cos θ sin θ + (cos θ − sin θ )
G

(4)

The transformation of stress in woven fabric global
coordinate system and local coordinate is:

2.2 The constitutive equation of rubber
diaphragm considering shear deformation
Fabric deformation not only behaves as tensile
deformation but also as shearing deformation under
large deformation, then fabric is a non-orthogonal
anisotropic material[2]. It is assumed that the fabric
is a linear-elastic and planar 2D objects, so its
deformation through thickness direction can
beneglected.

2
2
σ x = σ x ' ⋅ cos θ + σ y ' ⋅ sin θ − Tx ' y ' ⋅ sin θ cos θ (5)

2
2
σ y = σ x ' ⋅ sin θ + σ y ' ⋅ cos θ + Tx ' y ' ⋅ sin θ cos θ (6)

(

2
2
Txy = −σ x ⋅ sin θ cos θ − σ y ⋅ sin θ cos θ + Tx ' y ' ⋅ cos θ − sin θ

The shear stresses/strains and the normal
stresses/strains can be treated as uncoupled in the

(7)

material coordinate x '' y '' . The angle between
weaving directions has a negligible influence on
biaxial tensile behavior. Therefore, the relationship
between stress and strain components for woven
composites can be approximately expressed as:
⎡σ x '' ⎤
⎡ε
⎤
⎡ε x '' ⎤
⎤ ⎢ x '' ⎥
0
⎢
⎥ ⎡ D11 D12 0
⎢
⎥
⎢
⎥
σ
ε
⎢ y '' ⎥ D21 D22 0
⎢ y '' ⎥
⎢ε y '' ⎥
0
⎢
⎥
=
=
D
⎢T
⎥
⎢
⎥
⎢γ
⎥
0
⎥ ⎢γ x '' y '' ⎥
⎢ x '' y '' ⎥ ⎢ 0 0 aD33
⎢ x '' y '' ⎥
⎢
⎥
⎢T
⎥ ⎣ 0 0 0 (2 − a ) D33 ⎦ ⎢γ
⎥
⎢γ
⎥
⎣ y '' x '' ⎦
⎣ y '' x '' ⎦
⎣ y '' x '' ⎦

The transformation of strain in woven fabric global
coordinate system and local coordinate is:
2

(8)
(1)
2

(9)

(

⎡σ ⎤
⎢ x⎥
T
⎢σ y ⎥ = RPDQR
⎢T ⎥
⎣ xy ⎦

fabric, D11 = D22 , D12 = D21 and a = 1 . The
element D33 denotes the shear property of the
material.

the shearing stiffness G XY between the two
principal directions is[3]:

EX

1
EY

=

E1

4
sin θ
E1

+(

G

1
G

−

4
sin θ
2
2
) cos θ sin θ +
E1
E2

2ν12

4
cos θ
2
2
) cos θ sin θ +
E1
E2

2ν12

⎡ε ⎤
⎢ x ⎥
⎢ε y ⎥
⎢γ ⎥
⎣ xy ⎦

(11)

where R is the unit transformation matrix between
local orthogonal coordinates O’X’Y’ and global
orthogonal coordinates OXY. R, P, Q can be
expressed as

The tensile modulus E X , EY of X-axis and Y-axis,

−

)

Integrating (1)-(10), the constitutive equation of
woven fabric in global coordinate system under
large deformation can be expressed as:

D21 and D22 , which describe the tensile properties

1

2

(10)

of the woven composite. For balanced woven

+(

2

γ x ' y ' = −ε x ⋅ sin θ cos θ + ε y ⋅ sin θ cos θ + γ xy ⋅ cos θ − sin θ

material matrix in the coordinate system; D11 , D12 ,

4
cos θ

2

ε y ' = ε x ⋅ sin θ + ε y ⋅ cos θ − γ xy ⋅ sin θ cos θ

orthogonal plane, σ x ' , σ y ' and Tx ' y ' is the stress
component in O’X’Y’ coordinate system. a is a
coefficient which stands for contribution to the
total shear property from each shear stress. D is

=

2

ε x ' = ε x ⋅ cos θ + ε y ⋅ sin θ − γ xy ⋅ sin θ cos θ

Where Tx '' y '' , Ty '' x '' is the shear stress in the non-

1

)

(2)

(3)
FIG.2 SCHEMATIC OF A DEFORMED
ARCHITECTURE WITH SHEAR DEFORMATION
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When θ＝90° , no shear deformation is involved.
The above is the common constitutive equation for
woven fabric. It is written into ABAQUS user
subroutine and transferred in the second module.
3 The structure and working principle of
booster diaphragm

The structure schematic illustration of rubber
diaphragm fuel booster is shown in Fig.3. Where
P0 is the air pressure in the upper cavity of rubber

FIG.4 THE SCHEMATIC ILLUSTRATION OF A
RUBBER DIAPHRAGM MODEL BEFORE DEFORMATION

diaphragm, its unit is Pa, and we take it as
atmospheric pressure.

(2) Assignment of material property to rubber
diaphragm and the booster components
Material sections are created in Property module
and section property is assigned to material.
Besides, the self-written user subroutine and
material parameters are transferred. The diaphragm
density is defined as 0.9g/cm3, the component
material is steel and its density is 7.8 g/cm3.

P1 ——the fuel pressure of booster inlet, Pa;
P2 ——the fuel pressure of booster inlet, Pa;
P21 ——fuel pressure in the below cavity of rubber

(3) Creation of the analysis steps
Since the working process of rubber diaphragm is
dynamic, we create a General Dynamic Explicit
analysis step in the step module. And analysis step
time is defined as 0.4s through calculation.

diaphragm, Pa; P21 is equal to P2 ;

(4) Interaction definition
In the Interaction module, we define the
interactions between diaphragm and the pressure
plate also the diaphragm and other components.
The interaction pattern is surface to surface
interaction which is suitable for interaction
between a deformable surface and a rigid surface in
interaction property, friction coefficient is set to 0.4,
while the friction coefficient between the
components is 0.25.

FIG.3 THE SCHEMATIC ILLUSTRATION OF RUBBER
FUEL BOOSTER STRUCTURE

(5) Create boundary condition and load
Gravity is defines as 9.8N/m2. Through the gravity
value and the material density defined before,
ABAQUS can calculate the load exerted in this
area. The diaphragm is fixed all around by pressure
plate. The air pressure of the diaphragm below
surface is defines as 0.2Mpa and the spring elastic
coefficient is set to 0.5.

In rubber diaphragm design, we should find out the
most steady displacement interval of the rubber
diaphragm effective area in which when the rubber
diaphragm moves, the change of effective area is
not large.
4 The simulation of working status for booster
diaphragm based on ABAQUS
The shell element (S4R) is adopted in the finite
element software and combined with the material
model which is used as user subroutine so as to
simulate the working status of booster diaphragm.

(6) Mesh division
The components are meshed in Mesh module. We
adopt four node shell reduced element for rubber
diaphragm. We adopt structural meshing method
for steel components.

(1) Model creation
Based on the description in section 3, we create a
model shown in Fig.3, and a rubber diaphragm is
shown in Fig.4.

(7) Result analysis
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FIG.5 THE SCHEMATIC ILLUSTRATION OF
WORKING SIMULATION FOR RUBBER
DIAPHRAGM

FIG.6 THE EXPERIMENTAL STRESS-TIME
CURVE OF NODE 1 ON THE HOGGED EDGE
From Fig.5, it can be found that the pressure in the
hogged part of the rubber diaphragm is larger (the
darker color indicates the larger pressure). After
mesh refinement, a submdel of the rubber
diaphragm is force analyzed, results show that the
stress in node 1 increases with time (Fig.6). So
damage occurs easier in this place when the
diaphragm is used for a long time period. At the
same time, it can be found that the hogged part of
the booster diaphragm is easy to wrinkle in forming
simulation and the experimental results verify the
simulation (Fig.7).

FIG.7 THE BOOSTER DIAPHRAGM SAMPLE
5 Conclusion and outlook
Rubber diaphragm reinforced with warp knitted
fabric is analyzed and simulated in this paper.
Results show that hogged part of diaphragm suffers
larger force and experimental results verify the
simulation.
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Abstract
Viewing from the aspect of room security and fire proof, the fire retardant finish of bast fiber becomes more and
more significant and attracts more attention from textile engineering technicians. This article mainly explore the
fire retardant finish of flax and jute fabric, and thus to confirm the best technique and technology. Most
influential factors on the fire retardant finish of flax fabric are the baking temperature, and next is resin
concentration, retardant concentration and expression. The best technique is A3B1C1D1, which means retardant
concentration adopts 350g/L, resin concentration adopts 40g/L, baking temperature adopts 155℃, 4mins, and
expressing is 75%. The most influential factors on jute fabric after fire retardant finish is baking temperature,
and best technique is A1B1C2, which means retardant concentration 350g/L, baking temperature is 155℃, 4mins
and resin concentration is 12.5g/L. Baking temperature’s influence on experimental result that is the char length
is notable, and other factors tend to be consistent. Retardant concentration and resin concentration notably
influence on the bending length and breaking tenacity of jute fabric after fire retardant finish.
Keywords: flax; jute; fire retardant finish; variance analysis
Hemp fiber is characteristic of fast wet absorbing and

To burn must have three conditions of combustible

elimination, strong tensile force, good luster and

matter, fire source and oxygen, and burning process

insulation, acid and alkali proof and corrosion proof;

is essentially a process of solid phase decomposition

it has favorable health care performance as well as

transferring to gas phase oxidation

some unique styles of air permeable, liveliness, bold

cycle is as Figure 1.

[2]

. The burning

and unconstrained, natural texture and gentle tone
and looks decent. At both home and abroad, the bast

From Figure 1, we can know that, after the

fiber products are extensively used for garments,

flammable matter contacts with the fire source, the

decorations and other fields. At present, developed

heat decomposition takes place at first (solid phase)

countries demand more bast fiber products day by

and generates flammable gas, then starts to burn

day, and one of the main usages is for decoration,

under the effect of oxygen (gas phase oxidation).

such as table cloth, sofa cloth, wall cloth, curtain and

During the gas phase oxidation, large amount of heat

bed clothes, etc. Viewing from the aspect of room

is generated and these heats then promote the solid

security and fire proof, the fire retardant finish of

decomposition as the complementarities of heat

bast fiber becomes more and more significant and

source, and thus the combustion circulation is formed.

attracts more attention from textile engineering

So it is not difficult to know that, cutting the

[1]

. This article mainly explore the fire

circulation, inhibiting solid phase decomposition or

retardant finish of flax and jute fabric, and thus to

inhibiting the gas phase combustion (reduce the

confirm the best technique and technology.

thermal level of flammable gas) can all take the

technicians

effect of fire retardant.
1.

Fire retardant mechanism

Flax and jute fiber belong to the scope of cellulose
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fiber; the structure and chemical component of

of fiber is reduced, the phosphor-containing fire

cellulose fiber and lignin fiber have great influences

retardant can decompose to create phosphoric acid at

on their thermal characteristics. After the fire

a low temperature and change to metaphosphoric

retardant finish did to fiber, its initiative cracking

acid as the temperature rises, and then continue to

temperature

condense

falls

and

even

its

termination

to

be

polymetaphosphate.

The

temperature of cracking is lower than the initiative

polymetaphosphate is a kind of strong dehydrant

cracking temperature of non-fire-retardant fiber,

which can cause the cellulose carbonize and inhibit

however, the residue weight increases, because the

the generation of flammable cracked product and

existence

cracking

thus take the effect of fire retardant. In addition, the

mechanism: the fiber treated with the fire retardant

of

retardant

changes

the

phosphoric acid produced by decomposition will

finish starts to dehydrate and carbonize at around

form the involatile protection layer, which can

300℃ and inhibits the generation of laevoglucose at

insulate air and is also the catalyst that oxidizes the

above 340℃ when the 1,4 glycoside links of

carbon to be carbon monoxide during cellulose

cellulose break. Because the β- glucose 1,4 glycoside

burning and therefore reduces the generation of CO2.

links break, its intermediate product, researched

Because the heat of formation for carbon forming the

through experiments, produces laevoglucose or 1,6

CO (110.4 kJ/mol) is less than that for forming CO2

dehydrate β-D glucofuranose; after levoglucose is

(394.6 kJ/mol), thus, the heat release is effectively

generated, various flammable gas is easy to be

inhibited and cellulose combustion is prevented.

generated.

Therefore, the fire retardant effect is mainly occurred

After the fiber is dealt by phosphor-containing fire

in section of solidification phase [3].

retardant, because the initiative cracking temperature
Ⅲ heat transformation

flammable fabric

absorb heat
(need no oxygen)

Solid phase decomposition
and cracked product

Ⅰ

heat release
(need oxygen)

gas phase combustion of
oxidation product

Ⅱ

Fig. 1 recycle diagram of textile combustion
fire retardant finish (accurate to 0.1g).

2 Materials and experiments
2.1 Materials and apparatus
Fabrics: flax and jute fabric that have been boiled off
and bleached; Drugs: retardant, 062 resin, JFC

Table 1 Hang weigh in char length test
Fabric

Blank sample
2

penetrant, phosphoric acid, magnesium chloride and

Mass of drag weight in

(g/cm )

testing char length (g)

soap; Apparatus: 702-2 mode electric blower,

Flax

192.4

113.4

thermostat water bath, small rolling machine, YG815

Jute

664.5

453.6

vertical tester for fabric combustion property, YG065
electronic tester for fabric strength and LLY-01B

2.2.2 Permanent fire retardant finishing technique

computer controlled stiffness tester.

Fabric → padding (expression 75% ~80%) → drying

2.2 Experiment method

(105℃, 5min) → baking (155℃, 4 min, 160℃, 3min,

2.2.1 Weighting Samples

170℃, 1.45min) → soaping (powered soap 3g/L,

Place the sample inside a room for over 8h, which

60℃, 3min) →drying.

temperature is (21±1)℃, and relative humidity is

2.2.3 Test the fire retardant effect

(65%±2)%; weight the blank sample per sqm2 before

Test all the fabrics dealt by fire retardant finish;
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according to the GB5455-97 stipulation, adopt

orthogonal table, see Table 2. The table 2 reflects the

vertical burning test method to test the anti-afterheat,

rule of technique index changing with the variation

anti-afterglow and char length (the longest charred

of each influential factor.

length) of fabric; test on the vertical combustion
tester.
2.3

Experiment results and discussion

The fire retardant finish experiment of flax fabric
adopts the orthogonal designing method

[4]

L9 (34)

Table 2 Orthogonal Experiment Table of Flax Fire Retardant Finish
1

2

3

4

experiment result

retardant concentration

resin concentration

baking temperature

expression

char length

(g/l)

(g/l)

(℃)

(%)

(cm)

1

1(300g/l)

1(40g/l)

1(155℃)

1(75%)

11.7

2

1(300g/l)

2(50g/l)

2(160℃)

2(77.5%)

18.4

3

1(300g/l)

3(60g/l)

3(170℃)

3(80%)

15.4

4

2(325g/l)

1(40g/l)

2(160℃)

3(80%)

17

5

2(325g/l)

2(50g/l)

3(170℃)

1(75%)

15.6

6

2(325g/l)

3(60g/l)

1(155℃)

2(77.5%)

14.6

7

3(350g/l)

1(40g/l)

3(170℃)

2(77.5%)

11.25

8

3(350g/l)

2(50g/l)

1(155℃)

3(80%)

14.55

9

3(350g/l)

3(60g/l)

2(160℃)

1(75%)

15.3

Table 3 Extreme Deviation Analysis and Variance Analysis of Tested Result
Extreme deviation analysis

Variance analysis
sum of

degree of

Mean

squares

freedom

square

2

6.61

2

3.305

2.06

15.1

2.9

12.57

2

6.285

3.91

16.9

14.1

3.3

18.93

2

9.465

5.89

14.75

15.7

1.5

3.215

2

1.6075

-

K1

K2

K3

K1

K2

K3

R

A

45.5

47.2

41.1

15.2

15.7

13.7

B

39.95

48.55

45.3

13.3

16.2

C

40.85

50.7

42.25

13.6

D

42.6

44.25

46.95

14.2

F ratio

significance

variance are shown in Table 6
Carry out stiffness and stretching tests for the flax

Carry out stiffness

fabric after fire retardant finish and conduct variance

fabric after fire retardant finish and conduct variance

analysis for the results. Refer to Table 4 for analysis

analysis for the results. Please see Table 7 for

result.

analysis result.
3

The L4 (2 ) orthogonal table is for jute fabric. Level
of experimental factor, experimental arrangement
and
results are shown in Table 5; extreme deviation and
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stretching tests for the jute

Table 4 Analysis table of bending length and breaking tenacity

Varianc
e
source

sum of
squares

degree mean
of

squar

freedom

e

F

Significan

variance

sum of

ratio

ce

source

squares

Degree

mean

e of

squar

freedom

e

Sig
F

nifi

ratio

can
ce

A

SA=0.06

2

0.03

30

**

A

SA=5371.6

2

2685.8

1.8

B

SB=0.03

2

0.015

15

**

C

SC=9821.6

2

4910.8

3.2

D

SD=0.05

2

0.025

25

**

D

SD=8736.3

2

4368.15

2.8

Error

Se=0.002

2

0.001

/

Error

Se=3076.3

2

1538.15

-

Note: the one on the left is the bending length, and the one on the right is breaking tenacity.
Table 5 rthogonal Experiment Table of Jute Fire Retardant Finish
1
retardant concentration
(g/l)

2

3

experiment result

resin concentration

baking temperature

char length

(g/l)

(℃)

(cm)

1(40g/l)

1(155℃)

1.5

2(50g/l)

2(160℃)

2.85

1(40g/l)

2(160℃)

4.25

2(50g/l)

1(155℃)

1.5

1(300g/l)
1(300g/l)
2(325g/l)
2(325g/l)

1
2
3
4

Table 6 Extreme deviation analysis and variance analysis of test result
Extreme deviation analysis

Variance analysis

K1

K2

K1

K2

R

sum of squares

degree of freedom

mean square

F ratio

A

4.35

5.75

2.175

2.875

0.7

0.49

1

0.49

1

B

3

7.1

1.5

3.55

2.05

4.2025

1

4.2025

9

C

5.75

4.35

2.875

2.175

0.7

0.49

1

0.49

-

significance
**

Table 7 Analysis table of bending length and breaking tenacity

Varianc

sum of

e

square

source

s

A

2.2

C
Error

degree

mean

F

squar

rati

e

o

1

2.2

22

2.4

1

2.4

24

0.1

1

0.1

/

of
freedo
m

Varianc

sum of

e

square

source

s

**

A

9216

**

C
Error

significanc
e
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degree
of

mean

F

signific

freedo

square

ratio

ance

1

9216

25.5

**

12769

1

12769

35.4

**

361

1

361

-

m

Note: the one on the left is the bending length and the one on the right is breaking tenacity.
Influence

of

retardant

concentration,

baking

3. Conclusion

temperature and expression on breaking tenacity

1. Most influential factors on the fire retardant finish

tends to be consistent.

of flax fabric is the baking temperature, and next is

4. The most influential factors on jute fabric after fire

resin concentration, retardant concentration and

retardant finish is baking temperature, and best

expression. The best technique is A3B1C1D1, which

technique

means retardant concentration adopts 350g/L, resin

concentration 350g/L, baking temperature is 155℃,

concentration adopts 40g/L, baking temperature

4mins and resin concentration is 12.5g/L.

adopts 155℃, 4mins, and expressing is 75%.

5. Baking temperature’s influence on experimental

2. When a = 0.25, the resin concentration and baking

result that is the char length is notable, and other

temperature influences notably. However, when a =

factors tend to be consistent.

0.1 or below, it is thought that effects of each factor

6. Retardant concentration and resin concentration

at each level are equal, which means influential

notably influence on the bending length and breaking

factors of retardant concentration, resin concentration

tenacity of jute fabric after fire retardant finish.

is

A1B1C2,

which

means

retardant

and baking temperature tend to be consistent.
3. Influence of retardant concentration, resin
concentration and expression on bending length of
flax fabric after fire retardant finish is notable.
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Structural Parameters Influence on Easy Shape and Easy
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1. Abstract
To investigate the influence of structural parameters of Poly(trimethylene terephthalate) (PTT) shape memory
fabrics on their shape memory properties (easy shape and easy care properties), twelve kinds of representative
PTT shape memory fabrics and three kinds of contrasting fabrics were chosen in the study, and then the
evaluation methods which we came up with before were used for evaluating the fabrics’ easy shape and easy care
properties. Furthermore, influence of structural parameters on the shape memory properties was studied.
Specifications of the samples are described in

2. INTRODUCTION
PTT

(Polytrimethylene

Terephthalate)

shape

table I.

memory fabric is an advanced fabric which

3.1 Experimental Method for Easy Shape

developed in the recent three years, and it is a kind

Property[3]
KES-F4 Bending Property Tester was used

of woven fabrics which made by PTT filaments
and

with

dense

construction.

for testing fabric’s bending deformation curve,

Besides

characteristics of TT polymer, the fabric also has

shown

some

curvature Kh

shape

memory

effects.

The

sensory

as figure 1, and residual bending
when

bending

moment

was

properties of PTT shape memory fabric are similar

nonexistent was used for expressing fabric’s easy

to those of blended filament fabrics which contain

shape property, and the calculation as follows

metal fibers, and the outstanding properties of
PTT shape memory fabric are easy shape and easy

Kh =

care properties. The former research results

Km − Km'
2

(1)

indicated that structural parameters of PTT shape
memory fabrics had great influence on fabrics’

Where Km , Km' are the residual bending

easy shape and easy care properties. To further

curvature when bending moment is nonexistent

prove up how the structural parameters influence

after obverse and inverse bending deformation,

on

of

respectively. The bigger the residual bending

representative PTT shape memory fabrics and

curvature Kh is, the better the radian plasticity

three kinds of contrasting fabrics were chosen in

effects are.

the

two

properties,

twelve

kinds

the study, and then the evaluation methods which
we came up with before were used for evaluating
the fabrics’ easy shape and easy care properties
[2,3]

.

3. APPROACH
FIGURE 1. Bending graph of fabrics
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TABLE I. Specification of fabric

Number Textile weave
1
1/1
2
1/1
3
1/1
4
1/1
5
1/2
6
3 1 3/2 2 1
7
2 1 2/2 1 4
8
1 1/1 3
9
1/1
10
2/2
11
1/1
12
2/2
13
1/1
14
1/2
15
1/1

Material
PTT×PTT
PTT×PTT
PTT×PTT
PTT×PTT
PTT×PTT
PTT×PTT
PTT×PTT
PTT×PTT
PTT×PTT
PTT×PTT
PTT×PTT
PTT×PTT
PET×PET
T/C×T/C
C×C

Yarn size /tex
8.3×8.3
8.3×8.3
8.3×8.3
8.3×8.3
8.3×8.3
8.3×8.3
8.3×33.3
9.5×9.5
9.5×11.1
11.1×11.1
16.7×16.7
16.7×16.7
8.3×8.3
21.7×21.7
9.7×9.7

Density
827×440
820×326
870×440
928×338
908×518
960×531
531×350
943×463
895×420
962×527
539×291
799×382
883×335
540×280
650×505

Thickness/mm
0.21
0.23
0.22
0.23
0.25
0.30
0.42
0.25
0.23
0.34
0.27
0.41
0.15
0.28
0.20

Unit weight/(g·m-2)
132
142
145
140
150
150
182
150
140
219
155
240
115
166
113

Notes: 6# fabric is warp-combined twills, and both 7# and 8# fabrics are filling-combined twills.
Property[3]

3.2 Experimental Method for Easy Care
Specimens were prepared according to ISO

Crease recovery ratio Rrec was used for

2313-1972<Textile fabrics-Determination of the

expressing shape recoverability of the fabrics and

recovery from creasing of a folded specimen by

it could be calculated as follows

measuring the angle of recovery>, and 6 pieces of

Rrec =

fabric stripes, 4cm×1.5cm[4], were cut respectively
along warp and filling of the fabrics.

θrec
180°

Where

For both warp and filling of each sample, 3
obverse and 3 inverse specimens were folded with

× 100%

θ rec

(2)

is the average of crease

recovery angle of warp or filling of each fabric

two ends putting in order along their length

after force stimulating.

directions. A 2kg weight (31.4Pa (3.2kgf/m2)) was
used for pressing the entire specimens above for

4. RESULTS AND DISCUSSION

24h. Made the specimen recover 5 min naturally

Structural parameters and test results are

after removing the load and then applied the best

shown in table II.

stimulating method[2] getting from our former
research findings, that was, used a apparatus with

4.1 Single Factor Analysis for the Relations

flat

Between Easy Shape/Easy Care and Structural

bottom,

100g

weight

and

(35±2 ℃ )

Parameters

temperature ， to simulate “hand stroking” and
move one time on the vertical direction of

The results of single correlation coefficients

specimen’s crease direction, and then made

showed that there were certain relationship

specimen recover 5 min naturally. Finally, tested

between structural parameters and residual

crease recovery angle of each specimen. Crease
recovery of each sample’s warp and filling was
expressed by the average of 6 specimens.
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TABLE II. Structural parameters and test results

No. Textu Warp
re

linear

Pick

Warp Pick

linear

densit density tightnes tightness residual

float density density y X4 X5
X1

X2/tex

X3/tex

Warp

Filling

s X6 /% X7 /%

/10cm /10cm

Warp
bending

1
1
1
1
1.5
2
2
3
1
2
1
2
1
1.5
1

8.3
8.3
8.3
8.3
8.3
8.3
8.3
9.5
9.5
11.1
16.7
16.7
8.3
21.7
9.7

8.3
8.3
8.3
8.3
8.3
8.3
33.3
9.5
11.1
11.1
16.7
16.7
10.5
21.7
9.7

827
820
870
928
908
960
531
943
895
962
539
799
883
540
650

440
326
440
338
518
531
350
463
420
527
291
382
335
280
505

Warp

Filling

residual

crease

crease

bending

recovery recovery

curvature curvature ratio
-1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Filling

103.86
102.98
109.26
116.54
114.03
120.56
66.68
126.70
120.25
139.71
96.01
142.33
106.23
94.61
80.26

55.26
40.94
55.26
42.45
65.05
66.68
43.95
62.21
61.00
76.53
51.84
68.05
45.33
49.06
62.35
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-1

ratio Y4

Y1/cm

Y2/cm

Y3/%

/%

1.14
1.26
1.26
1.50
1.44
1.74
1.54
1.56
1.26
1.77
1.03
1.20
0.46
O.64
0.64

1.24
1.42
1.58
1.90
0.77
1.62
1.39
1.40
1.42
1.54
0.96
1.74
0.64
0.74
0.82

86.4
84.2
82.4
81.8
84.0
77.8
63.7
80.0
81.3
84.3
72.5
81.5
73.0
74.3
66.8

90.2
84.9
87.5
83.7
82.0
80.1
85.2
80.5
86.6
81.4
73.1
81.3
71.0
74.3
67.8

bending curvature and crease recovery ratio,

and crease recovery ratios reached up to 80% after

though some correlation coefficients were bigger

being stimulated by the force simulating “hand

and some were smaller. Correlation coefficients

stroking”, and the effects of fabrics’ recovery were

were all between 0～1. The results also indicated

near that of level 4 of AATCC 128-2004 <

that texture float and pick density had significant

Wrinkle Recovery of Fabrics: Appearance Method

relationship with warp residual bending curvature,

>. Crease recovery ratios of PET fabrics,

and pick linear density had close relationship with

PET/cotton blended fabric and pure cotton fabric

warp crease recovery ratio.

were only about 70%. Residual bending curvature

4.2 Multiple Factor Analysis for Relations

of PTT shape memory fabrics were all between

Between Easy Shape / Easy Care Structural

1～2cm-1, and significantly higher than those of

Parameters

PET fabric, PET/cotton blended fabric and pure
cotton fabric, which indicated that PTT shape

Regression equation indicated that both
average float X1 and warp linear density X2 had

memory fabrics had excellent shape plasticity.

significant influence on warp’s shape plasticity

(2) Every structural parameter had certain

effect, and other structural parameters’ influence

relationship with PTT shape memory fabrics’ easy

effect was relative smaller. The results also

shape and easy care properties, no matter close or

suggested that average float X1 and warp residual

little. Both average float and warp linear density

bending curvature was positive correlation, and

had

significant

influence

on

warp’s

shape

warp linear density X2 and warp residual bending

plasticity effect. Moreover, the longer the average

curvature was negative correlation, that was, the

float, the more obvious the effect of fabrics’ shape

longer the average float X1 , the more obvious the

plasticity, but it was just the opposite to the warp

effect of fabrics’ shape plasticity, but it was just

linear density. Pick linear density had the most

the opposite to the warp linear density X2.

significant influence on PTT shape memory

However, every structural parameter had little

fabrics’ easy care property, however, pick linear

influence on the effect of filling’ shape plasticity.

density had inverse relation with warp crease
recovery ratio.

Only pick linear density had big influence on
warp

crease

recovery

study did not have significant influence on filling

regressing, therefore, influence ratio of structural

shape plasticity and filling crease recovery ratio,

parameter

here.

so, the influence of structural parameters on

Regression equation also revealed that pick linear

warp’s easy shape and easy care properties was

density had inverse relation with warp crease

bigger than that of filling.

not

be

after

(3) All the structural parameters chosen in the

stepwise

would

ratio

compared

recovery ratio. Regression equation showed that
warp linear density had significant influence on

6. FUTURE WORK

filling crease recovery ratio. Moreover, the bigger

Collecting more fabric samples and selecting

warp linear density, the smaller filling crease

more fabric structural parameters to deeply

recovery ratio was, however, negative correlation

research the influence of structural parameters on

coefficient of the equation was small, which

easy shape and easy care properties of PTT shape

indicated that structural parameters had little

memory fabrics.

influence on the filling crease recovery ratio.
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Abstract
The fracture surface microscopy Examination is a common experiment. It is widely used to analysis the
strength-structure relationship, to reveal causes and mechanisms of failure in fibers and to deduce the fail
process of fibers.
The tensile strength of carbon fiber, PBO fiber, Nomex fiber and nylon was examined by single fiber tensile
tests.The tensile curve were used to characterize the mechanical behavior of the fibers during the stretching
process. The fracture surface of the high-performance fibers were examined by using the scanning electron
microscope (SEM). The characterization of the tensile rupture can be obtained by the SEM observation. The
experimental results show that the fracture surfaces of carbon fibers are usually even, the origins and the
propergation direction of the tensile rupture are always clear. the PBO fiber is usually laminated and splitted into
fibrids , and the fibers have a high tenacity, so the tensile behavior of PBO fiber is excellent. The fracture
surface of Nomex fiber is mainly arosed by the step-stage flaws. The fracture surface of the nylon are almost the
large and linear defects on the fibre surface. On the basis of this study, the structure parameters which are
benefit to enhance the strength of these fibers can be concluded.
Keywords: High-performance fiber; tensile property; SEM; fractography; mechanism of failure.

INTRODUCTION
Fibers are uneven, no matter appearance, size or
inner structure is concerned. The uneven, especially
the defect of inner structure, influences the
performance and mechanical properties of carbon
fibers strongly0. There are several ways to inspect the
inner structure of the fibers, such as X-ray diffraction
technique,
infrared
spectrophotometer,
chromatograph, TEM, SEM observation on the
lateral section of fibers and so on, and the structure
parameters can be achieved accurately by these ways.
Among them, the most information on the breaking
process of fibers can be got by SEM observation on
the fracture surface of fibers because the fracture
surfaces are the part of fibers which is most closely
related to the mechanical behavior of fibers[2].
Examination of the ruptured ends of fibers has been
considered important for several reasons[3], namely (a)
for the investigation of the mechanism of fiber failure
in order to derive the relationship between tensile
behavior and fracture characteristics; (b) for the
identification of the causes of fiber fracture in end
use and processing, so as to propose some methods to
improve fiber performance; and (c) for the diagnosis
to the features to category fiber fracture-ends. The
study of fiber fracture is important. High
performance fibers have been well accepted for their
excellent mechanical properties, especially as
excellent materials[4]. There are more and more
research on the structure, properties and application
of these fibers.

In the present work, PBO, Nomex, HT Polyamide
and carbon fibers are studied. The measurement of
the tensile strength of single fibers is done to get the
mechanical behavior of single fibers, the
fractography of single carbon fibers is inspected by
SEM to characterize the fracture surface of fibers,
and the possible ways to enhance the mechanical
properties of these high performance fibers are
induced according to the above analysis.
EXPERIMENTAL PROCEDURE
Tensile test
For carbon fibers, the specimen was fixed on paper
tag by glue. The specimen with the paper tag was
mounted to the tensile apparatus and started
extending after cut off the paper frame. Tensile
strength of single fibers was measured at gauge
length of 25mm, and samples were extended to
failure at the rate of 5mm﹒min-1. The fracture load
was evaluated with the load cell of 100cN in capacity.
The specimen with paper holder are shown in Figure
1. Before the tensile test, the cross sectional area was
evaluated from the diameter measured by microscopy
for each sample.
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FIGURE. 1. specimen with the paper tag

Because of the recoil in the tensile test of carbon
fibers, each half of the fractured fiber will experience
compressive stress. If the stress exceeds the critical
recoil compressive strength of carbon fiber,
compressive failure occurs, and there is no actual
tensile failure ends left for the surface morphology
observation[5]. To solve this problem, one more step
was conducted as follows: before the paper card
frame was cut into halves for tensile test, the fiber
specimen was coated with water-soluble grease to
increase the retention rate of the actual fracture-ends
for subsequent SEM examination[6].

(b)

Long axial split

For other fibers, tensile strength of single fibers was
measured at gauge length of 25mm, and samples
were extended to failure at the rate of 5mm﹒min-1.
Each broken fiber was labeled in order to compare
the fractography to the corresponding tensile
properties of fiber.

(c) PBO fibril fractography

SEM observation
The fiber fracture ends with the corresponding label
were examined by using the SEM (JSM-5600LV
Scanning Electron Microscopy).
RESULTS AND DISCUSSION
PBO fiber

(d) PBO fibril fractography

FIGURE 2. Fractography of PBO fiber and fibril

(a)

PBO fractography
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As we can see from figure 2(a) and (b), the
characteristic of the tensile fracture of PBO is the
split in the axial direction, there are long axial splits,
often multiple splits. The length of the axial splits are
different, some of them are much longer than the
others. The axial splits are a result of the axial
molecular strength being much greater than the
intermolecular strength. The fibrils rupture
individually, and shear stresses cause cracks to
propagate and eventually cross the fiber and lead to
long rupture zone. So the weaker the intermolecular
strength is, the longer the rupture zone is. This form
of tensile rupture is similar to that of fiber bundle, the
loss of consistency leads to the lower strength.
Therefore the improvement on the intermolecular
strength could enhance the consistency of the rupture
of fibrils, and increase the strength of whole fiber.
Figure 2(c) and (d) shows the PBO fibril
fractography. There are no clear characteristics of the
rupture of fibrils which can be gotten from the SEM
observation.
PBO
fibers
have
a
linear
force-elongation curve (Figure 3), and the elongation
during stretching process is very limited. It is
deduced that the fibril must be a brittle tensile break.
As what analysed above, the load is mainly
supported by the fibrils, so another way to increase
the strength of PBO fiber is to increase that of PBO
fibril.

decrease of the fiber strength. Therefore, the
consistency of structure in the radius direction is
benefit to the improvement of the mechanical
property of the fiber.

(a) Nomex fractography
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(b) Nomex fractography
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FIGURE 4. Fractography of Nomex fiber

FIGURE 3 Force-elongation curve of PBO fibers
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As we can see from figure 4(a) and (b), the
characteristic of the tensile fracture of Nomex is the
difference in the elongation between the skin and
core of the fracture surface, that is, the elongation of
the skin part of the fracture surface is much longer
than that of the core part. Figure 5 is the
force-elongation curve of Nomex fiber. According to
the slope of curve, the stretching process of Nomex
fibers can be divided into two parts, the modulus of
initial part of the curve is much bigger than that of
the succeeding part of the curve. It is deduced that
the structure of the Nomex fiber is uneven in the
radius direction, the core part is of high modulus and
low elongation while the skin part is just reversed. So
in the stretching process the core part break first, and
the skin part whose modulus is much lower break
lower. The inconsistency of rupture results in the
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FIGURE 5 Force-elongation curve of Nomex fiber
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excellent. However, the initial modulus may not fit to
some usage where the high modulus and low
elongation are needed.

HT Polyamide
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(a) Circular fracture surface

FIGURE 7 Force-elongation curve of HT PA fiber

PAN Carbon fiber
The PAN CF is of the classical brittle failure. As we
can see from figure 8(a), the characteristic of the
tensile fracture of PAN CF is the circular fracture
surface, which is a single flat cleavage plane
perpendicular to the fiber axis. Commonly, the very
smooth region is limited to an approximately
semicircular zone centred on the start of crack
propagation, and the remainder of the break has a
rougher, hackled appearance. And the size of the very
smooth region (which is called fracture mirror later)
and the ratio of the size of the mirror to the fracture
surface area is important for judging the strength of
brittle fibers. For the size of fracture mirror may be
related to size of defects in the fiber, the defect
control is important to the strength of carbon fiber.

(b) deformation of the fracture surface

(c)

The fracture zone

FIGURE 6. Fractography of HT PA fiber

The HT PA is of the classical ductile failure. As we
can see from figure 6(a), (b) and (c), the
characteristic of the tensile fracture of HT PA is the
obvious deformation of the fracture surface, some of
the fracture surfaces keep circular while others are
even flat, and the fracture zone is long, which means
more energy needed to break the fiber. Figure 7 is
the force-elongation curve of HT PA fiber. According
to the elongation of curve, the work of rupture is

At the moment of carbon fiber’s tensile failure
occurring, the strain energy is converted to kinetic
energy. For some fibers, the kinetic energy is
consumed by the swinging of the tensile fracture
ends while for other fibers, the kinetic energy is
consumed by not only the swinging but also the
failure of the tensile fracture ends. The fracture
surface of this kind of fracture ends is called fake
tensile fracture surface here, which can be seen from
figure 8(b), the fracture surface is destroyed. Actually,
fake tensile fracture surface is common to brittle
failure. So it is important to recognize them when it
occurs, or the strength-structure analysis is misled.
Fake tensile fracture surfaces have its characteristics:
The hackles of Part-destroyed fake tensile fracture
surfaces were interrupted, the remainder of the
fracture surfaces was fluctuant.
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The tensile fracture of Nomex shows the difference
in the elongation between the skin and core of the
fracture surface.
The HT PA is of the classical ductile failure.
However, the initial modulus is the shortcoming of
this kind of fiber.

(d)

(e)

The PAN CF is of the classical brittle failure. The
fracture surface may be destroyed because of
recoil. Fake tensile fracture surfaces have its
characteristics: The hackles of Part-destroyed fake
tensile fracture surfaces were interrupted, the
remainder of the fracture surfaces was fluctuant.

Tensile fracture surface
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FIGURE 8. Fractography of PAN CF
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FIGURE 9 Force-elongation curve of PAN CF

PAN CFs have a linear force-elongation curve
(Figure 9), and the elongation during stretching
process is very limited.
CONCLUSION
The characteristic of the tensile fracture of PBO is
the axial split, the tensile force is mainly supported
by the fibrils. However the fractography of the fibrils
is too small to be observed by SEM.
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hollow percentage could be kept well. According to
FIGURE 2, the deformation of round hollow is
serious, and the fiber hollow percentage is also
lower.

INTRODUCTION
As the thermal insulation material, it is difficult to
keep fiber hollow ratio during processing. The
more hollow means the better thermal insulation
performance. So as the new hollow fiber, the
triangle hollow fiber is studied comparing with the
traditional round hollow fiber.

Modeling of hollow fiber structure
Suppose the fiber is the linear elastic body. The
fibers are on the same level, and the load is vertical
(FIGURE 3). Two kinds of fibers: 1.67dtex×38mm,
20% hollow percentage. Then by calculation [1] the
radius of round section is 0.0069mm, the inner
radius of round hollow is 0.0031mm, the side of
triangle hollow is 0.0083mm, the side of square
hollow is 0.0055mm. For the other parameters, the
load P is 1000N, the elastic modulus εis 0.3 [2].

APPROACH
In this paper, the basic properties of triangle hollow
fiber are tested and compared with the properties of
round hollow fiber, and then the thermal insulation
performance could be studied by the finite element
mechanical model. And the thermal insulation
properties of knit fabric, woven fabric and wadding
of triangle hollow fiber are also tested.
RESULTS AND DISCUSSION
Testing and analysis of fiber structure and
property
The thermal insulation property of textile product is
up to the fiber structure and hollow percentage.
The cross sections of fibers are tested by the
electron microscope, and the results are shown in
FIGURE1 and FIGURE 2.

FIGURE 3. Load on two kinds of fibers

For the ANSYS modeling[3], the SOLID45 element
is selected. The element has 8 nodes, and the
function could be complicated, so the real
distortion process could be expressed better.

FIGURE 1. Triangle hollow fiber
FIGURE 4. DataGrid of fiber section

Stress
The model section stress diagrams of two kinds of
fibers are shown as below.

FIGURE2. Round hollow fiber

Triangle is a very stable structure, so the hollow of
triangle hollow fiber is also very stable. For the
same mechanical force when processing, the
resistance of triangle hollow is better, so the fiber

FIGURE 5. Total stress
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The maximum stress is in the red area. According
to the total stress diagram, for the triangle hollow
the maximum stress is on the outside, and for the
round hollow the maximum stress is around the
hollow. There is the more blue area around the
triangle, so the stress is less than the stress around
the round hollow. The stress could reflect the
ability of resisting the load.

U2 =

U 0 ⋅ U1
U 0 − U1

(2)

Where U2 is the heat transfer coefficient
(W/m2 ·℃), U0 is the heat transfer coefficient
when no sample, U1 is the heat transfer coefficient
of sample.

Strain
The model section strain diagrams of two kinds of
fibers are shown as below.

clo value:

1clo =

1
0.155U

(3)

Knit fabric
The testing results are shown in FIGURE 7.

FIGURE 7. Thermal insulation value of knit fabric

FIGURE 6. Total strain

According to FIGURE 7, the thermal insulation
value of triangle hollow fiber is always higher than
that of round hollow fiber when the yarn count is
different. And when the yarn count is Ne 21, the
thermal insulation property of triangle hollow fiber
knit fabric is the best. So for the yarn count of
triangle hollow fiber, it is not necessary to apply
the finer yarn, which could not only reduce the cost,
but also achieve the good thermal insulation effect.

The maximum strain is at the red area. According
to the total strain diagram, for the triangle hollow
the maximum strain is at the outside of section, and
for the round hollow the maximum strain is around
the hollow. The strain accords with the distortion,
so the distortion of triangle hollow is less.
Testing and analysis of thermal insulation
property
The testing instrument is YG606 guard heated plate
instrument.

Woven fabric
The testing results are shown in FIGURE 8.

The thermal insulation property is the degree of
holding temperature, which includes thermal
insulation value, heat transfer coefficient and clo
value.
Thermal insulation value:

Q = (1 −

Q2
) × 100
Q1

(1)
FIGURE 8. Thermal insulation value of woven fabric

Where Q is the thermal insulation value (%), Q1 is
the heat dissipating capacity when no sample
(W/℃), Q2 is the heat dissipating capacity of
sample (W/℃).

According to FIGURE 8, the thermal insulation
property of triangle hollow fiber woven fabric is a
little better than that of round hollow fiber. And if
the yarn is finer, the thermal insulation property of
triangle hollow fiber woven fabric is better.

Heat transfer coefficient:
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Wadding
The testing results are shown in FIGURE 9.

FIGURE 9. Thermal insulation value of wadding

According to FIGURE 9, the thermal insulation
property difference between the triangle hollow
fiber wadding and the hollow fiber wadding is not
very obvious. For the fiber wadding, there is no
spinning and weaving, so the fiber structure will
not be deformed because of the mechanical action,
and the thermal insulation property of fiber could
be reflected objectively.
CONCLUSIONS
(1) According to the mechanical model, the
compressional resistance and the deformation
resistance of triangle hollow fiber is better than that
of round hollow fiber.
(2) Whether knit fabric, woven fabric or wadding,
the thermal insulation property of triangle hollow
fiber is better than that of round hollow fiber.
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Abstract
Shape memory alloy fibers have a novel ability to memorize their shape and bring intelligent features to textile.
Phase transition temperatures are the key parameters that decide the processing and working temperatures. In
this paper, transformation of Ni-Ti shape memory alloy fiber was investigated by electrical resistance method.
The the resistivity-temperature relationship was derived by logistics’ marten site volume growth model and
mixing rule.
In testing, a Ni-Ti fiber with Ni%=55.5a.t.% was fixed in a hollow tube sealed by resin, the tube was submerged
into ice-salt solution to have a uniform changed temperature, the entire device was placed in a temperature
chamber. By connecting the Ni-Ti fiber into four electrode electric bridge, the resistance of the fiber was
transformed into voltage signal, and meanwhile, the real-time temperature was detected by the tube wall stuck a
thermocouple sensor. The resistance– temperature was obtained by data acquisition devices. According to the
constitutive relation derived, the effect of temperature resistivity can be eliminated by derivation of the
resistance–temperature relationship.
The results showed that the Ti-Ni fiber’s martens tic start temperature Ms was 34.4℃, end temperature Mf was
25.6℃, the austenitic start temperature As was 39.4℃ and end temperature Af was 51.1℃. The type of
transformation can be judged by the resistance–temperature curves.
Keywords: Shape memory alloy; Ni-Ti alloy fiber; Phase transformation temperature; Electrical resistance
method
super elasticity to recover from large deformation.
The shape memory behavior is caused by a
INTRODUCTION
Shape memory alloys (SMAs) have been widely used
thermo-elastic crystalline phase transformation
in the fields of engineering and medicine due to their
between these two phases[1]. To describe the phase
unique shape memory behavior[1]. Almost dozens
transformation and to predict the physical properties
kinds of alloys present shape memory effect, the
of the Ni-Ti fiber, the characteristic temperatures are
Ni-Ti SMA shows higher strength and fatigue
the important parameters. When martens tic Ni–Ti is
properties compared to the others.
heated, it begins to change into austenite. The
temperatures at which this phenomenon starts and
Ni-Ti SMA is applicable for textile process, for it can
finishes are called austenite start (As) and austenite
be extruded into wires — as fine as 0.07~0.2mm in
finish (Af) temperatures, respectively. When
diameter — called SMA fibers[2]. This Ni-Ti fibers
austenitic Ni–Ti is cooled, it begins to change into
can be knitted or fabricated into different structured
marten site. The temper-ature at which this
textile applications for medical such as vascular
phenomenon starts is called marten site start
stents and tracheal stents[3]. Recently, a series of
temperature (Ms). The temperature at which marten
research focused on the Ni-Ti fibers based smart
site is again completely transformed is named marten
clothes, these clothes can be driven to display
site finish temperature(Mf)[2–5].
interesting appearances[4].
Ni–Ti SMA can exist in two different
temperature-dependent crystal structures (phases)
called martensite (stable at lower temperature) and
austenite (stable at higher temperature). The physical
properties of the two phases vary greatly, the
martensite is soft and can easily occurred plastic
deformation, while the austenite is rigid and has a

In the phase transformation process, the physical
properties (internal friction and thermo-mechanical
properties)of the Ni-Ti SMA change. So several test
methods include thermal analysis, vibration method,
acoustic emission, etc are suitable to detect the
characteristic temperatures of the SMA. However,
the existing testing machine can be well applied to
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bulk samples rather to fibrous ones. In this paper, the
resistance characteristics of the SMA fiber is studied.
By a test system and a data processing method, the
phase transition temperatures are accurately detected.
1 Modeling of electric resistance of Ni-Ti fiber
In the cooling process, the Ni-Ti fiber occurs a
mat-phase transformation. On this account, the
"Logistic curve'' was used in order to simulate the
growth of martensite volume[5]:
Vm (T ) =

1

(1)

1 + e k (T −T0 )

where，k=c/(Af-As); c is a constant, for the Ni
50.9a.t.% Ni-Ti alloy, the value of c is 6.2; Vm is the
volume of mar; T0 is the middle point temperature, in
the heating process, T0=(As+Af)/2, in the colling
process, T0=(Ms+Mf)/2.
It is believed Ni-Ti fiber is a mixture of martensite
and austenite in phase transformation process. The
electrical resistivity of the austenite is larger than that
of the martensite, following the mixing rule of
electrical resistivity:

resistance-temperature curve is composed by several
curves and line segments. The intersection points
represent the beginning or endding of phase
transformation. But in actual test, it is very difficult
to identify these intersection points, so a further
mathematical operation is required.
Table 1 shows the values of resistance and its
derivation on the critical points. Deduced result
shows
that
in
ideal
circumstances,
resistance-temperature curve have following
charavters: The four phase transition temperature are
located in the curve inflection point, while in Ms and
Af, the curves shape near horizontal. The whole
resistance - temperature curve is in a "double S"
shape, as shown in Figure.1
Tab.1 Values of physical parameters at phase transition points
Parameters

In the heating process

T
E(T)

[As, Af]

lim e

cooling

c

c
2

= 0 ； lim e 2 → +∞

lim ρ (Tmin ) = ρ m (Tmin )

ρ(T)

；

lim ρ (Tmax ) = ρ a (Tmax )
ρ’(T)

lim ρ ' (Tmin ) = ρ m (Tmin ) ρ a (Tmin ) − ρ m2 (Tmin ) ；
lim ρ ' (Tmax ) = 0

ρ’’(T)

lim ρ ' ' (Tmin ) = 0 ； lim ρ ' ' (Tmax ) = 0

(2)

ρ f = Vm ρ m + (1 − Vm ) ρ a

−

In
the
process
[Mf, Ms]

where, ρf is the equivalent resistivity of the fiber;
ρm and ρa are the resistivities of the martensite and
the austenite, respectively.

The cooling process

Then, the constitute equation between fiber electrical
resistivity and temperature is:
Resistivity

1
E
+
ρ m (T )(1 + E ) (1 + E ) ρ a (T )
ρ a (T ) + Eρ m (T )
（E = ek(T-T0)）(3)
=
(1 + E ) ρ m (T ) ρ a (T )

ρ f (T ) =

D

A

C
The heating process

B

where, E is the the martensite volume fraction.
Temperature

As for metal materials, resistivity and temperature in
a linear relationship, which follows:
(a)

(4)

ρm (T) = ρ1 + b (T-T0)

(5)

The cooling process

where, a, b — the temperature correlation
coefficient; ρ0 and ρ1 — austenite and martensite
resistivity in temperature T0.
In the critical point of the phase transition, when
−

c

Resistivity derivation value

ρa (T) = ρ0 + a (T-T0)

C

B

D

T=As or T=Ms, E ≈ lim e 2 < 0.2%, we can believe
lim e

−

c
2

c

→ 0;

A
Temperature

when T=Af or T=Mf, lim e 2 → +∞ .

In a free state of the external force, the theoretical
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The heating process

(b)

Fig.1 Constitutive curves of the temperature cycle in ideal
condition(a) resistivity - temperature curve (b) resistivity temperature derivative curve.

Figure 1 (a) shows that at cooling stage, the phase
transition has not yet started, the electrical resistivity
reduced linearly with the temperature decreased.
When the temperature dropped to Ms (A point), the
martensitic transformation begin, and this cause the
reduces of the resistance to speed up. When the
temperature dropped to Mf (B points), the phase
transform finishes, the resistance decreases at a lower
rate again, for the resistivity of pure martensite is not
sensitive to temperature. At heating stage, when the
phase transition has not yet started, the increment of
resistivity is small. After the temperature reaches As
(C points), the resistivity increased rapidly with
temperature increases. When the temperature reached
Af (D point), the phase tranform finishes, the
resistivity increases at a lower rate again. Figure 1 (b)
shows two peaks in the resistivity - temperature
derivative curves in the cooling stage and heating
stage, respectively. The peak temperatures stand for
the most intense point of phase transformation.
critical points of phase transition situate in the peak
valleys.
2 Experimental
2.1 Ni-Ti alloy fiber sample
The Ni-Ti alloy fiber is from Tianjin metal research
institute, China. Its Ni%=55.6a.t.%, with its surface

coated by a layer of antioxidation film, its diameter is
0.2mm. The sample length is 12mm.
2.2 Testing devices and methods
Before the test, Ni-Ti fiber was placed in a hollow
plastic tube, then sealed with epoxy resin glue. The
tube was immersed in the boiling water of 100℃ for
a few hours, to be sure that the initial phase of the
Ni-Ti fiber was austenite, meanwhile, the fiber
resistance was measured, the value is 5.1Ω.
The sample was connected into a four electrode
bridges, supplied by a constant current power. These
devices transformed the resistance signals into
voltage signals, then adjusted by the signal
conditioning device to output a range of 0 ~ 5V
voltage signal. Temperature acquisition device using
a entire galvanic measurement device, whose output
was also a range of 0 ~ 5V voltage signal.
The data processing device is a data acquisition card
PCI-6011A from Aizhida, Beijing. It had a 12-bit
resolution, for 32-way single-ended analog input
with sampling rate 150kHz per-second. To get the
resistance and temperature informations, only 2 way
inputs was used. Programming with Visual Basic 6.0,
voltage signals of resistance and temperature were
obtained every 10 seconds. After the test, The datas
were converted back into the sample resistance and
temperature values, then were written to file.

Fig.2 Schematic diagram of experimental apparatus
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2.3 Experimental data processing
Signal swings is inevitably in the test process, in
order
to
reduce
the
deviation,
the
resitance-temperature curve was smoothened by
average value filtering of 10 close datas. Furthermore,
a derivative function of resistivity was derived by
Equation (6).

ρ (Ti + n ) − ρ (Ti )

(i=0,1,2…)

Ti + n − Ti

0.12
0.08

Mf

As

Ms

0.04
0.00

-0.08

The heating process
Af
20

30

40
Temperature (? )

50

60

(b)
Fig.3 Constitutive curves of the temperature cycle obtained by
experiments (a) resistivity - temperature curve (b) resistivity temperature derivative curve.

(6)

where, n is the span, the value is 10.
3 Results and Analysis
3.1 Testing results
Fig.3 shows the testing results. Figure (a) shows that
the shape of resitance-temperature curves vary
greatly from the curves. This phenmon are explained
by the interfere of mesophase(R-phase) between
austenite and martensite in cooling stage. The
R-phase was not stable, as the temperature continued
to decline, R-phase will eventually transformed into
stable pure martensite. Figure(b) shows that the curve
of the cooling stage had two peaks, the higher
temperature peak marked the Austenite→R phase
transformation and should not be used to identify the
martensite phase transition temperatures. Judging
from the lower temperature peak, it is convincing Ms
= 34.7 ℃, Mf = 25.5 ℃.

3.2 Analysis of measurement accuracy
In order to verify the measurement results,
differential scanning calorimetry (DSC) device
PERKIN. Type ELEMER DSC-7 was adopted as a
comparative test.
Ni-Ti fiber was chopped under the protect of
Nitrogen. The powder sample of 0.2g was put into
the aluminum crucible of the DSC device.
Temperature change rate was 5℃/min. The obtained
DSC curve shown in Figure 4.

The cooling process

-0.144
Mf

-0.152

Ms

-0.160

The heating process

-0.168

As

Af

-0.176

In the heating stage, the R-phase didn’t appear, so the
other two phase transition temperatures were
identified as: As = 47.9 ℃, Af = 50.6 ℃.
5.4

The cooling process

-0.04

The heat flow (mW)

f (T ) =

(a)

Resistivity increment

In the testing process, the plastic tube was immersed
in salt solution vessel, which was placed in a
temperature control room. The salt solution had a
large liquid temperature range, and was adopted to
slow down the temperature changes. The initial
temperature of the room is 80℃, then cool down to 0
℃, after 10 minutes, the temperature control room
was re-heated to 80 ℃ , the data acquition was
processed in the whole temperature cycle.

-20
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Fig.4 DSC curves of the Ni-Ti alloy fiber sample in(a)heating
process; (b) cooling process.

The cooling process

5.3

Resistivity (Ω)

5.2
5.1
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Temperature (? )
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Figure 4 shows that DSC peaks appeared in the phase
tranformation. The Maximum curvature points in the
DSC curve are the phase tranformation
temperatures[6]. The DSC testing result is: Mf = 25.2
℃, Ms = 46.4 ℃, As = 39.1 ℃, Af = 51.2 ℃.
Obviously,
The
identificated
of
m-phase
transformation start temperature(Ms) is not actural
Ms, but rather the R-phase transformation start
temperature.
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4 Concluding remarks
In this paper, the resistivity-temperature relationship
of Ni-Ti alloy fiber has been studied, a constitutive
equation was derived. A new method was proposed
to identify phase transformation temperatures.
Compared with the commonly used DSC method,
resistivity method is operate-easy in testing fibrous
samples, and more accurate to eliminate interfere
from the R-phase.
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1. STATEMENT

shearing or stirring, so that the particle diameters of

PCMs could be applied to the storge of energy and

the microencapsulated PCMs are larger, their

temperature control widely, owing to it can release

distribution are wider and their systems are unstable.

and storage a large amount of potential thermal

In order to overcoming the disadvantages, the

energy in phase change[1][2].After decades of

method of microemulsion was introduced to the

development, PCMs has attracted wide attention on

preparation of microen- capsulated PCMs.

the field of thermal conduc- tivity and thermal
cycling,textile,foam plastic, coating and composite

3. APPROACH

materials[3][4].But some disadvantages of PCMs

The optimum process of the microemulsion of PCMs

limit more wider use such as leakage, phase

by studying the effects of various process parameters,

separation, erosion and so on.

such as the emulsifier, the proport- ion of emulsifier,
the co-emulsifier, the propor- tion of emulsifier and

Microencapsulation technology and application have

co-emulsifier. Chosen the appropriate proportion, the

promoted the development of phase change materials.

water

Microencapsulated PCMs based on microemulsion

microencapsulated PCMs were prepared by in-situ

technology, not only resolve the shortcoming of

method. The process parameters of addition reaction

PCMs, but also broaden the application domains of

such as the proportion of monomers, reaction time,

PCMs.

the proportion of urea, the quality of melamine and

was

replaced

by

the

pre-polymer,

the process parameters of condensation polymer2. INTRODUCTION

ization such as the concentration of pre-polymer, the

With the increasingly prominent energy issues,

quality of solidification agent, reaction temperature,

environmental protection and energy saving has

reaction time, stirring velocity were studied by means

become a hot academic field of study. The study of

of DSC and SEM, then the optimization process

microemulsion technology began in the 1930s,and

parameters

made breakthroughs in the 1950s. It was widely used

polymerization were selected. Finally, structure and

in carbonless carbon paper, pharmaceuticals, flavors

properties of microenca- psulated PCMs were

and fragrances, anti- corrosion, textiles, pigments,

characterized by SEM, DSC, FTIR and TGA.

of

the

addition

and

condensation

liquid crystal display, and pesticides as well as the
military field[5]. Beyond that, microencapsulation

4. RESULTS AND DISCUSSION

techn- ology was also widely used in architectural

4.1. SEM analysis

coatings, adhesives, printing, cosmetics and other

The SEM image of the microencapsulated PCMs is

industries.

shown in Fig. 1 and Fig. 2. The results of SEM
observation

of

microencapsulated

PCMs

was

From the researches domestic and abroad, the usual

demonstrated that the particle diameters was

method of emulsification of PCMs is intense

approximately 1.0 µm, their surface were smooth and
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compact, their structure were almost spherical.
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Fig. 3. DSC results of pure PCMs

Fig. 1. SEM image of microencapsulated PCMs（10000 times）
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4.2. DSC analysis

Fig.

The DSC results of pure PCMs and microen-

4. DSC results of microencapsulated PCMs

capsulated PCMs are shown in Fig. 3 and Fig.4 . The
results of DSC analysis were demonstrated that the

4.3. FTIR analysis

melting enthalpy of pure PCMs was 179.30J/g. The

The FTIR spectra of urea-formaldehyde resin is

range of melting phase transition temperature was

shown in Fig. 5. The FTIR spectra of pure PCMs and

22.85~38.73℃. The crystal enthalpy of pure PCMs

microencapsulated PCMs were shown in Fig. 6 and

was 181.50J/g. The range of crystal phase transition

Fig. 7 respectively. From all the spectra, it can be

temperature

melting

known that the FTIR bands at 3369 cm-1 and 1644

enthalpy of microe- ncapsulated PCMs was 66.44J/g.

cm-1 are the stretch vibration absorption spectra of

The range of melting phase transition temperature

–NH2 and C=0 respectively. The results of FTIR

was 22.84~36.96℃. The crystal enthalpy of microen-

analysis

capsulated PCMs was 64.71J/g. The range of crystal

demonstrated that the characteristic absorption peaks

phase transition temperature was 22.17~12.37℃.

of microen- capsulated PCMs included those of both

was

26.13~17.24℃.The

of

microen-

capsulated

PCMs

were

PCMs and urea-formaldehyde resin, there was indeed
PCMs in the microencapsulated PCMs.
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Fig. 7. FTIR spectra of microencapsulated PCMs

Fig. 5. FTIR spectra of urea-formaldehyde resin

4.4. TGA analysis
The TGA curve of the urea-formaldehyde resin, pure

110

PCMs and microencapsulated PCMs are shown in

100

Fig. 8 , Fig. 9 and Fig. 10 respectively. As can be
seen

722

80

from

Fig.

7,

the

TGA

curve

of

urea-formaldehyde resin has a slight weight loss at

70

2854

2925

40

℃ arrival, its thermal decom- position rate is the
largest one and it will be decomposed completely at

1744

50

1171

about 273.2 ℃. When the temperature is about 297.2

60

1464

%Transmittance

90

318.8℃. As can be seen from Fig.8, there is a slight

30
4000

3000

2000

1000
-1

Wavenumbers(cm )

0

weight loss at about 187.5℃.At 217.6℃, it has the
fastest decomposition and it will be decomposed
completely at 218.5℃.From the fig. 9,it can be

Fig. 6. FTIR spectra of pure PCMs

distinguished clearly that the curve has two stages.
In the first stage, there is a slight weight loss at 185.5
℃ .The fastest thermal decom- position rate of
microencapsulated PCMs start at 216.2℃. In the
second stage, there is a weight loss at 255.5℃ and it
can be degraded completely at 321.6℃.
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CONCLUSIONS
The microencapsulated PCMs based on microemulsion technology for textile could be successfully
prepared by in-situ method. SEM image show that
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Abstract
A new flexible multilayer thermal insulation material has been prepared for high (160℃) and low (-120℃)
temperature resistance applications, which is less than 420 g/m2, whose thickness with light stress is less than 3
mm and in natural condition is about 10 mm. This material consists of outer fabric, inner fabric and middle
multilayer insulations. Then the middle multilayer insulations consist of a large number of highly reflecting
shields, which were separated from each other by thin no conducting spacers. The thermal conductivities of the
middle multilayer insulation at different layers with the differences in temperature were 5℃, 17.5℃, 30℃ were
obtained through measurements using KES-F7 thermal labo Ⅱapparatus. And the thermal conductivity of
middle multilayer insulation can be influenced by the contact surface state of reflecting shields, so both smooth
and crinkled multilayer shields were measured. At last, the insulating properties from -120℃ and 160℃ to room
temperature of the multilayer thermal insulation material were measured. Through the experiments, the material
with 13 reflecting shields which is discussed in this paper can satisfy the basic requirements in application
between 160℃ and -120℃.
Keywords: Preparation, thermal physical properties, high-low temperature resistance, flexible
method of multilayer insulation has been analyzed
and discussed. Heat transfer through the superinsulation normal to the shield surfaces then is
predominantly by radiation exchanges between the
shields. The higher the reflectivity of the shields
and of the spacer material, the lower the rate of
radiation exchange [2].
A second heat loss
mechanism in multilayer insulation is by
conduction parallel to the surfaces of shields and
spacers. Conductive heat losses can reduced by
using aluminized Mylar (i.e. polyethylene
therepthalate) foils instead of massive Al-foils as
radiation shields and the aluminized Mylar foils
can also increase the flexibility of the multilayer
materials.

INTRODUCTION
The use of thermal insulation is regarded as one of
the most effective means of energy conservation in
applications [1]. There are two basic methods to
protect the cold and hot environment currently.
One uses rigid body or mobile structure. The
protective effect is good and easy to control, but
the protective material is relatively heavy, and its
cost is high. The other uses flexible material in
non-blocking operation condition. Although the
protective effect is slightly worse, the material is
light, soft, mobile and can directly used for human
protection. Of course, there is thermal insulation
material which is combined by rigid and flexible
materials, but the rigid parts are mostly for nonmoving parts and joints, and also take other
protection.

To reduce the heat transfer, the outer and inner
fabrics are coated with Polytetrafluoroethylene.
And the middle multilayer insulations consist of a
large number of highly reflecting shields, usually
between 12 and 16 um insulation thickness,
separated from each other by thin no conducting
spacers[1]. The shields (Figure 1) are made out of
polyester (PET) films (8 um), which have a high
mechanical strength and a low thermal conductivity.
For reflecting, the films are coated with vacuumdeposited aluminum (Al) with thickness 0.03 um,
and the bonding film which was made out of the
PET film (6 um). The common materials for the
spacer are polyester net.

Thermal insulation has been the subject of great
interest and importance to thermal engineers and to
develop heat transfer technologies. From cryogenic
temperatures to high temperatures, developments in
heat transfer and use of thermal insulations in
emerging technologies have extended the range of
application during the last decades, such as
temperature protection in spacecrafts, polar
environments, volcano adventure and so on.
MATERIAL SELECTION AND
STRUCTURAL DESIGN
The heat transfer through multilayer insulation
material consists of conduction, convection and
radiation. In this paper, with reducing the three
basic methods of heat transfer, the designing
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the difference in temperature is 5℃
the difference in temperature is 17.5℃
the difference in temperature is 30℃

Thermal conductivity (w/m*k)

0.07

FIGURE 1. The structure of the reflecting shield

THE THERMAL INSULATION PRINCIPLE
OF THE MATERIAL
Heat transfer through the super-insulation normal
to the shield surfaces then is predominantly by
radiation exchanges between the shields. The
multilayer structure can reduce the radiation
exchange[2], which can be seen is Figure 2 and 3.
Then, conductive heat losses can reduced by using
aluminized polyester film instead of massive Alfoils as radiation shields and the aluminized Mylar
foils can also increase the flexibility of the
multilayer materials.
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FIGURE 3. The thermal conductivity of the middle multilayer
insulation at different layers (the state of reflecting shield is
smooth)
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FIGURE 4. The thermal conductivity of the middle multilayer
insulation at different layers (the state of reflecting shield is
crinkled)

THE THERMAL CONDUCTIVITY OF THE
MIDDLE MULTILAYER INSULATION
The samples for these experiments consist of outer,
inner fabric and different layers of reflecting film.
The reflecting film is used to prevent thermal
radiation, reduce radiation heat transfer, which has
high reflectivity and low emissivity [3, 4]. The
multilayer reflecting films can constitute systematic,
effective, thin and flexible thermal protective
material to achieve thermal insulation.

Figure 3 and Figure 4 show that with the increase
of the layers of reflecting shields, the thermal
conductivity decreases firstly and then reaches a
more stable platform period. At the same time, the
thermal conductivity increases with the increase of
the difference in temperature.
Comparing Figure 3 and Figure 4, it can be seen
that with the same layers and spacers, the thermal
conductivity of crinkled aluminized shields is
lower than that for the smooth aluminized shields.
This is because the crinkled shields reduce the
contact area between reflecting shields and spacers,
and increase contact resistance accordingly. The
methods of crumpling are also important as they
influence the “effective” reflectivity directly.

The obtained thermal conductivity data in layered
systems were through plane-conduction test using
KES-F7
thermal
labo
Ⅱapparatus.
The
experiments were conducted at standard
atmosphere condition where the temperature was
controlled at 20±2℃ and the relative humidity at
65±3%. The test samples were 50×50cm and the
balance time is 10min.

INSULATION PERFORMANCE TSET
The sample consists of outer, inner fabric and 13
layers of reflecting shield, and the spacer between
films is polyester mesh (down added in mesh to
improve thermal insulation property). The
environment which the material may be used is
- 1008 -

CONCLUSION
For the middle multilayer insulation, the decrease
of thermal conductivity was not very significant
with the rise in the number of layers. In addition
the thermal conductivity reached a more stable
platform period while the difference in temperature
is big. And with the same layers, the thermal
conductivity of crinkled aluminized shields was
lower than that for the smooth aluminized shields.
For the whole material, the inner surface of the
sample face the environment whose temperature is
about 160℃ for 140 minutes, and the outer surface
temperature remained at about 43.2℃. Then the
inner surface of the sample face the environment
whose temperature is about -120℃ for 140 minutes,
and the outer surface temperature remained at
about 0℃. In addition, in these conditions, no
micro-crack and brittle fracture phenomenon of the
material happened. In the end, the material which is
discussed in this paper can satisfy the basic
requirements in application between 160℃ and 120℃.

between150℃ and -120℃, so the high temperature
which was set in the experiment is 160℃, and the
low-temperature is -120℃.
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FIGURE 5. Heat preservation of the sample in high-temperature,
Tc (1) and Tc (2) are the temperatures of the inner fabric, Th (1)
and Th (2) are the temperatures of the high-temperatures
environment.
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FIGURE 6. Heat preservation of the sample in low-temperature,
Th (1) and Th (2) are the temperatures of the inner fabric, Tc (1)
and Tc (2) are the temperatures of the cold-temperature
environment.

Figure 5 shows that the inner surface of the sample
face the environment whose temperature is about
160 ℃ for 140 minutes, and the outer surface
temperature remained at about 43.2 ℃ ( room
temperature at this time is 18.5℃). In Figure 6, we
can see that the inner surface of the sample face the
environment whose temperature is about -110℃
for 140 minutes, and the outer surface temperature
remained at about -5.4℃ ( room temperature at this
time is 17.4℃). If the room temperature is 23℃,
the outer surface temperature should be about 0 ℃.
The normal thickness of the sample is about 12mm.
At the same time, in an atmospheric pressure, the
outer layer of fabric for 10 hours at room
temperature and low temperature, there is no
apparent leakage phenomenon.
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Abstract
The development of fire protection clothing with long term durability has always been a matter for public
attention. In order to prevent or minimize skin burn damage resulting flash fire for a long time, a new thermal
protective composite fabric, of which the outer layer is Aluminized fabric, has been upgraded and developed. It
is reported that flash fires generally have a typical temperature range of 800-1000℃ and heat emanating from
such sources consists primarily of infrared radiation of wavelength of 1-6 micron, peaking at 2 micron. Using
the ultraviolet spectrophotometer, the thermal radiation protective performance of aluminum foils and different
kinds of aluminized fabrics were characterized. The aluminum fabrics were also exposed to fire environment
simulated by burning butane gas for a few minutes. The experimental results showed that the spectral
reflectance of different aluminum foils over a wide range of wavelengths only present little discrepancies, while
those of different kinds of aluminized fabrics present obvious differences perhaps due to the different yarn
parameters and weave structure. The fire exposure experiment indicates the aluminum foils laminated on the
fabrics have good practical performance. It can be concluded that the aluminized fabrics have great potential use
in the fields of firefighting and military.
Keywords: firefighting; thermal; radiation; protective performance; aluminized fabric
performance of aluminized fabrics when exposed
to flash fire environments.

INTRODUCTION
Protective clothing worn by fire fighters must serve
many functional purposes. One important function
is the thermal protection and comfort of fire
fighters during exposure to flash fires. Analysis of
numerous fire scenes revealed that the temperature
can reach 800℃ or even higher, and the heat fluxes
can be very high, up to cca. 80 kW/m2 or more[1].
Measurements have indicated that the heat flux
from flash fire is primarily due to radiation, being
less than 30 percent convective heat even for a
body immersed in it[2]. The peak heat flux level lies
in the range 4.0 to 5.4 cal/cm2sec and is
concentrated over the wavelength range 1 to 6
micron with a peak at about 2 micron.[3] So the
main thermal protection for firefighters is radiant
heat. Thus, thermal protective clothing with
excellent thermal reflective performance when
exposed to intense heat flux environments has been
of great interest.

The present paper focuses on the thermal radiation
reflectance of aluminum foils and aluminized
fabrics, acting as thermal reflective layer of fire
protective and heat insulating composite fabrics,
using the ultraviolet spectrophotometer. The
aluminum fabrics were also exposed to fire
environment simulated by burning butane gas for a
few minutes, aiming at characterizing the practical
performance. The main objective is to investigate
the fire protective performance and durability of
aluminized fabrics when exposed to intense heat
influxes generated from flash fires.
MATERIALS AND APPROACH
Recently, as a material with excellent reflective
performance, aluminum foils have widely use in
the fields of thermal insulation. In order to obtain
long term durability thermal protective fabrics, the
aluminum foils are laminated to different fabrics to
be use as outer thermal reflective layer of thermal
protective and heat insulating composite fabrics.
The thickness of two kinds of aluminum foils,
purchased from Shanghai Shenhuo Aluminum foil
Co., LTD, are 6μm and 6.5μm respectively.
Substrate fabrics were currently available fabrics
made of inherent fire protective fibers. The
properties of outer layer fabrics are presented in
Table 1.

Every year many firefighters are injured as a result
of exposure to thermal radiation of flash fires. So
far as we know, reflective surfaces are very
effective in providing radiative heat protection.
Surface temperature of fabrics exposed to radiation
are reported to be reduced to about one half in still
air by the use of aluminized surfaces with 90%
reflectivity and considerably more in moving air[4].
A considerable amount of research has been
conducted on the thermal protective performance
of aluminized fabrics. [5-7] However, there has been
little study on the durability and practical
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Table1 The properties of outer layer fabrics

100
95

A
B
C

Fiber
materia
l
Asbest
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(plain)
Glass
(plain)
Glass
(twill)

Density
(10*10c
m)

410

122*66

A l f o il 2

90

Thick
ness
(mm)

85

Reflectance(%)

Aluminiz
ed
fabrics

Weig
ht
(g/m2
)

A l fo il 1

80
75
70
65
60

0.7

55
50
250

500
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1250

1500

1750
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W a v e le n g t h ( n m )

270

196*100

0.26

440

120*76

0.42

Fig.1 Spectral reflectance for aluminum foils
Al foil 1-the aluminum foil with thickness of 6μm;
Al foil 1-the aluminum foil with thickness of 6μm.

The reflectance of aluminized fabrics
The spectral reflectance characteristics of the
aluminized fabrics are shown in Figure 2. The
results reveal that there are obvious differences
among the three fabrics. The aluminized glass fiber
fabric with twill structure has the best reflective
performance, the reflectance throughout the full
range of wavelengths reaches up to 80 or even
more. Comparison and analysis illustrates the
thickness and constructions of the fabrics have a
strong influence to the reflectance, though the
fabrics have similar spectral reflectance
distribution throughout the full range of
wavelengths.

Due to the diverse spectral characteristics of
potential radiative sources to fire fighters, it is
necessary to know the spectral reflectance over a
wide range of wavelengths to suitably evaluate
fabric performance. So the thermal radiation
protective performance of aluminum foils and
different kinds of aluminized fabrics were
characterized using ultraviolet spectrophotometer.
In addition, the fabrics were also exposed to flash
fire conditions simulated by burning butane gas for
a few minutes, in order to observe the practical
performance of the laminated aluminum foils.
RESULTS AND DISCUSSION
The reflectance of aluminum foils
Spectral reflectance results of two kinds of
aluminum foils are presented in Figures 1. An
examination of the figures indicates that the two
samples both have extraordinarily high reflectance,
throughout the full range of wavelengths from
250nm to 2600nm. Especially, the reflectance of
the fabrics throughout the infrared areas reaches up
to 80 or even more. It appears that there are little
discrepancies between the two samples, perhaps
due to the fact of the smooth surface of aluminum
foils. As is known, the radiative properties, such as
reflectance, transmittance, and emittance of single
layer structures and multilayer structures largely
depend on the direction and wavelength of incident
radiation. They are also affected by thin-film
coatings and surface roughness [8].
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70
65
60
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W a v e le n g th (n m )

Fig. 2 Spectral reflectance for aluminized fabrics

Since the aluminized asbestos fabric made of yarns
of large linear density, is massive. So the surface of
the fabric is not as smooth as lightweight fabrics
made of glass fibers. The rough surface probably
results in its lower reflectance[9]. The little
reflectance difference between the two kinds of the
aluminized glass fiber fabrics may due to the
different interweave parameters. As the glass
fabrics are made of glass fiber yarns with small
linear density, so there is a bit difference between
the smooth degree of the surfaces. From the above
results, it can be concluded that the aluminized
surface has better thermal radiation protective
performance when laminated to fabrics made of
yarns of small linear density.

Generally, the smooth surface has better
reflectance performance. It is significant that the
effect of thickness seems to have little effect on the
radiation reflective performance for the foils. But
the foils are so flimsy that they are easily to be
crinkled, which would affect the reflective
performance to a large degree.

The flash fire exposure experiment
After a few minutes of direct contact exposure to
flash fire scene simulated by burning butane gas,
the surface of the foils and the fabrics are shown in
Figure 3 and Figure 4, respectively.
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equated with overall performance of firefighting
clothing, so the laminated manner needs further
study and discussion in order to obtain optimum
thermal protective performance.
CONCLUSIONS
The aluminum foils and the aluminized fabrics
used as outer thermal reflective layer of fire
protective clothing appears to have good thermal
radiation protective performance when exposed to
intense heat flux environments, such as flash fire
and
battlefield,
through
ultraviolet
spectrophotometer
analysis.
The
radiation
reflective performance of the aluminized fabrics
largely depends on the smooth degree of the fabrics,
which resulting from thickness and construction of
fabrics.

Fig. 3 The surface of foil after fire exposure

When exposure to fire environments simulated by
burning butane gas at close contact, the aluminum
foils laminated on substrate fabrics would break in
and melt in a few minutes, perhaps attributed to the
polymer materials between the aluminum foil and
the substrate fabric. As the aluminized fabric
provides a first line of defense against flame and
heat, so the laminated manner need further study.
Although there still exist some problems in the
process of exploitation and utilization, the
aluminized fabrics present great potential use in the
fields of thermal insulation of firefighting,
spaceflight and military.

Fig. 4 The surface of Aluminized fabric after fire exposure

The simulated fire exposure results reveal that the
foils and the surface of aluminized fabrics would
soon break and melt in about 60 seconds. That
inevitably leads to the invalidation of thermal
radiation protective performance. The thermal
radiative invalidation of the foils can be attributed
to the fact of that the melting temperature of
aluminum is far less than that of flash fire
simulated by burning butane gas. In addition, the
aluminum foil is so flimsy that convective heat
easily makes the surface temperature reaches at the
melting point quickly. However, the thermal
radiative invalidation of the aluminized fabrics
perhaps largely related to the polymer materials
between the aluminum foil and the substrate fabric.
Since the durability of the aluminized fabrics when
directly exposed to flash fire is not as good as that
of the foils.
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Although the durability of aluminized fabrics is not
adequately long enough to provide enough time for
firefighters to react and escape, the aluminum foils
has potential prospective use in the fields of
firefighting, spaceflight and military. As the main
heat transfer mechanism of flash fires is
combinations of convective, and radiative heat, and
there is generally a distance between firefighters
and flash fires. As the aluminized fabric is the most
apparent component and its condition is often
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Abstract
Construction of clothing is an effective technical way to provide special functions. Based on the wearer’s task
requirement, a process of clothing function design using dynamic cutting pattern was suggested. And an
example of movement capability design for firefighter turnout clothing was discussed. Problem of poor
movement capability was found through field research. So firefighter turnout clothing which has sleeves raised
up to 135° without hem upgrade, and three-dimensional shape trousers reduced pressure to knees while
movement was developed and evaluated. Also, suspenders, cuffs, trousers’ fly facing and pit zips were
redesigned for increasing ease of movement.
Keywords: firefighter; turnout ; clothing; movement; capability; movement; study; construction design

study to know static body and dynamic movement
when wearing the clothing, of which the latter is
priority. So movement study is needed. Field study
results are applied in apparel development, and
new clothing is evaluated from both subjective and
objective aspects. This general process of dynamic
clothing function design is shown in Figure 1.

INTRODUCTION
Firefighter’s clothing should be designed with great
heat, flame, and water-resistant properties to
protect wearers. On the other hand, it also should
be designed to alleviate physiological strain and
discomfort in conditions of both great thermal
storage by movement and heat stress from fire, so
as to increased firefighters’ ability to concentrate
on efficient firefighting. In previous researches it
has been confirmed that firefighters ranked ease of
movement as the most priority for protective
clothing selection, prior to protection and safety,
and comfort [1]. Therefore, movement capability of
firefighter’s clothing should be improved further.

Environment condition
Analyse
Field study
Design

Currently, fire-resistant performances of protective
clothing have been basically measured up national
and international standards. But developing
protective clothing with application of human
ergonomics still has potential, especially in
movement capability studying.

Task requirement
Static body
Dynamic movement
(Movement study)

Trial-produce
Field trial

Subjective
Objective

Conclusion

Based on human ergonomics, clothing with well
movement capability was developed from
construction design. On the basis of general
process, style and structure design for firefighter’s
clothing were conducted. And movement capability
of new design was evaluated through field trial.

FIGURE 1. Process of dynamic clothing function design

Investigation on firefighter’s clothing
Questionnaire survey and field interview were
conducted to investigate deficiencies during
practicing and firefighting about movement
capability of currently used firefighter’s clothing.
Questionnaire to investigate firefighters’ evaluation
of their protective clothing were distributed to 53
firefighters. They had an average age of 20.98±
2.53 years, an average height of 174.02±4.38 cm
and an average weight of 66.51 ± 6.32 kg.
Questions were arranged by main structures of
clothing. Firefighters were asked to rank their
protective clothing in currently use according to
three grades. Options were put in the contrary order
in 2 editions to reduce the impact of the option
sequence.

APPROACH
Every structure of clothing must be closely
correspond to relevant part of human body, and
must be adapt to static state and dynamic
movement. So clothing can “work for people” [2].
In order to design clothing without restriction on
range-of-motion, the first is to understand purpose
of wearing the garment. For firefighter’s clothing,
it should be adapt to the environment condition of
high temperature and task requirement of
firefighting [3]. Then, it is necessary to make field
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Shanghai Changning fire department Tianshan
squadron was interviewed where predesigned
questions were inquired. Conclusions were drawn
for improved design.

Five evaluation indexes about clothing structure
and movement capability were chosen in exercise
trial: ① Restriction on armhole when raising
hands up or forward. ② Restriction on the back
when raising hands up or forward. ③ Restriction
on knees when squatting down. ④ Pressure of
suspenders on shoulder. ⑤ Tightness of the whole
clothing ensemble.

Clothing movement capability
Through field study, we knew that it took only
30-60 seconds from a fire alarm to firefighters’
setting out. So firefighter’s clothing must be easy to
put on. In addition, pothook ladder climbing is one
of the firefighter training items, which costs 15
seconds from 1st floor to 4th floor according to the
examination standard.

Subjective perception was recorded on a
seven-point intensity scale. These scales are shown
in Figure 4.

Field trial was conducted by 6 male firefighters.
Their average ± SD age, height and weight were
22.33±1.51 years, 172.83±3.87 cm and 69.67±
5.85 kg, respectively. Before trials, they were
informed of the details of the clothing structure and
subjective rating scales.
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RESULTS AND DISCUSSION
Investigation results on firefighter’s clothing
The clothing to be surveyed was
in popular use, of which the most
widely used was No.XL (170cm).
Specification of currently used
clothing (XL) can be seen in
Table I and Figure 5.
Questionnaire results were shown
in Figure 6 that high proportion
of either grade 1 or grade 3
indicates
dissatisfaction
for
corresponding items. Specific
meanings of three grades are
shown in Table Ⅱ.

Units: cm

Size

2

slightly neutral
low

FIGURE 4. Subjective rating scales

Wear trial and exercise trial protocols were
designed for evaluation. Six subjects wore 2
experimental clothing ensembles (Table I) one by
one, and rested for 15 minutes before each trial. In
the trial, experimental clothing was kept in turned
out state (Figure 2). The time spent by subjects
putting on clothing was measured. After this,
subjects climbed pothook ladder, and answered
questionnaires finally. Experimental procedure is
shown in Figure 3.
TABLE I. Details of experimental clothing

low

FIGURE 5.
Currently used
firefighter’s
clothing

It could be concluded from Figure 6 and TableⅡ
that poor movement capability, poor quality
suspenders, easy to fatigue, loose cuffs, tight
shoulder blade and armpit are main problems of
current firefighter’s clothing.

3-D
shape
commo
n

Questionnaire

Exercise
Rest
15’
Clothing A

Wear
Time 15”
Clothing B

FIGURE 2. Experimental
clothing was kept in turned
out state

FIGURE 3. Experimental procedure
FIGURE 6. Dissatisfaction for current firefighter’s clothing
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Comfort 100% Fire-resistant
layer
cotton

TABLE Ⅱ. Meanings of evaluating grades in questionnaire

Items
Grades
—
Meaning

Shoulder blade,
Armpit, Cuff

Suspenders,
Movement
capability

Tolerance
time

1—Tight
2—Neutral
3—Loose

1—Poor
2—Neutral
3—Well

1—Short
2—Neutral
3—Long

Pit zip openings
alleviate heat stress
I-shaped suspenders fit
Latch ends of suspenders
are easy to change
Snap buttons for

Dynamic cutting pattern
reduces restriction on legs

Improved design principles
According to the field research, to improve ease of
movement of new clothing the following principles
should be followed:
① Increasing the clothing movement capability by
structure redesign is the first aim.
② Form and quality of suspenders should be right
fit and durable.
③ Pit zip openings are added and trousers fly
facing is designed for ventilation.
④ Overlapping telescopic sleeves are set to
improve movement capability of sleeves.

FIGURE 7. Style design and features

Garment might be pulled by movement of arm.
And the pull might result in clothing hem upgrade
and firefighter’s bare skin suffering from burn.

New firefighter turnout clothing design
Tanlon®, new kind of fabric developed in China
was used for new firefighter turnout clothing. And
specification of materials can be seen in Table Ⅲ.
TABLE Ⅲ. Specification of fabrics used in every layer

Construction

Outer
layer

100%Tanlon®
(Polysulfone fiber)

Twill
weave

Warp and
Weight Thickness
weft density
/
/
/
g/m2 mm
yarns/10cm
303×269

/

The introduction of a new cutting pattern solved
this problem. Sleeve construction was decomposed
into front, back, upside and downside four
components fixing the shoulder center. Similarly,
trousers structure was parted into front, back, inside
and outside four parts. The use of this dynamic
cutting pattern makes sleeves raise up to 135°
without hem upgrade, and reduces the trousers
pressure to knees while movement (Figure 8). In
addition, pit zip openings can increase the
ventilation flow, and fire-resistant permeable mesh
lining can prevent openings from over-stretching
(Figure 9).

257.0 0.66

Fire-resistant and
Proofed antibacterial cotton
Composite 290×245
breathable base clothing +
298.64 0.97
material (Base cloth)
layer
PTFE + activated
carbon fabric
100%Tanlon® Spun-laced
Heatinsulation (Polysulfone fiber) nonwoven
layer

164.6 0.43

Dynamic cutting pattern reduces restriction on
arms
Overlapping telescopic
sleeves protect hand and
i l l

Firefighters desired that movement capability of
current clothing could be enhanced from view of
structure design. And cuff should be designed to
affix to hand and wrist closely, protecting skin
from burning.

Fiber content

250×210

The style of new design is shown in Figure 7.

Through the field interview, we knew that during
firefighting firefighters attacked into buildings
more often than staying out. They emphasized not
on comfort but on movement capability. In another
word, firefighters considered movement capability
as the most important factor of protective clothing
to execute tasks.

Layer

Plain
weave

60

0.85
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FIGURE 8. Movement capability
increased effectively

FIGURE 9. Pit zip opening

Field trial results
Data from the wear trial is recorded in Table Ⅳ.
The mean value of the time cost for putting on

General process of clothing function design using
dynamic cutting pattern based on the wearer’s task
requirement is effective.

shows that there is no difference between clothing
A and clothing B. Because they both are separate
coat and trousers with the same turned out state
prepared, so time spent to put on is not related to
clothing construction in this study.
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TABLE Ⅳ. Time spent in putting on clothing (seconds)
Subject

Clothing A

Clothing B

1

28.04

25.67

2

25.93

22.25

3

19.22

16.33

4

24.77

25.45

5

19.98

20.84

6

16.66

25.34

Mean

22.43

22.65

Subjects evaluated two experimental clothing in
exercise trial (Figure 10). Clothing A has lower
mean values than clothing B, that is, clothing A
performs better movement capability than clothing
B. So the use of dynamic cutting method for
firefighter turnout clothing construction design is
successful.
Subjective rank
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FIGURE 10. Compare of average scores in exercise trial

CONCLUSIONS
Through field research, poor movement capability
was found as a serious problem of current
firefighter’s clothing. So increasing ease of
movement by improved designing of clothing
structure is very important in further study.
New firefighter turnout clothing was developed by
changing clothing construction, of which
movement capability increased effectively.
① The use of dynamic cutting pattern made
sleeves raise up to 135° without hem upgrade, and
reduced the trousers pressure to knees while
movement.
② I-shaped latch-end suspenders, overlapping
telescopic sleeves, ventilation trousers fly facing
and pit zip openings were designed to improve
movement capability of clothing ensemble.
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Influence of Washing on the Flammability of Infants’ Apparel
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Abstract
Based on the comparative analysis to the flammability standard of infants’ garment at home and abroad, this
paper separately analyses the flammability test data of infants’ apparel fabric of knitted interlock fabric and
sandwich knitted fabric, points out that washing has an important influence on the flammability of infants’
garment which has been washed and not washed, and it plays an important role in the formulation of
flammability standards of infants’ garment also.
Keywords: washing; infants; garment; flammability; fabric standard
Introduction
“San Lu”infant “formula case” in september 2008
has been an important event of the hole world
concerned, in “basic necessities of life”, food and
clothes is critical to infants. This paper fixs attention
on here, based on the comparison and analysis on the
flammability standard for infants’ apparel fabric at
home and abroad, the analysis of experiments are
made for the flammability for infants’ apparel fabric
which is washed and not washed, and hope it may
offer a way of thinking and method to formulate the
infant apparel flammability standard in future.

1 Comparison and analysis on the flammability
standard for infants’ apparel at home and abroad
1.1 Introduction of the flammability standard for
infants’apparel
There is no one standard which is specific to the
flammability standard for infants’apparel at home
and abroad so far, only some countrys have given the
rugulations for infants’ apparel, standards as
indicated in table 1:

Table 1 The relative flammability standards for infants’ apparel at home and abroad

country
China

US

Canada

Australi
a

Britain

standard

method

GB/T 14644-93 “Textile fabricsBurning
behaviour-The
45°
test
determination of flame spread rate”
16CFR
1615
“Standard
for
the
Flammability of Children’s Sleepwear Sizes
0 through 6X”；16CFR 1616 “Standard for
the Flammability of Children’s Sleepwear
Sizes 7 through 14”
“Hazardous
Products （ Children’s
sleepwear）Regulations”
AS/NZS 1249:2003 “Children’s Nightwear
and Limited Daywear Having Reduced Fire
Harzard”

The 45° test determination of flame spread rate
Vertical method；45°tilter method
Test the flammability for children’s sleepwear
and apparel textiles
Vertical method
Test the flammability for children’s sleepwear
ISO
6941
“Textile
Fabrics-Burning
Behaviour-Measurement of Flame Spread
Properties of Vertically Oriented Specimens”；
ISO 10047 “Textiles-Determination of
Surface Burning Time of Fabrics”
Test the flame retardant behaviour for children
nightwear
BS 5438:1989 “British Standard Methods of
Test for Flammability of Textile Fabrics when
Subjected to a Small Igniting Flame Applied to
the Face or Bottom Edge of Vertically Oriented
Specimens”

BS
5722:1991
“Specification
for
Flammability Performance of Fabrics and
Fabric combinations Used in Nightwear
Garments”

1.2 Comparison and analysis on the flammability
standard for infants’ apparel at home and abroad
From the introduction of the flammability standard
for infants’apparel at home and abroad as
above-mentioned, we can see:

(1)Most countrys adopt the way of igniting the
specimen by the ignition source at home and abroad,
and the standard of technical index and requirement
is about equal to the same test method at home and
abroad.
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(2)To the same test method-45°test determination of
flame spread rate, although its test principle is about
equal, the washing procedure and label procedure are
given detailed description at abroad, and there is no
description to regulate them for the standard in
China.
(3)Every country adopts different method according
to the differences of relative position between
specimen and flame and test principle.
Through the above analysis, we can see that washing
procedure is the most difference in test method
standard. Therefore, this paper adopted the method of
45°test determination of flame spread rate to test
and analyse the infants’ apparel fabric, and combined
chinese situation, all infants’ apparel in this paper is
the apparel that the infants wear whose age less than
24 month which regulated in the standard FZ/T
81014-2008 “Infant’s wear”[1].
2 Test portion
2.1 Test material
Interlock fabric, samdwich knitting fabric.
2.2 Test equipment and material
Flammability tester, brushing device, constant
temperature
oven,
desiccator,
stop
cord,
butane(chemically pure).
2.3 Test principle
Specimens are tilted up 45 degrees under special
conditions and then ignited for 5 second, and the time
of flame spread of specimen is taken as the
measurement for evaluating the flaming degree of
textile. Base fabric ignition or fusing of textiles
having raised-fiber surfaces as the additional
indicators flaming degree shall be reported.
2.4 Test contents and method

(1) Washing and conditioning procedure
This test used the rully-auto washer of type A
washing the test textile in GB/T 17595-1998
“Textiles-Domestic Laundering Procedure for Textile
Fabrics Prior to Flammability Testing”[2], at the same
time adopted the standard GB 6529-86 “Standard
Atmospheres for Textiles Conditioning and Testing”
and regulated this should test in second-degree
standard atmosphere, that the temperature is 20℃±2
℃, the relative humidity is 65%±3%, the specimen
are placed for 8-24h according its thickness, and then
taking it into airtight container, waiting for igniting.
(2) Fire test procedure
The method of test determination of flame spread
rate for fabric is general done according to the test
method rugulated in standard GB/T 14644-93
“Textile fabrics-Burning behaviour-The 45° test
determination of flame spread rate”[3]. According to
the standard the flame should contact with the
specimen surface for 1 second, but from the test we
found taht the time of the flame contacting with the
specimen surface in 1 sencond can’t ignite the
specimen, therefore, according to the three grades in
the equipment: 1 sencond, 5 second, 20 second, this
paper changed the time for flame contacting with
specimen for 5 second, through the test we found that
in this grade each specimen could be ignited.
2.5 Result and analysis
The mean time of flame spread for infant apparel
fabric specimen both in Latitudinal and longitudinal
direction before and after it washed.

Table 2 The result of 45° test determination of flame spread rate for infant apparel fabric before and after washing.

The name of specimen

Interlock
fabric
Samdwich
knitting
fabric

The first group
specimens
The second group
specimens
The first group
specimens
The second group
specimens

Mean time of flame spread（s）
The rusult under the condition
The result under the condition
that not washed and not in
that washed and in constant
constant temperature and drying
temperature drying
Vertical
Horizontal
Vertical
Horizontal
direction
directionl
direction
directionl
49.00

53.52

34.92

33.78

50.88

52.18

35.14

37.34

46.24

47.78

40.82

44.82

44.62

48.16

39.14

41.08

Note：The flaming result for the two fabrics as follows above is charing, and companyingthe dense smoke at the flaming process.

(1) The influence of washing on the flammability
for interlock fabric
Figure 1 is the scatter diagram of the flame spread
time for interlock fabric that washed or not, figure
1-1 is the scatter diagram of the flame spread time for

the ten sepcimens of two groups in vertical direction
that washed or not, figure 1-2 is the scatter diagram
of the flame spread time for the ten sepcimens of two
groups in horizontal direction that washed or not.
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Figure 1 The scatter diagram of the flame spread time for interlock fabric washed or not
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flame spread rate in vertical direction should prevail.
From figure 1, we can see that the flame spread time
for the not washed specimen is greater than the
washed and that in constant temperature specimen in
the same direction, and it indicated that the
flammability of the interlock fabric specimen is
increased
after that has been washed, relatively
Figure1-2
speaking, its flame retardant behaviour is weaker
than the not washed specimen.
(2) The influence of washing on the flammability for
samdwich knitting fabric
Figure 2 is the scatter diagram of the flame spread
time for samdwich knitting fabric that washed or not,
figure 2-1 is the scatter diagram of the flame spread
time for the ten sepcimens of two groups in vertical
direction that washed or not, figure 2-2 is the scatter
diagram of the flame spread time for the ten
sepcimens of two groups in horizontal direction that
washed or not.
Flame spread time (s)

Flame spread time (s)

From the figure 1-1, we can see that the dispersion
degree of the flame spread time for interlock fabric in
vertical direction that has not been washed is worse
than the specimen which has been washed and in
constant temperature, from figure 1-2, we can see
that the dispersion degree of the flame spread time
for interlock fabric that washed or not is not obvious.
Figure1-1
In the situation
that the dispersion comparision
between the flame spread time of washed specimen
and the flame spread time of not washed specimen,
through the flame spread mean time for interlock
fabric in table 1 (including the washed and not
washed specimen), we can see that most of flame
spread mean time in vertical direction is less than
that in the horizontal direction under the same
situation, the data shows that the flame spread rate
for specimen in vertical direction is much faster than
that in horizontal direction, that is to say when
evulating the flammability of interlock fabric the
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Figure 2-1
Figure 2-2
Figure 2 The scatter diagram of the flame spread time for samdwich knitting fabric washed or not

From figure 2, we can see that there is a little
difference of the dispersion degree of flame spread
time between the washed and not washed samdwich
knitting fabric under the same situation, so we can’t
find the discipline basically. From figure 2, we also
can see that the flame spread time for each group
specimen which has not been washed is mostly
greater than the specimen that has been washed and
in constant temperature in the same direction. It
indicated that the flame spread time for the specimen
that has not been washed is less than the specimen
that has been washed, that is to say the flammability
for samdwich knitting fabric is greater after it has

washed, its flame retardant behaviour is lessened
relatively.
From table 2, we can see that flame spread mean
time for samdwich knitting fabric in vertical
direction is less than that in the horizontal direction
under the same situation, the data shows that the
flame spread rate for specimen in vertical direction is
much faster than that in horizontal direction, that is to
say when evulating the flammability of samdwich
knitting fabric the flame spread rate in vertical
direction should prevail.
3 Conclusion
Through the anlysis on the flame spread time testing
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result of the two kinds of washed and not washed
infant apparel fabric, we can see that the dispersion
degree for the washed fabric is less than the not
washed fabric under the same situation, and the
testing data of washed fabric has slight fluctuations
around the mean time. That result are favorable for
the researching and evaluating the fabric
flammability, and favorable for the formulating the
flammability technical index of infant apparel. In
addition, the flame retardant behaviour of washed
interlock fabric is lessened and the flame retardant
behaviour of washed samdwich knitting fabric is
increased, that indicated that washing plays an
important role in the flame retardant behaviour. So
we should add the requirement of the washing
procedure to the test fabric that the infant wear in the
standard formulating in future, and then can make the
China standard in line with advanced oversea
standard better, and effectively cope with the

nternational technical trade barrier, then promote the
textile export, and then protect the human especially
the infants life safty better.
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Abstract
Silver modified Poly (ethylene terephthalate) (PET) hollow fiber for biomaterials by transposition reaction from
AgNO3, and the silver particles were filled in the hollow of this metal-polymer complex. X-ray analysis showed
that silver particle existed in the modified PET hollow fiber. The silver quantity and the silver ions
concentration releasing from this silver fiber were tested by the Inductively Coupled Plasma Atomic Emission
Spectrometer (ICPAES). The release of silver was measured by in vitro tests at 37℃ in deionized water. The
antibacterial results showed the powerful antibacterial activity against Staphylococcus aureus (S. aureus) and
Escherichia coli (E. coli) at a low level of silver ions.
Keywords: silver fiber; antibacterial properties; release
short exposure of E. coli cells to antibacterial
concentrations of nano-Ag resulted in an
accumulation of envelope protein precursors,
indicative of the dissipation of proton motive force.
In another study, the polymers modified by silver
were studied widely [7-11]. Wang [12] modified
polyethylene terephthalate by filtered cathodic
vacuum to make its surface with silver. Hipler 13
investigated the antifungal and antibacterial
properties of a silver-loaded cellulosic fiber. L. A.
Brook [14] made research on the highly bioactive
silver/titania composite films grown by chemical
vapour deposition. And also there were researches
on silver coating on other matters, like
hydroxyapatite[15], nylon fiber[16,17], and etc.
That is all based on the strong antibacterial activity
of silver ions.
The objective of this research was to investigate the
structure and release properties of the hollow PET
fibers carrying the silver particles and to look out
its antibacterial activity.

1 INTRODUCTION
Nowadays polymers are widely used as material
basis for medical and life-care products. Instead of
organic biocides agents, silver can be used for the
preparation of antibacterial polymer. The silverbased thermoplastic polymer composites combine
the excellent high temperature process of the
thermoplastics with the inherent antibacterial
activity of the silver. Silver has been used for
centuries to prevent and treat a variety of diseases,
mostly notably infections. Previous work has
shown that silver ions have strong inhibitory and
bacterial effects as well as broad spectrum of
activity, and concomitant low toxicity to
mammalian cells [1].
A number of microbiologists have studied the
antibacterial activity of silver. Feng [2] had a
mechanistic study of the antibacterial effect of
silver ions on Escherichia coli and staphylococcus
aureus. They found that after treated by AgNO3,
the state of DNA changed to a condensed form in
the cells, and lost their replication abilities. On the
other hand, silver ions interact with thiol groups in
protein, which induce the inactivation of the
bacterial proteins. Well [3] did a lot of researches
on the mechanism of irreversible inactivation of
Phosphomannose Isomer (PMI) by silver ions, and
they shown that the enzyme PMI was essential for
the biosynthesisi of Candida albicans cell walls,
and the PMI can be inhibited by silver ions. Other
researchers pointed out the interaction of silver ions
with the respiratory chain of Escherichia coli [4]
and readily identifiable groups which made
bacteria alive [5]. Besides, Lok [6] and his group
investigated the mode of the antibacterial action of
silver nanoparticles against E. coli by proteomic
approaches. The proteomic data revealed that a

2 EXPERIMENT (material and method)
Silver fibers were supplied by Shenzhen High
Technology Fibers CO., Ltd. It was prepared by
transposition reaction from AgNO3 which was
filled in the hollow part of the fiber.
XRD measurements were made using a DRON-3
diffractometer in θ-2θ angular scanning
configuration. XRD analysis was performed to
characterize the component of the PET hollow fiber.
0.1g silver fibers of various silver concentrations
were immersed into 10ml deionizer water for 24h.
The experiment was taken by 37℃. And the silver
fiber was dissolved into solution and then measured
the silver ions concentration of the solution. The
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concentration of silver ions was measured by the
Inductively Coupled Plasma Atomic Emission
Spectrometer
(ICPAES)
under
optimal
measurement conditions.
Staphylococcus aureus (S. aureus) and Escherichia
coli (E. coli) were chosen as the test bacteria. The
antibacterial experiments were made by shake
method. We took two group as experiment group
(EG) and control group (CG). Add bacteria into
broth and culture for 6h. Take 1ml broth into
200ml PBS as CG, and take 1ml broth and
0.0075mg silver fibers which are 38mm in length
into PBS as EG, and shake stay over. Take 1ml this
PBS into plate. Infuse agar into the plate and
culture for 12h. Then take count of the number of
the bacteria units of the plate, and calculate the
Inhibition Ratio ( IR ) which can be directly
illuminate the antibacterial property according to
the following formula

IR =

BU CG − BU EG
× 100%
BU CG

where IR is the Inhibition Ratio,

FIGURE 2 Release speed of silver ions as a function of silver
concentration at 37℃

Figure 2 showed the release speed of silver ions as
a function of silver concentration at 37℃ in
deionized water for 24h. It was detected that it
would release more silver ions in the water when
the silver concentration increased, and the increase
rate was great. But the silver concentration
releasing from the silver fiber were few. As the last
point for an example, there were 0.94974mg silver
particles in 0.1g fiber, and it released only 1.572μg
silver ions when it was immersed into 10ml
deionizer water for 24h.

(1)

BU CG the

number of bacteria Units of the control group, and
BU EG the number of bacteria units of the
experiment group.
3 RESULT AND DISCUSSION

FIGURE 3 Antibacterial effects by silver fiber

Figure 3 shows that the antibacterial results after
treated by silver fiber. Figure a, b are the S. aureus,
c and d for E. coli. Figure a, c are the control group
(CG), and Figure b, d are experiment group (EG).
Table 1 shows the Bacteria Units calculated from
Figure 3. From this table, the inhibition ratio of S.
aureus is 99.6%, and the ratio of E. coli is 97.5%.

FIGURE 1. XPS survey spectra on silver fibers

XRD analysis reveal that the composition of the
silver fiber filled by silver particles. XRD recorded
on the silver fiber are presented in Figure 1. Curve
1 is for PET hollow fiber, and curve 2 for silver
fiber. The most important peaks are denoted.

TABLE 1. The bacterial units after treated by silver fiber

The silver fiber exhibits the obvious peaks at
2θ=38.2°, 44.3°, and 64.5°, which are due to the
face-centered
cubic
crystalline
silver,
corresponding to the crystal faces of (111), (200),
and (220) of silver, respectively [18,19]. However,
PET hollow fiber did not show any such peaks.
Therefore, it is very clear that silver particles
existed in the silver fiber.
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BU CG

BU EG

IR (%)

S. aureus

514

2

99.6

E. coli

399

10

97.5

situ polymerization," Journal of Applied Polymer Science,
100(5), pp. 3653-3661.
[11] Marini, M., De Niederhausern, S., Iseppi, R., Bondi, M.,
Sabia, C., Toselli, M., and Pilati, F., 2007, "Antibacterial
activity of plastics coated with silver-doped organic-inorganic
hybrid
coatings
prepared
by
sol-gel
processes,"
Biomacromolecules, 8(4), pp. 1246-1254.
[12] Wang, J., Li, H. X., Ren, L., Zhao, A. S., Li, P., Leng, Y.
X., Sun, H., and Huang, N., 2007, "Antibacterial activity of
silver surface modified polyethylene terephthalate by filtered
cathodic vacuum arc method," Surface & Coatings Technology,
201(15), pp. 6893-6896.
[13] Hipler, U. C., Elsner, P., and Fluhr, J. W., 2006,
"Antifungal and antibacterial properties of a silver-loaded
cellulosic fiber," Journal of Biomedical Materials Research Part
B-Applied Biomaterials, 77B(1), pp. 156-163.
[14] Brook, L. A., Evans, P., Foster, H. A., Pemble, M. E.,
Steele, A., Sheel, D. W., and Yates, H. M., 2007, "Highly
bioactive silver and silver/titania composite films grown by
chemical vapour deposition," Journal of Photochemistry and
Photobiology a-Chemistry, 187(1), pp. 53-63.
[15] Chen, W., Liu, Y., Courtney, H. S., Bettenga, M., Agrawal,
C. M., Bumgardner, J. D., and Ong, J. L., 2006, "In vitro antibacterial and biological properties of magnetron co-sputtered
silver-containing hydroxyapatite coating," Biomaterials, 27(32),
pp. 5512-5517.
[16] MacKeen, P. C., Person, S., Warner, S. C., Snipes, W., and
Stevens, S. E., Jr., 1987, "Silver-coated nylon fiber as an
antibacterial agent," Antimicrob Agents Chemother, 31(1), pp.
93-99.
[17] N. Perkas, G. A. S. D. S. G. A. G., 2007, "Ultrasoundassisted coating of nylon 6,6 with silver nanoparticles and its
antibacterial activity," Journal of Applied Polymer Science,
104(3), pp. 1423-1430.
[18] Cho, J. W., and So, J. H., 2006, "Polyurethane-silver fibers
prepared by infiltration and reduction of silver nitrate,"
Materials Letters, 60(21-22), pp. 2653-2656.
[19] Thomas, V., Yallapu, M. M., Sreedhar, B., and Bajpai, S.
K., 2007, "A versatile strategy to fabricate hydrogel-silver
nanocomposites and investigation of their antimicrobial
activity," Journal of Colloid and Interface Science, 315(1), pp.
389-395.

The release experiment shows that 0.1g fibers,
which contain 0.94974mg silver particles, can
release about 1.572μg silver ions. So that it can be
calculate that 7.5mg silver fiber used in the
antibacterial test, contain 0.0712mg silver particles,
and can release only 0.1179μg silver ions. Only
0.1179μg silver ions releasing from the silver fiber
can inhibit bacteria so greatly that it need fewer
silver fibers to making products for medical usages,
which have enough antibacterial property and less
contaminant.
4 CONCLUSION
Silver fiber has the potential antibacterial efficacy
by virtue of their ability to release silver ions. The
X-ray diffraction analysis confirms the existence of
silver particles. And the release analysis shows that
silver ions released lowly from the fiver. But the
antibacterial experiments show that so low silver
ions do great antibacterial efficacy. In the next part
of the study, we aim on the effects between the
silver fiber and the bacteria and cells, so that we
can advance the antibacterial mechanism, and make
sure whether it will be not bad for human or
animals.
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frequency analysis and phase analysis. It was
developed by the United States Syntrillium
Software Corporation. Figure. 2 showed the
software.

STATEMENT OF OBJECTIVE
Textile materials and products could be seen as the
assemblies consisting of fibers. Fiber assembly was
considered as a kind of porous medium and the
porous structure was complicated. The acoustic
insulation of fiber assembly was affected by such
porous structure. In this paper, the relationships
between the acoustic insulation and the densities
for fiber assemblies were studied.
APPROACH
Here presented a new apparatus for measuring the
acoustic insulation of fiber assemblies. The
measure principle of the apparatus was to compress
the fibers in a cylinder with a piston. The piston
was coaxial with the cylinder. The diameter of the
piston was 30mm, a little smaller than that of the
cylinder. Through the piston moving down, the
fiber assembly densities changed. A phonation
equipment was installed on the top of assembly,
and a microphone was installed at the bottom of
assembly which could receive different acoustic
with different assembly densities. The sounds that
incepted by microphone were sent to the computer
then. The apparatus framework was shown in
Figure.1.

FIGURE 2. Cool Edit Pro2.0 software
The wool fibers (diameter was 21μm) were
arranged with different arrangements for random,
fiber balls random and parallel arrangements. See
Figure 3 for fiber arrangements.

Firstly, the computer created 125Hz, 250Hz, 500Hz,
1000Hz, 2000Hz and 4000 Hz sounds respectively,
and then the sounds were sent out by the phonation
equipment on the top of assembly. The microphone
under the bottom of assembly incepted the sounds
and then input the computer.
(a)

(b)

(c)

(a) random arrangement (b) fiber balls random
arrangement (c) parallel arrangement
FIGURE 3. Fiber arrangements.
RESULTS AND DISCUSSION
Firstly, the cylinder played an important role
during the sound transmitting. The cylinder wall
could make the sound echoing, refracting and
interfering. That was why the sound could transmit
to the bottom of cylinder. And the receiving
distance affected the acoustic attenuation. Here the
receiving distance was 6cm.

FIGURE 1. Apparatus principle.
Here, the Cool Edit Pro2.0 software was used,
with which the sound waves were observed. It was
a multi-track audio editing and audio mixing
software, with the functions of filtering, denoising,

There were the results about the wool fiber
assemblies of random arrangement in Figure.4 and
Figure.5. Comparing the transmission acoustic
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For every fiber assembly density, the attenuation
for the transmission acoustic energy were
increasing with the frequency increasing. But for
2000Hz and 4000Hz sounds, the attenuation for the
latter was smaller than that of the former. The more
the fiber assembly densities were, the more the
attenuation were.

energy of the sound that through fiber assemblies
with that of the original sound, for wool fiber
assemblies, their transmission acoustics were
sensitive to the fiber assembly densities for the
sounds of 125Hz, 250Hz and 500Hz. With the
assembly densities increasing, the transmission
acoustic energy decreased quickly. While for the
sounds of 1000Hz, 2000Hz and 4000Hz, the
transmission acoustic energy attenuation were
already intensive when the fiber assembly densities
were still small and so the variety of the
transmission acoustic energy were infinitesimal
when the assembly densities kept on increasing.

For the acoustic attenuation of three kinds of wool
fiber arrangements, the bulk densities affected the
acoustic attenuation faintly for the fiber ball
arrangement and parallel arrangement. The results
were shown in Figure.6 and Figure.7. It could be
seen that acoustic attenuation had something to do
with the porosity, void distribution and fiber
arrangement. Therefore, porosity and structure
factor were two main characters for acoustic
attenuation in fiber assembly.

That was to say that for high frequency sound, its
acoustic attenuation almost wasn’t affected by
assembly structure. The acoustic attenuation for
fiber assembly to different frequencies were also
discrepant. Advanced the bulk density as a
structure parameter to design and optimize the
acoustic insulating material. There was an optimum
bulk density to best acoustic attenuation for fiber
assembly.
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FIGURE 6. Relationship between the transmission
acoustic energy ratio and frequency(fiber balls
random arrangement).

0.1
0.0
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13
3

fiber assembly density / g/cm

FIGURE 4. Relationship between the transmission
acoustic energy ratio and fiber assembly density
(random arrangement).
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FIGURE 7. Relationship between the transmission
acoustic energy ratio and frequency (parallel
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CONCLUSIONS
These curves showed that there were non-linear
relationships between the transmission acoustic
energy and fiber assembly densities, and between
the transmission acoustic energy and frequency. In

FIGURE 5. Relationship between the transmission
acoustic energy ratio and frequency (random
arrangement).
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order to make the assembly have better acoustic
insulation, on one hand, the densities for the fiber
assembly must be considered. On the other hand,
under the condition of the same fiber assembly
density, not all frequency sounds attenuated with
the same degree. So for the sound-proof fiber
material, it must choice the appropriate fiber
assembly density for the frequency within a certain
range.
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Abstract
In use of the sodium hydroxide solution and zinc chloride solution, Nano-ZnO particles were generated in-situ
on the cotton samples. Nano-ZnO is six-party crystal, the crystallization is integrity and high purity; Nano-ZnO
particles and cotton fiber has a good combination of fastness, washes 8 times in the standard condition, the gain
rate remains constant, it is 7.81%; the size of Nano-ZnO is 6.2 ~ 15.8nm after washes 8 times in the standard
conditions. The UVA and UVB ultraviolet transmittance of samples are 6.4%and 4.4%, which are compared
with the original cloth samples; they respectively decrease by 67.7%, 62.1%. UPF is 16.3, according to AS /
NZS 4399 UPF fabric assessed, it get the better level.
Key words: functional fabrics, cotton fiber, Nano- ZnO, in situ, UV
etc. added nano-titanium into alcohol solution, first
ultrasonic oscillated, and then heated in nitrogen
environment processing. The dispersion effect of
surface modification of titanium dioxide was better
than the simple oscillation and was not modified
particles.

1 INTRODUCTION
The methods that the inorganic nano-particles and
textile fabric were composite to make functional
fabrics were: blend-spinning method, after
finishing.

Coating method was that in the coating process
added appropriate amount of nano coating
additives, coated on the fabric surface by coating
machine, through drying and heat treatment,
formed a layer of thin film on the surface of the
fabric. Such methods to adapt to wide variety of
fibers, and low cost of processing, but poor wash
fastness, poor hand of fabric. In recent years, the
German used the sol-gel method to develop a new
sol-type finishing agent, adopted the coating agent
to coat fabric to form a gel, which had played to
improve the performance of fabrics. ZHANG Yapeng, etc. of Donghua University used sol-gel
technology, adopted nano-titanium dioxide (TiO2)
to fill organic silane in order to modify cotton
fabric of anti-ultraviolet function, discussed factors
of the stability of organic modified silane sol and
parameters of fabric finishing technique.

Blend spinning method was the main method that
produced nano-functional fibers, at present, using
this method to develop the functional fiber were:
anti-bacterial deodorant chemical fibers, farinfrared chemical fiber, flame-retardant fibers,
regenerative thermostat fiber, light-emitting fiber,
conductive fiber, etc. By blending spinning method,
nano-particles entered into the fibers, the main
problems was that its poor dispersion, easy
cohesion.
The natural fiber generally used fabric-finishing
technology. The main methods were nano-additives
padding and nano-coating method.
The additives padding needed to resolve the issue
of nanomaterials reunion, in order to further
enhanced the dispersion stability of nano-particles,
and usually modified the surface of nanoparticles.
At present, the modifications of Nan particles
surface mainly included physical modification and
chemical modification. Huang Kun, etc.researched
under the protection of nitrogen, using ultrasonic
dispersion method to disperse nano-particles in
water, which meant the use of emulsion to prepare
nano-silver-polystyrene composite particles which
the diameters were 80-100nm, the thickness was
70nm. Chemical modification method was broadly
divided into coupling agent, esterification and
surface modified law school then. Chen Haizhen,

In addition to blend spinning and finishing method,
Xiamen Huapu high-tech Industry Co., Ltd. had
developed a proprietary technology, referred as the
implantation method, namely nano-ceramic
powders implanted fibers, and effective fixed, this
method could be used for natural fibers could also
be used for chemical fibers. Chen Xiao li, etc. who
studied the possibility that number of nanoparticles on the PET surface without chemical
bonding force and direct and permanent fixation,
the results shown that: in the silica sol, carbide,Fe
(OH) 3 and natural ore powder nanoparticles
accessed to PET amorphous areas in 130 ℃, the
permanent consolidation when low-temperature.
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dioxide coating method. Germany GMBU eV,
Arbeitsgruppe Funktionelle Schichten of Mahltig,
B. used sol-gel in the fabric, such as nano-zinc
oxide and titanium dioxide particles to carry out
anti-bacterial finishing. India cotton Technical
Research Center of the nano-technology group
Yadav, A.; Prasad, Virendra; Kathe, AA; Raj,
Sheela; Yadav, Deepti, studied the use of nano-zinc
oxide on fabric finishing, and there was zinc oxide
preparation and finishing combined with zinc and
alkali chemical solvent reaction zinc oxide, at the
same time, the completion of the fabric coating
finish.

All of these methods, there was a major problem:
As the preparation of nano-materials and assembly
in the fiber processed separately, Under the
preparation, preservation, transportation of
nanoparticles and in the process of adding fiber
material would encounter again cohesion of
nanoparticles, reducing nano effects of materials.
Current research trends were that nano-materials in
the spinning liquid made in situ, or in situ made
with finishing to solve the problem of dispersed
nano-materials.
Shanghai
JiaoTong
University
researchers
completed the nano-titanium dioxide (TiO2) antiultraviolet fiber which had independent intellectual
property rights of nano titanium dioxide and
polyester-situ polymerization method, to prepare
nano-TiO2 / polyester composite fiber. China
Yizheng Chemical Fiber Co., Ltd. added additives
through the synthesis of polyester raw material,
used water molecules in the process of polyester
esterification, made titanium alkoxide, titanium
salts to have hydrolysis, in situ formation of
nanoscale titanium dioxide or inorganic silica
particles, these inorganic particles evenly dispersed
in the surrounding macromolecular polymers to
improve the crystallization of the polyester and
direction of performance, thus the use of
conventional processes and equipment to produce
high-intensity polyester industrial yarn. Swedish
IFP Institute Chronakis, Ioannis S, in polyester
spinning liquid preparation obtained in-situ
polymerization of carbon nanotubes,in order to get
inorganic and organic hybrid nanomaterials
function. German textile Denkendorf Research and
Design Institute (ITV), Arnim, Volkmar V; Dauner,
Martin; Scherrieble, Andreas; Stegmaier, Thomas;
Planck, Heinrich, studied a series of nanotechnology in the textile field of application,
including
in
the
spinning
process
of
polyacrylonitrile and polyimide, the method of
nanofiber to use nano-silver and polymer made in
situ.

The study of the formation of nano-materials and
supported in the fiber completion was relatively
small. Tianjin Polytechnic University Dong
Weiguo, used autoclave to make barium phosphate
and barium hydrogen phosphate particles
assembled to cotton fiber, the temperature was
controlled at 150 ℃ below the standard washing
more than 12 times, the growth rate maintained at
above 6% , and its flame-retardant cotton fabrics
can index up to 21.5%, the strong decreased less
than 30%.The patent of Zhejiang Technology
University was that used hydrothermal method,
made nano titanium dioxide in situ on the textile,
The reaction temperature was 145 ℃ ~ 200℃ .
2 EXPERIMENTAL
2.1 Sample
2.1.1 Cotton desizing
Test samples were the cotton fabric, fibers were
filled with slurry, through desizing processing in
order to remove slurry particles and some natural
impurities.
Added the cotton fabric to the beaker with back
serous, and made the beaker constant bath, boiled 1
hour under the 100 ~ 102 ℃ constantly, and then
remove the sample, washed 5 minutes(wash 2 or 3
times) under 80 ℃ hot water, and finally washed
with cold water, dried, the sample was marked C1.

Zhongyuan Institute of Technology Wang Qing,
Chu Yanyan, made butyl titanate as precursor,
glacial acetic acid as a catalyst, plastic solvent and
water solvent, anhydrous ethanol as solvent n-butyl
titanate, through hydrolysis, polycondensation for
preparation of titanium dioxide and zinc oxide and
nano-silver ion-doped sol finishing agent. Shanxi
Science and Technology University Ma Jianzhong,
in the alkali-catalyzed conditions adopted the solgel method of four triethoxysilane to prepare nanoSiO2, used on leather finishing. Hong Kong
Polytechnic University, Institute of Textiles and
Apparel, nanotechnology center, Daoud, Walid A.
xin, john.h researched sol-gel method on the cotton
fabric surface in low-temperature for ano-titanium

2.1.2 Cotton fiber / Nano-ZnO assembly
Respectively configured 1.0 Mol / L zinc chloride
and 1.8 Mol / L sodium hydroxide solution, took a
certain volume of NaOH solution and placed in the
beaker, water-bath to heat 80 ℃, the desizing of
sample after drying soaked for 20 minutes. At the
same time, heated zinc chloride solution to 80 ℃,
and then drip zinc chloride solution into the beaker,
and glass stirring constantly stirred until reaction
was enough. The sample repeated washing with
distilled water 5 minutes, after washing it dried, the
sample was marked C2.
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Washed several times with distilled water and
leaching sediment beaker, and then dried under 120
℃, the sample was marked P.

3 RESULTS AND ANALYSIS
3.1 Phase Analysis
The peak of the curve XRD was corresponding
with the PDF card 89-7102, there is no impurity
phase existing, it shown that ZnO was the
hexagonal crystal and high purity, but the X-ray
diffraction of the diffraction peak was still very
sharp, and that shown the crystallization of zinc
oxide was integrity. From Figure 2 we can clearly
see that the form of crystal was hexagonal, further
confirmed that X-ray diffraction conclusions.

2.1.3 Washing test
Washing test according to GB 8965-1998 standards
for testing, repeated washed, dry weights were
recorded respectively after washed, until the weight
was not changed, the sample was marked C3.
2.2 X-ray test and scanning electron microscopy
For the characterization of cotton fiber / Nano-ZnO
assembly system, the crystallization of zinc oxide
particle morphology and particle size, to take X-ray
diffraction method of width limited to characterize
system, and through scanning electron microscope
to observe the assembly system.

intensive of diffraction [cos]

1600

X-ray diffraction sample preparation: cut the cotton
fiber / Nano-ZnO sample assembly system (C2)
and after washed cotton fiber / Nano-ZnO sample
assembly (C3); took experimental powder sediment
samples (P) 0.2 g, get the three experimental
samples.
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FIGURE 1. XRD patten from cotton/Nano-ZnO (C3)

SEM sample preparation: the cotton fiber/ ZnO
sample assembly (C2), cut into small pieces, and
pasted the two L-carrier surface, plated gold after
the test.

3.2 Weight gain rate

2.3 UV test

Weight gain rate =

Took one piece of after washed cotton fiber / NanoZnO sample assembly (C3) and the sample after
desizing (C1). The use of ultraviolet light
transmittance and sunscreen to protect Test System
(SDL) measured fabric band UVA and UVB
ultraviolet transmittance, according to Australia /
New Zealand Standard (AS / NZS 4399:1996), to
UPF value and UPF rating assessment of antifabric UV effects.

Where,G1: dry weight of cotton fiber / ZnO sample
assembly (C2) or dry weight of after washed cotton
fiber / ZnO sample assembly (C3).

Weight gain rate in accordance with the formula (1)
Calculation

G1 − G0
×100%
G0

(1)

G0: dry weight of the sample after desizing (C1).
By Calculate, it could get as following: after the
assembly of nano-zinc oxide particles (C2) of the
weight gain rate was 9.77%, through 8 times
washing, the sample weight was constant, the C3 of
the specimen weight gain rate of 7.81%.

Instrument

Cotton fiber was a single-cell structure, external
diameter was about 30 microns, cavity was about
15 microns, The cellular wall was composed of
primary layer, secondary layer, the primary layer
was composed of reticular fibril; secondary layer
was composed of mainly primitives defibrillators,
micro-fibrillation, fibril and macrofibril. In the
cotton fiber, there are about 1nm cracks and holes
in the micro-fibrillation, the fibrils have 5-10nm
cracks and holes, the secondary layers have about
100nm cracks and holes. Due to the special
structure of cotton fiber, cotton fiber had great
specific surface area, so the nucleation of zinc
oxide in the cotton fiber, as well as internal and

The main instruments used in this test: DZKW-C
constant temperature water bath pot, pHS-2C
acidity of precision, YG747 ventilation fast eight
blue oven (Nantong ambitious) ,4-10 box-type
resistance furnace, temperature controller, vacuum
pump , the reaction containers.
D/max 2500v/pc X-ray diffraction from Japan
Lixue (XRD, X-ray Diffraction),analysis the
specimen for qualitative and quantitative, to
determine their phase composition and lattice
parameters. Used scanning electron microscope
KYKY2800 to observe ZnO morphology and
cotton fiber / nano-ZnO-assembly structure.
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external surfaces or in the microporous. Nucleation
was non-homogeneous nucleation or secondary
nucleation, greatly reduced into first nuclear base,
so that the crystal size was small and uniform.

The experimental adopted British anti-ultraviolet
SDL tester to test Ultraviolet Protection Factor
UPF to evaluate the anti-ultraviolet fabric
performance. UPF was the ratio that the average
effect of ultraviolet radiation when skin was no
protective and fabric the average effect of
ultraviolet radiation when skin was protective.
Calculation
formula
was
as
following:

During the washing process, cotton fiber / ZnO
assembly had two roles, one was that in the liquid
adsorption and mechanical effect, zinc oxide
particles would fall off, and the other was that
washing liquid had a strong polarity, smaller size
zinc oxide may be dissolution. The zinc oxide
crystals were form from fiber and fiber which were
likely to fall off, the formation condition of these
particles were close to nucleation conditions in the
container, ZnO particles were scattered, therefore,
after washing cotton fiber / Nano-ZnO assembly
(C3), the size of ZnO particles distributed more
uniform, the size was concentrated in about 10nm.

λ = 400

∑ E (λ ) ⋅ ε (λ ) ⋅ Δλ

λ = 290

UPFi =

λ = 400

∑ E (λ ) ⋅ T (λ ) ⋅ ε (λ ) ⋅ Δλ

λ = 290

Where E (λ ) ─ radiate for the daylight spectrum

ε (λ ) ─ the relative erythematic effect;

The weight gain rate of Cotton fiber / ZnO (C2)
was10.77%, after 8 times washing, the sample
weight had been stabilized, the weight gain rate of
cotton fiber / ZnO sample assembly system (C3)
was 7.81%. After washing it lost 2.96% because
mainly the crystals were dissolution.

T (λ ) ─ the spectral transmittance of sample
i when wavelength was λ ;

T (λ ) Δλ ─ the wavelength interval (nm).
UV transmittance was calculated as:

3.3 UV test

I=

At present, the textile ability of UV transmittance
was usually used to measure, this index was
convenient, intuitive, and its meaning was that
samples from UV radiation and radiation of free
sample percentage. However, due to the impact of
the index factors were more, it was difficult to
consumers to judge the merits of their protection
directly, so the use was inconvenience. Draw on
sunscreen cosmetics evaluation methods; it can be
used for textiles protection factor UPF (Ultraviolet
Protection Factor) as the strength of textiles UV
indicators, which would enable consumers to
determine directly the merits of its protective
properties. Australia sunscreen clothing standard
AS/NZS 4399 raised the level of division of UPF;
such as TableⅠ was a numerical and protective
UPF rating.

φ0
φi

Where I
─
transmission;

(3)
percentage of fabrics UV

φ 0 ─ UV flux of transmission fabric;
φi ─

UV flux of incident to the fabric.
Measured transmittance and UPF values were in
Table Ⅱ.
Table Ⅱ sample ultraviolet transmittance and UPF
values
Index

the sample
after desizing
(C1)

cotton fiber / ZnO
sample assembly
system (C3)

Table Ⅰ AS / NZS 4399 UPF value and rating
Range of
UPF

Degree of
Ultraviolet
Shield

Permeation rate
of UV(%)

Grade of
UPF

UVA
transmittance
（%）

19.8

6.4

15～24

preferably

6.7～4.2

15，20

UVB
transmittance
（%）

11.6

4.4

25～39

well

4.1～2.6

25，30，

UPF

7.56

16.3

35
40-50，50+

Very well

<2.5

(2)

40，45，
50，50+

It can be seen from Table Ⅱ , the sample after
desizing (C1) was compared with cotton fiber /
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ZnO sample assembly system (C3), UVA
transmittance (%), UVB transmittance ( %) were
decreased by 67.7%, 62.1% respectively, UPF
improved 115.6%. According to AS/NZS 4399
UPF rating standard, rating of the anti-ultraviolet of
cotton fiber / ZnO sample assembly system (C3)
was better.
4 CONCLUSION
1.zinc chloride solution and sodium hydroxide
solution which generated Nano-ZnO directly,
Nano-ZnO particles existed the outer surface of
cotton fiber, in the cavity and cell wall of fiber,
Obtained ZnO are the six crystal, crystal integrity
and high purity, crystalline morphology is the flake
shape.
2. ZnO particles and cotton fiber has a good
combination of fastness, after standard washing by
8 times, the growth rate remains unchanged, and it
is 7.81%, the size of ZnO particles are 6.2 ~
15.8nm,
they
are
distributed
evenly.
3. UVA and UVB ultraviolet transmittance of
fabric were 6.4%, 4.4%, compared with the original
samples, decreased by 67.7%, 62.1% respectively.
UPF improve 16.3%, the anti-ultraviolet grade
level was better according to AS/NZS 4399 UPF
fabric.
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Abstract
Two forms of perform were prepared by a Glass fiber /Polypropylene commingled yarn. One is a threedimensional woven with an angle-interlock structure and another is a two-dimensional plain weave laminate.
The three-dimensional and two-dimensional thermoplastic composites were fabricated by hot-press process.
Impact and tensile performance of those composite materials were examined. Compared to the two-dimensional
weave laminate, the three-dimensional thermoplastic composites have better impact properties further more,
thickness-related maximum load, total energy and energy at maximum load increased 46.9%, 60.2%, 69.9%,
respectively. The tensile modulus is lower, the elongation at break and breaking energy are greater.
Key words: thermoplastic composite; 3D-woven;commingled yarn; impact properties; tensile properties
composite materials had a better impact resistance,
compared with simple laminated composite
materials, the intensity reduced 30-40%,but simple
composite materials reduced 56 %. Scanning
electron microscopy shown that 3-D woven fabric
composite materials crack propagation small, but
simple laminated composite materials had obvious
stratified phenomena[9].

Introduction
The mixed yarn composed of reinforced fiber and
thermoplastic fiber as thermoplastic composite
material prepreg, which was thermoplastic
composite materials processing technology
innovation. Due to thermoplastic fiber and
reinforced fiber were combined closely, which
reduced distances of resin infiltration, and could
effectively overcome the difficulties of resin
impregnation; mixed yarn had good flexility, it
could be woven and knitted, and could facilitate the
processing of complex structure. Therefore, the
mixed yarn composed of reinforced fiber and
thermoplastic fiber that was ideal middle medium
that could produce continuous reinforced fiber and
whole molding thermoplastic fiber.

Dong Weiguo and Huang Gu of Tianjin
Polytechnic University studied about glass fibers
and polypropylene fibers with a core-spun yarn that
are made the 3-D woven composite materials, and
they studied the 3-D woven composite material’s
porosity, tensile and bending properties [10].
This paper studied that 3-D woven with an angleinterlock structure impact and tensile properties
which was made by GF / PP mixed yarns, and
compared to the two-dimensional plain weave
laminate, which was made by the same materials.

Because of 3-D woven layer-to layer were linked
with yarns, so it improved significantly the fiberreinforced composite materials in the direction of
the thickness mechanical properties, compared to
the two-dimensional weave laminate, it had the
advantage of non-layer and high impact resistance
and so on. The mixed yarn had better woven
performance, with easily to achieve automation, the
advantages of low-cost manufacturing, which was
compared to the single reinforced fiber. At present,
the thermoplastic material researches are much
more that are produced by the two-dimensional
weave laminate was made by mixed yarn, and then
it through a single-layer or multi-layer hot-press [1-8].

1.Experience
1.1 The production of composite materials
Making fabric’s yarn was GF/PP mixed yarns that
were combined with reinforced fiber GF (glass
fiber)
and
thermoplastic
fibers
PP
(polypropylene).Yarns were made in the spinning
frame, so the production efficiency was high. Due
to we adopt reasonable spinning methods and
technical parameters, the glass fiber strength did
not reduce, the effect of coating was good, and it
had a good weaving performance. Yarn structure
parameters were shown in the Table Ⅰ. 3-D woven
with an angle-interlock structure and 2-D plain
weave laminate were woven by yarns mentioned as
above, the weaving structure were Figure 1 A, 1B,

Byun, Hyung Joon and so on made the impact test
and openings tensile test on 3-D woven
thermoplastic composite materials and 2-D plain
weave laminate which were made by CF/PEEK
mixed yarn. The results shown that: carbon fiber
volume’s concentration were 53%, the 3-D
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the fabric structure parameters were shown in the
Table Ⅱ

In Dynatup9250HV material impact testing
machine, we had an impact testing to the composite
material C1, C2.Punch shape was round, punch and
boards were vertical, the hammer quality was
5.7806 kg, the impact speed was 1.70 (m / s).
Sample size was 95x95mm, each material tested
five times, and calculated the average value.
Adopted Instron3369 test machine to composite
material tensile properties. Drawing speed was 2.00
mm / min, the sample size was 95x15mm. Each
material tested five times, and calculated the
average value.

Table1Ⅰ. Structural parameters of the GF/PP commingled yarn
Glass fiber
array (tex)

GF
diameter(μm)

GF/PP quality F/PP yarn
ratio

70.0

19.7240

50.66/49.34

135.27

TableⅡ. Structural parameters of fabrics made from the GF/PP
commingled yarn
Textile
weave

Warp
yarn/cm

Weft
yarn/cm

Thickness
（mm）

2.Rusults

Weft
layer’s
count
（layer）

Angleinterlock

18.2

80.3

4.9

5

Plain
weave

36.5

200

1

1

2.1 Discussion of impact experimental results
3-D woven with an angle-interlock structure and
plain weave laminate that 5 layers superimposed,
their impact load - time curve were shown in
Figure 2A, 2B. The load appeared obvious
fluctuations, 3-D woven with an angle-interlock
structure was about 6 ms, plain weave laminate that
5 layers superimposed was about 3.5 ms,
corresponding to the load (converted into unit
thickness load) were about 1.0 KN / mm and 0.68
KN/mm. The impact load appeared obvious
fluctuations, the composite material had emerged
fiber and matrix cracking, fiber out of the matrix,
or fiber breaked and other damages.
Averaged the two materials of 5-impact test index,
were shown in Table Ⅲ. Compared 3-D woven
with an angle-interlock structure and plain weave
laminate that 5 layers superimposed, the unit
thickness of maximum load increased 46.9%, unit
thickness of the total absorbed energy increased
60.2%, the maximum load energy increased 69.9%.
Table Ⅲ is the impact properties of C1 and C2.

Figure1A. Angle-interlock structure

Figure1B. Plain weave structure
（Record: circles represent weft, curves represent warp）

3-D woven with an angle-interlock structure and
2-D plain weave laminate that 5 layers
superimposed (when they superimposed, each
layer’s warp in the same direction), respectively
put the dies, the temperature was 180℃, 10 Mpa
pressure, kept temperature and pressure about 15
min, then kept pressure till cool, took out
specimens, obtained composite materials. 3-D
woven with an angle-interlock structure code name
was C1, 2-D plain weave laminate that 5 layers
superimposed which code name was C2,the
thickness respectively were 1.41 and 1.97 mm.

Composit

Maximu

Maximum

Maximum

Total

ed

M

load’s

load’s

energy(J/m

load（Kn

energy(J/

displacement(

m)

/mm）

mm)

mm)

materials

C1

1.17735

6.23156

10.00100

6.84504

C2

0.80154

3.66598

7.71605

4.27196

TableⅢ. Impact properties of the composite materials

3-D woven with an angle-interlock structure in x, y,
z direction had fiber distributing, in the thickness
direction (z direction), the fiber can improve the

1.2 Samples and Tests
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mechanical properties of the thickness direction.
The thickness of the fibers and each layer fibers
crosslinked, made composite material as a whole,
but plain weave laminate that 5 layers
superimposed, which layer and layer did not
crosslinked by fibers, only by resin. Figure 4 were
internal structure photos of the 3-D woven with an
angle-interlock structure and plain weave laminate
that 5 layers superimposed, it could see the no
boundaries between the layers of 3-D woven with
an angle-interlock structure, and we could see the
obvious boundaries between the layers of the plain
weave laminate that 5 layers superimposed.
The laminated composite materials, in the lowenergy impact process, the damage first appeared
near the impact positive layer, the damage mode
was matrix extrusion destruction and stratified,
main damage was stratified [11]. The threedimensional composite materials endured the
impact load, because the thickness of the fibers and
each layer fibers crosslinked, made composite
material as a whole, restrained the expansion of the
stratified damage, made load could transmit to the
whole thickness direction, so the initial damage to
the load and the maximum load could be improved.
3D woven fabric warp had larger bending, in the
compression molding process, became the random
bending curve, endured the impact of the damage,
would increase material deformation, made the
material have a greater impact toughness.
3 Conclusions
3-D woven with an angle-interlock structure and
plain weave laminate that 5 layers superimposed
were made by the same yarns, and made composite
materials through the same hot-pressing process, it
can be considered that two materials had the
similar void volume, so the volume content of the
fibers were similar, the conclusions as below by the
two materials impact and tensile test:

[9] M. D. Gilchrist，N. Svensson，R. Shishoo.
Fracture and fatigue performance of textile
commingled yarn composites[J]. Journal of
thermoplastic composite materials,1998,33:4049 –
4058

1 Compared 3-D woven with an angle-interlock
structure and plain weave laminate that 5 layers
superimposed, the unit thickness of maximum load
increased 46.9%, unit thickness of the total
absorbed energy increased 60.2%, the maximum
load energy increased 69.9%.
2 Plain weave laminate that 5 layers superimposed
had larger elastic modulus, lower elongation at
break, the biggest breaking stress were close
between the two materials; 3-D woven with an
angle-interlock structure had higher elongation at
break, and larger breaking work
REFERENCE
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ABSTRACT
The alginate fiber with antibacterial activity was prepared by spinning sodium alginate into the coagulating
solution composed of antibacterial agents and CaCl2 aqueous solution. The mechanical properties, morphology
and chemical structure of this fiber were investigated and compared with common alginate fibers, cotton fibers
and viscose fibers by Electronic Single Fiber Tensile Strength Tester, SEM, FTIR. Otherwise, the absorption
capacity of this fiber was determined by using centrifugal method and the antibacterial efficiencies of this fiber
were assessed according to AATCC Test Method 100-1999. The breaking tenacity of this fiber was 2.34 cN/dtex,
which approximated to that of common alginate fibers, higher than that of viscose fibers, but lower than that of
cotton fibers. According to the SEM micrographs, this fiber had a smooth surface with grooves and irregular
serrated-shaped cross section, which were similar with viscose fiber. This fiber’s capacity of absorbing man
made blood was 12.89 gram per gram of this fiber, which approximated to common alginate fibers but much
better than cotton fibers and chitin fibers. The inhibitory rate of this antibacterial alginate fiber to Gram-positive
S. aureus and Gram-negative E. coli respectively was 99.3%, 98.6%.
KEYWORDS: alginate fiber, antibacterial activity, mechanical properties, SEM micrographs, absorption
capacity
the application of this alginate fiber with
antibacterial activity has a significant social and
Introduction
Sodium alginate from brown algae is a linear
economic benefit.
polysaccharide of 1→4 linked β-D-mannuronic acid
(M) and α-L-guluronic acid (G) [1, 2]. In the presence
Experimental
of multivalent cations, α-L-guluronic acid (G)
Materials
residues from two or more alginate chains form a
The antibacterial alginate fiber was prepared by the
three dimensional network that can be described by
research group of Professor Zhu Ping.
“egg box model” [1, 3-6]. By use of this property
aboved, alginate fibers can be prepared by
Mechanical Properties Testing
The breaking strength of antibacterial alginate
extruding sodium alginate solution into a bath of
fibers, alginate fibers, cotton fibers and viscose
calcium ions [7-10]. The prepared alginate fibers can
fibers were measured with Electronic Single Fiber
be chopped for use in nonwoven materials such as
Tensile Strength Tester with 50 times test, 15mm
wound dressing, which can absorb exudates of
space, 0.3cN pre-tension, and 20mm/min stretching
wounds and form a lay of moist gel providing a
speed.
desirable wound healing environment and
enhancing the recovery process of wounds. And the
alginate fiber is biocompatible, so it is very good
Absorption Capacity Determination
Weighed a certain mass of antibacterial alginate
for application to the wound dressing [11-14]. Wound
fibers, alginate fibers, cotton fibers and chitin fibers,
dressing made from alginate fibers can absorb
respectively put them into the distilled water,
exudates of wounds and form a lay of hydrogel,
physiological saline and solution A [15] (solution A,
which will absorb bacteria to its surface to prevent
the wound infection. However, it is needed to
according to British Pharmacopoeia, imitates the
change the dressing during the wound healing, for
contents of Na+ and Ca2+ in blood, which contains
the bacteria will fall off after adsorptive saturation
142mmol/L Na+ and 2.5mmol/L Ca2+), and took out
and lead to the wound infection.
these fibers after an hour in order to make these
This paper studied of the structure and properties of
swatches get wet through. After 2~3 minutes
antibacterial alginate fiber, which was prepared by
gravity drainage, dehydrated these fibers with a
adding reactive cationic antimicrobial agent into the
centrifuge for 4~5 minutes, then weighed their mass
CaCl2 coagulation bath. The antibacterial activity of
(G0). Dry these dehydrated fibers at the temperature
this fiber is long-lasting, which will effectively
of 105~110℃, put them into a silicagel desiccator,
prevent the growth of the bacteria, accelerate the
and then quickly weighed their mass (G) after 30
wound healing and avoid the dressing replacing, so
minutes. Absorption capacity of these fibers were
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calculated using Eq. 1.

N(g / g) =

B

(1)

peaks of alginate fiber at 1025 cm-1 are higher,
suggesting the complex reaction of carboxyl groups
and calcium ions, creating the structure of C-O-CaO-CO [20-22]. The IR spectrum of antibacterial alginate
fiber showed characteristic peaks at 1634 cm-1 and
1376 cm-1, suggesting the reaction of the antibacterial
agents and sodium alginate molecule.
Mechanical Properties of Antibacterial Alginate
Fiber
Fig. 3 and Table 1 show the mechanical properties
of antibacterial alginate fiber, alginate fiber, cotton
fiber and viscose fiber. Complex reaction of Ca2+
and carboxyl groups of sodium alginate molecule
enhanced the intermolecular force of alginate fiber,
so alginate fiber’s breaking tenacity was higher than
viscose fiber. But the degree of alginate fiber’s
orientation and crystallinity were lower than cotton
fiber, which made alginate fiber’s breaking tenacity
was lower than cotton fiber’s. The complexation
also limits the movement of alginate fiber’s
molecule, which made the elongation at break of
alginate fiber was the lowest among these three
kinds of fibers. The stress-strain curve of
antibacterial alginate fiber is nearly coincident with
that of alginate fiber, but the breaking tenacity of
anbacterial alginate fiber is a little higher than
alginate fiber and its elongation at break is a little
lower than alginate fiber’s. This Phenomenon
proved the antibacterial agents reacted with alginate
fiber’s molecule.
Absorption Capacity of Antibacterial Alginate
Fiber
Absorption capacity of antibacterial alginate fibers,
alginate fibers, cotton fibers and chitin fibers were
calculated using Eq. 1 and shown in Table 2. The
absorption capacity of alginate fibers was better
than either cotton or chitin fiber, especially the
outstanding absorbency of solution A imitating the
wound exudates, so the alginate fibers are
excellently suited for the wound dressing. The
carboxyl groups on macromolecule of alginate
fibers have a strong hydrate ability to absorb a lot of
water. What’s more, the amorphous region of
alginate fibers is bigger, so alginate fibers’
absorbency was the best compared with cotton fiber
and chitin fiber.
There were lots of Na+ in physiological saline,
which could exchange with Ca2+ in alginate fiber.
Resulting that the carboxyl groups closed by the
“egg-box” structure were released and increased the
hygroscopicity groups. So the alginate fibers had a
great absorbency of physiological saline. There
were some calcium ions in solution A, which could
hinder the ions exchange between Na+ and Ca2+, so
the alginate fibers’ absorbency of solution A was
lower than physiological saline, but higher than
distilled water. Because the antibacterial agents
reacted with alginate fibers’ molecular, which

Antibacterial Efficiencies Testing
Antibacterial efficiencies of antibacterial alginate
fibers were assessed according to AATCC Test
Method 100-1999. Gram-positive S. aureus and
Gram-negative E. coli were used as the test
microorganisms. Fiber swatches were treated with
1.0 ±0.1 mL of the bacterial inoculum in a 250 mL
container. The inoculum was a nutrient broth
culture containing 104-106 colony forming units
(CPU)/mL of bacteria. After test and control
swatches were in contact with the bactena for 24 h,
100 mL of sterilized distilled water was poured into
the vessel, vigorously shaken, and diluted. The
diluted solutions were plated on nutrient agar and
incubated for 48 h at 37 ℃. The viable colonies of
bacteria on the agar plate were counted, and the
inhibitory rate of these antibacterial alginate fibers
was calculated using Eq. 2 [16-19].
(2)
B-A
Inhibitory rate (%)=

GO −G
×100%
GO

× 100

A is the number of bacteria recovered from the
inoculated and incubated treated alginate fibers with
antibacterial activity and B is the number of
bacteria recovered from the control fiber swatches.
Testing of the samples was done in triplicate and
the results were reported as an average bacterial
count.
Results and Discussion
Morphological Structure of Antibacterial
Alginate Fiber
The morphological structure of alginate fibers with
antibacterial activity has been examined by SEM.
Fig. 1 shows SEM micrographs of the surface and
cross section of these fibers. The antibactiral
alginate fibers had a smooth surface with grooves
and irregular serrated-shaped cross section, which
were similar with viscose fiber, for the reason that
fibers shrank as a result of dehydration at the
process of fibers forming. The morphological
structure of antibacterial alginate fiber is same with
algiante fiber, which means the adding of
antibacterial agents didn’t change alginate fiber’s
structure.
IR Analysis of Antibacterial Alginate Fiber
The IR spectra of antibacterial alginate fiber,
alginate fiber and sodium alginate are shown in Fig.
2. The absorption of C-H stretching vibration at
2926 cm-1 in hexatomic ring of sodium alginate
molecule become weakened in the spectrum of the
alginate fiber, and the absorption of O-H stretching
vibration in hexatomic ring of sodium alginate at
3429 cm-1 are broadened and shift to lower
wavenumbers, suggesting the complex reaction
among carboxyl groups and the calcium ions, which
limited the stretching vibration of C-H and O-H in
hexatomic ring. Compared with the absorption of
C-O stretching vibration in sodium alginate, the
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decreased the hygroscopicity groups of alginate
fiber, the absorption capacity of alginate fibers with
antibacterial activity was a little lower than that of
alginate fibers.
Antibacterial Efficiencies of Antibacterial
Alginate Fiber
The antibacterial activity of antibacterial alginate
fiber was tested using the AATCC Test Method
100-1999. The inhibitory rate of this fiber to
Gram-positive S. aureus and Gram-negative E. coli
was calculated using Eq. 2 and the data is given in
Table 3. The inhibitory rate of antibacterial alginate
fiber was higher to S. aureus than against E. coli,
but the control sample (alginate fiber) also showed
some antibacterial activity against E. coli. The
inhibitory rate of antibacterial alginate fiber to
Gram-positive S. aureus and Gram-negative E. coli
respectively was 99.3%, 98.6%.
Conclusions
The antibacterial alginate fiber was prepared by
adding reactive cationic antimicrobial agent into the
CaCl2 coagulation bath basing on alginate fiber’s
preparation process. The fibers had uniform surface
with grooves and the irregular serrated shaped
cross-sections and the IR spectrum showed the
reaction of calcium ions, antibacterial agents and
alginate fibers’ molecule. The fibers had great
strength and great absorption capacity to human
wound exudates, thus it is well suited for wound
dressings. The antibacterial activity of this fiber is
long-lasting, which will effectively prevent the
growth of the bacteria, accelerate the wound healing
and avoid the dressing replacing, so the application
of this alginate fiber with antibacterial activity has a
significant social and economic benefit.
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Fig. 1 SEM micrographs of (a) the surface and (b) cross-section of alginate fiber with antibacterial activity.
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Fig. 2 IR spectra of (a) sodium alginate, (b) alginate fiber and (c) antibacterial alginate fiber.
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Fig.3 Sterss-strain curves of (a) cotton fiber, (b) antibacterial alginate fiber, (c) alginate fiber and (d) viscose fiber.

Table 1 Mechanical properties of antibacterial alginate fiber, alginate fiber, cotton fiber and viscose fiber
Samples

Linear density / dtex

Cotton fiber
Alginate fiber
Viscose fiber
Antibacterial alginate fiber

breaking tenacity / cN.dtex-1

1.63
1.67
1.58
1.67

2.54
2.32
1.98
2.34

Elongation at break / %
`

13.12
10.08
20.32
10.06

Table 2 Absorption capacity of antibacterial alginate fiber, alginate fiber, cotton fiber and chitin fiber
Samples

Physiological saline

Alginate fiber
Cotton fiber
Chitin fiber
Antibacterial alginate fiber

Man made blood

17.10
0.05
0.32
16.89

13.01
0.15
0.20
12.89

Distilled water
0.48
0.21
0.24
0.47

Table 3 Inhibitory rate of this antibacterial alginate fiber to Gram-positive S. aureus and Gram-negative E. coli
Samples
Control fiber samples
Antibacterial alginate fiber

Gram-positive S. aureus
Number of
Inhibitory
bacteria
rate / %
155
1
99.3
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Gram-negative E. coli
Number of
Inhibitory
bacteria
rate / %
142
2
98.6
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ABSTRACT
Pearl fiber is a novel functional material which contains many kinds of amino acids and trace elements,
possesses three functions of protecting against ultraviolet ray, emitting far-infrared radiation and whiting. UPF
values of one cotton sample and five pearl fiber/cotton blended samples are tested by UV-1000F Ultraviolet
Transmittance Analyzer. Analysis are made on composition of material, yarn count and fabric structure, the
main elements and corresponding rules influencing the ultraviolet protective property of pearl fiber blended
fabric are studied. It is shown by experimentation that pearl fiber blended shirt fabric has a favorable property of
anti-ultraviolet.
Keywords: pearl fiber; functional fiber; shirt fabric; anti-ultraviolet; UPF
crystalline electric field effect to become weak and
the far-infrared lattice vibration become weak even
disappeared[1].

INTRODUCTION
Generally speaking, fiber is a translucent body.
When clothes are exposed to the sun, some of the
sunlight is reflected, some is absorbed by the fabric
and the rest passes through the clothes. Ultraviolet
ray in sunlight has a great hazard to humans.
Research shows that the majority of the summer
light fabrics can’t provide sufficient protection
against ultraviolet ray. Therefore, an issue is put
forward for textile professionals to develop light
and comfortable fabrics with better performance of
anti-ultraviolet. New functional pearl fiber has an
excellent anti-ultraviolet performance. It is worth
studying to develop comfortable and antiultraviolet fabric by means of blending pearl fiber
with cotton.

Nano-calcium carbonate can enable its carrier to
absorb ultraviolet ray, emit infrared radiation and
enhance the shielding effect of the material when it
is added into the fiber, thus achieving the purpose
of anti-ultraviolet[2]. During the process of spinning
viscose fibers, D90 ≤ 300nm pearl particles are
added in the slurry so that a large number of pearl
particles evenly distribute on the surface and the
inner of the fiber[3]. Comparing to conventional
viscose fiber, pearl fiber can nourish the skin,
protect against ultraviolet ray and emit far-infrared
radiation, in addition, it is more soft, smooth and
shiny, the wearability of fiber material is improved
as well[4].APPROACH
Sample preparation Five kinds of pearl
fiber/cotton blended fabric samples (No.1-5) and a
pure cotton fabric (No.0) were tested and compared.
Luthai Textile Co., Ltd. provided the
samples.TABLE I. sample specification parameters

ANTI-ULTRAVIOLET
PROPERTY
OF
PEARL FIBER
Pearl fiber is an organic gem. Its main component
is calcium carbonate, the content reaches over 90%.
The remaining ingredients are varieties of amino
acids (2~3%) and trace elements (1~2%). Calcium
carbonate is excellent ultraviolet shielding
material.Ultra-fine particle of calcium carbonate
has quantum size effect, small size effect, surface
effect and macroscopic quantum effect that
common calcium carbonate doesn’t have by reason
that its crystal structure and surface electronic
structure are changed. The absorption edge of
nanometer calcium carbonate presents significant
blue shift, because there is strong distortion stress
and size effect existing in the microcrystalline
structure of nano-calcium carbonate, which causes
Specification parameters (fiber proportion, Fp; pearl
fiber/cotton, P/C; yarn count, Yc; warp and weft
densities, Wd; fabric weave, Fw) of the sample are
shown in Table I.

Spec.
No.
0
1
2
3
4
5

Fp
(P/C%)
100%C
30/70
30/70
30/70
30/70
50/50

Yc
(tex)
4.9×2
5.9×2
4.9×2
4.9×2
4.9×2
4.9×2

Wd
(yarns/10cm)
150×120
150×90
160×100
160×100
160×90
160×100

Fw
Twill
Twill
Twill
Twill
Twill
Twill

Test instrument The ultraviolet protective
property of samples is measured using UV-1000F
Ultraviolet Transmittance Analyzer produced by
Labsphere, Inc.. The instrument is designed for
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measuring the UV transmission of dry textiles as a
means of determining their ultraviolet protection
factor. The instrument operates by measuring the
diffuse transmittance of a fabric sample as a
function of wavelength in the ultraviolet spectrum.
The UV-1000F satisfies all the requirements of
Australian/New
Zealand
Standard
AS/NZ
4399:19961[5].
Data collection Five test points were randomly
selected on each sample (FIGURE 1 and FIGURE
2). Each point was measured once, the
corresponding data was recorded and a mean UPF
of each sample was further calculated.

FIGURE 2. Test places and UPF values of sample 3.

RESULTS AND DISCUSSION
Test data Test results of six samples are shown in
Table II. Two main indexes, ultraviolet protection
factor, (UPF) value and T(UV-B)AV, were
measured.
Data analysis According to the test results above,
under the condition of the same parameters, the
UPF value of the pearl fiber/cotton blended fabric
is significantly higher than that of the pure cotton
fabric; By contrasting the data of sample 3 and
sample 4, the conclusion can be drawn that the
UPF values of fabric with the same yarn but
different density vary: the higher the density, the
higher the UPF value will be; Yet the UPF value of
sample 5 which is higher in terms of pearl fabric
blending ratio proves to be lower than that of
sample 2 and sample 3. It is because that the
density of pearl fiber is higher than that of cotton
fiber, under the same yarn count condition, the
higher the blending ratio of pearl fiber, the finer the
yarn, the lower fabric tightness and UPF value will
be.

FIGURE 1. The black dots are the places to test. The figure
shows the UPF values of sample 0.

TABLE II Test results of six samples.

Test Point
No.
0
1
2
3
4
5

1

2

3

4

5

mean

T(UV-B)AV

UPF grade

11.79
22.02
18.99
18.70
20.06
17.65

11.30
23.77
19.00
20.59
18.47
17.79

12.18
22.27
25.43
27.24
17.21
17.24

11.36
22.29
21.47
32.88
16.15
17.98

12.37
22.57
20.47
29.03
19.55
17.31

11.80
22.58
21.00
25.69
18.29
17.59

6.08%
3.47%
4.43%
4.33%
5.93%
5.10%

10
20
20
25
15
15

Optimized scheme On the basis of test results and
analysis, fabric tightness was improved (TABLE
III). As is shown in TABLE IV, the UPF value of
the optimized fabric is significantly improved.

Spec.
No.
6

TABLE III Specification parameters of optimized sample.
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Fp (P/C%) Yc (tex)
30/70

4.9×2

Wd
(yarns/10cm)

Fw

180×90

Twil
l

TABLE IV Test results of optimized sample.

Test Point
No.
6

1

2

3

4

5

mean

T(UV-B)AV

UPF grade

31.74

31.71

31.57

33.61

30.96

31.92

4.10%

30

developing new product.

According to GB/T 18830-2002 standard, a fabric
can be called Ultraviolet-Protective Textile when
its UPF value is above 30 and T(UV-B)AV below
5%, thus pearl fiber/cotton blended shirt fabric has
the property of anti- ultraviolet.
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CONCLUSIONS
To sum up the analysis, the following conclusions
were obtained:
Pearl fiber is a functional material which performs
an excellent ultraviolet protective property. The
light fabric made of pearl fiber/cotton blended yarn
opens a new possibility to develop summer
clothing fabric. The market prospect is promising.
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Abstract: Flexible fabric keyboard is a field of electrical textiles. According to matrix circuit principle of fabric
keyboard, Three-layer Fabric Weaved Separately (TFWS) and Orifice Fabric Shaped Once(OFSO) were
designed. Weaving process, time consumption and connection ratio are tested. OFSO requires only one
procedure. Single layer structure can realize the same function as the TFWS. Weaving time of OFSO is percent
45 of TFWS. Moreover Connection ratio of 16 wefts in OFSO is 100%. Therefore for flexible fabric keyboard
matrix circuit 16 wefts in OFSO is comparatively adequate.
Keywords: fabric keyboard; matrix circuit; Orifice Fabric; connection ratio
that the fabric keyboard can perform correctly. US
patent describes a fabric keyboard consisting of up
to seven layers of fabrics[2]. Matrix circuit still
consisted of multilayer. The layers introduced
above are then assembled together, by a sewing
operation, or alternatively by lamination, to form
an assembled alpha-numeric keyboard.

OBJECTIVE
Designing the structure of flexible Fabric keyboard
matrix circuit through two kinds of methods and
comparing the effect
INTRODUCTION
Computer is now an indispensable facility for
modern life. Keyboard as an inputting equipment
for computer is also very important for us. Flexible
fabric keyboard is soft and foldable, and it
overcomes traditional horniness keyboard’s many
shortcomings, including lack of portability, not
suitable for integrating with items that need
washing, and etc. A vast amount of efforts are
being devoted worldwide to the development of
flexible fabric keyboards. The flexible fabric
keyboard matrix circuit is an important part for
fabric keyboard.

This type of multilayer fabric keyboard matrix
circuit is based on the same working principle of
the traditional horniness keyboard. It requires a
complicated multi-stage production procedure
involving time consumption and repetitive manual
operations. The holes in the insulating layer need to
be scratched one by one. Moreover every layer
must be accurately positioned to avoid faulty
connections of the circuit.
Canada Patent refers to a completely flexible
keyboard matrix[3]. Two layers are adopted. Every
layer has a pressing unit which is made from small
metal disk. A convex side of the upper disk is
facing the lower disk. Two layers are separated
from each other by a spring that is insulating when
not pressed. The pressing unit of the upper layer
will touch the pressing unit of the lower layer when
pressed. The electric circuit is connected through
the metal chains. Sewing technology is used[4].

To our knowledge and understanding, there is no
research exists which uses a three-dimensional
weaving method for matrix circuit. By using this
method the matrix circuit of fabric keyboard is only
one layer and can be realized in one operation.
A handful of researchers exist who attempt to
realize the matrix circuit[1-3]. For example
Chinese Patent reported a "soft fabric keyboard"[1].
This fabric keyboard comprised a key-press layer, a
top conductive layer, an isolating layer and a
bottom conductive layer which were arranged from
top to bottom. Matrix circuit was formed by the last
three layers above. The top surface of the key-press
layer was the keyboard position. All the holes on
the isolating layer were arranged corresponding to
the key positions. The row and column circuits in
the top and bottom conductive layers were woven
in place. The two circuits were connected to a
signal interface through the holes. Each hole
corresponding to the key-press position in the
isolating layer had to be excavated individually. All
these layers must be glued together accurately so

On the wider aspect of studying switch and sensor,
the principle is similar to matrix circuit. Moreover
there has been a little research that could be seen in
textile technology[5-8].
European Patent introduces conductive fabric
sensor for vehicle seats which consists of five-layer
laminate[5]. The basic construction comprises the
following elements: a first layer of conductive
fabric; a layer of adhesive; a layer of compressible
foam; a layer of adhesive and a second layer of
conductive fabric. The apertures are scratched in
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special position of the foam where there is no
adhesive. When pressed, two conductive fabrics
will be touched. Sandbach et al. presented a fabric
sensor which has a first fabric layer and a second
fabric layer in physical contact with the first layer
mainly using knitting method[6]. onathan et al.
studied an electrical switch which comprised at
least two electrically conductive contact portions
separated by compressible foam material[7].
Lussey et al. devised an electronic resistor user
interface which is characterised by textile –form
electrodes, a textile-form variably resistive element
and textile-form members connective to external
circuitry[8].

insulating layer there are three kinds of warp and
weft amount for example “4×4、6×6 and 8×8 in
TFWS”. 4×4 in TFWS expresses four warps and
four wefts inside the orifice. The rest of them are of
the same principle.

These methods have the same limitations. Switches
or sensors don’t shape once, many procedures are
demanded. Some accessories will be necessary but
affect the flexibility of the keyboard and lead to the
complexity of the procedure.

FIGURE 1. 3×3 keyboard matrix circuit principle

Orifice Fabric Shaped Once(OFSO)
By adopting three-dimensional weaving method the
fabric was woven only in one operation, at the
same time, can effectively realize the function
among the top conductive layer, the isolating layer
and the bottom conductive layer.

Our fabric keyboard matrix circuit is realized by a
three-dimensional weaving method. An important
merit of this method is that the fabric can be woven
in one operation. The matrix circuit is a single layer
structure. This simple manufacturing process
reduces production time and labor costs. Only one
layer is needed to perform the same function as the
multilayer structures. There is no need for
scratching holes and laminating layers. Therefore
the quality of the fabric keyboard matrix circuit and
efficiency are greatly improved, and consequently
the cost of fabric keyboard is greatly reduced.

Cross-section drawing along the warp direction is
shown in Figure 2. “①、②……” represent the
wefts and pick sequence of weave repeat. “1、
2……” indicate the warps and its sequence of
weave repeat. The top layer of the orifice has 1, 2,
3 and 4 warps and 1/3 twill is adopted. The down
layer of the orifice has 5, 6, 7 and 8 warps and 1/3
twill is also employed. According to position of the
key, 1,2,3 and 4 warps and eight wefts of the down
layer of the orifice adopt the stainless steel
filaments in special position. Figure 2 is simply
called “8 wefts in OFSO”. When repeating wefts
once or twice from 61 to 76, “16 wefts or 24 wefts
in OFSO” are named.

APPROACH
Materials: 86μm stainless steel filament and 20S/2
polyester yarn.
Three-layer Fabric Weaved Separately (TFWS)
As shown in Figure 1, fabric keyboard matrix
circuit consists of top conductive layer, insulating
layer and down conductive layer. At rest, the top
and down conductive layer don’t contact due to the
insulating layer’s insulation. When the key is
pressed, the top conductive layer and the down
conductive layer contact through the orifice. Hence,
the circuit is formed.

The section along the warp direction consists of a
support part and an orifice part that are woven
continuously. The orifice part corresponds to the
key position in the key press layer. The long
floating warps which act as the column circuits are
woven into the top layer of the orifice part.
Correspondingly the long floating wefts which act
as the row circuits are woven into the bottom layer
of the orifice part. The support part can isolate the
top and down conductive layers when no pressed.

According to the circuit principle of the horniness
keyboard, the top and down conductive layer were
weaved adopting 1/3 twill to obtain the better
conductive effect. The long warp floats are formed
on the down surface of top conductive layer and the
long weft floats are formed on the top surface of
the down conductive layer, so that contact
probability can be enhanced. The weaving position
of the stainless steel filament corresponds to the
orifice of the insulating layer. The insulating layer
makes use of many wefts weaved separately to
form the steady orifices. Inside orifice of the

FIGURE 2. Cross-section drawing of Orifice structure along the
warp direction
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RESULTS AND DISCUSSION
Weaving process
TFWS requires several fabrics that are woven
separately, that is three times of warping, drawingin and weaving. Three layers of fabrics need to be
accurately agglutinated into the assembled alphanumeric keyboard matrix circuit. Agglutination
must be completely strict with every layer in order
to avoid faulty connections of the circuit. This
process requires a multi-stage production procedure
and repetitive manual operations.

Reed number
The
total
warp number
shrinked
weft(%)
number/reed

312

154

615

204

204

112

150

71

71

71

75

132

132

144

530

8.97

8.97

7.79

2.44

4

4

2

8

weaving time(h)

4

Draw

n
ing -i

weav

ing

on
tin ati
a gg lu

total

FIGURE 3. TFWS and OFSO’s weaving time

Connection Ratio(CR) between TFWS and
OFSO
CR ： A value is expressed as the quotient of
numbers of connections divided by pressed times.
Testing method: connect two pens of multimeter
with the warp and weft stainless steel filaments,
press the contact position. The electric current is
shown, and the circuit is switched on.
According to Table 4, CR of 4×4 in TFWS is
percent 52 which is much lower than others.
Because the orifice of 4×4 is much smaller, the
contacted opportunity of stainless steel filaments of
the top and down conductive layer is decreased.
The orifices of 6×6 and 8×8 are more bigger, CR
is 100%. As long as the orifice can satisfy the
demand of CR, the smaller orifice is better.
Therefore the orifice of 6×6 is preferable. If the
orifice is too bigger, the top and down layer will
always contact with each other when pressed many
times. The CR will decrease.
The orifice of 24 wefts in OFSO is too long. Fabric
has serious pendency. After repeatedly pressed, the
top and down layer of the orifice can easily joint
together. The orifice of 8 wefts in OFSO is too
short. Even though pressed by applied force, the
top and down layers are not good to contact with
each other due to the obstacle of the support part.
The length of 16 wefts in OFSO is between 8 wefts
and 24 wefts which avoids their disadvantages. The
orifice of 16 wefts is clear-cut, has small pendency
and is easily operated. More importantly CR is not
bad.

OFSO
8.6

120

Connection Ratio(%)

Weft density
(roots/10cm)

312

6

diffe rent weaving procedure

TABLE I. Technique parameters of every kind of fabric
The
insulating
layer
8.6

8

ing
warp

According to Figure 3, we can see TFWS and
OFSO ’s weaving time are quite different. Time
consumption of OFSO is percent 45 of TFWS.
TFWS repeats the same procedure excessively, and
takes much time and labor force. OFSO’s
procedure is significantly simple, agglutination
doesn’t occur. Plenty of procedures are saved and
this simple manufacturing process reduces
production time and labor costs. Therefore the time
consumption is greatly reduced.

The down
conductive
layer
8.6

10

0

Time consumption between 4×4 in TFWS and 8
wefts in OFSO.
The weaving machine is the computerized sample
loom made in Tianjin Polytechnic University. The
model is ZSW.03. The technique parameters of
every kind of fabric are shown in Table I. Figure 3
shows TFWS and OFSO’s weaving time.

The
top
conductive
layer
8.6

12

2

OFSO requires warping, drawing-in and weaving
only once. Agglutination is not required. We can
call it a single layer structure. Only one layer is
enough to perform the same function as the
multilayer structures. Many complex and repetitive
procedures are quite unwanted.

Weaving
technique
parameter
Breadth(cm)
Warp density
(roots/10cm)

TFWS’s weaving time
O FSO 's we aving time

14

100
80
60
40
20
0
4×4

6×6

8×8

8 wefts

matrix circuit species

FIGURE 4. CR about TFWS and OFSO
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16 we fts

24 we fts

CONCLUSIONS
Due to adopting distinct designs, different weaving
processes, time consumption and CR accordingly
occur. TFWS has many repetitive and complex
procedures, and using much time and labor. Time
consumption greatly increases. As a result of the
same design with the conventional keyboard, CR is
right.
OFSO only adopts one procedure and much labor
and time are saved. Time consumption highly
decreases. The CR of 16 wefts in OFSO is percent
100. Therefore 16 wefts in OFSO is quite adequate
for the flexible fabric keyboard matrix circuit.
FUTURE WORK
The elasticity of the orifice part in OFSO should be
improved, so that the stability of matrix circuit is
good. We should improve the existing structure,
designing more reasonable three dimensional
structures or adopting the better materials. This
research is greatly useful for the development of
flexible keyboard matrix circuit which often
referred to as a smart textile product, is an
important part of the fabric keyboard for computers.
Additionally this matrix circuit can be found in
another area of research, for example, clothing,
decoration items, and so on. The fabric matrix
circuit forms the foundation for many smart textile
applications.
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INTRODUCTION
Nomex, developed by Du Pont in the early 1960s,
is a flame resistant meta-aramid material. Its
molecular structure composed of the aromatic rings
and the conjugated amide bonds is particularly
strong and resistant to chemical attack. At least
85% of the amide linkages are attached directly to
two aromatic rings, which provide a high degree of
heat resistance to the polymer backbone [1]. Nomex
material is widely used in industry, military and
firefighting circumstance for its excellent
performance in tenacity, modulus, dimensional
stability and heat resistance. But Nomex fibres
degrade severely under ultraviolet radiation both
from natural and artificial light. The tensile
strength of Nomex fibre retained 65% after 96
hours continuous exposure to light of 360nm
wavelength [2]. Discoloration of Nomex fibre
occurred with the strength loss. The strength loss
caused by UV degradation may restrict the
practical application of Nomex material. The
purpose of this study is to search an effective
method to protect the aramid high performance
fabric from UV degradation.

RESULTS AND DISCUSSIONS
Our preliminary work to this study showed that
after the exposure to xenon light for 160 AATCC
Fading Units (AFU) [5], the strength of Nomex
fabric lost up to 60%.
Figure1 and figure2 show the tensile strength and
elongation changes. The 6.0oz fabric performs
better than the 3.25oz fabric in tensile strength and
elongation after light exposure because the fabric
thickness can shield the further UV degradation.
Each of the coated Nomex fabrics in the two
figures has a 6.7% add-on weight after coating. The
tensile strength of the 6.0oz treated fabric exposed
to xenon light after 160 AFU is 17.1% higher than
that of the untreated fabric compared to 8.7% of the
3.25oz fabric (Figure1). The elongation of the
6.0oz treated fabric exposed to xenon light after
160 AFU is 15.7% higher than that of the untreated
fabric compared to 20.7% of the 3.25oz fabric
(Figure 2).

60

APPROACH
The approach applied in this study is to coat a
nanosized titania thin film on fabric surface as a
shield to protect the fabric from UV degradation.
Sol-gel coating is an optimum choice due to its
flexibility and low requirement to processing,
which is currently used on textiles to improve the
functions such as abrasion stability, water and oil
repellence, electrical conductivity as well as UV
protection [3]. In this study, nanosized titania sol is
prepared by hydrolysis and condensation reactions
of the precursor titanium isopropoxide. Then the
sol is coated on the surface of plain woven Nomex
fabric by passing through a wringer at room
temperature. Two Nomex fabrics with different
weights 6.0oz and 3.25oz are selected to reflect the
influences of fabric thickness on UV resistance and
effectiveness of the sol-gel coating process. The
add-on weight of the coating film is controlled by
adjusting the coating pressure of the wringer in
order to find an optimum coating effects for the
property improvement. Properties of treated fabrics
including add-on weight, tensile strength,
elongation, surface morphology [4], and laundry
resistance are investigated to evaluate the
effectiveness of the surface coating.

untreated

Tensile strength,kgf

50

untreated after
160AFU
titana coated
after 160 AFU

40

30
20

10
0
6.0 oz

3.25 oz

FIGURE 1. Comparison of tensile strength between untreated
and titania treated Nomex fabric.
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Photodegradative wavelength dependence of
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Applied Polymer Science, 13 No9., 1969, 18251832.
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[3] Mahltig, B., Haufe, H., & Bottcher. H.,
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Superhydrophobic cotton fabrics prepared by solgel coating of TiO2 and surface hydrophobization,
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FIGURE 2. Comparison of breaking elongation between
untreated and titania treated Nomex fabric.

[5]Colorfastness to Light (AATCC test method 162004), AATCC technical manual, 2006.

It is expected that with the increase of the add-on
weight, the treated fabric performs better in the
tensile strength and elongation. But the add-on
weight negatively affects the drapability and
thermal comfort property.

[6] Daoud, W.A. & Xin, J.H., Low temperature solgel processed photocatalytic titania coating.
Journal of Sol-Gel Science and Technology, 29,
2004, 25-29.

Scanning electronic microscopy (SEM) image
shows a morphological change on the surface. The
thickness of titania thin film coated on cotton fabric
showed to be about 100 nm under SEM [6]. It can
be expected the sol-gel treatment could generate a
continuous thin film with the thickness about 100
nm.

[7] Xin, J.H., Daoud, W.A., & Kong, Y.Y., A new
approach to UV-blocking treatment for cotton
fabric, Textile Research Journal, 72, No 4., 2004,
97-100.

Laundry resistance of coated fabric is important to
evaluate the effectiveness of the sol-gel treatment.
It can be expected that with the increase of laundry
cycles, the tensile strength of treated fabric will not
decrease significantly to show a good adhesion [7].
CONCLUSIONS
A method to improve the anti UV degradation
property of Nomex fabric is developed by adopting
a sol-gel coating approach. The method has
improved the tensile strength and elongation of
Nomex fabric under UV radiation without adding a
weight load to the fabric. It is expected a
continuous thin film with thickness about 100 nm
will be showed on the treated Nomex fabric from
SEM images and the laundry resistance is excellent.
FUTURE WORK
A plasma treatment method will be considered to
improve the anti UV degradation property of
Nomex fabric.
REFERENCES
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ABSTRACT
In order to study the relationship between sound absorption property and dynamic mechanical damping property,
in this paper, PVC (Polyvinyl chloride), PNBR (Nitrile rubber powder) and DOP (Dioctyl phthalate) were main
raw materials. Samples were prepared through changing the mass ratio of PVC and PNBR. And sound
absorption coefficient of samples with different proportion at different frequency were analyzed through the
standing wave tube two channel analyzer, and the damping properties of samples were tested through DMA
(Dynamic mechanical analysis)，and then molecular structures of composite material could be predicted. The
result showed that when mass ratio of PVC, PNBR and DOP is 70:30:130, the material possessed better sound
absorption property and the value of damping peak at the same temperature reached maximum, qualitative
relationship was proved.
KEY WORDS
Composite material; Dynamic mechanical property; Molecular structure; Sound absorption property
Samples are consisted of PVC, PNBR, DOP with
mass ratio of X: (100-X): 130 and appropriate
amount of additive. When mixed powder were
homogeneous, the plasticizer DOP was poured into
mixed powder, and then concentrated solution was
poured into the mold (size: diameter is 10cm and
thickness is 1cm), then mold was laid the on plate
vulcanization machine with 155 ℃ for 15min,
finally, the samples were prepared.

0. INTRODUCTION
Noise hazards attracted more and more attention;
noise pollution, air pollution and water pollution are
recognized as the three major kinds of pollution [1].
It's extremely important to reduce noise to improve
the working environment, quality of life and
concealment of military equipment. Means of noise
reduction involve control on the noise source, noise
isolation and noise conversion. Sound-absorbing
materials are the most fundamental means to reduce
noise in many means of noise reduction.
At present, sound absorbing materials with
comprehensive properties have been widely applied.
Improving damping characteristic will enhance the
acoustic properties of materials due to viscoelastic
and internal damping properties owned by organic
polymer materials. PVC has greater stiffness and
better mechanical properties but poor flexibility,
and NBR has good elasticity and oil resistance.
Thermoplastic elastomer with high elasticity, high
damping value, and oil resistance can be prepared to
accomplish the complementary advantage [2].
1. APPROACH
1.1 Materials
Polyvinyl chloride resin (EPVC), P-450, Tianjin
Bohai Chemical Co., Ltd; Nitrile rubber powder
(PNBR), P83, French Eliokem Company; Dioctyl
phthalate (DOP), industrial grade, Hangzhou
Jinsheng Plastics Company; Stearic acid, sulfur,
zinc oxide, accelerator DM, accelerator M:
industrial grade, saled in the market.

1.3 Characterization on samples
The test on sound absorption property: Sound
absorption coefficient of sample could be measured
by SW002 standing wave tube and VS302USB dual
acoustic analyzer provided by Beijing Shengwang
Electricity Technology Co., Ltd. Sound absorption
coefficient of samples with different proportion at
125Hz, 250Hz, 500Hz, 1000Hz, 2000Hz, 4000Hz
were measured , diameter of sample was 10cm and
thickness of sample was 1cm. Sample was placed
on the front of sealed standing wave tube , and then
the data on the computer could be got through
moving car, sound absorption coefficient could be
calculated through formulas. The principle is that, at
the condition of normal incidence, standing wave is
formed after superposition between incident plane
sine-wave and reflected wave of sample.

Calculation of sound absorption coefficient is as
follow:
ΔL

/ 20

4 × 10 p
α =
Δ L / 20
(10 p
+ 1) 2

1.2 Preparation

(1)

Where α is sound absorption coefficient; △Lp is
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and molecular weight are more than 10,000.There
exists relatively easy movement among polymer
molecules and chemical units of the internal
molecular can freely rotate, so the twists and turns
of molecular chain will result in stretching, bending
and other deformation by alternating stress [6]. On
the other hand, relative slip and torsion will happen
among paragraphs of the molecular chain. When the
alternative stress is finished, the deformed
molecular chain should restore to original shape,
relative operation of molecular chains should be
partial recovery and release power of external
forces. These reasons are contributed to different
molecular movement ,so tan δ of different
proportion materials are not the same.

difference between maximum sound pressure level
Pmax and minimum sound pressure level Pmin, units
are dB.

FIGURE 1 Connection of acoustic apparatus

The test on dynamic mechanical property: Dynamic
mechanical property (damping) of sample was
tested by Q800 dynamic mechanical analyzer
(DMA) provided by United States TA Company.
Diameter of the cylinder sample was 12mm;
damping factor, storage modulus and loss modulus
were analyzed with 1Hz, and testing temperature is
from -50℃ to 60℃ with warming rate of 3℃/min,
compression fixture was adopted.

2.2 Analysis on sound absorption property of
composite materials
Sound absorption coefficient of material PNBR /
PVC is measured by standing wave tube, and then
the curve of different samples at different
frequencies could be got. Impacts on acoustic noise
reduction factors involve composition of the
material, thickness, size and air layer behind the
material. Samples in this experiment have the same
thickness and size, and testing sample is close to
end of standing wave tube, sound absorption
coefficient of different samples are analyzed.

2 RESULTS AND DISCUSSION
2.1 Analysis on dynamic mechanical property of
composite materials

TableⅠ shows that sound absorption coefficient of
samples with different proportions at different
frequencies, although the mass ratio is different,
samples have the similar change tendency, however,
intensity of absorption of waves are different, there
is poor acoustic performance at 125Hz, 500 Hz,
4000Hz but better at 250 Hz, 1000 Hz, 2000 Hz.
When the sound wave transmits on media interface
with different density and sound velocity, reflection
and refraction will occur. Sound absorption
coefficients of samples have close relationship of
sound waves, and the general law is: With the
increase of frequency, the sound absorption
coefficient increase gradually, when the frequency
reaches critical value, the sound absorption
coefficient gets maximum, and then will be lower
with the elevation of frequency [7]. Maximum sound
absorption coefficient of each sample appears at
2000Hz among six frequencies which show that the
sample plays a good role at middle frequency.

NBR
2:8
3:7
4:6
5:5
6:4
7:3
8:2
9:1

1.6
1.4
1.2

Tan δ

1.0
0.8
0.6
0.4
0.2
0.0

-60

-40

-20

0

20

40

60

80

Tempreture(℃)

FIGURE 2 Dynamic mechanical maps of materials with different
proportion

Fig 2 is the dynamic mechanical map of samples
with different proportion, although the compositions
of composites were different, their damping peaks
all appeared at around -30℃.The reason for that
glass transition temperature shift to lower is caused
by plasticizers DOP. At range of test, only a single
damping peak can be found in the curve which
exhibited good compatibility between PNBR and
PVC, because both of them have similar solubility
parameters
with
9.5-9.7
and
9.6-10.3
(cal/cm3)1/2respectively[3,4], blends could achieve
compatibility with chain segments [5]. Value of
damping peak is not the same as shown in the Fig 2,
the reason for this is in the polar polymers, one
molecular is consisted of one thousand more atoms,

The internal air and sample skeleton are vibrating
with a small range at low frequency of incident
acoustic wave, only a small amount of sound energy
can be transformed into thermal energy to dissipate
out[8], so measured sound absorption coefficients are
smaller. When the movement rate of polymer chains
and resonance frequency are near, the viscoelastic
loss absorption of polymer became apparent; the
peak of sound absorption coefficient occurred. With
the increase of sheet thickness, the peak of sound
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TableⅠ Sound absorption coefficient of samples with different proportion at different frequencies
Different proportion
（PVC/PNBR）

Sound absorption coefficient (α) at different frequencies f（Hz）
125

250

500

1000

2000

4000

2:8

0.0211

0.0969

0.0131

0.0620

0.1404

0.0544

3:7

0.0242

0.1000

0.0165

0.0726

0.1665

0.0668

4:6

0.0245

0.0983

0.0276

0.0811

0.1870

0.0478

5:5

0.0225

0.1102

0.0107

0.0852

0.1847

0.0660

6:4

0.0219

0.1168

0.0120

0.0862

0.1957

0.0590

7:3

0.0191

0.1706

0.0172

0.1046

0.2201

0.0701

8:2

0.0192

0.1061

0.0203

0.0835

0.1820

0.0276

9:1

0.0190

0.1283

0.0577

0.0796

0.1361

0.0221

more branched chains, and different peak shape is
formed because of different molecular structures.
When mass ratio of PNBR and PVC is 3:7, large
internal loss emerged due to many tangles with each
other and more large molecular structures which are
consisted of branched-chain.

absorption coefficient improves gradually and
moves to low-frequency. High frequency sound
waves are mainly absorbed at the material surface
and low frequency sound waves are absorbed in the
inner material, so with the increase of material
thickness, low-frequency impedance increases, and
sound absorption coefficient at low-frequency
increases, but impact little at high-frequency [9].

1.8

Sound absorption coefficient

1.7

2.3 Relationships between sound absorption
property and molecular structure

1.6
1.5
1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5

FIGURE 3 Physical crosslinked structures

0.4

2:8

3:7

4:6

5:5

6:4

7:3

8:2

9:1

Different proportion(PVC:PNBR)
FIGURE 4 Comparison on dynamic mechanical peak

When mass ratio of PNBR and PVC is 3:7,
composite has largest damping value among
different samples in the Fig 3 which could explain
that
when
there
exists
external
force,
macromolecular chain is difficult to move, because
this strain lags behind stress, cycling changes of
tensile-retraction need to overcome the internal
friction from its own macromolecular chain, so
internal loss happened, at last, mechanical energy
will be changed into heat energy in the form of
energy emission. Fig 3 shows that Many physical
crosslinking points (Red) [10] are formed attributed
to strong interactions of polar group or the
hydrogen bonding, PNBR / PVC composite is
constituted of long-chain molecules with small and
simple chemical units, so molecules are bonded
easily with each other by physical links [5],
three-dimensional molecular networks are consisted
of thousands molecules through polycondensation.
We could infer from this, complexity of the
molecular structure of sample (Degree of
cross-linking) can be deduced from changes in the
DMA map (Fig 2), larger damping value means

0.24

125
250
500
1000
2000
4000

Sound absorption coefficient α

0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

2:8

3:7

4:6

5:5

6:4

7:3

8:2

9:1

Different proportion (PVC/PNBR)

FIGURE 5 Sound absorption coefficient of samples with
different proportion at different frequency

In the test, the pressure of sound wave is small, so
deformation of the sample is small; however,
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damping is not the only mechanism for the sound
absorption for the composite material. In the
composite, chlorine atom and methyl of the rubber
are large side groups which make movement change
of molecular vibration difficult, when certain energy
of incident wave function on the inside composite
material, there must be more energy to change
vibration of the molecular, and thus more energy is
consumed, so the acoustic attenuation is faster, so as
to achieve the purpose of noise reduction [11].

In accordance with Fig 4 and Fig 5, tendency of
changes in absorption coefficient is consistent
with variation of value of DMA peak, the reason
is that maybe resonance frequency of large structure
is similar to the incident wave, so more energy
could be discharged out. So we could infer that
there exists linear relation between absorption
mechanism and the molecular structure, however
the change is not quantitative attributed by some
different properties such as uniformity and
temperature difference and so on.
3 CONCLUSIONS
1. Damping peak appeared at around -30℃ which
shows there is good compatibility between PNBR
and PVC.
2. There is poor acoustic performance at 125Hz,
500 Hz, 4000Hz but better at 250 Hz, 1000 Hz, and
2000 Hz.
3. PNBR/PVC with mass ratio of 3:7 has largest
damping value among different samples which
results in relatively large changes of internal loss,
and thus it makes sound waves change vibration of
molecular difficult, more sound energy could be
consumed, absorption with this ratio better than
others.
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OBJECTIVES

TABLE II. Body angle measured on male body manikin

The purpose of the study is to analyze the
efficiency of the solar cell in terms of location of
body and the comfort properties of the solar cell
attached jacket with cooling device.

Center Front
cm
°
13
65
18
70
22
75
31
87
39
90
45
92

INTRODUCTION
One of the major purposes of wearing garments is
to keep the body temperature constant. These days,
technology pushed to have intelligence in garments
to have better temperature adaptability and to keep
body temperature constant even at extreme
conditions. To impart intelligence, we need some
sort of energy supply. Application of solar cell to
textile product has been reported even though the
efficiency of the fiber type (Peumans, 2008;
Kennedy, 2008 ) is still very low.
Among the solar cells, we chose silicon solar cell
which has the highest efficiency of 25% and
applied to outer jacket that is equipped with
cooling device.

Front1/4 line
cm
°
4
20
8
33
17
60
25
77
30
85
41
95
48
85
57
88

Center Back
cm
°
4
60
8
81
14
78
22
92
42
100
54
85
63
90

TABLE III. Body angle measured on female body manikin
Center
Front
cm
13
17
34
42
52

EXPERIMENTAL
Silicone solar panel
Commercially available Silicon solar panel was
selected (Hae Sung Solar Model: HS 1W) and their
characteristics are shown in Table І.

°
70
77
95
87
94

Front
Princess
line
cm
°
4
35
7
48
20
56
22
67
29
86
41
91

Center
Back
cm
4
6
11
39
49
57

°
50
63
82
98
80
85

TABLE I. Physical characteristics of silicon solar cell
Dimension
170ⅹ122ⅹ2 mm

VOC
(V)
6.9

ISC
(A)
0.25

VOP
(V)
5.7

Back1/4 line
cm
°
3
7
6
30
9
40
11
70
15
83
20
93
42
116
54
85
61
90
70
95

IOP
(A)
0.24

Body angle measurements
Body angles from neck to hip using male and
female body manikin were measured. (Table II &
III) From the data, four points were selected where
the body angle was 40~70° to attach solar panels as
shown in Figure 1.

FIGURE 1. Four points to attach solar panels

Air conditioned jacket
Commercially available air conditioned jacket (P500, Kuchofuku Co. Ltd, Japan) was chosen which
operates with two fans to lower the body
temperature during heavy work. Figure 3 shows
commercial air-conditioned jacket and their
specific characteristics are shown in Table IV.

FIGURE 2. Commercial air-conditioned jacket
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Back
Princess
line
cm
°
2
15
4
31
6
50
9
68
12
83
17
86
23
98
39
100
50
80
58
86

degree incident angle of sunlight from 12noon to
12:30pm and averaged for 3 days in the campus.
Effiency of Air conditioned jacket
Two solar panels were attached to the outer jacket
at four points respectively and each solar cell’s
efficiency were measured.
Wear trials
Microclimate within the jacket with or without fan
was measured. Temperature sensors (model: msr®
modular signal recorder) were attached for
collecting microclimate data.
RESULTS AND DISCUSSIONS
As shown in Figure 3, highest efficiency of the
solar cell was 40-60°. However this could be
meaningless as the human body always moves and
continuously changes its incident angle of the light.
Still we need to consider where to put the solar cell
based on this kind of information as there will be a
location where we are not supposed to put the solar
cell. Efficiency of the solar cell attached on the
body indicated the highest efficiency in terms of
voltage, current and output power distribution was
at the incident angle of 60°.
Microclimate of the air conditioned jacket was
decreased significantly at high power of the fan
and subjects felt much cooler than the jacket
without fan.

Figure 3. Voc(V), Isc(A) and P(w) according to the incident angle
of the sun.

Fan

Fan

Fan

Fan

CONCLUSIONS
Silicone solar cell applied and air-conditioned
jacket showed significant cooling effect for the
wearers. Most effective location of the solar panel
was at the 60° incident angles.

Chest
Back
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Figure 4. Microclimate temperature changes by the fan and
activity.
TABLE IV. Characteristics of commercial air-conditioned
jacket

Fiber contents
Maximum air conditioning capacity
air flowing
Power consumption

Weight

Voltage
Current
Power

REFERENCES
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specific
Cotton-Polyester
500kcal/ hr
12ℓ/sec
4.8V
0.52A
2.5W
550g

Efficiency of solar cell
Voc(V), Isc(A) and P(w) were measured by flow
meter(Model:3804-50 by HIOKI) from 0 to 90
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result of a temperature change was introduced into
the model to represent these phenomena.
The amount of increasing non-mechanical strain as
temperature decreases can be presented from the
strain of soft active phase and the volume fraction
changes between soft segment phases as follows:

1. INTRODUCTION
Polymeric stent is considered as an alternative of
metallic stent which have some problems such as
restenosis and short stenting period. Several
elements need to be considered for designing an
effective stent. Though, the biocompatibility of the
stent may be the first issue for the stent procedure
due to the restenosis, the mechanical behavior of a
stent and stent-vessel interactions are also very
important factors to ensure its opening within the
arterial conduits. Since the technical success of a
stent for many types of obstructive lesion depends
directly on its mechanical behavior, a mechanical
model is required to design the stent structure
through predictive modeling.
This study aimed to investigate the thermomechanical behaviors of polymeric braided stents
that have thermal-induced shape memory
properties and to analyze the effect of parameters
for the optimal design.

dε st = υ st (ε sa dξ sa )

ε st = ε st0 + ∫ υ st (ε sa dξ sa ) = ε st0 + υ st ∫

tc

ξ sa

(ε sa dξ sa ) dt

(1)

dt

In the heating process, the opposite mechanism
works.
⎛ ε stt dξ sf
⎜ ξ sf
⎝

ε st = ε st0 − ∫ υrl ⎜
ξ sf

(

)

⎞
ε t dξ ξ
⎟ = ε st0 − υ rl h st sf sf dt
∫t
⎟
dt
⎠

(2)

where ‘ ξ ’ denotes the volume fraction of each
phase and the subscripts, ‘h’, ‘sf’ and ‘sa’ represent
the hard segment phase, and the frozen and active
phases in the soft segment, respectively. υst and υrl

2. METHODOLOGY
In this research, a phenomenological onedimensional constitutive model for thermomechanical behaviors of shape memory
polyurethane (SMPU) was applied. We have
considered that the SMPUs would be consisted of
three phases: two hyperelastic soft segment phases,
which undergo a reversible phase transformation
each other by temperature, and one viscoelastic
hard segment phase. All phases are treated to be
linked to each other in series.
To deal with the shape memory behaviors of
SMPUs, it needs to understand the mechanism of
their temperature-dependent phase transformation.
At the higher temperature above the Ttr, the
polymers behave in a rubbery manner owing to the
ability of the polymer chains to form freely in the
high entropy state. As the temperature decreases
below the Ttr after deformed, the polymer chains
lose their mobility due to the reduced free volume
with low entropy, resulting in non-mechanical
strain. When the constraints are released
subsequently at low temperature, this nonmechanical strain cannot be recovered and the
deformation is fixed into its temporary shape. Here,
‘strain storage’ is used to refer to this nonmechanical strain [1]. The non-mechanical strain
( ε st ) that is not influenced by mechanical stress but

are material constants, called the strain storage
ratio and the strain release ratio, respectively,
determined from an intrinsic property of the SMP.
The geometric model, which was developed and
verified to reasonably represent the braided
structure of the stent in the previous research [2],
was applied to construct the braided stent mesh.
To predict the mechanical behaviors of the SMPU
braided stents, a point-load compression test, which
clinically implied the focal eccentric, was
simulated using the method suggested by Lee et al.
[3]
, while varying the fiber diameters, the braid
structures, and temperature. Additionally, a vessel
with plaque and a catheter were modeled and the
stent implantation was simulated to analyze the
deployment characteristics of the SMPU stents in
narrowed vessels.
3. RESULTS AND DISCUSSION
Figure 1 shows the result of thermomechanical test
using a SMPU beam element comparing with
experiments, demonstrating that the constitutive
model can describe the shape memory behavior of
SMPU with a reasonable agreement with the
experimental data.

by the phase transformation and entropic states as a
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a stent would be fabricated using the SMPU fibers
with the high strain release ratio (1.0), it could be
expanded the plaque with higher pressure (Figure
3).

FIGURE 1. The strain-stress changes of a SMPU beam during
thermomechanical test comparing with experimental.

A reference hand-made commercial stent (Hstent)
made from nitinol wires was chosen and
characterized for the purpose of comparing its
behavior to that of the SMPU braided stent. The
compression test of the samples was simulated in
figure 2. The stent with larger diameter of fibers
showed much stiffer behavior due to their bigger
transverse shear stiffness. Moreover, as the number
of fibers used, the braiding angle and the friction of
the fiber surfaces increased, the stiffness of the
braided stents to the compressive loading also
increased. From the results, we could determine the
optimum design parameters of various braiding
structure with the similar mechanical properties to
the reference metallic stent.

FIGURE 3. Stress evolutions of the plaque by shape recovery
ratio of a SMPU stent as the temperature rises.
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FIGURE 2. Effect of diameter of fibers on the compression
behavior of the stents (the sample with the 16 fibers and the
braiding angle of 45o)

Through the finite element analysis of stent
deployment in a narrowed vessel, the shape
recovery performance by body temperature was
investigated. The Tg of SMPU fibers was around
30oC. When the stent was extracted outside the
catheter, the pressure on the plaque and vessel wall
was slightly increased with expanding to fixed
shape of stent. After that, as the temperature rises
to the body temperature, its stored strain is
gradually released and it is recovered to the
original shape. As a result, the pressure is getting
higher as the temperature increases. In particular, if
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ABSTRACT
The conventional process of electroless copper
deposition uses formaldehyde as the reducing agent
[1]
. Nevertheless, formaldehyde is listed as a
carcinogen. The hypophosphite bath does not give
harmful vapor and can deposit Cu at a lower pH
value. Since hypophosphite does not reduce copper
ions, the required amount of nickel ions was added to
the bath to sustain the reduction process of the
electroless deposition [2]. The objective of this paper
The results showed that, at a given temperature and
pH level, deposition rate increased with a higher
nickel ion concentration. The copper content in the
deposits decreased, whereas nickel content increased.
Phosphorus was not observed in the deposits. The
surface morphology of the Cu deposits was
investigated with an SEM.

(a)

Compact coating layers were obtained and particle
size increased with an increase of copper ion in the
solution as shown in Fig. 1. The deposited copper
film exhibited a characteristic face-centered cubic
crystalline structure. Fig. 2 showed the shielding
effectiveness of Cu plated fabrics with different
concentrations of NiSO4 in the plating bath. This
EMI shielding effectiveness increased greatly with
higher NiSO4 concentrations due to an increase of the
thickness of the deposits.is to investigate that copper
is electroless plated on polyester fabric using
hypophosphite as a reducing agent and nickel as
mediator. Effect of additive nickel concentration on
deposition rate, composition, surface morphology,
crystal structure and electromagnetic interference
(EMI) shielding effectiveness of electroless copper
deposits were investigated.

(b)

(c)

Figure 1. SEM micrographs of copper plated polyester fabrics at different NiSO4 concentration (a) 0.8g/L;
(b) 1.0g/L; and (c) 1.5g/L
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Figure 2. Shielding effectiveness of Cu plated fabrics with
different
NiSO concentrations: (a) 0.8 g/L; (b) 1.0 g/L; and (c) 1.5g/L
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INTRODUCTION
Fabric materials, especially those of high strength-weight ratio like Zylon and Kevlar, are playing more and
more important roles in various modern industries from bullet-proof vest, aviation craft manufacturing to daily
life product. A need of an accurate and practical model arises for prediction of fabric behaviour and design
optimization. Various approaches have been studied in modelling of fabric materials [1-3]. In this work, the
fabric materials are studied in three different scales, continuum scale, yarn scale and fibril scale, defined based
on the structure hierarchy of fabric materials. For each scale, there exists a governing equation describing the
material behavior of the corresponding scale. Via a coupling process between these scales, the overall behavior
and performance of various complex fabric products become predictable by simply knowing the material
properties of a single fibril and the weaving structure of fabrics. In addition, potential damage during
deformation is also captured in the current model through a stretch-controlled parameter.
A yarn is in turn composed of a great number of
fibrils, which in reality are misaligned along each
other. To investigate the effect of fibril
misalignment, a statistical approach is utilized for
Zylon yarns [1], in which a bunch of fibrils are
randomly deployed within a limited thickness of an
actual Zylon yarn. The misaligned fibrils under
stretch are calculated and the overall behavior
(effective stiffness) of these fibrils is employed to
describe the mechanical behavior of a single yarn.
Based on this approach, an important damage
parameter (fraction of non-ruptured fibrils), α , is
obtained as a function of stretch. α is employed to
couple the yarn scale and fibril scale by assuming
that each fibril contributes identically to the yarn
stiffness so that
and
(5)
A = α A0
B = α B0
where A0 and B0 are the initial stretch stiffness and
bending stiffness of the yarn without any damage.
Coupling between membrane scale and yarn scale
is built through kinematic and geometric relations.
The kinematics in continuum scale is used as input
of finding corresponding forces in the yarn scale.
The resultant forces are fed back to continuum
scale and converted to stresses distributed over the
membrane. This is fulfilled through geometric
relations between continuum scale and yarn scale.
In another word, the continuum extension has to
equal the accumulated yarn displacement.

APPROACH
The fabric discussed here is simply woven fabric
consisting of warp and fill yarns. Macroscopically,
the fabric is considered as a configuration of
membrane with a smooth surface and governed by
(1)
F = λ1l1 ⊗ L1 + λ2 l 2 ⊗ L 2 ,
where F is the deformation gradient, li and Li,
(i=1,2), are two sets of unit vectors in the current
and referential configurations, and λ are the
continuum stretches along li. i = 1 and 2
correspond to warp and fill yarn directions
respectively. For convenience and simplicity, li
and Li are chosen always aligned with the
directions of corresponding yarns [4]. Thus the
linear momentum balance in the referential
configuration is
(2)
DivP + Jf = ρ v& ,
where f is the surface force per unit area, P is the
first Piola-Kirchhoff stress tensor. Specially for the
membrane,
(3)
P = P1l1 ⊗ L1 + P2 l 2 ⊗ L 2 ,
B

B

B

B

B

B

B

B

B

B

B

where P1and P2 are loads in warp and fill yarns.
B

B

B

B

In closer observation, it can be seen that the fabric
is in fact consisting of weaving yarns. A single
yarn is considered an extensible elastica [5]
subjected to in-plane bending and governed by
−1
N (S) ⎞
d ⎧ d
⎫⎛
,
(4)
B
=Q S
⎡φ S − Φ S ⎤ 1 +
⎨
dS ⎩ dS ⎣

( )

( )⎦ ⎬ ⎜
⎭⎝

⎟
A ⎠

( )

B

B

B

RESULTS AND DISCUSSION
Numerical solutions are obtained using finite
element formulation in conjunction with NewtonRaphson method. The simulation is executed for
Zylon AS fabric for the purpose of comparison
with experimental work [6]. Properties of PBO
Zylon are referred to the technical document
published by Toyobo Company [7].

where the differential governing equation of the
yarn is represented with a parameter S, which is the
length of the yarn in reference configuration. Φ
and φ denote the yarn angles in the reference and
current configuration. N and Q stand for the tensile
and shearing forces inside the yarn. A and B
describe the stretch and bending stiffness of the
yarn.
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of fabrics. In yarn scale, contact between yarns is
involved so that weaving structure of fabric is
reflected. This is of significant value in featuring
the interactive behavior between yarns, which is an
evident realistic phenomenon and also an important
source of geometric nonlinearity of fabrics. In fibril
scale, a damage parameter is introduced, thus the
possible rupture in yarns is captured.

1400
Simulation
Boeing test 1
Boeing test 2

Loads P1 (bls)

1200
1000
800
600
400
200
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0.08

FIGURE 1. Uniaxial tension in warp direction with P2 = 0.

Shown in Fig. 1, uniaxial tension along warp yarns
(E1) is simulated while keeping the fill yarns
unconstrained (P2=0) and is compared with
experimental results by Boeing Company [3]. By
comparison, the prediction of the current model is
in excellent consistency with experiment prior to
the rupture of yarns. Discrepancy appears when the
fabric tends to break completely. Investigation
considers several reasons that may cause the
discrepancy. It was noticed that, in Boeing’s test
report, the measure by extensometer is in a much
better agreement with the simulation than that by
the cross-head. At the meantime, the computational
approach of fibril scale modeling may overestimate
the misalignment of fibrils. Furthermore, in
experiment, constrain at the ends of fabric results in
a globally stiffer woven structure particularly with
increasing deformation.
B

B

loads P (N/mm)

200
P1
P2

150
100
50
0
0

0.02

0.04
0.06
Lagrangian Strain

0.08

0.1

FIGURE 2. Equally bilateral loading E1 = E2, till complete
damage in both directions.

Interesting behavior is seen in an additional
simulation with equal-bilateral strain loading (E1 =
E2). Shown in Fig. 1, due to distinct weaving
patterns, rupture in fill yarns is initiated much
earlier than in warp yarns. In addition, because of
the yarn contact effect, warp yarns experiences a
sharp change in loads during the rupture of fill
yarns.
CONCLUSIONS
A three-scale model is established for fabric
materials. Comparisons with experimental work
demonstrate an accurate prediction of the behavior
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STATEMENT OF PURPOSE
In a proton exchange membrane fuel cell, ambient air
rather than pure oxygen is the most economical way
to feed the cathode due to ease of availability.
However, impurities in air, such as NO2 and SO2,
may contaminate fuel cell, resulting in membrane
electrode assembly (MEA) damage and performance
degradation by occupying reactive sites on catalysts
错误！未找到引用源。
. The severity of the effects of these
impurities varies. The loss of fuel cell performance
caused by 5ppm NO2 was recovered completely by
introducing neat air. However, only partial recovery
was observed if it was exposed to 5ppm SO2 and
after each cycle, the performance continued to
decrease 错 误 ！ 未 找 到 引 用 源 。 . In this work SO2
contaminated air is simulated to study the capability
of activated carbon fibers (ACFs) and modified
ACFs to remove SO2 from air stream.

modified with alkali and oxidants. Modifying agents
included KOH, K2CO3, CuO, NiO, KClO3 and
KMnO4. In a wet-laying process, which is an
effective method to fabricate ACF mats, modified
ACFs are exposed to a large amount of water which
may decrease SO2 capacity by washing out
modifying agents. Washing durability tests of the
modified ACFs to retain SO2 removal capability
were carried out.

INTRODUCTION
Although calcium sulfate solution is commonly used
in industry to adsorb emitted high concentration SO2
from factories, it can not remove SO2 completely and
becomes ineffective in removing low concentration
SO2 (<5ppm) 错 误 ！ 未 找 到 引 用 源 。 . Conventional porous
adsorbents, such as activated carbon particles or
powders, alumina and silicones, have been reported
to have high SO2 capacity. However, they have
limitations due to lack of flexibility. A relatively new
adsorbent, activated carbon fiber, has advantages in
adsorption rate, flexibility in fabrication, low
diffusion resistance and low pressure drop 错误！未找到引用
源。
.

TABLE Ⅰ. Pore structures of activated carbon fibers and powder

RESULTS AND DISCUSSION
Pore Structures
Pore structures of various ACFs are summarized in
Table 1, in comparison with ACP. ACF15, ACF20
and CR had higher surface area, pore volume and
micropore volume than ACP. However, all the
samples have similar average pore sizes.
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Average
pore size
(nm)

Pore
volume
(cc/g)

Microp
ore
volume
* (cc/g)

ACF10

784

2.6

0.5105

0.44

ACF15

1370

2.58

0.8834

0.73

ACF20

2247

2.6

1.462

1.28

CR

1763

2.45

1.096

0.93

ACP

913

2.65

0.61

0.57

* Micropore volume analysis is based on DA method.

14
SO2 capacity (mm/gcarbon)

APPROACH
Five activated carbon fibers, differentiated with
precursors, were studied in the present work. ACF10,
ACF15 and ACF20 (purchased from KynolTM) were
made from novoloid fibers and CR and SY were
converted from rayon fibers by Carbon Resources
and China Senyou carbon fiber Co,. ltd, respectively.
Pore structures of ACFs and activated carbon powder
(ACP) were analyzed on the Autosorb-1
(Quantachrome® Instruments). Accelerated SO2
breakthrough behavior of ACFs and ACP was tested
on a setup which was established based on the
ASTM D6646-01 and the corresponding SO2
capacities were calculated. The mixture of air,
moisture and SO2 were used to simulate the
atmosphere contaminated with SO2. In order to
enhance SO2 removal efficiency, ACFs were

BET
surface area
(m2/g)

12
10
8

Dry

6

Humid

4
2
0
ACF-20 ACF-15 ACF-10

SY

CR

ACP

FIGURE 1. Breakthrough capacities of pure ACFs and ACP under dry
and humid conditions (SO2 concentration is 20ppm)

KMnO4 distribution on fiber surfaces and some fiber
surfaces were peeled off, as shown in Figure 5.
SO2 Capacity
SO2 breakthrough capacities of pure ACFs are
shown in Figure 1. Under dry conditions, ACP had
the highest breakthrough capacity; however, its
capacity was lower than that of CR when water vapor
was present in the air stream. Water vapor promoted
the conversion of SO2 to H2SO4, which released
active sites occupied by H2SO4 for further adsorption
of SO2 错误！未找到引用源。.
At a low SO2 concentration (20ppm), pure ACFs
removed SO2 effectively. However, when the SO2
concentration in air stream was increased to 75ppm,
ACF10, CR and ACP had low capacities of 2.77,
3.34 and 3mg/gcarbon, respectively. Moreover,
ACF15 and ACF20 packed beds were broken
through immediately without showing any SO2
capacity. In order to improve SO2 capacity of ACFs,
alkali and oxidants were loaded on fibers. ACF20
loaded with 5wt% CuO and 5wt% NiO had
breakthrough capacities of 3.58 and 2.66mg/gACFs,
respectively,
which
were
not
significant
improvement. Loading of KOH, K2CO3, KMnO4 and
KClO3 promoted the SO2 removal efficiency. The
SO2 capacities of modified ACFs depended on ratios
of modifying agents as shown in Figure 2. Similar
linear increasing trends were observed for KClO3 and
KMnO4 modified ACFs. The higher the KClO3 or
KMnO4 load on fibers, the higher the SO2
breakthrough capacity. However, at a low KMnO4
load, non-uniform distribution of the chemicals on
fiber surfaces was observed.
50
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FIGURE 4. Washing durability of KMnO4 modified
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FIFUGRE 3. Washing durability of KClO3 modified ACF15

KMnO4

Breakthrough capacity (mg/gACF15)

KClO3
40

FIGURE 5. SEM images of a) 30.15wt% KMnO4 on ACF15 and
b) after washing in 2000mL in water

30
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FUTURE WORK
Filter media will be fabricated from modified ACFs.
Fuel cell performance with and without ACFs filter
will be measured and compared.

10

0
0
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FIGURE 2. The dependence of SO2 breakthrough capacity on
loading of KClO3 and KMnO4

Although KClO3 enhanced the SO2 capacity of
ACF15, modified ACF15 lost most of its capacity
after washing with 2000mL water (Figure 3).
However, KMnO4 modified ACF15 had good wash
durability. A high SO2 capacity remained after
exposure to water (Figure 4) which indicates that
KMnO4 modified fibers are suitable for the wetlaying method to fabricate ACFs filter media without
losing SO2 capacity. Washing also changed the
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Abstract
In this paper, copper was electroless deposited on

rate increased with a higher nickel ion concentration.

polyester fabric with sodium hydrophosphite as a

The copper content in these deposits decreased,

reducing agent and nickel as mediator. Effect of

whereas nickel content increased. Compact coating

additive nickel concentration on deposition rate,

layers were obtained and particle size increased with

composition, surface morphology, crystal structure

an increase of copper ion in the solution. The

and electromagnetic interference (EMI) shielding

deposited copper film exhibited a characteristic

effectiveness of electroless copper deposits were

face-centered cubic crystalline structure. The EMI

investigated. The results showed that deposition

shielding effectiveness of the copper deposits also
increased with a higher nickel ion concentration.

Key words: Electroless plating; copper; polyester fabric; electromagnetic interference shielding.
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Abstract
Protein fibres such as wool undergo severe
photodegradation when exposed to sunlight. The
photodegradation can manifest as photoyellowing,
photobleaching, or phototendering of the exposed
fibres. Although the photochemistry of wool is
complex, wool photodegradation is a consequence of
free radical production and the photooxidation of
inherent UV-absorbing and visible chromophores
present in the various morphological regions of the
fibre. Photo-induced chemiluminescence (PICL) is a
sensitive probe to determine free radical populations
and their decay rates in irradiated polymers after
exposure to UV or visible light in nitrogen, and the
subsequent reaction of the primary free radicals with
oxygen [1]. This modern technique was used in this
study to provide insight on the photodegradation
behaviour of wool.
Initially PICL measurements were conducted on
intact wool fibres and powdered wool with exposed
cortical materials to compare the free radical
generation in different morphological regions of
wool. Wool fibres were mechanically milled into
fine powders to expose the cortical materials, which
would normally be covered by the cuticle layer in
intact wool. The results showed that wool cortical
materials were more photoactive than intact wool
under UVA irradiation in terms of the intensities and
decay rates of chemiluminescence signals (Figure 1).
However, the photoyellowing of intact wool was
observed to be more rapid than for powdered wool
after UVA irradiation, suggesting that the population
of free radicals is not the only factor involved in
yellowing. Variation in the morphological
distribution of those amino acid residues that produce
yellow oxidation products and also those with
antioxidant properties is also important [2].

Secondly, the PICL technique was used to study the
effect of photocatalytic nano-TiO2 (P-25, Degussa)
on the photodegradation of untreated, bleached and
bleached / fluorescent whitened wool under dry
conditions. The three types of powdered wool were
intimately mixed with TiO2 nanoparticles at different
concentrations. PICL measurements showed that
TiO2 effectively reduces the rate of photoyellowing
of doped wools by acting as a UV absorber rather
than a photosensitiser. A higher concentration of
TiO2 results in a lower population of free radicals,
inferring a lower rate of photooxidation and reduced
photoyellowing. Figure 2 illustrates the PICL profiles
for the untreated wool with and without TiO2, The
PICL results were confirmed by conventional
lightfastness testing on pressed discs of the doped
wool powders [3].

Figure 2. Photo-induced chemiluminescence of wool doped with
nanocrystablline TiO
2

Finally, the PICL technique was applied to study free
radical generation in the eight Blue Wool Standard
fabrics (BWSs) which are used widely for
lightfastness testing. Results showed a general trend
towards higher free radical populations for the less
photostable BWSs (1–4) and significantly lower
populations for the more photostable BWSs (5–8)
following exposure to both UVA and visible light
(Figure 3). These results suggest that the presence of
the dye could either photosensitise or photoinhibit
free radical production on dyed wool, and that the
dye chromophore could be the key factor in
determining the free radical population formed in a
wool substrate.

Figure 1. Photo-induced chemiluminescence from intact wool and
powdered wool
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ABSTRACT
Sputtering is a vacuum process used to deposit very
thin films on substrates for a wide variety of
commercial and scientific purposes and some
different thin films. Silver-coated materials by
sputtering technology can inhibit the growth of
bacteria and fungi, so it has been used for
functional textile which is demanded in
contemporary fashion market. It also can be used to
add value by developing desired textile
characteristics of the intimate apparel, such as antibacterial and anti-UV properties. This study is
focused on the application of sputtering technology
with silver in lingerie design. The antibacterial

property is determined in the silver-coated material
i.e. spandex fabric, nylon fabric and polyester
fabric. Thus, aesthetic characters of the intimate
apparel designs are developed through the
technology treatment. In order to explore
innovative intimate apparel design approach, an
investigation of silver sputtering technology in
lingerie was conducted. This research work could
provide an insight of sputtering technology
application and new design method of intimate
apparel.

Key words
intimate apparel; design; function; silver; sputtering
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quantitatively by measuring the bacterial reductions
of a Gram-positive bacterium (Staphylococcus
aureus) and a Gram-negative bacterium (Klebsiella
pneumonia).

INTRODUCTION
Electrospinning is a fiber forming technique that
uses electrostatic force to produce polymer fibers
with diameters in the nanometer to micron range.
An advantage of electrospinning is that additional
functionalities can be imparted to polymer
nanofibers by simultaneous spinning of the
polymer material with a functional material [1].
Zinc oxide has been reported as an antibacterial,
deodorizing, and UV-blocking agent for fabrics and
films of polymers [2-4]. In addition, zinc oxide is
non-toxic to human body [5]. Thus, zinc oxide has
long been used as an additive for textiles and
surfaces that come in contact with humans.
This study explores the feasibility of imparting
multifunctionality to cotton fabrics by applying
zinc oxide nanoparticles via electrospinning. Zinc
oxide nanoparticles are incorporated into
polyurethane fibers to impart antimicrobial and
UV-protection functions. Layered fabric systems
with a thin layer of functional nanocomposite fiber
web are developed, and the UV-protection and
antimicrobial properties are assessed.

RESULTS AND DISCUSSION
Zinc oxide was incorporated into polyurethane
fibers by the inclusion of zinc oxide nanoparticles
in the electrospinning dope. Zinc oxide
nanocomposite fibers in the nanometer diameter
range were obtained using electrospinning.
Nanoscale zinc oxide (ZnO) particles were
observed inside the nanocomposite fiber as well as
on the surface of the fiber.
Layered fabric systems with electrospun ZnO
nanocomposite fiber webs layered on cotton
substrates were fabricated for the development of
multifunctional material via electrospinning. Zinc
oxide nanoparticles of 1% wt. were added to a 13%
wt.
polyurethane
solution
to
impart
multifunctionality. A very thin layer of electrospun
zinc oxide nanocomposite fiber web significantly
reduced the transmission of UV radiation and
exhibited an ultraviolet protection factor (UPF) of
greater than 50, indicating excellent UV protection.
Antibacterial activity of electrospun polyurethane
fiber webs with ZnO nanoparticles was evaluated
qualitatively to verify the antimicrobial activity of
ZnO nanocomposite fibers. Polyurethane/ZnO
nanocomposite fibers containing 1-10% wt. of zinc
oxide nanoparticles were fabricated with a range of
web area densities and assessed for antibacterial
activity. The qualitative assessment confirmed the
antibacterial activity of ZnO nanocomposite fibers
against both Gram-positive and Gram-negative
bacteria.
Following the qualitative assessment, antimicrobial
activity was assessed quantitatively for layered
fabric systems with electrospun polyurethane/ZnO
nanocomposite fiber webs layered on cotton
substrates. Layered fabric systems with electrospun
polyurethane webs containing 5% wt. ZnO
nanoparticles showed a 99.9% reduction in
Staphylococcus aureus and a 98.7% reduction in
Klebsiella pneumonia.

EXPERIMENTAL
Commercial-grade
polyurethane
pellets
(PellethaneTM) from Dow Chemical Company were
used. N,N-dimethylformamide (DMF) was used as
a solvent. Nanophase Technologies supplied zinc
oxide particles 24-71 nm in diameter.
Electrospinning solutions were prepared by
dissolving the polymer in DMF. After complete
dissolution, zinc oxide nanoparticles were added to
the polymer solution under constant stirring.
Electrospinning was performed in a horizontal
electrospinning setup under a variety of conditions
to find an optimum spinning condition. To form a
layered fabric system, a 100% cotton, lightweight,
plain-weave fabric was used as a substrate.
Morphology
of
polyurethane/zinc
oxide
nanocomposite fibers was examined using a fieldemission scanning electron microscope (FE-SEM)
and a transmission electron microscope (TEM).
Transmission of UV rays through layered fabric
systems and control fabric was measured on a
UV/VIS/NIR spectrophotometer in accordance
with AATCC 183-2004.

CONCLUSIONS
A very thin layer of electrospun zinc oxide
nanocomposite fiber web significantly increased
the UV-blocking for both UV-A and UV-B ranges,
and exhibited
an UPF of greater than 50,
indicating excellent UV protection. Layered fabric

Antimicrobial
properties
of
zinc
oxide
nanocomposite fibers and layered fabric systems
were evaluated qualitatively according to AATCC
147-2004, the Parallel Streak method, and
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systems with electrospun polyurethane/ZnO
nanocomposite fiber webs layered on cotton
substrates exhibited excellent antibacterial activity
against both Staphylococcus aureus and Klebsiella
pneumonia. The results show that the successful
imparting of multifunctionalities such as UVprotection and antibacterial functions to cotton
fabrics is achievable through simultaneous
electrospinning of the polymer material with zinc
oxide nanoparticles.
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Introduction
Ramie web, which is made from a kind of natural
cellular fiber-ramie, is of high air and moisture
permeability, antibacterial ability. However, because
of the high crystallinity and high degree of
orientation of ramie fibers, it has some undesirable
properties such as poor elasticity, bad wrinkle
recovery and harsh handle

[1]

, which hinders its

application as underwear clothing, face mask and
wound

dressing.

In

the

previous

work,

we

successfully prepared a macro/nano nonwoven with
better physical properties than pure ramie web by
electrospining polyurethane (PU) into nanofibers and
covering over the surface of ramie webs

[2]

. In the

present work, the effect of air gap between nozzle
and target during electrospinning was investigated in
detail to figure out its influence on the morphology
and tensile property of resultant nonwovens.

Co., Ltd.) at room temperature. The gauge length was
0.5 cm and the crosshead speed was 0.1 cm/s. The
width of the testing samples was 1 cm. At least five
specimens were tested for each sample.
Results and discussion
The influence of air gap on the fiber dimensions and
uniformity seems not obvious except for those in
the air gap of 8cm, in which agglomeration of the
fibers occurred (FIGURE 2 (a)). However, the
measured values of the fiber diameter (TABLE 1)
show difference, which is of no change tendency
with the increasing of air gap. Apparently, too low
air gap (≤8cm) between nozzle and target did not
facilitate

electrospinning

DMAc, acetone and PU resin and ramie web were
solutions

were

prepared

in

. PU

8wt%

good

(≥11cm), the fiber morphology will not change too
much.

[2]

with

morphology. But higher than certain air gap

Experimental
used as mentioned in our previous work

fibers

with

DMAc/acetone co-solvent weight ratio of 40/60. The
PU nanofibers were electrospun at different air gaps
between nozzle and target, ranging from 8 to 21cm,
and collected on targets consisting of bare aluminum
foil and ramie web on aluminum foil. The applied
voltage is 10kV and electrospinning time is 2h.
Morphology observations were carried on a field
emission scanning electron microscope (FE-SEM;
Hitachi-4200). Tensile tests were carried using a
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FIGURE 2 Typical tensile curves of ramie and ramie-PU blended
nonwovens prepared at different air gaps

TABLE 2 Tensile properties of ramie and ramie-PU blended
nonwovens prepared at different air gaps
(c)
FIGURE 1 SEM micrographs of PU nanofibers prepared at air gap

Extension

Load at

Young’s

at break

break

modulus

(%)

(N/cm)

(N/cm2)

Mean

52.89

0.84

5.30

SD

15.42

0.30

2.05

of (a) 8cm, (b) 11cm, (c) 21cm

TABLE 1 Diameter of PU nanofibers prepared at different air

Ramie

gaps
Ramie-PU

Mean

62.40

2.11

6.51

Mean(nm)

SD(nm)

Min(nm)

Max(nm)

8cm

SD

20.77

0.76

1.96

8cm

376

151

138

702

Ramie-PU

Mean

89.27

3.90

8.01

11cm

440

179

165

821

11cm

SD

11.46

0.91

2.64

15cm

409

172

102

736

Ramie-PU

Mean

86.29

3.83

7.48

18cm

449

181

205

917

15cm

SD

7.39

0.74

1.81

21cm

507

204

195

968

Ramie-PU

Mean

60.61

0.98

3.89

21cm

SD

20.98

0.23

1.73

Ramie-PU blended nonwovens show significantly
improvement in tensile properties compared with

Conclusion

ramie web except ramie-PU 21cm from the

Air gap during electrospinning has not much

indication of FIGURE 2 and TABLE 2. This means

influence on the morphology and tensile properties of

that the nanofibers prepared in too high air gaps did

the resultant products except too low or too high.

not have much influence on the tensile properties of
the blended nonwovens, which may be the result of
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The effects of biofouling are costly industrial
problems. The design of appropriate materials for the
reduction of biofouling during production
necessitates an understanding of the forces of
bacterial attachment and biofilm formation. Surfaces
of fibrous materials were engineered to reduce
bacterial contamination during product processing.
All samples were examined by visual inspection and
microanalysis for surface characteristics. Natural
bacterial populations collected from the processing
environment were assessed for their affinity to attach
to sample surfaces. A protocol was developed for
growing biofoulants within biofilms on fibrous
fabrics and quantitative measurement of their
production and adhesion. Analysis of the biofilms by
epifluorescence microscopyconfirmed that biofilms

were formed on the fibers. To study the effects of
surface microstructure on biofilm formation, aliquots
of bacterial suspensions were diluted and measured
by spectrophotometry. The effects of microstructure
with changes in manufacture were compared with the
phenomena of bacterial interactions at material
interfaces. The samples for each surface treatment
were analyzed separately by atomic force microscopy
for component nanostructures. The surface resistance
achieved by inhibitors was measured quantitatively
to determine those which reduced bacterial numbers
significantly. Bacterial attachment affected the
chemical processes during treatment of surfaces.
Final selection of surface materials and finishes is
influenced by function and economy.
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using
thermogravimetric
analyzerfourier
transform infrared spectroscopy (TGA-FTIR) of
treated cellulose showed phosphoramidates could
catalyze the dehydration and char formation of
cellulose at a lower temperature. The enhanced
flame retardant action of phosphoramidate may be
due to the catalytic thermal decomposition of
phosphoramidate structure to produce acidic
intermediates which could react with cellulose to
alter its thermal decomposition.

ABSTRACT
This research explores the structural effect of ethyl
ester phosphoramidates on thermal decomposition
and burning behavior of cotton cellulose. In this
model study several ethyl ester phosphoramidates
were synthesized. The flame retardant and thermal
decomposition properties of treated cotton cellulose
are dependent on the alkyl substituent on the
nitrogen atom of the phosphoramidate moiety.
Phosphoramidate with hydroxyl terminating alkyl
group initiated dehydration of cellulose at lower
temperature, lowered the heat of combustion and
exhibited better flame retardancy. Efficient flame
retardants can thus be developed through suitable
design of structures.
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INTRODUCTION
Phosphoramidates as a class of organophosphorus
compounds have great potential in flame retardant
(FR) application for various polymers. They are
cheap to manufacture, are less volatile, has good
thermal stability and enhanced char formation
during the burning process. Phosphoramidates have
found application as flame retardants (FRs) in
various polymeric system such as polycarbonate
( PC ), acrylonitrile-butadiene-styrene copolymer
( ABS), polyurethanes , cellulose etc[1-4]. The
nitrogen atom of the phosphoramidate is believed
to have synergistic effect on the flame retardancy
of the flame retardant but the superior action of
these molecules is not clearly understood [5, 6].
In this research flame retardant (FR) and thermal
decomposition actions of phosphate such as triethyl
phosphate (TEP), primary phosphoramidate such as
diethyl phosphoramidate (DEPA) and secondary
phosphoramidates such as phosphoramidic acid ,
N (2-hydroxy ethyl) diethylester (PAHEDE),
diethyl ethyl phosphoramidate and diethyl 2methoxyethylphosphoramidate (DEMEP) on cotton
cellulose were investigated. Limiting oxygen index
(LOI) of treated cotton cellulose showed that all
phosphoramidates exhibited better flame retardant
properties as compared to TEP. Secondary
phosphoramidate PAHEDE had better flame
retardant properties as compared to DEMEP and
DEEP which indicates that flame retardancy of
secondary phosphoramidates is structure related.
Test performed on pyrolysis combustion flow
calorimeter (PCFC) for treated cellulose showed
higher reduction in heat of combustion for efficient
FRs (PAHEDE, DEPA). Evolved gas analysis

O

O

O

P

N
H
O

PAHEDE

OH
O

P

N
H

O

O

DEMEP

Figure 1.List of flame retardant compounds used in
this research
RESULTS AND DISCUSSION
Figure 1 shows the list of flame retardants used in
this research. DEEP, PAHEDE and DEMEP was
synthesized according to Atherton-Todd reaction.
The LOI values of treated cellulose are shown in
Table 1. The LOI values and % residue left after
the LOI tests for FR treated samples are given in
table1. As seen in table 1 the flame retardant action
of TEP is inferior to phosphoramidates used in the
research. Similar observation was also made for
cellulose treated with tributyl phosphate in a
previous research [5]. From table 1 it is also clear
that primary phosphoramidate DEPA seems to
perform
better
than
the
secondary
phosphoramidates except PAHEDE which seems to
have similar FR activity. Higher char content (table
1) after the LOI tests for all phosphoramidate
treated cellulose indicates better condensed phase
action of phosphoramidates as compared to TEP.
LOI values for DEMEP and DEEP treated cellulose
are similar but lower than that of PAHEDE treated
cellulose at equal P content. PAHEDE treated
cellulose results in the highest char content after
the LOI tests. It is thus clearly evident that the
- 1072 -

efficient FRs. Based on the experimental evidence
several reaction mechanisms explaining the
efficient
flame
retardant
action
of
phosphoramidates have also been proposed. The
superior action of phosphoramidate can be
attributed to the increased neucleophilicity of the
oxygen atom which could accelerate the ciselimination to form acidic phosphates.

flame retardant efficacy of phosphoramidates is
very much structure dependent.
Table 1.LOI and Char content of treated cotton
cellulose

FR Type

TEP

DEPA

PAHEDE

DEMEP

DEEP

Untreated
Cotton

%P

LOI %

Char
%

1

22.8

8.3

2

25.2

11.5

4

26.3

14.7

1

23.5

14.8

2

26.3

16.8

4

30.3

21.0

1

23.2

16.7

2

26.4

20.5

4

29.8

22.6

1

23.2

13.8

2

25.6

14.9

4

27.3

17.7

1

23.5

13.9

2

25.7

15.8

4

27.3

18.5

-

18.1

0

CONCLUSIONS
This research shows that the phosphoramidates
have better flame retardant properties than TEP.
Among the secondary phosphoramidates, hydroxyl
functional phosphoramidate (PAHEDE) had the
best flame retardant properties. The difference in
flame retardant property of PAHEDE and other
secondary phosphoramidates could be because of
presence of reactive terminal hydroxyl group which
could catalyze the decomposition of PAHEDE to
produce acidic intermediates at a lower temperature
as compared to DEEP and DEMEP.
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Calorimetry studies performed using Pyrolysis
combustion flow calorimeter showed that
phosphoramidates treated cellulose had lower total
heat of combustion (THC) as compared to virgin
cotton and TEP treated cotton. PAHEDE and
DEPA treated cotton had the lowest THC. The
TGA-FTIR studies of treated cellulose indicate
shows that PAHEDE and DEPA can catalyze the
dehydration and char formation of cellulose at
lower temperature. Evolved gas analysis showed
that efficient FRs like PAHEDE and DEPA had
peak release rates of water vapor at a lower
temperature. The peak release rates of flammables
like aldehydes , ketones and acids are also reduced
and shifted to lower temperatures in case of the
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Chinese and Korean college students
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ABSTRACT
In order to extend understanding of consumer behavior across cultures, this paper examines the cultural
difference of clothing impulse buying behavior between Chinese and Korean students. Data were obtained
from China (N=415) and Korea (N=227) and were analyzed using by Factor Analysis, K-Means Cluster
Analysis, and Independent-Sample T Test. The results indicated that compared with Chinese students, Korean
students had higher clothing impulse buying tendency.
Key Words: clothing, impulse buying behavior, college students, comparison
The instrument consisted of measurements for
1 INTRODUCTION

clothing impulse buying behavior. It included 41

Impulsive consumer buying behavior is recognized

items, and subjects responded to all items using a

phenomenon in the East and West. Over the last

5-point Likert-type scale (range: 1=strongly

two decades increase in impulse buying behavior

disagree to 5=strongly agree). Demographic

are a consequence of linked economic and social

characteristics included gender, age and monthly

changes, including dramatic increase in personal

income/allowance.

disposable and credit availability

[1]

. Clothing and

The

questionnaire

was

developed in Chinese and Korean.

accessory were listed as the products that easily stir
impulse buying

[2]

. College students usually are

2.2 SAMPLE

sensitive to fashion, and enjoy highly impulse

Data were obtained from students enrolled at

buying inclination (Eun &Judith, 2004). As

universities in Jeonju (Korea) and Suzhou (China).

economies expand in countries throughout the

678 surveys were returned, resulting in a usable

world, more shoppers will be able to indulge in

sample size of 642, 415 from China and 227from

impulse buying. It’s important to understanding the

Korea. The average age across subjects was 23

cultural context of consumer behavior in an

years (range: 18 to 30 years). Forty-two percent

increased globalize marketplace.

(n=270) of the subjects were male.

The purpose of this study was to compare
clothing impulse buying behavior between

2.3 DATA ANALYSIS

Chinese

students.

The criteria for evaluating the reliability of the

Understanding the difference and commonality

5-point Likert-type scale used Reliability Analysis.

between college students in two countries will

In order to determine if the samples were fit to

provide insight on Chinese young consumer as

perform factor analysis, KMO (Kaiser-Meyer-Olkin

well as on Korean young consumer.

Measure of Sample Adequacy) and Bartlett’s Test

and

Korean

college

were conducted for the variables. For identifying
2

dimensions of clothing impulse buying behavior,

APPROACH

2.1 MEASUREMENT

present study conducted factor analysis using SPSS

Questionnaire items were from literature review.

13.0. Then, the subjects were classified by K-Means
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Cluster, according to the result of factor analysis.

economical and

1.22

2.98

pragmatic
3 RESULTS AND DISCUSSION

orientation

3.1 FACTOR ANALYSIS

purchasing plan

1.21

2.94

Cronbach α was used to indicate the reliability in

hedonic needs

1.06

2.59

Reliability Analysis. The Cronbach α value was

self-control

1.00

2.44

0.914>0.7, which shows the scale has high
reliability. The results of KMO and Bartlett’s Test

Then the difference of factor analysis between

were shown in Table Ⅰ. The KMO value was

Chinese students and their counterparts was tested

0.913＞0.7，furthermore, x2 value of Bartlett's Test
was

8436.606

which

also

by Independent-Sample T Test. There were three

was

significant factors: economical and pragmatic

significant(p<.001),so it is safe to say the scale suit

orientation, purchasing plan, self-control. The mean

to perform factor analysis.

values for two sides on the three factors were shown

A factor analysis using principal component with

in Table

varimax

Chinese

rotation

was

conducted

to

identify

dimensions of clothing impulse buying behavior for

Ⅲ

. Compare with Korean students,

students

have

a

greater

level

of

conservative clothing buying behavior.

Chinese and Korean students. 41 items had loadings
in 10 factors with eigen values of 1.0 or higher and

TableⅢ Mean values on the significant factors

account for 56.9% of the total variance, then 10
factors were named according to the items each

Factors

factor included. The results were shown in TableⅡ.

Chinese

economical and pragmatic

2.97

a

Korean
2.59

orientation
Table Ⅰ KMO and Bartlett’s Test

Kaiser-Meyer-Olkin
Sampling

Measure

of

Adequacy

Bartlett's Test of

Approx.

Sphericity

Chi-Square

purchasing plan

2.90

2.68

self-control

3.13

2.75

.913
3.2 K-MEANS CLUSTER CLASSIFY
K-Means Cluster Classify was run to divide

8436.606

df

820

Sig.

.000

subjects into 4 groups based on the result of factor
analysis. Group 1 were emphasize on self-image
congruence, purchasing plan and hedonic needs.
They were rational and well-planned. Group2 were

TableⅡFactor Analysis of clothing impulse buying behavior

influenced by consumption situation. Group 3 were
conservative

and

concerned

economical

and

Eigen

Factor Loading

pragmatic facet, easily be affected by friends and

Factors

values

(%)

salesmen. Group 4 were put psychogenic needs as

psychogenic needs

9.75

23.78

self-image

2.46

6.00

2.12

5.17

shopping orientation

1.64

3.99

purchase situation

1.49

3.63

personality traits

1.39

3.38

the first place, and their buying behavior were
emotional. Figure 1 showed the statistics of subjects
classify by nationality.

congruence
interpersonal
influence
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70
60
50

62.5

As can be seen from the Table Ⅳ and Table Ⅴ,

46.6

Chinese and Korean students aged from 26 to 29

40
29.5
24.7

20
10

in Group 4 had the largest percentage among the

Chinese
Korean

%
30

three age ranking.
(2)Gender

13.8
7.5

10.1
5.3

FIGURE 2 shows that the percentages of Chinese

0
Group 1

FIGURE 1.

Group 2

Group 3

Group 4

male students in group2 and group 3 were higher
than Korean male students. However, in group 4,

Statistics of classify

the

percentage

of

Korean

male

students

As can be seen from the Figure1, for Korean

transcended their counterpart. As is shown in the

students, the percentage was higher in “group 4”

FIGURE 3, the percentage of Chinese female

than their counterparts about 15%. For Chinese

students in Group 1 and Group 2 was higher than

students, however, the percentage in the rest

Korean

groups was higher than Korean students. In other

percentage of Korean female students in group 4

words, Korean students were more emotional and

was higher than their counterpart.

female

students.

Similarly,

the

purchased clothing without plan.
60

3.3 Relation between classify and demographic

50

characteristics

40
%

(1) Age

54.2
41.2
34.3
27.3

30

Age is an important factor that influences buying

20

behavior. College students as young consumer

10

were sensitive to fashion and have a strong

0

9.4
8.3

Chinese
Korean

16.2
9.1

Group 1 Group 2 Group 3 Group 4

demand for self-image. There is a statistic on
relation between age and classify (Shown in

FIGURE 2 Male students distribution in 4 groups

Table Ⅳ and Table Ⅴ).

70

65.9

60
50

(%)

40

52
Chinese
Korean

%

Table Ⅳ Statistics of Chinese students on Age and classify

30
24.5
23.6

20

Age

Group 1

Group 2

Group3

Group 4

18-21

14.7

12.5

30.9

41.9

22-25

8.7

15.2

28.8

47.3

26-29

8.4

8.4

25.0

58.2

10
0

12.3
3.7
Group 1

11.2
6.8
Group 2

Group 3

Group 4

FIGURE 3 Female students distribution in 4 groups

It is clear from the two figures that the percentage
of female students in Group 4 was higher than male

Table Ⅴ Statistics of Korean students on Age and classify

students both in China and Korea.

(%)

4
Age

CONCLUSIONS

Group 1

Group 2

Group3

Group 4

The findings shown Korean students had higher

18-21

5.2

7.2

25.8

61.8

clothing impulse buying tendency, and they were

22-25

6.7

6.7

26.6

60.0

easily

26-29

2.5

10.0

15.0

72.5

Comparatively, Chinese students attach importance
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influenced

by

psychogenic

needs.

to economical facet and were more conservative. It
has implications for retailing practices in both
China and Korea.
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1 INTRODUCTION
With the fast development of our society, demands of
consumers tend to be diversified and personalized.
Average life cycle of products need to be shorter. So
it is necessary to combine apparel marketing with Ebusiness. By this way, enterprises can save
transporting fees and set lower prices, and for
consumers it is more convenient while less expensive.
It is predicted that the ratio of online business will
keep on increasing. This research focuses on B2C
(business to customer).
China and Korea are still at the beginning stage of
apparel online-purchasing, but with great potential.
This paper tries to find out the status of internet use
and online apparel purchasing of female students
(including freshmen, sophomores, juniors, seniors,
master and PHD students) from Shanghai and Seoul
through questionnaires, and analyzes the relationship
between demographics and related factors with
secondhand information
2. RESEARCH CONTENT AND APPROACH
2.1 Questionnaire contents
There are four parts. The first part sets consumers
into two groups, one with online-purchasing
experience, and one without; the second one is for
the experienced ones, to know the online-purchasing
behavior, and comparison between online and offline
purchasing; the third part is for the ones without
online purchasing experience, to find out reasons
why they do not choose online purchasing and the
possible products that they would like to buy online
in the future; the last part is on demography.

2.2 Demographic statistic of respondents
Respondents are female students aged 20 to 29 from
Shanghai and Seoul, nearly half of whom aged from
21 to 23. Results, which obey Gaussian distribution,
are representational.
Questionnaires in Seoul are mainly finished by
students in Hanyang Women's College, and 463 of
500 questionnaires were reclaimed. In Shanghai,
students major mainly in fashion design, textile,
management, info technology from Donghua
University, Fudan University and Jiao Tong
University finished 420 questionnaires, 388 of which
reclaimed. 851 consumers participated in the survey.
Average monthly income of female students of the
two countries is shown in TABLE I. Two thirds of
students in Shanghai get less than 1000 RMB while
more than one third students in Seoul gain between
1000 and 2000 RMB.
3
COMPARISON
BETWEEN
FEMALE
STUDENTS FROM SHANGHAI AND SEOUL
As can be seen from FIGURE 1, 95% of consumers
from Seoul are experienced in online-purchasing,
much higher than that of Shanghai, which is 51%.
Online-purchasing experience reduces as the age
group moves up, either in Shanghai or Seoul. Female
university students aged 20-21 in Shanghai seldom
purchase online as some universities in Shanghai do
not allow them to surf the net in dorms. Experience
of apparel online-purchasing differs even greater, as
there are less than 4% consumers in Seoul who never
purchase apparel products, compared to more than
60% in Shanghai.

TABLE I Average monthly income of female students (Unit: RMB)

Income level(RMB)
Rate (%)
Seoul
Shanghai

Under 1000

1000-2000

2000-5000

Above 5000

Invalid

20.5
70.4

37.4
11.9

33.5
8.7

7.6
0.8

1.1
8.2

- 1078 -

FIGURE 1 Experience on online-purchasing in China and Korea

FIGURE 2 Products for online-purchasing

Different situations of countries cause these
differences. Although the netizens in China will
surpass that in the US and topped the world soon, it
is lagging far behind Korea in terms of broadband
and popularization, speed of surfing and percentage
of netizens. As the capital of Korea, Seoul has
advanced internet service. Female students in Seoul
take online-purchasing as a main way for shopping.
As China is still a developing country, gap of onlinepurchasing between Shanghai and Seoul is huge,
though Shanghai has already taken the lead in the
country.
3.1 Internet using
Internet changes our life greatly, especially for the
university students. Female students in Seoul use the
net mainly for data searching (23%), shopping (19%)
and blogs managing (18%), while those in Shanghai
mainly send and receive e-mails (20%), search
information (20%) and chat (18%) online. Proportion
of online-purchasing in Seoul, with great importance,
is much higher than that of Shanghai, so it can be
concluded that online-purchasing has already stepped
into daily shopping lives of students in Korea.
Popularization of blogs also proves that the internet

utilization in Korea has already come into a new
stage, an advanced level, while in Shanghai,
everything is just in the beginning.
3.2 Demand of online-purchasing
As can be seen from FIGURE 2, female students in
Seoul prefer to purchase apparel (90%), books (51%)
and cosmetics (44%), and ask for different kinds of
service (32%) online, while those in Shanghai mainly
prefer books (51%), cosmetics (34%), apparel (29%)
and audio-visual products (27%).
As an advanced way of shopping, online-purchasing
differs a lot from the traditional ways. At the early
stage of online-purchasing, consumers prefer to buy
books, audio-visual products and other products for
the soul. At advanced stage, consumers will turn to
daily products such as apparel and clothes, as they
have become familiar with the rules and operations
of online-purchasing and developed trust in it. It is
just the opposition of traditional way. Students from
Seoul have already entered the advanced phase of
online-purchasing, while those in Shanghai are still at
the beginning.
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3.3 Payment methods
Paying is considered to be the key point for fair trade,
so whether e-business can develop prosperously, the
online paying system comes to be top important.
Attitude towards ways for paying for online products
differs in two countries. As can be seen from
FIGURE 3, more than 90% of consumers in Seoul
choose paying online (More than half of consumers
choose credit cards and prepay by banks, compared

to less than 5% choose cash on delivery). It shows
the perfect credit system of online-purchasing and
high efficiency and low cost, which are considered to
be the advantages of online- purchasing, can be taken
best use of. More than 60% of consumers in
Shanghai prefer cash on delivery (COD) as the best
choice, which is far beyond the percentage of credit
cards (33%) and bank prepaying (29%). It is obvious
that consumers in Shanghai are expecting the safety
of internet to rise.

FIGURE 3 Ways of paying

3.4 Reasons for online-purchasing
For merchants, e-business reduces purchasing and
promotional costs, as well as the production cycle,
storage cost and the fees for infrastructure, hence a
lower price for products. For online consumers, the
limit of place and time does not exist any more, as
they can finish the whole process indoor; they
needn’t go to different places to compare different
products any more as there is comparison system
online; and instantaneous consignment can be
carried out when purchasing e-products, no more
waiting cost.
Reasons for online-purchasing differ in Seoul and
Shanghai. 56% students in Seoul consider lower
prices as the most important reason, compared to
only 35% in Shanghai. Comparative-purchasing also
plays an important part: just by clicking the mouse,
consumers can put different products into the
comparison box set by website, in this way prices,
appearances and functions can be compared.
Students from both cities agree that onlinepurchasing is time saving and reduces waiting cost.
Greater potential exists in Shanghai, as more
reasonable prices and more consumers are supposed
to be attracted.
3.5 Problems exsiting
Apparel products can not be tried on in onlinepurchasing, and it is difficult to satisfy the specific
needs of each consumers. As can be seen from

FIGURE 4, size error is the biggest factor of
dissatisfaction in both cities, the rate of which is 41%
in Seoul and 45% in Shanghai. Color error and
pattern error also show high rate. Chromatic
aberration exists between the displaying video or
pictures and the real product; pattern design is
limited because of planar pictures, and it is difficult
to show all the designing details. Pictures make
visual errors, and inaccurate information caused by
these worries consumers greatly.
Time and place make the merchants and
consumers have to exchange information or make
payments by the net mainly, and sometimes third
party logistics companies are needed to deliver
products. All factors above make consumers have
little control in the whole transaction process; fail to
have face-to-face communications to judge the
quality of products. These are considered to be the
major disadvantages of online-purchasing.
4
ANALYSES
CONSUMERS

ON

INEXPERIENCED

4.1 Reasons for no online-purchasing
Female students from Seoul consider exchanging
purchases (76%) as the chief reason, as after service
cannot be ensured. In Shanghai, worries about ways
of paying become the premier factor (64%), which
takes up as little as 12% in Seoul, and then they come
into the exchanging problem.
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FIGURE 4 Dissatisfaction in apparel online-purchasing

FIGURE 5 Potential demand of non net-shopper for online-purchasing

Inexperienced consumers enjoy the traditional ways
of shopping in both cities, and they do not want to
share their personal information online; some fail to
get used to shopping online. Additionally, female
students in Shanghai also contribute insufficient
variety of products and unreasonable prices to their
reluctance to shop online, which never happen in
Seoul.
4.2 Potential demand
As can be seen from FIGURE 5, non net-shoppers
in Seoul show greater interest in apparel (44%),
higher than that of Shanghai (29%). Consumers in
Shanghai may purchase books (54%) or audio-visual
products (26%), or ask for various kinds of services
(47%), which take up 5% only in Seoul. Food,
beverage, and home appliances show little potential
demand in both cities.

of students from Shanghai and Seoul, and the onlinepurchasing status and trend in both cities is reflected
to some extent. However, as an advanced research
with latest technologies, more basic theories and
great experience are needed. In addition, as
information was collected from two different
countries, limitations do exist in the research. And
more meticulous research is expected to be done in
the future.
REFERENCES
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5 APOCALYPSE
Internet is the core of Information Time. In this paper,
research on apparel online-purchasing in China and
Korea was carried out. Meaningful conclusions have
been made by comparisons and analysis of behavior
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Abstract
Branding is one of the most important approaches for the enterprises to counter the competition and to
face the market saturation. However, to the small enterprises, especially those conducting a narrow
product line, the present theories and practices are not suitable for their lack of resources. This study
aims at exploring the specialties of small fashion enterprises and developing the coordinate strategy
and measures for them. By SWOT analysis, the research discusses the features of fashion industry
cluster in Zhengzhou area (the capital of Henan Province in central China) and its regional advantages.
Based on the case study, the directions for brand developing and four modes for brand value building
of the small fashion enterprises are proposed, which may provide references for other enterprises.
1 INTRODUCTION
Small enterprises are companies whose
headcount or turnover falls below certain limits.
Different states have their own definition of
what constitutes a small enterprise, for example,
in the United States, small business is defined by
the number of employees, which are fewer than
100 employees [1][2][3]. In China, there is no
clear regulation to define the number of
employees in small enterprises. But in the Notice
of Imprinting the Temporary Regulations on
the Criterion of Small and Medium Enterprises
〔 2003-143 〕 ,the National Statistics Bureau
regulated that the small and medium enterprises
must accord with the following condition: the
number of employees in the industry is not more
than 2,000 … medium enterprises should meet
the criterion of 300 employees with turnover of
RMB30,000,000
and
capital
of
RMB40,000,000 simultaneously. In this
research, the small enterprises is defined by the
number of employees which is fewer than 300.
Nowadays, the small enterprises are
supported by the political, economic and
social circumstances. In 2003, the People’s
Republic of China Legislation on Promotion of
Small and Medium Enterprises was set up. It
constitutes rules to maintain the rights of
small enterprise and impels its development.
Small fashion enterprises expand rapidly and
become the most vigorous economy
segments.
At the same time, the growth of the small
fashion enterprises is full of difficulties and
encumbrances in the austere market. An
investigation
of
China
Commodity
Marketplace found that from 2007 the

resources of the apparel industry shifted
rapidly to big enterprises and the occupation
of the output from enterprises of scale
increase
greatly.
There
are
four
shortcomings cause the frangibility of small
business:
1) Small scale: to be lack of mass
manufacture advantages;
2) Low level of management: to make
decision by personal sense;
3) Undercapitalization: with little ability to
resist risk;
4) Feeble influence on the consumers:
insufficient investment on branding.
The main section of fashion industry is small
enterprises. But the statistics and reports on
them is quite finites. This research aims at
exploring the coordinate strategy for small
fashion enterprises through investigation
and case study.
2 SURVEY OF SMALL FASHION
ENTERPRISES IN ZHENGZHOU
2.1 The method of survey
Limited by the research, the survey of the
enterprises is confined in Zhengzhou area
(the capital of Henan Province in central China).
Expert evaluation is conducted in the subject
of small fashion enterprises in December
2008. Five experts were invited in the
survey to score for the small fashion
enterprises according to the questions in the
questionnaire. All the experts have years of
work experience in fashion area and have
good understanding of the situation of
Zhengzhou apparel industry. Table 1 shows
the background of the experts.
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Table 1 the background of the experts

ExpertsWork years Status
1

23

2

21

3

17

4

6

5

11

The vice
president
senior
engineer
associate
professor
market
manager
general
manager

Work place
Zhengzhou Apparel Guild
Henan Commodity Quality
Inspection Institute
Zhongyuan
Institute
of
Technology
Yinji Business and Trade
Centre
Sindicate
marketing
company

25 small fashion enterprises were selected to
be the sample of the research. The selection
is based on the 3 criterion：
1）The headcount of the enterprises is not
more than 300；
2) All the 5 experts know the enterprises；
That means the enterprises is active with
certain force.
3) The enterprise has its own brand.
2.2 The result of the survey
The research aims at exploring the
specialties of small fashion enterprises. To
simplify the discussing, 12 questions were
listed in 3 major areas: the strength, the
weakness of the enterprise and the image
recall of the brand. Through the score of the
expert, the most significant features of small
fashion enterprises in Zhengzhou are
discovered.
According to the score (from high to low),
the top 3 positive features of small
enterprises are:
1) to respond to the marketplace quickly;
2) to perform low price policy;
3) to connected with their customers closely.
According to the score (from high to
low), the top 3 negative features of small
enterprises are:
1）unstable quality of the products;
2）low-grade impression on its brand;
3）similarities to the product in the market.
According to the score, 64% of the brands
are weak and not clear in recall. 28% of the
brands could be figured out properly and
only 8% brand image is clear and vivid.
According to the advice of the experts, the
most important 3 aspects for the small
enterprises to improve are:
1) to increase the quality and added value of
the product;
2) to arrange market activities soundly;

Reasons for choosing
long term connection with
lots of companies
To specialize on fashion
commodity
Long term research on fashion
industry cluster
profound understanding of
the wholesale market
retailer dealing with 7 small
fashion brands

3) to set up feasible branding strategy.
3 ANALYSIS OF APPAREL INDUSTRY
IN ZHENGZHOU
3.1 Introduction
Zhengzhou is one of the main bases of
cotton spin in China. It locates in the central
of China and becomes the biggest logistics
hub from 1980s.
Around the railway station, a cluster of
wholesaler has developed from 1990s, With
the growth of the relevant fashion bazaar,
Zhengzhou fashion wholesale center came
into being, which radiated to 8 central and
west provinces, such as Hebei, Shanxi,
Anhui, Gansu and Xinjiang. The apparel
trading cluster now is the biggest one in
central China and the fourth biggest one in
country. Consisted of 18 wholesale markets,
the area are full of goods from Zhejiang,
Jiangsu, Guangdong, Shanghai and Beijing,
with the flow of people amounting to
100,000 per day. More than 1 billions pieces
are traded and the turnover achieves
RMB100 billions annually.
The prosperity of apparel trade has driven the
progress of apparel manufacture. From 1990s,
thousands of fashion enterprises set up. From the
lecture of Zhao Jiancai, the mayor of Zhengzhou,
we know that the increase rate of investment on
apparel and textile has been 10% per year since
2003, and the scale expansion of the industry has
been 30% [4]. Till the end of 2007, there were
more than 300,000 employees and 2,400
enterprises, 520 enterprises of scale in the
industry of Zhengzhou.
Zhengzhou has got the fame of the City of Pants
since 2002 because of its huge output of pants.
There are 2,150 enterprises specialized on pants,
among which 500 are manufacturer of scale.
The annual turnover of pants breaks through
RMB 8 billions. The turnout of woman’s pants
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amounted to 200 million pairs and men’s pants
100 million pairs, which accounted for 52% of
the country’s pants market. Some brands came
forth to win national reputation, such as
Mengshuya, Yalida, Wuduoyun, and Dusen, etc.
These private owned small and medium
enterprises make up the fashion industry cluster
and Zhengzhou became the base of pants
manufacturing. An apparel and textile industrial
district occupying 12 sq.km is emerging in the
west of the city, which is the emphasis
construction project of 11th “Five-Years Plan”.
3.2 SWOT analysis of small fashion
enterprises
SWOT analysis is a useful tool for auditing
an organization and its environment. It is the
first stage of planning and helps marketers
to focus on key issues. SWOT stands for
strengths, weaknesses, opportunities, and
threats. Strengths and weaknesses are
internal factors. Opportunities and threats
are external factors. The SWOT of the small
fashion enterprises clustered in Zhengzhou
is:
(1)Strengths
S1 to adapt to change and response quickly;S2
to have the advantage of price because of its
low cost; S3 to start with domestic market and
have excellent adaptability;S4 to establish a
tight relationship with the retailers;S5 to
access the trading cluster conveniently which
covers almost half of China; S6 to be
innovative on low-cost and resultful
marketing;S7 to focus on the niche-market
easily.
(2)Weaknesses
W1 the technique on manufacturing should
be improved;W2 to be lack of innovation in
brand personality;W3 to manage without
regulation and procedure;W4 singleness or
limit of the product;W5 conflicts between
the owner and the employees caused by
urgent tasks and squeeze to reduce cost
which might depress the benefit of the
workers. W6 uneducated owners with little
knowledge on contemporary management
and enterprise strategy; W7 the incorrect
concept about branding and the blur of the
company’s philosophy.
(3)Opportunities
O1 a series of support policy in the process
of Rising of Central China;O2 to share the
industry cluster’s fame of City of Pants; (only
for the pants companies);O3 to have ample and
inexpensive labor for Henan is a province of 99
million populations;O4 the endeavor of local
government to establish the apparel and

textile industrial district; O5 the tremendous
market of central China and increasing
demands on middle grade apparel; O6 the
misplay of the rival and the big enterprises on
neglecting the niche market; O7 high media
exposure in recent years due to the abundant
activities launched by the members of the
cluster.
(4) Threats
T1 economic contraction and feeble
confidence on future;T2 increasingly severe
market
and
furious
competition;T3
insufficiency of senior managers ，
experienced
designers
and
skilled
technicians in the area;T4 to be affected by
its origin with the impression of low
grade;T5 more and more sophisticated
consumers tending to be price sensitivity;T6
new rivals with successful branding adapting
to the Creative Economy.
4 BRAND STRATEGIES FOR SMALL
FASHION ENTERPRISES
A strategy is a plan of action designed to
achieve a particular goal.(88)Strategic
planning is an organization's process of
defining its strategy, or direction, and
making decisions on allocating its resources
to pursue this strategy, including its capital
and people. (89)
For the small fashion enterprises, the
strategy should assist the enterprise to
achieve advantage through its configuration
of resources [5]. Thus, the small enterprises
must take its advantage, avoid its
disadvantage and exert its limited resources
to the best of its abilities. Branding is the
way to reinforce the advantage of a product
or services and to concentrate on the target
market. It is a great way to fine-tune the
business model and business practices.
A brand is a collection of experiences and
associations connected with a product or a
service. The brand’s aims are ownership and
recognition. It’s a positive force in driving
marketing and pushes a company to greater
heights.
Branding is not merely advertising a symbol
to help people recognize and differentiate it
from its competitors these days. It is focused,
persevering toward an intention to win. For
small enterprises, branding is not about large
investment on advertising and promotion, it
is about pinpoint target and accentuating
their special benefit providing to the
consumer.
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4.2 Four modes for small brand building
The headstone of the strategy lies in the
Core Competency of the company. Analysis
on the Core Competency of the small
fashion enterprise helps to add value to the
brand.

[3]Kotler,

The Core Competency is a deep proficiency that
enables a company to deliver unique value to
customers. It creates sustainable competitive
advantage for a company and helps it branch
into a wide variety of related markets. It's hard
for competitors to copy or procure. Exertion
Core Competencies allows companies to build
up the strengths that differentiate them and set
strategies that unify their entire organization [6].

Countermeasures,

Different enterprise has different Core
competency. Each company should analysis
what they can do well and provide particular
benefits to consumers. A Core Competency can
take various forms, including technical, a
reliable process, and/or close relationships with
customers and suppliers. It may also include
product development or culture, such as
employee dedication.

[4]Statistics Department of Henan, Analysis of
the Main Economic Indicators and Proposal of
Statistics

[5]Hu, C.Z., Culture of Enterprises and brand
Strategy, Economy Daily Publish House, 2002,
pp. 78-156
[6]Hu,

W.Q.,

The

Countermeasure

for

Advancing of Textile Cluster’s of China,
Modern Marketplace, Vol.31, 2006, pp. 18-20

[1]Kono, T.,"Changing a Company's Strategy
and Culture", Long Range Planning, Vol. 27,
No5, October 1994, pp: 45-97
100

Zhengzhou,

Department of Henan, 2002.
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5 CONCLUSIONS
For a small fashion enterprise, it is very
difficult to establish and promote its brand
for its lack of resources. Especially the
present market is full of millions of big
fashion brands with lots of mega-brands
being
dominant.
The
globalization
competition forces the small enterprises to
face the multinational companies and their
brands. The research expects the progress of
small brands and provides possibilities of
branding for small enterprises. Due to the
limit of the research, several suggestions
might be inapplicable to many enterprises.

[2]Brian

Philip,

Absolutely

Unbreakable Laws of Business Success, Berrett
Koehler Publishers, 2000, pp.80-96
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Comparative study on Chinese, Japanese and Korean’s
inheritance of traditional clothing
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ABSTRACT
In this paper, the inheritance of the traditional clothing in China, Japan and Korea were analyzed and compared.
The results showed that there are fewer people wearing traditional clothing in China than in the other countries,
and there are less occasion for Chinese to wear these clothing either. However, the Chinese have high
expectation for the traditional clothing. Based on the investigated results, the approaches to preserve and
promote the nation culture of Chinese traditional clothing were proposed.
Keywords: Chinese, Japanese and Korean, inheritance, traditional clothing, compare
INTRODUCTION
Clothing is a kind of representation of national
culture. As northeastern Asian countries, the
traditional clothing of China, Japan and Korea
originated from the ancient Chinese civilization [1].
Similarly as in China, the Japanese and Korean
ethnic clothing are vanishing because of the impact
of western culture and the influence of modern life
style. However, the inheritance of traditional
clothing varied among the three nations, as shown
in Figure Ⅰ . The Chinese traditional clothing,
formed basically before Qin dynasty and boomed
in the Warring States period, has a long history. The
shapes of them were one-piece and two-piece,
during the developing process, the two shapes kept
steady. But it has been changed dramatically at the
beginning of 20th century and almost disappeared
60 years ago. In recent years, Chinese has been
paid more attention to the traditional clothing, and
wear it gradually. The Japanese traditional clothing
was two-piece shape at its initial stages, and has
been changed into one-piece clothing in the Heian
Era, kimono as typical traditional clothing has been
formed in this era. It also was impacted greatly by
western-style clothes introduced into Japan after
Meiji Reform. However, up to today, Japanese
wear traditional clothing in their traditional cultural
activities, such as festival, celebration, wedding
and so on [2]. The traditional clothing of Korea has
been formed at Three Kingdoms Times in Korean
history, it was ascertained finally after Goryeo
dynasty and Korea dynasty and weakened in the
end of 19th century because of the introduction of
western cultural. However, in the countryside, there
were many people wearing traditional clothing，in
the big cities, people wear traditional clothing at
the time of festival and celebration[3].

FIGURE Ⅰ . The development and change of traditional
clothing

In the paper, the usage situation of traditional
clothing of the three nations were investigated，and
these results are helpful for developing approaches
to preserve and promote the nation culture of
Chinese traditional clothing.
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The difference in number of traditional clothing

APPROACH
Investigated by using questionnaires，The subjects
included Chinese, and Japanese and Korean, some
of them worked or studied in China. 350
questionnaires were distributed and 333 of them
were collected, of which 122 were from Chinese,
70 from Japanese and 141 from Korean
respectively, the usage status quo of the traditional
clothing in China was compared with that in Japan
and Korea.
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TABLE I The statistical results of negative factors affecting
wearing traditional clothing

RESULTS AND DISCUSSION
country
China
Japan
Korea

Expensive (%)
25.4
61.4
29.1

Not convenient (%)
66.4
51.4
51.8

Dissatisfied reasons
Not accommodated (%)
67.2
55.7
58.2

out of date (%)
25.4
2.9
0.7

The differences in dressing purposes towards traditional clothing traditional clothing
country
Items on dressing purposes
Means
China
Japan
following tradition
2.69
2.90
2.59
promoting national culture
2.93
3.19
2.97
enhancing national pride
3.25
3.25
3.07
2.44
1.88
pursuing vogue
2.15
changing dressing style
2.55
3.14
2.12
manifesting individual characters
2.93
2.91
2.80
2.02
2.00
manifesting individual economic status
2.10

Hard care (%)
35.2
31.4
35.5

TABLE Ⅱ

Korea
2.50
2.66
3.33
1.94
2.16
2.98
2.12

F
5.092**
10.370***
14.079***
38.657***

TableⅢ shows the analyzed results of the differences in dressing preference towards traditional clothing.
country
Items on dressing tendencies

Means

Wearing traditional clothing felt comfort
Lower usage effect the popularization of traditional clothing
Wearing traditional clothing was better in some occasions
Wearing traditional clothing should be as appropriate as possible
Female favored traditional clothing than that of male
Elder favored traditional clothing than that of young
Compared with traditional, One favored western-style clothing
One should wear traditional clothing when married

3.03
3.55
3.82
3.38
3.60
3.73
3.20
3.39

The factors to influence wearing the traditional
clothing were investigated as shown in Table Ⅰ, The
results showed that the majority believed wearing
traditional clothing was not accommodated to the
modern life style and not convenient in daily life.
30% of the subjects thought that the traditional
clothing was not easy to care. It was obvious that
there were conflicts between wearing traditional
clothing and the modern life style or the dressing
custom to some extent, and there was also
contradiction between wearing traditional clothing
and the dressing habits of modern customers for
convenience, comfort, personalization and relaxation.
The number of traditional garments owned by the
subjects also reflected the difference in the
inheritance to traditional clothing among the three
countries. As shown in Figure Ⅱ, Chinese possessed
fewer traditional clothing than Japanese and Korean,
the majority of Chinese have no traditional clothing
at all. The significant difference indicated that the
situation of inheriting the traditional clothing in
China was not optimistic, and it was urgent to lay
emphasis on the development and innovation of the
traditional clothing to preserve and promote the
national culture especially the traditional clothing.
From the analyzed results of the differences in
dressing purposes towards traditional clothing shown
in Table Ⅱ , it was implicated that wearing
traditional clothing had something to do with
national emotions. The main purpose of wearing
traditional clothing was to enhance national pride and
promote national culture. Wearing traditional
clothing expressed the intention to respect ancestors

China
3.02
3.92
3.98
2.69
3.64
3.71
3.33
3.24

Japan
3.64
3.39
4.10
3.81
3.83
3.71
3.44
3.44

Korea

F

2.77
3.36
3.64
3.83
3.47
3.82
2.99
3.51

21.887***
11.159***
5.507**
49.558***
3.036*
6.881**

and emphasize tradition. However, there were
differences in some items among the three nations.
Subjects from the three nations were inclined to
emphasize traditional culture of clothing, encourage
wearing traditional clothing. Most people held the
viewpoints that wearing traditional clothing was
better in some occasions, especially when getting
married. Majority of Japanese and Korean subjects
thought that one should find occasions to wear
traditional clothing as more as possible. Majority of
Chinese subjects believed that the lower usage rate of
traditional clothing hampered the popularization of
traditional clothing. There was also something in
common among the three nations, that females
favored traditional clothing than males, and elders
than youngers. The observation was consistent with
their viewpoint that traditional clothing was not only
used for formal occasions. At present, Chinese’s
dressing custom still remained in the stage regardless
of time or venue. In other words, one may attend
various occasions, such as working place, party, tour,
and so on, wearing a same。
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The comparative figure of the occasion wearing traditional clothing

favored garment, even traditional clothing.
Therefore, some functional factors such as fabric,
price and sewing quality were also focused. As
shown in Figure Ⅲ, in Japan and Korea, the
traditional clothing is worn in formal occasions
such as wedding, festival, reception, celebration,
grown-up ceremony and so on. FigureⅣ shows
that the traditional clothing of Japan is often
more expensive. The data of brand (all lower
than 30%) showed that people had low
expectation for the brand of the traditional
clothing. This indicated that it is difficult for the
traditional clothing to become worldwide brand
although each nation has high reputation towards
its traditional clothing.

1/4

house

2

3

4

FIGURE Ⅳ . The rate between the price of traditional
clothing and the monthly income

CONCLUSIONS
The inheritance of traditional clothing differed in
many aspects among Chinese, Japanese and
Korean. The factors affecting choosing, wearing
occasions, number of traditional clothing
possessed and the ratio of the price in monthly
income were investigated. The results showed
that there were differences and identities in the
inheritance of traditional clothing and dressing
custom among the three nations. Chinese,
Japanese and Korean showed strong interests in
national culture and traditional clothing. They
regarded the traditional clothing as superior
royal formal dress and thought the clothing
should be developed and promoted. Especially,
Chinese showed intense passion toward the
outdated traditional clothing, and had the
expectation for the traditional clothing to be
developed and promoted with the development
of economy. However, there are significant

differences in the inheritance of traditional
clothing. Firstly, fewer people wear traditional
clothing in China than in Japan and Korea today.
The majority of Chinese have no traditional
clothing at all, and there were very fewer people
possessing more than one piece of traditional
clothing either. There were very fewer occasions
for Chinese to wear traditional clothing. How to
promote the national culture and the traditional
clothing is still an austere issue for Chinese.
Secondly, Chinese had higher expectation for
traditional clothing than Japanese and Korean,
and it seemed that the quality of traditional
clothing should be improved to meet consumers’
demands in China. Thirdly, in Japan the price of
traditional clothing was the highest and the price
varied in a great range. In other words, the
Japanese traditional clothing had more excellent
quality and diversity in prices while the Chinese
and Korea traditional clothing seemed not to be
of very high grade. Finally, there seems to be
lots of work to do for designers in China to
develop traditional clothing products of various
grades to meet consumers’ demands.
FUTURE WORK
The next research is to analyze what cause the
difference, and attempt to compare the
development difference of traditional clothing
among the three countries.
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Research on relationship between materials and internal
function design of clothing
Li Hong-Yan
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ABSTRACT
Along with social development, demands on clothing function and comfort become increasingly high.
From the perspective of clothing internal space, the author studies factors influencing internal function
and comfort design of clothing, mainly including three aspects: pressure comfort, contact comfort, heat
and moisture comfort. Focus on analyzing influencing factors on pressure comfort and contact comfort.
Pressure comfort is related with clothing materials’ weight, structure and materials’ ingredient. Contact
comfort is related with materials’ physical properties, mechanical properties and surface properties ,
including fabric handle feeling, contact cool and warm feeling. For example bras, analyzing
relationship between bras and the human body, discussing how to design comfort and repairing body
bras from aspects of structure design and fabric selection.
Keywords: function; internal space; material; pressure comfort; contact comfort
INTROUDUCTION
Clothing is necessary in adapt to natural

internal space includes both the gap between

environment, maintaining human life and

the body and the clothing and gaps within

health, and promoting the survival activities. It

clothing internal space, not only to make air

processes three aspects of functions: firstly,

circulating easily to keep warm climate, but

physical comfort, to meet people's physical

also has characters of comfortable wearing and

health needs, help the body to adapt to climate

convenient activity. Clothing’s internal space

change; secondly, active comfort, not hindering

changes with human activities, which is a

humans’ movement; thirdly, aesthetic, giving

changeable spatial form, sometimes brings

person spiritual enjoy. At present people not

about

only pursue clothing’s appearance and beauty,

activities, needing to adjust structure to enable

but also more and more concern about its sports

peoples’ exercise coordinate within the space.

function and hygiene function, that is "making

At the same time, it is a major function for

clothes to adapt to people."

clothing’s internal space to form stable climate.

uncomfortable

sense

of

hindering

Human skin surface climate conditions reach
FACTORS OF IMPACTIING CLOTHING

the most comfort at temperature 32 ℃,

INTERNAL SPACE COMFORT

humidity 5%, flow velocity 25cm / s. It leads to

Clothing is defined from both inside and

the problem of how to wear comfortably,

outside space. People enclose natural space by

involving three aspects:

fabric to adapt to the human body, which is

(1) Pressure comfort: pressure on the human

known as clothing’s internal space; the outer

body caused by clothing does not make human

space occupied by the whole clothing is known

feel uncomfortable.

as clothing’s external space

[1] [2] [3]

. Clothing’s

(2) Contact comfort: clothing must have the
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function of tactile comfort because it contacting

features of clothing design. Clothing slip

on skin directly.

volume depends on yarn friction factor between

(3) Thermal-wet comfort: clothing must be able

the skin and fabric, yarn friction factor between

to regulate heat、 moisture and temperature.

skin and different layers of clothing. Fabric
elongation is mainly related to fabric elasticity

So people must consider above three aspects

and flexibility replies performance, which is an

from

important factor to ensure pressure comfort

perspectives

of

clothing

internal

[7]

.

functional and comfortable design. At present,

So in the clothing design, it is necessary to

because much research have centered on

consider the structural elements and the fabric

thermal-wet

performance in order to reach the requirements

comfort,

the

author

studies

of clothing internal pressure comfort.

clothing’s internal function and comfort from
two aspects of pressure comfort and contact
comfort.

Clothing contact comfort
Contact comfort is another important factor of

Clothing pressure comfort

clothing comfort, which plays direct impact on

Clothing pressure generates at the dynamic

human body especially on tight clothing.

contact process that clothing meets changes in

Irritation caused by fabric has been confirmed

the human body by relative sliding and

to be the most uncomfortable feeling when

deformation of material, because of material

clothing contacting on the skin, it relating with

deformation

mechanical interaction between the fabric and

resulting

pressure,

including

[8]

. Contact comfort is

tensile, compression, shear and bending stress,

the human body

producing binding pressure on contact site,

produced by clothing materials’ physical

leading to deformation of the skin to stimulate

properties, mechanical properties and surface

skin deep pressure points, therefore the wearer

properties on the human skin, which is closely

[4]

.Too large or too

related with fabric mechanical properties, skin

small clothing pressure does not comply with

characteristics and environmental factors such

human physiological requirements. Research

as temperature and humidity, including the

has shown that comfortable pressure ranges

fabric handle feeling, contact warm and cool

between 1.96-3.92kPa, uncomfortable clothing

feeling and prickle, etc.. Fabric handle feeling

pressure between 5.88-9.8kPa, near the skin

includes fabric’s rough and smooth, soft and

feels the garments pressure

surface capillaries’ blood pressure

[5]

[6]

.

stiffness, flexibility, weight, thickness, etc., all

Therefore, the clothing pressure is an important

closely

criterion in clothing design influenced by the

properties at low pressure, such as fabric

style, fit and fabric mechanical properties.

bending

related

with

rigidity,

fabric
shear

mechanical
performance,

[9]

. Warm and

Clothing pressure is produced for three factors:

compression performance, etc..

first, because of the gravity of clothing on the

cool feeling of contact are related with fabric’s

human body; second, tight clothing leading to

transient heat and moisture migration, mainly

pressure; third, because of material deformation

depending on the surface structure of the fabric.

generating tension pressure on the human body.

Prickle between fabric and skin is caused

Therefore, clothing pressure can be reduced by

because of fiber stiffening effect, related with

adjusting the loose volume of clothing, slip

the thickness of fiber, in addition, the yarn

volume of clothing and volume of fabric

defect on

elongation. The loose volume of clothing is

itching.

related with clothing size, body size and
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underwear also can produce skin
For

example

bras,

this

article

elaborates the unification of function and

the body coordinate in exercise, not only

comfort in clothing design.

improving the sports person's exercise status,
but also comfortable to wear.

BRAS INTERNAL FUNCTIONAL AND
COMFORTABLE DESIGN

On the other hand, because bra materials are

Bras are closely related with human body as

close to the human body, it require to affinity

women’s' second layer of skin. Women can

with the skin, not produce prickle and rough

reduce the drop impact on breast caused by

feeling. In other words, the bra must have

gravity through wearing bras. Bras have

comfortable contacting feeling. In 1958 the

functions of not only adjusting the chest shape

United States invented DuPont Lycra fabric,

but also providing good comfort, especially

which is produced by dry spinning of

pressure comfort. Studies have shown that too

polyester-spandex, sweat-resistant, washable,

much bra stress will significantly reduce

the shrinkage rate reaching 97 percent at

autonomic

in

elongating 200 percent, shrinkage rate reaching

parasympathetic nervous system and thermal

99 percent at elongating 50 percent, usually

regulation

significantly,

extension degree achieving 400% - 700 percent,

therefore impacting on women's health. It is

light weight, excellent flexibility, and superior

necessary to focus on structural design and

to the skin several times. Research has shown

fabric’s soft and delicate texture in bras design.

that materials with the tensile elastic stretching

The biggest bras pressure part is under the arms,

degree between 30% -50% while reply power

followed by the lower breast, nipple bearing

losses no more than 5% -6% not only can be

minimum pressure. Adjusting pressure under

close to the skin to show curves of the body,

the arms is the key to whether bras pressure

but

fitting the human body. It can be adjusted

movements. In bras design, materials’ comfort

through putting elastic-adjusted level on the

is considered in the first place. It requires

back and selecting appropriate materials and

materials possessing moisture, breathable, soft

shoulder strip width. Band should be large

and good touching abilities. And materials

stretch fabrics, and the shoulder strap should

comfort is an important factor affecting the

not be too meticulous, because the more wider

quality of underwear. The test data of Lycra

the shoulder strip is the more scattered the

shows that the Lycra is very fit for underwear

pressure is. Pressure under the breast is an

or bras, it can provide fabrics with durable and

uplift force produced from the bottom of the

comfortable high-performance stretch, and can

corset close to the breast, its amount is key to

be blended with silk, cotton, wool and other

shaping

and

natural or man-made fiber, and maintain the

comfortable feeling. In order to generate

fabric original appearance and texture. For

appropriate power and increase the stability of

example, cotton blending with Lycra fabric not

bras, elastic fabrics must be chosen for bra and

only

high-elastic fabric for band. When the human

advantages that cotton fiber having, but also

body exercise, the chest will deform, clothing

has

will put friction on nipple, therefore injuring

characteristics that the cotton does not have.

the nipple. Then the elastic fabric’s soft and

Bras using that fabric wears gentle, comfort,

elastic will make the bra elongate and reply

easy to exercise and long-term to maintain the

with changes in sports, support the breast,

same shape. Soft Lycra put forward the

restrict breast movement, so that the breast and

flexibility of underwear. Its flexibility two

nervous
activity

the

activity,
reducing

breast’s

resulting

plump,

tall
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also

has
good

stretch

freely

comfortable
elasticity,

with

and
easy

the

body

breathable
deformation

times than average fiber can give the chest soft
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Abstract
The marketing of life style is becoming a trend in the marketing field. By exploring the origin for the
modern life style and features of modern lifestyle, this article provided some successful cases to
analyze the new marking relationship between the tendency of modern life style in the transformation
of fashion and clothing brand positioning, This paper discussed how to develop the modern marketing
modes for modern lifestyle This trial has prompted us as educators to further explore the ways when
the corporate has accurate positioning, carefully studies the market and needs for target groups, and
develops an effective and popular life style, it means that you have created the future of commercial
space and brand value.
Key words: marketing of life style, clothing brand positioning，features of modern lifestyle，lifestyle
trend, modes for modern lifestyle
STATEMENT OF PURPOSE

such places of livelihood and such consuming

In the 21st century, with the establishment of

attitudes and hobbies as imitation of foreign

human centered sustainable development view,

fashion, pursuit of romance, nobility, and the

lifestyle plays a more and more important role.

pursuit of avant-garde fashion. From the specific

Marketing concept of life style brought about a

contents of life, it also can be roughly divided

revolutionary change, the starting point for

into three major categories ----socialization,

enterprise marketing is no longer targets the

work and private life of individuals.

enterprise and its product, but the target

With

customers and their lifestyle, emphasizing the

improvement

nature of the enterprise on the cooperative and

consumer trend - "lifestyle marketing" in the

interactive relationship with customers. In 1970,

clothing market has come into being and been

the

Toffler

expanding, that is, transformation has been taken

predicted in his book "Future Shock" "The next

from the practical consumption to cultural

step in the service economy is moving towards

consumption. And this style has evolved into a

the experience economy, and people will create

comprehensive demand for people’s identity,

more and more economic activities with related

status, taste, cultural attribution.

experience, businesses will win by providing

!

world-famous

futurist

Alvin

experience service. "

the

progress
of

of

living

society

and

the

standards,

a

new

relationship between life style marketing
and brand positioning

INTRODUCTION：

Emphasis has been placed on deep relationship

concept and origin of life style marketing

between life style brand positioning and

Life style is a very broad concept, which is

consumers, i.e. the consumers can enjoy its

combination of the life styles of human material

interests. Polo Ralph Lauren said “what I sell is

and spirits. In short, lifestyle can be understood

not a commodity but a life style, an attitude.”

as school life, office life, family life and other

(Fleet log - the international garment industry
development strategy of the top ten brand
strength P204)
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This opinion shows that: The reason why a

Lynn Upshaw writes, "How people feel about a

strong brand has a higher value is that it not only

brand is oftentimes need- or desire-based, which

has high visibility and, more importantly, has set

means

up a deep relationship with consumers, that is,

approaches can oftentimes be very effective as

the purchase of their products can allow

positioning prompts."

consumers to experience the brands positioning

In modern society, changing lifestyles has

that represent personal identity, cultural identity
and lifestyle’s core demand - the customer's own
interests. See Figure 1 for details.

that

emotional

or

psychological

become a major factor to affect the garment in
consumption, to keep up with the consumers’
changing lifestyle, even a step ahead, in order to
create fashion and lead consumption. So
studying modern popular lifestyle characteristics
and mode of modern marketing can become the
purpose of promoting sales.
FINDING:
Features of modern lifestyle
!

and increasing in scope. Globally identify

FIGURE 1. relationship between life style brand positioning
and consumers

!

the origin and feature of modern life

health as the most important mega-trend.
!

friends,

1. Basic difference of consumers：Consumer’s

Attention

health, purchasing desire, intelligence and

includes their behavior and values. Which reflect
people’s psychology of pursuing novelty and
difference---personalized lifestyle.
3. changes in consumer attitude in modern
society ： From the perspective of Marketing
environment,

the

homogenization

is

competitiveness
difficult

to

touch

of
the

consumer's "nerve" and the market’s reaction,
while lifestyle is a selling point that reflects the
value of the product or service.

and

consumption

is

strongly

to

the

social

status

of

Case: An emerging lifestyle - LOHAS (lifestyles
of health and sustainability). LOHAS is not only
a way to love the earth, love the health of
themselves and their families, but also a lifestyle
in line with the trend of healthy lifestyle and
interpersonal relations. With the popularity of
globally environmental protection, the concept
of environmental protection increasingly popular.
From Anya Hindmarch to Marc Jacobs and LV,
they select this “green card” without exception.
!

Individualism: self expressive consumers
want more personal and customized brand
experiences. Consumers are seeking more

psychological desires： A popular lifestyle tends

opportunities to customize and personalize

to express a social psychology at a particular
different psycho-social status, their lifestyles are

trends:

consumption has gradually recessed.

4. popular life style is the external social and

stage. Because different social groups may have

relations

affected by the influence of others.

resource includes income, education, confidence,

2. Self-directed lifestyle ： Self-directedness

Interpersonal

consumers pursue relations with family and

style

capacity.

Health concerns ： gaining momentum

goods and services.
!

also multi-faceted.

Sensory: consumers seek more pleasure,
intensity and sensation from products and
eager to experience by the pursuit of

APPROACH：
In the book "Building Brand Identity: A Strategy
for Success in a Hostile Marketplace," author
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happiness, to buy expensive merchandise
by the pursuit of happiness.

case: the emerging popular outdoor sport --- the

polarizing in a way that compounds and

way of fashion. Novel experience, exposure to

defies gender truisms.

natural and challenge themselves, trust and
cooperation,

reflect

the

characteristics

of

individualism and perception trends. The use of
high-tech clothing fabrics, combined with casual
style clothes, can not only meet the professional
requirements of wind proof and rain proof, or on
weekdays but also the best match in daily life.
!

Comfort:

consumers

want

safety,

simplicity, trust and indulgence in response
to rising stress and uncertainty.
!

modern marketing modes for modern lifestyle
In 1999, Dr. Bird Schmidt at Columbia
University

took

the

lead

on

defining

experiencing marketing: a marketing way of
thinking

designed

from

five

aspects

the

consumer's sense, feeling, thinking, action, and
connection. This article agrees on his theory of
Sense and Sensibility, and the marketing way of
life that needs to be considered is comprehensive
experience and effect, which is the key to

Technology, digital, network trends:

Case: the emerging popular style---hi-tech
fashion. Electronics fabric manufacturers, the
Tex-tronics, designed a heart-beating monitoring

researching positioning of consumer behavior
and brand. The following summary of the
modern marketing mode.

bra. Living and enjoying innovative features that

!

are brought about by the high-tech is a new

Through

lifestyle. At present, traditional textiles are

combination of consumer’s beliefs and values,

accelerated to restructure to the "science,

and emphasis on marketing lifestyle, brand

technology and fashion".

positioning

!

Convenience: people increasingly feel that

psychological needs at present stage.

they need to fit in many competing

LIFESTYLE STORE extends its business from

demands on time.

clothing sale to all the life details: Armani

Leading
the

right

meets

the

guidance,

target

accurate

consumers’

Case: ZARA achieved a 10 to 14-day reactive

develops its business grocery supplies from the

distribution, creating a "fast affordable fashion"

"vision" and "touch" to florist, coffee shop and

brand concept. The rise of the brand lies in the

food based on "smell" and "taste". When selling

combination of its spirit, the spirit of the times

clothing it adds various new elements, that is, to

and the demand deep down from the consumers.

create a new way of life. Lifestyle marketing

!

are

conveys its modern consumption concepts to

increasingly mixing luxury and value

customers, and changes their perception of and

simultaneously 。

demand in detail, namely, they would find that

!

Income

complexity:

consumers

are

their needs have changed unknowingly. So that

polarizing in a way the reinforces and

it breaks the previous category of goods

defies stereotypes. Consumers are afraid of

classified in accordance with the method of

aging, so the activities to maintain young

shopping malls, which means the products are

increase

mixed together and associated to form a

Age

complexity:

age

accordingly

behaviors

consumers

pay

attention to the age of self-awareness;

combination of consumption.

consumption of low-age grows more and

!

more quickly.
!

Life stage complexity: life patterns are
becoming less predictable More people
globally are living alone.

!

Gender complexity trend: Behaviors are

Establishing imagination and correlation

The purpose of the correlation marketing is to
establish a correlation between an individual and
a wide range of social system (a sub-culture, a
group, etc.) in order to set up personal
preferences for certain brands, while allowing
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the people who use the brand to the form a group.

searched for non-industry partners, and played

Such as Qipai, a Chinese stand-collar, targets

different types of brand synergy .

consumer group's inner goal. The slogan "Man

CONCLUSIONS：

should be a little hard on their own" label

The clothing brand positioning, different from

arouses consumers response immediately. In the

other commodity, involves modern society’s

minds of consumers, such concepts can best

consumer attitude, life style and fashion.

embody the national sentiment, personalization,

Therefore, to upgrade the culture, improve our

fashion, and personal style, so the brand received

services and marketing model is the most critical

a high degree of loyalty, and it finally went into

issues for the internationalization of Chinese

the 2005 "China 500 Most Valuable Brands" list.

clothing brand positioning.

!

FUTURE WORK：

Sensible publicity

Lifestyle marketing touches the most sensitive
“nerve” of consumers by penetration in order to
make the consumers purchase to realize their
dream. Established gallery in Milan to touch the
deepest spirit of people through art
!

Only

when

the

corporate

has

accurate

positioning, carefully studies the market and
needs for target groups, and develops an
effective and popular life style, it means that you
have created the future of commercial space and
brand value. In a dynamic market environment,

High –tech experience

we should take full advantage of the early stage

The arrival of the digital age makes the

of product positioning, enrich the form of

information technology and computer network

promotions to increase consumer experience and

penetrate to our lives and affects all aspects of

fun and make the greatest efforts so that we can

our lives. And the enormous technological

take a leading position in the field and gain huge

revolution has also taken place in the clothing

market returns.

industry. The modern digital technology has
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ABSTRACT
In order to investigate the relationship between ownership

structure and the change trend of financial distress, this

paper divides listed companies into two groups(32 companies from distress to worse and 19 from distress to normal in
2007) according to the change trend of financial distress .After comparing characteristics of ownership structure of the
two groups of companies, the paper finds companies with moderate ownership concentration is easily to change from
financial distress to normal.The paper also finds an interesting result,which is contrary to some previous literatures. And
the result is companies with low ownership fluidity of top five shareholders easily bail out financial distress.
KEYWORDS ：Financial distress; ownership structure; share check and balance
of resources and rights, affecting the financial condition
1

of listed companies. So to investigate the relationship

INTRODUCTION

Since the classical literature of Beaver (1966) and Altman

between ownership structure and financial distress is not

(1968) came into being, the research of financial distress

only helpful for firms in financial distress to optimize

has been on the rise. Financial distress of listed

their ownership structure but also is helpful for

companies will not only bring huge economic losses to

government and investor and others to evaluate those

managers, shareholders, employees and others but also

listed companies in financial distress. So it is emergent

bring huge social and economic costs, and when many

and meaningful to carry out this research, which both has

companies run into financial distress in the same period,

the theoretical and practical significance.

it is possible to result in a new financial crisis in capital

This paper extents the previous literature in two important

market. so the study on corporate financial distress is of

ways. Firstly, this paper analyze the characteristics of

great practical significance. So how to help companies

ownership structure based on the classification according

and related parties to effectively analyze financial distress

to the change trend of financial distress (from distress to

has become a hot research topic in both academic and

normal and from distress to worse), which is far from the

practical world. After the late 1990s, scholars began to

classification

explore the financial warning model， however current

discriminate the failed firms from those financially

researches are mainly concentrated on the use of financial

healthy firms based on the financial ratios. Secondly, this

data to investigate financial distress, which need to be

paper compares

further tested and improved. For large number of

ownership fluidity of companies in the two different

multinational companies such as Enron went bankrupt,

states of financial distress.

method

of

current

the ownership

literatures

concentration

that

and

the most important reason of financial distress is
something wrong with corporate governance, of which

The paper is organized in the following way. Section 2

ownership structure is the core because ownership

puts forward four research hypotheses after reviewing the

structure, to a large extent, influencing on the allocation

related theoretical foundation. Section 3 describes the
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research design (including sample selection and variable

managers are often selected beforehand by the party

measurement, etc). We analyze the related issues

organization and the government’s personnel department.

surrounding three important ways that we extend the

Under

earlier studies. And then discuss the process and results of

managers of the state shareholding companies naturally

empirical test subsequently in section 4 .Section 5 gives

pursuit political relationship with government official

the conclusion.

rather than performance improvement. All these special

these

bureaucratic

selection

measures,

the

restrictions as well as poor management lead to poor
2

performance and financial distress.

LITERATURE REVIEW AND HYPOTHESES

This paper investigates the relationship between
financial distress and ownership structure. After
reviewing many literatures, we make some
hypothesizes.

Measures to remedy this situation began in 1998 when the
Chinese Securities Regulatory Commission (CSRC)
released implementation measures for suspending and
terminating listing of loss-making companies. According

2.1 Financial distress
There are many concepts about financial distress include
the following: Lau (1987) [1] defined financial distress as a
three stage process: incubation, deficit funds-flow, and
financial distress or recovery. Gilbert, Menon, and
Schwartz (1990) defined distress firms as firms that
declared bankruptcy and firms that had negative
cumulative earnings over three consecutive years.
Westerfield and Jaffe (2006) stated that “Financial
distress is a situation where a firm’s operating cash flows
are not sufficient to satisfy current obligations and the
firm is forced to take corrective action” [2]. It is difficult to
define precisely what distress is due to the variety of
accounting procedures or rules in different countries at
different times, as well as various events that sent the
firms into financial distress. However, for most studies
conducted in US, they used the criterion that firms filed
for protection under the Chapter 11 of the 1978
Bankruptcy code. However, this situation is far from
China, where bankruptcy code is not mature, most of the
Chinese listed companies are restructured SOEs. For the
state shares, the ultimate shareholder is the public of
People’s Republic of China. Although the government
agencies hold the control rights of the state shares, the
dividends or gains distributed to these shares should be
submitted to finance departments. The government
agencies cannot benefit from the improvement on the
companies’ performance and take the risk of management.
So it is not surprising that the state-owned companies
would encounter inefficiency of monitoring mechanism
and moral hazard problem (Lin, 2002). Moreover, top

to the regulations, listed corporations are given the label
of “ST” (short for special treatment), if any of the
following four criteria has been met:
(1) The external auditors express negative opinions or
clearly state that they are unable to express opinions on a
company’s annual report.
(2) The company’s financial conditions are considered to
be abnormal by the stock exchange or the CSRC.
(3) The company shows that the company has suffered
losses for two straight years.
(4) The audited report shows that the shareholder’s equity
is lower than registered capital.
Criteria (3) and (4) are the most common reasons for a
company being designated ST. About 94 percent
companies designed ST labels are because of these two
reasons (Bai et al., 2004).
There are several consequences of being labeled ST.
There is a stricter limit on price variation such as ST
companies may only move a maximum of 5 percent on
any given day (compared to 10 percent for non-ST
stocks). Studies of financial distress prediction in China
have not been undertaken previously because of a lack of
de-listing mechanism and inadequacies of China’s
bankruptcy laws. So the definition of financial distressed
companies should be different from those used in the
developed stock markets (detailed definition of financial
distress can be seen in Altman, 1968).With the
introduction of the official ST classification system, a
unique opportunity is provided to investigate the financial
performance of publicly distressed companies in China
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and its determinants. Hence, in this paper, we redefine

helpful to alleviate free-ride problem
[9]

[8]

.Xu and Wang

document a positive relation between ownership

distressed companies as those suffered from ST because

(1999)

of their fulfillment of criteria (2), (3) and (4) released by

concentration and firm performance .however, there are

CSRC in year 1998.Under the influence of CSRC; there

some opposite arguments. The studies by Demsetz (1983),

are some Chinese researchers studied to build predictive

Pound (1995) and Lehmann and Weigand (2000) have

model.

Xiao

Chen

and

Zhihong

Chen
[4]

established a legit model .Ling Zhang (2000)

[3]

(2000)

developed

challenged

this

premise.Pagaiio

and

Roel

(1998)

document the existence of a trade off between ownership
[10]

. Lehmann and Weigand

a 4-variable discriminate model out of 11 ratios and found

concentration and liquidity

it had a predictive ability of up to four years prior to “ST”

(2000) suggest that, unless these large shareholders are

Qing Chen (1999)[5] was the first to use the financial data

financial institutions, their presences do not necessarily

of 27 “ST” and non-ST firms to construct a MDA

improve firm performance [11]. Claessens (2002) finds that

model .Shilong Wu and Xianyi Lu (2001)[6] conducted a

firm performance falls when the control rights of the

study by using a linear probability model (LPM), Logistic

largest shareholder exceed the cash-flow ownership of the

and MDA.And current researches pay more attention to

shareholder

improve predictive accuracy by introduce financial ratios.

shareholders can impose costs on firms if they extract

There is little attention to the corporate financial
distress classification problem according to the change
trend of financial distress.

private benefits via tunneling behaviors or less than

[12]

. Overall, these studies suggest that large

optimal investment decisions. How to comprehend above
two different kinds of opinion? Based the above
literatures, it is clear that the concentration degree is not

2.2 ownership structure
The definition of the ownership structure includes
ownership concentration and ownership component
and ownership fluidity. The conception of ownership
component is who hold the shares .The ownership
concentration is the number of shares that shareholder
have. And ownership fluidity refers to whether the
shares can be tradable freely in stock market, which is
the main difference between Chinese stock market and
western stock market. As there are many literatures on
ownership component, so this paper discusses the
relationship between ownership structure and financial
distress from ownership concentration and ownership
fluidity as follow:

the more the better, nor the less the better, moderate
ownership concentration is should be considered, for it
not only can alleviate free-ride problem but also can
prevent major shareholders from extracting minority
shareholders.

of

ownership

allows

shareholders to look out for their interests directly, but
ownership concentration may have different effects on the
value of the firm. On the one hand, ownership
concentration would be expected to be positive, as with
increasing investor ownership, investors would be more
interested in overseeing management decisions. On the
other hand, it could be negative, as a high degree of
concentration might indicate poorly developed capital
markets so that taking control, as a mechanism of
discipline,

2.2.1Ownership concentration and financial distress
Arguments about the roles of ownership concentration are
different. The general view is large shareholders have a
positive effect on firm performance. Grossman and
Hartargue argue that widely dispersed ownership
motivates shareholders to take free ride on the
improvements of firm value [7]. Shleifer and Vishny note
that large shareholders have incentives to monitor
managers when they have enough control right of
ownership and the existence of large shareholders is

Concentration

would

be

ineffective.

Moreover,

high

ownership of some shareholders could be used to take
advantage of minor shareholders, perhaps through
establishment of commercial or financial relationships
that are advantageous for the major shareholders’
interests elsewhere but are contrary to the interests of the
firm they control. This reasoning leads to the following
hypothesis

H1：Moderate ownership concentration is negatively
related to the state of financial distress
2.2.2 Ownership fluidity and financial distress
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The characteristics of ownership structure of Chinese

Sun and Tong, 2003; Bai et al., 2004; Wei et al., 2005),

public-listed companies are very different from other

so nontradable shares reform, which aims to make

western countries. The main difference lies at the fluidity

non-publicly-tradable shares publicly tradable, and

of ownership. Before 2005, for some political reasons ，

improve the fluidity of highly concentrated ownership

most of the state shares and legal person shares, which are

structure, is helpful to further the improvement of

not only highly concentrated but also are not tradable on

corporate

the stock exchange, and only individual shares is the only

problem(Linwei,2007).So

can be freely purchased .For the major shares with little

hypothesize as follows:

fluidity. And shareholders act as the agent of the

H2：Companies with more fluidity of their nontradable
shares easily get rid of financial distress than those do
not.
3 RESEARCH DESIGN
In this section, we describe the sample, data sources,
and the ownership structures of the sample firms. We
then test the hypothesis developed in the previous
section by analyzing the relationship between the
ownership structure and the change trend of financial
distress.
3.1 Sample and data
Our sample initially comprised all companies listed on
the SHSE and SZSE from 2006. We then applied the
following restrictions: Firstly, a firm should not be a
financial company (e.g., banks, insurance companies, and
investment trusts) because financial firms account and
report under some special rules, and tend to have a capital
structure, which is different from other companies.
Second, we also exclude firms which have missing or
abnormal data. These above two criteria yielded a usable
sample of 51 observations. In order to investigate the
relationship between change trend of financial distress
and ownership structure, this 51 observations are divided
into two sorts, that are 32 observations are those
companies, which newly trapped into financial distress in
2007,and 19 observations are those companies, which
newly come out from the state of financial distress in
2007.This study collects and compares the data of
ownership structure of these two kinds companies in 2007,
in addition, the study also collects and compares the data
of ownership structure of those 19 companies in 2005 and
2006. The ownership structure data used in this study
were obtained from the WIND system and China Stock
Market Accounting Research (CSMAR) system. Data
were cross-checked for consistency. Data unavailable

government, they may have less incentive to oversee
managers, so the profitability of stated-owned listed firms
have been poor (Chen et al., 1998, 2006a)
State shares held by the state asset management
departments and institutions directly authorized by the
sate, instead of profits, state shares are often burdened
with some public responsibilities

[8]

, such as to promote

employment and maintain social stability. so the
profitability of stated-owned listed firms have been poor
(Chen et al., 1998, 2006a).Some researchers have proven
that withdrawal of state shares brings about efficiency
[9]

.Individual shares is the only can be freely purchased in

the Chinese stock market, In order to advance the mature
of Chinese stock market and increase the firm value, on
April 29th,2005, Chinese government launched a new
round of ownership structure reform called nontaxable
shares reform (NSR),which aims to advance the fluidity
of ownership and make non-publicly-tradable shares
publicly tradable. And Nontaxable shares reform just
happened in China, so western literatures pay little to
attention to this reform. We mainly review the Chinese
literatures on this reform as follows: As for the
background of nontradable shares reform, Bai discussed
the ownership structure is highly concentrated and
dominated by one large state or non-state shareholder,
minority shareholders have tradable shares, however
many non-tradable shares are not allowed to transfer
freely in Chinese stock markets. This phenomenon is
called “the separation of equity ownership(Bai et
al.,2004)[1].As for the significance of the reform, current
law and finance literatures prove that the central agency
problem is the poor corporate governance and weak
investor protection and the expropriation of minority
shareholders by controlling shareholders and, which lead
to the decline of firm value (e.g., La Porta et al., 2000;
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governance

and
we

resolve
make

the
the

agency
following

from these sources were manually collected from the

significant different from financial distress to normal,

sample companies’ audited annual reports.

And these results are powerful evidence in support of the

3.2 Variables

hypothesis 1.From table 2, we also find Z are 67.095 and

To further our empirical analysis, we need to construct

27.16 in 2005 and 2006 individually, and statistically

and select many variables that measure the ownership

significant with p-values < 0.05 which the degree of

structure (Table 1) as follows:

ownership balance is on the rise with the increase of the
shares held by the second large shareholder are on the rise,

Table1 Description of ownership structure
variables
top1

shares held by the first large shareholder/total shares*100%

top2

shares held by the second large shareholder/total shares*100%

top3

shares held by the third large shareholder/total shares*100%

H5

The square sum of the share held by the top five shareholder

Z

Total shares held by the first shareholder/ shares held by the
Second large shareholder. Z is used to estimate the degree of
ownership balance

BL15

nontradable shares held by the top five shareholder

XS15

Conditional tradable shares held by the top five shareholder,
which will become tradable after the end of a lock-up period

LT15

that is means, however we find there are not significant

Description

different for the other two variables Top3 and H5 in 2005
and 2006, which means the decrease of the shares held by
the first large shareholder increases the shares of the
second large shareholder instead of other shareholders. So
for this kind of companies from financial distress to
normal

performance,

ownership

the

structure

main

are

characteristics

moderate

of

ownership

concentration, and the ownership balance mainly from the
second large shareholder, which supports hypothesis 1.

tradable shares held by the top five shareholder/total shares

Table2 the T test of ownership structure of A in 2005 and

4 RESEARCH RESULTS AND DISCUSSION
To investigate the characters of ownership structure
behind the different change trend of financial distress ,this
study takes the T test method and make two compare, the
first compare is about the difference of the ownership
structure between 2005’s and 2006’s for the companies
which turned into normal from financial distress in
2007.for these companies ,they were trapped in financial
distress in 2006,which is related to the ownership
structure in 2005.and in 2007,they got rid of financial
distress, which is related to the ownership structure in
2006.The second compare is about the difference of the
ownership structure between two kinds of companies
named A and B. At presents, companies from distress to
worse, and B stands for companies from distress to
normal.

Top1

Top3

H5

Z

2005

0.40

0.05

0.22

67.095

2006

0.38

0.04

0.17

27.16

significance
probability

0.02

0.21

0.09

0.03

significant
result

Yes

Not

Not

Yes

Table3 the T test of ownership structure of A

A
B
significance
probability
significant
result

Top1

H5

Z

BL15

XS15

LT15

0.39
0.38
0.52

0.19
0.17
0.47

22.46
27.16
0.61

0.09
0.17
0.01

0.40
0.43
0.63

0.01
0.02
0.09

Not

Not

Not

Yes

Not

Not

Table3 shows the difference of ownership structure
between these two kinds of companies, those are A (from

The test results of these two compare can be seen in table

distress to worse) and B (from distress to normal).we can

2 and table 3.From table 2, we find shares held by the

see the nontradable shares of A and B are 0.09 and 0.17,

first large shareholder (top1) and the degree of ownership

and the significance probability is 0.01<0.05, which

concentration (DOC) are 0.40 and 0.38 in 2005 and 2006

means the nontradable shares of B is significant more

respectively. And the significance probability is 0.02, so

than A, and this result seems to be opposite to hypothesis

this means DOC is on the significant decline in 2006.The

2.How to explain this interesting result? A potential

result of T test shows ownership concentration is

explanation for the result may be, in the long run, the
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increase of tradable shares is helpful to relieve the

and Tong, 2003; Bai et al., 2004; Wei et al., 2005). But

problem of agency and the expropriation of controlling

some related law system and internal corporate control

shareholders, which lead to the decline of firm value (e.g.,

mechanism and Chinese capital market is not mature at

La Porta et al., 2000; Sun and Tong, 2003; Bai et al.,

present, which may influence on firm performance and

2004; Wei et al., 2005). But some related law system and

the expectation of investors and others, and they may be

internal corporate control mechanism and Chinese capital

not clear and optimistic about the future, which may lead

market the is not mature at present, and the main goal of

to the decline of firm value temporarily. And the stable

tradable individual shares is speculation rather than

shares of large shareholders will enhance the confidence

investment because the number of the share they have is

of investors and is helpful to alleviate free-ride problem.

less than legal person shares and state shares, and the
income they get from supervision is less than the cost
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ABSTRACT
Against the background of economical depression and the requirement of economic development, as well as the
consequence the growing pressure of job hunting for a new fashion college graduate, the quality structure, the
growth pattern and education mode of enterprise founders, especially the founder of small fashion concerning
enterprises were discussed. Along with individualization developing, some of the students were assigned to an
experimental program, where it had been proved that a school fashion studio could serve an efficient help in
developing this ability.
1 Introduction
The ever growing pressure of job hunting for college
graduates was blown up by now day’s world
economic crisis, in addition, pressure from the
unfinished educational renovation was huge as well.
As a combination of trends and traditional technique,
the fashion and the fashion education were involved
in this trouble. Along with the arising of enterprise
education in recent 20 years, the research on the
introducing of enterprise education courses in fashion
school, on the building of fashion enterprise
education system was developed, and some period
achievements were deposited for further study.
2 The idea of enterprise education
The enterprise referred to the procedure of building
and developing a new company depending on the
effort of individual or a team. 4 key factors were
involved in enterprising: the enterpriser, the business
chance, organization and resource. The enterpriser
was the main body of enterprising, who must risk his
money, honor and abandoning chances of other job.
So it was important to make sure that the future
leader of the business was brave and skillful enough.
For the enterprising was driven by the market, the
chance of enterprising equaled to the business chance
which indicated the opportunities to offer the
consumer better goods and service. Awareness and
understanding to all these factors and their
relationships were the primary task of the enterprise
education.
The notion of enterprise education was from the
United Nations Educational Scientific and Cultural
Organization “the 21st century international
education symposium” Baijing 1989, it means that
with in the scope of school education, the student
should be educated and improved in innovating ideas,
the spirit of risking, and the will of developing a new
enterprise, as well as the abilities and skill of
studying, enterprise, independence working and
social management. It was obvious that the enterprise
educating were serving an all around training on the
character, knowledge and skill of students. There

might be two types of style of establishing a new
business for a fashion school graduate, the technique
style and the economical style. The former refered to
the business developed from certain professional skill
or knowledge, such as designing room, information
center or garment factories. The economical style
included firms characterized by selling and
exchanging of garment or concerning items, such as
garment store, costume retailer and wholesale. The
keel of costume enterprise education was constructed
by the culture, historical material, the knowledge of
design, technique, market, management and
concerning law. A recent investigation indicated the
most important abilities for a reliable enterpriser or a
good manager. The headlined 20 items were shown
in table 1.
Table 1 necessary abilities for a enterpriser and manager

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
3
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Ability description
Experience and ability of financial
managemet
Comunacation and net work
Stimulate underling
Foresight
Self stimulation
Planning ability
Market
Relationship building and management
personnel administration level
corporate culture building
Special skill and knowledge
Leadership and administration
Choosing of underling
Vip service
Creativity
Organization
Authorization of the underling
adaptive faculty
Time planning
Predicate the developing of technique

the necessity for the developing of enterprise
education in fashion school

3.1 It was both the requirement of economic
development in new century and the world wide
trend of education
A 1980’s researched had indicated that the small
business had served 81% new jobs during
1969~1979 in USA. And soon it was proved that the
enterprise could stimulate the economic and solve
employment problem efficiently. Then the amount of
new enterprise increased rapidly, the new enterprise
became more and more important in suspending the
modern economic. This opinion was perfectly proved
by the realties. In the late 30 years of last century, the
world around us was completely changed by the
enterpriser. For example, during the time a
enterprising renovation had been occurred in the
United States. The economy of United States of
America had been greatly affected. The enterpriser,
enterprising demands and the enterprising itself were
seemed as the secrete weapon of America economy.
The enterpriser kept creating unheard of huge value,
it was said that by now more than 95% profits of
USA were from E- generation denoted by Bill Gates.
And nearly 60% tax income was from small business
every year. The traditional fashion industry was
under the intimidation from crisis of the economical
environment, to encourage and support the
entrepreneurs became the most positive reaction to
the situation. Under this background, the enterprise
education was approved, studied, and enriched
rapidly in all kind of university.
In china, especially in south-east China, such as
Zhejiang, Shanghai, Jiangxu, Fujian, Guangdong and
so on, the fashion industry was already a huge system.
For instance, in Wenzhou, a small city of Zhejiang
province, there were more than 3000 garment
factories, as far as the costume business and costume
concerning business the number would be more than
40000, more than 95% of them were of small scale.
The private enterprise and their employee situation
were shown as table 2.
Table 2 the number of small business and their employee in China
by the end of last century

business
1989
1991
1994
1997
1999

90581
107843
432240
960726
1510000

Employee
/million
1.64
1.84
6.48
13.49
20.20

Under the economical background, the notion of
enterprise education was rapidly accepted once put
forward, concerning projects and researched were
broaden, developed and speeded. By now, most of
the universities around the world were involved in
this topic, it kept growing in high speed.

3.2 The enterprise education was a new task, as
well as a new method for education innovation
Most of the enterprise education and related
educational reform in Chinese universities were
carried out when it was believed a part of innovation
education. So it had been accepted as a part of core
clue, especially when some achievements were
approved. It was no doubt the enterprise education
was all brand new for our researcher and educator, an
complex system including the physiological
construction, knowledge teaching, technical training,
social communication and enterprise practice was
carried out by adding attachments on former
professional courses line, or by serving course such
as the entrepreneurship. But the clear structure, the
systematic prime theories, especially the remarkable
practicing nature and the high social anticipation
from former achievements made it impossible for
arranging the enterprise education as a simple
attachment or reinforcement. Different form other
educational reform projects, the enterprise education
was already written in the teaching plan by many
native universities.
Generally, there was rare a market direction in the
costume specialty which always was divided into two
parts, the costume engineering and the fashion design.
This situation could no longer go well with the
developing business. In addition one more
employment, the enterprise education served a
graduate location for the developing of market
direction in middle-small scale fashion school.
The enterprise education itself was a new approach
of educational innovation, and it can improve the
graduate employment directly. What’s more, the
enterprise education emphasized the practice in
which the student will play all different from other
teaching practice and training. While emphasized the
enterprise spirit and the risking spirit, the enterprise
education made it of great importance to synthesize
and utilize all the knowledge from all courses, this
indicated the direction and the request of developing
both of the traditional specialties.
3.3 Enterprise education could serve available
employment
In term of traditional fashion professional education
system, the students could be taught necessary
knowledge, trained for handling skill. But when the
rash of industrial building and developing featured
with large scale import and research of modern
management and advanced technique had passed
away, the former balance between university and the
industrial was broken due to the nature of high skill
from much training without high level educate
employee. To solve this trouble, 2 approaches were
available, first, to adjust the education system to the
needs from factories; second, to develop enterprise
education which served the most positive and
efficient action of improve employment.
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3.4 The needs to carry regional culture and
resource
In 30 years Chinese opening and innovation, parts of
China such as Shanghai, Zhejiang, Jiangsu, Fujiang
and Guangdong had became high developed fashion
industrial province, where even a city such as
Wenzhou, Ningbo and Quanzhou also possessed
large fashion industrial system. To develop enterprise
education in these areas could fully share the huge
labor market, enjoy the convenience of the rich
industrial resource.
The secret of Wenzhou great success in 20th century
was always owed to the Wenzhou spirit known as “be
brave and glad to advance others”. This special
regional culture phenomenon had been proved to be
effective enough to be success in enterprising for
thousands times. To inherit and develop this spirit
properties in Wenzhou universities were certain of
great importance, as well as great conveniences. It
was also a vital section of Wenzhou city spirit and
culture building.
An investigation among the undergraduate of
Wenzhou University indicated that nearly 100%
interviewee had expressed positive attitude on the
willing of enterprising. More than 98% believed that
the enterprise and enterprise spirit would help the
Wenzhou economy in the crisis. All these data had
shown a great prospective of the enterprise education
in fashion specialty.
4 The demonstration of enterprise education
4.1 professional faculty building
As a highly systemized course, the enterprise
education teacher must have both the experience of
enterprise
and
comprehensive
professional
knowledge. This was not available in most of the
schools while it was the key of future success. To
solve this problem, it was necessary to patch up a
research team first. For example, the staffs of fashion
enterprise education researching team in our school
were mainly from fashion school, business
department and primary courses department. Then to
ensure the long term developing, the members of the
team were engaged in an advanced study and training
in other universities or in the factories. At last,
developing communication with the factories by
personnel exchanging could equip necessary teaching
technique as soon as possible.
For this enterprise education projects, the importance
of brain gain was also realized by the team. Among 6
new comers, 100% master degree, and 2 of them
owned the background of fashion enterprising. These
new comers improve the enterprise educate ability,
especially the ability of enterprising practice right
away.

4.2 The view of sustainable development
The enterprise education should not be simplified as
employment training nor an enterpriser quickly
succeed program. All of the researchers should make
great effort to unveil the rules of enterprise including
the basic theories, the necessary knowledge and skill
as well as how to approach these targets, the content
of enterprise spirit and so on.
To combine the enterprise education to the existing
educational researching was no doubt a wise choice.
By now, the content concerning the enterprise
education had been already embodied in our
specialty program plan, and more than 10 related
research projects were supported.
Under the term of professional faculty, the enterprise
program developed from traditional costume
engineering program was constructed by fashion
enterprise, enterprise law and business fast
developing, altogether 3 courses more than 150 h, in
addition the former 16 courses such as fashion design,
costume structure design, graduate design and so on
were adjusted in content according to the
requirement of enterprise education. For instance, the
course of Fashion design or ready to wear design,
market concerning contents were added into the
teaching plan, 20% class hours were concerning
these contents. At the same time, the original design
planning and solution selection contents were
strengthened. In addition, a discussion was newly
designed to this section.
Based on the direction of scientific development, a
good environment for the sustainable developing
enterprise education had been already on its way. A
totally 1 million RMB foundation were built for
enterprising program of students, and 6 different
fashion studios were in use. And the teacher’s
assessing of teaching and enterprising achievement,
supporting and manage system, as well as project
monitor and authenticate were already in researching.
5 Conclusions
A brand new advanced project was born from the
combination between the enterprise education
program and the tradition fashion specialty. The
deeper and deeper practice and study on the
enterpriser, the enterprise courses and the enterprise
environment had revealed the necessity of enterprise
education developing in highly developed fashion
industry area. And concerning achievement had
proved that the enterprise education could be
harmony with tradition university education.
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ABSTRACT
By comparing different enterprise value assessment methods, this paper chooses comparable transaction method
to analyze the mergers and acquisitions (M&A) value of the textile and clothing enterprises, then establishes
models of M&A value assessment and transaction price upper and lower limit, to determine the range of the
M&A price. Through some transnational M&A cases, it verifies the pricing of the target enterprises, and also
provides a reference for the globalization strategies and capital operation of the textile and clothing enterprises.
INTRODUCTION
During the post-quota era, domestic textile and
clothing industry has shown new trend of
transnational M&A. By transnational M&A,
domestic enterprises obtain international brands,
core technology and market channels, which cannot
only enhance the core competitiveness of
enterprises and get high added value, but also enter
the international consumer market using
international brands and channels, and ease
domestic
companies’
overcapacity
and
international trade friction bottlenecks.

profits. This paper makes a comparison among the
application scope, advantages and disadvantages
and so on of different value assessment methods,
and establishes models of the value assessment of
M&A and transaction price upper and lower limit
of the international textile and clothing enterprises
base on comparable transaction method, one kind
of market approach, and then determines the range
of the M&A price. Furthermore, with the case of
the acquisition of Kellwood’ Smart and XinMa by
Youngor group, it provides references and
suggestions for domestic textile and clothing
enterprises’ transnational M&A.

Transaction price-decision is the key factor in
transnational M&A. It should take the viewpoint of
sustainable development into account to assess the
value of the foreign enterprises, give suitable
premium or discount price, and then determine
transaction price. Analysis and assessment of
foreign textile and clothing enterprises will be
helpful for domestic enterprises to enhance their
bargaining chips, and obtain the maximized M&A

METHODS OF VALUE ASSESSMENT
Enterprise value assessment, which is also known
as enterprise total assets evaluation, evaluates the
production capacity or profitability of total
enterprise constituted of many kinds of single
assets [1].TableⅠ shows the current international
common assessment methods, which are income
approach, cost approach and market approach [2].

TABLE I. THREE METHODS OF VALUE ASSESSMENT
Content
Definition
Assess basis
Information sources
Information tense
Sphere
of
application
Advantages
Disadvantages

Income approach
Determine the value of the assets
through estimating the future earnings
of evaluated assets, and converting it to
the present value
Expected earning
Forecast
Future
Profit-making enterprises （not fit for
loss-making enterprises）
It gives full consideration to the
influence of the enterprise’s future
value.
It is difficult to predict the future cash
flow and choose discount rate.

Cost approach

Market approach

Estimate enterprise assets value
according to corporate financial
statement

Estimate evaluated enterprise assets
value by analyzing similar enterprise
or market transaction.

Existing assets
Available data
Past
Traditional enterprises （not fit
for high-tech enterprises）
The net asset data from the
financial statements is more
objective.

Trading market
Query and assessment
Past and present
Enterprises with mature comparable
objects

It is a static valuation method.

It has a complete
calculation method

scientific

It is difficult to choose the right
comparable enterprise.

enterprises to assess the value of foreign enterprises.
Market approach, using the transaction price of the
enterprise that is same or similar to the target
enterprise and the market transaction as the

ANALYZING THE M&A VALUE
As developed countries’ markets are mature and
transparent in information disclosure, it is relatively
practical to adopt market approach for China’s
- 1108 -

reference, adjusts the price by comparing the target
enterprise with the reference enterprise and
determines the total asset value. Market approach
could be divided into comparable enterprise and
comparable transaction. The steps of the
comparable transaction method are [3]: ① select
comparable transactions; ② select multipliers (P/E,
P/B, P/S, Price/Earnings before Interest and Tax
ratio, etc); ③ calculate the value of the target
enterprise by using relevant multipliers; ④ average
all the calculated values by the weighted average
method.

value and the target enterprise value, with both
premium transactions and discount transactions.
There are seven discount transactions in the 62
companies. The differences come from the three
factors of M&A pricing: ①the business
characteristics of the target enterprise; ②the
prediction of the future economic benefits after the
merger or acquisition; ③ the negotiation skills of
the two sides.
CONSTRUCT THE UPPER AND LOWER
LIMITS DECISION MODELS
The upper limit decision model
In the process of M&A, the price is a variable.
Both sides of M&A transactions need to set a
minimum price and a maximum price. According
to the analysis of the value and premium rate of 62
foreign textile and clothing enterprises, the upper
limit of M& A transactions pricing can be
formulated as follow:

In view of the above, target enterprise value can be
formulated as follows:
n

V = ∑ miInipi

（1）

i =1

In Eq. (1), mi (i=1 ， 2 ， … ， n) means various
types of multiplier; Ini (i=1，2，…，n) means
value index; pi (i=1， 2 ，… ， n) means weight
coefficients of multiplier.

Pmax = V × (1 + Pr max )

In Eq. (2), Pmax is the upper limits of M&A
transaction price, Prmax is the upper limit of
acceptable premium rate for acquiring enterprises.

This article uses the comparable transaction
method to study 62 M&A deals happened from
1998 to 2005 in the foreign textile and clothing
enterprises. It analyzes the M&A prices by taking
P/E, P/B and P/S as the multipliers (Owing to space
constraints, the summary M&A sheet of the 62
foreign textile and clothing enterprises is omitted).
Table Ⅱ is the statistical analysis of the M&A
value of these 62 listed companies. The average
P/S, P/B and P/E are 0.52, 1.61 and 14.83 and the
average transaction premium rate is 28.18%, which
is consistent with the market and can be considered
as the reference for Chinese companies to merge or
acquire foreign textile and clothing companies,
according to the 30-40% transaction premium rate
of American listed companies.
TABLE Ⅱ. M & A VALUE ANALYSIS OF
AND CLOTHING ENTERPRISES

Substituting Eq. (1) into Eq. (2), hence
n

Pmax = ∑ mi Ini pi × (1 + Pr max )

Premium rate
(%)

P/S

P/B

P/E

1998
1999
2000
2001
2002
2003
2004
2005
Mean

34.64
25.91
41.81
51.79
2.89
42.02
15.22
11.19
28.18

0.30
0.61
0.55
0.29
0.46
0.68
0.61
0.69
0.52

1.51
2.54
1.24
1.08
1.14
1.23
2.56
1.61
1.61

17.88
19.03
12.84
12.25
7.64
11.82
16.66
20.53
14.83

(3)

i =1

Substituted various types of multiplier and related
value indexes into Eq. (3),

Pmax = (P / S × InS × p1 + P / B × InB × p2

+ P / E × InE × p3 ) × (1 + Pr max )

(4)

In Eq. (4), InS means proceeds of sale, InB means
net asset, InE means net profit.

62 FOREIGN TEXTILE

Year

(2)

10 textile and clothing industry experts were
invited to score weight coefficients of P/S, P/B, and
P/E, based on their importance for M&A price
decision. Computing their averages, we can know
P1 is 0.6, P2 is 0.3, and P3 is 0.1. Prmax is tentatively
set to be the average transaction premium
rate 28.18%.
Substituted these data in Eq. (4), hence

Pmax = (0.52 × InS × 0.6 + 1.61× InB × 0.3

+ 14.83 × InE × 0.1) × (1 + 0.2818)

Note: ① transaction premium rate takes the average
of that year;
② P/E, P/B, P/S takes the median of that year.

(5)

The lower limit decision model
At present there are three methods to calculate the
minimum price Pmin [4]:

A Further Analysis of these M&A deals shows that
there are some differences between the transaction
- 1109 -

•

•

•

According to KWD Company’s financial report,
we can figure out the basic financial statements of
Smart and XinMa (Table Ⅲ).

Liquidation price: which means to separate
the enterprise’s physical assets and sell
respectively to get the full asset value,
mainly aims at enterprises that are facing
bankruptcy or closing. Besides, the
liquidation prices are generally low.
Assuming the target enterprise could keep
running, we calculate its net present value
(NPV) according to the anticipated net cash
flow every year. The enterprise calculated
by this means must be profitable, for if not,
the enterprise value will be less than 0.
Net assets evaluation method: multiply the
net assets (NA) of the target enterprise by a
multiplier Q, and when the target enterprise
has nonperforming assets or low
profitability, Q<1, otherwise Q>=1.

Pmin = NA × Q

TABLE Ⅲ. THE BASIC FINANCIAL STATEMENT OF SMART AND
XINMA

content

2007JanAug

2006

Total assets

1,146

1,170

net assets

434

424

1,838

2692

Prime
operating
revenue
retained
profits
combined
statement

(6)

The value calculated using the third method is
generally bigger than that using the first method.
Besides, the third method is less strict with
enterprise profit requirement than the second
method, so this article uses the third one.

34

content
Total
assets
net
assets

(million
2007JanAug
603
396

116
Prime
operating
revenue *
retained profits*
Total net assets **

2692
116
830

Note: *using 2006 data, **using 2007 data
Substituted relational data in Eq. (5), and then
obtained Pmax as follow.

PRICE RANGES OF M&A
After constructing the price upper and lower limit
model, we can analyze the data of the target
enterprise. First of all determine a theoretical
maximum price Pmax. Then analyze the threat level
of the two sides according to the three M&A
pricing factors, and last determine an acceptable
price lower limit Pmin by using the net assets
evaluation method. The final M&A price range is
worked out as shown in Eq. (7).

P ∈ {Pmin ≤ P ≤ Pmax }

XinMa
RMB)

Smart (million RMB)

Pmax=
(0.52×2692×0.6+1.61×830×0.3+14.83×116×0.1)
× (1+28.18%)
=1412.8×1.2818
=1811.0(million RMB)
The total enterprise value of Smart and XinMa was
1412.8 million RMB. M&A transaction price-cap
is 1811 million RMB, which was almost 243
million dollars, based on the exchange rate 7.454 at
that time. The total net asset was 830 million RMB,
and net profit was 116 million RMB, which shows
that the enterprises have the ability to profit.
Setting multiplier Q=1, and substituting it in Eq.
(6), we can get Pmin almost $111 million.
According to Eq. (7), the theoretical acquisition
price range is {111≤P≤243} million dollars.

(7)

In Eq. (7), P is final price of M&A transactions.
CASE STUDY OF M&A
M&A profile
Youngor Group Co., Ltd. (hereinafter referred to as
Youngor) spent $120 million in acquiring XinMa
100% stake held by Kellwood US Company
(hereinafter referred to as KWD) and Smart 100%
stake held by Kellwood Asia Limited ( hereinafter
referred to as KWD ASIA). Smart, the main
business of which was design, manufacture and
agent sale M shirt, T-shirt, pants products, was a
wholly-owned subsidiary of KWD ASIA. XinMa,
which was American assets associated with Smart,
provided marketing channels and networks in the
United States for Smart.

M&A negotiation and settlement
During the first round of negotiations in 2005,
KWD once hired a financial advisor-UBS to
evaluate the enterprise value of Smart and XinMa,
and then put forward a transaction price of 320
million dollars, while Youngor offered 160 million
dollars, which was only a half of the price that
KWD put forward, so the negation broke.
During the second round of negotiations in 2007, as
KWD’s strategy turned to focus on its women’s
wear business, its men’s wear business declined
constantly. KWD was eager to sell its men’s wear
business. Meanwhile, with the outbreak of the subprime mortgage crisis, which jeopardized the whole

Assessment
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enterprise,”.Dongbei University of Finance and
Economics, vol.1,2004, pp.82–86.

western financial system, the bargaining power of
KWD and the western bidding competitors was
weakened. Based on the situation analysis of the
two parts, Youngor used the net assets evaluation
method and offered a final acquisition price of 120
million dollars (about 890 million RMB). After
several times of high-level talks between the two
sides, KWD finally accepted the acquisition price
offered by Youngor.
The two negotiation prices that Youngor offered
were 120 million dollars and 160 million dollars,
while the initial price that KWD put forward was
320 million, which was quite different with the
price Youngor offered. The theoretical acquisition
price range that the article calculates is form 111 to
234 million dollars, including the two prices that
Youngor offered and the final price 120∈
{111≤P≤243} as well. So the method could be
recognized as the reference for domestic textile and
clothing enterprises to merge or acquire foreign
enterprises.
CONCLUSIONS
By analyzing the transaction M&A case using the
target enterprise value assessment theory based on
the comparable transaction method, the paper has
verified the feasibility of the theory in the textile
and clothing industry.
The paper has determined the range of the M&A
price by establishing the upper and lower limits
models, analyzed the pricing difference in the case
that Youngor acquired the men’s wear business of
KWD, and verified the reference significance of
the model to Chinese textile and clothing
enterprises’ oversea M&A.
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Psychology and Consumption Behaviors
Xu wenwu*1, Liu Guo-Lian2
NO.178 East Ganjiang Road, Suzhou, P.R.China
xww1983@126.com, liuguolian@suda.edu.cn
ABSTRACT
In this paper, structural equation model was introduced to do research in the relationship between young men’s
clothing consumption psychology and clothing consumption behavior. The model created in this paper, will
provide reference for the subsequent studying in clothing consumption psychology and clothing consumption
behavior, and could also provide valuable reference for production innovation of garment and marketing
decision for domestic fashion industry.
Key-Words: consumption psychology; consumption behavior; confirmatory factor analysis; structural equation
model; full model
1 STATEMENT OF PURPOSE
Our study focused on the interrelationships between
young men’s clothing consumption psychology and
their consumption behaviors. The modeling research
of clothing consumption psychology and clothing
consumption behaviors was conducted by means of
full model of structural equation modeling techniques.
The effectiveness of the model was verified through
empirical
research.
Conclusion,
marketing
recommendations and implications were discussed.

were carried out statistical analysis, an effective
response rate of 86.45% [1].
3.2 Model Analysis Method
The research model was analyzed using structural
equation modeling (SEM), supported by LISREL
8.51software. Data analysis proceeded in two stages:
the measurement model was first examined for
validating and refining the research instrument, after
which an analysis of SEM was made to finding the
associations of our model[2].

2 INTRODUCTION
With the social and economic development, rapid
growth and change have taken place in apparel
industry, to explore the interrelationship between
customer’s clothing consumption psychology and
consumption behaviors is of strong practical
significance, which not only can complement to and
refine the theoretical study of apparel consumption,
but could help companies better understand
consumer groups as well. Only has a clear
understanding of the real situation of the consumer
can the production of management and the
formulation of marketing strategy be targeted .

4 DATE ANALYSES AND RESULTS
4.1Factor extraction
Factor extraction was conducted by use of
exploratory factor analysis method, the results of the
factor extraction are as follows：
Factor of Clothing Consumption attitude (CA):
dressing tastes, personal preferences, society
symbolic, personal cultivation, practical convenience;
Factor of Clothing purchase motivation(CM):fashion,
personality, sociality, thrifty.
4.2 Reliability and validity assessment
The reliability and validity of the measurement
instrument were evaluated with LISREL 8.51, using
reliability and convergent validity criteria.
4.2.1 Reliability assessment
The internal consistency reliability of all questions
was assessed by finding the Cronbach alpha,the
results of the reliability assessment are shown in
Table I. It could be seen that all the Cronbach alpha
of the measurement instruments meet the requiment.

3 RESEARCH METHODOLOGY AND DATE
COLLECTION
3.1Questionnaire design and survey
3.1.1 Questionnaire design
The questionnaires are summed up from a lot of
literature, expert interviews and consumer-depth
interviews. The questionnaire including some
classified information, the main part of the content
and personal information section.
3.1.2 Questionnaire survey
Survey was conducted among young men aged from
20 to 25. We distribute 450 questionnaires, 435
responded. Survey time is March 2008. The answer
to the survey question adopts Likert-type scale
method. Total of 450 questionnaires, 435 were
recovered, except to answer do not meet the
requirements or incomplete, 389 valid questionnaires

TABLE I. results of the reliability assessment
Reliability Statistics
scales
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Cronbach's
Alpha

Cronbach's Alpha
Based on
Standardized Items

N of
Items

CA

.703

.725

14

CM

.801

.798

12

4.2.2 Validity assessment
We examined the convergent validity of the
measurement items by factor loading, composite
reliability, and the variance extracted measure.
Confirmatory factor analysis (CFA) was used to
examine the convergent validity of each construct.
The overall model fit indices for CFA are shown in
Table Ⅱ . Discriminant validity was tested by
comparing the squared correlation between two
constructs with their respective variance extracted
measure.
The results of the tests confirmed that the measures
of the constructs examined in our study were robust
in terms of their internal consistency reliability and
that the convergent and discriminant validity of our
instruments are satisfactory.

TABLE Ⅲ. Fit indices for the structural model（ original model
and revised model）

TABLEⅡ. Results of Confirmatory factor analysis
scales
CA

Chi2
113

df
67

RMSEA
0.043

NFI
0.90

hypotheses
H1aξ1→η1；H1b ξ1→η2
H2aξ2→η1；H2b ξ2→η3；H2c ξ2→η4
H3aξ3→η1；H3b ξ3→η2；H3c ξ3→η3；
H3dξ3→η4
H4aξ4→η2；H4b ξ4→η4
H5a ξ5→η2；H5b ξ5→η3；H5c ξ5→η4
4.3.2 Structural model assessment
1.Model fitness
After assessing the reliability and validity, we tested
the overall fit of our path model, which evaluates the
correspondence of the actual or observed input
matrix with that predicted from our proposed model.
The results are reported and depicted in Table Ⅲ.
The overall fit of original model and every revised
model is acceptable because the goodness-of-fix
statistics are satisfactory[3-4].

NNFI
0.88

CFI

Structual
model

0.93
M1

CM

184.93

48

0.046

0.92

0.93

0.90

4.3 Structural modeling and hypotheses tests
In this section, the relationship between clothing
consuming psychology and apparel purchase
motivation will be studied by full model.
4.3.1 Theoretical model and hypotheses
ξ1---dressing tastes；ξ2---personal references；
ξ3---society symbolic；ξ4---personal cultivation
（self-cultivation）； ξ5---practical convenience
η1---fashion，η2---personality，η3---sociality，
η4---thrifty

Fit statistics

X2
1019.15

RMSEA

NNFI

CFI

0.084

0.914

0.920

M2

1048.72

0.085

0.915

0.923

M3

1049.80

0.085

0.915

0.923

M4

1050.10

0.085

0.915

0.923

Therefore, The overall fit indices of our research
model assured that the final path diagram of revised
model M4 for our research model was an adequate
representation of the entire set of relationships.
2.Hypotheses testing
To test structural relationships, the hypothesized
paths were estimated. We examined the estimated
coefficients of the relationships between constructs
that validated the hypothesized effects. Fig 2 and Fig
3 illustrates the estimated coefficients and their
significance in the structural model. Summary of
hypotheses tests are shown in table Ⅳ.The tests of
the structural model showed that most of the paths in
the model appear to be statistically significant.

Fig 1 original hypotheses model
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Fig 2 Results of the original

model（M1）

Fig 3 Results of the final revised model（M4）

4.4 Discussion to the final model
The tests of the structural model showed that the path
coefficients of fashion-clothing tastes and fashionpersonal preferences were 0.25 and 0.45,which
indicating that for the pursuit of fashion in the
individual psychological factors on the dress, strong
personal preferences tendency is shown in the
clothing purchase behavior in purchase motivation,
while not in dressing grade.
The major purchase incentives of pursuing
personality is practical convenience, followed by
personal cultivation, the path coefficients were 0.29
and 0.16 respectively.
The psychological pursuit of conformity represent
the relationship with the social symbolic and
convenient factor, the path coefficients were 0.22

and 0.18, the degree of closely relationship between
social symbolic factor and psychological pursuit of
conformity is higher than that of convenience
factor, which means the presentation of typical
characteristics of conformity.
TABLE Ⅳ Summary of hypotheses tests
Hypo

Relations to
be tested

Path
coefficients

H1a

ξ1→η1

0.25

significant

Yes

H1b

ξ1→η2

-0.14

Not
significant

No

thesis
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Model
comparison

Support

H2a

ξ2→η1

0.45

significant

Yes

H2b

ξ2→η3

-0.26

Not
significant

No

H2c

ξ2→η4

0.41

significant

Yes

H3a

ξ3→η1

-0.08

Not
significant

No

H3b

ξ3→η2

-0.28

Not
significant

No

H3c

ξ3→η3

0.22

significant

Yes

H3d

ξ3→η4

0.01

Not
significant

No

H4a

ξ4→η2

0.16

significant

Yes

H4b

ξ4→η4

0.19

significant

Yes

H5a

ξ5→η2

0.29

significant

Yes

H5b

ξ5→η3

0.18

significant

Yes

H5c

ξ5→η4

0.12

significant

Yes

provide reference for the subsequent studying in
clothing consumption psychology and consumption
behavior, and could also provide valuable reference
for production innovation of garment and marketing
decision for domestic fashion industry.

Psychological factor of thrifty in purchase
motivational factor is related with personal
preferences, personal cultivation and practical
convenience, the path coefficients were 0.41,0.19
and 0.12.With particular emphasis on the personal
preferences, which suggesting that modern people
still hope to be able to express personality and
characteristic by wearing in pursuing frugality .
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5 CONCLUSION
The model assumption to the relationship between
consumption attitude toward apparel and motivation
of clothing purchase was proposed in this paper
firstly, and then the structural equation was set up by
using the method of full model. There has been
several modification and comparison carried in the
full model based on the interrelationship between
consumption attitudes and motivation of clothing
purchase. By model verification to the assumed path
and theoretical analysis, a path of a significant
impact was finally obtained, and the structural
equation model of the relationship between
consumption attitude toward apparel and motivation
of clothing purchase was achieved. Through
structural equation model, it is intuitive to show the
relations between specific factors and the path, and
the requirement for theoretical modeling to the
consumption psychology of clothing and apparel
consumption behavior was achieved[5-6].
The model of the clothing consumption psychology
and consumption behavior created in this paper, will
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Creative Industry
1

Cong Shan*1, 2, GAO Chang-chun1
College of Business Administration, Donghua Univ., Shanghai , China
2
Shanghai University of Engineering Science, Shanghai, China
* E-Mail: congsun@sina.com

ABSTRACT
There is a major concern of how to sustain competitiveness in a more open and free business environment and in
a globally networked and new economy. In this paper, the influence factor of competitiveness of fashion
industry in the new economy is investigated. A survey of fashion creative firms was implemented, the aim of
which was to gain owner views about participation in training the industrial competitiveness model. By
combining factor analysis, cluster analysis and multivariate analysis of variances, three-common-factor
model and a three-cluster solution have been successfully developed, which are important in access to
analysis influencing factor of core competitiveness. This issue is explored by model simulation of the
sustainable competitiveness of the China fashion industry in terms of strategic investment in developing core
competencies.
Keywords ：Fashion creative industry，core competitiveness，component analysis，competitiveness model
primarily located in major cities.
1 INTRODUCTION
In the 1990s, there was a tendency by governments to
The core competencies of individual enterprises are
focus economic policy on seeking to support high
the fundamental elements for the sustainable
technology industry as the primary opportunity
competitiveness of an industry. Prahalad and Hamel[5]
through which to build knowledge-based economies
pointed out that the current competitiveness of a
named new economy. More recently, however, the
company derived from the price/performance of
concept of knowledge workers has been extended to
existing products. Future competitiveness derives
other industrial sectors. One area which is being
from the ability to build, at low cost and more
recognized as increasingly important for sustaining
speedily than competitors. At the level of core
economic growth is the creative sector which
competence, the goal is to build world leadership in
encompasses areas such as the fashion, pure arts,
the design and development of a particular class of
performing arts, design, film, television and
product functionality.
publishing. In Australia, for example, PMSEIC[1]
published a broad ranging report which examined the
2 SUSTAINABLE COMPETITIVENESS OF
country’s creative industries and identified strategies
TEXTILES AND CLOTHING INDUSTRY IN
through which knowledge workers in these industries
NEW ECONOMY
The theory of core competence focuses on the
could make a greater contribution to GDP. This
competitiveness of individual enterprises, while the
document has subseque1ntly provided the template
theory on competitiveness of a nation or region
for defining the Australian Government’s policy in
highlights the effects of integration and dynamic
relation to economic development strategies for this
interaction across the industry, relevant industries
sector of their economy. Similar views have been
and environment (called clusters). Both theories are
expressed in policy documents prepared for the
equally important for developing an intellectual
Singapore[2] and UK[3] Governments.
understanding of the competitiveness and sustainable
developments in specific areas of a nation or region.
In the case of the UK, underpinning a national policy
Sustainable competitiveness of an industry in a
in relation to economic development of creative
nation or region shall be determined by the levels of
industry are subordinate policies evolved at the
competencies in individual enterprises and the
regional level by the country’s Regional
collective national or regional learning, involvement
Development Agencies[4] The problem facing some
and commitment to cross industry integration of their
of the RDAs, however, is that the commercial wealth
competencies.
A cluster is defined as a geographic concentration of
interconnected companies and institutions that
generation core of the creative industries, such as
achieve unusual competitive success in a particular
film, television, computing and publishing, are
field. The modern economic map of the world is
considered to be dominated by clusters. Export
The study was funded by “211 Project Phase III Key Subject
specialization is largely due to product based
Construction” project.
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“absolute” technological advantages, which are
renewed through learning in a variety of dynamic
economies. Such export oriented absolute advantage
industries tend to be organized into production and
distribution networks combining the advantages of
specialization and flexibility, called “technology
districts”. The features of such technology districts
are: (1) trade specialization is achieved by obtaining
absolute technological scarcity of the products; (2)
the technological scarcity is gained through
technological dynamism in the product through
continuous learning; (3) production networks are
organized on the basis of an elaborated shift in the
division of labor between firms or between units of a
single firm, for achieving technological dynamic
flexibility; (4) key collections of physical, capital,
labor, and information resources for the production
network are highly geographically concentrated in
one or a few sub-national regions of the host
countries; (5) the technological learning rests on the
conventions of the regional production system, which
guide the mobilization and maintenance of resources
in mutual engagement between firms. The
conventions are rooted in local political, cultural and
other non-economic forces, which determine the
quality of the technology districts.
In the last few decades, China has played an
important role in world textile and clothing trade.
China was the world leader, accounting for 16.7% of
global export market share, followed by Hong Kong
as the second leader with 12.3% market share, and
further by Italy, US, Germany, Turkey, Mexico,
France, UK and Korea.
To combat this situation, few companies of textile
and clothing industry have invested in developing
design and original brands in China. Government
investments with industrial support mainly focus on
developing and sustaining the existing strengths,
particularly in developing internet trading and
sourcing capabilities for supply chain management,
global sourcing, production management, logistics
and distribution management, as well as management
of compliance issues. This is certainly a key area for
competitiveness. However, which areas are invested
is sufficient to sustain the fashion industry, and
which factors are the key influence to the core
competitiveness of the fashion creative industry are
need to be explored, especially in the area of new
economy.
3 RESEARCH METHODOLOGIES

environments. Extensive research has been carried to
obtain relevant quantitative data and qualitative
information. The influence factor of competitiveness
of fashion industry in the new economy is
investigated. A survey of fashion creative firms was
implemented, the aim of which was to gain owner
views about participation in training the industrial
competitiveness model.
Majority of the data are obtained from the textile and
clothes industry clusters. 58 textile and clothes firms
were invited to take part in the study. Table 1 shows
the main parameters of core competencies. Ratings
on the 11 parameters, the values of these 11
parameters are further standardized for the
calculation of the overall sustainable competitiveness
with specification of weights according to the levels
of individual variables in the competence hierarchy.
TABLE I. The main parameters of core competencies
X1

Original & international brand marketing

X2

Design and creative clusters

X3

Ability of new products development and innovation

X4

Flexibly production network

X5

International trading/export

X6

Human resources

X7

Investment policy

X8

Market opportunities

X9

Macro-economic environment

X10

Capital

X11

Enterprises management

3.2 METHODS AND RESULTS
Common factors that characterize homogeneous
groups of subjects are combinations of original
variables [6].Through the use of principal component
method common factors are determined. The process
lessens the number of original variable. In this study,
11 major physical characteristics mentioned above
were extracted. To eliminate the influence of useless
information, these variables were first normalized by
the common factors that are adequate representative
of core competence.
7

6

5

4

3

2

Eigenvalue

3.1 SAMPLE SELECTION AND DATA
COLLECTION
The competitiveness of the textile and clothing
industry in a country or region is not only dependent
on the level of core competence of individual
enterprises in the industry, but also on the integration
of the whole supply chain and relevant supporting
industries, as well as internal and external business

1

0
1

2

3

4

5

6

7

8

9

10

11

Component Number

FIGURE 1.
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The screen plot of physical eigenvalues

From a screen plot of eigenvalues as shown Fig.1, it
can be seen that three-common-factor model are
acceptable in principle. The increase in common
factors will not provide additional insights，as could
be judged from Table 2 showing variables explained
of 11 major physical characteristics. Three-factor
principal component solution can account for a
cumulative proportion up to 93.12% of total
variables.
TABLE Ⅱ. Total variance explained

Initial Eigenvalues
%
of
Varianc
Total
e

Cumulati
ve %

Extraction Sums of Squared
Loadings
% of
Varian Cumulati
Total
ce
ve %

1

8.130

54.198

54.198

8.130

54.198

54.198

2

4.810

32.068

86.266

4.810

32.068

86.266

3

1.027

6.850

93.116

1.027

6.850

93.116

4

.572

3.817

96.932

5

.209

1.391

98.323

6

.115
6.845E
-02
1.783E
-02
5.123E
-04
2.460E
-04
6.389E
-05

.764

99.088

.456

99.544

.119

99.984

7
8
9
10
11

3.415E03
1.640E03
4.259E04

99.997
99.999
100.000

Since the loadings of original variables on the three
common factors might not be readily interpretable,
the common factors were rotated using the varimax
method until a ‘simpler structure’ was achieved [7].
TABLE Ⅲ. Rotated component matrix of main parameters
Component
1

2

3

X1

.963

-.037

-.186

X2

.945

-.246

-.133

X3

.927

-.016

-.072

X4

.895

.177

-.104

X5

.849

.110

.456

X6

.836

.397

.194

X11

.657

.516

8.088E-02

X7

-.154

.967

-.151

X8

-.163

.963

-.156

X9

-.302

.938

-.105

X10

-.234

.216

.939

the common component. It can serve as a measure of
cumulative proportion of the common component too.
The larger absolutevalue makes for closer relations
between the common factor and variable. TableⅢ
shows rotated component matrix of all main
parameters of core competencies. Variable X1, X2,
X3, X4, X5, X6 and X11 come closer to the first
factor than the other variables, in which largest value
of rotated component is 0.963 and minimal rotated
component value is 0.657. According to variables
meaning loading on this factor, the first factor might
be named the core competence factor. The second
factor might be the resource factor due to X7, X8 and
X9 loading on this factor. The third factor might be
the capital factor because X10 is one and only
component loading on this factor by rotated
component value 0.939.
4
MODEL
SIMULATION
OF
THE
SUSTAINABLE COMPETITIVENESS OF THE
CHINA FASHION INDUSTRY
On the basis of component analysis of these variables,
we developed a model to describe how a hierarchy of
influencing factors determines the sustainable
competitiveness of the Textile and Clothing industry
in a nation or region, as shown in figure Ⅱ. In term
of results of component analysis, the competencies of
an industry may consist of the core competencies in
individual enterprises. Core competencies of an
industry, at the highest level of the hierarchy, are
skills, abilities and areas of knowledge that are
shared across the industry as collections of
competencies. Core competencies require collective
industrial/ regional learning, involvement and
commitment to cross enterprise integration, including
factors such as design culture, creativity and
networking, a flexible production network, trading
and merchandising clusters, a technology and
product innovation learning network, original
branding and an international marketing culture and
capability.

Hierarchy I
Core Competencies

Creative
Brand
marketing clusters

Flexibly
network

Hierarchy Ⅱ
Resources

Physical
resources

Extraction Method: Principal Component Analysis.
a 3 components extracted.

Rotated component value denotes the degree of the
closeness, by which the original variables approach

Human
resources

Financial
resources

FIGURE Ⅱ. Hierarchy of the core competitiveness of fashion
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creative industry in China

Resources, at the second level of the hierarchy, are
the inputs into the industry supply chain, including
physical resources such as materials, plant and
equipment, human resources such as manpower and
knowledge and technology, financial resources such
as capital and social resources such as culture and
reputation. The internal business environment is a
variable representing the impact of the conventions
rooted in local economical, political, cultural and
other non-economic forces on the competitiveness of
the industry. This variable X7 includes factors such as
the political environment, domestic economy, market
opportunities, taxation, policies for private
enterprises, foreign investment and foreign currency,
capital market, labor market and physical
infrastructure.

[7] Jia huaiqin, apply statistics,external economic
university publish company, 2005，85-126.

5 CONCLUSIONS
Through combining factor analysis, cluster
analysis and multivariate analysis of variances,
three-common-factor model and a three-cluster
solution have been successfully developed, which
are important in access to analysis influencing
factor of core competitiveness and simulation model.
This study is explored by model simulation of the
sustainable competitiveness of the China fashion
industry in terms of strategic investment in
developing core competencies, which add the highest
value since they exploit resources and capabilities at
the broadest level across the corporation as a whole.
To capture the business opportunities and develop
sustainable competitiveness in the new economy, it is
essential for the fashion industry to invest and
develop knowledge-based core competencies in the
areas of product innovation, design and original
brand marketing, and developing ability of new
products development and innovation
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INTRODUCTION
After its accession into the WTO, China has
integrated into the global production network (GPN)
rapidly. The MFA phased out (by Jan.1st, 2005)
indicates the end of distortion regime and a new
trend of trade liberalization, which accelerates the
restructuring of GPN. Nowadays, China plays a
more and more important role in the textile and
garment industry in the GPN, with the volume of its
fiber
production
and
trade
accounting
approximately 1/3 respectively of the world's total.
However, the basic status of China in GPN remains
unchanged, mainly engaged in OEA or OEM, and
most Chinese textile and garment companies are
restricted by giant international buyers, involved in
low value added sectors and follow the
development model of “Race to the bottom”.
(Kaplinsky R., Morris M.)
In general, the textile and garment value chain is a
buyer-driven (Gary Gereffi, 1999), which covers
several different sectors. The fiber sector is
relatively more capital and technology-intensive,
characterized by easier coding, less complex
transactions and strong supply ability. On the
contrary, the fabric and garment sectors are more
labor intensive, with lower entry barrier and
therefore more severe competition. Besides, these
sectors are more diversified, increasing the
complexity in coding and transactions.

producer-driven value chains, large, usually
transnational, manufacturers play the central roles
in coordinating production networks, while the
latter refer to those industries in which large
retailers, marketers, and branded manufacturers
play the great central roles in setting up
decentralized production networks in a variety of
exporting countries, typically located in the third
world. (Gary Gereffi, 1999)
Since 2005, based on studies by Humphrey and
other scholars on global value chain governance,
Gereffi noted that the structure of global value chain
depends on three variables: (1) the complexity of
transactions, (2) the ability to codify transactions,
and (3) the capabilities in the supply-base, as well
as generates five types of global value chain
governance, there are market, modular, relational,
captive, and hierarchy – which range from low to
high levels of explicit coordination and power
asymmetry. (Gary Gereffi, Humphrey, Sturgeon,
2005)
The apparel industry is a prototypical buyer-driven
commodity chain because it generates a highly
aggressive pattern of global sourcing through a
variety of organizational channels, including giant
cost-driven discount chains, upscale branded
marketers, apparel specialty stores, and burgeoning
private label programs among mass merchandise
retailers. Furthermore, the governance of textile and
apparel value chain is typical captive. (Gary
Gereffi).

This research tries to explore the roles and decision
powers of different sectors (eg. fiber, spinning &
weaving, garment, trader and retailer etc.) in the
textile and garment value chain, their selection and
evaluation on upstream and downstream partners, as
well as the insight of their value expectations. On
the basis of all the above studies, it also aims to
seek for a sustainable way to establish an initiative
status in the value chain and widen and deepen the
cooperation along the value chain, although the
buyer-driven nature couldn’t be changed in a short
term.

The research was conducted following the
Structure-Conduct-Performance framework. By
examining of the capacities of supplier and
satisfaction of buyers on the suppliers’ behaviors, in
terms of delivery time, products quality, service,
and R&D etc., the priority and criterion in selecting
and evaluation of supplier were given. Comparing
the firms’ decision power with their customers’, the
decisive ladder in value chain were founded.
This paper is basically drawn from the results of a
questionnaire survey (153 samples) and enterprise
interview (30 samples) in 2008, covering different

THEORIES AND METHODS
There are two types of global value chains; one is
“producer-driven” and the other “buyer-driven”. In
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sectors in fiber, spinning, weaving, dyeing &
finishing, and sewing etc. in Shanghai, Jiangsu,
Zhejiang, Shandong etc.

TABLE II. Decision power
Total

RESULTS AND DISCUSSION
Profile of the samples
Investigated companies cover different parts in
textile and apparel industry (TABLE I). Among
these segments, yarn, integrated and garment
producers are emphasized in this paper. Majorities
are processing companies. (FIGURE 1)

Material sourcing

5.26

Technology

4.98

Payment term

4.19

Design

3.64

Quality

3.07

Product

3.06

Notes: “7”: companies have absolute power; “1”: customers have
absolute power.

TABLE I. The product lines of survey firms
Frequency

yarn

In-depth

Questionnaire

Interview

Survey

Fiber

2

3

Yarn

4

14

Integrated

12

68

Garment

3

32

Home textile

1

7

Trading companies

7

28

Others

1

1

Total

30

153

decision power

producers

Sectors

integrated

garment

3

5.82

5.36

3.69

4.22

3.55

4.03

2

5.18

5.33

3.58

4.15

2.95

2.98

1

4.41

5.03

3.45

3.1

2.73

2.55

technology
design
payment
quality
product
1 material
2
3
4
5
6
7
0 0
soucering
term

FIGURE 2. Decision power among different producers

Note: integrated producers stand for those involved in more than

Notes: “3”: this sector has relatively stronger decision power

1 sector (eg. spinning, weaving, dying & finishing, sewing, and

than other two producers; “1”: this sector has relatively weaker

etc.) in apparel value chain.

decision power than other two producers; the width of a circle
stands for the degree of its decision power.

60
50
40
30
20
10
0

yarn

integrated

garment

Assessment of supplier
This part shows the different types of producers on
the apparel value chain focus on different aspects of
their suppliers.

48
26

22
10

Processing

7

11

Own brand with
production
capacities

1 4 1
Own brand
without
production
capacities

0

6

1

All the producers value “quality” of raw materials
as the most important factor. Upstream (yarn)
producers concern more about suppliers’
“production capacity”, while downstream (garment)
producers pay more attention on “price” of raw
materials. In addition, integrated producers show
the disparity between importance and satisfaction
on “price” is the highest. (FIGURE 3) Downstream
producers along the value chain put more
importance on “product variety”. However, yarn
producers value “product variety”, “technical
support” ， “innovation & design” at a less
important level, and there is also no disparity
between importance and satisfaction on these three
items. (FIGURE 4) All producers consider
“reputation”
very
important.
Downstream
(Integrated and garment) producers pay more
attention on “delivery time” and “stable supply”.
(FIGURE 5) Yarn producers are squeezed by their
upstream and downstream producers on payment
term. Besides, it shows that disparity of integrated

Franchising

FIGURE 1. Types of business

Decision power
It is obvious that customers have relatively stronger
decision power in “product”, “quantity” and
“design” (TABLE II). Besides, along the apparel
value chain, different parties have different decision
power. In detail, downstream producers have more
decision power than upstream producers in
“quality”, “variety”, “payment term”, while
upstream producers have more decision power in
“technology” and “material sourcing”. (FIGURE 2)
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important, most satisfactory; Disparity=Importance-Satisfaction

garment

Satisfaction
3.00
2.50
2.00
1.50
1.00
0.50
0.00

integrated

yarn

garment

integrated

yarn

garment

integrated

yarn

product variety

garment

yarn

integrated

yarn

integrated

garment

yarn

garment

marketing
cooperation

Assessment of customer and global value chain
governance
Textile and garment industry is typical buyer-driven;
most of companies strongly agree that profit is
based on customer’s earning, and consider
customers have stronger bargain power and request
a tight delivery. (TABLE III) and downstream
sectors (integrated and garment producers) feel
more pressure from customers. (FIGURE 7)
Moreover, downstream Customer orders are the
main determinants of material demand (TABLE
IV).

Notes: “1”: least important, least satisfactory; “5”: most

Importance

after-sale service

Satisfaction
3.00
2.50
2.00
1.50
1.00
0.50
0.00

service, marketing cooperation

quality

Disparity-secondary axis

payment term

Importance

FIGURE 6. Assessment of supplier on payment term, after-sale

quality

FIGURE 3. Assessment of supplier on capacity, price, and

5.00
4.50
4.00
3.50
3.00
2.50
2.00

Disparity-secondary axis

garment

yarn

price

Satisfaction
3.00
2.50
2.00
1.50
1.00
0.50
0.00

integrated

garment

yarn

production capacity

Importance

integrated

garment

integrated

Disparity-secondary axis

yarn

5.00
4.50
4.00
3.50
3.00
2.50
2.00

5.00
4.50
4.00
3.50
3.00
2.50
2.00

integrated

producers on “after-sale service” is the highest.
Downstream producers value market cooperation
and lead to greater satisfaction. (FIGURE 6)

TABLE III. Governance of global value chain

technical support innovation/ design

Mean
FIGURE 4. Assessment of supplier on product variety, technical

Company is hard to know the market demand.

3.59

support, and innovation/design

Company is hard to hold the raw materials supply.

3.81

Customers and suppliers can not be equal.

4.27

Company is dominant in relation with supplies.

4.51

credit

delivery time

garment

Satisfaction
3.00
2.50
2.00
1.50
1.00
0.50
0.00
integrated

yarn

garment

Importance

integrated

yarn

garment

integrated

Disparity-secondary axis

yarn

5.00
4.50
4.00
3.50
3.00
2.50
2.00

Customer’s orders are stable.

4.68

Customer has stronger bargain power.

4.74

Customers request a tight delivery.

5.14

“Losers are always in the wrong.”

5.30

Profit is based on customers’ earning.

5.66

Notes: “1”: strongly disagree; “4”: neutral; “7”: strongly agree.

stable supply

yarn

integrated

garment

Profit is based on
customers’earning .

FIGURE 5. Assessment of supplier on credit, delivery, and stable
supply

5.33

Customers request a tight
delivery.

4.67
4.93

Customer has stronger
bargain power.

4.25

Customer ’s orders are
stable.

4.25

4.00

4.50

FIGURE 7. Pressure from customers
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5.63
5.63

5.33

4.73
4.57
4.63
4.77
5.00

5.50

6.00

Nations
TABLE IV Factors influencing material demand

Industrial

Development

Organization

(UNIDO). Sectoral Studies Series, 2003
[4] Gereffi, G., “International trade and industrial

Frequency*
Customer orders

108

upgrading in the apparel commodity chain”, Journal

Prices

40

of International Economics, 1999, 48: 37-70

Fashion

38

[5]

Macroeconomic environment

22

“Commodity

Others

3

Westport: Praeger, 1994

Gereffi,

G.,

Korzeniewicz,

Chains

and

Global

M.

(eds).,

Capitalism”

*multi-choice

[6] Kogut, B., “Designing global strategies:

CONCLUSION AND FURTHER STUDY
Textile and garment industry is prototypical
buyer-driven. Generally speaking, most Chinese
companies are still under OEA & OEM, and
inclined to under the control of the international
buyers and branders in developed countries in
global production network.

Comparative

[7] Schmitz, H., Knorringa, P., “Learning from
Global Buyers”, Journal of Development Studies,
2000, 37(2): 177–205
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Therefore, through the basic status couldn’t be
changed in a short term, Chinese companies still
can gain more power through the redefinition of its
roles, wider and deeper cooperation along the value
chain, as well as other sustainable ways to increase
its competitiveness, which worth further study.
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However, different Chinese companies in textile
and apparel value chain have played different roles.
It is concluded that upstream producers have more
decision power in technology, material sourcing. On
the contrary, downstream sectors have relatively
more decision power than upstream producers in
quality, product variety and payment term. In the
aspect of assessment of supplier, all the sectors
think highly of credit, quality and price, besides,
along the value chain, upstream producers pay more
attention to capacity and payment term, while
downstream producers concern more about product
variety and market cooperation. How to taking
advantage of companies strengths and decision
power, to gain long-term benefit and enhance its
value-added in global value chain become quite
meaningful.

Apparel

and

for

Upgrading by Developing Countries?”, United
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ABSTRACT
Based on analysis of marketing characteristics of fast fashion brands and exploration of their operational models,
fast fashion brand, purchase behavior, fashion environment and personal factor were selected as the main factors
affecting consumer purchase decision on fast fashion brands. Eight hypotheses were put forward and a model of
consumer’s purchase decision-making on fast fashion brands was built with the help of Structural Equation
Model (SEM), which is widely used in sociology, economics and psychology. Demonstration research was
given to check the model and hypothesis. Seven of eight hypotheses were proved. Among factors fast fashion
brand influences most. Fashion environment is not as significant as fast fashion brand although both of them
have direct and indirect effect on purchase behavior. Personal factor brings a direct negative influence on
purchase behavior.
Keywords：Fashion marketing; fast fashion; consumer behavior; consumer purchase decision-making;
Structural Equation Model (SEM)
behavior when purchasing fast fashion products
were selected according to comprehensive
determinism of consumer purchase, then those
factors were compartmentalized by referring to
hierarchy determination. Under the guidance of
relationship
determinism
and
marketing
determinism, correlations of factors on the same
hierarchy were analyzed to make sure the degree of
influence and finally four main available factors
that include fast fashion brand, fashion
environment, purchase behavior and personal
factor were extracted, and eight related
assumptions were raised as follows:

INTRODUCTION
Economic globalization and scientific development
have brought rapid changes to existing business
model. As a new operational model for apparel
production, fast fashion, a business strategy which
aims to reduce the processes involved in the buying
cycle and lead times for getting new fashion
product into stores, in order to satisfy consumer
demand at its peak[1,2], has made tremendous
achievements worldwide. Nowadays, some
successful international fashion brands have seized
China’s retail market and outspreaded quickly by
right of their wealthy experience in brand
management, huge amounts of capitals and
advanced technology of manufacture, which
enhanced market competition and impacted on
domestic costume enterprises.

1. Hypothesis based on fashion brand
Hypothesis X1: fast fashion brand has a direct
notable effect on purchase behavior.
Hypothesis X2: fast fashion brand has an indirect
notable effect on purchase behavior.
Hypothesis X3: fast fashion brand has a direct
notable effect on fashion environment.
Hypothesis X4: fast fashion brand has a direct
notable effect on personal factor.

Emphasized on the concept of consumer-centric in
modern marketing, consumers have become the
main source in enterprise competitions. The biggest
advantage of domestic corporation is the
opportunity of understanding home consumers
better than foreign companies. Therefore, it is of
significance to find out factors affecting customer’s
purchase behavior and try to build a model that can
be used to analyze consumer’s purchase decision
on fast fashion brand, which could provide
references to relevant apparel enterprises for setting
up appropriate strategies.

2. Hypothesis based on fashion environment
Hypothesis X5: fashion environment has a direct
notable effect on personal factor.
Hypothesis X6: fashion environment has a direct
notable effect on purchase behavior.
Hypothesis X7: fashion environment has an indirect
notable effect on purchase behavior.
3. Hypothesis based on personal factor
Hypothesis X8: personal factor has an indirect
notable effect on purchase behavior.
According to eight hypotheses and the theory of
Marketing Mix (4Ps), the hypothetical model of

APPROACH Hypothesis and Model
Based on the theory of consumer purchase behavior,
the factors which impact consumer’s
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standardized items. Through analysis, the overall
reliability α=0.912 was much far from the critical
value of 0.7, which reflects a good inherent
reliability and a high internal consistency in the
contents of the questionnaire.

affecting fast fashion purchaser’s decision is shown
in Figure 1.

The internal consistency of the structural variables
was fine due to the fact that each Cronbach’s alpha
of variables was above 0.7, between the range of
0.710 and 0.798. The results of analysis are shown
in Table I.
TABLE I Reliability of structural variables

FIGURE 1. Hypothesis model

Empirical Analysis
Structural Equation Modeling was applied to
analyze and verify the hypothesis model, SEM has
not very strict hypothesis restrictions and allows
measurement errors of independent variable and
dependent variable, also allows the estimates for
multiple non-independent relations interrelated,
which makes it possible to analyze complex
relationship between the variables[3]. Descriptive
analysis, verification of reliability and validity, and
fitting analysis of data were carried through by the
use of AMOS 7.0 and SPSS 16.0.
About data sources, eight international fast fashion
brands which had entered into domestic market
were selected for empirical research. Using random
sampling, 300 questionnaires (26 were in English,
considering a few targets are foreigners) were
given out in main marketplaces in shanghai and
296 valid were obtained, with the valid rate being
98.7%.

Item

α
0.746

α (Base on
Standardized
Items)
0.747

Overall
brand
Promotion
Place
Price
Product
Purchase
behavior
Fashion
environment
Personal
factor

N of
Items
3

0.798
0.710
0.786
0.783
0.713

0.800
0.714
0.790
0.782
0.704

4
5
5
6
5

0.787

0.793

4

0.759

0.758

4

In order to judge validity of the scale and item
structure,
Kaiser-Meyer-Olkin
Measure
of
Sampling Adequacy and Bartlett test of sphericity
were carried out to analyze the correlations
between items before factor analysis. The results
are shown in Table Ⅱ.

Questionnaire scale was composed of the following
four components: Fast fashion brand has 23 items,
focusing on brand awareness and the Marketing
Theory of 4Ps (place, product, price, promotion);
Purchase behavior has 4 items by referring to the
model of European Customer Satisfaction Index
(ECSI); Fashion environment has 4 items, learning
from the study of consumer participation towards
fashion by scholars Korea Eun Joo Park, Judith
Cardona Forney and others (2006)[4]; Personal
factor has 7 items, based on the Consumer Style
Inventory (CSI) and combined characteristics of
fast fashion. Items were measured by five-point
rating scale: 1 represents minimum while 5
represents maximum.
RESULTS AND DISCUSSION
Analysis of reliability and validity of the scale
Cronbach’s Alpha was cited as the index of
evaluating reliability of the scale. First the overall
reliability Cronbach’s Alpha was computed by the
use of statistical software SPSS16.0, and then
specific numerical Cronbach’s Alpha of the
structural variables were calculated to estimate the
inherent reliability of the scale based on

TABLE Ⅱ KMO sample measure and Bartlett test of sphericity

KOM
sample
measure
0.845

Bartlett test of sphericity
Approx.
Chi-Square
1534.280

df

Sig.

105

0.000

Note: df-degree of freedom; Sig.-test of significance

According to Table Ⅱ, the value of KMO is
0.845(between0.80~0.90), which means the
inventory data of scale was appropriate for factor
analysis. The sig of value is 0.000<0.5, that
indicates the data of hypothesis model are relevant
and from normal distribution consequently meets
the requirements of factor analysis.
Data from questionnaire was calculated in two
different dimension forms of hypothesis model by
AMOS 7.0, branch dimensions and main
dimensions. Path analysis of overall fit index and
path coefficient analysis were carried out
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simultaneously and all data were output after
standardized.
TABLE Ⅴ Fit index of hypothesis model

Table III and Ⅳ present the results of confirmatory
factor analysis of overall fit index for branch
dimensions model and main dimensions model.

df
Absolute
Index

TABLE III Fit index for branch dimensions

df
Absolute Fit
Index

Comparative
Fit Index

164
χ2
χ2 /df
GFI
RMSEA
RMR
NFI
CFI
IFI

420.982
2.47
0.872
0.073
0.047
0.791
0.859
0.861

Fit

Comparative
Fit Index

544
χ2
χ2 /df
GFI
RMSEA
RMR
NFI
CFI
IFI

1219.806
2.24
0.810
0.065
0.059
0.722
0.822
0.824

From Table Ⅴ, χ2 /df =2.24 is less than 3 which
means the overall fit of the model is good;
GFI=0.810, NFI=0.722, CFI=0.822, IFI=0.824,
close to 0.9, SRMR=0.059 is less than 0.8, all
mentioned above demonstrated that the model is
reliable.

Note: χ2-Chi-Square of Goodness of Fit; df-degree of freedom;
χ2 /df-the ratio of Chi-Square to degree of freedom; RMSEARoot Mean Square Error of Approximation; RMR-Root Mean
Residual; NFI-Non-normal Fit Index; CFI-Comparative Fit
Index; IFI-Incremental Fit Index

Measurement result of hypothesis model
The final hypothesis model was made up of branch
dimension with four marketing factors (4Ps) and
main dimension hypothesis model. The relationship
between latent variables in the model presents in
Figure 2, all output results were standardized. The
specific number on the single arrow equals to the
path coefficients between two variables, the
standardized coefficients of the figure were all
notable below significant level 0.04.

From Table III, we see that χ2 /df (the ratio of ChiSquare to degree of freedom) = 2.57 is less than 3,
indicating the overall fit of the measurement model
for branch dimensions is good, GFI=0.872,
NFI=0.791, CFI=0.859, IFI=0.861, all close to 1,
which shows each fit index of the model meets the
basic requirements, and the four marketing factors
can fully reflect the brand essence. Combination of
factor analysis and confirmatory factor analysis, it
is not difficult to draw, the model for branch
dimensions are reliable.
TABLE Ⅳ Fit index for main dimensions

df
Absolute
Index

84
χ2
178.666
χ2 /df
2.13
GFI
0.928
RMSEA
0.062
RMR
0.042
Comparative
NFI
0.886
Fit Index
CFI
0.935
IFI
0.936
From Table Ⅳ, χ2/df =2.13 is less than 3 which
means the overall fit of the measurement model for
main dimensions is good, GFI=0.928, NFI=0.886,
CFI=0.935, IFI=0.936, close to or above 0.9, that
shows each fit index of the model meets the basic
requirements, the overall fit of the model is quite
good. Thereby the model for main dimensions is
reliable in addition of factor analysis and the
confirmatory factor analysis.
Fit

FIGURE 2. Latent variables analysis of hypothesis model

By means of Structural Equation Modeling, the
regression equation of the latent variables was
expressed as follows:
1. Branch dimensions of the model
Fast fashion brand = 0.13(promotion) + 0.14(place)
+ 0.63(price) + 0.08(product)
(1)
2. Main dimensions of the model
Direct effect:
Purchase behavior =1.04(fast fashion brand) + 0.06
(fashion environment) – 0.14(personal factors)
(2)
Indirect effect:

Table Ⅴ shows the results of overall fit index of
hypothesis model.
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coefficient is: Price (0.63), Place (0.14), Promotion
(0.13) and Product (0.08).

Purchase behavior = 0.28*0.06(fast fashion brand)
–0.57*0.14(fast
fashion
brand)
–
0.28*0.24*0.14(fast
fashion
brand)
–
0.24*0.14(fashion environment) = -0.07(fast
fashion brand) - 0.03(fashion environment)
(3)
Total effect:
Purchase behavior = 0.97(fast fashion brand) +
0.02 (fashion environment) – 0.14(personal factor)
(4)
The standardized regression coefficient of latent
variables is shown in Table Ⅵ.

2. Seven of eight hypotheses have been confirmed.
Fast fashion brand affects customer’s purchase
behavior most, and overall influence coefficient
which is definitive comes up to 0.97. Coefficient of
the fashion environment is 0.02 and the personal
factors equals to -0.14. Fast fashion brand have
both direct positive and indirect negative effect on
purchase behavior and the direct effect is much
more notable than indirect effect. Fashion
environment have direct positive and indirect
negative effect on purchase behavior as well, but
impact not too much on account of the coefficients
were 0.06 and -0.03. Personal factor has direct
negative effect on the purchase behavior.

TABLE Ⅵ Direct, indirect and total effects of latent variables

Promotion
Place
Price
Product
D
Fashion
environ
I
ment
T
D
Personal
I
factor
T
D
Purchase
I
behavior
T

Fast
fashion
brand
0.128**
0.140**
0.627**
0.085**
0.277**
─
0.277**
0.572**
0.066**
0.638**
1.039**
-0.071**
0.968**

Fashion
environ
ment
─
─
─
─
─
─
─
0.238**
─
0.238**
0.056**
-0.032
0.024

Personal
factor
─
─
─
─
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─
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-0.136**
─
-0.136**

Note: Number with ** is notable at the significant level 0.05.
D, I, T stand for direct, indirect and total effect.

In accordance with standardized regression
coefficient of variables, the hypothesis proposed
previously can be confirmed. The demonstration
results are shown in Table Ⅶ.
TABLE Ⅶ Demonstration results of eight hypotheses

Hypothesis
X1
X2
X3
X4
X5
X6
X7
X8

Path
coefficient
1.039
-0.071
0.277
0.572
0.238
0.056
-0.032
-0.136

Test results
Support (positive )
Support (negative)
Support (positive)
Support (positive)
Support (positive)
Support (positive)
Denial(not notable)
Support (negative)

CONCLUSIONS
1. The product of fast fashion brand has been
recognized by consumers. However, the promotion
was not very satisfactory. The relativities among
four marketing factors (4Ps) were not so notable.
For fast fashion brand, their respective influence
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A new international apparel market research method
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Abstract:
Nowadays, although the international trade is prevailing, the difference from country
to country is apparent, especially on the university student apparel consumption. The
effective method to acknowledge the difference is absence. So we introduce a new
method to carry out the research about the international market. In our new method,
by making use of the chance of French students studying in Donghua University,
China, we finished our questionnaire of cooperative research on university student
apparel consumption between China VS France. The questionnaire aimed at the
consumer behavior of French and Chinese university students includes the purchasing
frequency, the brands and shop types, the amount of clothes from 1st January to 1st
march (we want to set the term as two months, because consumer may remember the
detail about what, how they purchase) and so on. At the same time, a lot of Chinese
university students are required to perform an exact answer. With these questionnaires,
we have gotten the detailed data about the apparel consumption. Then we showed the
data in chart intuitively, such as pie diagrams. Integrated all the steps above, we
finished our research, and our new method is revealed. The merit of our new method
is obvious:
1. Easy and available operation
1. Less cost
2. Callback percentage, reliability is high
3. Clear contrast
In the international marketing strategy, the research about the market is needed. With
our new method, we can get the detail about the consumer behavior easily, quickly,
reliably.
Keywords: a new method, international market research, marketing strategy
1. Literal review
Nowadays, the amount of turnover of
the international trade booms faster and
faster, and lots of apparel companies are

looking forward to carve out foreign
market to carry out marketing strategy.
So the research about the foreign market
is needed. As it is known to all, the
research always costs a lot. Previously,
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the companies consigned some agencies,
or sent some employees to finish the job,
but they couldn’t ensure whether the
data they had gotten can be trusted,
because a few interviewees just finished
the questionnaires without taking into
account. The imprecise data would
mislead the manager to make the wrong
decision.
Marketing research is set down to
company certain marketing problem,
adopting scientific method to collect,
analyze, and explain the marketable
information systemically, to provide gist
to the manager to evaluate market
strategy. And science is defined as the
means to achieve the systemic
knowledge through observe, experience,
and logic illation. So we reviewed the
research methods we had taken, and
have found lots of problems.
Having finished lots of questionnaires
in our school, we found that the students
were tired of questionnaires. In one way,
our research showed one student in
Dong Hua University had been inquired
more than seven times in one school
term. They lost patience, and gave the
answer even without browsing the
questions. In the other way, the recall of
the delivered questionnaire was very
difficult. Because the interviewees may
threw the questionnaires away, or just

2. Research method
According to Psychics, if one has
been doing something for a long time, it
would form a habit, and can’t change
easily. Habit is defined as a recurrent,
often unconscious pattern of behavior
that is acquired through frequent
repetition. Since one entered the school,

forgot to hand them up. At last, we
found the percentage of the useless
questionnaires was very high, up to
15%~20%, comparably the percentage
of callback is very low, and it increased
the cost of the research. So a more
scientific method to carry out the
marketing research was in urgent need.
A new method could get data quickly,
accurately, cheaply, and could be
practically, easy operation.
On the other hand, we focus the
difference between the French and
Chinese university students apparel
consumption.
At
present,
many
companies have gotten the experience
about the domestic market, and the
appropriate marketing strategy to get a
great turnover. But the original strategy,
as known to all, can’t be adopted in
other markets. When a company decides
to enter a new market, it must be sure
that it is ready to face new situation,
companied with new problems. So the
company should adjust the marketing
strategy to adapt the new market. We
analyze the difference in our surveys,
give prominence to the detail the
questionnaires tell us. Understanding the
difference of the markets can lead the
manager to make the right choice.

the ones have been told to finish the
homework seriously. After many years,
we have gotten used to it. Therefore,
in our researcher, we delivered our
questionnaires in class., and reclaim
them as soon as the students finished.
The whole process is supervised by the
teacher. In a word, our new method
emphasized the new place, the
classroom, where we can get the data
more effective, the person ,the teachers,
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delivered the questionnaires to ensure
the efficiency and accuracy.
Show in flow chart:

us that a company may make a
marketing stratagem that replacing
the merchandise of apparels
frequently if he wants to sell the
apparels to foreign marketing.
Frequency to purchase
China

France
39.53%
37.84%
27.91%

18.92%
16.22% 16.28%
13.95%
10.81%

16.22%

2.33%
a week

3. Data analysis
With the help from the teachers in Dong
Hua University, we delivered 38 pieces
of questionnaires in French exchange
students class, and reclaimed 38. The
percentage reached 100%, although
contained a useless questionnaire. At the
same time, we delivered 48 pieces of
questionnaires, and reclaimed all of
them. They are all available.
Now, let us show you some thing about
our questionnaire.
The
Constitutes
of
gender:
France: female 18; male 21
China: female 31; male 12
From the survey, we get some
directly contrast between two
countries.
3.1 The frequency to purchase
Obviously, the students from France
have higher frequency than Chinese
students. They have more percentage
in “a week” and less percentage in
“two months”. This conclusion tells

two
weeks

three
weeks

a month

two
months
above

3.2 Where to buy apparel
In this part, we can see an interesting
phenomenon: Two countries are
almost the same. They all like to
purchase the apparel in garment
stores, special stores and department
stores and so on. Also they don’t like
the super market in purchasing
apparel. Through this conclusion, the
companies
may
sell
and
propagandize their apparel in the
places like the special markets and
less in the super markets.

3.3 The pieces to purchase
From the diagram, we can visible
find out that the Chinese students get
about 2-5 pieces apparel but the
France students get more apparel
than Chinese students about more
than 10 pieces. This message tells us
that the market in foreigner students
is wide. They change the apparel
continually, and this conclusion is
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consistent with the Diagram “The
frequency to purchase”.

in China
Almost 95% French students have
bought the apparel which is made in
China, and about 43% students have
the 50%-75% apparel in their
clothespress is made in China. So the
apparel made in China is very
popular, and the company may take
the advantage of this point to enlarge
his market.

3.4 The payout in apparel
In diagram 1, about half Chinese
students pay less than 2500 RMB in
apparel per year. Only about 2%
students will pay more than 20000
RMB. The Chinese students’
consumption level is not very high
compare with the French students.
But in diagram 2, the percentages are
average. So the orientations in prices
are different in two counties’
students. The lower prices may suit
for the Chinese students and the all
prices (from low to high is all above)
are needed.

3.5 If ever have bought the apparel made

When we carried out the survey, we
got some data about the Italia college
students’ apparel consumption from
Professor Xu Ming in dong Hua
University which had been collected in
2006. With help of the data, we found
something difference in two European
countries based on the assumption that
the situation in two was stable in past
three years.
In this part, the Italy students are
frequenter than Chinese students in
purchasing apparel. And this conclusion
is the same with the one we got from
France VS China. Except this, the
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diagram below also show the conclusion,
both Italy and Chinese students don’t
like to purchase apparel in the super
markets very much. Also we find out
that the French and Italian prefer to
purchase apparel in garment market and
special stores.

5. Summary
5.1 The new method is feasible
All through our survey, we finish the
work in an easy way. Our analyses
showed that the data is credible. And the
percentage of the callback and the
available questionnaires is perfect.
5.2 The contrast of the two counties is
obvious
As our analyses showed, the habit of
the consumption of the university
students of two countries is different,
especially in the payment in apparel and
the pieces to purchase.

4. Potential application
As we show in our survey, there were
lots of difference in university students’
apparel consumption between China and
France. For example, the French
students prefer to purchase apparel in
garment shop and specialty store. So
when the companies enter the French
market, they can adjust the places to sell
their apparel, compared with the
Chinese market.
Not only can our new market research
method be used in apparel market, but
also the other markets, such as mobile
phone, fast food, are feasible. The
companies in the extent can carry out the
survey in out method to find out what
they want.

5.3 The survey carried out with our
method is able to continue
In our research, we have gotten some
data from the professor. We believed that
the survey can be carried out again in
the future. As time has gone by, we
would get enough data to show the
difference between many countries. And
the marketing strategy experience can be
accumulated.
We have to admit that our method is
limited in some extent. Although there
are lots of students aboard in Chinese
university, it is difficult to get enough
amounts of the students aboard sample
from the same country. Maybe we can
carry out our survey abroad after
communicating with the teachers in
aimed counties’ universities. When the
companies are defined their potential
marketing as the students, we think our
new method is okay.
Time was limited, and we couldn’t
carry out more surveys to validate our
new method. We expected more surveys
will be put in practice with our new
method to find out something useful to
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the companies.
In our research, the cooperation of the
exchange French students and the
marketing subject students made
contribution to our survey. We
appreciate their help with our best
wishes.
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Abstract: Questionnaire surveys to realize the consumption behavior of the clothing brands of the
18~45-year-old women who are in Hangzhou, Jinhua, Ningbo and Wenzhou are undertaken from four
aspects of lifestyle such as the personal pursuit, consumption value, communication viewpoint and
brand awareness, and then the data of the valid questionnaires are made statistical by using methods of
factor analysis and cluster analysis, and the similarities and differences of consumption behavior of
Zhejiang women's clothing brands based on different lifestyles which is resulted from the different
terrains between the inland and coastal regions are made analyses and summed up. The main
commonness includes that the Zhejiang women have pragmatic characteristic and they focus on the
high quality and fashionable style of life. The differences are mainly that the most inland women pay
more attention to the clothing brands and their price, and have more tendency towards Hangzhou
female clothing, and spend more money on clothing than the most coastal women; whereas the most
coastal women’s purchasing behaviors are affected by the fashion advertisements and information on
TV more easily than that of the most inland women, and the new fashion concepts are accepted by the
coastal women more easily.
Keywords: Zhejiang women,；clothing brands,；consumption behavior,；comparative,；lifestyle

1

Therefore, it is an imperative for Zhejiang
clothing enterprises to understand Zhejiang
consumers’ lifestyle and meet the consumers’
furthest demand corresponding to their pursuit
in the bottom of their hearts based on their
lifestyle and make Zhejiang clothing brand
value continue to increase [1].

Introduction

With the improvement of living standards and
the complication of consumption value and
behaviors, the women take into account not
only the practical function of clothing, but also
whether they can reflect the quality of life and
show their own personality, taste and identity
or not. The enterprises must understand
thoroughly the deep-seated psychological
variables such as the target consumers'
lifestyles and values [5], and must take an
approach to the lifestyle marketing in order to
find their target consumers and grasp the
market trends accurately and develop the
correct marketing strategy in the fierce market
competition.

2 Questionnaire design and analysis
2.1 Questionnaire design
In order to determine the cut-in point of the
research on the lifestyle-based consumption
behavior of Zhejiang women’s clothing brands,
we make interviews with a part of
investigation targets according to some
relevant issues, and then design the
questionnaire in terms of the basic
requirements of the sociological and statistical
analysis. The survey questionnaire is made up
of investigation targets’ basic information and
the investigation of the lifestyle-based
consumption behavior, where the latter one
includes four-part items such as the personal
pursuit, the consumption value, the
communication viewpoint and the brand
awareness. The contents of every investigation

After the low-level demand of consumers are
satisfied, the effects of their self-esteem,
feelings, will, values and other psychological
factors have been greatly strengthened when
the consumers make purchasing decisions [4],
so the distinction of their purchasing behaviors
is more and more prominent because of the
differences of the various consumers'
personality, temperament and living conditions.
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item are described as Table 1.
Table 1 Questionnaire of the lifestyle-based consumption behavior of Zhejiang women’s clothing brands
Item
No.
Content
1
Want myself to earn more money, and to lead a more affluent life.
2
Lay great emphasis on individual career success.
3
Think that shopping is a leisure activity, and if I’m free I will go shopping.
4
Attach great importance to the quality of my own life.
Ⅰ
5
Use up my monthly income and make advance consumption to pursue my comfortable life.
The
6
Hope that I can display the personality, taste and social status through clothing.
personal
7
The purpose of my dressing is to attract others’ eyes and enhance my own charm.
pursuit
8
I enjoy fashionable leisure life and lively luxury venue.
9
Buy the popular, trendy and novel things which I like regardless of their price.
10
Pay great attention to clothing fashion and know clearly what is popular.
11
According to my income, I plan to make balance between my income and expenditure.
12
Enjoy buying clothing in the monopoly store or emporium.
13
My clothing style is quite stable.
14
In my personal consumption, the clothing consumption takes the largest share.
15
Purchase the suitable clothing corresponding to their economic abilities.
1
Usually purchase clothing before the coming of the next season.
2
Be interest in the discount activity.
Ⅱ
3
Enjoy selecting the famous brand clothing with preferential price.
The
4
Pay more attention to the brand and origin when purchasing clothing.
Consumption
5
Pay more attention to the craft of making clothing.
value
6
Pay more attention to the fabrics and colors of clothing.
7
Pay more attention to the clothing style.
1
Often read fashion magazines to obtain relevant information.
2
My purchasing behavior is affected by the advertisements and fashion information more easily.
Ⅲ
3
Read the fashion advertisements in newspapers and magazines.
The
4
Enjoy watching the fashion programs and advertisements on TV
communication
5
Concern about fashionable dresses that are on display in the stores.
viewpoint
6
Concern deliberately about other people's clothing.
7
Normally pay special attention to the dressing of movie and teleplay stars or celebrities.
8
Often talk about the fashion topics with my family or friends.
1
I can accept any clothing brands which are suitable for me.
Ⅳ
2
Usually buy the clothing with the same brand.
The
3
I prefer to Hangzhou female clothing brands compared to some domestic feminine clothing brands.
brand
4
Buy clothing with the high popularity.
awareness
5
Like to buy clothing in a particular brand shop.

The contents of each title in Table 1 have
adopted the score of five-tier scale, which are
“disagree totally” (1 point), “disagree slightly”
(2 point), “have no views” (3 point), “agree” (4
point), “strongly agree” (5 point).

2.2 Questionnaire analysis
An investigation team has carried out a
random sampling investigation towards 18 ~
45-year-old women respectively in Hangzhou,
Jinhua, Ningbo and Wenzhou from May to
July 2008. Then 1200 pieces of questionnaires
were distributed and 1002 pieces of valid
questionnaires were returned. And the data of
the valid questionnaires have been made
statistical by the methods of factor analysis
and cluster analysis, and the relevant analysis
figures have been attained as follows.

Figure 1

Zhejiang women's personal pursuit

From Figure 1, it is showed that the majority
of the four city women agree to the contents of
No.1, 2, 4, 6, 12 and 15, so we can realize that
the most women in the four cities hope that
their life is more prosperous with their causes
more successful, and pay attention to the
quality of life, and that they can display the
personality, taste and social status through
clothing, and enjoy buying clothing according
to their economic abilities in the monopoly
store or emporium. However, the majority of
the four city women disagree to the contents of
No.5 and 9, that is to say they will not use up

2.2.1 Comparative analysis of the
personal pursuit
Figure1 will be attained from the statistic data
of the scores according to itemⅠ in Table 1,
where horizontal axis indicates the title
number of itemⅠ in Table 1, and the vertical
axis indicates the frequency of the scores.
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women are affected by the promotional
activity most easily. For No.3, it is showed that
Hangzhou and Ningbo women are more likely
to select famous brand clothing with
preferential price than the other city women.

their monthly income and make advance
consumption because of the pursuit of the
popular, trendy and novel things which they
like, and they will consider whether the price
is suitable or not. For No.8, 10, 11, 13 and 14,
the four city women have different views. As
to No.8, 10 and 11, the most Ningbo women
agree to them, and the most Hangzhou and
Jinhua women have no views on them,
whereas the most Wenzhou women disagree to
the contents of No.8 and have no views on the
other two titles. Therefore, the most Ningbo
women enjoy fashionable leisure life and
lively luxury venue, whereas the most
Wenzhou women do oppositely. So we can
know the most Ningbo women pay great
attention to clothing fashion and plan to make
balance between their income and expenditure.
For No.13, the most Ningbo women have no
views on it, whereas the majority of all the
other city women agree to it. Therefore the
clothing style of the most Ningbo women is
more changeable than that of the other city
women. For No.14, the most Hangzhou and
Jinhua women agree but the most Ningbo and
Wenzhou women disagree, so it is inferred that
the inland woman spend more money on
clothing than the coastal women.

2.2.3 Comparative analysis of the
communication viewpoint
Figure3 will be attained from the statistic data
of the scores according to item Ⅲ in Table 1,
where horizontal axis indicates the title
number of item Ⅲ in Table 1, and the vertical
axis indicates the frequency of the scores.

Figure 3

2.2.2 Comparative analysis of the
consumption value

Figure 2

Zhejiang women's communication viewpoint

From Figure 3, it is showed that the
majority of the four city women agree to the
contents of No.1 and 5, so we can know that
they often read fashion magazines, concern
about fashionable dresses that are on display in
the stores. For No.2, more women in Ningbo
and Wenzhou agree to it, so it is inferred that
the purchasing behaviors of the coastal women
are affected by the advertisements and fashion
information on TV more easily than that of the
inland women. For No.3, 4 and 8, we can
realize that the most Ningbo women prefer to
read the fashion advertisements and program
in the newspapers and magazines, and talk
about the fashion topics with their families or
friends. For No.6 and 7, it is showed that the
most Wenzhou women pay more attention to
the dressing styles of others, stars or celebrities
than the other three city women.

Zhejiang women's consumption value

Figure2 will be attained from the statistic data
of the scores according to itemⅡ in Table 1,
where horizontal axis indicates the title
number of itemⅡ in Table 1, and the vertical
axis indicates the frequency of the scores.

2.2.4 Comparative analysis of the
brand awareness
Figure 4 will be attained from the statistic data
of the scores according to item Ⅳ in Table 1,
where horizontal axis indicates the title
number of item Ⅳ in Table 1, and the vertical
axis indicates the frequency of the scores.

From Figure 2, we can see the majority of the
four city women agree to the contents of all
titles but No.3, and it is inferred that they
usually buy clothing before the coming of the
next season, and they like the discount activity,
pay attention to clothing brand, origin, craft,
fabrics, colors and styles, and furthermore, the
purchasing behaviors of the most Jinhua
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attention to the clothing brands and their price,
and have more tendency towards Hangzhou
female clothing, meanwhile the inland
women’s purchasing behaviors are affected by
the discount activity more easily, and spend
more money on clothing than the coastal
women.
②With the increasing spreading channels of
fashion information in the Zhejiang coastal
regions like Ningbo and Wenzhou, the most
coastal women accept the new fashion
concepts more easily than the inland women.
Figure 4
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From Figure 4, we can see the majority of the
four city women agree to the contents of No.1,
2 and 5， so it is inferred that they accept any
clothing brands which are suitable for
themselves and like to buy the clothing with
the same brand in a particular brand shop. For
No.3, it is showed that the majority of the four
city women all like Hangzhou female clothing
brands [6]，especially Jinhua women. For No.4,
apart from Hangzhou women, the majority of
the other three city women all agree to it, so
we can know that they are more likely to buy
clothing with the high popularity than the most
Hangzhou women.
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ABSTRACT
Using the method of cross analysis, Chi-Square Test and Independent-Samples T Test in analyzing the data
from the questionnaires survey, there are 8 significant factors reduced in the paper. With these 8 factors, the
paper showed the difference in clothing consumption behaviors between male college students and females, and
some advice were drawn out for the clothing enterprise to produce more suitable product.
Keywords: difference, clothing, consumption behaviors, college students, factor
INTRODUCTION
Getting the market share effectively is the way to
survive for clothing enterprise. The enterprise must
locate in the market according to the customer’s
request. College students form a particular social
group, and their consumption ideas reflect the
value orientation of the youth. Analyzing the
difference in their consumption ideas and behaviors
is helpful to know the consumption trend of all the
social youth. Knowing what the customers want
and their motivation, clothing enterprise can
possess more market share [1], [2].

RESULTS AND DISCUSSION
In order to analyze the difference in clothing
consumption behaviors between male students and
females, monthly cost of living, monthly cost of
clothing and brand students favorite to buy were
separately used to cross-analysis between male
college students and females in the paper. The
results were shown in TableⅠ.
TABLE Ⅰ. Results of Cross-analysis and Chi-Square Test

Cost of
living
(RMB)

The clothing consumption behaviors of college
students attract many scholars’ attention,
previously study results showed that the clothing
consumption is affected by the regional
environment of the college. The more consumption
they practice, the more fashion consumption ideas
they can have. But few scholars focused on the
difference in clothing consumption behaviors
between male college students and females. So the
difference is the focal point of this paper [3], [4], [5].

Cost of
clothing
(RMB)
Brand
student
favorite
to buy

APPROACH
Students from Soochow University were selected
as subjects, aged from 20 to 25. The questionnaires
survey was carried out in March, 2008. 300 copies
were distributed, 248 copies were available. The
answers to the questions were evaluated by using 5
scores evaluation. 129 male college students as
subjects participated in this study, and the number
of females is 119(rate: 48%).

＜400
400-800
800-1000
＞1000
＜200
200-500
500-800
800-1000
Overseas
brand
Domestic
brand
other

Male
6
79
40
4
102
23
2
2

Gender
Female
6
77
33
3
89
29
1
0

12

6

33

26

84

87

χ2

0.932

0.319

0.478

From TableⅠ the result showed each value of χ2 in
the three aspect is much more than 0.05, that means
there is no significant difference between male
students and females in monthly cost of living,
monthly cost of clothing and brand students
favorite to buy. Most college students depend on
their parents, so they have to make a plan to do
with their money. No matter what the brand is
domestic or overseas, they can only afford the
money what they have. The result also reflects the
actual situation of college students that their
consumption level was determined by how much
they get from their parents.

The data from the questionnaires survey were
separately analyzed by using the method of cross
analysis, Chi-Square Test and IndependentSamples T Test [6].

- 1139 -

results showed college students focus on the
symbolic of clothing and wish to be accepted by
the society. They wish wearing can embody their
social status. In clothing consumption motivation,
popular factor’s contribution rate is the largest and
pragmatic factor’s is the lowest, so the analysis
results showed the motivations of college students
purchasing clothing is influenced by fashion to a
great extent, not pragmatic way in the past.

TABLEⅡ. Factors variables and Cumulative Concentration rate
Consumption
behavior

Consumption
idea

Cumulative
Concentration
rate

Factor variables
Attractive factor,
Stimulated factor,
Popular factor,
Characteristic factor,
Style factor,
Leisure factor,
Economical factor,
Rational factor

61.794%

Consumption
attitude

Symbolic factor,
Beautiful factor,
Traditional factor,
Rational factor

Consumption
motivation

Popular factor,
Economic factor,
Economical factor,
Pragmatic factor

Standard of
consumption
Source of
consumption
information

Fashionable factor,
Convenient factor,
Pragmatic factor
Media information factor,
Scene information factor,
Interpersonal factor

Purchase
place

Traditional way
Modern way

Fashionable factor’s contribution rate, far more
than the other two factors, is 32.830% in
establishing standard which college students rely
on when choosing apparel. So the results showed
consumption idea determines the standard which
students establish in purchasing clothing. The
largest contribution rate factor in information
source of clothing consumption is media
information factor. Majority of college students can
get information from the internet, press, film and
video. Where college students purchase clothing is
traditional, such as department store, specialty store
and the other places that they often choose.

57.788%

55.240%

57.454%

66.729%

46.77%

Using Independent-Samples T Test, the difference
of clothing consumption behaviors between male
college students and females of each item was
analyzed in the paper. The results showed the
factors with significant difference in TableⅢ.

There are six items in consumption behavior
including consumption idea, consumption attitude
and the other four items, each item in clothing
consumption behaviors was analyzed by using
factor analysis, the results were shown in Table Ⅱ.

As shown in Table Ⅲ , there are significant
differences in attractive, stimulated, popular and
characteristic factor between male college students
and females in consumption ideas. Male students
focus on fascination and characteristic, while
females’ consumption behaviors are easily affected
by stimulation and fashion. Female college students
often have emotional consuming.

The first four leading contribution rate factors in
clothing consumption idea are attractive, stimulated,
popular and characteristic factor. The analysis
results showed college students purchase clothing
based on personality and fashion, not on rationality
in tradition.

There are significant difference in symbolic and
beautiful factor between male college students and
females in consumption attitude. Male students pay

The largest contribution rate factor in clothing
consumption attitude is symbolic factor. Analysis
TABLE Ⅲ. Factors Independent-Samples T Test

mean

t

Sig.
(2-tailed)

Variance
difference

2.6345

2.471

0.014

significant

3.4031

3.6499

-2.917

0.004

significant

Popular factor

3.1202

3.3319

2.199

0.029

significant

Characteristic factor

3.40116

3.2504

-3.356

0.001

significant

Symbolic factor

2.9659

2.7983

3.355

0.001

significant

Beautiful factor

3.4244

3.4958

-2.043

0.042

significant

Consumption motivation

Pragmatic factor

3.2248

3.4958

-3.875

0.000

significant

Consumption Standard

Fashionable factor

3.6628

3.8634

-3.334

0.001

significant

Source of consumption information

Scene information factor

2.5142

2.4146

2.051

0.041

significant

Factor

Consumption idea

Consumption attitude

Factor variables

male

female

Attractive factor

2.7481

Stimulated factor
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could take to make their product accepted by
college students will be further studied in the future.

more attention to the symbolic meaning which
clothing can state, while females want their
clothing more beautiful.
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About the motivation in purchasing clothing,
significant difference in pragmatic factor shows
females are more pragmatic. However, males want
to establish their image by wearing, so they
consider less about the practical usage of clothing.
Significant difference exists in fashionable factor in
building standard, which college students rely on
when choosing clothing. Female college students
especially pursue fashion and vogue.
In the aspect of consumption information source,
scene information factor has significant difference.
So the direct information, not the indirect or the
sensory, have an effect on males.
CONCLUSIONS
In this paper, the differences in consumption
behaviors between male college students and
females were analyzed. Base on the analysis results,
some conclusions were drawn out for clothing
enterprise, they will provide more suitable product
for both male college students and females:
1 In the aspect of clothing consumption, male
college students, impelled by social, care more
about social status, social image, and want to
succeed. So they pay more attention to charm,
characteristic and symbolism of what they wear.
While female students want freedom and look for
fashion in choosing clothing.
2 When purchasing clothing, both male college
students and females consider the economical,
pragmatic and convenient factor. After all, they
have not enough money to buy everything that they
like. Females are more popular and pragmatic than
males who are deeply affected by their
consumption idea, pursuing the extrinsic and
abstract sense.
3 The clothing enterprise, should take innovation in
color and style of clothing on the pragmatic
condition of college students, with the price
centered. At the same time, the enterprise should
impress college students with their garment by
advertisement. Reducing the cost, choosing right
market orientation, only in this way, the enterprise
can get better economic benefit.
FUTURE WORK
The study in this paper mainly analyzed the
difference in clothing consumption behavior
between male college students and females and
draw out some conclusion to the clothing enterprise.
However, what measures the clothing enterprise
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ABSTRACT
Nowadays, more and more girls wear mini-skirts matching silk stockings in winter season. However,
ordinary silk stockings are too thin to keep warm. How should the textile and apparel producers
develop a new kind of stocking to meet those customers’ needs both in beauty and warm function?
Based on some marketing research and the interviews with the textile experts, a new product
development idea to make a type of special thermal silk stockings is presented in this paper. A
questionnaire survey is conducted in a university in Shanghai, which is aimed at probing the
requirements of stocking purchasing behaviors, preference to the material, thickness and the color, and
accepted price scope, and so on. Aimed at providing input references for developing such kind of new
product, a series of experiment research programs are specially designed. Firstly, a group of university
students are invited to put on different layers of stockings, and their feedbacks are recorded to find out
suitable thickness of the new products. Secondly, an exclusive experimental device is developed to gain
the data to show the directly relationship between thickness of stockings and effects of keeping warm.
Finally, the same device is also used to gain another data of combination of different stockings in
diverse material to analyze the relationship between material and effects of keeping warm.
Integrated all the findings above, this paper forecasts the whole potential market in China and also
contributes as a reference to both product producers and designers.
Key words: silk stockings,；new product development,；questionnaire survey,；thickness experiment；
material experiment,；market prediction
marketing strategies based on survey of
customers’ behaviors benefit to enterprises.

1 LITERATURE REVIEW
Silk stockings are widely used to match

Choose profitable values of the product, offer

mini-skirts. They are popular to young girls even

accepted values and exchange offered values.

in winter. It is obviously cold only in thin silk

Definitely, the best choice of values of the

stockings. The demand of a new style of silk

product bases on a throughout survey and

stockings is increasing. As it has been known,

analysis of market.

thermal underwear is popular in recent years as

A typical process of market research is put

well as the development of thermal fiber. The

forward in view of some research.。

principle of this kind of fiber is chemical effects.

1) Make clear of the purpose of this research

Now that exist the potential demand and the raw

and its function in marketing. Initial

material, a new product will be invented and its

knowledge and analysis of customers and

market is studied here.

competitor should be expounded.
2) Obtain the needs and the motivation of

2 Analysis methods
It is the core of successful brand strategies to
full knowledge of customers. Effective

customers. Invite some students to take part
in talk show, and get information of their
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needs, purchase behavior and satisfaction,

listing all the information.

etc. A further strategy can be advanced by
3) Sort out the statistics collected in the
designed investigation. Market methods are
used to advance the potential market

3.1 POTENTIAL MARKET

strategies. The definition and segment will

Those who wear silk stockings in winter take

be ascertained. And integrated marketing

75% percent in the total target females who

strategies will be suggested.

participant the survey. The ratio is high, and it

Qualitative and quantitative studies are used here

suggests that silk stockings are popular to young

to form the basic assumption of needs, factors

girls. It makes the research that analysis factors

and inertial behaviors. Which qualitative study

and customers’ behavior of silk stockings

methods used here are talk show and deeply

meaningful. The pairs of silk stockings per

conversation. And quantitative study method is

customer has bought since 1st, Jan is 2.13

the amount of purchase analyzing with attitude.

through analysis the statistics of the amount of
silk stockings they have bought. And it is

The very need reveals that it is cold to wear

unnecessary to 40% percent of those who never

ordinary silk stockings in winter and demands of

buy silk stockings because they don’t have

thermal silk stockings exist.

apparels which need to match silk stockings.

So the study of the thermal silk stockings is

Another 60% think that it is too cold to wear silk

meaningful.

stockings in winter, and they are potential
customers of thermal silk stockings.

3 STATISTICS ANALYSIS
Aimed at probing the requirements of
stocking purchasing behaviors, preference to the
material, thickness and the color, and accepted
price scope and so on, we have sent 40 piles of

3.2 PURCHASE PLACES

questionnaire in DongHua University. The

Where people buy change with the expectation

analysis of the collected statistics is showed

of the price. The girls buy their silk stockings

bellow.

mostly in small shops along streets and it takes
83.33% percent just as it claims in the below
chart. It is much higher than other places where

purchase places

silk stockings are sold. And the special shops
which sell one brand haven’t been paid much
attention. Some causes have been got through

80.00%

talking. Firstly, silk stockings are bought for

60.00%

marching apparels. It is accessory. People use

ratios

100.00%

silk stockings only when they wear the apparels

40.00%

which need to match silk stockings, so the

20.00%

expectation of the price is low. And the cheaper,

0.00%

the better. Secondly, silk stockings are weak to

shopping speciality shops along supermarket
mall
store
streets
places

others

be broken though the brand of the silk stockings
is popular. There is no attraction to the girls to
buy expensive silk stockings.Shopping mall
takes 16.6% percent. The percentage is small.
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The shops along streets take the largest

percentage.

Estimation that the price of a pair of silk
facors degree of influence levels

stockings people can accept cannot be high is
made from the purchase places. As pointed

price material picture color thickness brand

following, 76.67% percent of customers can

50.00%

accept the price arranged from 10RMB to

40.00%

30RMB. Another scope which takes 13.33% is
ratio

from 30RMB to 50RMB. It is obviously that
brands have little influence on customers’

30.00%
20.00%
10.00%

purchasing behavior.

0.00%

price ranges

purchase price

1

2

3

consider order

> 50

Several marketing policies can be concluded by

30-50

analysis the purchasing behaviors of different
groups which regard different factor as the

10-30

priority

purchasing

silk

stockings.

Generally speaking, 67.5% percent of people

<10
0.00%

when

would buy the new invented thermal silk
20.00%

40.00% 60.00%
ratios

80.00%

100.00%

stockings, and 32.5% have no interest in the
thermal silk stockings. Then the purchasing
behavior will be analysis separately.

3.3 INPORTANT FACTORS

Firstly, the purchasing behavior of those who

During the purchasing, there are many factors

never buy silk stockings will be studied. The

that customers will consider like the price, the

percent that people who will buy the thermal silk

color, the thickness. It is seen in the following

stockings is 50%, and the another half of people

picture that the most important three factors are

will not pay money on it. 66.67% percent of

the material（46.67%）,the color（26.67%）and

people who never buy silk stockings because of

the thickness（20%）, and the material is the

cold weather tend to buy the new thermal silk

priority. So the material can be considered as the

stockings. Amazing, the price they can accept is

most important factor in the process of

the same as the price that people who wear silk

purchasing. The color （ 36.67% ） , the price

stockings can accept. The two scopes in the front

（23.33%） and the thickness （20%）are the

of the list is 10RMB to 30RMB (33.33%）and

front factors when people consider about

30RMB to 50RMB（33.33%）.

secondly. The color obviously takes the highest
percent and it could be the subordinate factor.

Secondly, it is the research of the purchasing

The third factor which has a deep affect on

behavior of those who have bought silk

purchasing is the thickness except the material

stockings. The group which its members take the

and the color though the percentage is almost

material as the priority chooses to purchase in

well distributed.

the ratio of 92.86%. And the group which its
members take the color as the priority chooses to
purchase in the ratio of 75%. And 50% of the
group which takes the thickness as the priority
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chooses to buy the thermal.
So, ads of the material are very necessary. And

W-weakness: It is a completely new product.

the creation of colors will has affects on

It will take a period of time for customers to

purchasing. So as the thickness is.

know it, to accept it. Some people might
suspect the effect of the function of keeping

3.4 ACCEPTED PRICE

warm. Others might be loyalty to thin silk

As the accepted price to the total group in this

stockings. The percentage reject to the

survey, 40% choose 10RMB to 30RMB, 45%

thermal silk stockings is 32.5%. And days

choose 30RMB to 50RMB. According to the

they need maybe a long time.

analysis of those who have bought silk stockings,
using the method of weighted average, the

T-threat: The cost is high. As it is mentioned

conclusion is that the average return is

above, it is a new product. The cost of its

32.96296RMB per pair. The benefit will be

research and development is quite high. The

3296.296RMB per 100 customers.

new

line

to

manufacture

thermal

silk

stockings would be built up. There is no
As to the thickness, 44.44% think it affects the

doubt that the process will increase the cost

beauty and 55.5 6% don’t pay any attention on

in a high level. The price scopes of the new

the thickness. And 42.5% is partial to its

invented thermal silk stockings people can

influence to its beauty, the other is whatever. So,

accept mainly focused on 10RMB to 30RMB

it is important to consider warm as well as

and 30RMB to 50RMB. It is the same price

thickness.

of the usual silk stockings people can
accept.

4 MARKETING ANALYSIS
As it is known, a new product should have its

There should be a series of new places to

market. The information about the 4ps will be

sell stockings. It is a big problem to compete

obtained with the theories of SWOT, STP and

with other manufactory because of their

4p.

existing places. A perfect web of sell places

4.1 SWOT

is necessary.

S—strength: The demand is huge. It is a
popular to wear silk stockings in winter. But

The cost of extending the market is high. It

ordinary silk stockings can not meet the

is

needs of beauty and warm.75% of females

marketing programs. The more spent in

have worn silk stockings in winter. If the

marketing programs, the quicker customers

thermal silk stockings exist, 67.5% of

know about the product. And the cost

females will buy them by analyzing the

increases with the marketing programs.

necessary

to

promote

a

series

of

statistics collected. So the potential market
is promising.

4.2 STP analysis
4.2.1 S (segment)

O-opportunity: Up to now, the market of

Eight segments factors are: association,

thermal silk stockings is blank, so the

attitude,

product will attract many customers in a

potentiality, using behavior and feature of

great proportion. There are few competitions

population or location. The segment factor

in this field. It is one brand in the market if

here is using behavior with variables of

thermal silk stockings are produced.

purchasing amount, the cost, the places and
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value

or

life

style,

profit

decision process.

the thick silk stockings in winter? The reason is:

The total market is a women market, the

they think the thick silk stockings are not pretty.

market is divided into three parts, the

So we can attract more customers by letting

women who wearing silk stockings in winter,

them feel the filmy of our products.

the women who never wearing silk stocking

4) Style: products should be made in multiplex

in winter and the one who don’t care.

styles and keep in step with the development of

4.2.2 P (position)

fashion trend. We can present various products

The market price fixes position in the center

to meet the demands of women in different age

price that the first and middle social stratum

such as the serious of ‘lovely teenagers’ or the

can accept. Because the expenses of the

serious of ‘mature ladies’.

product in the process of invent, produce

4.3.2 Promotion

and promotion is higher than the normal silk

Build up a brand! The blank market is a

stockings, so if the price fixed too low, the

good chance to build up a brand to be the

profit of the manufacturer get will be

first brand of the new thermal silk stockings.

decrease. In contrast, if the price fixed too

And the product will be easily accepted with

high, the customers can’t accept.

a good name. Though there would be other

4.2.3 T (target)

brands afterwards, this brand will be a first

The target marking should fixed position in

remember name.

the women who are fond of fashion and can

1) Promotions will be taken to increase

accept wearing silk stocking in winter in 20

market shares. For example, one is free if

to 40 years old.

you buy two pairs.

4.2.4P

2) Variable colors with special names are
attraction to young girls. They can choose

4.3

different thermal silk stockings to match

4.3.1 Product

different apparels or their moods. It is

By the research of the customers’ behavior, we

colorful though in winter.

can find out that materials are the essential

3) Send friends as presents, and convince

factors which influence the customers to buy the

people that it is deserve though they are

silk stockings.

expensive. Thermal silk stockings will be an

1)

attitude. Forever the love, forever warm.

Materials: the thick silk stockings, the

interweave silk stockings, the thermal silk

4)

stockings, we can increase the interests of people

manufactories

and let them know the materials better by putting

thermal silk stockings after bought some

emphasis on introducing the different materials.

cosmetics.

2)

Colors: with the development of fashion

5) Develop a promotion activity of change

trends, people have much more choices of the

old stockings into new ones after mix some

silk stockings. So we should make the color of

of the distance of usual stockings and

the silk stockings as much as possible to meet

thermal silk stockings in limited pairs.

the customers’ demands.

6) Advertisements:

Cooperate

with
to

popular

delivery

one

cosmetics
pair

of

3) Thickness: the products should be designed

(1) Show the beauty and cozy: using the

to semitransparent. The thickness of the silk

contract of advertisements, for example, a

stockings is the essential factor which influence

girl with thick stocking trembles with cold,

people will wear them in the winter or not. Why

and the other with thin ones, proving the

most of people prefer catching a cold to wearing

warm keeping of our product.
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(2) Add to the element of “love”. It is

product, so the limit quantity products will

snowing outside. A girl is worrying that she

present the feeling of high quality and

couldn’t wear the ordinary thin silk stocking,

distinctive to customer. So the limit quantity

while the phone calls from her boyfriend. He

products not only can gain more profit, but

brings the thermal silk stocking to her in

also can stimulate the shopping desire of

such a freezing winter .what a romantic

customer.

picture. At the same time, a slogan turns out

3) Take the lead in advocating the customers

and says that “if you love her, sent her XX

to making the use of waste material.

thermal silk stockings!” It seems that the

Propagating the knowledge of use the waste

customers feel not only it is a sock, but also

silk stocking to the customers, by this way,

a synonym of love.

can set up a good image in customers’ mind.

(3) Make the fashion atmosphere. In a
snowing day, a girl see others wearing

5 EXPERIMENTS:

colorful silk stockings happily walking

Aimed

around her , however ,she herself wear a

developing such kind of new product, a series of

ordinary stocking ,then she feels upset .So

experiment research programs are specially

making customer realizing that it is a trend

designed. Unfortunately, it is difficult to finish

of fashion to wearing the thermal silk

because of the limited conditions. So, the detail

stocking.

methods and steps are described below.

at

providing

input

references

for

4.3.3 Price
Since the cost is higher than ordinary

Firstly, a group of university students are invited

ones ,and we aim at the women who are at

to put on different layers of stockings, and their

the

feedbacks are recorded to find out suitable

first and the

middle consuming

level .what’s more, our product conducts to

thickness of the new products.

people that the silk stocking is a high

1)

Five students are invited to stay in a

quality .so the price of the product should be

constant

fixed at middle or top level, is about

number them in 1-5.

80-120RMB.

2)

Because of the marked oriented at the top

room.

And

Each of them wears a pair of silk
stockings.

4.3.4 Place

temperature

And

write

down

their

feelings after 10 minutes.

and middle class, so choose the matched

3)

Stay the 1 in one pair of silk stockings.

place to sale, it should be at up grade mall or

And make the 2 put on another one

set up particular monopolistic stores of

more pair of silk stockings. The 3 put

brand to sale, or we can choose some high

on another more two pairs of silk

grade small shops which will carry our brand

stockings. The 4 wear more three pairs

and take charge of the sale to promotion.

and the 5 wear more four pairs. Ask

4.4 Remarry marketing activities:

their feelings and write down every ten

1) The successful of the product sale is new

minutes.

and original ,so we can promotion

new

4)

Compared

the

feelings

and

the

silk stocking at later period, such as

suitable layers to keep warm can be

“stockings

approximately found.

of

losing

weight

””cold

stockings” and so on .
2) Bring about the limit quantity of products

Secondly, an exclusive experimental device is

irregular, most of people like the unique

developed to gain the data to show the directly
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relationship between thickness of stockings and

the changes range and the time it needs

effects of keeping warm.

to reach a specific temperature.

1)

In a constant temperature, take two

3)

Get the possible combination of

pairs of equal size silk stockings, the

different materials to keep warmer

same material bottles C, D (250ml

than single material.

bottles of Pepsi-Cola Beverage), the

2)

3)

4)

5)

6)

same kind of stockings and a number

6 CONCLUSIONS

of different materials stockings.

Integrated all the findings above, this paper

Using single-wire socks to C parcels,

forecasts the whole potential market in China

leave 3cm above the bottle in order to

and also contributes as a reference to both

observe it, 60 ℃ water will be poured

product producers and designers.

200ml, after using thread to tie the

1) Generally speaking, 67.5% percent of

thermometer tighten cap. Parcel D is

people would buy the new invented thermal

not wrapped with the stockings on the

silk stockings, and 32.5% have no interest in

stockings will be 60 ℃ water poured

the thermal silk stockings. The percentage is

into the 200ml, the thermometer tied

high, the whole potential market in China is

with thread after tightening cap.

huge as the big amount of basic population.

Take

observation

of

the

two

2) The first three factors customers are the

thermometers and write down the

material, the color and the thickness.

record of the temperature after the

Marketing activities should focus on these

same period of time.

factors especially the material.

Compare the two-layer stockings and

3) Every customer can buy 2.13 pairs of silk

stockings without wrapped with the

stockings in every three years. According to

same experimental operation and write

the analysis of those who have bought silk

down the record.

stockings, using the method of weighted

Compare the two-layer with one-layer

average, the conclusion is that the average

stockings with the same experimental

return is 32.96296RMB per pair. The benefit

operation and write down the record.

is predicted to be 3296.296RMB per 100

Carry out comparative experiments

customers. And the suggested price is

with the ordinary stockings and the

80-120RMB.

stockings of other materials such as

4) The experiments have given us the best

rabbits’ hair, wool and so on, with the

combination of the very layers and the

same experimental operation and write

material.

down the record.
7
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ABSTRACT
It is common for athletes to act as endorsers of sportswear manufacturers. A great majority of
sportswear manufacturers find it very important to engage famous athletes in endorsing their products
in order to enhance efficiency of their marketing communication. However, the athletes cannot achieve
the companies’ anticipated communication effect if they do not follow the overall branding strategies
of the company, and can even produce negative results for the company’s brand image. This article
analyzes the risk for sportswear firms in employing athletes to endorse brands, and suggests possible
solutions to reduce the risk.
Key words: sportswear firms; risk; athlete; endorse, brand management
The use of athletes as endorsers is more popular
[1]

Through the choice of a proper endorser, the

all over the world (Till, 2001) . Recently, more

advertiser can increase interest in the ad (Atkin

and more China's sports stars also act as brand

& Block, 1983)[3] and develop a more favorable

endorsers. The research report on Chinese

attitude toward the endorsed brand (Petty,

citizens’ attitude towards advertisements carried

Cacioppo, & Schumann, 1983)[4]. Therefore, the

out

the

sportswear firms can enhance their brand

athlete

awareness and brand reputation and improve the

endorsers received a more favorable response

image of the company by employing athletes to

than those with endorsers being movie stars or

endorse their products. The “meaning transfer

singers. From Tian Liang, Guo Jingjing to Yao

model” suggests that consumer perceptions of

Ming, Liu Xiang, people can see more and more

athletes can be transferred to the product simply

vigorous physique and smiling face of athletes in

by connecting the product with the athlete. Thus

the television advertisements. Athletes have

it

served extensively as endorsers for a wide

communication. When John McEnroe changed

variety of products and services. As a result of

his style of tennis shoes to achieve more ankle

the natural relationship between athletes and

support, sales of that shoe model rose from just

sportswear, it is more common for sportswear

thousands to over $1.5million. Consequently,

firms to employ athletes as their brand endorsers.

athlete endorsement enhanced the sportswear

Examples include: Michael Jordan for Nike,

firms’ enthusiasm to support sports.

by

Zero

advertisements

in

2005

with

shows

outstanding

that

[2]

enhances

the

efficiency

of

marketing

Tiger Woods for Nike Golf (Bradley,1996) .

Athletes can earn large sums of money through

1 THE SIGNIFICANCE OF ATHLETE

brand endorsement. In 1995, U.S. companies

ENDORSEMENT

paid more $1 billion to 2000 athletes for
endorsement deals (Van Hoecke, et al., 2002)[5].
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Besides money, the athlete can also enhance

The types of risk of using athlete as brands

awareness, and obtain a higher sense of

spokesmen for sportswear firm can be classified

achievement through brand endorsement. The

as follows: dilution, decline, mismatching,

incomes from endorsement provide their training

negative information, performance fluctuation,

with more solid economical stability, and can

and imitating.

also solve the athlete’s existential problems. We

2.1 Risk of Dilution

can then conclude that the endorsement can

Many star athletes such as Michael Jordan, Mark

greatly increase the athlete’s motivation to

McGuire, and Tiger Woods have lent their

practice harder and achieve more; in addition, it

names to various products and services (Tripp,

also can attract more young people to engage

Jensen, & Carlson, 1994)[7]. The number of

into sports, as opposed to other unhealthy life

brands endorsed by the athlete will affect its

habits. When the sportswear firms and the

communication

athletes reach mutual satisfaction, we can say

effect will be diluted if an athlete endorses too

that the sports marketability is successfully

many sportswear brands. If the athlete endorses

realized; in line with the foundations based on

too many brands, the consumer may think the

which the entire national transformation is

athlete’s endorsement purely stems from earning

carried out.

money, and does not stems from the love for the

But the athlete endorser usage may have

brand. Mowen et al.(1979) revealed that the

potential negative consequences (Till & Shimp,

celebrity was perceived more negatively when

1998)[6], so we should pay attention to the

subjects were told multiple products were

inhered risks. The sportswear firms cannot reach

endorsed[8]. As the number of products endorsed

their expected effects possibly because the

increases consumers’ perceptions of celebrity

spokesman choice is not appropriate, the athlete

credibility, celebrity likeability and attitude

endorses too many products which reduces the

towards the ad become less favorable (Tripp,

power of his or her image, the athlete’s sport

Jensen, & Carlson, 1994). They explained this

performance is not ideal, or because the

outcome with attribution theory.

competitor manufacturers may imitate their

On the other hand, the sports stars generally all

endorsement.

even

have unique images in the public opinion; this

The

endorsement

can

effect.

The

communication

the

kind of unique image may be transferred to the

endorser’s impertinent words and deeds. The

brand image which the athlete endorses.

image of athlete may be impaired because the

However, this unique image will not exist any

athlete endorses inappropriate brand or too many

longer if the athlete endorses too many brands.

produce

negative

effect

because

of

brands. The athletes can even be required to
undertake

the

compensation

responsibility

2.2 Risk of Decline

because they endorse bad product. This article

The public’s interest shift and the athlete’s

mainly analyses the possible risk faced by the

performance drop can reduce athlete's influence,

sportswear firms that invite the athletes to serve

and then influence marketing communication

as

effect.

brand

endorser,

and

proposes

the

Since the athlete's sports career is limited, his

corresponding risk management measures.

influence may decline in the public along with
THE RISK FOR SPORTSWEAR FIRMS

his athletic achievements decline. Even if the

IN EMPOLYING ATHLETE TO ENDORSE

athlete's performance is stable, as a result of the

BRAND

public interest shift, athlete's influence can also

2

drop. Some athletes become famous far and
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wide instantly, in globally important sports

dissociative (i.e., female) reference group than a

competitions such as the Olympic Games. Then

neutral

they instantaneously become brand carriers with

advertisement content in a sport magazine, Jones

a marketing communication function. However,

and Schumann (2000) also found that male

the decline of the athletes’ influence is also a

athletes endorsed all male-oriented products

very obvious trend. According to the duration

while female athletes only endorsed less than

and degree of effectiveness, as well as its decline,

one third female-oriented products

the cycle of Olympic Games successful athletes

as other international sports stars, Yao Ming and

brand awareness and image influence can be

Yi Jianlian receive welcome from the male

divided into four phases: the ultra platinum time

population,

(end of the Games to 1 month), the gold time (1

welcome

to 3 months), the silver time (3 to 6 months), the

tendency in Li Ning's brand image should be

bronze time (6 months to 1 year) and the black

taken into account when choose endorser.

product[14].

whereas
from

the

Through

Tian

analyses

[15]

. As much

Liang

female.

of

receives

Feminization

iron time (2 years later). The vicissitudes of
social fashion and change of public preferences

2.4 Risk of Negative Information

can also cause some sport disciplines’ influence

The

to change greatly. For example, bowling was in

inappropriate

the past a fashionable sport, but receives far less

statements, and commit publicly unacceptable

attention now.

actions during the course of a competition or in

athletes

may

possibly

language,

give

use

some

unfavorable

his/her daily life. There are great chances that
2.3 Risk of Mismatching

such mistakes can become a focus of mass

The congruence between athlete and brand is

media attention, since in these modern times

important. If the sport style or the athlete's image

we have seen such a rise in media coverage of

does not suit the sportswear brand and the target

the whole globe. Kobe Bryant’s rape case

consumer, the endorsement cannot produce the

received global attention, information on Wang

positive effect, and even worse - it can bring

Hao’s urination incident also quickly spread all

negative image to the brand. Many athletes with

over China. The sportswear brands endorsed by

great influence and high awareness could not

these athletes who received negative coverage in

bring ideal effect on the brand he/she endorses.

the media can also be hurt. Till and Shimp (1998)

The reason may be that the image of the athlete

study the extent to which negative information

does not match up with the product or the brand

about the endorser may affect the endorsed

image. Many researches have examined the fit

product. As Till indicated, athlete endorses exert

[9,10]

between the endorser and the product

significant influence on the way the consumers

(Kamins, 1990; Kahle and Homer1985); Lynch

view endorsed brands, and this influence can

& Schuler (1994) also suggest that celebrities are

profoundly impact the brand’s image, both

more effective at endorsing products that "match

positively and negatively. While the public’s

[11]

. This idea of situational

tolerance for self-indulgent, vulgar, and often

effectiveness is also consistent with work by

violent behaviors among professional athletes

up" with the celebrity

[12,13]

Langmeyer (1992) and Mc-Cracken (1989)

.

Matching with the target consumer is another

has declined, the negative impact may be more
obvious now.

important standard in choosing a brand endorser.
White and Dahl (2006) revealed that males had

2.5 Risk of Performance Fluctuation

more negative evaluations of, and were less

Athletic performance directly affects athlete's

inclined to choose, a product associated with a

exposures on public media, and affects athlete's
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strength and image, which further influences the

Team for 3610. These advertisements are mainly

sportswear brand image.

promulgated in CCTV5 (Zheng Yang2006)[16].

The athletes’ sport performances fluctuate

The competition in public mind will counteract

greatly. Although many trainers and coaches try

the effectiveness of these advertisements.

to adjust athlete's performance according to the
competition period, the athlete’s achievements

3

are not always ideal. The results of matches

ATHLETE ENDORSEMENT

directly affects athlete's exposure rate in the

For sportswear firms that employ athletes to

media, and also affects the athlete's image and

endorse products, there are many methods to

influence, thus affects the image of the brand

reduce the risk that are carried along with

endorsed. Therefore, the firms endorsed pay

athletes’ endorsements. They include dispersing

great attention to athlete's achievements in

the

important matches. It is of high-risk to hope the

investigating beforehand, and so on.

athlete

will

performance

display
in

his/her

important

MEASURES TO MANAGE RISK FROM

risk,

appealing

to

legal

safeguard,

maximum
competitions.

3.1 Scientific Investigation and Forecast

Although the enterprise may carry out a careful

Accurate investigation and forecast is the key to

research and judgment on the athlete beforehand,

reduce endorsement risks. The match between

the performance during the competition is still

athlete endorser, sportswear brand, and target

highly uncertain. During the Football World Cup

audience, the performance of athlete and the

in Germany, because the Brazilian national team

proper quantity of brands that the athlete can

lost 0:1 to the French national team and was

endorse can be approximately predicted through

early eliminated from the further competition

accurate investigation.

before it was anticipated, its sponsors Nike

Many enterprises sign contracts with the athlete

practically threw away their huge investments

who has not become famous based on their

that were approximately 1.8 billion USD.

thorough investigation on the prospects of the

Injuries and sickness is also a reason that causes

athlete’s future success and popularity. Their

athlete’s performance fluctuation. Liu Xiang’s

investments are not large, and once the athlete

withdrawal from competition during Beijing

becomes famous, the investment becomes very

Olympic Games because of injury, brought the

cost-efficient. Coca-Cola signed up Liu Xiang

company whose products he endorses into

when he was not well-known, but in the last half

passivity when it comes to brand image.

range of the Athens Olympic Games, Liu
already became widely known.

2.6 Risk of Imitating
In the endorsement program, the sportswear

3.2 Dispersing Risk

firms also go with the stream. If one sportswear

The risks from uncertainty can be reduced by

firm employs an athlete to be their spokesperson,

dispersing. If the sportswear company has

its competitors will also invite similar profile

enough financial resources, it can choose

athletes to be their spokespeople. This will lead

different sports projects and different athletes, in

to the blurring effect in the public, and the

order

communication effect may be greatly impaired.

performance fluctuation .

For example, in the sports shoes industry, many

Before 2004 Athens Olympic Games, Anta

firms compete in employing endorsers, such as

employed Kong Linghui, Wang Hao and Feng

Kong Linghui for Anta, Wang Nan for Golden

Kun to endorse their brand. Finally Kong

Laike, Liu Yudong for Peak, China Badminton

Linghui and Wang Haodu did not win gold
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to

disperse

the

risk

of

athlete’s

medals, but fortunately for Anta, the female

within the athlete’s power to avoid the results,

volleyball team to which Feng Kun belongs has

the company may carry on the corresponding

won the champion title. This choice actually

punishment according to the contract provisions,

reflects the rule of dispersing risk.

such as terminating the contract. If the event is
out of the athlete subjective capability, such as

3.3 Appealing to Legal Safeguard

Liu Xiang’s giving up the match because of

These risks from the athlete’s subjective factor

injury

can be reduced with legal methods to perfect

terminating endorsement contract with the

contract provisions. The sportswear firms should

athlete is not suitable, because it will leave the

determine scope and quantity of brand that the

public impression of hitting a person when he is

athlete can endorse as well as the conditions of

down（Louie and Obermiller，2002）[17].

at

the

Beijing

Olympic

Games,

termination the contracts. The contract should
state the change range of endorsement fee under

CONCLUSIONS

different sport achievements. The contract

Athlete endorsers can help sportswear firms to

should include the provision that the firm could

enhance

terminate the contract if the endorser’s words

communication. But the sportswear firms should

and deeds bring negative influence to their

pay more attention to risk from athlete

brand.

endorsement: risk of dilution, risk of decline,

the

efficiency

of

marketing

risk of mismatching, risk of negative information,
3.4 Determining Proper Quantity of Endorsed

risk of performance fluctuation, and risk of

Brands

imitating. There are many measures that should

Determining a reasonable number of brands

be carried out in order to reduce the risk from

endorsed is important to both athlete endorsers

athlete

and

safeguard, investigating beforehand, etc.

the

endorsed

company.

Marketing

endorsements:

appealing

to

legal

Evaluations Co. has developed the Performer
Q-Ratings to evaluate celebrity. According to the
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China domestic textiles
Wen Feng*, Wei Pan,YuLian Zhang
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Textile regulations

ABSTRACT
To deepen understanding of Chinese domestic textiles quality situation and polices, here we introduce the
chinese domestic regulations, standards of textiles as well as textiles quality supervision Mechanisum.
in china(table 1). Some mandatory standards, for
example GB 18401-2003 are most influential for
Introduction
textile quality supervision.
As we all know,China is a big country of the textile
production, consumption and export. Textile export
Table 1 . the present mandatory standards
in large quantities comes across technical barriers
to trade from developed countries which make
No of standard
Name of standard
china textile industry take positive measures to
National general safety technical code for
promote textile quality to maintain sustainable
GB 18401-2003
textile products
export.Some measures bring to effect and change
General technical requirement for products
GB 18383-2007
chinese attitude towards textile quality.on the one
with filling materials
Instructions for use of products of consumer
hand,
chinese
authorized
standardization
GB 5296.4-1998 interest--Instructions for use of textiles and
organization speeds up establishment textile
apparel
technical regulations and standards in line with
GB 1103-2007 Cotton-upland cotton
international practice.on the other hand,chinese
GB 1103.3-2005 Cotton-Natural color uplands cotton
product quality supversion administration would
carry out quality supervison annually and award
Voluntary standards
penalty for nonconforming product.
The majority of Chinese textile standards are
voluntary standards. These voluntary standards can
Technical regulations
be divided into national standards, professional
There are not so many textile quality regulations in
standards, local standards, enterprise standards and
china. The present textile quality regulations are for
a few textile association standards.In china,national
the purpose of regulating domestic textile material
standards and professional standards are dominant
trade.for example, The State Council of the
because enterprise standards and association
People's Republic of China promulgated “cotton
standards are not acceptable by chinese society.It
quality supervision regulations” on august 3.we list
is difficult to carry out textile quality
the present textile regulations in effect for
authentication.Chinese textile voluntary standards
reference(figure 1) .
can also be divided into product standards,testing
method standards and a few foundation standards.
Cotton Quality Supervision Regulations
The textile product standards especially the
professional standards specify the unified technical
Textile Animal Hair Quality Supervision
requirement on some product national wide.So both
Regulations
the seller and the buyer will trade according to
professional standards but
product quality
contract .the classes and status of chinese textile
Silk Quality Supervision Regulations
standards is shown(Figure 2).
Figure 1 . the present regulation in effect in china

Mandatory standards
Chinese Standards are divided into mandatory
standards and voluntary standards. mandatory
standards
promulgated
by
Standardization
Administration of the People's Republic of china
(SAC) can play role in textile quality supervision
as much as textile regulations can. There are
presently five textile mandatory standards in effect

Figure 2 the system of chinese textile standards
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conforming product will be imposed upon a
administrative or economic penalty.these measures
improve domestic textile quality.

Administrative organs of textiles quality supervision
Two administrative organs in china take charge of
textile quality supervision and management. they
are
General
Administration
of
quality
Supervision,Inspection and quarantine of the
People's Republic of China(AQSIQ) and the State
Administration for Industry & Commerce (SAIC)
of the People’s Republic of China. AQSIQ
supervises textile quality in factory and entry-exit
textile,while SAIC supervises textile quality on the
market. AQSIQ has set up Entry-Exit Inspection
and Quarantine Bureaus (CIQ) and Bureaus of
Quality and Technical Supervision which have
their
own
laboratories
in
China's
31
provinces.Because SAIC has not inspection
laboratory, SAIC usually cooperate with Bureaus
of Quality and Technical Supervision for textile
quality inspection on the market.The textile quality
supervison organs are shown(Figure 3).

Figure 3 . the textile quality supervision organs in china

Mechanisum of textile quality supervision
Chinese textile quality supervision organs exercise
its function on the basis of The Law on Product
Quality of the People's Republic of China and The
Law of People’s Republic of China on Import and
Export Commodity Inspection. According to the
specific textile,the exercises of quality supervision
is different.
For domestic fiber material production and
exchange, China executes notarization inspection
that is implemented by China Fiber Inspection
Bureau and provincial Bureaus of Quality and
Technical Supervision according to Cotton Quality
Supervision Regulations, Textile Animal Hair
Quality Supervision Regulations,etc. For example,
National cotton and animal hair for textile industry
reserves as well as cotton and animal hair for
public exchange must be inspected by authorized
fiber inspection institution. Notarization inspection
is free and is subsidized by the state.
For import and export textile,CIQ
exercises
inspection and supervision according to the Law of
the People’s Republic of China on Import and
Export
Commodity
Inspection
and
its
implementation
regulations.Only
conforming
textile is permitted to be imported and exported.
For civil textile other than fiber material, AQSIQ
organizes the implementation of the National
Surveillance Sampling in factory, while SAIC
exercises its functions of textile quality supervision
in the market.Manufacturer producing non- 1156 -

Analysis on the Advantages and Competitive Edges of
Chinese Textile and Clothing Industry at the Current
Stage
Sun Ling
Institute of Textile, Tianjin Polytechnic University, Tianjin, China
Sunling@pittex.om
ABSTRACT
For the past thirty years since the opening up and reforms policies with Chinese characteristics was in
force on a step-by-step basis, the labor intensive textile and clothing industry, a traditional pillar
industry in China, has achieved the great progresses in virtue of the fully play of the advantageous
labor force. However, the extensive growth mode of the textile and clothing industry has been relying
on the low production cost for a long period of time is currently being challenged by the unprecedented
difficulties. Chinese textile and clothing shall take the way towards the high-end competitiveness
instead of staying competitive with the low cost. As viewed from the comparative and competitive
advantage strategies, this article will give an analysis on the competition factors of the current textile
and clothing industry and elaborate on the competence of Chinese textile and clothing industry in
enhancing the competitiveness. The article aims to suggest the companies abandoning the short-sight or
a stroke of good luck, changing the concepts and management, and enhancing the competitive power
through improving the differential competitive advantages.
Keywords: Textile & Clothing; Competition Edge; Competitiveness
INTRODUCTION
As a traditional industry that fully reveals our

to compete with others by a lower factor cost.

comparative advantage in labor, textile has

The Chinese textile industry is supposed to

grown drastically with great achievements. In

refine its advantage from the lower capital to a

2007, fiber production reaches 35 million tons,

higher level; This article analyzes the current

accounting for over 41% of global yield. Textile

competitive factors of Chinese textile industry

and clothes export also grows at a significant

on the view of the strategy of comparative

annual speed of 15.3%, accounting for 27% plus

advantage and theory of the competitive

of total world export value[1].

advantage, and it also makes a judgment of the
edges that Chinese textile industry has already

However, this kind of rough growth pattern

had to promote its own competitive advantage.

which depends on the advantage of lower capital

And the article aims at some enterprises to

factors met a unprecedented challenge of the

overcome their short sight and trusting to luck,

lower demand from foreign countries, the higher

to help them change their concepts and patterns

price of the essential productive factors such as

of operation, and use the differences between

resource, labor, and the depression of the RMB’s

products such as capital, labor, technology, R&D,

appreciation. Many small scale enterprises are

management, and brand to enhance the industrial

on the edge of death. There is no capacity for us

competitive advantage.
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1.CONCEPT

OF

ADVANTAGE

COMPETITIVE

model of Porter competitive advantage theory is
as description of the investment and innovation

THEORY

Michael Porter classifies enterprise competitive

environment. It includes four major factors: 1)

advantages into two levels. The lower level of

production factor, including primary production

competitive advantage is “low cost competitive

factors (general human resource and natural

advantage”, while the higher level competitive

resource) and created senior production factors

advantage is “product differentiation competitive

(including knowledge resource, capital resource

advantage”. Sources of low cost competitive

and infrastructure); 2) condition of demand,

advantage include special resource advantage

including the structure of domestic demand,

(lower labor and material costs), production

market scale and growth rate, demand quality

technology and methods that other competitors

and internationalization level of demand, etc; 3)

may acquire with lower cost, and economies of

performance

scale.

competitive

supportive industries, including vertical support

advantage requires investment on and innovation

(upstream industries of the enterprise) and

of equipment, technology, management and

horizontal support (cooperation and information

marketing, etc., to create differentiated product

sharing support of similar enterprises); 4)

required

product

enterprise strategy, structure and intra-industry

differentiation competitive advantage of the

competitors, including operation concept and

higher level, the only choice for enterprise is to

goal,

invest and innovate. Therefore an environment

competitors, etc. See the figure below [3]:

Product

differentiation

by customer.

conducive

to

To

continuous

create

investment

of

relevant

employees’

industries

motive,

and

condition

of

and

innovation is crucial to create higher-level
competitive advantage. The “diamond system”

Enterprise strategy
Enterprise structure
Intra-industry competition
Demand

Government

di i
Production

Relevant and supportive
industries

factors

Opportunity

FIGURE 1. Michael Porter “diamond system”

As illustrated by the model above, Porter

INDUSTRY

explained how an enterprise or an industry of a

Decades of rapid growth in Chinese textile

country

international

industry has benefited from low cost competitive

competitive strength, i.e. only by developing

advantage as a result of our comparative labor

higher level competitive advantage may the

advantage. However this low cost competitive

enterprise or industry acquire higher level of

advantage based on labor comparative advantage

productivity,

thus

is fading away to give way to higher-level

competitive

strength.

revenue,

acquires

therefore

commonwealth

sustainable

sustainable
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international

Productivity
income
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means

level

higher
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advantage,

of

technology,

management
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innovation.

competitive advantage of the enterprise.
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Nevertheless

and

relies

on

marketing

Chinese

textile

industry has prepared itself for competitive
advantage enhancement to the next level.

2.COMPETITIVE ADVANTAGE ANALYSIS
OF

CURRENT

CHINESE

TEXTILE

Firstly, during the 30 years since reform and
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opening up, Chinese textile industry has fully

other country or region. By March 2008, the

utilized comparative labor advantage to create

sixth batch of textile industry groups is licensed.

abundant surplus and to raise capital rapidly,

There are 137 textile industry groups (including

thus prepared for creating senior production

featured towns and product city/county bases) in

factors. Secondly, the industry has followed

China, accounting for more than 40% of textile

rules of comparative advantage, and it is

economic volume in China. Flexible mechanism,

self-generating. Market resources configuration

featured product, professional market interacting

is benign to a positive competition environment.

with the industry, complete industrial chain and

Textile industry has entered market economy as

facilities, and scale effect have significantly

a pioneer since the reform and opening. It was

contributed to the competitive cost advantage of

also a break point of state-owned enterprise

Chinese textile industry.

reform. Relatively fair market competition
environment conducive to the promotion of

The same judgment can be obtained from factor

competitive advantage has been provided for

endowment structure. Competitive strength of an

industrial

industry relies on product cost; i.e. industry

development.

Thirdly,

booming

national economy, more income of residents,

providing

diversified consumer levels and expanded

competitive strength. Cost of an industry relies

mid-high

income

on utilization of comparative advantage of the

domestic

demands.

groups

have

Meanwhile

cultivated
a

market

country.

low

China

cost

owns

product

has

comparative

strong

labor

composed of 1.3 billion consumers is a colossal

advantage. Using this advantage to the most

advantage unparalleled by any other country.

extent, our textile industry will have significant

Textile industry that is closely related to people’s

competitive strength, as evidenced by the

livelihood shall play an important role in the

development practice. However as capital has

progress of “all well-off society” goal in 2020,

been increased, factor endowment structure shall

which in turn offers a huge stage for the

be upgraded. Labor is becoming expensive and

development of the industry. Fourthly, because

price

comparative labor advantage has been fully

advantage of low labor cost is fading away. See

utilized,

the following chart and table:

industrial

groups

have

grown

is

going

up,

therefore

competitive

significantly to a magnitude unrivaled by any

TABLE Ⅰ
Year

ANNUAL ASSERT PER CAPITA OF UP-SCALE TEXTILE INDUSTRY AND NATIONAL INDUSTRIES
Asset per capita (RMB/capita year)

Asset growth per capita (100% as of 2000)

Textile industry

National industries

Textile industry

National industries

2000

132597.16

307682.20

2002

133481.72

392109.903

0.67%

27.44%

2003

145072.94

293651.64

9.41%

-4.56%

2004

150674.4

320173.56

13.63%

4.06%

2005

165018.45

354967.62

24.45%

15.37%

2006

179763.52

395756.31

35.57%

28.63%

DATA SOURCE: National Bureau of Statistics. Data of 2004 are economic census data. Data of other years are of up-scales
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etc. Which option is better? Decision should be
made by analyzing cost to benefit ratio.
3.COMPLY WITH COMPARATIVE ADVANTAGE

Independent R&D involves huge amount of

AND ENHANCE INDUSTRIAL COMPETITIVE

investment yet limited return rate and high risk;

STRENGTH

technology introduction requires much less cost.

THROUGH

TECHNOLOGY

INNOVATION

In China, capital is rather expensive, thus no

Comparative advantage always comes from

advantage on independent invention. Technology

comparing. Comparative advantage constantly

introduced from developed county requires less

adapts itself as factor endowment structure

investment and poses less risk in a much faster

varies[4]. 30 years of high-speed development

manner

have built up certain volume of capital. If factor

late-developing advantage.

than

developed

countries,

i.e.

endowment structure is to be upgraded, labor
price and product cost will increase accordingly.

Technology introduction for the upgrade of our

In such case, high added-value product and

textile industry does not mean that our

technology for industry upgrade would be

enterprises need no R&D for new technologies.

consequential

When

and

enterprise

competitive

strength would be enhanced.

our

textile

industry

is

at

the

state-of-the-art of a specific field, independent
R&D is consequential. Introduced technology

Science and technology is the first productivity,

may not be utilized directly to the most extent

while technology innovation is the main impetus

without being modified, digested and absorbed.

of modern economy growth. For technology

Therefore an R&D team shall be maintained

option and innovation, the feasibility and

even if technology is introduced.

efficiency of innovation concern enterprise the

Utilizing late-developing advantage, following

most, as well as spontaneous motive and

comparative advantage strategy, implementing

necessary funding. Technology innovation is

technology innovation, promoting competitive

also instructive to the transition of ideology and

strength and accelerating industrial upgrade,

operation mode in an enterprise. For Chinese

textile industry today will certainly overcome

textile industry, new technology can be acquired

current obstacles and evolve to be a textile

by invention, or by introduction of technology,

superpower.

including purchasing patent and utility model,
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Objective
The main objective of this paper is to discuss
the constraints of fashion design components l
ike fiber, yarn, fabric and fashion process whi
ch complicate the forecasting procedure and d
istributors prefer to use intuitive estimation m
ethods of the sales rather than the existing fo
recasting models. We discuss a decision aid s
ystem, based on neural networks and compute
r technology, which automatically performs sal
es forecasting of fashion products.
Introduction
Apparels and fabrics appear in a large variety of
shapes, made from different fiber, yarn, fabrics
and technology, as the result of several design,
manufacturing and finishing operations. When we
examine the apparel life cycle from earlier
conceptual design up to finished products ready
for purchase, we observe that an element of 2d
CAD system and automated cutting and sewing
devices are used in most cases; nevethless, human
factors such as creativity of stylists and technical
skills of fashion makers-up for made –to measure
clothing still continue to play a fundamental role,
making difficult a complete automation of the
whole apparel design process. These common
aspects help us in defining a computer assisted
garment design methodology. Our most
significant Contribution, in particular, is the
definition of a design and simulation approach
that takes into account the following key-issues of
cloth tri (bio) logy.

ough a combination of activities like fiber, ya
rn, fabric and fashion design process (Figure2). So, innovation can involve improving capa
bility in sales, fabric sourcing and product de
velopment, developing new capability outside
production (design and marketing skills), diver
sifying customers and market destinations, dev
eloping the capacity to introduce new product
s or to imitate leading innovations quickly an
d successfully. Also an image-based texture m
apping technique for fashion products exhibiti
on that does not require geometric representati
on of 3D models contributes to the sales of f
ashion concepts. Under this technique for exa
mple, a texture grid is built interactively for a
target area in an original image.

Figure 1 : Supply chain process

Approach
Our approach leads to the definition of a com
plete fashion and supply chain models for app
arel that incorporates the above-mentioned asp
ects aiming at reaching accurate simulation of
garment shape and behavior for visual mercha
ndising. The global value chain (Figure 1) pro
vides true insights about innovation and learni
ng. First, creating value is not confined to production itself they are brought to market thr
- 1161 -

Sebastian thomassey, Michel Happiette, applied
soft computing, elseiver, 2006
4] Online visual merchandising practice of apparel
e-merchants, Lola Khakimdjanova,Jihye park,
Journal
of
retailing
and
consumer
services,12(2005),307-318.

Figure 2 : Apparel chain

The grid acts as the intermediate space between
planar space and texture space. The texture coordinate for each pixel in the target space. The
texture co-ordinate for each pixel in the target
area can be calculated based on this grid, and the
3D effect can be successfully realized. All these
are approaches assisted with computer technology
which forms recent methods of managing
fashionable products in global markets.
Results and Discussion
More generally there has been considerable resea
rch contributing to our understanding of the fashi
on designing process. Although traditionally retai
lers have sold garments made by apparel compan
ies, most retailers have now switched to Esales and have developed their own brands.
Conclusion
Our analysis points out the importance of buyersupplier relationship help in developing fashion
designers upgrade their managing methods and
foreign buyers may assist firms in developing
their process and products may assist firms in
developing their process and products and hence
moving into new stages of value chain.
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OBJECTIVE
Pet apparel is a novel and interesting market for
China apparel industry, and dog apparel has the
biggest share. This research aimed to provide
product development strategy for dog apparel in
Chinese market based on the investigation of
Chinese consumers’ behavior on dog apparel.

quantitative analysis about dog apparel products.
Product attributes were summed up to compare
with the Consumer Preference Model.
Stage 5. From the differences between current
products and Consumer Preference Model, in terms
of Consumer Means-End Chain, product strategies
for dog apparel in Chinese market were suggested.

INTRODUCTION
Pet-related products and services have becoming
globally popular. Pet population in China has
grown by a remarkable 20% in five years [3].
Demands for pet apparel have been stimulated to a
large extent. There are increasing opportunities in
this market and to make the pet apparel acceptable
by more potential customers.

RESULTS AND DISCUSSION
Consumer Preference Model
The research framework was depicted in Fig.1,
including consumer survey and case study.

APPROACH
Consumer behavior and product attributes were
investigated to reveal consumer’s motivation and
preference for dog apparel according to the
Means-End Chain Theory (Gutman, 1982) [5] in
order to understand purchase motivation and the
relationship between purchase decisions and
product attributes (Fig.1).

FIGURE 2. The research framewor

Consumer Means-End Chain
Consumer Means-End Chain for dog apparel could
be concluded as Fig.4, which showed the
connections among the customers’ individual
values, consumption results and product attributes.
From the survey results, Qualities factor need more
emphasis than Image factor.

FIGURE 1. The research framework

Stage 1. A survey was conducted to investigate
consumer demands for dog apparel in Shanghai,
China, involving product image, buying purpose
and individual value related to dog apparel.
Stage 2. Consumer Preference Model was
concluded through Statistic Analysis from the
results of survey.
Stage 3. Factor Analysis and Pearson Correlation
were used to study the relationships among the
product attributes, consumer behavior and
individual values to establish Consumer
Means-End Chain.
Stage 4. Case study for products includes two ways:
a qualitative analysis of stores, designers,
manufacturers and retailers interview; a

FIGURE 4. The consumer Means-End Chain for dog apparel

Product Stratgies Influenced by Consumer
Behavior
Combined with the Consumer Means-End Chain
for dog apparel, the following product strategies
were suggested: Establishing standard size systems;
Improving and strictly controlling fabric and
quality; Adjusting the items to satisfy consumer’s
demands.
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the product structure to satisfy the consumers’
demands. Brands development for characteristic
products will be an extended market margin.

Product Stratgies Influenced by Consumer
Behavior
Differences could be easily found between
Consumer Preference Model and the current
product status. Current products can not satisfy the
consumers’ demands. Consumers’ misgivings
about size specification and quality were just the
weakness of products in the market. The following
product strategies were suggested.
Establishing standard size systems. According to
consumer behavior research, consumers paid much
more attention to the size specification. Pet’s
backbone supports the clothing in horizontal status.
Longer or larger clothing would influence their
movement. The other reason is Physical or
psychological uncomforting may cause pet
dangerous disorder or mania. Fortunately, ‘Chinese
Dog Apparel Standards (FZ/T 8103-2007)’ was
issued on Nov. 1st, 2007 [8], which should be
applied widely and strictly.
Improving and strictly controlling fabric and
quality. Unsatisfactory quality was another big
misgiving in purchase decision. “Chinese Dog
Apparel Standards” specified a series of
requirements for fiber, fabric and garments, but
there is no strict execution till now. Many abroad
big retailers have their own quality system which
was sometimes relegated to the third part for
inspecting, including fabric content & construction,
color fastness, fabric & seam strength, appearance
after laundering, toxicity, accessories’ safety, etc,
nearly same as those for human’s garments.
Adjusting the items to satisfy consumer’s demands.
It is necessary to develop more dog apparel items.
The functional items, such as raincoat, reflective
jacket, safety vest and shoe & socks were supplied
less than the demands.
Developing domestic brands and enhancing design
ability. Branding and creative designing are the
effective ways to improve dog apparel. Consumers
always tend to novelty. Most of the current styles
of dog apparel imitated human’s garments. Brands
development will supply more new styles for the
market. On the other hand, character brands will be
helpful to keep away from price competition by
subdividing market into more segments.
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CONCLUSIONS
The dog apparel consumption objective was
functional (warm and clean) and fashionable
(beauty, fashion, individuality, following others).
The related purchase motivation was the individual
value of harmonious, warm and interesting.
Consequently, developing dog apparel should focus
on technique, size, fabric, style, and price. Color,
accessory, and branding are secondly important.
Great emphasis should be placed on the quality of
Chinese dog apparel, especially the fabric quality.
Size specification need to be improved by
following the standard. It is essential to optimize
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3D Reconstruction of Garment from a Single 2D Image
Hongyan Liu*1
1
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ABSTRACT
3D reconstruction of surface from a single 2D image is a classic problem in computer vision, which in a
standard formulation is known to be ill-posed. No previous work has been reported on recovering the surface of
garment from a single 2D image. The major obstacle is the lack of cues to infer the shape from such a limited
input. Traditional methods commonly exploit the shape from shading, texture, and occlusion. In this paper, we
present a novel approach to reconstruct depth information of the original image. Our method starts from the
intensity information of the images. Combining with the human model we can get the rough 3D structure of the
garment. Experiments on a variety of garment types validates that our methods is a robust and efficient way in
recovering the 3D shape of garment.
Keywords: 3D reconstruction;garment; single image; computer vision
garment surface is effective and efficient. We draw
some conclusions in Section 5. Finally, we discuss
in Section 6 future work that might improve the
1. OBJECTIVE
simulation result.
3D reconstruction is drawing more and more
attention of researchers due to the high
development of computer hardware and software.
Reconstructing surfaces of garment from images is
of essential importance in the usage of shopping
online. Upon seeing a garment image such as
Figure 1, we have no difficulty in understanding
the structure of this garment. Because humans can
perceive perspective information of familiar objects
from their planar images. However, reconstructing
the 3D model of garment from this single image by
computer is not so intelligent. Single view 3D
FIGURE 1. Single image of garment that people can imagine its
reconstruction is known as an ill-posed problem.
3D configuration.
Because different image shapes may have the same
intensity pattern. The most challenging problem is
2. INTRODUCTION
the solution of 3D depth from so limited
There are many techniques of reconstructing other
information. Traditional methods commonly
objects from 2D images. Hartley etc. [i] reconstruct
exploit the shape from shading, texture, and
a scene from a single image using the vanishing
occlusion. We address this problem by using
points. Horn [ii] analyzed 3D reconstruction using
intensity information of the images plus known
garment model. Our goal is to create a 3D garment
the shape from shading technique. Hassner etc. [iii]
model which is quantitatively accurate as well as
solve the problem of depth reconstruction from a
visually pleasing. Details on the reconstruction
single image by combining the known depths of
algorithm and implementation are discussed in later
patches from similar objects to produce a plausible
sections.
depth estimate. In multi-view reconstruction camera
calibration is indispensable. Many researchers are
concentrating on the solution of camera calibration.
The rest of paper is organized as follows: After
Zhao’s [ iv ] calibration method avoids the
reviewing related work in Section 2, we propose in
drawbacks
of dual absolute quadric. We can also
Section 3 our approach and algorithm of
obtain
the
3D shape of objects from silhouette
reconstructing garment surface. We use depth
information
of
different views. Zhong [v] makes use
information of standard garment model to simulate
of
both
feature
points and silhouettes to deliver fast
garment. The experimental results shown in
3D
shape
recovery
which solves the problem of
Section 4 demonstrate that our reconstruction of
reconstruction of concave object surface. As to
single view reconstruction, it is known as an illposed problem. 3-D reconstruction from a single
uncalibrated image is possible [vi] if a number of
intersection lines are estimated manually. But
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make up of our library. A garment is formed
according to the depth information of the garment
loaded. We apply forces to the vertices of all
triangles that compose the garment.

reconstruction of garment from single image has
not been reported yet.
Virtual Try-On Garment simulation is getting more
and more interests as the internet rapidly growing
together with the power of computing becoming
more advanced. Many scholars are researching
garment simulation area. Magnenat-Thalmann [vii]
studies the simulation methods for clothed virtual
humans. Scholar Zhong Yueqi uses two images of
a garment and a mannequin loaded in exploiting
virtual sewing and draping technology successfully
simulate the 3D configuration of a garment (see his
simulation results in Figure 2). Consumers can
input their own body size to check the try-on
effects. To accomplish this, Zhong [viii] presents
methods and algorithms to automatically segment
and measure the human body. Besides Consumers
can download different garment types from the
http://www.c2pop.com/ to virtual try garment
online. But under different movement poses it is
time-consuming to re-sew decomposed patterns in
every single pose in real time. So Zhong [ ix ]
proposed a three-step method to accelerate the
dress-up procedure of posed mannequin. To make
the simulation more physically realistic, textures
are mapped to the garment triangles. In this
procedure we need to get 2D patterns from 3D
garment. Zhong [ x ]introduces a new method of
generating 2D flat patterns from a 3D triangulated
surface by opening the bending configuration of
each winged triangle pair. His results are visually
pleasing and soundly stable. Our work mainly
focuses on 3D garment reconstruction from a single
2D image.

FIGURE 3. One garment model in the library loaded as a 3D
file without any draping behavior.

FIGURE 4. Rough classification of Garment style.

Provot’s mass-spring system [xii] are adopted in
this paper to simulate the physical behavior of
garment. The mass-spring system is shown in
Figure 5. Forces applied to particles include
gravity, wind, air viscosity, damping force and
elasticity. These forces are considered to produce
high fidelity real world phenomenon.

FIGURE 2. Simulation results from two images of Zhong Yueqi
viewed from different angles.

FIGURE 5. Provot’s mass-spring system. (1) structural springs
(2) shear springs (3) bending springs

3. APPROACH
Firstly, we export different styles of 3D Garment
(as illustrated in Figure 3) from Poser 6’s model
library as a 3DS file [xi]. Then this 3D garment
model is loaded into a MFC frame according to the
structure of 3DS files type. Garments are classified
according to their style (see Figure 4). We add
different materials that can be mapped to any
garment style. The materials are narrowed down to
two kinds, namely woven fabrics and knitting
fabrics. The garment types together with materials

In mass-spring system, the forces between two
particles are given by Eq. (1) [xiii]
Fi, j = -K ( xi - x j - l rest )
i,j

xi - x j
xi - x j

(

- Di,j vi - v j

)

(1)

where the meaning of the symbols are as follows:
i, j
ith and jth particle respectively
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xi , x j vector position of ith and jth particle
K

the elastic modulus of the spring

i,j

l rest

rest length of the spring

Di,j

damping factors of the spring

vi , v j

velocity of particle i, j

We take gravity, wind and air viscosity as external
forces.
Gi = m i g

FIGURE 6. Garment simulation using mass-spring system.

4. RESULTS AND DISCUSSION
We have implemented the approach described in
this paper and apply it to create reconstructions of a
variety of garment types. The algorithm is
implemented on a PC (Dual Core. 1600MHz) with
2 GB RAM. The graphics card is NVIDIA GeForce
7300 GT with 128 MB memory. The software
platform was Microsoft Visual C++ 6.0 with
OpenGL libraries. The result obtained through the
proposed method is compared with the one
modeled based on the physical simulation. We load
the 3D garment from a 3DS file exported from
Poser 6 and impose external and interior forces to
every particle. Different parameters are tried to find
the optimal ones.

(2)

m
Where Gi is the gravity of every particle. i
denotes each particle’s mass. g is acceleration of
gravity.
Force of air viscosity:
Fvis = -k drag v i

2 vi
vi

(3)

k drag
Where
is coefficient of air viscosity. We
calculate all the external and interior forces.
According to Newton’s Second law we have
ai =

F
mi

5. CONCLUSIONS
In this paper, a new method of 3D reconstruction of
garment is proposed. We combine the single image
of garment and the loaded garment model to
reconstruct garment configuration. We apply
physical meaning to the clouds of particles. So the
garment can behave like in a real world having
wrinkles and natural drape behavior. Experimental
results prove that this method is of good
practicability and a better robustness.

(4)

v i+1 = v i + ai ⋅ dt

(5)

xi+1 = xi + v i ⋅ dt

(6)

6. FUTURE WORK
This paper presents a method for reconstructing
depth from a single garment image by using
intensity information and garment model. One
problem of this method is that we can not get the
depth information of objects that the library does
not possess. We believe that our methods can be
improved and can be further extended to wider
range of usage. The library of garment model can
be updated on the fly. So the single image is not
only limited to the style that must be contained in
the library. There are ways of reconstructing
objects from single image that need human’s
interactions. We are aiming to develop the system
that automatically reconstruct garment in a soundly
stable way. And the results can be improved in a
large step.

So we can get next time step’s position of each
particle. The garment’s drape behavior in the wind
is simulated. As how to distribute the mass of
garment, we assume that every triangle face has the
same weight. The assumption of the weight of
triangle is even distributed between the three
particles. So each particle of every triangle is one
thirds the weight of the triangle face.
The result of this calculation is better than
assigning a fixed value to each mass. Because the
mass of the particle near the boundary is slightly
lighter than the interior ones.
Finally, the 3D model is reconstructed as show in
Figure 6 displaying from several viewpoints.
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ABSTRACT
Printing patterns plays an important role in textile industry. With the development of digital ink jet
printing, patterns is bringing new requirements for fashion designers in exploring various patterns and
shortening the period of development. Patterns using fractal methods have unique features of fashion,
which meets the diversified and individualized requirements of digital ink jet printing. In this paper, the
features of fractal and traditional textile patterns were studied, for the view of art designers. The beauty
in form about the two kinds of patterns was compared, in terms of symmetry and balance, gradation
and specificity, simplicity and complexity. Although fractal patterns are quite special in visual
aesthetics, the traditional patterns could not be replaced by the fractal ones. In order to enrich the textile
market, fractal patterns could be employed as a fresh idea in the textile design.
KEYWORDS:fractal pattern; traditional textile pattern; beauty in form; feature; digital ink jet printing
As one of the digital design art, fractal art has

INTRODUCTION
Franz Boas has emphasized in many times in

given us a new space to widen our view. Fractal

Primitive Art: there is close relationship between

design language of computer has shown us

the maturity of techniques and the full

wonderfully changeable images which are out of

development

‘after

our expectation. They have broken the current

techniques have developed to some extend, the

principles for images and given us a new visual

decoration art will develop with it.’ [1] With the

perception. Although the traditional theory of

development

printing,

aesthetics is the foundation of digital artistic

digitalization of printing textile can be realized.

aesthetics, fractal pattern has shown its own

Because of the new techniques and the effects of

aesthetic

post-modern perspective, traditional design for

traditional theory. Through comparison and

textile patterns can not meet modern people’s

analysis in beauty between fractal pattern and

taste and standard for chasing newness and

traditional pattern, this essay tries to give basis

variety. It is the new research trend to explore

for patterns’ designers to design more beautiful

new method for patterns’ design and develop

textile with fractal art and bring beauty into

patterns which can embody the advantage of

people’s daily life.

of

of

art.

digital

He

thought,

ink

jet

features

while

continuing

the

digital ink jet printing [2].
FEATURE OF TRADITIONAL TEXTILE
PATTERN
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1. Expression with point, line and plane based

movements. In addition, one pattern can be

on Euclidean Geometry

combined with another and cooperated with each

Limited by manufacturing techniques, traditional

other. For instance, the joining of phoenix and

textile patterns are usually adopted Euclidean

dragon with the joining of phoenix and clouds

Geometry through the designing procedures of

can produce a combined pattern with different

patterns, colors and compositions. Based upon

objects-dragon, phoenix and clouds which

aesthetics theories and composition principles,

embody the same meaning [4].

patterns constructed by basic geometry elements
(point, line and plane) are repeated, changed

4. Sense of plane

logically or their locations are intercrossed,

‘Sense of plane’ is an important feature for

arranged, positioned and their colors are changed

decorative sentiment of traditional textile pattern.

to create various design. This kind of pattern

It

creating and design method whose foundation is

equidistance with moving line of sight, which

Euclidean Geometry can produce relatively

has broken the pattern of focus perspective.

complex single pattern or regular combinative

Therefore, all the objects will be observed

patterns which are combined by basic ones.

straight ahead, while their tops and bottoms are

adopted

a

kind

of

observation

from

excluded from views. The forming way of plane
2. Symbolism and abstract generality

has abandoned the fore-and-aft change of space

There are two main resources for traditional

and all patterns are parallel with each other

textile patterns’ creating: one is natural objects,

either latitudinal or longitudinally. The patterns’

the other is traditional patterns [3]. Natural

size changes along with content and theme

objects are abundant and colorful. However,

arrangement. This kind of design is always

only after human’s abstracting and generalizing,

focusing on pattern itself, paying attention to

that is after patterns designers’ abstracting and

feature of contour and good at seizing features of

producing based on sketches, the real nature

moving contour for exaggeration. The shapes

phenomena can be combined and sculpted into

which are embodied are simple, vivid, and

various textile patterns. Symbolic patterns are of

lifelike. They are full of drama and decorative

the largest amount and most influential ones

beauty. (FIGURE.1)

among traditional patterns. They have enjoyed
extremely abundant contents, such as flowers,
plants, animals, landscapes, totems, religions and
so on. They are also widely used in textile
patterns.
3. ‘entirety’ conception of patterns’ forming
As

forming

of

single

pattern,

‘entirety’

conception has embodied that the single pattern
should be a whole one from start to end.
Traditional textile patterns have shown special
attention to integrality of the shape during single
pattern’s forming. There are few deformities.
FIGURE 1. Typical traditional textile pattern

Shape will be multiplied and differentiated as the
extending of space through the integrated single
pattern’s

gurgitations

and

changeable

FEATURE OF FRACTAL PATTERNS
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1. Infinite divisibility

These combining ways of patterns usually have

Fractal pattern has infinite delicate structures,

feature of repeating. This repeated combination

which means it has complicated details even at

has

any small size. There are countless nesting,

Self-similarity in fractal pattern is a method for

subdivided

self-

describing essence of objects with invariable

similarity in both natural single pattern and

during dynamic process. It’s a similarity of

fractal patterns produced by mathematics.

randomicity since it’s gained by copying and

Magnified exiguous structure is like chipping in

reappearing during uninterrupted self-growing

kaleidoscope. When we give it some formative

procedure.

geometry

structures

of

self-similarity

in

certain

degree.

arrangement, it will assemble to be a beautiful
pattern. However, it is not equal to the chipping,

4. Iteration of growing method

because it can be an independent entity, ‘fractal

The complexity of fractal pattern comes from

element’, which can be infinitely subdivided[5].

repeatedly

This feature of fractal pattern has brought us

relations. The charisma has originated from

unique visual experience. While fractal pattern

countless self-similarity between local and

being

hidden

entirety [6]. One of the important features for

information and orders are continually coming

fractal pattern is some kind of self-similarity

forth. Therefore, our vision will feel like being

between whole and local, while the whole with

guided by magic change with continuity.

symmetry crossing different scale has multiple

consistently

subdivided,

all

structures.

iterating

That

of

means

simple

mathematic

countless

delicate

2. Patterns’ irregularity

structure can be formed by iterating of pattern,

Traditional geometry pattern can barely describe

patterns surrounded by other patterns and details

lots of fragmented or irregular patterns in the

at smaller and smaller scale. Fractal iteration

nature. However, conformations which once

expresses the relationship between structures and

were considered as ‘amorphism’ by Euclidean
are now vividly described by fractal geometry.
The research for irregular conformation of
fractal pattern has rejuvenated science and art.
The bifurcated, twisted and irregular lines have
brought people feeling of activity, softness and
legerity, spread beauty of riot, trueness, feritychasing and a natural appeal.
3. Self-similarity between local and whole
Fractal pattern usually has self-similarity. Its
parts seem similar with the whole in some form,
which is the main feature of fractal pattern. This
‘self-similarity’

is

infinite,

dynamic

and

interactive in itself. It’s a procedure of
randomicity

and

statistical

generalization.

Traditional textile pattern directly comes from

FIGURE 2. In the left figure above, a series of patterns

complicated natural conformation after relatively

were produced in different iteration number which was

simplifying, formatively combining such as

shown in the lower-right corner of each pattern. By Bob

two-part continuity and four-parts continuity.

Brill [7]
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patterns. It has its own explanations such as of

2. Gradation and specificity

philosophy, aesthetics, science and so on. As far

Gradation is a phenomenon with strict regularity.

as art is concerned, the thoughts of fractal

In the consideration of form, there are gradations

iteration can explain the art creating procedure

of shape, size, color, texture; in the consideration

itself. It means fractal can create an art while

of arrangement, there are gradations of location,

explaining art itself.( FIGURE.2)

direction, skeleton unit and so on. Gradations are
frequently used in textile pattern design, as they

CONTRAST THE BEAUTY IN FORM

bring people feelings, which have great visual

BETWEEN

compatibility, in physiology of vision and

FRACTAL

AND

TRADITIONAL TEXTILE PATTERNS

aesthetic, such as stable, safe, comfort, soft,

1. Symmetry and balance

natural. Traditional textile patterns are limited by

In design of traditional textile pattern, symmetry

printing technique, multilevel transition of points,

means an absolute balance, which is the most

lines and planes are usually used to express the

familiar in beauty. Usually, same weight or same

gradation, which lacks softness and natural color

patterns are placed on the both sides within

transition.

equidistance

from

symmetry

axis.

This

combination of same patterns and same amount

Gradation is common in fractal patterns and

give people the feeling of order, dignity and the

perfectly demonstrated in the changes of patterns

beauty of peace. Patterns of equilibrium

and transition of colors. Fractal patterns are

commonly use constructive techniques of equal

created by iteration functions of mathematics.

quantity, but different forms and colors.

After defined the mathematic model and

Sometimes, techniques of same patterns with

arithmetic, patterns will calculated according to

different amount or different patterns with

certain rules. Every change in patterns’ shape

different amount are employed to sustain a

and colors’ transition is a natural flow without

balanced state in conformation and structure in

rigidness, which can be perfectly demonstrated

2-dimension.

by digital ink printing technique.

The symmetry of fractal pattern has widened the

Fractal pattern can be best characterized by

traditional definition of symmetry. It is not only

fantastic beauty. The great randomness of the

a bilateral or radial symmetry, but also a kind of

fractal art works makes it hard to find identical

reflection symmetry, which means symmetry

patterns in the numerous fractal patterns. By

between part of the patterns created by fractal

compared with traditional textile patterns, fractal

function and parts of the larger scale. It can also

patterns

be described as symmetry between local and

unpredictable in different styles [8]. To some

whole because each element in patterns can

extent, the uncertain patterns and happening

reflect and contain character and information of

color[9] demonstration are more suitable for the

the whole system. There is a dynamic balance in

developing trend of modern textile art, and

fractal pattern during its various changes with

meets different people’s appreciation demands.

are

fantastically

beautiful

and

strictly logic relationship. It is a combination
between beauty of science and aesthetics.

3. Simplicity and complexity

Compared with the principle in beauty of

Simplicity is one of features for traditional

balance in modern pattern design, it is more

textile patterns’ design style where Abstract and

flexible and free, which brings people a special

geometry patterns play a very important role.

impulse in vision.

Even the imitations of plants and animals, which
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have strong imagery natural features, are usually

printing to show subtle structure and abundant

derived from basic geometry patterns. And in the

color, however, it will lose its fantastically

traditional

beautiful personalized style if disposed by

textile,

simple

patters

are

reconstructed and assembled to form more

traditional

printing

visually complex patterns in vision.

separation

and

mode

other

through

pattern

color

simplifying

processes.
Professor

Miao

Dongsheng

thinks

that

‘complexity’ contains ‘multitude’ and ‘variety’.

2.

‘Multitude’ mainly means multiplicity, repetition,

manners

reiteration, which forms self-similarity structure

Traditional textile patterns are always designed

of

means

by art designers and drew out by hand or pattern

multiplicity, fragmentation, chaos, which forms

designing software. The fabrication of fractal

some

structure.

patterns is intrinsically different from ordinary

‘Multitude without variety’ or ‘variety without

digital patterns. Although there are some

multitude’

complete

software (like Ultral Fractal, Ferryman Fractal

complexity[10]. The complex configuration of

etc.) can make fractal patterns by Man Machine

fractal

simple

Interface, it is still not easy to design fractal

significantly

patterns suitable for textile printing at random

enriches the frame content and profoundly

through simple command of software orders.

reveals the intercoordination and reciprocal

These works make the art designers’ creations

transformation of this contradictory couple

even harder because they never deal with the

‘simplicity

some

nesting

irregular
isn’t

patterns

mathematic

level.

and
the

out-of-order
real

generates

formula,

and

‘Variety’

or
from

which

non-substitutability

for

design

of

dialectics.

field of mathematics knowledge, which confines

simplicity,

simplicity

the spread and popularization of it. Meanwhile,

reveals complexity. Fractal patterns contains

these patterns formed by mathematics formulas

subtle nesting level system, it is available to find

present

the change of structure units to obtain new

mechanicalness.

Complexity

complexity’

The

contains

an

aspect

of

regularity

and

feelings, from different scales and distances,
even different time. Traditional textile patterns

3.

are not equipped with these futures. They are

connotation

caused by self-similarity nesting level structure,

Fractal patterns generated by mathematic rules

changes people’s visual feels, expands their

are not confined by nations, regions or

mind space, and has dazzling rich color levels.

individuals and universally applicable in the

The

non-substitutability

for

cultural

whole world, which has certain advantages in
THE

NON-SUBSTITUTABILITY

FRACTAL

PATTERNS

OF
FOR

modern

textile

internationalization

design

pursuing

rapid

interactions.

and

TRADITIONAL TEXTILE PATTERNS

However, this technological product lacks

1.

sensation of traditional culture, which will cause

The

non-substitutability

for

printing

technique

some lack of cultural connotation in the

The present traditional printing mode is still the

performance of classical art. Therefore, these

mainstream of industry textile printing. Digital

digital

ink jet printing is mainly used for proofing and

personalization and the co-efforts of scientists

personalized textile printing of small patch,

and artists. There would be a long period to

because of its short period of development.

consummate it.

Fractal patterns usually need digital ink jet
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patterns

need

nationalization,

CONCLUSION

[6] Dong Huining．The Book of Changes and

Fractal patterns changed the design notions of

Fractal

traditional textile patterns. Its strong visual

Institute．2006.(4) : 67-71

impact and abstraction can get realized through

[7] Peterson, L．Mathematics and Arts: The

digital ink jet printing techniques. Its subtle

Infinite Fragment [M]．Yuan Zhengdong, Lin

hierarchical

Lei translated．Shanghai: Shanghai Education

structure,

infinitely

changing

[J] ． Journal

of

Nanjing

Arts

irregular profiles, and the self similarities of the

Publishing House．2007.7: 27-32 (in Chinese)

parts and the entirety, make new demonstration

[8] Yang Yan, Ma Hongliang．The Beauty of

for visual patterns’ appreciation, and offer

Fractal

extraordinary methods for textile pattern design

OBSERVATION．2004.(5) : 101

on the technique of ‘beauty in form’. But there

[9] PAN Chun-yu ． The Application of

are many problems remain to be solved, while

Happening Colour in Modern Fabric Design

fractal patterns presenting a nice developing

[J]

trend. By analyzed on the limitation of fractal

University．2006.23(5) : 141-144

patterns, it is propitious to research and dig its

[10] Miao Dongsheng ． Fractal and the

deeper appreciation value at artistic appreciation

Complexity ． [J] ． Journal

aspect.

Dialectics．2003.11(2) : 7-1
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ABSTRACT
Textile is an old-aged art with extensive content. In the human history, the origin of spinning and weaving is
almost at the same time with the origin of agriculture. Since ancient textiles is like an encyclopedia, studying
ancient textiles not only can help us to understand the ancient science and technology, such as spinning,
weaving, dyeing, finishing, chemistry, and physics, but also can help us to explore the relationship between
textile and society, economy, politics, religion, culture, and art. Ancient textiles is a multi-interdisciplinary area.
Researchers have been realizing the importance of ancient textiles on the archaeology area, which is not only
because of the rapid development of science and technology, but also because of the overall interpretation of
various disciplines. This paper describes briefly the progress of textile archaeology in the 20th century and the
development of ancient textiles since 1970s in China, through which the authors also point out the problems
existed in the recent research of ancient textile in China.
Keywords: ancient textiles; research; China
not only because of the rapid development of
science and technology, but also because of the
overall interpretation of various disciplines. This
paper describes briefly the progress of textile
archaeology in the 20th century and the
development of ancient textiles since 1970s in
China, through which the authors also point out the
problems existed in the recent research of ancient
textile in China.

INTRODUCTION
Textile is an old and extensive subject which
started almost at the same time with agriculture in
human’s history. With the appearance of textile
manufacturing, human beings broke away the
primeval times and entered into a new and civilized
society. Fiber products play an important role in
people’s daily life, for example, warrior’s coat,
bridal veil, tent, rope, feltless pad, as well as
knitted and woven products. All of those are made
of textiles.

CHINA TEXTILE ARCHEOLOGY
Modern archeology in China started relatively late.
In the early 20’s century, some of the foreigners
come to Asian area with the name of scientific
investigation and exploration. Among which Auriel
Stein of England, and Paul Pelliot of France were
well known. They robed a lot of ancient textiles in
northwest China. Some of the western researchers
analyzed China ancient silk products which were
taken from China, through which, the study of
unearthed textiles of the Silk Road was started[1,2].

The development of textiles has been always
having intimate relationships with the development
of society and human culture in all ages. People
discovered the four kinds of natural fibrous raw
materials during the period of “four civilized
ancient countries”, e.g. silk and ramie in ancient
China, linen in ancient Egypt, wool in Babylon,
and cotton in ancient India. We can say that, where
there are human beings, textile industry will exist.

There are many important discoveries in textile
archeology after the foundation of new China in
the year of 1949. Traces of linen and knitted fabric
were found in some late Neolithic pottery belonged
to Yang Shao culture in the year of 1952. Later,
bone shuttle and earthen spindle wheels were
discovered in Long Shan culture ruins. Fragments
of tabby, silk, and ramie fabric with a 4750 years
history were unearthed in Qianshanyang ruins
belonged to Liang Zhu culture. Tabby pieces,
damask, brocade, and embroidery were unearthed
from the tomb of Warring States in Changsha
Yangtian Lake, the 406th tomb in Wulipai, the

Ancient textile is just like an encyclopedia,
studying which not only can help us to know about
ancient science and technology, e.g. spinning,
weaving, dying, chemistry, and physics, but also
can let us understand the connections between
textile and society, economy, politics, religions,
culture and art.
Ancient textile is a multi-interdisciplinary area.
Researchers have been realizing the importance of
ancient textiles on the archaeology area, which is
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15th tomb in Zuojiashan, the 5th tomb in
Guangjiqiao, the 44th tomb in Zuojiatang, and
martyr park in Changsha. Those unearthed textiles
are very worshipful materials to study the history
of China textile science and technology. However,
those textiles are not easy to preserve, much more
archeological knowledge are needed. Therefore,
there are no deep research on the unearthed ancient
textiles [3].

Han tomb, Mashan Chu tomb, and many west Han
tombs.

Around the year of 1959, archeologists of Xinjiang
Province accidentally discovered a lot of wellpreserved ancient textiles in Astana, a wellpreserved man and women joint burial tomb was
discovered in Niya ruins. Ancient silk was began
to be studied by Xia Nai, Wu Min et al, which was
the beginning of Chinese researchers to study
ancient textiles [3].

Recently, with the appearance of archeological
achievements, some researchers of relics and
archeology did plenty of research on ancient
textiles. More and more people from professional
colleges and universities become doing research on
ancient textiles. Professor Zhao Feng commits
himself to do some research on silk history, dying
and weaving history and art and archeology of the
Silk Road. He became the most famous researcher
in this field.

Minister Chen Weiji presided to compile a book
named “Chinese Textile History of Science and
Technology” in 1980s, which listed systematically
the achievements of China textile science and
technology[4]. Many specialists and researchers
came forward.

Xia Nai analyzed the structure and pattern of
ancient silk and especially discussed silk products
and eastern and western culture in the Silk Road.
Shen Congwen committed himself to study ancient
silk patterns and ancient fineries, who opened up a
new world of China silk art history and finery
history. Huang Nengfu and Chen Juanjuan studied
silk collections in the Imperial Palace and
unearthed silk at Ding Tomb, who became the
research authorities of silk variety and art history.

CURRENT RESEARCH SITUATION OF
CHINA ACIENT TEXTILES
Research Mainly on Silk
It is all known that China is the earliest country to
rear silkworm and make silk products. Silk relics
occupied a main part in the textile archeology.
Those relics conglomerate the diligence and
intelligence of Chinese ancient working people and
indicate the special silk culture of our country.
Therefore, the researches of China ancient textiles
mainly focus on silk products, and there are less
research on cotton, linen, and wool products.

In 1972, tomb of the initial West Han was
discovered in Mawangdui of Changsha of Hunan
province. About one hundred beautiful textiles
were unearthed in the first Han tomb, which
provided reliable and complete historical materials
to study the development of textile science and
technology of Qin and Han dynasty and to study
the society and economy structure at that time.
Shanghai Institute of textile science and technology
joined hands with many other unions to analyze
and research the unearthed textiles and clothes,
which had a deep international influence. The
modern testing technology was introduced to
analyze ancient textiles by researchers in China,
which establish a milestone of ancient textile
analysis.

In recent years, research of cotton, linen and wool
products also come into notice with the unearthing
of wool, cotton, and linen products in Xinjiang
province.
Foreigners devote much attention from previous
unearthing to the follow up research
In the early 20th century, Qing dynasty was in
turbulent times. Foreigners robbed tombs madly in
northwest China and Chinese modern archeology
also started then. Till nowadays, there are less
academic and systematic unearthing of ancient
textiles, the planned archeology investigation of
Loulan and Niya ruins were projects managed by
China and foreign countries. A hundred years ago,
lots of relics lost because of poor the declining of
nation’s power and unstable political situation.
Nowadays, the development of scientific
archeology was mainly restricted by lack of
funding.

In 1982, some silk relics were also unearthed in the
Warring States tomb at Mashan brick factory in
Jiang Ling of Hubei province. These silk relics are
preserved in Jingzhou museum, which are also
studied deeply.
Wang Xu also researched on the protection and
process of unearthed textiles from Mawangdui 1st
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technology on solving foreland problems. Textile
relics are very special, therefore, on spot handling
of archeology and preservation of textiles in the
museum are urgent problems needed to be solved.
Research and application of modern testing
technology is very important on analyzing ancient
textiles. Research of ancient textiles is restricted by
the lack of funding and experts although it has been
valued in China. With the development of society
and economy, funding problems will be solved.
However, problems of experts and foreland project
are hard to be approached in the near future.

During the 20th century, China textile archeology
achieved a lot, but there is no comprehensive and
deep research on most of the textiles. In the recent
30 years, comparing to the rapid development of
foreign ancient textile analysis, the analysis of
China ancient textiles also got some achievements,
however, ancient textiles were not valued enough
in the archeology. On one hand, it is because
textiles are less preserved in the history; on the
other hand, more professional knowledges are
needed to study textiles. There are few people
doing research on ancient textiles, while 50%
graduated doctoral candidates of this field are
oversea students. Professional echelon has been
formed in foreign countries [5].

ACKNOWLEDGMENT
This research was supported by Foundation for
University Key Teacher by Henan Province. The
authors wish to thank Prof. Wang Lin of Henan
Institute of Engineering for his help and efforts
completing this research.

Humanity overweight science and technology，
qualitativity overweight quantativity
Research on China ancient textiles mainly on
report of archeology unearthing because of the lack
of funding and experts, those research is lack of
application of modern science and technology and
lack of scientific qualitative analysis. How to
balance scientific identification and social
explanation is a challenge for the ancient textile
research. Scientific identification is more important
because it is the foundation of scientific
explanation. Some of the research in China even
based on some uncertain identified results. Those
phenomena will decrease with the improvement of
ancient textile analyzing technology.
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Lack of multi-disciplinary corparation
Ancient textile is a multi-disciplinary field which
refers to many aspects as archeology, spinning,
weaving, dying, art, society, politics, economy,
culture and religion etc. With the increase of
unearthed textiles in China, more and more
researchers from archeology started to pay
attention to ancient textile research. Many colleges
and universities set up the major of history of dying
and weaving art and cultivated lots of professional
talented persons in this field. As early as 1970s and
1980s, some researchers in textile field made
prominent contribution on textile science and
technology history and identifying unearthed
textiles. However, there are still lack of
communication
and
corporation
between
disciplines
and
comprehensive
research
achievements.
Less application of science and technology on
solving foreland problems
Research of ancient textiles in China made a great
progress since the establishment of new China,
however, there is less application of science and
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ABSTRACT
The uniform assignment problem arises from the frequent setup and recombination of large scale industrial
companies in China. The purpose of this study is to study the integer nonlinear programming model of the
problem. The problem is modeled as a maximal fitting satisfaction optimization model with garment size fitting
constraints. Multi-size fitting measures are aggregated into a fit degree value. The model aiming at a valuable
problem and can be incorporated into the information systems in large scale industrial companies
INTRODUCTION
In China, many industrial companies are setup,
recombined or perform large scale recruit in recent
years. The problem of uniform arises in such
contexts. A large number of uniforms are in the
shelves and a large number of employees have to
choose one and only one fit garments. The current
method is simple and can not get the satisfaction.
The assignment process can be described as
follows: (1) all employees are lined in a certain
order; (2) the employee enters the dress room and
chooses the fittest uniform. According to this
process, many employees fail to find their uniforms
unless the number of uniforms is greatly more than
the number of employees. If the number of the
uniforms and employees are the same, the probably
best assignment is that every employee has a fit
uniform.

It is difficult to find the literature on uniform
assignment problem. However, it has been very
useful for many factories in China. In the context
of financial crisis, the approaches to save the
materials and reduce the enterprise expenditure are
emphasized. In the aspect of theory, the uniform
assignment is different from the ones studied above.
First, the matching rules between garments and
human bodies are fuzzy and softy. It is difficult to
develop a very strict matching formula. Second, the
scale of the problem may be very large in the rapid
developing country. The cases of more than 6000,
even 10000 employees of garments are easy to find
in China.
THE INLP MODEL
The set of employees is denoted as
EMP = {1, 2,..., NE } . The e ∈ EMP represents an
employee in the set. The set of uniforms is
UNI = {1, 2,..., NN } , whose element is u ∈ UNI .
The size measurements considered in the study are
represented in an abstract form, such as
NL, NW , NB, NH
for
body’s
size,
and
GL, GW , GB , GH . A index set is defined to

In this paper, the uniform assignment problem is
studied. A model is setup to maximize the uniform
fitting satisfaction with size fitting constraints.
ASSIGNMENT PROBLEM
The assignment problem arises in a great number
of industrial applications, which is an important
combinational
optimization
problem.
The
generalized form [1] is to assign n tasks to m
agents, such that each task is assigned to one and
only one agent subject to the capacity constraints
on the agent [2]. Many real life problems can be
modeled as assignment problem, e.g. resource
scheduling [3], channel assignment problem in
cellular telephony network [4], reviewer
assignment problem [5], vehicle routing problem [6,
7], the assignment of projects to students [8], and
others. The generalized assignment problem is NPhard [2]. Algorithms in the literatures mainly
utilize exact tree-search method [1], branch-andcut approach [1, 4], integer programming [7, 9],
constraint programming [3] and other various
heuristics [1, 5, 6, 9]. Some authors have
demonstrated the advantages of genetic algorithm
approach to the assignment problem [8, 10].

represent them, as M = {1, 2,..., NM } . Two

matrixes are defined to represent all the measures

of all uniforms or bodies, E = [ es ]NE × NM and

U = [ us ]NN × NM .

As a research about the uniform assignment
problem, the concrete meaning of these measures
are not focused on here. In order to present the
allowance requirements for motion, a static ratio to
the net body size is introduced to represent it, P .
When the size for GL is equal to NL ⋅ (1 + P ) , it is
believed that the size is fit. Although different parts
of the body have different fit requirement, we adopt
the uniform setting of P . Moreover, the deviation
level to the NL ⋅ (1 + P ) is defined as the
uncomfortable degree. We simply define the fit
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value of part L as fit ( L ) in Eq. (1). The total fit

make the model very complex and infeasible for
common solver.

value ( fit ( G ) ) is the aggregated value of the
NM four measures, as shown in Eq. (1).

∑
fit ( e, g ) =
fit ( e, g , m ) =

m∈M

fit ( e, g , m )

In this study, we consider the first goal in the
experimental study. As a formal summary of the
model, the above study is incorporated in to Eq. (8).

(1)

NM
1 − ese ,m − gsg ,m ⋅ (1 + P )

Max:

gsg ,m

S. t:

e ∈ EMP , g ∈ UNI , m ∈ M ,
ese ,m ∈ E , gs g ,m ∈ U

∀ ( e ∈ EMP ) , ∑ g∈UNI ae , g = 1

∑

e∈EMP

ae , g = 1

=

1
UNI

∑ ( ae,g ⋅ fit ( e, g ) )

1 − ese,m − gsg ,m ⋅ (1 + P )
gsg ,m

A = [ a ] UNI × EMP , a ∈ {0,1}

∀ ( e ∈ EMP ) , ∑ g∈UNI ae , g = 1

∀ ( g ∈ UNI ) ,

∑

(8b)

(8c)
(8d)

ae , g = 1

(8e)

g ∈ UNI , e ∈ EMP , NE = NN

(8f)

e∈EMP

The matrix A is the set of decision variables,
defined in Eq. (8f). All decision variables are 1/0
Boolean values to represent assigned or not. The
average fit value of all assignments is minimized in
Eq. (8) under multiple constraints from (8a) to (8f).
In Eq. (8a), the fit function between a uniform and
an employee is defined. The allowance is
considered. In Eq. (8b), when a uniform is assigned
to an employ, at least, the uniform’s shape defined
by the sizes must embrace the body. Therefore, it is
presumed that all sizes are defined and measured
according to the “embracing” criteria. Constraints
(8c), (8d) and (8e) define the assignment matrix.
The uniform can not be shared among employees,
and the employee can not occupy more than one
piece of uniform. In (8f), this model only deals
with the problem that numbers of employees and
uniforms are the same.

(5)

e,g

(7)

NM

ae, g ( gsg ,m − ese,m ) ≥ 0

(4)

min : z2 = Vare , g ( fit ( e, g ) )

fit ( e, g , m )

∀e ∈ EMP, g ∈ UNI , m ∈ M :

(3)

(6)

m∈M

(8a)

ese ,m ∈ E , gs g ,m ∈ U

(2)

max : z2 = min e , g fit ( e, g )

∑

(8)

e,g

e ∈ EMP , g ∈ UNI , m ∈ M ,

As a default condition, the uniforms are just for the
employees. In other words, EMP = UNI . The
objective of the assign project is to allocate the
uniforms to the employees with the maximal
satisfaction when everyone has clothing to wear.
With different decision preferences, several goals
can be set up as Eq. (5) to Eq. (7). Goal (5)
emphasizes the average fit degree of all assignment.
Goal (6) tries to maximize the minimal fit degree.
Goal (7) attempts to design a fair assignment
solution.
max : z1 =

UNI

∑ ( ae,g ⋅ fit ( e, g ) )

fit ( e, g , m )

to the employee e. It is presumed that one piece of
uniform is only assigned to a single employee.
Moreover, the reverse condition is also satisfied.
Therefore, Eq. (3) and Eq. (4) are arbitrary
conditions.
A = [ a ] UNI × EMP , a ∈ {0,1}

1

fit ( e, g )
=

To represent the assign relationship between
employees and uniforms, a matrix is defined upon
the two sets, EMP and UNI , as shown in Eq. (2).
ae , g = 1 indicates that the g-th uniform is assigned

∀ ( g ∈ UNI ) ,

z1 =

In fact, in the assign practice, the objectives above
are all considered by the managers. Therefore, it is
really a multi-objective problem. If only a single
criterion is considered, in the extreme condition,
some unfair assignment solutions will be produced.
In another aspect, two many criteria are adopted,
the model may not be solved. Moreover, it will

The objective function, the constraints (8a), (8b)
and (8c) are all nonlinear functions. The decision
variable is the assignment matrix A , which is a 0/1
variable set. Therefore, the model in Eq. (8) is a
typical integer nonlinear programming (INLP)
model. It is difficult to solve by simple algorithm.
- 1179 -

The large scale INLP is very difficult to even
commercial packages.

250
200
Times

RESULTS AND DISCUSSION
As demonstration study, some datasets are
generated to test the model. The “first come first
fit” (FCFF) strategy is employed to simulate the
traditional assignment process. Three test datasets
are considered with the size of 30, 60 and 90, and

0
30

In another aspect, the model is precise. However,
the fit between garment and body is fuzzy. The
solutions are required to be so exact and strict to
the numerical model. Although the objective
should be optimized in the model, or the optimal
value is better, in real-world, the feasible
assignment solution is adequate for the managers.
Therefore, in order to make the model solvable,
approximation and relaxation approaches can be
employed to produce the feasible solutions quickly.
In the researches of assignment problem, to build
exact programming models is one way. Another
way is to construct heuristic approaches for rapid
assignment. In literature, genetic algorithm and
other evolutionary algorithms are often employed
to search the optimal solutions for the complex
problem.

0.8
Opt
FCFF

0.2
0
60

90

In the real-world application, 90 uniforms
assigning to 90 employees is rather a simple
problem. However, we can not solve it easily by
computer. If we adjust the number to a larger one,
it seems we can not get a feasible solution in a
period of endured time.

1

30

60
Scale

Figure 2. Scale variants

dataset is, the higher level of fit satisfaction will be
obtained by the model. When it is compared with
FCFF strategy, the fit degree is improved and the
successfully assigned pairs are increased. In order
to show the relative performance, all values in
Figure 1 are normalized by the maximum value.

0.4

100
50

NM = 4 . It can be concluded that the larger the

0.6

Scale
Time
Variables
Constraints

150

90

Figure 1. Fit level
In another aspect, we compare the computation
time for the datasets (30, 60 and 90). Although the
scale of the problem is increased by a constant
increment, 30, the computation time is increased
sharply. From 30 to 60, them computation time is
more than 20 times. From 30 to 90, the
computation time is up to 200 times. We can also
evaluate the complexity by the scale of the
generated integer variables and expanded
constraints. From 30 to 60, to 90, the number of
integer variables is increased from 900 to 3600, to
8100. The increasing of constraints is more sharply.
When 90 is set, more than 200,000 constraints are
generated. It is common that all variables and
constraints are stored in the memory so that more
than 100M is occupied in Lingo. The above results
are summarized in Figure 2, where the values are
relative value. In order to draw them in the same
figure, all measures (scale, computation time,
number of integer variables and number of
constraints) are times compared with the values of
the setting, 30 uniforms and 30 employees.

CONCLUSIONS
The study aims at a real-world valuable problem
and proposes a feasible programming model. The
study produces the following research directions.
First, the unmatched numbers of uniform and
employees should be investigated, especially when
the number of uniforms is greater than the number
of employees. It will generate new difficulties.
Second, the fit evaluation model should be
improved to consider the sophisticated conditions
between body and clothing. For example, the
material conditions will incorporate the specialized
knowledge on garment and introduce new
challenges. Third, in order to solve large-scale realworld problem, it is necessary to try evolutionary
algorithms to design solver for the INLP model.
Moreover, multiple objectives should be further
considered.
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ABSTRACT
The moisture distribution and its variations due to combinations of layers are of special importance, since
different materials absorb different amounts of moisture and exhibit different transport properties. In the present
study, we have developed both mathematical and experimental methods for evaluating relative humidity and
water content profiles in layered porous material constructions. It is assumed that moisture fraction at the skin
surface and environment keep constant without temperature gradient between them. A mathematical model was
established with the introduction of thermodynamics of the surface diffusion. Surface diffusivity as a function of
bound liquid fraction, moisture fraction in the interstice of the combination and bound liquid fraction as a
function of time and distance from wet skin to environment are described. With the method of cobaltous
chloride color, the experiment of the problem is carried out on self-designed apparatus. It is found that surface
diffusion account for the difference in total moisture transfer properties in some way. The test examples
performed verify that model is capable of handling moisture transfer problems in and between different
materials. And the results of simulation and experiment show a good agreement.
KEYWORDS
Moisture transport, surface diffusion, non-linear surface diffusivity, water content, layered fabric combinations
bound liquid water were chosen as a function of the
water content in the porous fabric material
incorporated in the ordinary gradient assumption.

INTRODUCTION
In the fields of clothing science, we’ve been
working on detailed mechanism of heat and vapor
transports of single-layered fabric under
temperature gradients. Yet, ordinary wearing
clothing most commonly consist of layered porous
materials under small temperature gradient. The
moisture distribution and its variations due to
combinations of layers are of special importance,
since different materials absorb different amounts
of moisture and exhibit different transport
properties, which are known to relate the human
comfort especially at the fabric-microclimate
interface.

FORMULATION OF THE PROBLEM
Textiles are viewed as porous materials [3]. The
fraction of the representation elementary volume
occupied by the bound liquid phase, the gas phase
and the solid phase are represented by the
following expressions:

εl =

Vl
V

εg =

Vg
V

ε g + εl + ε s = 1
Where ε l is the

Observations have described how the moisture
transfer rate and drying rate of different fabrics
were affected by different levels of water content [1].
In the fabric moisture is transferred by two
independent mechanisms of pore diffusion through
the interstices between fibers and surface diffusion
along the surface of fibers. Surface diffusion is a
transport of adsorbed vapor on the fiber surfaces.
Depending upon the hydrophilic nature, tortuosity,
pore size and the total surface area of the fabric, the
amount of adsorbed water varies, hence the surface
diffusivity [2]. Yet, as far as the authors are aware of,
moisture transfer rate separately caused by pore
diffusion and surface diffusion which are affected
by different water content are seldom reported.

εs =

Vs
V
(1)

volume fraction of the bound

ε v is the volume
and ε s is that of the

liquid phase in the material,
fraction of the vapor phase

solid phase. The solid material is assumed to be
mechanically incompressible and not to react
chemically with water.
In Eq(1),

ε l = φ Sl , ε g = φ S g = φ (1 − Sl ) , Sl

and φ are the volumetric liquid saturation and
porosity of the material, respectively. The void
fraction or porosity of the solid is φ = ε l + ε g .
There is no opportunity for water flow in the
fabrics by a capillary process at these liquid
fraction levels. Since free liquid are not taken into
account in the problem here, liquid phase only
include bound liquid of the fabric, which also

The method we used to analyze the moisture
transport of layered materials was to carefully
investigate the balance laws and the constitutive
relations for the flow of vapour and the flow of

*

*

means 0 < Sl < S , where S is the maximum
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capillaries (i.e. intra-yarn flow passages) and
limited trapped moisture in dead end pores.

volume liquid fraction at saturation at some
temperature. The movement of bound liquid is
known as surface diffusion. The movement and/or
existence of bound liquid may be different for
dissimilar porous solid types. For capillary
hygroscopic porous fabric material, the moisture
may exist in fine and closed capillaries and may
flow in these capillaries and dead end pores. In
order to quantitatively describe this moisture
transfer mechanism, the driving potential for the
bound liquid must be established. Perre [4] and
chen[5] have indicated that the driving potential for
the movement of bound moisture is the volumetric
water concentration gradient and this is the method
selected in this research.

⎛ Sl − Seq
Dl0 ( Sl ) = const1 ⎜ *
⎜S −S
eq
⎝

modified for the porous material geometric
resistance.

Dv =

(2)

& gl acts as a
In Eq(2)(3), the mass generation term, m

is assumed constant.

reservoir (reservation of liquid moisture) for the
liquid phase. The mass of condensation will be [6]

The mass conservation equation for the vapour can
be obtained as

m& gl = φ (1 − Sl ) Sv hl ↔ g ( ρvs (T ) − ρv ) kg / ( m3 s )

(3)

Where,

The equations (1)(2) (3) will be supplemented with
constitutive assumptions for the mass density flow
of vapour and liquid water and special assumptions
about the mass exchange between phases.
The constitutive assumption for the velocity of
liquid water in the pore system of the material is
the non-linear expression:

vl = −
Where,

Dl

ρl ε l

grad ε l

Dl = D( Sl , T )

the

hl ↔ g

(7)
is gas-liquid exchange coefficient，

Sv is specific area; ρvs (T ) is saturation moisture
density, which is a function of temperature.
EXPREIMENTAL METHODS
Through experimental, we can get a qualitative
idea of the water distribution with time during
fabric layers. A self-designed apparatus measuring
dynamic moisture permeability of clothing material
is introduced in the work. Using PTFE fabric,
sweating skin is simulated. There are three
humidity sensors for use, which is in the position of
fabric-microclimate interface, interfacial zone of
the fabric layers and on the surface of the outer
layers. The amount of water supplied to simulate
perspiring can be accurately measured and adjusted
due to the permeability of the fabric directly. Fabric
is padded with a solution of cobaltous chloride,
oven dried in the hoops, and then exposed to water
vapor from the sweating “skin”. We makes use of
the fact here that cobaltous chloride forms hydrates
with water that take on a range of different colors
from the blue monohydrate to the pink hexahydrate
and use a color index of 1 to 10 in increasing order

(3)
is

(6)

τ
τ

is the vapor molecular diffusivity in the air, which
is a function of temperature and vapor pressure.

m& gl is the gain rate of mass from the vapour phase.

∂
∂
(ε v ρv ) = − ( ρv vv ) − m& gl
∂t
∂x

Daε g

where,
is the tortuosity of the fiber ，
representing the extent of convolutedness of
pathways for moisture flow throw the fabric, given
as 1.0-1.2 according to the fiber arrangement. Da

phase, vl is the velocity of the liquid phase, and

ρl

(5)

The molecular diffusivity of water vapor in air in a
porous solid in Fick’s law, Dv is effectively

Where ρl is the constant mass density of the liquid

In this context

const 2

Where, the constants can be varied for different
solid material types and pore geometries. From
experimental evidence, there is assumed to be an
increasing power function law for the volume
fraction of the liquid phase, as shown in Eq (5).

This presentation uses the format of macroscopic
conservation equations of the type derived in Ref.[6].
The mass balance equation for the liquid phase in
terms of the volumetric saturation is

∂ ( ε l ρl )
∂ ( ρl vl )
+m& gl
=−
∂t
∂x

⎞
⎟⎟
⎠

non-linear

permeability coefficient. The bound water
conductivity Dl is highly dependent on the
moisture content of bound water and the
temperature of the porous medium.
Chen and pei [5] recommend the following
Arrhenius-type function of temperature as

⎛ E ⎞
Dl = Dl0 ( Sl ) exp ⎜ − d ⎟
(4)
⎝ RT ⎠
Where Ed is defined as the activation energy of
movement of bound liquid moisture. The bound
liquid coefficient is of the following form for
textile material in this case, for connected fine
- 1183 -

of moisture level. The index of color matches with
the painted standard chips of the Munsell Color
System. Although an exact moisture level at the
fabric surface could not be established by these
calibrations, the range of added moisture at the
surface was approximately on the order of 1%
through 10%. [6]

material constants. The results from simulation
results and experiment show good agreement
generally given the different combinations.
In the following we will describe mostly on
fraction volume moisture and liquid concentration
at the fabric–microclimate interface and inner-outer
fabric surface that are known to be the important
properties which relate the human comfort.

The test examples consist of two layered materials,
where the first material (‘inner’ material) is located
from the surface x = 0 to x = x1 mm and the second
material (‘outer’ material) is located from x = x1 to
x = x2. For all cases, the properties of thick fabrics
were assumed to have the same maximum volume
*

fraction at saturation S , which means fabrics are
of same hairiness and physical constructions except
for the type of the fiber [7]. So are the thin fabrics.
Of cause all thick fabrics have higher moisture
storage capacity than the thin fabrics. The thickness
of thick fabrics is 4.3mm, and thin fabrics are of
1.7mm. The combination of inner and outer
material of CASE1-5 are listed in Table1. The
initially dry sample was exposed to 90% relative
humidity of simulated wetted skin for a period of
30min, the temperature of “skin” and environment
here are both at 21℃,with a environment humidity
of 45%.

Fig. 1. The liquid water diffusivity and its dependence on the
volume fraction of water (present in the material) for two
different materials

In Fig1, cotton material is described by the higher
thinner line. Polyester material is described by the
lower thicker line. Two fabrics tested here are of
same maximum volume fraction water. As in Fig.1,
for two different materials, both are such that, as
volume fraction water becomes larger, surface
diffusivity becomes larger. As a matter of fact, on
the other hand the contribution of pore diffusion
becomes negligibly small although we didn’t give
simulations of it in this work. This is because, as
surface diffusivity becomes sufficiently large, the
moisture transfer is limited by the molecular
diffusion. The moisture gradient in the fabric
merges to zero. Combined with cobaltous chloride
color test, it is found that the effects of surface
diffusion of cotton are much larger than that of
man-made fiber polyester, which also leads to the
similar conclusion as in literature that water
molecules can be absorbed by multilayer
physisorption rather than by single layer
chemisorption only due to the hydrophilic nature of
the fabric.

Table 1 Fabric combinations of test examples

CASE 1
CASE 2
CASE 3
CASE 4
CASE 5
CASE 6

Inner layer
Thick Cotton
Thick polyester
Thick polyester
Thin polyester
Thin cotton
Thin polyester

Outer layer
Thick polyester
Thick polyester
Thin polyester
Thick polyester
Thick polyester
Thin polyester

RESULTS AND DISCUSSION
There is no analytical solution for the proposed
coupled non-linear problem. Characteristics of
water concentration and vapor phase pressure are
obtained at each time step and each position. The
computational procedures are such that, the
governing conservation equations are initially
nondimensionalized in order that a numerical
solution routine may be described. Then the
dimensionless governing equations that describe
the transport processes are discretized by finite
difference method and linearization technique and
the finite difference forms of the boundary
conditions are developed as well so that numerical
solutions may be obtained at finite points in two
layers. In order to get a stable solution fully in
implicit in time, we chose two kinds of time step
for a given nodal to compute. Computed results
indicated that error control was within the range of
2%. While using such a numerical model to get
simulations results, we also observe the problem
with experiments to make the best fit of the

Fig. 2 Relative humidity through two layers (CASE 4)
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and experiment show a good agreement.
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A Study of the Braided Ribbon with Checked and Animal
Pattern Unearthed from Yingpan
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ABSTRACT
This essay provides a detailed analysis of the structure of the braided ribbon with checked and animal pattern
unearthed from Yingpan, exploring the braiding technique of braided fabrics with double structure. And by
comparing with other artworks of Han Dynasty such as stone carvings, brick carvings and glazed cups etc, this
essay offers a further discussion on the animal pattern on this ribbon, and puts forward the idea that the animal
pattern on this braided ribbon is possibly an auspicious beast pattern: dragon pattern.
INTRODUCTION OF THE BACKGROUND
AND FABRIC
Yingpan was a major town on the Loulan Route of
the Silk Road. It lies just west of Loulan, at the
southern foot of the Kuruk Tag Mountain of
Xinjiang’s Tianshan Mountain Range, and on the
northwestern edge of the Kongque River delta.
During 1989-1999 the Xinjiang Institute of
Archeology carried out three salvage excavations at
this burial ground. More than one hundred tombs
from Han and Jin dynasty were excavated,
unearthing more than 800 artifacts made of wood,
textile, pottery, lacquer, and metal. The braided
ribbon with checked and animal pattern we will
discuss in the following paragraphs was found in
tomb No. 22 excavated in 1995. It is bordered on
the middle of a sachet hanging on the waist of the
female tomb owner.[1] (FIGURE 1)

FIGURE 1. Sachet. from tomb FIGURE 2. Braided ribbon
No.22, Yingpan, Xinjiang
with checked and animal pattern

ANALYSIS OF STRUCTURE
According to the slantwise direction, all warps of
the braided fabrics can be divided into two sets: the
left warp and the right warp. Here, the weave spot
formed by interlacing of the left warps above the
right warps is called left weave spot, contrarily
right weave spot. It is clear from FIGURE 2 there
are 226 ends for this ribbon in total, 113 ends for
the top layer of this ribbon and 113 ends for the
inner layer. This ribbon is divided into three rows
in weft direction: the left row, with 40 light yellow
ends and 40 red ends both for the top layer and the
inner layer, the middle row, with 33 deep green
ends and 33 dark yellow ends both for the top layer
and the inner layer, and the right row, with 40 light
yellow ends and 40 deep green ends both for the
top layer and the inner layer. The top layer has 19
left weave spots and 20 right weave spots in the left
row, 16 left weave spots and 16 right weave spots
in the middle row, and 20 left weave spots and 19
right weave spots in the right row. The number of
the left and right weave spot of the inner layer is
contrary to the top layer.

This narrow ribbon measures only 3.5cm in width
and 40×2 ends / cm in warp. It has only warps,
and the fabric is formed by braiding lengthways of
one set of left warps and one set of right warps,
applying the theory of double structure to form
animal patterns (FIGURE 2). This technique is a
development and simplification of the braiding
technique which was very popular in the Qin and
Han dynasty. The silk threads are Z-twisted but
quite slightly. The warp threads form three zones of
different color combination, red and light yellow,
deep green and dark yellow, and deep green and
light yellow which are accordingly 1.2cm, 1.1cm,
1.2cm in width from the left. These warps surface
alternatively at a regular interval of 2.4cm to form
squares. The left row is too fragmentary to reveal
its full design, but compared with the right row
which is the same in width and symmetrical in
structure, so the pattern of the left row could be the
same as that of the right row.

The pattern of this ribbon can be divided into two
kinds: crosspiece and animal. They both are formed
by the same method, in which warps of the two
layers change position as required by the pattern.
So the double weave structure is formed, with the
same pattern but alternated colors on the two sides.
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Seen from FIGURE 2, there is a broken-line pattern
in dark yellow on the top and bottom of the animal
pattern of the middle row, which is formed by the
same end. So I suggest that it is irrelative to the
design of animal, should be changing position of
warps of the two layers by error. (FIGURE 3,
FIGURE 4)

FIGURE 5. Diagram of the
joint

FIGURE 6. Diagram of the
double-edge

FIGURE 3. Weave diagram, face

ANIMAL PATTERN ON THIS RIBBON
Animal pattern on this ribbon can be divided into
two kinds: one looks like beast, with crooked neck,
opened mouth, cocking tail, its body and tail can be
clearly distinguished; the other looks like dragon,
with curly body, raised head and chest and highly
rising limbs. The former is popular during this
period while the later is not often seen on findings
of the same period.

FIGURE 4. Weave diagram, back

Compared to the similar pattern on woven silk
shoes, jin ribbons and animal patterns of the same
period from Central China, I suggest that the
former pattern is possibly a dragon design. This
design shows obvious influence of the style of
Central China and imitates the animal pattern on
Han jin-silk. In 1984, a jin-silk pillow with a
pattern birds and beasts was excavated from tomb
No. 49 in Shanpula, Lopu, Xinjiang.[2] The animal
pattern of the leftmost row on this pillow is similar
to the beast-like dragon on this braided ribbon, and
comes from the influence of Han jin-silk obviously.
(FIGURE 7)
In 1964, shoes with inscription were found at tomb
No. 39 in Astana, Turfan, Xinjiang. The middle
part of toe cap is woven with blue animal pattern
on white ground. This animal pattern is extremely
simple, with only one foot, so called kui dragon
pattern. And on woven silk shoes found in the same
tomb as this ribbon, there are yellow confronted
dragons on red ground, similar to the beast-like
dragon on this braided ribbon[3] (FIGURE 8).
Similar patterns are also found on jin ribbons
woven with spun silk produced in Xinjiang. In
1999, a sleeve edged with jin ribbon with animal
pattern was excavated from tomb No. 23 in
Yingpan, Yuli, Xinjiang. This jin ribbon is 2.5cm
in width, its warp threads form three zones of
different color combination: red and light brown,
yellow and green, brownish purple and light brown.
These warps surface alternatively to form
rectangular grids, filled with running animal
motifs[4] (FIGURE 9). Both its frame and major
motif are similar to that of the braided ribbon.

The structure of rows of this ribbon is unattached.
Only at the joint, contiguous warps hitch each other
to join the three rows together. Warps are braided
back and forth in their own rows, and the red warps
of the inner layer of the left row hitch the deep
green warps of the top layer of the middle row and
the light yellow warps of the top layer of the left
row hitch the dark yellow warps of the inner layer
of the middle row when they encounter (FIGURE
5). The warps of the middle row and right row will
hitch in the same way when they encounter.
In order to prevent the textile from being separated,
warps of the inner layer cross the warps of the top
layer from below at the edge of the ribbon and
return to the inner layer to form linked edge with
double structure (FIGURE 6). When warps are
strained, warps of the inner layer can’t be found on
the facing side of this textile, but at the edge of the
back side, warps of the top layer are visible, and to
form two smooth color strips in light yellow
(FIGURE 4).
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FIGURE 10. Jin ribbon with animals pattern. In the collection of
a private gallery, London

FIGURE 7. Jin-silk pillow with birds and beasts pattern. From
Shanpula, Xinjiang

FIGURE 11. Brick carving with dragon and tiger pattern. From
Xinzheng, Henan

FIGURE 12. Glazed cup with a scene of hunting of Han
Dynasty. From ‘Gu dai zhuang shi hua wen xuan ji’, p. 20

To sum up the points which we have just indicated,
I suggest that the animal pattern on this braided
ribbon is possibly an auspicious beast pattern:
dragon pattern, which appeared under the influence
of prevalent auspicious sign beliefs in Han and Jin
periods. Animal pattern of this sort is widely used
in woven silk shoes and jin ribbons woven with
spun silk, its source should be jin-silk with cloud
and animal pattern popular at that period in Central
China.

FIGURE 8. Woven silk shoes. From Yingpan, Xinjiang

FIGURE 9. Jin ribbon with animals pattern. From Yingpan,
Xinjiang

Similar animal patterns can be found in overseas
collections. A private gallery in London holds a jin
ribbon 3.7cm in width, its warp threads form three
zones of different color combination: red and white,
purple and white, light beige and white. These
warps surface alternatively at a regular interval of
2.5cm to form squares[5]. These squares are filled
with motifs of running animals, some with wings
some without (FIGURE 10).Animals with wings
are also largely found on other artworks of Han
dynasty such as stone carvings, brick carvings etc.
For example, the brick carving with dragon and
tiger pattern found in Xinzheng, Henan, on which
dragon on the left and tiger on the right, they
glower and want to combat[6] (FIGURE 11). The
dragon on this brick carving is similar to the animal
with wings on the jin ribbon mentioned above, and
is the ying dragon which is popular in Han dynasty.
Dragon without wings is ever found on a glazed
cup with a scene of hunting from the Han dynasty,
the dragon on which is similar to the animal
without wings on the jin ribbon discussed
previously[7] (FIGURE 12).

DISCUSSION ON BRAIDING TECHNIQUE
Based on the analysis of structure, I conduct
braiding practice and suggest that braided fabrics
with double structure should be braided by the
method of hanging braiding (diaoguashibianzhi),
with warps hung over the rail or round object,
weights attached to the bottom of warps or bobbins
twining with warps to make warps tense. As
required by the pattern, swing contiguous weights
or weights with a regular interval to make warps
intersect. The purpose of using weights is
convenient for operating, taking advantage of the
force produced by swinging weights to accelerate
braiding[8]. Weights can be fashioned from various
objects, such as stone blocks, pottery blocks and
ancient coins etc.
Braided fabrics with double structure present
design through double weave, with warps of the top
layer and the inner layer in different colors and
identical braiding rule. The top layer and the inner
layer of the fabrics are braided respectively, warps
of the two layers change position as required by the
pattern, and the braiding work is very difficult. If
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[2] Xinjiang Museum et al, Zhong guo xin jiang
shan pu la, Xingjiang People’s Publishing House,
Urumqi, 2001.

adopt the method of horizontal braiding
(pingpushibianzhi), which can be used in braiding
braided fabrics with single structure, confusion is
prone to be formed when warps of the two layers
changing position, while the method of hanging
braiding (diaoguashibianzhi) could make the
process relatively easy because of the tensing effect
of weights. On the other hand, the method of
horizontal braiding (pingpushibianzhi) is not
suitable for twinning warps around bobbins, so the
length of fabrics braided by this method is limited.
Seen from the archeological findings, some are
very long. For example, the silk head scarf
excavated from Niya, Minfeng, Xinjiang, which is
braided in double weave into chequer pattern with
blue and red silk threads, dated from Han to Jin
Dynasty. It is 186cm in length, if don’t twine warps
around bobbins, braiding would not be carried out
successfully.

[3] Zhao Feng, Treasures in Silk: an Illustrated
History of Chinese Textiles, ISAT / Costume Squad
Ltd, Hong Kong, 1999.
[4] Zhao Feng, Recent Excavation of Textiles in
China, ISAT / Costume Squad Ltd, Hong Kong,
2002.
[5] Zhao Feng, ‘Xin jiang di chan mian xian zhi jin
yan jiu’, Xi yu yan jiu, 2005, no.1, pp. 51-59.
[6] Xue Wenchan and Liu Songgen, He nan xin
zheng han dai hua xiang zhuan, Shanghai Fine Arts
Publishers, Shanghai, 1993.
[7] Northwest History Museum, Gu dai zhuang shi
hua wen xuan ji, Northwest People’s Publishing
House, Xi’an, 1953.

Today, In Taijiang, southwest Guizhou province,
braided belts used by Miaos for embroidery are
made on a braiding stand (bianxianji)[9] (FIGURE
13). Braiding is carried out through swinging
bobbins both on the left and right repeatedly, with
the beginnings of warps twining around bobbins
hanging over the rail fixed at the upside of the
stand, with stone blocks or ancient coins etc
attached to the bottom of bobbins. Though this type
of furniture is only used for braiding fabrics with
single structure at present, it is safe to assume that
similar furniture to the braiding stand should be
used when made braided fabrics with double
structure in ancient China.

[8] Chen Weiji, History of Textile Technology of
Ancient China, Science Press, Beijing, 1984.
[9] Sadae Torimaru, Spiritual Fabric: 20Years of
Textile Research among the Miao People of
Guizhou, China, The Nishinippon Newspaper Co.,
Fukuoka, 2006.

FIGURE 13. Braiding stand. Found in Taijiang, southwest
Guizhou province
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ABSTRACT
The tradition Made-To-Measure (MTM) emphasizes the integration of and devices and CAD tools and tries to provide a
coordinative environment for fashion designers and technicians. Although the body information are collected by
sophisticated devices and tools, such as TC2, first, they are so unintuitive that it is difficult to utilize them; second, the
experiences of these data are not accumulated to build general models. In this study, the body classification framework is
studied to transfer the body feature data to intuitive types. Moreover, the adaptive MTM framework based on body
classification is studied. The case demonstration and analysis show the effectiveness of the study.

Keywords: Made-To-Measure; Cooperative MTM; Adaptive Classification; Body classification.
INTRODUCTION
The requirement of personality and individuality of
garments is increasing. The mass production model of
fashion industry fails to caster for this tendency [1-3].
There are enough garments presenting in various fashion
shops. However, people, especially modern women, find
it difficult to buy the fitting garments. Customization is
the tendency of fashion industries. In this requirement,
the response speed and the possibility to ensure the
quality are very important. With the developing of
information technology and garment digitalization
research, Made-To-Measure (MTM) [4-6] has been
developed from an immature concept to various types of
real systems.
As for garment design, the key problem is the matching
of garment with human body [4, 7-9]. How to obtain the
body model and apply it in garment design and
production are very important. The fuzzy category of
body shape basically determines the decisions of
designers and technicians. Therefore, the body
classification models and the integration methods with
MTM are novel research direction[5, 7, 10]. In another
aspect, the present MTM study emphasizes the general
flow of design and manufacturing of fit garment in an
automation way. However, the adaptive, learning,
evolutionary and intelligent capabilities are neglected,
whereas they are key features to coordinate the design
processes among customers, designers and technicians.
In this study, we made the following contributions to the
researches of MTM by adapting intelligent methods. First,
the
adaptive framework of MTM is studied. Second, the
body classification framework based on cluster analysis,
KNN [11] and MSVM [11] is proposed. Third, the
solution of adaptive MTM is studied and the performance
is discussed by case demonstration.

1.BACKGROUND
Garment Customization
Garment is a silent expression of personality or
individuality. The fit of the clothing is one of the most
critical requirements for customers. With the continuous
social and economic development, in the consumeroriented era, people began to pursue personalized fashion
design in the hope of wearing the body to meet their own
needs and aesthetic features, tailored clothing for
themselves. Therefore, the production of clothing from
the past, high-volume, low-volume to less variety, and
even more varieties is the primary direction[1, 12]..
Today, the tailored clothing industry has become an
important form of clothing. At present, many developed
countries have to carry out electronic systems tailored
clothing, the use of digital, networked approach to
achieve fast and efficient production of tailored clothing.
MTM is such a widely-studied technology.

Made-To-Measure
MTM [4-6] is deduced from the concept of Gerber as the
United States military uniform processing system to meet
the needs of the development of a CAD function. Spain
Ivey (Investronica), the further development of the
system, defined MTM as "users determine their own
clothing style and fabric after measuring the body, the
computer system in accordance with the rules set chooses
style of the standard model for zoom and changes shape
to deal with, finally gets the personalized fit model. "
In the MTM production, the traditional garment CAD
system [12] has been further developed for the rapid
generation of virtual clothing and a model to display 3D
effect of dress, or on the basis of the existing model
modified in order to generate a model for customers. In
the commercial practice, there have been different types
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of clothing personalized products, such as the bride's
clothing, female fashion, men's suits, etc.
With the computer network and the rapid development of
communication technology, particularly for the apparel
manufacturing services to the 3D human body scanner,
the use of computer technology makes digital network
MTM production possible. Digital virtual human body
model for clothing virtual display provides technical
preparation. Costume design in the database allows the
production of MTM clothing more quickly and easily.

according to the information in databases and the body
type. The pattern designer then works out a pattern. His
work also references the body type to design the detail
size factors. In the same way, technicians do their job
according to the products of the previous designers and
the recorded customer body information. All their work
involves a task to feedback the suggestions of the body
type to the classification framework. This way produces a
possibility for it to evolve adaptively.

idea

Style
Designer

Body type

Design Sketch
Pattern
Designer

Pattern
Network shopping

Classification
Model
Design
DB

idea

Body database
Body measurement

Feedback

Figure 1 is a framework for MTM. MTM stressed the
network environment to achieve the production. MTM is
to use the digital and network technologies, digital
measurement of the human body, digital analysis of the
human body, the human body and clothing, automapping, clothing CAD Design, Web links, and other
customized apparel through networking methods.

Classification
Framework

Body
DB

Measure

Customer

Technician

Pattern
DB

idea

Technician solution

Tech
DB

Retailer

Figure2 The adaptive MTM framework
Garment production

Figure1 A MTM system framework

The Adaptive MTM
The Adaptive Framework
The core concept of the adaptive MTM is that it can be
suit to the environments consisting of customers,
designers and technicians. In the technique view, fashion
design can be divided into style design, pattern design
and technique design. The sources of design are from the
market, the fashion trends and the characteristics of the
product itself. Just like the accumulation of human
experiences or knowledge, the MTM can be designed to
learn from the history and the environment. In the design
courses, the discrimination of body classes provide a
course however important view to communicate among
anticipants. In Figure 2, the concepts above are depicted.
The body classification in this framework is located in
the important position. It is explainable that all kinds of
activity in clothing making involve the specific person.
The customers are measured by specific devices, such as
TC2, which gets the every geometry detail of the body
surface. Moreover, though the software tools, more than
200 measures can be obtained. Then, the body shape
features can be further computed based on these results.
A body database is setup to record the measure
information. The fashion design paints the sketch

The Body Classification Method
The classification framework used in this study is
illustrated in Figure 2. First, five features of body angles
are taken as the inputs as the hierarchical clustering
module. Second, the number of clusters is set to four.
Therefore, four clusters will be got and the class labels
are filled into the dataset. Third, the classification method
is applied to obtain a classifying model.

Measure

Testing

Body Shape
Angle Data
Without
Class Label

Classification
Model

Clustering

Body Shape
Angle Data
With Class
Label

Classification

Figure 2 The body classification framework

1.1.1
Dataset
In the design of the human body figure parameters,
human body figures are described by the body’s center of
gravity curves. If the root focus of the neck, chest focus,
the focus of waist and hip are selected and constituted the
point of view, five points of view could be gained.
Corresponding to these five points, five body angles are
taken as the typical features for body shape. 357 Chinese
male persons were measured to provide an experimental
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dataset. Before the further analysis, the dataset is
normalized to ensure each data item is within [0,1].
1.1.2
Cluster Analysis
Hierarchical clustering was applied to the dataset, using
the representations of body features described above. The
purpose of clustering is to partition a dataset into disjoint
subsets (clusters), such that data elements within the
same cluster share some sort of similarity. Similarity
between data elements is measured using a distance
metric that is suitable for the nature of the analyzed data.
Euclidean distance was considered in this study as Eq.1,
where n=5:
Dab = a − b =

∑ (a
i =1.. n

i

− bi )

(1)

2

Clustering was done using an agglomerative hierarchical
clustering procedure [13] that initially partitions a set of n
data elements into n clusters, each containing one data
element, and then iteratively merges the two most similar
clusters, until the entire dataset forms a single cluster.
The bottom of the created hierarchical tree can next be
pruned so that the required number of clusters N is
obtained. Data elements below each cut are assigned to a
single cluster, creating the output data partitioning to
{C , C , ..., C }

clusters
. The algorithm requires a cluster
similarity criterion for choosing the next two clusters to
be merged. We have used Ward’s step-wise optimal
criterion [14]. The distance between clusters Ci and Cj is
defined by Eq.2, where ni and nj are the size of clusters
and mi and mj are their means.
1

1

N

D ( Ci , C j ) = ni n j

(n + n )
i

j

(2)

mi − m j

1.1.3
Classification Framework
While cluster analysis is used to identify distinct class in
the dataset, the classification framework is aimed to
uncover the relation between these classes. This is
achieved by evaluating the ability of a classifier to
accurately predict the label of each body shape type. The
input of the clustering-classification framework is a
dataset of n body feature data with class label, as shown
in Eq. 3, where bi is the feature vector and ck is the class
label.
(3)

B = {(bi , ck )}i =1..n ,k =1.. N

The outline of the classification framework is as follows:
1) Classification is applied separately on the dataset B of
each subject.
2) Data is partitioned into a training set Bn and a testing
set Bt.
3) Hierarchical clustering is applied on Bn, producing
clustered data Cn.
4) The centers of the significant training clusters are
caculated.
5) Each record bi in B is characterized in the cluster
i

distance

space

by

the

vector

i

i

i

d = ( d 1 , d 2 , ..., d N )

presenting the distances from the centers of the
significant training cluster.
6) A classifier F is constructed from the cluster distance
space representation of the training set. For bi in Bt
F ( bi ) = F ( d 1 , d 2 , ..., d N ) = %c i
i

i

i

, where ck is the class label.
7) The classification accuracy is evaluated on the class
distance space representation of Bt.
Two classification methods were used, and their
performances were compared: K-nearest-neighbor (KNN)
and Multi-class SVM (MSVM) [11]. The classification
accuracy CCm was defined as the percentage of data
elements classified within a certain range m of their
actual label (typically, m = 1) as Eq. 4:
CCm =

| {bi ∈ Bt } || c% i − ci |≤ m |

(4)

Bt

1.1.4
Body Classification
The two classification methods were employed in the
framework to test the classification model. We use the
total 356 records, and N=4. The processes are repeated
for 100 times when the training set (50%) and the test set
(50%) were chosen randomly. Then, the mean
classification accuracies were compared. It was
discovered that MSVM had a higher accuracy by 11.3%
than KNN. Based on the results above, may be we can
get the conclusion that MSVM is better than KNN in this
application. I did another experiment that changed the
result. The scale of the training set was increased
gradually. For each time, 100 runs were ensured. And the
mean accuracy was also recorded. We finally found that
KNN acted better when the training set reached beyond
87%.
1.2
The Online Adaptive MTM System
Based on the results of Section 3.3, a conclusion can be
obtained that MSVM is suit for less training dataset
whereas KNN behaves better in large dataset. Moreover,
considering the cooperative model in Section 3.1, it is
interesting and valuable to design an online learning
MTM systems focusing on the classification module. At
first, when the dataset is small, MSVM is employed. The
incremental training approach is used. When 10 records
are appended, the processes in the classification
framework are triggered. At the same time, KNN will be
compared with MSVM. When KNN is better, MSVM
will be replaced. Therefore, in the entire process, the
system will choose the methods adaptively according the
criteria of classification accuracy.
2.

CASE DEMONSTRATION

2.1
Body Classification
As described in Section 3.2 and 3.3, 357 records of body
angle feature data were used here to demonstrate the
study. A thoroughly review study was conducted to
collect the information about the number of the classes
for body shape and the typical features of body shape. In
Table 1, the statistical results of the dataset are listed.
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Class Label

Class Name

Samples

1

N

154

2

P

87

3

A

75

4

S

41

Summary

Accuracy

Table 1. Statistical result of the dateset

180

According to the classification framework in Section
3.2.3, the percentage of the training samples was
increased gradually from 50% to 95% with the step of
5%. The classification methods are KNN and MSVM. At
each setting, the process was executed for 100 times and
the mean values of the classification accuracy are
depicted in Figure 4.
When the training dataset is smaller, MSVM achieves
better accuracy than KNN. However, when the training
dataset reaches about 320, KNN begins to show its
dominance. In fact, KNN needs less time to train the
classification model. In this aspect, it has the dominant
performance.
MSVM

1
Accuracy

0.9
0.8
0.7
0.6
0.5
0.4
50

55

60

65

70

80

90

210

240

270

300

330

360

390

Size of Training Dataset

357

KNN

1
0.9
0.8
0.7
0.6
0.5
0.4

95

Percentage of Training Dataset

Figure 5 The study of the adaptive feature

CONCLUTION
In this paper, we propose a cooperative adaptive MTM
system framework based on body classification. KNN
and MSVM are employed in the classification framework.
The body features consist of five body angles. A dataset
of Chinese male bodies are considered as training and
testing dataset. The class labels are assigned by a cluster
analysis process at first. After the study of the
background of garment customization and MTM
technology, the novel framework is studied. Finally, as
demonstrative purpose, the classification comparison
process and the adaptive feature are studied. The study
provides a new way to construct MTM system by
emphasizing the adaptive feature by body classification.
As future suggestions, the study generates several
important points. First, it is valuable to implement the
system fully according to Section 3 and incorporate the
classification model into it. Second, the MTM is natively
cooperative and the framework in this study does
introduce a new opportunity for it. However, we do not
study it. Third, in other modules of the MTM system, the
adaptive capability should be considered and the
corresponding frameworks and models will be beneficial.
These directions will be carefully studied in the future.

Figure 4 The body classification framework
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ABSTRACT: As the market is becoming diverse, high-grade, personality, apparel manufacturing needs to meet
the requirement of being varieties, small-batch, high-quality and short-period. So, clothing enterprises should set
up rapid flow environment and programs of information to form a rapid response mechanism. This requires
clothing production unit to be automatic and intelligent, which put forward higher r ation, inspire creativity and
imagination.
This project is to research how to make use of the existing CAD system to set up a complete model of the
knowledge repository. With the parameter design of the key points and computer automatic identification
matching for the model, clothing and body measurement data can be bound to achieve adroit manufacture and
apparel personalization. Enquirements of apparel CAD system. Intelligent technologies such as setting up expert
repository of a model design unit, identifying model automatically and searching the corresponding model
which base on accessorial design and integrate data experience of knowledge tank, are the basal research content
of garment CAD system which can enlighten design inspire
KEYWORDS: CAD system knowledge repository Vector Database
1 INTRODUCTION
In today's rapidly changing socio-economic
environment, with the computer network technology
widely used, the enterprise development and
information flows accelerate the development of
globalization. Clothing enterprises in the
ever-changing global market must constantly look
for new ways to solve the problem. Clothing
enterprises need greater room for development; at
the same time, those enterprises also faces fierce
market competition. The application of vector data
in garment design is conducive to the prevalence of
garment enterprises to overcome the current
duplication of investment and construction, lacking
of competitiveness of the Group and further
improve the resource utilization rate, the level of
Product customization, Manufacturing agility ,
reducing inventory and production costs ,
Enhancing the market competitiveness,and finally
achieve the goal of sustainable development.To face
the challenges of a knowledge-based economy , the
database design and the data is the key element.
Garment vector data model design is thought to be
the core part of the clothing model. It is also the
important step for the enterprise towards the agility.
Vector data is designed to be a clothing model for
the core database, the most important part of agile
manufacturing enterprises are an important step.
Thus, the design of vector data model naturally
clothing has become a new type of database
management.

2 THE SIGNIFICANCE OF VECTOR
DATABASE
Generally computer graphics showed in the screen
can be divided into two categories - vector and
bitmap. Vector images, also known as
object-oriented images or graphics images at a
series of math on the definition of the points
connected by lines. Vector graphic elements in the
document are known as the object. Each object is a
self-contained entity. It can maintain its original
clarity and curvature . Many movement and change
of its property will not affect other objects in the
legend. These characteristics make vector-based
graphics program is especially suitable for modeling,
because it is usually required to create and operate a
single object. Vector-based graphics has nothing to
do with the resolution. In other words, you can
zoom to any size, so that we can print in any
resolution without loss of detail or reducing clarity.
Therefore, when scaling to different sizes to retain
a clear line of graphics, vector graphics performance
of these graphics are the best choice.
Vector model based on the data structure is called
the vector database. It is the use of geometry of
point, line, surface and combinations to express the
distribution of entities in a data space organization.
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It records the coordinates of spatial objects and
spatial relationship between the expression of the
geometric location of spatial objects. This data
organization can be well close to the spatial
distribution of physical characteristics, data and
high precision, low-redundant data storage for
analysis.
3 THE RELATIONSHIP BETWEEN VECTOR
DATA LIBRARY AND DATABASE
Measurement sites of clothing: height, chest
circumference (B), waist (W), from Wai (N), total
shoulder width (S). At present, the men’s body type
from 155 to 185 is divided into seven files, and
each file is divided into Y, A, B, C, as shown in
the table below;

Prototype model schematic diagram
After determining a specific model prototype,
vectorize the key points for clothing in order to
achieve the purpose of data binding.
4. SETTING UP CLIENT DATA ASSOCIATED
WITH
THE
CAD
VECTOR
BASE
MANAGEMENT SYSTEM
With the development of computer technology,
CAD / CAM technology is becoming increasingly
popular, it plays an important role in improving the
efficiency of apparel product design , ensuring
product quality, cutting production costs, speeding
up the production cycle plays an important role. At
present, CAD system is widely used in the garment
manufacturing industry of our country .to develope
a general-purpose auto-correlation vector matching
customer data base management system will have
important practical significance.

Therefore, in order to set up clothing vector
database model to realize the agile manufacturing
system, you must first set up a standardized
classification of clothing in accordance with its
model-based database.
Currently Garment industry is more mature in the
main plate making method
in the prototype
method and the proportion method. Prototype are
widely used in the indusrial automation in the
manufacture, and the proportion method are popular
among hand-made boards in relatively wide use.
According to the actual garment industry, as well as
the needs of database design, the combination of
prototype method and the proportion method is
thought to be the best idea when setting up models
of vector database.
First of all, set up the garment model prototype from
155 to 185 by using the prototype method, each
prototype of which is divided into divided into Y, A,
B, C categories.Thus set up the basic database of
model clothing.
The search order is height→ apparel→prototype
model based on the basic model data base,combined
with the actual measured data.

4.1 VECTOR DATABASE STRUCTURE
The system uses a network vector database structure,
that is, a vector database at the core of the integrated
system.thus, we can well solve the key problem of
the CAD / CAM system - the problem of data flow,
that is, data in the system transmission and
conversion. In CAD / CAM system, the vector
database collects the information of main model
structure (such as shape, structure, etc.) and the
corresponding data of the customer. With the use of
object-oriented technology, the change of basic data
structures will automatically change the upper level
data structure. Through the network, the system
organize the parameters, graphical display, such
as post-processing features organically. As shown is
shown in the graph:

Prototype the determined model prototype are as
follows:

schematic diagram of the overall structure of the
system
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4.2 DESIGN AND DRAFTING EDITING AND
ANALYSIS
Designed graphics module parameters include the
basic elements: point, line, circle, arc, ellipse, curve
and many other basic module. And we can also edit
the pixels and map groups, such as moving, rotating,
copy, image, matrix, deletion, extension,
modification, etc.It is easy to modify and provide
curve smoothing function with the discrete points
on the three B-SPLINE curve fitting. In addition,
the system also has several commonly used methods
in designing models, such as men's dress design
parameters, Custom function,etc. We can easily
carry out the design of two-dimensional graphics. In
addition, the system can read graphical or map
paragraph generated by other CAD system through
standard interfaces. The main function of the
analysis is to analyse the coordinates of a point ,
pixels (a straight line, arc, polyline, etc.). By
changing the parameters we can change the graphics,
design parameters, analyse the total number of map
features such as paragraphs.
post-processing
4.3 THE POST-PROCESSING
The main functions of the post-processing module is
to generate vector graphics files based on models
produced before hand.
5 CONCLUSIONS
How to conduct effective parameters design,
improve efficiency, enhance the accuracy of the
information is the questions that need to be solved
integrated in the CAD system . This paper analyzes
the data model for the design of clothing in various
ways and makes the vector base management
system and framework for the structure solution,
which provids reference design ideas for the vector
design.
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ABSTRACT: In the era of mass production, bulk and individual customizing is the ultimate purpose of the
clothing processing. Now, how to make the customized body dimensions generated automatically is the
foundation of Agile Manufacturing. The allowance of clothes can be provided according to the style and size of
the clothing, and the function of mapping the human dimensions to measurements is a part of The Clothing
CAD system .This paper introduced the detail of design and implement on the demand of the system who is
made up of two parts. The first part of the system can classify the body dimensions according to diffferent
criteria; when the body dimensions and the clothing style are fixed ,the second part will search in the Expert
Knowledge Library, and finally, the most optimalizing allowance of clothes is given. With this system,
personalized customization of garment will come true under the condition of volume-produce; it will not only
improves the efficiency, but also increases the accuracy of the customization.
KEYWORDS: Mass customization; clothing; intelligentized; demand design

1 INTRDOUCTION
The
apparel
industry
gradually
enters
customer-centric era as the society develops,
consequently, the people who pursuiting fashion and
personality get more and more custom needs on
clothing styles and sizes. Computer-Aided Design,
Network Technology, as well as the development of
The Advanced Manufacturing Technology promote
the development of Mass customization. Mass
customization is a mode of production aims at
providing individualized production and service with
low cost and high-speed. The development of science
and technology make the transition from individual
workshop to mass production, although this change
improves the production efficiency, it brings problem:
how to implement personalized customization under
the condition of mass prodcution. At the same time,
the somatic data which impacts the garment effects
varies dramatically due to the change of civil lifestyle,
with regards to this, the enterprise of apparel industry
and related department have carried out a large
number of human body measurement trying to
formulate new body type standards. After acquire the
anthropometric data, we inducte and analyze
scientifically to discuss and deal with authentication,
finally, we establish garment size series and product
standard to the corresponding
level. This apparel achievement is not only a
break-through in our country, but also represents our
entering the ranks of the world’s most advanced in
the field of clothing.
In order to settle the problem stated above, the
intelligent clothing customization systmem comes
into being. This paper is the design and
implementation on the demand of the intelligenetized
Custom-Made clothing system, it contains the

designing of two sub-systems: one is a garment size
classification system which can classify human body
size by the anthropometric data; the other sub-system
can give the most optimalizing allowance of clothes
given by the Expert Knowledge Library. With this
system, personalized customization of garment will
come true under the condition of volume-proudce; it
will not only improves the efficiency, but also
increases the accuracy of the customization.

2
THE
BASIC
FORMS
OF
CUSTOMIZATION
IN
GARMENT
PRODUCTION
2.1 Customization by hand
At first, the tailor measures the customer with a tape,
then finishes the customization with the
anthropometric data. There are many shortcomings in
handmade customization. It’s time-consuming with
low accuracy and lack of specification of quantitative
criteria; design and production of the clothing are all
based on tailors’ experience and judgement, so it isn’t
propitious for mass customization.
2.2 Batch customization according to Body size
serial standard.
At first, human figure are classified into different
types, then a Body size serial standard is formulated.
Before customization, the garment size is acquired
after the figure type fixed acccording to the Body
size serial standard. This method of customization
requires less time, and also benefit to mass
production, however, there is also a problem in batch
customization, that is, the discreteness of individual
figure vesus the standards making the garment made
in industrial production can not meet the
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personalized requirement of the customer with high
demands on fitness.
2.3 Personalized customization in accordance with
Garment style serial.
In this manner, the garment is customized by styles
which belongs to different type of clothes. First,
choose the nearest size pattern of figure type, then
modify the dimensions of the garment. Although this
method can provide precise size, the low efficiency
affect it’s usability.
2.4 Custom-Made by Intelligentized Systems
The essence of mass customization is decreasing the
internal diversification while increasing the outside
diversification of the product. Since the development
of new garment style is on the basis of market
demands analyzing, the components of the garment
and the pattern should be standardized and
formulated in order to increase the similarity of the
sample. Personalized requirements are similar in the
style, the component and specification of the garment.
And similarities are the basis of reusability, giving
the full play to similar resources is the crucial of
garment mass customization in designing. Realizing
the personalized requirement is a very important
issue under the condition of customization.
Main problems encoutered in mass prodcution and
the ssolutions are as follows:
1) The problem of information integration, i.e.,
how to integrate the personalized requirement
with the interrelated data and information in
apparel-value-chain, in order to realizing rapid
response to customer orders. The solution is to
build an integrated architecture of enterprise
information based on network technology.
2) Fast costume deisgn: how to give the garment
size in accordance with the anthropometric data.
The solution is to set up clothing size Expert
Knowledge Library, which transforms the body
dimension to garment pattern automaticlly.
3) Effective statistics: how to assort the
information and data of the value chain quickly
and efficiently. The solution is to use the
Rule-based Knowledge Library, which classifies
data of each aspect automaticlly.
4) Data acquisition: how to receive the much more
accurate anthropometric data so we can get
much more fitness clothing. The solution is to
use advanced body measurement technologies
such as automatic measuring instrument.

3 ANALYSIS AND DESIGN OF BODY SIZE
CLASSIFICATION SYSTEM
The solution to the problem states above is in fact
putting necessary methods together and developping
an intelligentized custom-made clothing system. First
of all, the human body is classificated to different
sizes and figure type codes according to the given
body size series standard; after the clothing style is

selected, the size specification is determined; at last,
garment size is acquired by the relaxed adding to the
body dimensions, the overall process is shown in
Figure 1.

FIGURE 1. The flow of Intelligentized Customization

To complete clothing customization, the body size
information is given by the system of body size
classification, then the garment size generating
system will search in the Expert Knowledge Library
after the clothing style is fixed, the relaxed value
added to the clothing size in specification which
corresponding to body size makes up to the garment
size. The system of Body size classification services
for mass and personalized customization, it can count
the numbers of all body sizes, and provide support
the updating of Body size series standard with
statistical data.
After the anthropometric data acquired, it is
necessary to carry out a series of activities: the data
of different clients is classified for the purpose of
large-scale purchasing, cutting and processing;
clothing style and figure dimension are transformed
into garment pattern in order to facilitate
Computer-Aided Cutting; technological requirements
in production are formed by the relevant data in the
orders , et al. The completion of these activities are
associated with professional knowledge and
experience, therefore, in order to achieve rapid scale
production and Intelligentized process, the
knowledge must be stored in the library for reuse.
These activeities involved the para-professional
knowledge has the characteristics as follow: a given
initial state can reach the finial state through
reasoning; accurately matching is needed in the
knowledge-based reasoning; the logic of mutual
relationship involving the rules or knowledge is not
strong; the volume of rules and knowledge in the
process of dealing is finite.
The knowledge which owns the characters of states
above can be described by the method of rule-based
knowledge representation, such as the form of
“IF…THEN”. The usability of variables in the
process of setting up rules, not only reduces the
quantity of rules, but also improves the
manageability of the rule-based konwledge library.
At this time, the general rules of the form can be
represented as: For all X, IF conditions(x) THEN
conclusion.
For example: (1)For all of the height IF (the height
greater than 172.5 but smaller than 177.5) THEN the
Body size is classified into the category of 175.
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(2)For all of the breast circle IF condition A1 THEN
figure type=B1.
The problem of critical values can be encountered in
process of both body size classificaion and garment
size acquisition. The so-called critical values means
that the dimension of a certain part of the body just
lies in the middle of two adjacent data in the series of
standard, and it’s a knotty problem to handle.
Different parts of the critical sloved in different ways,
the main reference is the quantity of mode when the
size critical values encountered. The average of the
standard models which corresponding to the two

adjacent sizes is calculated, the body filed in the
bigger size if the average value is large than the value
of breast circle, otherwise, the smaller size is ranged.
The main reference is the quantity of shoulder
breadth when the model critical values encountered,
first calculate the average shoulder breadth of the two
adjacent models, then compare, the model is
incorporated into the larger one when the actual
value larger than the average value of shoulder
breadth. The process of Automatic Categorizeation to
figure type is shown in Figure 2.

FIGURE 2 .The flow of Automatic Categorizeation.

4 ANALYSIS AND IMPLEMENTATION OF
THE SYSTEM OF INTELLIGENTIZED
GRAMENT SIZE ACQUISITION
The transforming anthropometric data to garment
pattern is a key technology in the condition of mass
production and rapid manufacture. The sizes of the
garment are derived from the body sizes coupled
with some certain relaxed. The value of the relaxed
differs with each other in different parts and in
different criteria. So it must be initiated after the
body size series standard and the style of the clothing
are determined in the process of Automatic
Categorizeation. Therefore, the size of the garment
equals the relaxed value adding to the corresponding
body dimensionm, and the intelligent reasoning often
involves following the three main processes:
1) Style selection: shirt, coat, pants or skirt.
2) Setting of the relaxed: The relaxed refers
to the volume of clothing pattern changed

3)

based on the customers’ anthropometric
data so as to fit the client. Usually there is
a relax table for each style. See Table I for
the relationship between body size and the
relaxed.
Personalized customization: it means
modifies the local size by the special
requirement of cf the customer making the
costumes really fit and personalized.

TABLE I. The relation between body size and the relaxed
Garment Size
Collar
Breast circle
……

Human body size
Neck Base Girth
Breast circle
……

The relaxed
a1
a2
……

The process of garment size acquisition is stated as
follow, first of all, read the size and model of human
body, then select the clothing style and body size
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standard which determines the relaxed values, the
relaxed values of the garment obtained according to
the determined style and size, up to now, the
customization is finish for the mass production. The
difference between the standard size and garment
size is very important in the process of personalized
customization because it relates to the fitness of the
garment. Hence, an Expert library of garment size is
built, whose data are acquired by the experience of
masters on production line. At the same time, the
data in the library amends the relaxed values after
been analyzed with cluster method, and this promotes
recycling and development of the system. The
process of Garment size acquisition is shown in
Figure 3.

improves the efficiency, but also increases the
accuracy of the customization.
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FIGURE 3 The process of Garment size acquisition

In order to handle the problem of critical value in
garment size, a method named as ”The odd ,the
larger; the Even, the smaller” is generally used.
Because the range difference of the body size data is
very small, and the value is characterized with
continuous distribution, we formulate a principle
of ”The odd ,the bigger; the Even, the smaller” refers
to the rounding of the point-five rule in mathmatics.
The garment size archived to the larger category, if
the units digit of the critical are odd numbers;
conversely, the garment size classified to the smaller
category.

5 CONCLUSION
This paper is a research of the design and
implementation on the demand of an intelligentized
custom-made clothing system, which including the
Automatic Categorizeation system and the
personalized customization system, the former can
classify the human body size in accordance with the
given standard(National standard or Enterprise
standards, etc.); the latter is an intelligent system
giving the relaxed value according to the Expert
Knowledge Library. With this system, personalized
customization of garment will come true under the
condition of volume-produce; it will not only
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Abstract
With the study of clothing thermal insulation, this paper analyses deeply the relationship between speed of wind
and clothing thermal insulation. It gives the formulae about the relationship between both wind speed and walk
speed and clothing thermal insulation under the controllable circumstance condition by the method, using
manikins, in order to validate that the formulae that are prescient and useable, and, to find the difference
between surface air insulation of skin and that of clothing. Clothing thermal insulation includes intrinsic thermal
clothing insulation and surface air insulation. The experiment shows that the speed of wind and/or walk can
make the resistance of the air layer next to the outer surface of the clothing decrease.
Key words: speed of wind; clothing thermal insulation; thermal comfort; thermal manikin
INTRODUCTION
Clothing thermal comfort will keep people in the

clothing surface air insulation, which is true only if

hypothermal state when they put clothes on. As an

there is no wind and the person, who is holding

important parameter to evaluate clothing thermal

still (ISO9920). However, when a person is

comfort, clothing thermal insulation consists intrinsic

walking or in the wind, they are different owing to

thermal clothing insulation and surface air insulation

the air permeability and ventilation of clothing.

and is affected by extrinsic factors such as clothing

Through the experiment, this paper analyses the

surface area, inner air layer of clothing, clothing

effect of wind velocity and walk speed on the

plackets, weight, matching forms and fabrics and

thermal insulation of clothing, and manages to find

wind velocity as well as movement and posture of

out

the body, and intrinsic factors such as the air

body-surface air insulation and clothing people’s

permeability of clothing fabric[1]. The effect of each

cloth surface air insulation.

the

difference

between

nude

human

parameter on the thermal insulation is complex
which is supposed to go deep into investigation.

1 THEORY ANALYSIS

Based on the theory on clothing thermal comfort and

1.1 Formulas

experiments on the fabric thermal sweating manikin

(1) The thermal insulation of clothing surface air

--- Walter, this paper analyzes the relationship
between wind velocity, walking speed and thermal
insulation and tries to verify their effects on thermal
insulation. Consequently, it is more practical to
explore the changes of thermal insulation in clothing
comfort.
Up to now，academic researchers has regarded nude
human body-surface air insulation as approximate
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layer I oa :
I oa =

Ac ⋅ (Tc − Ta )
H oa

=

As fcl (Tc − Ta )
Hd

m·℃/W[2]

(1)

Where, I oa is the thermal insulation of clothing
surface air layer; Tc is clothing outer surface

temperature, ℃; Ta is air temperature, ℃; As is body
surface area, ㎡;

Hd

factor of cloth area, (

is dry heat, W/㎡; f cl is the
f cl =

Ac

As , Ac is the surface area

of clothing, ㎡, with fitting clothes, we can get it

2.EXPERIMENTAL

METHODS

AND

CONDITIONS
Based on the measurements on the fabric thermal
sweating manikin—‘Walter’[5][6], a new algorithm
is applied to estimating the relation between wind
and walk speed and the thermal insulation of

through the experiment formula: f cl = 1 + 1.97 I c ).

clothing in this paper. The actual laboratorial
equipment is shown in Figure 1.

(2) Owing to viscosity, when the solid touches the
liquid, the solid surface can produce a certain thick
stagnant flow layer. Air stagnation flow layer of the
outer surface of the body or clothing, is an air lamella,
which is formed when the air current velocity
changes from zero to be equal to main air current
velocity of the environment. The thickness of
boundary layer is determined by the following
factors, such as the temperature of the body or the
clothing surface, and wind that from the skin to the
surface of cloth, excluding the effect from increasing
area of body; f cl is the factor of cloth area, velocity,

FIGURE 1.

Walter in walking

In our experiments, the temperature is 20℃,

the

relative humidity is 50% in the wind chunnel. In

environment, and so on. The increase of wind

the respective instances of nude and clothed

velocity outside can disturb the body surface air layer,

person, walk speed and wind velocity can be

and make boundary layer thinner, so that it can

controlled. The thermal insulation measured

increase greatly the convective heat transfer. Thus it

namely the reference value, is contrasted with the

can lead to the decline of the boundary layer

academic value calculated by Eq.(2). At this

insulation. When the temperature is declined, and the

moment, must pay attention to one point, which is

air density is increased, the heat resistance of

different from the former test method. The

boundary layer will be increased. Therefore, with the

transducers have been put on the surface of

temperature and

atmospheric

pressure of

same wind velocity, the higher is the altitude; the
better is the performance of the heat resistance of the

clothing, and I oa can be measured directly in the

boundary layer [3][4]. The relation between the

experiments. So we can analyse the difference

thermal insulation of the air layer on the surface of

between the surface air layer insulation out of

human bodies and wind velocity:

clothing of the clothed persons and that of the

I oa =

nude people, and its causes.

1
5 + 8.3 V0 + βVwalk + Vwind

The clothes in this experiment are ordinary shirts
(2)

and pants, and they are loose-fitting. The

V0 is

Where:
wind velocity when the air is still,
V
=
0.11
(
m /s) when the person is standing,
( V = 0.07 m /s ) when the person is sitting;
parameters β = 0.67, Vwalk is the velocity when the
person is walking,

Vwind is

wind velocity [2].
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specification and size of texting cloth is shown in
table I, and the experimental conditions of each
group are shown in table I.

TABLE I.

insulation out of clothing and the ones out of nude

Experiment circumstance estate and condition

manikin. Furthermore, the surface air layer
Group

Vwind

state

no.

m/s

insulation in the former condition is bigger than

Vwalk m/s

1

nude

0.22（still wind）→4.04

0

2

nude

0.22（still wind）

0→0.69

3

clothed

0.22（still wind）→2.2

0

4

clothed

0.22（still wind）

0→1.2

the latter. It is determined by the clothing inherent
features, such as the filoplume of fibre, which is
rougher compared with the skin surface. Therefore,
the resistance from clothing surface is bigger than
that from the skin surface, and it can form more air
layers to stay at the clothing surface, so the former
surface air insulation is bigger than the latter.

3 EXPERIMENTAL RESULTS AND ANALYSIS

Figure 3 shows that: when the manikin who can

The dates are shown in Figure 2 to Figure 3. And the

imitate true man is walking, and no matter he

analyzed results are shown in Figure 4 to Figure 5.

wears or not, the total thermal insulation of

Note: Lack of space forbids further treatment of all

clothing, the surface air insulation out of nude

the analyzed date results here.

body and that out of clothing all decline along with

thermal insulation (㎡·℃/W)

the increase of walk speed. But, there are
Ioa(1)
It (1)
Ioa(3)
It (3)

2.0
1.8
1.6
1.4

differences at the numerical value between the
surface air layer insulation out of clothing and that
out of nude manikin. Furthermore, the surface air

1.2
1.0

layer insulation out of clothing when the manikin

0.8
0.6

is clothed is bigger than the ones out of nude body

0.4
0.2
0.0

when it is bare. The one factor is dependent on the
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

clothing inherent features, as the filoplume of

Vwind (m/s)

fibre.
FIGURE 2.Curve of thermal insulation changing along with wind
0.11

thermal insulation (㎡·℃/W)

thermal insulation (㎡·℃/W)

speed
Ioa(2)
It (2)
Ioa(4)
It (4)

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

0.10

referenced value
theoretic value

0.09
0.08
0.07
0.06
0.05
0.04
0.03

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Vwind (m/s)
0.0

0.1

0.2

0.3

0.4

0.5

0.6

Vwalk (m/s)

FIGURE 4. Curve of Ioa vs. wind speed compared with

FIGURE 3. Curve of thermal insulation changing along with walk

referenced value and theoretic value

speed

Figure 4 shows that: when the manikin is nude, the
From Figure 2 we can see that: when the manikin is

surface air insulation out of nude body declines

standing, no matter he is wearing garment or not, the

along with the increase of wind velocity. The

total thermal insulation, the surface air layer
insulation out of nude body and clothing all decline
along with the increase of wind velocity. But, there
are differences between the surface air layer
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reference value I oa , which is calculated by Eq. (1),
approximately equals to the theoretical value I oa ,

which is calculated by Vwalk , Vwind and Eq. (2), it

variation of walk speed, and the value of Y stands
for the variation of the margin.

proves that Eq. (2) can be applied to in certain
conditions. The standard deviation between the

4. CONCLUSIONG

reference value and the theoretical value is 0.005.

The thermal insulation of clothing, with the

thermal insulation (㎡·℃/W)

clothing surface as the boundary, is divided into

referenced value
theoretic value

0.9

two parts including the intrinsic thermal clothing

0.8
0.7

insulation (

0.6
0.5

I c ) and the surface air insulation out of

clothing. The location of outside surface of

0.4

clothing fabric is too difficult to limit. The air

0.3
0.2

stagnation layer out of nude body or clothing,

0.1

which is named boundary air layer, is the thin air

-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Vwalk (m/s)

layer whose airflow velocity is from zero to that

FIGURE 5. Curve of thermal insulation vs. walking speed

the same as main wind velocity of the environment

compared with referenced value and theoretic value

[7]

Figure 5 indicates that the surface air insulation out

⑴ It is indicated from this experiment that the

of clothing declines along with the increase of walk

surface air insulation out of nude body when the

speed, when the manikin is wearing the garment.

manikin is bare, the total thermal insulation of

And the reference value I oa , which is calculated by
Eq. (1), is very bigger than the theoretical value
which is calculated by

Vwalk

Vwind

clothing and the surface air insulation out of
clothing when the manikin is wearing a garment
are all related to the changes of wind velocity and

,

horizontal walk speed. When the human body is
standing still, the thermal insulation declines along

The

with the increase of wind velocity; when there is

average margin calculated is 0.492. (re. equation :

no wind, the thermal insulation declines along

I oa = I t − I c

with the increase of horizontal walk speed.

, I c is

,

I oa

.

intrinsic

and Eq. (2).

thermal

clothing

insulation) Owing to the air ventilation induced by
the opening of clothing, the thermal insulation of
clothing micro-climate declines rapidly along with
the increase of walk speed. And it can make I c
reduce much, and make the reference value I oa to be
bigger than the theoretical value I oa . The difference

Approved by the four groups of experiments, the

V
Eq. (2) based on Vwalk and wind has certain
predictability and applicability, however, it is
limited in some conditions: when the manikin is
bare, it is applicable while standing still, but not
very accurate when walking horizontally; when
the clothed manikin is still standing or horizontally
walking, there are also margins between them.

of them declines along with the increase of walk

Whereas, when the manikin is wearing a garment

speed, being a purely decreasing curve. Through the

and is horizontally walking, the margin between

second least-squares fitting, we get the fitted

them is the biggest. If the margins exist, the

2
polynomial: Y = 0.68117 − 2.0643X + 3.06108X .

In the equation, the value of X stands for the
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applicability and conditions of formulas must be
required to discuss further. For example, we can
set an emendatory value, and launch further

analysis and research, based on a large amount of

[7]

experimental data.

evaluation and research methods of heat and

Yu-hong

Chen.

Characteristic,

testing,

moisture transfer of the human body - Clothing –
⑵In the previous studies about the thermal insulation,

environment system [D]. Beijing: Chinese People's

researchers generally use the surface air insulation

Liberation Army Academy of Military Medical

out of nude body when the manikin is bare to replace

Sciences, 2006.

that out of clothing when the manikin is wearing

[8] Wei-yuan Zhang. Clothing comfort and

garment. It was approved by experts that this

function [M]. The first edition. Beijing: China's

conclusion is right only when the person is resting in

textile Press, 2005:32-33.

windless condition. But, if there is airflow around the

[8]

person, such as walking, or resting in windy

comfortability

condition, the conclusion above should be corrected.

cellulose fiber knitgoods. Shandong: QINGDAO

It is proved through experiment in this paper that the

UNIVERSITY, 2005.

margin between the surface air insulation out of

[9] Fan JT, QianXM. (2004)New functions and

clothed person’s garment and the ones out of the

applications of Walter, the sweating fabric

baring body exists, when walking or resting in

manikin.Eur J Appl Physiol; 92: 641–4.

flowing air.

[10]Chang Zhang. Clothing thermal comfort and

Hui

Liu.

A
of

study
new-types

on

heat-moisture
of

regenerated

the micro-climate inter clothing [J]. Wuhan
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Abstract
China apparel industry, which is deeply embedded in the global production network (GPN), faces the great
pressure of industrial upgrading. Based on the survey of Ningbo apparel industry, the paper indicates the
strategy and performance of upgrading in China apparel industry. And the cases studies further indicate the
upgrading trajectory.
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1. INTRODUCTION
Global production network (GPN) has proliferated as
a major organizational innovation in global
operations [1]. GPNs do not only connect firms
functionally and territorially but also connect aspects
of the social and spatial arrangements in which those
firms are embedded and which influence their
strategies and the values, priorities and expectations
of managers, workers and communities alike [2]. The
GPN framework proposes a new and broader
meaning of industrial upgrading: economic
upgrading and social upgrading, and sets the analysis
of industrial upgrading in the social context [3] [4].
The lead firms in GPN use different mechanisms to
transfer knowledge to local suppliers in order to
improve their supply capabilities and different
instruments to regular the social responsibility
behavior of subcontracters [5] [6] [7].
The apparel industry is a prototypical buyer-driven
commodity chain because it generates a highly
aggressive pattern of global sourcing through a
variety of organizational channels, including giant
cost-driven discount chains, upscale branded
marketers, apparel specialty stores, and burgeoning
private label programs among mass merchandise
retailers [8]. The GPN dynamic offers giant retailers
and brands’ buyers more choices, and maxes their
powerful bargaining in sourcing, consequently
shrinks the suppliers’ profits. As the “workshop of
the world”, China’s manufacture industry are deeply
embedded in the GPN. The MFA phased out (Jan.1st,
2005) indicated the ending of distortion regime and
trade liberalization. It enlarges the world trade and
the room for the industry’s development, especial for
developing countries and LDCs, therefore,
accelerated the restructuring of GPN. However, the
evolution of GPN and transition of the industry have
led to disputes, conflicts and challenges as well.
In addition, the trends of fast fashion (eg. H&M,

ZARA) demand shorter lead time, smaller order
quantity and variety of product line, which led to
higher set up cost, transaction expenses and risk.
Year 2008 is very difficult for garment industry: the
cost of labor increasing but the price of clothing
declining; RMB appreciated and taxation refund rate
reduced, profit is shrinking; the demand in the world
clothing market sluggish, and some factories closed
down, unemployment improved. Even worse, the
world financial storm initiated by sub prime
mortgage crisis has induced worldwide recession,
and garment market has been declining sharply.
Moreover, with the emerging of new exporting
countries and areas, the low cost of labor is no longer
an advantage of Chinese garment industry and low
price competition strategy goes to its end.
The research is based on the questionnaire survey in
2008 in Ningbo city. Ningbo city, the biggest
clothing industrial cluster in China, accounting
approximately 1/9 of total domestic garment
production, specializes in knitting wear, man’s suits
and shirts, kids’ wear and casual wear. It has really a
reflection on the industry in reforming and transition.
Most products in Ningbo apparel firms are exported
to EU, USA and Japan, so Ningbo apparel industry is
a good case to reflect the current situation of China
apparel industry in GPN and the practice and
performance of in China’s garment industry. The
survey was conducted in Feb-Apr. 2008, 93 samples.
2. INDUSTRIAL UPGRADING IN GPN
Globalization has altered the competitive dynamics
of nations, firms and industries [8]. Over the past few
decades, developing country manufacturing exports
have increased substantially, and play more and more
important roles in the global economy. With the rise
of developing country manufacturers, global
manufacturing has become not only more dispersed
geographically, but also more organizationally
fragmented. And yet, at the same time, global
production systems have become more closely
coordinated than ever before [9]. It is contributing to

- 1207 -

rapid growth in countries such as China and India,
and provides a route for economic development in
many poorer countries [4]. Therefore integrated into
global systems has a positive impact on industrial
upgrading in developing countries. Industrial
upgrading is a process of improving the ability of a
firm or an economy to move to more profitable
and/or technologically sophisticated capital and
skill-intensive economic niches [8].
The innovation practices and the performance
outcomes of these practices are different in the types
of upgrading (TableⅠ). The efforts taken in every
type of upgrading not only practice within the chain
link, but also between chain links. Upgrading not
only reflects the capacity to meet the rules of
chain-incorporation, but also to be proactive in
setting them. The proactivity may be reflected in the
capacity to determine the rules which others are
obliged to follow. The chain link may achieve
performance levels (e.g. better quality at reduced
costs) or introduce a new technological capability
through inter-firm ICTs which effectively exclude
competitors from the chain. Alternatively, the ability
to achieve upgraded process performance levels may
result in it being able to leapfrog up a chain, through
winning higher performance demanding contracts
normally assigned to another firm, thereby excluding
the latter from the chain, and the relationship
between the actors become more stable and facilitate
upgrading between chain links[10].
Table Ⅰ. Innovation and upgrading: practice and
performance
Type of
upgrading

Process
upgrading

Product
upgrading

Practices
R&D; SCM;
logistics and
quality; new
machinery
e-business
capabilities;
organise learning
design and
marketing; new
product ;
Cooperate in the
chain

Performances
Lower costs;
quality and delivery ;
shorter
time-to-market;
profitability;
patenting activity;
patenting activity
Percentage of sales
from new products
and branded goods;
copyrighted brands;
unit product prices
increasing without
sacrificing market
share
Division of labor in
the chain; key
functions
undertaken ; higher
profitability; increase
in skill and salary
profile

higher value added
functions; low
value added
activities
Functional
outsourced;
upgrading
Moving into new
links and/or
vacating existing
links
Higher profitability;
Vacating
proportion of sales
production in a
coming from new
chain and moving
Chain
and different
to and/or adding
upgrading
products areas
activities in a new
chain
Source: Adapted from Kaplinsky and Morris (2001).

The GPN approach put the analysis of industrial
upgrading in social context. The four types of
upgrading have different implications for skill
development and decent work. Process upgrading
could involve a substitution of capital for labor (e.g.,
higher productivity through automation) and an
improvement of the working conditions. Product
upgrading often requires more skilled jobs to make
an item with enhanced features and requires “soft”
technology (e.g., R&D, design). Functional
upgrading involves moving from one node in a value
chain to another (e.g., an apparel firm that moves out
of production and into brand marketing and design),
which also means the power enhancement in the
production network. Chain upgrading involves
shifting into new industries or product markets,
which often utilize different marketing channels,
manufacturing technologies, and worker skills [5].
3. THE STRATEGY AND PRACTICE OF
UPGRADING IN CHINA APPAREL
INDUSTRY
The clothing industry is labor intensive in nature and
quite market oriented and privatized. The majority of
the firms are SMEs, there are nearly no SOE in
Zhejiang province. It is true that majority are OEA &
OEM firms and export oriented. The survey shows
that the majority of the samples are engaging in
processing, but more and more firms are involved in
marketing and branding. It indicates that firm’s
strategies are well consistent with their development
stages. Most investigated firms take TQM, cost lead
and advanced technology and equipment as very
important strategy (see Table Ⅱ), because they are
mostly processors and exporters as OEA, OEM.
Abundant skilled and low cost labor is the
competitive advantage of China garment industry.
More and more firms are concerning branding,
marketing, R&D, and with product differentiation
strategy. There is a little disparity between the
performances of every strategy. The top two are also
TQM and cost lead, but the third is management
customer relationship. The items in Table Ⅱ are in
descending order by the difference between the
strategic importance and performance, of which the
top three are R&D and innovation, branding and
TQM. In deed, R&D and branding are also the
weakness of China garment enterprises.
Equipment is a key fact in the process of technology
upgrading, which leads to industrial upgrading. The
survey indicate the most of equipment are bought in
recent 2 years (after 2005, MFA phased out), and the
imported equipment account quite high proportion of
all facilities, which shows technology plays an more
important in clothing industry than before, and there
is a transition low labor cost to high tech equipment
IT and high technologies, such as Internet / LAN,
CAD/CAM and E-commerce platform are employed,
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mostly for productivity improvement.
R&D is another important factor of industrial
upgrading. Adapted with the processing-based
business model, cooperation with customers is the
main type of R&D in the samples (Tab Ⅲ). However,
more and more companies are paying more attention
to independent innovation. Correspondingly, the
object of R&D is mainly in quality enhancement and
cost reduction. To be pleased, the survey shows the
firms pay a considerable attention to improvement of
working conditions and production differentiation.

Table Ⅲ The types of R&D

TableⅡ. Firms’ strategic importance &
performance

R & D and
innovation
Branding

Strategic
Performance Disparity
Importance∗ ∗∗
3.99

3.3

-0.66

3.98

3.39

-0.59

TQM

4.6

4.07

-0.53

Cost leader

4.24

3.72

-0.52

3.99

3.52

-0.47

4.16

3.71

-0.45

4.19

3.76

-0.44

3.88

3.48

-0.40

3.72

3.33

-0.38

4.41

4.04

-0.37

3.82

3.48

-0.34

3.82

3.51

-0.31

3.95

3.69

-0.26

4.22

4.07

-0.15

3.75

3.63

-0.17

Information
construction
Human Resources
Sales channels
network
Supply Chain
Management
Corporation
Culture
Customer
Relationship
Management
Product
differentiation
Investment &
Financing
Decent work and
social
responsibility
Advanced
technology and
equipment
Environmental
Protection and
Clean Production

Data source (Table Ⅱ and Ⅲ): Feb-April, 2008
Ningbo Survey
∗ Strategic importance: 5 Likert scale, 1=unimportant;
5=very important
*∗Performance: 5 Likert scale,1= poor; 5=excellent

The Types of R&D

Frequency*

%

Cooperation with Customers or
Suppliers

66

71.6%

Independent Innovation

42

42.0%

Cooperation with Universities or
Institutions

12

13.6%

Professional R&D Firms/Institution

7

6.8%

* Multiple Choice

As to the strategy in the future, expand the scale of
production and engage in new business are the
important option, which show the possibility of
function and chain upgrading.
4. TWO CASES OF UPGRADING: YOUNGER
GROUP AND SHENZHOU GROUP
Youngor group, founded in 1979, is a listed company
originally developed from private enterprise. The
company began its business from garment processing
OEA and now ranked first in Mans’ suits and shirts
with own brand “Youngor”. In couple years, the
company vertically expended its SBU (Strategy
Business Unit) to yarn spinning, wearing and dyeing
& finishing, producer high grade fabrics for its own
use. In addition, it has invested in a trims production
and even cotton cultivation controlling the whole
production chain. After nearly 30 year development,
it has already become a large group corporation
employing more than 50,000 staff. By 2007 the
group yielded revenue as RMB 18.4 billion
(approximate USD 2.69 billion), while its export had
amounted to USD 865 million, with earnings after
tax over RMB 4 billion (approximate USD 585
million).
Horizontally the company diversifies its product lines
to casual wear, business casual, and tailor made. As a
listed company, large capital was invested in real
estate. The balance strategy for domestic market and
export is successfully implemented for off set the
market uncertainties. Youngor is the company firstly
introduced the high tech equipment, for example,
Eton’s UPS line, and has invested a lot in ERP to
enhance its competitiveness and built a team of R&D
and designing. OEM for Export account 50% of total
sales. The company made great effort to improve the
environment protection, the working condition and
increasing workers’ wage and welfare, e.g. dormitory,
dinning and food, and transportation. It is a pilot
member of CSC9000T (China Social Compliance for
Textile & Apparel Industry) and has got prize for its
performance of Decent Work.
Shenzhou International Group Holdings Limited is a
private company, specializing in the processing and
the manufacturing of knitwear (OEM). Ningbo
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Shenzhou Knitwear Co.,Ltd., the core business of the
group, was found in March 1990 with registered
capital of USD 2.15 million, tripartite joint ventured
by Beilun Foreign Trade Co.,Ltd., Shanghai Knitting
No. 20 Plant and a US company. At the beginning of
establishment, the company only employed about
200 workers with the total assets of about RMB 8
million. After 18 year development, the group-owned
factories cover more than 133 acres with about
35,000 employees and total assets of RMB 3.8 billion.
The group established good cooperative relations
between well-known brands and retailers such as
UNIQLO, ITOCHU, ITOKIN and ITO-YOKADO,
and sports wear brands such as NIKE, ADIDAS,
PUMA, FILA and MIZUNO. The group yielded
RMB 5 billion, while its export had amounted to
USD 420 million, with earnings after tax over RMB
780 million 2007. It is ranked the first in China
knitting industry in terms of export, profit and
production capacity.
Attaching importance to its IT strategy, Shenzhou
Group has invested RMB 10 million to construct
LAN, shared information with its customers and
suppliers through the MIS designed especially for
processing and export-oriented companies. The
company has introduced digital and flexible facilities
such as DATA COLOR system, UPS, CAD,
semi-automatic management system for inventory,
and barcode technology.
Shenzhou Group has an R&D team with more than
675 staff as the company stresses the importance of
product development. New fabrics, styles, and
products with new functions have been developed to
meet customers’ requirements and comply with
cutting edge fashion trends. Shenzhou built the most
advanced fabrics R&D laboratory, the only
Shenzhou-Nike design and development center in
Asia, with the world’s most advanced equipment and
instruments which enable Shenzhou to provide new
products and services for customers all over the
world. Shenzhou and Nike create a new mode of
cooperation, to combine the design studio with the
processing. Close integrating of manufacturing and
designing enable Shenzhou to sampling within 2
hours after the requirement of amendment put
forwarded by the designers, which reduce the lead
time.
In May of 2006, Shenzhou invested USD 33.8
million in Cambodia to build a garment factory with
capacity of 300,000-400,000 pieces monthly. In 2008,
the company launches a project in Anhui province to
build a new sewing factory will hire 3000 workers. It
will remain the key sections, such as designing, R&D,
trading, dyeing and finishing in Ningbo city and keep
upgrading.
5. CONCLUSIONS
Based on the survey of Ningbo apparel cluster, the
paper shows the state of industrial upgrading of
China apparel industry and the role in the global
apparel production network. The research presents

that the garment industry in coastal areas is on its
trajectory of industrial upgrading, with some
enterprises developing their competitiveness through
product and service innovation rather than simply
relying on cost, and some transferring the
labor-intensive sectors (eg. sewing & assembly) to
other low-cost countries or inner land in China while
shifting their strategic business focuses on branding
& retailing, or relocating their marketing, distribution
and designing center in large cities like Hangzhou
and Shanghai. The firms take TQM, cost lead and
advanced technology and equipment as very
important strategy, and R&D and branding are also
important but also are the weakness of China
garment enterprises.
The cases studies further indicate the upgrading
trajectory of China apparel industry. Shenzhou has an
impressive performance in both economic and social
aspects on the basis of product and process
innovation, and even functional innovation (e.g.
design, R&D) and chain innovation (e.g. customer
relationship, cooperation in R&D). In Youngor,
upgrading of different levels (product, process,
function, chain ) are taking place in parallel way, and
the enterprise also has outstanding economic and
social performance in practice. The study indicates
the updating trajectory in China’s garment industry is
process upgrading, product upgrading, functional
upgrading and chain upgrading. It is from down to up,
but also happens in parallel way.
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ABSTRACT
For the Chinese clothing industry, it is basic to establish an effective server for the data of human contour, which makes
it work of realizing information-based reconstruction. It is essential to strike out rational analytic methods and the
standards used in studying clothing industry, such as the study on pattern design and diverse custom-made in
corporations. There are two following directions in this study. First, the proper measures applied on designing patterns
will be found to analyze the relations between the available data of human figures in the database and each part of
human body. Second, in corporations, the specific rule of custom-made for the individuals and that for the public vary
before because their demands for the detailed contents of the data are different, whereas, those might be finally
regulated in the project. Obviously, the establishment of analytic methods and the standards of the data contents, which
may impact each steps of clothing design and manufacture, are the basis of producing the fitted clothes meeting
different demands of individuals or the public.
KEYWORDS: analytic method; human contour; rule of custom-made; pattern design

INTRODUCTION

It is indispensable to select and collect the right data of

Our yields of clothing manufacturing industry ranks

human contour and use them to make patterns, therefore,

among the most in the world.Whereas, several bad

the design and drawing of the pattern cannot be separated

conditions always happen in the products, which could

from analysing the surface contour of the human body,

not match the body of interior consumer, and they are as

accordingly the best pattern will be got finally.

follows. Only some partial of the pattern can fit the body,
most corporations have no standard dummies and so on.
In order to solve these problems, a database of human
contour applied in industry should be established, the
data usages and standards of properly analysing it will be
discussed. Based on the newly-collected data and
database(human

information

systems

of

Soochow

University),two examples are used to put forward a
discussion on the basic analytic methods and contents of
the data.
EXAMPLE 1 THE STUDY ON THE NEEDED
DATA OF THE PATTERN

2.1The correspondence between the geometric
figure of the pattern and the surface contour of the
human body
The body surface, a tortuous and variational toroidal,
might be transformed into various two-dimension
ichnography with the special methods and then used to
make out the pattern figure of the related human parts.
It is the basic conception of doing pattern.
The contour of surface varies among different segments
of human body, thus the geometric figures of the pattern
changes. Similarly, as the disparity among persons, the
pattern figures of the same segment are different.
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Take the inclination on shoulders for instance.

Refer to pic.2 Horizontally sectional drawing of the neck

Pic.1-1 model-form of the upper body

and shoulder.

Pic.2
It can be easily found that the value of H' and H" is not
only up to the traditionally gauged data. Thereby, for the

Pic.1-1

sake of describing the right shoulder configuration on

In this picture,there are some pivotal points as follows.

patterns , based on the new-bulit Database, the target

A',A" shoulder point S.P

needed should be:

B',B" side neck point S.N.P
C' front neck point F.N.P C" back neck point B.N.P

A.shoulder width

The above points show up in the following

C.shoulder lopes(N)

B.neck width

picture (pic1-2).

2.3 The measurements of required data
2.3.1 How to measure the segments
A.shoulder width:Stand, lay down and relax the arms,
use the Matin apparatus to gauge the horizontal distance
from S.P to S.P.
B.neck width:Stand or sit, use the Matin apparatus to
gauge the width between S.N.P and S.N.P.
C.shoulder lopes(N):Stand, lay down and relax the arms,
use the measuring tape to gauge the length from S.N.P to
S.P.
2.3.2 How to work the inclination of the shoulder out
The ready gauged data can accurately decide the contour

Pic.1-2
Obviously, the inclination of the shoulders depends on the
shoulder height(H',H").
2.2 defining the data of the shoulder pattern needed
The control parts must be set up when doing patterns.

of the shoulder and neck, and it can be calculated into the
inclination of the shoulder with the proportional method.
Horizontal width from S.N.P to
S.P(L)=1Ú2shoulder width*[1-neck width/(1Ú2shoulder
width)] If the inclination angle of the shoulder isθ，there
is cosθ=LÚN and H2=N2-L2

The previous vital points(A',A",B,'B",C',C") in the
pattern picture reveal in the shoulder.

- 1213 -

EXAMPLE 2 THE DATA DESIGN OF DUMMY

Vertically,seen from the Y-Z coordinate system, take the

CONTOUR USED IN CLOTHING

body length for example.The commonly used gauged

MANUFACTURING

values are front across length from F.N.P to HIP and

Dummy can be built through the conversion from basic

back across length from B.N.P to HIP.The plane decides

data of human to the pattern and turning it into final

that each contour of the body can build the needed Y-Z

model.That

plan.

experiences

a

complicated

process:Three-Dimension(obtaining
Three-Dimension

value

of

the

the
control

parts) —

3.2 The correspondence between the application of

Two-dimensional(the entire set of the pivotal points in

human data and required data of the dummy

each segment)—Three-Dimension(the Three-Dimension

3.2.1The needed value for designing the contour of

set of planes).

the model
For models, to build up the three-dimension model, the

3.1 The footings controlling the dummy

above-mentioned data of the basic control part (Some

3.1.1 The contents of the data

usual length and width of control segments )is not

Dummies always assist the clothing corporations to

enough. It is because this kind could not support the

design various styles of clothes, and the setup of it must

ultimate formation of the model.

lie on some control parts of the body. Some usual length
of control segments are full height, standing height from

Refer to Pic.4 The entire horizontal set of points from

B.N.P, sitting height from B.N.P, arm length and waist

the upper body(from chest line to waist line)

length; The width are chest, waist, hip girth,neck girth,
across back girth and etc..
3.1.2 How these datas control each part of body
Refer to Pic.3,take the upper dummy forX-Y-Z
coordinate system has been established.

Pic.4
Besides the elementary control data, extra values of
special segments should be measured. Therefore, bust
bottom girth and the middle waist girth in the middle of
the bust bottom pattern and waist pattern will be added.

Pic.3
Horizontally, seen from the X-Z coordinate system, neck
line, breast line, waist line and hip line enclose kinds of
self-plans, each contour of them comes from the data of
the related parts and then is changed into the contour of
the model surface by a special way.

3.3.2 The correspondence between the data of the
dummy and the data of human contour.
Refer to Pic.5 The X-Y plan formed by the configuration
of the fundamental and another two special body parts
and the Y-Z plan by the same way compose the human
contour.
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Pic.5
CONCLUSION
The geometric configuration of the pattern accords with
human contour. Thus, when selecting target data, some
kinds of values which can effectively decide the human
contour should be considered. And that will get rid of the
trouble caused by unnecessary phenomenons like lacking
important data, increasing the efficiency of doing
patterns.
The formation of the dummy must undergo a series of
pratical gauging. It is of great urgency for the content of
the database that the effective values can be extracted to
be applied on forming the configurations of the plans,
which are added in three dimension to be made out the
dummy.
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ABSTRACT
The technology of automatic 3D body measurement which uses the body contour extracted from the images of
front and side body taken by digital camera has been researched and applied widely. Because of its low
technical cost and simple and fast computing process, its product suit with business. But the most important
disadvantage is that we can’t calculate accurately the body’s circumference size like chest circumference. The
generic method is to estimate the size by analyzing the circumference of lots of examples and getting the model
constrained by the circumference’s width and thickness which is a function with curve fitting. This paper
discusses the models about the deviation and curve’s shape in details. The models are fitted by exponential,
logarithm, quadratic polynomial and cubic polynomial functions, then we demonstrate the models’ rationality
and disadvantages, and provide the direction for making more appropriate models of circumference.
KEYWORDS: human circumference; circumference curve; curve fitting; comparison of fitted model
1 INTRODUCTION
In recent years, depending on the development of
computer vision, anthropometric technology is
developing for automation. Compared with
traditional
contacting
measurement
method,
automatic anthropometric technology has several
advantages as fast measurement speed, high
precision, and more humanized or more easily
accepted. But because of the non-rigid human body,
measuring human circumference sizes is one of the
most important difficulties during automatic
measuring. It is an effective method to estimate the
sizes that is collecting the dense range data of human
body surface by 3D scanner to model human body in
computer. In addition, designing a rational and
scientific arithmetic to estimate the circumference
sizes by human contour data obtained from images of
human body’s front and side is another method which
can be applied for industrialization.
After we proposed a method that we fit the
circumference curves collecting from examples by
exponential, logarithm, quadratic polynomial and
cubic polynomial functions, and build functional
models for curves. Then we estimate others’
circumference curve sizes with constraint conditions
which are the input parameters. In this paper we
analyze these models about the deviation and curve’s
shape in details, and demonstrate their rationality and
disadvantages, finally provide the direction for
making more appropriate models of circumference.
2 FUNKTIONAL MODELING OF HUMAN
CIRCUMFERENCE CURVES
According to garment size standard of GB1335-97,

the size of 170/84A for men is researched as a
example in this paper. We collect the curve of the
example’s chest by hand. It has four demarcation
points, two of which are the most outside points in
lateral chest, and two are center points in front and
back of chest. Because human body is symmetrical,
we discuss one side of the chest, which is consisted
by two curves named curve in back of chest and
curve in front of chest. We can obtain two functional
models of these curves by curve fitting method.
2.1 THE EXAMPLE’S CHEST CURVE
COLLECTION
For gaining more realistic curve shape of example’s
chest, at first, we mark the four demarcation points
on example’s chest, and then collect a set of points
on chest with Trace Point Method. Finally, these
points are linked a curve by B-Spline function to
simulate the chest (Figure 1). After calculating the
curve size, it has more or less one centimeter
deviation with the example’s chest size close around
the body, and its width and thickness are the same
with the example. So we consider the curve as the
example’s realistic chest.
2.2 OUTSIDE THE INSCRIBED CURVE AND
FITTING POINTS COLLECTION
The chest size defined with horizontal perimeter
passing breast point is measured by soft ruler in
tradition method, not the size close around the body.
So the curve proposed in part 2.1 is not what we need
for estimating the chest size. We must obtain a
smooth curve named outside inscribed curve to
simulate the chest (Figure 2). The simulated curve
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has the same width and thickness with the example’s
and likes the path measured by soft ruler on human
body. Before fitting the curves, we move horizontally
the curve in back of chest, so that outside point
named A stands point (1, 0). Thus, we collect a set of
equidistant points in the curve as the fitting points
with x-coordinate and y-coordinate. And the curve in
front of chest is handled with symmetrically about x
axes, then moved horizontally making point A in (1,
0). In this paper, we fit the curve in back of chest for
example, the rest can be disposed by same steps.
(a)Exponential function

FIGUE 1.170/84A size of chest curve

(b)Logarithm function

FIGUE 2.170/84A size of chest curve and its outside the inscribed
curve

2.3
FITTING
OF
CHEST
OUTSIDE
INSCRIBED CURVE
When fitting the curve in back of chest, we consider
that the simulated curve is a monotone and increase
by degrees, so we choose exponential, logarithm,
quadratic polynomial and cubic polynomial functions
to fit the curve and make optimization functional
models. Figure 3 are the results of fitting by these
four functions. More researches about human
circumference curves fitting and modeling in details
can be referred in the authors’ other paper[1].

(c)Quadratic polynomial function

(d)Cubic polynomial function
FIGUE 3.The curve in back of chest fitting by exponential,
logarithm, quadratic polynomial and cubic polynomial functions
(a)Exponential function
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3.1 DEVIATION ANALYSIS
For modeling human circumference curves, one of
the most important conditions is low deviation while
the function is simple and high about . It’s
inconsistent between them. The function is more
simple, more badly the goodness of fit and deviation.
On the contrary, the goodness of fit and deviation
become very well, but because of complicated
function, the model will loss catholicness and
representativeness, and can’t cover person in
example’s class as many as possible. As shown in
Figure 4, the deviation is little in arc AB of four
fitting curve, but in arc BC, the simulated curve is
nearly a beeline. The cubic polynomial function is
nearly closed the simulated curve, which is better
than exponential, logarithm, quadratic polynomial
functions. The goodness of fit and deviation between
four functions and simulated curve are shown in
Table 1, where we can that the cubic polynomial
function is the best than others about goodness of fit
and deviation.

(b)Logarithm function

(c)Quadratic polynomial function

(d)Cubic polynomial function
FIGUE 4.Comparison between four fitting curve and the curve in
back of chest

3 THE ANALYSIS ABOUT MODELS OF
HUMAN CIRCUMFERENCE CURVES
A reasonable and applicable widely functional model
by fitting human circumference curve must have high
goodness of fit, simple fitting function, low deviation,
steady shape of curve and excellent expansibility.
According to the experiments of fitting the curve in
back of chest, we analyze the models from two
aspects about the deviation and shape between fitting
curves and simulated curves. We assume that outside
point in the back chest is named B and the center of
simulated back chest is named C (Figure 4).

3.2 ANALYSIS OF THE FUNCTIONAL
MODEL SHAP
It is not enough that the model possessed high
goodness of fit and little deviation. We should make
sure that it has contact with constraint conditions
which are the input parameters. In this method shown
in section 2, the input parameters are the width and
thickness of chest. From the simulated curve, point
C’s x-coordinate is half of the width of chest and
y-coordinate is the thickness of back chest. In Figure
4(a), the right point of fitting curve is far away from
point C as well as in Figure 4(c). And in Figure 4(b)
and (d), the right point is near point C. It is
convenient to model which is controlled by
constraint conditions and estimate size accurately.
In the other hand, the math ruler of functional models
must be suit for application requests. We make
models for human circumference curves to estimate
more others in same class. So the shape of fitting
curves should keep conformability with x-coordinate
increasing as shown in Figure 4(d). In other figures,
the results of fitting are not the same as the simulated
curve in arc BC. So they can be used to make models
for human back chest circumference.

TABLE Ⅰ.Goodness of fit and deviation of fitting simulated curve in back of chest (cm)
Fitting function

Goodness of fit

Size of model

Exponential

0.9930

18.8297

Logarithm

0.9893

19.5506

Size of simulated curve

Deviation
-0.4245
0.2964

19.2542
Quadratic polynomial

0.9887

19.7466

0.4924

Cubic polynomial

0.9958

19.4420

0.1878
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is based on fitting curves by exponential, logarithm,
quadratic polynomial and cubic polynomial
functions for example’s back chest of 170/84A
garment size. At first the model must be low
deviation and universal to cover circumference
curves as much as possible at a certain range of
deviation. In the other hand, the model’s shape
should be coincident with circumference curves’
characteristics. Inputting the parameters of models
which is known by measurement, the models can be
sure and estimate the circumference size. Finally,
these models are proved about their rationality and
disadvantages and provide experiment guidance for
more applicable models of circumference curves.

3.3 SUMMARIES
Considering above factors, we present that cubic
polynomial function can be used to model for
human back chest based on the experiment. And the
results using the model, which is tuned by linear
scaling or weighted adjustment to estimate others’
chest size, fulfils the request of human
measurement.
According to the analysis for human chest models,
it is universal that we should consider factors from
goodness of fit, deviation, contact with constraint
conditions and the shape of curve models for other
human circumference curves. Scientific, rational
and applicable widely models would be obtained by
harmonizing these factors.
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4 CONCLUSIONS
This paper analyses and compares the functional
models about deviation and shape in details, which
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ABSTRACT
This paper gives introduction to the main characteristics of the knitted fabrics such as extension, ladderation,
recovery, curling selvage which have great impact on the fashion design including the apparel model design,
the structure design and cutting as well as the production process, then it gives discussion on the optimum
solution to the problems resulted from the above-mentioned characteristics of the knitted fabrics.
Keywords: knitted fabric; characteristics; fashion design; influence
The ladderation characteristics is divided into two
kinds, one situation is that the coils
is
disconnected along knitted direction and another is
the coils is disconnected along the opposite
direction. In general, longer coils is easy to
decoherence, weft knitted fabrics is easier to
decoherence than the warp knitted fabrics. The
fabrics with basic organizational unit is easier to
decoherence than the fabrics with color
organizations. The ladderation will make the
fabrics expand, which not only impact the
appearance of the fabrics but also make the fabrics
frayed, then the function and the solidity of the
knitted garments will deteriorate.

1 INTRODUCTION
With the popularity of the leisure and sports-loving
lifestyle , the knitted garments are increasingly
favored by consumers, and garment enterprises also
pay close attention to it . Therefore, the knitted
garments has increased year by year in the
proportion of garment production. At the same time,
knitted fabrics achieves rapid devekopment as an
important fabrics with its functions improved
continuously by the high-tech application. The
knitted abrics is interlocked by sets of mutual coils,
thus
features
extension,
ladderation,
air
permeability, and moisture absorbency, as well as
recovery and curling selvage which are different
from the characteristics of the woven fabrics. The
use of knitted fabrics will bring about certain
effects on the fashion design of the garments.
Therefore, it is necessary to explore the influence
on the fashion design resulted from the
characteristics of the knitted fabrics, and to explore
the corresponding solutions.

2.3 Curling Selvage
With the relaxation state of the knitted fabrics, the
bending yarns try to get straight recovery, then the
edge of the fabrics will crimp, this is called curling
selvage. The fineness of the yarn and the length
of the fabrics loop and the organization of the
fabrics have a direct bearing on the curling selvage.
Curling selvage will affect the cutting and the
sewing of the fabrics, therefore, we will
appropriately deal with this situation when doing
fashion design.

2.THE MAIN CHARACTERISTICS OF THE
KNITTED FABRICS
2.1Extension
The extension of the knitted fabrics is also called
stretching. The organizational structure of the
knitted fabrics is diverse, but the basic
organizational unit is coil section, with the sets of
coils stringed together. The spaces between the sets
of coils provide quick return to the original state
after pulling of the sets of coils disappear. The
superior extension of the fabrics facilitates the
movement of the wearer, making the wearer
comfortable.
2.2 Ladderation

2.4 Recovery
During the prosess of finishing and sewing ,the size
of the fabics will reduce to some extent, and it is
termed as recovery. The degree of retraction is
affected by the texture of materials, the
oganizational structure and dyeing process, as well
as finishing process and the sewing of the fabrics.
In order to ensure the rightness of the size, we will
take into consideration the recovery of the knitted
fabrics during the prosess of design and processing.

The coils of the knitted fabrics will be loss of sets
of link because of the disconnecting when the
knitted garment is cutted or frayed, this is the
ladderation characteristics of the knitted fabrics.

3.THE INFLUENCE OF THE KNITTED
FABRICS’ CHARACTERISTICS ON THE
FASHION DESIGN
3.1Modeling
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adopted to prevent edge crumpling/contracting and
to play an significant decoration role—adjusting
the width, color and texture of piped edge with
different styles, which make the overall shape
formation garment smooth, dignified, elegant,
pretty and lively. If crimping was designed to the
structure lines at chest, waist and other parts, it
would give a fresh and new feeling also with a
creative structure effect. Different texture, shape
also plays a decorative role. Different fabrics,
knitting style and crafts, as well as modeling need
different materials and crafts for the edge
decoration. Soft and loose knitted fabrics with
relatively thickness matches with rough and simple
edge decration such as thick-thread overlock and
cording lace, while the knitted fabrics with tender
texture matches with tender and high craftsmanship
such as piped edge and fine rib.

The variability of the knitted garments, except for
the garment made of knitted cloth, is less than
woven garment in style. This is due to the
characteristics of good extention and unstable
flexibility in knitted-fabric garment. Moreover, the
knitted garments rarely have inner partition line,
and rarely with any dark and cutting.
3.1.1 Silhouettes
There are three kinds of silhouettes of knitted
garment: the slim, the ample and the natural.
Good extention is one of the notable characteristics
and merits of knitted fabrics. So the knitted fabrics
is suitable for tight kind garment, the knitted
fabrics does not affect the movement and
activity.Cat suit, dancing suit, swimming suit, slim
sweat suit and underwear are typical of the slim
style. The slim style is suitable for the curve of
people, which demonstrates the curve beauty of the
body.

Splicing is a major feature of the knitted garments
design, the structure of the knitted garments is
relatively
monotonous
because
of
the
characteristics of the knitted fabrics, so we often
use splicing in designing the knitted garments to
enhance its practicality and its beauty. Splicing can
take full advantages of different knids of knitted
fabrics, and can make up for the monotony of the
style by colors and patterns, for example, by using
rib with good extension at the cuff, the collar and
the bottom, and by using kitted mesh fabric at the
part which needs breathability.

Ample style, usually with well relaxation, forms
ample pattern. Such modeling can better reflect the
soft and fall advantages of knitted fabrics, with
good effects regardless of thickness or thinness of
the fabrics, also providing the wearer relaxation,
soft and comfortable feeling.
Straight style is the traditional model of knitted
garment, mainly in straight model and slightly
waist-tight model. The fabrics is usually solid and
thick knitted cloth, such as cotton cloth, polyester
double-stretch fabrics, good physical suitability and
ease activity. The style is usually relatively simple
and elegant.Varieties of style is often achieved by
adjusting the ratio of garment length or local
lines.The local details (the shoulder line, top fly,
collar line and so on) can be designed in a flexible
way.

3.2 Struture
The knitted fabrics functions loose in
organizational structure, unstability in size as well
as difficult in cutting, especially the knitwear, so
the modeling is heavily restricted, thus the simple
fashion design without any dark, partition line or
with less dark and partition line. The structure lines
of the knitted garments are simple, and the most
structure lines are straight, oblique and simple
curve. The size commodious quantity is flexible
because of the extension, so the designers need to
select in advance a good seam consumption,
sewing retraction, and other factors affecting the
numerical. These factors were included in the
structure. Besides, production with rib to design
neckline, cuffs, and lap ,and its flexibility is adapt
to the human body completely. The crimping
design to the chest, waist and other parts of the
structure can show the effect of different texture,
and shape also played a decorative role. Moreover,
rational determination of the size commodious
quantity , splicing are effective to solve the
problems. The organizational structure of the
knitted fabrics is not too close, so they easily
extend along the way of the verticle line when
hanged and easily cause the garments longer in
length and narrower in width, then we will consider
the size of the length and the width during the

3.1.2 Details
Because of the restriction in structure, cutting and
production technology, the knitted garment design
is less flexible than the woven garment, and so it is
monotonous. Therefore, the monotonousness can
be made up for by some clever methods (flower
color design, lace, inlay/ splicing, decorative craft
and so on) during the design process. At the same
time, the impact of knitted fabric weaknesses on
the garment style should be avoided.
Considering the ladderation and curling selvage of
the knitted fabrics, a number of edge decrations in
knitted garment, which is different from the way in
woven garment, and is adopted to prevent edge
raveling/curling and to form a unique decoration.
For example, deliberate exposition of edge in
overlocking with various stitches and decorative
line full of elasticity, is adopted in thin knitted
garment, which are functional and beautiful. And in
knitted formal dress the piped edge treatment is
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design process. We can appropriately shorten the
length and increase the width, thus the garments
will keep good profile when they are weared.
During the structure design, when calculating the
garments length, the pants length, the sleeves
length and the skirts length, we must consider the
process retraction rate. The value of the process
retraction rate can be got by experimental
processing or the old experiences before largescaled of garments production. However we should
consider the specialities of the garments, for
example, the time of the sewing process and the
sequence of the flower printing process. Moreover,
the extension of the weft knitted fabrics is bigger
than the warp knitted fabrics, we should consider
the size when two kinds of fabrics are used together
during design.

4 CONCLUSION
According to the characteristics of the knitted
fabrics, the knitted garment design at each process
needs corresponding attention and different
treatment methods. At the same time, because of
the structure, cutting and the production process are
restricted, the knitted garment design is far from
flexibility than the woven garment design, but the
fashion style is somewhat monotonous. Therefore,
designers with full understanding of the basic
properties of the knitted fabrics can make a virtue
necessity of them. For example,the designers can
choose color design and fancy design, and use
edging, inlay, splicing , decoration process and so
on. But at the same time designers should also
avoid the influence of the weaknesses on the style
of the knitted garments,so that the appearance of
special fashion style will be appealing and
refreshing.

3.3 Production
In comparison with the woven fabrics, the relative
loose structure of the knitted fabrics matches with
slightly thicker thread instead of the common
sewing thread when sewing. For example, we often
choose nylon thread for the thicker fabrics, the
stitch is slightly wider and looser, thus the fabrics
will not be wrinkled when the stitch is consistent
with the extension of the fabrics. If the knitted
garments are fully woven by the machines, we will
consider the stitch at the joining seam, and the
joining seam will be smooth rather than too loose
or too tight. Moreover, the knitted garments are
restricted quitely in the process of shrinking and
stretching and pressing. For example, some
patterns will lose the original texture effects after
pressing. Therefore, we should treat them carefully
during the production process such as choosing
steam pressing.
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The size of the knitted fabrics is unstable and the
knitted garments will loose its original form easyly,
therefore, we will consider the size stability of the
knitted garments, especially at the parts which
don’t need stability such as the collar, the cuff, the
top fly and so on, some ways will be used to get
the size stability, and make the local details of the
gaments flat, meanwhile enhancing the stability
and solidity of the knitted garments. In general, we
realize the size stability at the necessary part by
using fusible interlining, attaching tape or using
hidden stitch. Because of the extension, the knitted
fabrics is easily deformed and the size stability is
bad, then the size of the cutted pieces is not right or
the cutted pieces is deformed, so the cutting
process is not easy. Moreover, the knitted garments
may elongate, loose and deform, and the fabric
made of natural fiber will easyly shrink, therefore,
we should get the size stability by choosing the
kind of the knitted fabric and finishing prosess
according to the the actual situation.
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Abstract
As the foundation of technological development of clothing, human apparel contour data support theory
standardization production of clothing. Sufficient and wide-covered data have been used to analyze whether
each model fits with the person or not. However, it costs long time to gain the data. How to put up a data
services plat which supports garment manufacturers, involving costume design, standard research, model design,
digital application and so on, is studied. Structure, attribute, application of the data are the character of data plat,
and how to apply the data on clothes is the value
In response to the questions above, a relatively complete data system has been set up. On one hand, the system
archives type for the size of the body, according to different garment standard to establish corresponding cut
size. On the other hand, referring to tracking sample of individual, studying the changes of samples as time
passed by .Based on analysising data in groups, exploring the contour in different size , regions , ages. As the
data get increased, the system supports not only the size design of custom-clothing, but also the country’s
human contour database construction and the regional contour research.
Keywords : Human Apparel Contour, Data Plat, size, data system
consulting of industries and creating personalize data
of enterprises.
1 INTRDOUCTION ： There need a standard
In order to set up a human apparel contour database
process for clothes production, in which size of
with standard, precise, widespread, centralized and
various parts need to be studied and different styles
unified, building human apparel contour sample
of clothing have to adapt to the crowd. To ensure the
foundation database is necessary, which provides
task run better, it’s necessary to build up a database
data supports in the lower echelon for national
of apparel. There have little done in the country in
clothing manufacturing industry development,
this regard, at present, we didn’t have our own
enterprise specialized applications and personalized
database system, and sometimes we have to get some
service.
from foreign countries, which reduce the
development of the country's apparel industry. In
order to solve this problem, it’s necessary to build a
Application Function Component
complete data platform of the country’s own to do
depth research.

2 CONSTRUCTION OF DATA PLATFORM
2.1 Goal：The country has become more powers in
apparel production, consumption and export now. In
2007, there have totaled 20,159 apparel production
been produced, more than 14,000 enterprises, about
115,074 billion dollars and 29,662 billion
productions of clothing and accessories been
exported. In the 21st century, apparel manufacture of
the country has been more internationalization, and
apparel industries have changed from produce to
create. However, as the foundation of apparel
development, human apparel contour database
construction still in isolated, small-scale research and
application of phase. This can not satisfy with the
foundation of national size standard and meet the
requirements of trend of development predict,

Dedicated Database

Special
Database

Sample Universal
Database

Sample

Firsthand Data
System Function Component
FIGUE 1. Data Plat Architecture

2.2 Data Plat Architecture ： Data service
architecture is made up of inner data core and outer
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service component, as shown in figure. In the inner
data core, there are universal sample database,
special sample database and dedicated database.
While in the outer service component, there are
system function service and application function
service.
2.3 Data Content：Database is divided into common
data and dedicated two major categories of data.
Common Data mainly consists of human sample data,
there are a larger amount of sample data, sample
crowd coverage should be representative ， the
sample is great helpful for studying the country’s
human data distribution and developed trend, which
is foundation and core data.
In order to observe dynamic changes of sample data,
we have to select specific sample set which is in
universal data to track in a long time, and record the
changes of sample data according to time sequence to
make scientific observations and trend prediction.
Dedicated database is for the Special industries
domain. According to extracting characteristics from
universal database and increasing application, applies
for the enterprise serves.
2.4 Data Attributes：The data of plat consist of
sample information, firsthand data, sample average
data, sample pigeonhole data.
As the foundation of types of analysis, Sample
information stores basic information of sample; as
the key of numerical analysis, firsthand data collects
basic data; sample average data is the sample’s own
average data; sample pigeonhole data contains
various kind of pigeonhole data.
2.5 Basic Information Query：
There are many kinds of query functions in the data
plat, as follows:
1. query by height
2. by bust
3. by waist
4. by weight
5. by hip
6. extract number and proportion of all ages
7. of different gender
8. of different regions
9. of various occupation
10. extract change trend of sample in all ages
11. All functions combination above
Each person could query his own information, and
could view the size code(Y,A,B,C), the code
calculated based on national standards
2.6 Statistical Analysis Function：
A. Comparison of horizontal-vertical
Comparison of horizontal
According to the same size in different types,
observe the change trend of bust. For example, in the
160cm high sample space, calculating the proportion
of bust in types of 80, 84 and so on, and draw the

bust curve.
Comparison of vertical
Some size and neighboring size change tendency. It’s
necessary to study every point of various aspects
tendency.
B. In a size pedigree view the change trend of bust
with different height, such as the height is 170,175
and so on. For example, separately calculate the
average bust of 160cm, 165cm and so on, then draw
the average chest change curve along with height.
C. Analyze some specific crowd, and get
percentage of various types in the crowd. In view of
some sample size track analysis, such as measure a
sample from 1990 every three years, and draw the
change curve along with age.
D. Track specific crowd's change tendency as time
passed by. For example, there are 200 samples, get
percentage of different size, such as Y, A, B, C, by
the year 1985,1990, etc.

3 Implementation of Data Plat
3.1 Human Data Collection
At present, data are mainly manually collected by
surveying. In order to get precise measured data, we
have to make erroneous judgment in the measuring
process. Statistical data are the average value of
multiple metering data of identical sample, the
sample data are generally based on multiple metering
data.
3.2 Database Maintenance and Growth
Now, the data in the database are not perfect, the
quality of some types are few, this makes it difficult
to do statistical analysis. We are continuously
expanding the scale of data, and the data which
the database has had have been related to error
analysis to make sure the data are accurate.
3.3 Incremental Development of Application
Component
Data plat is developed by structured methods. We
package all the functions into the database, with
different functions to be stored in different stored
procedures. In the presentation layer, we could view
the results of different functions by calling relevant
stored procedures.
In order to guarantee the integrity of database, we
add a certain amount of triggers. Each kind of
numerical calculus function is applied in interior
database, either called by stored procedures, or by
triggers.
4 CONCLUDING REMARKS
This article describes how to set up a human contour
data plat system. First, we build the database through
SQL Server 2005, and then put all the functions into
the database; second, via Microsoft Visual Studio
2008, we build the visual interfaces to web; third,
with the technique of silver-light, people could
understand all the results of statistical analysis easily,
and this makes it easier to do the work.
So far, our data plat has the following features:
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First: Data storage. We can either put one
data into the data plat or import amount of data into it
every time. The data are the foundation of the data
plat system.
Second: Data processing. Every sample has a
few of data, we firstly get average data of every
sample in different sort, and then calculate to get the
size of each sample at different times. This is
prepared for statistical analysis.
Third: Statistical analysis. In the second part,
we get average data of every sample. Now, by using
the average data, we carry out the size of sample by a
standard, different standard will carry out different
size. Meanwhile, we have to calculate proportion of
each kind of size in given crowd which are from
different parts, so as to do analysis of human contour.
These are the main task of the data plat.
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ABSTRACT
Decoration is one of the most fundamental motives of wearing clothing which is not for utility reasons
but more importantly for attractiveness. Three cues to female attractiveness are body mass index (BMI),
volume height index (VHI) and body shape as measured by the waist-to-hip ratio (WHR). In previous
studies, Caucasian female as subjects were rated for attractiveness by raters from various countries.
However, the perception was affected by raters’ demographic details, such as age, gender, race, weight,
height, and socioeconomic situation. This study examined Chinese female’s physical attractiveness and
investigated the relationship between BMI, VHI or WHR and attractiveness rating and the influence of
demographic details to attractiveness. 35 male and 45 female undergraduates were asked to rate a set of
50 three dimensional Wire-frame movie clips of real women’s for attractiveness. Using multiple
polynomial regression analysis, results showed that BMI and VHI are the primary determinants of
female attractiveness, whereas WHR failed to emerge as a significant predictor. Results also showed
there are significant differences in preference for physical attractiveness, with Chinese raters preferring
clips of women with lower BMI and VHI than the raters with high socioeconomic situation. Finally,
results showed female raters gave higher attractiveness ratings than male raters but the attractiveness
ratings rated by over weight female were lower than that of other raters.
Keywords: Female physical attractiveness; Waist-to-hip ratio; Body mass index; Volume height ratio,
Chinese
1 INTRODUCTION

healthier and with a better reproductive potential

In ancient civilizations, clothing was primarily

[2]. Mate selection, in this way, would have

used to cover and protect human bodies. Today,

enhanced

clothing is not just worn for basic necessity

reproduction, as mates with desirable cues are

function but more importantly for beauty [1]. In

suggested to have been healthier and to have

other words, wearing clothing is to decorate self

possessed greater reproductive potential [3]. In

body and to enhance self attractiveness. The

women,

study on female attractiveness was on the basis

attractiveness are body mass index (BMI),

of evolutionary psychology.

volume height index (VHI) and shape measured

their

three

chances

determinants

of

successful

to

physical

by waist-to-hip ratio (WHR).
Some

evolutionary

psychologists

have

postulated that humans selected mates based on

A lot of research work has focused on the ratio

certain physical cues that honestly signaled one

of the circumference (or width) of the waist to

mate to be more desirable than another such as

the circumference (or width) of the hips,
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waist-hip ratio (WHR). A low WHR is believed

[12-14].

to correspond to the optimal fat distribution for
high fertility [4]. In early Singh’s researches a

In Singh’s [15] new study, they took women

set of line drawn figures of female bodies with

who had undergone micro-fat grafting surgery as

varying WHR were showed to participants for

the stimulus to meet the need of varying the

rating the attractiveness. The figures are in three

WHR and keeping the BMI. They found that

series: underweight, normal and overweight.

post-operative women photographs were more

Singh found that normal weight female with low

attractive

WHR was judged more attractive than those

independent of post-operative changing in body

with a higher weight having the same or lower

weight or BMI. They reported that body weight

body weight and the optimal WHR for

had a negligible effect on how attractive the

attractiveness is 0.7. Singh also suggested that

body looks or the judgment of attractiveness of

WHR was a more important predictor of

women and what women thought much of was

attractiveness than the apparent weight of the

the proportionality of the shape and the size of

female

the waist and the buttocks. So the WHR was a

figure.

Female

attractiveness

was

negatively correlated with WHR [5-9]. Singh’s

than

pre-operative

photographs,

key feature of women’s attractiveness.

findings were supported by Furnham who
extended Singh’s research and predicted the

The perception of beauty is based on cultural

effect of breast size on attractiveness judgments

influences. Some investigators were undergoing

depended on overall body fat and WHR [10].

cross-cultural studies on the judgment of female

However, two components of the WHR have

attractiveness. Almost these studies used western

different effects on female attractiveness. The

women as the stimulus, and selected participants

waist

about

from different countries such as Britain, Japan,

fecundity and health status, was more important

Greek, South Africa to rate the attractiveness

than

[19-23].

conveying
hip

size

more
for

information

assessing

the

female

attractiveness [11].
2. METHODS
Although Singh et al. thought WHR is very

2.1 Participants

important to female attractiveness, Tovée and his

The participants of this study were 35 male and

co-workers proposed that BMI (body mass index,

45 female undergraduate students, who were

weight scaled for height) is a far more important

enrolled from Tianjin Polytechnic University

factor

with a mean age of 22.86 years (SD=2.33). The

than

WHR

in

determining

the

attractiveness of a female body. Rating the

mean

female’s

images’

(SD=6.31) for male and 53.26 (SD=5.79) for

linear

female. All participants took part on a voluntary

regression analysis, they found that BMI

basis and were not remunerated for their

accounted for 73.7% variation of attractiveness

participation.

front-view

attractiveness

and

and
making

profile
multiple

weight

of

participants

were

63.02

ratings, whereas WHR accounted for only 2.3%
and stressed that the overestimation of the

2.2 Materials

importance of WHR in Singh’s findings was due

Stimuli: 50 3D movie clips of real women’s

to the fact that the WHR of the line drawings

scanning images (showed as figure 1) were made

was covaried with BMI. They also indicated that

as the same as Fan’s previous paper [16, 26]. To

there were no significant differences in the rating

avoid effects of skin tone on participants’

of attractiveness by male and female raters

judgments, the stimuli were presented in grey
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scale. In addition, the head of the stimuli were

was 15.71-32.42Kg/m2, the range of VHI was

obscured so that they cloud not be identified and

13.357-32.56L/m2, whereas the range of WHRs

the facial attractiveness would not be a factor in

was 0.7-0.94. All images were displayed on the

participants’ rating. The range of stimuli’s BMI

computer screen (17 inch)

Figure 1. An example of a movie clip in the stage of starting, 3s, 6s and 9s, respectively.

Demographics: All participants also provided

3.1 Reliability

their demographic details, which included their

The reliability was analyzed by SPSS software.

age, gender, consumption every month, weight

The Cronbach’s α: 0.948 for both male and

and height (the latter two traits were measured

female raters and 0.955when combined. That

before rating and were used to compute

showed a very high degree of agreement

participants’ BMIs).

between the raters’ ratings. We combined ratings
across male and female rater groups for further
analysis.

2.3 Procedure
Participants were tested in a computer lab
individually, in which sufficient computers were

3.2 AR VS. Three Determinants

provided to rate the images displayed on a

( a)

computer screen in 17 Inch. Only 20 persons

7

6

Attrctiveness Ratings

rated at the same time. All images were
presented in a random order, and participants
were presented with the entire set twice. This

5

4

3

2

was done to make participants aware of the

1
10

15

20

range of variability of body features represented
in the images, and to encourage participants to
to

9

(most

attractive).

Participants were only asked to rate the images
on the second run through. Each image was
displayed 12s for rating, which provided enough

6

5

4

3

2

1
14

16

18

20

22

24

BMI

time to rate the stimuli, but not leave extra time
for contemplating the choice and possibly
altering first impressions.
3 RESULTS
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35

7

Attractiveness Ratings

attractive)

30

( b)

use the whole set of attractiveness ratings from 1
(least

25

VHI

26

28

30

32

34

3.3 AR VS. Gender
( c)

7

8
7
ARs for Female

Attractiveness Ratings

6

5
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3

2

6
5
4
3
2
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1
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2
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4
ARs for Male

5
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7

Figure 3. Plots of the relationship for ARs between male
Figure 2. Plots of ARs as a function of VHI (a), BMI (b) and

raters and female raters. The broken line represents the

WHR(c). Each point represents the average of the 80

equality line of ARs for male raters.

attractiveness judgments. In plot (a) and (b), solid lines
represent multiple regressions between x- and y- variables. In

The attractiveness ratings rated by male and

plot (c), solid line represents linear regression between WHR

female raters were highly correlated. The

and ARs.

Pearson correlation between them was 0.991
with p <0.01. The high correlation showed that

Figure 2 (a) and (b) showed the relationship

both male and female raters may have used the

between ARs and VHI is similar to that between

same cues when judging images. However, the

ARs and BMI which are non-linear. We used

ratings rated by female raters were higher than

polynomial multiple regression to analysis the

that rated by male raters.

non-linear

Males

and

selected

the

most

simple

and

females

rated

the

physical

regression model which was third-order terms

attractiveness of other males or female and also

for VHI and BMI model showed as blow.

thought how the others rated them in return.

Model: y = a + bx + cx2 + dx3, where y =

There is meaningful consensus among perceivers

attractiveness rating, a = intercept, x = VHI or

for judgments of others’ attractiveness regardless

BMI. Using SPSS, the regression equations for

of whether female rated female, female rated

VHI, BMI and WHR were yVHI = -23.403 +

male, male rated male or male rated female .

4.578x - 0.226x2 + 0.00337x3 (R2 =0.86502),

Both for male and female raters, the waist and

yBMI = - 56.0960 + 8.1633x- 0.3492x2

hip were the main focus of raters’ attention. In

+0.0047x3 (R2 = 0.8047), and yWHR =

addition and as compared to females, male raters

15.12-13.314x (R2 = 0.4004). BMI and VHI are

showed increased attention to the chest region

the

female

and spent somewhat less attention to the waist

attractiveness, whereas WHR failed to emerge as

and hip region, which was still the focus of

a significant predictor. The optimal values for

attention for males as well . Breast size

VHI and BMI were 15.33 liter/m2 and 18.9Kg/

represents another indicator of reproductive

m2.

capacity in addition to the waist to hip ratio .

primary

determinants

of

Breast size has been found to be important for
As Fan’s findings, VHI (with R2 = 0.865) was a

the assessment of the attractiveness of female by

more important determinant than BMI (with R2

men . Since males pay more attention on chest

= 0.805) and WHR (R2 = 0.5004) but the shape

region, breast size is more important for males

of regression curve was different to Fan’s. In

than for female. Male raters are more censorious

Fan’s study, the regression curve was fitted with

to judge female images than females do.

two half bell-shaped exponential curves with an
optimal VHI at 14.2 liter/m2 [16].

3.4 ARs VS. Raters’ BMI
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with high SES preferred slender women images,

Attractiveness Ratings

7
6

whereas

5
4

people

with

low

SES

preferred

relatively large women images. China is a

3
2

developing country, whereas American, Britain

1
15

20

25
BMI

30

35

and other European countries are developed

Figure 4. Attractiveness ratings rated by different BMI

countries, which the SES are bit of higher than

groups as a function of the BMI of each of the 50 images.

China. The reason for the differences as follows.

Slide circles represent acceptable group, open circles
represent underweight group and open triangle represent

The main reason for the differences is the

overweight group.

difference of stimuli which are Chinese female
in this paper and Caucasian female in previous

Since

the

range

is

studies, respectively. As is known, there exist

17.13-28.94Kg/m2, the raters were divided three

apparent differences in the body features such as

groups

BMI

body height, bust size and hip size. Generally,

categoriesemaciated (below 15), underweight

the height of Caucasian equals as eight times as

(15–19), acceptable (20–24), overweight (25–30)

head height, whereas that of Chinese equals as

and obese (above 30). The underweight group

seven times to seven and half times as head

consisted of 30 raters whose average BMI was

height. Moreover, the bust and hip of Caucasian

according

of

raters’
to

the

BMI

2

18.52Kg/m , the acceptable group consisted of

female are further plumper than Chinese female.

40 raters whose average BMI was 22.67 Kg/m2,

That is main objective of this paper.

the overweight group consisted of 10 raters
whose average BMI was 26.70Kg/m2.

The second reason for those differences may be
the format of female images. In this paper, we

Figure showed there are the same trends to the

selected movie clips which can rotate though

perception

between

360° at the same speed, whereas, the previous

underweight, acceptable and overweight group.

research selected photographs of real women in

But the ratings rated by overweight group were

front view and profile. Some studies suggested

lower than the underweight and acceptable group.

that

These results were consistent with the previous

attractiveness ratings using photographs or

studies which suggested the perception of female

movie clips.

attractiveness was depended on the raters’ own

can capture much of the visual information

body mass index .

available in three-dimensional images.

4 DISCUSSIONS

The results also showed that female raters gave

The results showed that BMI and VHI are the

slightly higher ratings than male raters, but no

primary determinants of female attractiveness,

significant

whereas WHR failed to emerge as a significant

consistent with previous studies. Mate selection

predictor. It agreed to the previous studies, but

theory postulates that an individual will be able

the optimal values for VHI and BMI were 15.33

to judge not only the attractiveness of members

liter/m2 and 18.9Kg/ m2, which lower than that

of the opposite sex, but also that he or she will

of the British who considered the women with

know their own attractiveness relative to other

of

attractiveness

2

no

differences

were

found

in

the

Two-dimensional photographs

gender

difference

which

was

BMI of 20.85Kg/m were the most attractiveness.

members of the same sex. This information

It was not consistent with the previous

allows a subject to concentrate on potential

cross-culture studies which suggested people

partners of the same attractiveness as him, or
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herself.

This

allows

an

there should be no gender difference in the

unsuccessful courtship of a more attractive

perception of either female or male beauty, as

partner than themselves (potentially wasteful in

both sexes should use the same selection criteria

time and resources), or to avoid accepting a less

for estimating attractiveness in a particular

attractive partner than themselves (with a

gender (although the cues for male and female

potentially

attractiveness may be different).

negative

them

to

impact

avoid

on

future

reproductive success). If this theory is correct,
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A Study Of Costume Rules On Five Editions
<The Codes Of Imperial Qing>
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ABSTRACT
It is well known in Chinese history of costumes that the clothes of Qing dynasty which stressed their national
character are very fantastic and special. However, the laws about it were constantly amended especially form
Nurhachi to Qianlong reign according to the definite references. The evolutions of the dress code in this long
period are too complex to realize by now. Five editions of constitutions had been decreed in different periods of
Qing dynasty called THE CODES OF IMPERIAL QING or Da Qing Hui Dian which recorded some decrees of
dress code. Among some other important archives, the essential principle, substantial features, and process of
the evolutions of dress code have been worked out. The study indicates the evolution of costume rules was a
long time business, according the grade of people and their costume, the details of evolution and the exact time
of accomplishment of costume system were dated. In general, 1636, 1652 and 1724 are the key time. Dress code
includes Ding Dai and costume and the former is more complete than the garments codes in early Qing dynasty.
Little items about the laws of the shape, the type and the cut of the clothing can be found in the files, so these
really might be the “traditional Manchu style”.
INTRODUCTION
The less information about civilization and
administration when Houjin regime was set up by
Nurhachi made it difficult to discuss the
descriptions on Qing costume. Numbers of early
Qing files collection and further careful
comparative study should be a doubtless good
choice. As the most complete recording of Qing
administrative laws, the five different editions of
Da Qing Hui Dian in which many costume relative
information were presented are real the most useful
raw materials in study.

According to Man Wen Lao Dang, in 1615
Nuerhachi dress “Qiuxiang tinct satin coat” [1], in
1636 the emperor in yellow robe and for people
below Qinwang, yellow was forbidden, as well as
five claws dragon or phoenix yellow satin [2]. In
1644, Duoergun used eight dragon medallions
pattern [3] while other kings use five claws 4
dragon medallions pattern. According to the
portrait of Shunzhi emperor in Forbidden City, his
Chaofu carried eight dragon medallions. In 1653,
“when sacrifice Xiannong altar, the emperor in
Lifu” this item tell nothing about the style and the
color of Lifu which ought to be the Chaofu indeed
in this earliest record. In 1683, the color and the
pattern of Lifu were settled, “yellow, Qiuxiang,
blue, five claws pattern, three claws pattern can be
carefully chose whenever”. In 1723, the color of
Lifu was renewed, and its pattern was discussed in
very details [4]. In Qianlong Hui Dian, the Lifu
style was different to the former. The emperor’s
dress kept stable in style, color and pattern after the
time when Huang Chao Li Qi Tu Shi was
published. So the emperor’s Lifu before Qianlong
run multi-style fixed in many years developing.

In 1684, the first writing office was built up. Six
years later, a constitution was finished. Yongzheng
emperor ordered to add items between 1687 and
1727 at 1724 in former style. These two Hui Dians
were an important administrative law of Kangxi
period. In 1755, Qianlong emperor began a new
Hui Dian which was done in 18 years. It was
written in different style with former two, that is it
noted the rules and events separately, and it was
the emperor who focused every thing all the time.
According to the book Man Wen Lao Dang,
costume was prescribed early than Dingdai in Qing
dynasty. In Qianlong Hui Dian, there are five kinds
of costume, Lifu(sacred costume), Jifu, Xingfu,
Changfu, Yufu. The early 2 Hui Dians only
mentioned the whole garments, no classification as
above. In former two Hui Dians there is more
unclear description on costume than on Dingdai.

COSTUME RULES FOR NOBLES
According to Man Wen Lao Dang, in 1621 the
Bufu system for people from Beile to Qianzong
was settled, next year, Nuerhachi asked his sons to
wear “good satin” clothes, and award people with
coat according its fabric. In 1632, “Beile should
dress Chaoyi when walking in the street; robe was
allowed only in field. Satin or Mang satin could be
dressed according to their own, but no yellow satin

COSTUME RULES FOR EMPEROR
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TABLE1. officer costume

and five claws pattern except that it is awarded by
the emperor. Chao fu without Shanjian (collar) on
court is ok in summer day.” Next year, “when in
office, use Piling (collar), robe at home.” In 1653,
it decreed that Qingwangs and so on dressed
Chaofu when sacrificing Xiannong altar. In 1700,
the cloth might be used by civilian noble and
Xiansan was assigned. In 1727, they began to make
the rules when dressing in spear time. In 1737,
people below Junwang could not use golden waved
colored five claws dragon pattern or five claws
colorless dragon satin, even if it was awarded by
the emperor, it only could be in use when a claw
had been removed [5]. So here it is clear that the
nobles have 2 kinds of dress, the Chaofu and the
normal time clothes, both of which ranked with the
fabric used. The pattern was another important
symbol of people’s rank, but only in case of Bufu
this function could be observed clearly. All the
rules said nothing on the costume style. The reason
might be these nobles do not change anything to
their nation tradition. Many materials and relics
proved that the biggest difference among costume
appeared on the details of the pattern.

Time
1623
1633
1636

1647

1651
1652
1653
1658
1662
1664

COSTUME RULES FOR WOMEN
In 1632, emperor Huantaiji said “when the
emperor’s wives Fujin went out, use pleat female
Chao jacket and Chaoyi”, “the wives of Mongol
nobles and Mongol women use pleat female Chao
jacket and Chaoyi”. Qing female Chao jacket and
Chaoyi could be seen frequently in many files, and
some relics exist from early Qing. They are classic
costume for Manchu females. In 1636, “dress code
for Fujin, Gege, Efu was done.” In 1654, the color,
fabric and pattern for women from empress to
Gege were prescribed, but nothing on the style was
mentioned and no name was given. In 1803, the
broad sleeve Han style was forbidden [6]. There
are rare records on female costume in the files,
according to the early time literature, Qianlong Hui
Dian, Huang Chao Li Qi Tu Shi and some real
culture relics, it could be found that the empress
costume system was completed in very early year.

1672

1673
1700
1712
1724
1727
1737
1743
1762

COSTUME RULES FOR OFFICERS
Qing officer’s costume followed Ming Bufu style
in early year, then the changes ran a long way
where a discussion occurred when something went
wrong, and it did not end until Qianlong period[7].
Shown as table 1.

1780

Items
Officer in “pretty cloth”
When in office, wear Piling(collar), robe
in normal time[8]
According to the “irreverence on court,
hat and costume style disobeyed the
rules” problems, be to prescribe “dress
code for all officer”[9]
Prescribe the edge of Chaofu, materials
of collar and sleeve. To the forbidden
style, if it had done before the
prescription, the costume can use in
term of its careful registration.
No yellow and Qiuxiang tinct should be
used on Chaofu and Bianfu
Rules for materials and usage of
Chaofu, Mang robe; decrees for
officers’ Bufu ststem; fabric forbidden.
All the people do not in Qijian jacket
when walking on the street in Beijing.
Officers stand on line in Mang robe
when court exam
1st military officer wear Qilin Bu-zi
3rd military officers wear leopard Bu-zi,
4th military officers wear tiger Bu-zi.
Officer below 5th could border his Chaoyi or Chang-fu with Mang satin
zhuanghua or wo satin(a kind of velvet
which pattern display by piling)
Officer below 5th could use marten cuff,
and min tail on edge of fur coat
Prohibitions for 8th and 9th costume
fabric
Define clearly the occasions for costume
to solve the invalid usage of Chaofu
Ordination on the overstepping
phenomenon
Started to prescribe the normal time
costume for officer
No marten coat should be award to
people under 5th ,3rd or higher officer
could use marten edged Chaoyi
1st officer use red rain coat
Each province Xunfu is 2nd officer, but
could use red rain coat which is for 1st
officer.
Reaffirm former laws to cease the
disobeying in use of Bufu

COSTUME RULES FOR OTHERS
In 1623, the lackeys and civilian should wear Piling made of cotton cloth, not gauze and Luo. In
1655, costume color for Lama was assigned. In
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1632, “poor people might use robe without split”.
The rules on plebeian dressing always showed as
costume general events concerning the color,
pattern and fabric prohibitions. In 1647, 1652,
1672, 1673, 1700, 1737 and 1772, some important
costume general events were issued.
In a word, no rule on the costume style could be
found in Qing dress code, this indicated that
because the costume tradition which infer to the
costume style, species and its basic usage was kept
obeying during Qing dynasty, so almost all the
changes had been done in patterns, color and fabric.
And many renewing of law mainly come from the
uncompleted etiquette system, this in turn causes
costume arrogate and occasion problem. So the
costume ranking system before Qianglong period
was far from perfect. Besides classifying garments,
where the costume style, pattern, fabric, decoration
and color were defined carefully, the Qianlong Hui
Dian served figure sample which systematize and
conventionalize all the dress code.
CONCLUSIONS
There were two different periods before and after
the year of Qianlong 29th, the former one could be
described as the renovation and improving time of
dress code, and the other one was the period of
stable running of these rules. In the age of Houjin,
the primary principles of dressing were settled,
then in Chunde age, the dress code renovated later
in Shunzhi age, as well as enriched in Kangxi age
was settled. And the Yongzhen age was an
important step featured by the renovation of dress
code. All these works were assembled in age of
Qianlong.
The dress code obeyed the Manchu tradition, and
distincted the grade by head wear and dress. The
head wear code appeared better comparing with
dress code in Qing dynasty. The head wear code
graded the people by their crown and the number
of Dongzhu pearl, while the dress code do that by
fabric, pattern and color and so on. For the results
of grading by dress were vague, so the hear wear
worked as the main symbol of grade.
The <Hui Dian> of Qianlong age was all different
from former two, the records were all in use,
nothing about history, so what was the difference
in dress code and head wear code from the older
one was to be told in detail.
REFERRRENCES
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ABSTRACT
The shape of female chest settled by the shape of chest and breast was the primary base of bra design. Now days,
the pop idea in bra producing was a bra system based on the size distinguishing according to the difference
between chest circumference and under chest circumference. It had been proved that this system was simple,
convenient and could assort the grades of difference of chest circumference efficiently while the ability of breast
shape and position describing was not available. Based on a body measuring to the young lady, methods and
parameters for the characterization of female breast shape were developed for the sake of a new bra industrial
size system.
female body could be simply assumed as beer

INTRODUCTION
The underwear was one of the most important parts

barrel which kept becoming taper in both ends.

of human clothing life. In 1990’s, Chinese

This figure had nothing to do with the common

underwear industry grew fast in production

idea and the impression of people for the female’s

capacity, while the researches on the bra size

body. So it was necessary to develop a research

system and prototype were not good enough to

based on the measurement of body and the

fulfilled the technique requirement necessary for

character of breast for a new bra size system with

the independent running of these native costume
factories.

more detailed information of breast’s shape.

The size system was a primary technique document
in underwear producing. Currently, the most

1 THE STRUCTURE OF FEMALE BREAST

wide-used underwear size system in which the bra

Shown as figure 2, the female breast was the only

size

human organ without the supporting of bone. So a

were

decided

by

the

lower

breast

circumference and the difference between the chest

much fuller lower curve was always observed on

circumference and the lower breast circumference
was simple and convenient while a efficient
deviation of circumference was available, shown as
figure 1. But this system was too simple to

Figure 3 geometric model of female breast

the

Figure 1 the breasts model of traditional bra size system

breasts of

distinguish the different type and shape of breast. It

an erect

was obvious that the chest-waist fragment of

body.
Moreove
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Figure 2 the female breast

r, the shape and position of the breast were

nor too low, not too apart nor too close. This

different in different time, different breast size, as

checking standard position might be: the nipples

well as different body position. Generally, the

and the pit of neck make a perfect Equilateral

geometric model of female breast was shown as

triangle.
According the above observation, it was easy to
find that there should be tow types of information
when discussing the shape of the breasts in bra
producing, 1 the parameters of the breast bulk,
these parameters could be defined as breast type; 2
the parameters of breast position, which was define
as chest type.

Figure 4 geometric model of female breast

figure 3. Where a stood the width of breast, b the

2 THE BREAST TYPE AND CHEST TYPE

depth of breast, c the length of breast, and h was

PARAMETERS
2.1 The bulk of breast
The bulk of breast was the direct factor when
judging if the breast was big or small. And this
parameter determined the size of bra cup, so the
measure and characterization of it was the vital
task to design a new cup size system. Everybody
knew that it was hard to take this measure directly,
so it was plastic surgeon instead of fashion
designer who had take the most accurate breast
measurements. This parameter would be calculated
according to form 1.

the distance between the armpit and the nipple. The
basal plane was invisible on the body. The angle of
the basal plane would locate the position and
direction of the nipples, shown as figure 4. There
were three different kinds of nipples level position:
the extend position, the standard position and the
introversive position. Vertically, there were three
kinds of situations as well: the high position, the
standard position and the low position. So there
were totally 9 kinds of positions of female breasts.
between

2.2 The cup size
According to form 1, the bulk of breast could be

shoulder-neck point to nipple of adult female was

calculated from the breast width, the breast length,

23cm – 26cm, the larger number meant the lower

the depth and h. Some of these parameters, the

position of the nipple; the standard distance

depth for instance, was hard to take a convenient

between two nipples was 17cm – 18cm, the larger

accurate

number meant an extend position.

simplified this system into a single parameter S, S

Generally,

the

ideal

distance

In fact, the

measure.

Further

angle between the basal plane of the breast and the

was defined as the cup size:

coronal section of the body could also tell the level

S = a/a

had

(2)
The bigger the S was, the larger the size of the cup
was, shown as figure 5.

position of the nipples. It was reported that the
standard angle value would be a number among 7
°~8°. The bulk of the single breast would be:

1
1
V = πabh + πabc
6
3

discussion

2.3 The cup shape index
The cup shape index (T) was defined as the ratio of
the width of breast to the length of the breast.
T = a/b
(3)
T stood the feature of the oval shape of basal plane

（1）

It was believed that the most standard and the most
beautiful position of nipple should be not too high

Figure 6 the shape of breast basal plane

Figure 5 the cup size
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of breast, When the value of T was bigger than 1,

were used together. All the sample female were
from Wenzhou university 19~23yers old school

Table 1 Items to be measured
Co
de

X1

X2

X3

X4
Low

na

weig

high

me

ht

t

B

er
brea
st

Co
de

X7

X8

X9

X10

students, the sample capacity was 200.
3.2 results
According the traditional bra size system, the B

X5

X6

Hight

Hight

value was 65cm – 75cm, the cup size were mainly

of neck

of

AA, A and B, shown as figure 7. 17.2% of the

pit

waist

samples was featured in the group of 70B, together
with the 65A, 65B, 70AA, 70A, 75AA and 75A

X11

totally 7size codes, the best coverage in traditional

X12

size system was not more than 83%.
High

Widt

na

t of

h of

me

nipp

brea

le

st

Len
gth
of
brea
st

Nipp

Length

Circum

les

of

ference

dista

breast

of basal

nce

curve

plan

According to the measurements and the subjective
assessment, the standard distance between the
nipples was 17.8cm. 23% samples were in this
position, most of the samples were in an extended
position, and only 1% was in introversive position.
A detailed grouping could be done then there might

18%
16%

be 5 extended positions for the breasts. These

14%

grades was signed by 1, 2, 3, 4 and 5, the bigger

12%

the number was, the wider the distance between the

10%
8%

nipples existed.

6%
4%
2%

The S and T were divided into 5 groups shown as

0%

table 2. Because certain sized breasts might be all

65AA 65A 65B 70AA 70A 70B 70C 75AA 75A 75B

Table 3 the bra size system

Figure 7 the distribution of bra size

the width of breast was bigger than the length of
the breast. And the bigger the T was, the wider the
breast and chest was, shown as figure 6.
3 EXPERIMENTS
3.1 The design of the bra size system parameters
As what had been proved here, there altogether 5

The lower breast

6

circumference /cm

5

The distends

1

1

between the

7.

8.

3

3

nipples

/cm

70

75
1
17.5

8.

17.8

18.8

5
S

parameters were involved in the bra structure. They

Cup code

were the chest circumference, the lower breast

(cup size-shape

circumference of which both mean the same as

index)

what they had been; the nipple distance telling if
the basal plane was in the standard position; the bra

S

S

3-

1-

2-

S2-T

T

S3-T

S3-T

T

T

3

3/

3

3

3

3

T
2

cup size indicated the bulk of breast; and the cup

different in the shape, there was no settled

shape index was the basis of shape of the cup and

relationship between the two parameters S and T.

steel circle. The items developed from these 5

Most of the samples valued the S and T from grade

parameters were measured in following experiment,

2 to grade 4. This situation showed at least 9

shown as table 1.

groups of codes for one size, and there would be 27

The experiment was a contacting measuring, in

groups of codes according to this experiment. Thus

which the Martin ruler and a high precision camera
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experiment. This implied the abilities of simplified

Table 2 the grades of S and T
S
threshold
value
frequency
/%

1

2

3

4

5

1.2

1.4

1.6

1.8

2.0

the task of pattern design in manufacturing or more
efficient to satisfy more consumers in the
marketplace. But it must be admitted that much
more effort must be devoted to the further research

1.7

29.0

55.4

13.6

0.3

1

2

3

4

5

0.5

0.8

1.1

1.4

1.7

0.8

37.2

51.5

10.0

0.5

on improving the code system and the technique on
analyzing and selecting of the planning codes. And

T
threshold
value
frequency
/%

the size system should be better designed for the
convenience

[2] Zhang Daoying, Zhang Wenbin. A study on the
model of bra cup for Shanghai young girl[J].
Donghua University journal, 2006(06)
[3] Li Mingdju,Xu Chaohui.Study on Professional
Process of Bra Design[J]. Journal of Donghua
University,2001,(04)

altogether 7 size code were designed according to
an analysis to the results, shown as table 3, these
lower

breast

circumference, the distance of nipple and the cup
code. i.e. the size code 70-17.5/S2-T3 stood lower
breast circumference was 70cm, the distance of
nipple was 17.3cm, the S was 1.4 and the T was 1.1.
Then all these 7 sizes of bra was drafted and made
up. All of the samples was arranged to a fitting for
the bra samples, and this sample bra subjective
assessment indicates 87% percentage of coverage
of this bra size system.
4 CONCLUSIONS
The wide used traditional bra size system had
shown the advantages of simple and convenient.
But this system was too simple to show enough
information necessary for a reasonable design of
bra, so the manufactures must define these
unknown parameters on the assumption that a
certain type of figure model. That was why the bra
of the same size from different manufactures was
so different.
The lower breast circumference, the distance of
nipple and the cup code system could describe
more detailed bra design information with not too
complex parameters. The simplified 7 size codes
system

could

serve

87%

coverage

in

the

University, 2005.

70/18.5 S3-T3, 75/17.8 S3-T3 and 75/18.8 S3-T3

by

by

bra for Shanghai young girl [D]. Donghua

65/18.3 S2-T3, 70/17.5 S2-T3, 70/18.5 S3-T2,

composed

understanding

[1] Zhang Daoying. A study on the basic pattern of

system was done as following: 65/17.3 S1-T3,

were

easy
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a analyzing on how to simplify the size code

codes

of

consumers in the market.

the
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INTRODUCTION
The anthropometric data of the adult Chinese for
apparel design and manufacture is limited. The first
comprehensive Chinese survey of men’s body,
publicly available, was published in 1987; the second
survey was published in 1992. These surveys
collected measuring data to produce Chinese national
size designation. Many companies must modify the
data to a large degree if they want to use them.
Because the national size designation series did not
suit their own particular product market, and leaked
information or other available data, for example, it is
different in the mean of waist girth in eastern China
and the same mean in northern China [1].
We needs to establish a menswear block in our
country. The necessary way for this aim is to measure
bodies, process data, and select block mode, and to
analyze the use of block in pattern making based on
the known theory of block form. For a variety of
domestic male body types, it is hard to use a block
mode to analyze the men’s body type of the entire
country. Therefore, we need to select an area that has
simple body types for measure and study.
Zhejiang province has a dense population and a
prosperous economy, especially the apparel industry.
Men’s body types in this area have strong features of
southern Chinese men and can be a representative of
this body type. Further research will be processed to
study the difference between the body form of young
males in Zhejiang province and those of other regions
in China.
SAMPLING AND METHOD
This survey samples come from 180 male students[2],
vary from 18 to 26. 42 items of measurement were
defined by name, term, definition and measuring
position
according
to
GB/T
5703-1999,
ISO8559-1989 and ISO 3635-1981[3][4][5]. 180
samples for measurement were chosen in Shaoxing
University with the way of cluster sampling. All
samples were semi-nude only clothed in briefs and
bare footed, keeping a natural upright posture with
even breath during the measurement.

*

RESULTS
3.1 General statistical analysis
The analysis had 173 set of available data after data
pre-process. SPSS (Statistical Products and Services
Solution) software was first used to do general
statistical analyses, and then to calculate standard
deviations, means, variance and standard error of
dimensions. Results of measurement of young males’
body in Zhejiang were . Standard errors appear on
chest girth, hip girth, mid-hip girth, waist girth,
weight, body height, cervicale height, waist height,
total crotch length, waist to hip. This data is not only
the right information for clothing style and pattern
design, but also the key information for apparel
pattern making design and tailoring. In addition,
there were details for apparel pattern making, such as
thigh girth, top arm, body rise, neck girth, waist
length c. b and armscye girth.
3.2 Clustering analyses
So it is necessary to find the correlation between each
dimension and find some key positions. In this paper,
the clustering analyses method is used to find out
representative items.
Eighteen key items about apparel manufacturing
were divided into four kinds based on the clustering
pedigree figure as usual: The first kind explains in
detail the items of length, body height, waist height,
cervicale height and arm length. The second kind
explains in detail the items the length of upper body,
front waist length, waist length c. f, back waist length
and waist length c. b. The third kind explains in detail
the items of body width, across chest, shoulder
breadth, waist girth, hip girth, chest girth, across back,
neck girth and weight. The fourth kind explains in
detail the items of crotch length of the body, body
rise and waist to hip.
3.3 Principal component analyses
Software SPSS is also used to do principal
component analyses. First the Kaiser-Meyer-Olkin
measure of sampling adequacy and Bartlett’s test of
sphericity were done to test the suitability of
principal component analyses before analyzing. The
outcome shows the variables of the survey are
suitable to do principal component analyses [6]. The

Supported by the Innovation fund of Donghua University for Doctors. wangqim@mail.dhu.edu.cn
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distribution of dimensions in every factor line was
analyzed, based on the result from SPSS and the
specialty knowledge of garments (this account was
aimed at ten main factor lines, cumulative percents is
68. 89% in the survey). The explanations of the
results and the figure of the SPSS result had been
omitted.
DISCUSSION
4.1 Body types judging
There are many ways to judge body types, such as
the way of difference of girth, Rohrer index,
Pignet-Vervaeck index, Davenport index and Pignet
index. The discussions are shown as follows.
(1) Difference of girth
Based on dimension by this survey, the differences of
girth of males in Zhejiang can be seen as follow:
Difference of chest and hip=4.42 cm. Difference of
chest and waist=12.545 cm. Difference of waist and
hip=16.965 cm.Where B is the chest girth, H is the
hip girth, W is the waist girth.
The result (12.545cm)indicated the body form from
this survey is the “A” type, namely “regular” type.
We consider the body form from this survey tends to
fat type because the result was close to 12. This
judgment was based on the table of Chinese adult
males body form came from the national standard for
size designation of clothing.
(2) The ways for body types classification
The classification used the index, such as Rohrer
index, Pignet-Vervaeck index, Davenport index,
Pignet index, and the standard and results of these
indexes can be seen in table 1. The body form from
this survey was considered as thin body type based
on the number of Rohrer index and Pignet index, but
was considered as a middle body type but tends to
thinness based on the number of Pignet-Vervaeck
index and Davenport index. Using the result of
difference of girth, we considered the body form
from survey was “middle” type synthetically. The
main reason for this is that the indexes from foreign
countries were not suitable for Chinese; as a result,
the new Chinese body type class index is to be
determined.
4.2 Proportion of chest girth and body height
The chest is an important dimension in body form,
especially in apparel style and function. Therefore, it
is quite necessary to determine chest type. There are
three kinds of chest type based on the proportion of
chest girth and body height (narrow, regular, broad
type). The chest type of this survey is narrow.
Comparing with the standard, we considered the
body form from the survey belongs to the narrow
chest type because the number of the body form
approach the lower limits of the regular chest type.

4.3 Proportion of radius vector and cross vector of
body
Proportion of radius vector and cross vector of body
is the percentage for the breadth and width of every
section of body. The calculated formula is shown as:
Proportion of radius vector and cross vector of
body=body breadth / body width ×100%.
The number of the proportion can express the flat
degree of cross section shape of the body. The
proportion of radius vector and cross vector of the
body for body form from the survey is shown as:
Proportion of radius and cross vector of body for
chest is 67.63%, waist is 69.84%, hip is 60.12%,
indicating the cross section of the chest & hip which
are more flat than the waist, reflecting the muscle in
the chest & hip of young males in Zhejiang not
developed. The waist fat was quite excessive, lacking
suitable physical exercise.
4.4 Proportion analysis for length of parts
(1) Proportion of head and body
In Egypt and Greece, head and hands were used as
the measure unit for body proportion because the
head and hand are bare in daily living. In this survey,
we refer to the way of calculating average head
height for Japanese males 25 years old. The number
was equal to the length of forearm (23.571cm)[7].
The body height of the Asian race is 6.5-7.5 times for
head height in general. The body form from the
survey is 7.128 units head height; belongs to the
range from 6.5 to 7.5. Compared with the number of
Japanese males (7.03), the figure of young males in
Zhejiang is evidently finer than the figure of Japanese
males. So the manikins of Japanese males aren’t
suitable for the body form of young males in
Zhejiang.
(2) Proportion of golden section
The proportion for the dimension of the waist line
up and the dimension under waist line is equal to
1/1.618, that body form is perfect in general, the
proportion for the dimension of the hip line up and
the dimension under hip line is equal to 1, that body
form is also perfect. Namely the requirement is
shown as:
The dimension of waist line up / the dimension
under waist line =1/1.618. The dimension of hip line
up / the dimension under hip line =1. In this survey,
the dimension of waist line up / the dimension under
waist line =1/1.532. The dimension of hip line up /
the dimension under hip line = 1/0.913.
The body form from the survey did not very match
human beauty, because the number of the proportion
for the body form from the survey had a bigger
difference with the number of the proportion for
perfect body form. This indicates in the body form of
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young males in Zhejiang exists a deficiency in the
proportion of parts length.
4.5 Dimension comparison
We compared the dimension of this survey with the
dimension of the national standard (GB1335.1-1992,
GB1335.1-1997), six provinces of east China,
northern and north-east China and Japanese males
and the data of Ergonomics. The dimension of the
national standard came from the middle body type of
size designation of men’s clothing (GB1335.1-1997).
The result of dimensions comparison can be seen in
table 2.
As table 2 shows, there are definite differences in
length and width of the dimension of this survey,
compared with the dimensions of the national
standard and Japanese males. The dimensions of this
survey were less than the dimensions of these with
exception of the national standard 88 and 92 and
Japanese in body height. The dimension of this
survey was bigger than these with the exception of
the national standard 97 in cervicale height. The
dimension of this survey was less than these with the
exception of the national standard 92, Taiwanese,
Japanese –ergonomics in waist height, our dimension
was bigger than all dimensions except dimension of
northern and north-east China in knee height. Our
dimension was bigger than all dimension in arm
length, our dimension was less than all dimension in
chest girth, waist girth and hip girth, the dimension of
neck girth was less than all dimensions except the
national standard 92 and 97, shoulder breadth
dimension less than all comparative dimensions,
difference of hip-waist was less than all dimension
except the dimension of six provinces of east China,
difference of chest-waist was bigger than all except
the national standard 92.
The one sample T test method in SPSS used to test
the difference was not influenced by random. The
result of one-sample T test can be seen in table 3
(because of the size of the paper, we just show chest
girth). Check the table of t-distribution based on the
value of t and degree of free, we considered these
dimensions have significant differences among the
compared dimensions in this paper except body
height of the national standard-88. The
above-mentioned are the key dimensions for
menswear design, process and manufacture—Body
height means the size of the body; waist girth & hip
girth means the type of the under body; chest girth
means the type of the upper body in many countries
sizing systems. Neck girth and shoulder breadth are
the key dimensions of manufacturing the men’s shirts.
The difference of chest-waist is the key to the shape
of menswear. Accordingly, it is indispensable to
develop Chinese menswear block to adapt the
development of Chinese apparel industry.

CONCLUSION
(1) The body form of young males in Zhejiang made
from the survey data based on apparel pattern making
knowledge.
(2) The body form of young males in Zhejiang
province is the general “A” type, evaluated by the
body types judging methods, and existed deficiencies
in the proportion of body parts length.
(3）The key dimensions of the body form from the
survey were different from the males’ dimensions of
the Chinese national standard, other regions males of
China and Japanese males et al. The results can be
explained by apparel manufacture knowledge.
(4) As a result, it is not suitable for Chinese
menswear manufacturer to use foreign menswear
blocks, such as the Japanese one. It is indispensable
to develop a Chinese menswear block.
FUTURE WORK
Further research will be processed to study the
difference between the body form of young males in
Zhejiang province and those of other regions in
China. New Chinese menswear blocks can be built
based on this research.
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Table Ⅰ THE INDEXES FOR BODY TYPE CLASSIFICATION
Index kind
Thin
Middle
Fat
Calculated formula
results
Body type
Rohrer index
under 1.28
1.29-1.49
1.50 up
W*/L3×100
1.22
Thin
Pignet-Vervaeck index
Under81.9
82-94.2
94.3 up
(W+B)/L×100
84
Middle
2
21
Middle
Davenport index
26 Up
25-21
Under20
W*/L ×10
Pignet index
Under 50
51-55
56 up
L-(B+W)
26
Thin
Note: W* is weight (g), L is body height (cm), W is weight (kg), and B is chest girth (cm).
TableⅡTABLE OF MAIN DIMENSION FOR COMPARISON
National
National
National
Zhejiang Taiwanese Japanese Japanese
Body
Six provinces of northern and
standard standard-1 standard-19
province
males
males
males
dimensions
eastern China north-east China
88_Ergon
992
97
dimensions
Ergon
apparel
Ergon
Sample
11164
5115
----400
400
173
1322
958
12100
number
Age
18-60
18-60
----20-60
20-30
18-26
18-65
19-59
18-59
range
Body
167.8
167.48
170
171.38
173.21
168.01
169.9
167.28
169
height
Cervicale
----142.91
145.1
--------143.04
----142.22
----height
Waist
----100.58
102.3
----109.69
101.65
100
103.86
98
height
knee
44.4
------------47.87
45.44
44.9
43.43
44.9
height
Arm
----54.53
55.3
--------55.57
----54.18
----length
Chest
----87.53
88
88.44
88.76
83.65
----90.77
----girth
Waist
----71.69
74.1
76.45
75.57
71.1
----75.6
----girth
Hip
----89.23
90.1
90.7
91.81
88.07
----91.11
----girth
Neck
----36.93
37
41.27
43
40.78
----42.46
----girth
Shoulder
43.1
43.24
43.7
43.64
42.88
39.46
45.3
43.06
44.9
breadth
Difference of
----15.84
13.9
11.99
13.19
12.545
----15.17
----chest-waist
Difference of
----17.54
16
14.25
16.24
16.964
----15.51
----hip-waist
Difference of
----1.7
2.1
2.26
3.05
4.4197
----0.34
----hip-chest
Note：1. All units of the dimensions are cm. Sign “-----”show missing data in references.
2.The data of national standard-1992 [8]; The data of national standard-1997 [9] ; The data of Six provinces of eastern China [1];
data of north and north-east China [11]; The data of Japanese males [10] ;The data of Ergonomics [12];
3. The data of national standard-1997 used the calculated value of the body type “A”.
4. The data of northern and north-east China choose the data of males aged 20-30.
Table Ⅲ THE RESULT OF ONE-SAMPLE T TEST FOR CHEST GIRTH
Test Value
95% Confidence Interval of the Difference
t
df
Sig. (2-tailed)
Mean Difference
= 87.53
Lower
Upper
CHEGIRTH -11.696
172
.000
-3.882
-4.537
-3.227
Test Value =
95% Confidence Interval of the Difference
t
df
Sig. (2-tailed)
Mean Difference
88.00
Lower
Upper
CHEGIRTH -13.112
172
.000
-4.352
-5.007
-3.697
Test Value =
95% Confidence Interval of the Difference
t
df
Sig. (2-tailed)
Mean Difference
88.44
Lower
Upper
CHEGIRTH -14.438
172
.000
-4.792
-5.447
-4.137
Test Value =
95% Confidence Interval of the Difference
t
df
Sig. (2-tailed)
Mean Difference
88.76
Lower
Upper
CHEGIRTH -15.402
172
.000
-5.112
-5.767
-4.457
Test Value =
95% Confidence Interval of the Difference
t
df
Sig. (2-tailed)
Mean Difference
90.77
Lower
Upper
CHEGIRTH -21.458
172
.000
-7.122
-7.777
-6.467
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Korean
males
Ergon
2090
18-59
170.7
----102.6
------------------------45.1
------------The

Dynamic Pressure Comfort of Three Garment Sleeve
Structures
Xianghui Zhang, Jun Li*, Yunyi Wang
Protective Clothing Research Center of Fashion Institute, Donghua University, Shanghai
200051, P. R. China
lijun@dhu.edu.cn,zhangxianghui@dhu.edu.cn
ABSTRACT
To evaluate whether or not different sleeve designs
may affect the dynamic pressure comfort of working
clothing, three sleeve structures, set-in sleeve,
kimono sleeve and raglan sleeve, were developed
All three garments were constructed using the same
sewing construction and the same fabric, only the
design of the sleeves at the shoulder area were
different. Eight male university students undertook
arm’s movements in three planes of motion while
wearing these garments. The clothing pressure at
nine different locations and subjective pressure
sensation at shoulder blade during exercise were
recorded. And the clothing area factor(fcl) of the
three garments were also measured by using
photographic method. The experimental results were
analyzed using one-way ANOVA, regression
analysis of variance. From the analysis, general
trends were that the set-in sleeve exhibited the
greatest pressure discomfort and the kimono sleeve
exhibited the least. There was only moderate linear
relationship between the pressure sensation and the
logarithm of clothing pressure. It was also shown
that the clothing area factor(fcl) was related to the
clothing pressure.
KEYWORDS dynamic clothing pressure, pressure
comfort, working clothing, sleeve structures, the
clothing area factor
INTRODUCTION
Studies have shown that the clothing pressure is an
important index for evaluating the comfort of
clothing which is determined by many factors, such
as material, garment structure and wearing state[1,2].
Many works have been carried out in the area of the
clothing pressure of the closely fitted clothing, such
as girdles, corsets, brassieres and other tight-fit
garments. In these researches the relations between
the clothing pressure and the physical fabric
properties[3-5], between the clothing pressure and
the clothing size[4,6-7], between the clothing
clothing
pressure
and
the
degree
of
transfiguration[8,9]
were investigated.
Only
Zhang[10] and Chen[11] have investigated the
relationship between the clothing pressure and the
wearing comfort of daily clothing. However, few

research has been done to determine the contribution
of alternative structures of working clothing to its
pressure comfort.
The objective of this study was to determine whether
or not different sleeve designs affect the dynamic
pressure comfort of working clothing by examining
the effect of sleeve structures on the clothing
pressure in various areas of the torso, arms and
shoulders when different arm positions were
performed.
EXPRIMENTAL
Samples
Three sleeve structures, set-in sleeve, kimono sleeve
and raglan sleeve, were developed for the
experiments. The basic body and sleeve were drafted
from patterns of a set-in sleeve working
clothing(Figure 1) which was purchased from
current working clothing market. The basic blocks
included garment fitting ease. The patterns were
extended to the hip level allowing for the body area
of the pattern to be the same shape and dimensions
for each sleeve design. The raglan (Figure 2) and
kimono (Figure 3) sleeve patterns were developed
from the basic blocks using flat pattern techniques
described by Zhang[12]. Since the purpose of this
research was to understand the sleeve structures,
fabric variables which may contribute to a sleeve’s
function were controlled by using one plain weave
T/C fabric. All three garments were constructed by
the use of the same sewing construction and fabric,
only the design of the sleeves at the shoulders and
upper arm areas were different.
Human subjects
Eight male university students were invited to act as
human models in the experiments. The mean (SEM)
physical characteristics of the subjects were: age
23±1.4years old, height 1.71±0.04m, weight
60.6±5.2kg, body surface area 1.87±0.14 m2.
Measurement instrument
A balloon type sensor(AMI3037) were used to
measure clothing pressure. The size of sensor cell
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FIGURE 4. The nine measurement locations

was 30×30mm, and 0.8 ml air can be pumped into.
By adjusting the output of voltage, the measurement
accuracy can be limited to ±0.001kPa. The sensor
cell was small and flexible, and so could be easily
inserted between the working clothing and skin
without affecting the accuracy of the pressure
measurement.
Measurement conditions
The experiments were conducted under temperature
of 21士2℃, humidity of 48士10% and wind speed
below 0.2m/s.
Clothing pressure experiment
The samples were conditioned under the laboratory
condition for over 24 hours before wearing tests.
Subjects were explained of the experimental
procedure and the meaning of pressure sensation
rating. They were asked to wear three sample
garments randomly. The clothing pressure were
measured for nine different locations on the upper
body which included side neck, shoulder, chest,
shoulder blade, medial and lateral upper arms,
medial and lateral forearms, and center back
lower(Figure 4). The arm’s positions performed by
the subjects in this study allowed the examination of
the effect of the clothing pressure on the sleeve
structures. The positions were divided into three
planes of motion[13]: the sagittal plane, the frontal
plane and the transverse plane. Flexion/extension are
the movements which taken place in the sagittal
plane; abduction/adduction in the frontal plane; and
horizontal abduction/adduction in the were
transverse plane(Figure 5). Each posture tested for
thirty seconds, and each sleeve type garment was
worn three times. Subjective perception of pressure
comfort at shoulder blade was recorded on a
four-point intensity scale while performing different
arm movements (i.e. 1=comfortable, 2=slightly
uncomfortable,
3=
uncomfortable,
4=very
uncomfortable) [14]. In order to compare the surface
area of the patterns, the clothing area factor(fcl) of the
three garments were measured by using photographic
method[15].

FIGURE 5. Arm positions in three planes of motion

RESULTS AND DISCUSSION
Relationship between sleeve structures and
dynamic clothing pressure
The experiment results were analyzed using one-way
ANOVA analysis of variance. The average dynamic
clothing pressures of three garments for nine
different locations in three planes were reported in
Figure 6(a)~(i). According to the data collected, the
dynamic clothing pressures for the three different
sleeve structure garments were different. There was
significant differences between the clothing
pressures at shoulder occurred at 135 and 155
degrees in the sagittal plane of motion. The set-in
sleeve exhibited significantly greater pressure when
compared with the two other sleeve structures. For
arm positions at 90, 135 and 155 degrees in the
frontal plane of motion and at 130 degree in the
transverse plane of motion, the set-in sleeve’s
pressure at chest was significantly greater than that
of the raglan and the kimono sleeves. Significant
differences occurred between the set-in sleeve when
compared to the two other sleeve structures at
shoulder blade for arm positions set at 90, 135
degrees in the sagittal plane of motion and at -45
degree in the transverse plane of motion. These
analysis inferred that the set-in sleeve would be the
least appropriate for arm movements in all three
planes of motion, especially at extreme arm positions.
It was also shown that the areas that have the least
variation in clothing pressure between the three
sleeve structures were the side neck, center back and
forearms. Since these areas had the same amount of
ease and pattern shape regardless of the sleeve
structures, there pressure values do not vary
significantly. However, the shoulder, chest, shoulder
blade, upper arms areas, where the three garment
structures were different, had larger variations in
pressure values.
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(a)

(b)

(d)

(c)

(e)

(g)

(f)

(h)

(i)

FIGURE 6. The average dynamic clothing pressures of set-in sleeve ( ), raglan sleeve(
different locations, *Significant difference between samples (p < 0.05).

Relationship between subjective rating and
dynamic clothing pressure
Subjective ratings for dynamic pressure comfort at
shoulder blade of three garments in three planes of
motions were shown in Table I. It was clear from
that the subjective pressure sensation ratings at
shoulder blade which were calculated for each of the
sleeve structures were not significantly different
from each other, though the set-in sleeve provided a
little higher pressure sensation than the two other
sleeve structures. However, regardless of different
sleeve structures, the pressure comfort sensations at
extreme arm positions in all three planes of motions
were generally higher than other arm positions.
According to the Fechner’s logarithmic law[2], the
relationship between the pressure sensation and the
logarithm of clothing pressure at the shoulder blade
was investigated. As shown in Figure 7, there is was

), and kimono sleeve( ) garments for nine

Table I. Subjective ratings for pressure comfort at shoulder blade
area(mean ± standard deviation)

Sagittal
plane

Frontal
plane

Transverse
plane
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S0º
S45º
S90º
S135º
S155º
S-30º
F0º
F45º
F90º
F135º
F155º
T0º
T-45º
T45º
T90º
T130º

Set-in
sleeve
1.00±0.00
1.00±0.00
1.25±0.50
1.50±0.50
1.75±0.50
1.00±0.00
1.00±0.00
1.00±0.00
1.25±0.50
1.75±0.50
1.75±0.50
1.25±0.50
1.75±0.50
1.00±0.00
1.00±0.00
1.00±0.00

Raglan
sleeve
1.00±0.00
1.00±0.00
1.25±0.50
1.50±0.57
1.50±0.50
1.00±0.00
1.00±0.00
1.00±0.00
1.25±0.50
1.25±0.50
1.25±0.50
1.25±0.50
1.25±0.00
1.00±0.00
1.00±0.00
1.00±0.00

Kimono
sleeve
1.00±0.00
1.00±0.00
1.25±0.50
1.25±0.50
1.25±0.50
1.00±0.00
1.00±0.00
1.00±0.00
1.00±0.00
1.25±0.50
1.25±0.50
1.25±0.50
1.25±0.00
1.00±0.00
1.00±0.00
1.00±0.00

1.4

1.33
1.22

1.2

the clothing area factor

only moderate linear relationship between human
pressure sensation rating and logarithm of clothing
pressure on human skin, with R2 being 0.63. It
seemed that the pressure sensation at shoulder blade
may be influenced by clothing pressures at other
locations. This finding was in line with the results of
Chan[5], who found that there were only weak to
moderate relationships between the sense of
compression and clothing pressure.

1.08
1

0.8

0.6

0.4

0.2

0

set-in sleeve

raglan sleeve

kimono sleeve

FIGURE 8. The clothing area factor(fcl) of three sleeve structures

FIGURE 7. Pressure sensation rating vs. logarithm of pressure at
shoulder blade

Relationship between the clothing area factor and
dynamic clothing pressure
The clothing area factor(fcl) of three garments were
reported in Figure 8. As seen in Figure 1, 2 and 3,
the sleeves were developed from the same basic
patterns and cover the same area of the body, any
changes in the clothing area factor of the garment
were due to different ease in sleeve structures that
was incorporated into a pattern in the armhole area
during pattern development. The clothing area factor
of the set-in sleeve was smallest and had the closest
fit to the shoulder complex area. That could be the
reason that the set-in sleeve had the largest clothing
pressure at the shoulders and upper arm areas in
motion, comparing with other two sleeve structures
However, the kimono sleeve’s clothing area factor
was highest and had smaller clothing pressure in
these areas of the body. It was shown that the
clothing area factor(fcl) was related to the clothing
pressure. The result was accorded with the
conclusion proposed by Mullet[16], that the surface
area of different structure garments may affect
thermal insulation value of a garment.
CONCLUSIONS
In this study, the clothing pressure related to the
different structures of garment were investigated. As
all factors, such as material and environment, were
controlled, the variable which was changed was the

design of the garment sleeve. It was shown that at
extreme arm positions in the sagittal and frontal
planes of motion, the set-in sleeve’s clothing
pressure at shoulder, chest, shoulder blade, upper
arms were greater that that of the kimono and raglan
sleeves, where these areas had different amount of
ease due to different sleeve structures. However,
there were no significant differences between
clothing pressures at side neck, center back and
forearms where the sleeve structures did not differ
enough structurally. General trends were that the
set-in sleeve exhibited the greatest pressure
discomfort and the kimono sleeve exhibited the least.
It was shown that the clothing area factor(fcl) was
related to the clothing pressure. The areas where had
the same amount of ease regardless of the sleeve
structure, had the least variation in clothing pressure.
However, the areas where the three garment
structures were different, had larger variation in
clothing pressure. For the three sleeve structures
studied were developed from the same pattern, the
differences between the clothing pressure were due
to structural differences between sleeve structures.
Alternative sleeve structures of working clothing
may not only affect pressure comfort, but also
contribute to thermophysiological comfort. Further
investigation with consideration to this aspect would
provide better understanding. Furthermore, the
contribution of various garment structures could be
determined in future work.
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FIGURE 1. Set-in sleeve working clothing and patterns
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FIGURE 2. Raglan sleeve working clothing and patterns

FIGURE 3. Kimono sleeve working clothing and patterns
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Abtract
The creative industries are leading to a new economy that includes social, cultural, and environmental priorities,
Educational institutions are in fact a vital part of the new creative industries, The purpose of this paper is to
analyses the influence of design education on fashion creative industry in China, which is primarily concerned
with recent changes to design education and the ways in universities and polytechnics are attempting to meet
the challenges of this new holistic approach to creativity and innovation. The impact in cultivation goals and
academic discipline of design education are study on fashion creative industry through a questionnaire survey in
fashion design and engineering institution in China. The ‘creative cycle model’ is developed, which is used to
describe the relationship between design education and the fashion creative industries. By this cycle continuing,
the fashion creative industries will expand to become the model for a new economy based on social, cultural
and economic entrepreneurship and change.
Keywords:design education, fashion creative, academic discipline, creative cycle model
1. INTRODUCTION
The creative industries are leading to a new economy
that includes social, cultural, and environmental
priorities: The deep and enduring changes of our age
are not technological but1social and cultural. These
changes have been building for decades and only
now are coming to the fore [1]. Recently, creative
industries theorists have pointed out that it is not
simply the technological innovation that is driving
growth in the creative industries, but precisely this
kind of creative cultural content [2].
As Western nations move away from the production
of goods and services and concentrate instead on the
production of ideas and knowledge, the creative
industries have become the subject of an increasing
amount of research and theoretical development [3]
The term “creative industries” was initially broadly
used to describe design, advertising, film, fashion,
interactive technologies, popular music, and a host of
other professions. In recent years cultural theorists
have argued that these professions are driving more
than simply economic growth, but that they
necessarily encompass social and cultural
development as well [4]. This view places the creative
industries at the centre of civic and commercial life.
It is this distinction between popular and elite culture
The study was funded by “National Natural Science Foundation”
（No.70373018）.

that defines the creative industries. The kind of
culture that is available to most, if not all people, is
often highly commercial in nature, comprised of
varying kinds of popular music, advertising,
magazines, posters, film, video games and so on, and
are all created in order to return a financial profit.
Creative industries theory offers us a way to better
understand contemporary cultural production. In
particular it presents us with a new appreciation of
the democratic aspects of commercial or popular
culture that are often overlooked by conservative,
elitist notions of high culture, and does so as much to
celebrate the ideals of diversity and participation as
profit and commerce [5]. Creative industries
practitioners have to work within commercial
realities, but often prefer to understand their work in
terms of cultural and social development. It is these
“culture makers” that best characterizes the new
creative class.
2. THE IMPACT OF CREATIVE INDUSTRY IN
CULTIVATION GOALS AND ACADEMIC
DISCIPLINE OF DESIGN EDUCATION
In order to meet the needs of a rapidly developing
economy, as well as the demands for well-trained
designers, design educators are using similar and
different approaches trying to find and develop the
best design methods. Design education in China
started in the 19th century and has tremendously
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improved in both theoretical and practical aspects in
the past twenty years. More than 720 universities and
colleges on the China have established design as a
major with a large number of students graduating
each year. At the same time, certain design education
methods, theories, techniques and teaching
experiences abroad were introduced to China which
contributed to the development of design education
there. Later in the development of design education
in China, the intention was to train well-prepared
designers to meet the demands of the fast growing
market at home and abroad. The opportunities and
challenges become obvious in the year 2005 when
China entered the World Trade Organization. In the
late 20th century a reformation in design education
in China began. The problems existed in design
education were caused because most Chinese
universities followed an obsolete, outdated Arts and
Crafts education mode. Such an artistic or intuitive
based education method was viewed as the dominant
approach in design education. The discussion and
argument of how to develop design education in
China and its reformation, persisted until educators,
manufacturers
and
the
public
realized
human-centered design development should be
attached importance to in the new economic mode.
2.1. METHODOLOGY AND RESULTS
To shed further light on these issues in the
relationship of design education and fashion creative
industry, a questionnaire using the online survey
software was fielded to 50 fulltime academic staff in
the 10 universities that offered undergraduate
degrees in clothing design or engineering. The
content of questionnaire is following as table 1.
TABLE I. The main content of academic opinions

Question
No.
Q1
Q2
Q3
Q4
Q5

Q6

Content
Design education should be integrated in
all design curricula in china
Sustainability relevant & important in
most design studio projects
Educational institutions offer a range of
elective programs that give students a
certain degree of flexibility and choice
The traditional way of structuring design
education
To meet academic requirements of
degree program by providing courses in
the history of design and critical theory.
Intensify
team
cooperation
integrating
approaches
interdisciplinary program

and
from

Q7

Q8
Q9
Q10

Change ways of doing, thinking, and
disseminating knowledge about creative
knowledge other than through studio
practice and
art history slide lectures
Our
graduates
show
reasonable
understanding of creative industry.
Work in student's
portfolio can help obtain design job
Design education has been thought of as
vocational

Nine out of ten respondents agreed that design
education should be integrated in all design curricula
in china within the next five years, while respondents
were equally divided when asked if evidence of
design education to a student can be a key factor in
getting a job, (Figure 2).
Design education was the need to meet academic
requirements of degree program by providing design
students with (often compulsory) courses in the
history of design and critical theory. While this has
contributed to a new appreciation of the importance
of the creative industries in our social and economic
life, it has also had the effect of creating a distinct,
and arguably artificial, separation between
theoretical and practical aspects of design education.
Such education places students in a unique position
to join the creative industries, with an understanding
that they are able to make significant choices about
their own futures, and that they are also part of larger
cultural and historical systems. Graduates from such
programs have the ability to conceive of and
implement exciting new cultural projects in the wider,
and often popular, cultural.
Respondents were equally divided when mention to
change ways of doing, thinking, and disseminating
knowledge about creative knowledge other than
through studio practice and art history slide lectures,
as well as to meet academic requirements of degree
program by providing courses in the history of
design and critical theory.
Almost all design development today is a team
oriented integrated process. This convergent process
requires people with a broader perspective towards
the problems of what a complex society, the industry
and the environment requires. This provides a useful
articulation of the dilemma facing educators
interested in creative industries theory. On the one
hand Bley accepts the need for some specialist,
discipline specific design education to provide
prospective designers to be able to perform in a
particular work environment.
The overwhelming majority of respondents (85 per
cent) agreed that design education is relevant and
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important in most studio projects, and educational
institutions should offer a range of elective programs
that give students a certain degree of flexibility and
choice.
Three-quarters considered they should intensify team
cooperation and integrating approaches from
interdisciplinary program, while 22 per cent claimed
that design education has been thought of as
vocational.
In the aspect of cultivating designing education goals,
the design institutions pay attention to the universal
education of designing, not just focusing on
cultivating specialized talent to cultivating the
independent thinking ability, designing theory ability,
designing activity ability, and the team cooperation
ability of the students. Team cooperation and
integrating approaches from interdisciplinary
program requires students to work initially in
multidisciplinary teams of students that bring
together a range of perspectives and skills bases to
illuminate a problem. Students then move into a
more genuinely interdisciplinary mode of learning
where there is distinction between individual
knowledge and shared understandings. It may be
relatively easy to assemble a multidisciplinary team,
but to ask the participants to work constructively and
efficiently over a period of time demands an
interdisciplinary attitude. This suggests integrating
approaches from other disciplines.
Less than half thought that their graduates exhibited
a reasonable understanding of creative industry. By
partnering with industry in the pursuit of
collaborative projects ， faculty have successfully
overcome these barriers point to enlightened
participants from within academia, design firms, and
industry – enlightened in that they see the value of
collaboration and the potential for new ways of
teaching. Nick Zepke points to the need to
distinguish between “operational” knowledge and
“academic” knowledge when considering recent
changes to tertiary education. Operational knowledge
being generally concerned with the acquiring of
skills and closely associated with vocational learning,
while academic knowledge needs to be sanctioned
and made official by institutions like universities.
2.2. THE IMPACT IN CULTIVATION GOALS
AND ACADEMIC DISCIPLINE
So while most educational institutions offer a range
of elective programs that give students a certain
degree of flexibility and choice, there is typically no
flexibility when it comes to studying between
departments and disciplines, and blurring the
boundaries between learning and working
professionally. The need for educational institutions
to develop a more innovative approach to creative

education should be promoted. Almost all design
development today is a team oriented integrated
process. This convergent process requires people
with a broader perspective towards the problems of
what a complex society, the industry and the
environment requires.
This provides a useful articulation of the dilemma
facing educators interested in creative industries
theory. Some specialist, discipline specific design
education provides prospective designers being able
to perform in a particular work environment.
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q 10
0%

10%

Completely agree

20%

30%

Somewhat agree

40%

50%

Neutral

60%

70%

Somewhat disagree

80%

90%

FIGURE 1. Academic opinions on relationship between design
education and the fashion creative industries

3.
‘CREATIVE
CYCLE
MODEL’
DEVELOPMENT
OF
RELATIONSHIP
BETWEEN DESIGN EDUCATION AND THE
FASHION CREATIVE INDUSTRIES
The role of the ‘creative cycle model’(to indicate a
mentoring relationship between design education and
the fashion creative industries) is to coordinate
design education and fashion creative industries. The
Academic discipline was used in the context of
fashion design courses, presenting the concept of a
close relationship with teams of students to
compensate for the special challenges of creative
engineering design. The new creative class requires
experience in design research, experience in
industrial design, and cultural, social, economic
knowledge. The functions of the creative cycle
model are: the creation of a design conductive
environment; the provision of industry information;
the encouragement of autonomy and individual
learning styles; and psychological support of the
students. In the context of creativity, the role of the
creative cycle model is particularly important, as it
consists of: cultivating new creative class; helping
students to effectively tap their creativity; guiding
them through the design process according to both
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100%

Completely disagree

the curriculum system and economic entrepreneurs;
and encouraging self-reflection and assessment (see
Figure II).

Fashion
creative
industry

Cultural, social,
economic
entrepreneurs

Academic
discipline

Design
education

The new
creative class

[2] Bilton, C., Management and Creativity: From
Creative Industries to Creative Management,
Blackwell Publishing, Oxford, 2007.
[3] Robinson, K.2001, Out of Our Minds: Learning
to be Creative, Capstone Publishing, London, 2001.
[4] Csikszentmihalyi, M., Creativity: Flow and the
Psychology
of
Discovery
and
Invention,
HarperCollins, New York, NY, 1996.
[5] Andy C Pratt, The music industry and its
potential role in local economic development: the
case of Senegal. In: D. Barrowclough, Z.
Kozul-Wright, Voice, Choice and Economic Growth:
Creative
Industries
and
Developing
Countries.Routledge, London, 2006.

FIGURE II. Creative cycle model in creative design engineering.

4. CONCLUSION
Creative industries theory, with its emphasis on
innovation, creative networks, communication and
teamwork, and self-determination is demanding a
more sophisticated understanding from today’s
creative practitioners, and design education has had
to grow and change in order to meet this challenge.
In China educational institutions increasingly consult
and seek formal partnerships with the business sector
to keep up with technological developments and to
make sure that their graduates are as work ready as
possible.
Design educations combine the latest technology
with sophisticated visual imagery to articulate
complex and thought-provoking cultural content and
commentary. If educational institutions are to meet
the challenges described in this paper, it is beneficial
to not think of education and industry as separate or
discrete processes. Educational institutions are in fact
a vital part of the new creative industries, which have
been largely responsible for its growth and
development.
A more creative way to conceptualize this
relationship between education and industry is by the
‘creative cycle model’, which describes the way that
each part reinforces and promotes the development
of the other. This model extends the interdisciplinary
approach and asks us to apply a far more holistic
approach to cultivate the new creative class for a new
economy based on changes of social, cultural and
economic entrepreneurship.
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ABSTRACT
In order to achieve the aim of quick clothing design and manufacturing, conducted a study of computer aided
design(CAD), computer aided manufacturing (CAM), computer aided process planning (CAPP), flexible
manufacturing systems (FMS), Enterprise Resource Planning (ERP) systems interface technology integration
based on the technology XML. Set up CIMS (Computer Integrated Manufacturing System) structure model,
based on XML established data exchange model of among the CAD, CAPP, CAM, FMS, and ERP systems, and
thus close integration at higher level and seamless data exchange can be achieved, improve product design and
apparel production efficiency, enhance the rapid response speed, improve product quality, there is conducive to
the promotion of clothing information of enterprises.
Key words: apparel technology; computer application; CIMS; XML;interface
large number of data types of information and
documents was yielded, it need to use different file
formats to store, such as graphics data, structured
data and unstructured non-graphical data, how to
ensure the consistency of the data and its
transparency to the user, have a lot of work to do in
the field of how the different structure distributed
data manage the network communications[1]. (2)
Because of the complexity of technology, the
world's all companies can not provide a complete
apparel CAD, CAM, FMS and CAPP, ERP and so
on single product. The individual products are
produced in different countries by different
companies, not only different products are not
compatible, but also each individual is produced by
a lot of companies in the world, each incompatible
with each other, which led to a lot of difficulties in
the realization of the apparel computer integrated
manufacturing system.

1．INTRODUCTION
The apparel industry in Advanced countries are
moving towards the development of the integration
of the apparel design system, manufacturing
system and the management system. The use of
CIMS can improve the rapid reaction of the
enterprises to the market changes. On the base of
CAD, CAM, FMS designed only for clothing,
countries in the world in the early eighties of the
last century carried out the research and
development on clothing CIMS.
Since the implementation of the “seven, five” plan,
our country started the research and development
of the apparel CAD, CAM, FMS and CAPP, as a
single item, and it has gradually applied in practice.
During the period of “Eight,five” plan, built up an
annual capacity of high-end suit 60,000 sets (pieces)
of the CIMS application engineering[1].

In order to realize the integrating of the apparel
CIMS, product data exchange and sharing is
needed between the individual technologies. (1)
straight based on relational database, (2) based on
product data management(PDM), (3) Based on
STEP.[2]

In order to catch up with the CIMS technological
level of the world, we must not only based on the
CAD, CAM, FMS, CAPP, ERP and other single
technology’s improving but also should do the
research in the field of systematic, integrated and
network-based and promote the development of
individual technologies more perfect .

However because of the single products
are provided by different manufacturers, it
is very difficult to realize the unity
between the databases, PDM is mainly
worked in the stage of product design. The

At present the main problems of our garment
enterprises faced in the implementation of the
China's CIMS are: (1)As the computer applied in
the clothing enterprises in the respect of operating,
design, manufacturing, management and so on, a
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also developed marker data exchange standardsASTM D7331-07[5]. The relevant departments in
domestic also constitute industry standards of
pattern data and marker data exchange based on
XML. It should also include data exchange
between 2D/3D.
Apparel pattern data is very important design
information, an apparel pattern of one style mainly
include descriptive information, grading data and
sample pattern data. The sample pattern composes
of a number of pattern pieces, it include cut line,
sew line, internal line, internal text, drill hole, grain
line and so on. Therefore, the XML document of
apparel pattern information model can be described
as:
<?xml version= "1.0" encoding="gb2312"?>
<Pattern ……>
<Annotation>
……
</Annotation>
……
<GradeRule >
……
</GradeRule >
<Piece ……>
……
</Piece>
……
<Piece ……>
……
</Piece>
</Pattern>

STEP is lack of flexibility, and is not
perfect. The XML is more suitable to
describe the structure of information, it
can meet both graphical and non-graphical
data through the creation of XML data
model, it is a good channel in realization
the apparel CIMS among the various subsystem interface technology.
2. The Construct Model of Apparel CIMS
Apparel CIMS are the effective integration of
Apparel CAD, CAM, FMS, CAPP, ERP and so on
individual technologies, these single technologies
become more sophisticated day by day, which has
laid a solid foundation in the eventually achieving
of the CIMS. Figure 1 is the structure model of
apparel CIMS.

FIGURE 1. The Structure Model of Apparel CIMS

3. The key technology of Apparel CIMS
Interface
3.1 Interface Technology based on XML
XML is an acronym for eXtensible Markup
Language. It is a universal standard of data
interface, with simple, easy-to-understand, selfdescribing, extensible, interactive features, network,
allowing users to create their own tags for different
types of data and open data does not rely on the
platform and language. Compared with the STEP
standard of fixed data model, XML data model is
more flexible, and can be modified or added entity
information at any time, is more suitable for the
information exchange and share in the whole
product life cycle. [2,3]

3.3 The data interfaces of apparel CAPP and
CAD

FIGURE 2. The data interfaces of apparel CAPP and CAD

The interfaces achieve through the information of
apparel style drawing, pattern drawing, marker
drawing, basic parameters of processing and so on
produced by apparel CAD coming into CAPP
directly, and then using a variety of process rules
and logic judgment in database to design, forming
process flow chart, technic processing symbols,
technic documents and process control commands.
See Figure 2.

3.2 The data interfaces of apparel CAD and
CAD
The main data required for exchange between the
CAD and CAD is pattern data and marker data. At
present, there are more than a dozen brands of
apparel CAD system in the domestic market, they
exchange data with each other using the pattern
data exchange standards based on DXF of Europe
and the United States, Japan, and other
manufacturers[4]. In addition, the United States has

3.4 The data interfaces of apparel CAPP and
CAM
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<number of people>2</numberof people>
</ process>
……
<process>
……
</process>
<process>
……
</process>
</processes>

CAPP optimizes clipping path and simulate on the
basis of reading marker documents, forming
clipping process control command documents to
control CAM clipping. See Figure 3.

FIGURE 3. The data interfaces of apparel CAPP and CAM

At present CAD of each company generally sustain
the cutting instruction format-GGT of Gerber, for
example：

3.6 The data interfaces of apparel ERP and
CAPP
Process design is conducted on the base of ERP
production plan, for example, marking and cutting
process is designed on marking and cutting plan.
By integrating CAPP and ERP, combining garment
enterprise characteristic, making full use of
enterprise sources. We can use enterprise sources
reasonable by conducting an optimal plan. See
Figure 5.

N1*D2*M15*X12960Y2878*M14*X13234Y2878
*X13235Y878*X13234Y0*X12960Y0*X12960Y
2000*X12960Y2878*M15*.
Among them, M14 is a knife down instruction,
M15 is a knife up instruction.
3.5 The data interfaces of apparel CAPP and
FMS
At present, the garment hanging production system
applied by each country all over the world has
become to thousands. Equipments used by these
companies mostly are produced by ETON, Sweden,
also some enterprises use FMS, China.

FIGURE 5. The data interfaces of apparel ERP and CAPP

3.7 The data interfaces of apparel FMS and
ERP
Production plan of ERP is delivered to FMS, by the
actual production data conveyed by FMS to ERP,
we can master the production condition in time.
See Figure 6.

Interfaces of CAPP and FMS are dynamic
simulation in producing process, process design on
the bases of reading-in pattern data, and then form
the process flow chart, FMS layout, production
management scheme and so on. See Figure 4.

FIGURE 6. The data interfaces of apparel FMS and ERP
FIGURE 4. The data interfaces of apparel CAPP and FMS

The XML document of Production achieve
information model can be described as:
<?xml version= "1.0" encoding="gb2312"?>
<Production_achieve >
<Style id="s001">
<quantity>100</quantity>
<employee id="e005">Zhang San</employee>
<date>2009-3-20</date>
</Style>
……
< Style >
……
</Style >
<Style>

The XML document of apparel process
information model can be described as:
<?xml version= "1.0" encoding="gb2312" ? >
<processes>
<Style>
……
<Style>
……
<process>
<id >001</id>
<name>press</name>
<time units= "second" >10</time>
<equipment>Iron</equipment>
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It’s more and more close between XML and data
base. In order to convey data between them, we
must establish an representation between XML
documents structure and data base structure. Many
relationship data base productions support XML,
such as SQL Server、Oracle and so on. On base of
DOM, it can exchange messages between XML
documents themselves and data base and XML
documents by using .NET.

……
</Style>
</Production_achieve>
3.8 The data interfaces of apparel CAD and
ERP
ERP in accordance with the production plan for
product design, as well as the pattern designing and
marking. See Figure 7.

5. Conclusions
In apparel CAD 、 CAPP 、 CAM 、 FMS 、 ERP,
data type and file format are various, it can
accomplish production message integration better
by applying data exchange mode according to
XML between each interface, associated with
technique plan of data base. Thus not only the
operation, designing, exploiting, producing and
management are combined, but also keeping
accordance with designing, planning of production
and messages in the producing process. Also it’s
advantageous to the extending and transplanting of
system, convenient to combinations of each CIMS
sub-system[6]. It makes relationship between each
system more close, much higher of standard level
which can achieve message integration and entire
integration. It leads to a new level of the
informationlize of the enterprise, satisfy the
demand of apparel CIMS, and advance entire
promotion of garment industries.

FIGURE 7. The data interfaces of apparel CAD and ERP

The XML document of Production
information model can be described as:

plan

<?xml version= "1.0" encoding="gb2312"?>
<plan>
<style>
<style_id> s001<style_id>
<plan_quantity>100</plan_quantity>
< plan_date>2009-4-20</plan_date>
</Style>
……
<Style>
……
</Style>
<Style>
……
</Style>
</plan>
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4. XML Programming Interface
Using XML documents to exchange messages
between databases is turning XML into a
intermediary,
completing
message
shifted
comprehensive.
XML
defines
applied
programming interfaces by SAX (Simple API for
XML) and DOM(Document Object Model)，it is
enabled to reference and update the style, structure,
and content of XML documents. [3]
DOM is come up by W3C as standard
programming interface. DOM is a combination of
various objects, by controlling these objects,
programmer can operate XML data. We can read,
ergodic, modify, add, delete and some other
operations through objects of DOM. [3]
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ABSTRACT
Consumers for clothing now are gradually getting more mature. They are not satisfied any more with
the basic functions of clothing such as covering body to get warm or making people look good. People
pay more and more attention to the new feathers such as safety and hygiene features of the clothes. As
special groups among the population, pregnant women, babies and toddlers have higher requirement
for the safety and harmlessness for their clothes.Based on this market demand, the purposes of this
proposal are to bring out and discuss the problems in clothing safety and harmlessness; to
systematically analyze the effect on clothing's safety in terms of structure, material and procedure; and
how to develop the fashion design based on the knowledge of clothing safety and harmlessness.
KEY WORDS:pregnant women; babies and toddlers ;clothing ;safety & harmlessness features
INTRODUCTION
The practical functions of clothing consist of
two parts: safety and activity. For the special
groups of people such as pregnant women,
babies and toddlers, the level of clothing safety
has direct effect on the health of the mothers and
children. However, for a quite long time, the
fashion designers and even the industry haven't
realized the importance of it and this ignorance
is reflected in the fact that the whole level of
making clothes for those special group of people
is far behind other clothing products. Currently
in China, there are only few fashion brands
known for making clothes for those special
groups. Compared to some other countries, we
have a long way to go in regards to the
knowledge of brand management, research and
development, special material application and
how to get the balance of comfort and
decoration of the clothes.So this paper ,based on
the body data measurement and questionnaire

investigation,fully discussed the safety and
harmlessness for pregnant women, babies and
toddlers’s clothing in terms of structure and
material with the research ideas of Free of all
obstacles,environment,safety,which could offer
some theorical basis for the development of
fuctional clothing.
Based on the current situation and market
demand, this proposal is mainly to analyze how
to reflect and meet the special needs of pregnant
women, babies and toddlers for their clothes. We
are tying to have some breakthroughs on
selection of materials, easy-for-activities design,
and the environmental sound procedure.
CLOTHING STRUCTURE DESIGN’S
IMPACT ON THE SAFETY &
HARMLESSNESS OF CLOTHES
There is a direct connection between the
clothing structure and the safety, hygiene and
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comfort of clothes. To succeed in the clothing

are the best choice,which can reflect the

market,

character of no obstacles.

designers

must

have

good

understandings about their customers, especially
the special need for certain groups of people:

There are some adjustive spaces near the belly,

women that are pregnant, babies and toddlers,

breast and waist of pregnant women’s clothing

etc.

For example, the maternity clothing

in order to ease the effects from clothing

designers must analyze the special requirement

pressure to realize the quick variation of the

to clothing structure design based on the specific

bodily form of the pregnant women.

physiological and hygienic needs of pregnant
women;

research on the pattern of pregnant

The decorative design of the position above the

women’s body change and the special needs for

breast line and neckline,and the special design of

clothing based on their of blood circulation,

the position from armpit to armhole can make

heart condition and the muscles in abdomen.And

pregnant

for children's clothes, the designers musttake

beautifully.

women

wear

comfortablely

and

into account the facts such as relatively fast
body changes, activity levels, etc. The designers

The joint design of strechy material and the

must analyze the requirement of the clothing

practical design of bias techonolgy at the

safety and comfort for babies and toddlers based

position of front belly and side waist can enough

on their body development; the principles,

apply the strechy character of material to realize

patterns and theories of clothing design for

the comfortablity and beauty of pregnant

babies and toddlers based on their physiology,

women’s clothing.

psychology and the pattern of their body
development.

In general, the designers need to

We

should

lengthen

the

trouser’s

rise

apply the principles of ergonomics into clothing

length,widen the leg circumstance to meet the

design for pregnant women, babies and toddlers

wearing comfortablity of pregnant women when

to make sure the clothes are safe, practical and

we have structure design for trousers.

comfort for them to wear.
The cutting for pregnant women’s clothing
The physiology character and bodily form of

should have three-dimentional radian for the

pregnant

whole structure design.

women

change

a

lot

during

pregnancy.Based on the analysis of bodily data
and questionaire investigation of 225 pregnant

The normal development of babies and toddler

women of Henan province,this paper offered the

grow rapidly,and the bodily form chang a

principles of fashion structure design with no

lot.The most obvious change in bodily form are

obstacles for pregnant women’s clothing.

the bigger size of the head,the shorter neck,the
little differences among breast,waist and hip,the

- The strechy kintted clothing design is the usual

smaller proportion of the lower-part,projected

form,which can eliminate the action hindrance

front and depressed back of the body,and

of pregnant women. The separating style

lacking sex difference.The regulation of body

between the tops and the lowers ,front slitting

growth of babies and toddlers has higher

design above belly and the side slitting design
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requirements to the safety and harmlessness of
CLOTHING MATERIAL SELECTION’S

clothing.

IMPACT ON SAFETY & HARMLESSNESS
Comfortable, easy to open and close easy to

LEVEL OF CLOTHES

wear, looseness, knitting,such as kimono type

The clothing material, sometimes referred as

and sports, etc.With adjustive and combining

"the second layer of skin", has great impact on

function ,meeting the rapid change of the bodily

the safety, hygiene and comfort of clothes.

form. just like the overlapping design with same
or different color at the cuff and the hemline of
the tops, raglan design or drooping design, etc.
-Sleep

bags’design

with

opening-front

or

opening-back,and the opening design at the rise
parts to keep healthy.The belted design to
decrease the pressure of the belly and protect
Internal bodily organs.No obvious waist design
based on the bodily form of babies and
toddlers ,just as beautiful and lovely jumpers
having enough consideration at the size and
proportion of head and using stretchy material at
the neckline.Simple structure line, and less
cutting line to protect the skins of babies and
toddlers.

the dimensional relations between clothing and
the physiology requirements, movement pose,
research

The clothing material for pregnant women,
babies and toddlers has some basic requirements
based on the followings:They have relatively
easy to get sick due to the immune system
changeTheir skin is more sensitive, so easily to
be

allergic

to

materials.Comfort

the
is

certain

one

of

clothing
the

basic

requirements for clothing materials used in
maternity clothes and babies' clothes.
Compared to synthetic fibers, Natural fibers are
good candidates when making maternity clothes,
and babies' clothes. In general, the natural fiber
clothing has the following characteristics:It

Fashion structure design should consider enough

and

BASIC REQUIREMENTS

fashion

structure,

shape,

specification which has close connection in
order to fashion structure design with no
obstacles, seeing figure 1.

"breaths" strong absorbent ability: remove body
moisture by absorbing it and wicking it away
from the skin, helps keeping body cool in
summer and warm and dry in winter.
Another basic but important consideration when
selecting the clothing material is related to
season/temperature.

Clothing

material

selection changes with different seasons. For
cold seasons, clothing material such as wool,
cashmere, etc. that keeps body warm are good
choices. While for summer, materials with
features like water vapor permeable, UV light
resistant,

air

permeable

would

be

much

appropriate.

Figure 1 typical design example of pregnant
,babies and toddlers according to safety & harmlessness

The third basic requirement for maternity &
babies clothing material is that it should be
elasticle, easy to stretch.
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stiff and heavy textile material is not as suitable.
MISLEADING

CLEANING/MAINTAIS

SPECIAL REQUIREMENTS

MANUAL

Maternity & babies' clothing has its special need

It is important for customers to understand how

for material's safety and harmlessness. Designers

to take care of their clothes. Some maternity &

usually consider the following features when

babies' clothes in the market have misleading

selecting the material:nature fabric materials

description of clothing material and/ or cleaning

without pollution: cotton, silk,wool,etc.Material

& maintains methods.

with UV light resistance & radiation resistance
CONCLUSION
TREND OF USING MORE ENVIROMENT

This article analyzed the safety and hygiene

FRIENDLY MATERIAL

needs on clothing of some special consumer

With more awareness of global warming and

groups (pregnant women, babies & toddlers),

environmental protection, clothing industry is

provided according recommendation on clothing

paying

design strategies. It also discussed:maternity and

more

attention

to

using

more

babies' clothing material selection principles

environmental friendly textile materials

clothing
MATERIAL

PROCESSING

PROCEDURE’S IMPACT ON SAFETY &

material

pollution

issues

and

environmental friendly trend in the clothing
processing procedure.

HARMLESSNESS LEVEL OF CLOTHES
The clothing industry is facing a big challenge -

The need for high level of safety and comfort in

pollutions in the clothing material processing

the maternity and babies' clothing requires more

procedure.

research on this topic. It could be a new field in
clothing industry that will improve the added

CLOTHING MATERIAL POLLUTION

value of clothing, become a leading example for

Chemical fertilizers, pesticides are commonly

Chinese "green" clothing industry.

used for plants such as cotton, hemp, etc. And
the residues will pollute the vegetable fibers
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ABSTRACT
Hue and value are the most intuitive to study the silk clothing. Through the questionnaire, the paper studied the
impact of the hue and value on consumers choosing silk clothing and analyzed the consumers’ preference
degree of the silk clothing on the hue and value.
Keywords: silk clothing; hue ;value
INTRODUCTION
Chinese silk, a precious material, has a long history
and is one of the most dazzling pearl. Studying silk
clothing is not only for carrying forward the
Chinese traditional culture, but also to promote
economic development.
APPROACH
Samples: ten kinds of hue, five kinds of value in
each hue, one certain style silk clothing. Shown in
Figure 1. Integers 1, 2, 3, ...., 10, means hue.
Decimal 0.1 to 0.5 means the five gradually
increasing value of the same hue. For example, the
five value of hue 1 express as 1.1 1.2, 1.3, and 1.4,
1.5.

3.1

3.2

3.3

3.4

3.5

4.1

4.2

4.3

4.4

4.5

5.1

5.2

5.3

5.4

5.5

6.1

6.2

6.3

6.4

6.5

7.1

7.2

7.3

7.4

7.5

8.1

8.2

8.3

8.4

8.5

9.1

9.2

9.3

9.4

9.5

10.1

10.2

10.3

10.4

10.5

Evaluation Index: 1, imagic 2, noble 3, fashionable
4, open 5, elegant 6, comfortable 7, unique 8,
traditional.
Method: a questionnaire survey, 40 participants, 5point scale score, carried out on November 2008.
Survey was conducted on the Yangtze River Delta
region of non-silk clothing major of the young
people.
Data analysis methods: SPSS software was used to
carry out factor analysis, the mean analysis and
scattered distribution analysis; LISREL was used
to conduct confirmatory factor analysis, model
comparative analysis.

1.1

1.2

1.3

1.4

1.5

2.1

2.2

2.3

2.4

2.5

Figure 1
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2 Study on consumer s’ favorite hue and value
of silk clothing.
Using fashion for the y-axis, classic for the x-axis,
the distribution of samples was shown in Figure 3.

RESULTS AND DISCUSSION
1 Optimizing evaluation index
Using SPSS software in eight variables exploratory
factor analysis, obtained the two factors, factor1
includes: 3, fashionable 4, open 5, elegant 7,
unique, called fashion; Factor2 includes: 1, imagic
2, nobleness 6, comfort 8, tradition, called classic.

Samples in the first quadrant with fashionable and
classical, are people's expectations of the modern
silk clothing, mainly consists of low value part of
some hue (e.g. 10.1, 10.2, 10.3, 8.1, 8.2, 6.1, 6.2).

Using structural equation modeling to conduct
confirmatory factor analysis, and a more
reasonable mathematical model called M1 was
obtained in this paper, which is consistent with the
exploratory factor analysis result. The details of
M1 were shown in Figure 2. Results: NFI=0.96
NNFI = 0.94, show that the model fit well the data
from the questionnaire.

Samples in the second quadrant are mainly
expressed fashionable, only includes 6 Samples 9.3,
9.4, 4.3, 4.4 and 3.2, 1.4 which are middle-value.
The result is consistent with the recent fashion
trend.
Samples in the forth quadrant are mainly expressed
classic, mainly includes 1.2, 1.3, 2.1, 2.2, 2.3, 5.1,
5.2, 9.2, and 9.1. These samples focus on the dark
part of the yellow and blue hue, showing that these
two hues have a strong classical tone.
Points in the third quadrant mainly constitute highvalue samples in the hue of light red and light blue.
The result means that consumers think these two
hues don't have fashion and classical tone, and
should be avoid in designing silk clothing.
CONCLUSION
1. The results of the paper show that the
representative evaluation index of silk garment
color is classic and fashion.
2. Overall, the low value can better reflect
fashionable and classical expression of silk
garments. That indicates that the pursuit of fashion
consumer is inclined to return to nature now.
3. Silk dress of the middle-value of the grass green,
red and yellow is more fashionable. Low-value of
yellow and blue has strong classical tone. The
high-value parts of red and blue silk garments have
no fashionable and classical tone.
Classic is the main feature of silk clothing. The
combination of fashion and classic is a better
development direction of silk garments. So during
design and the production process of silk clothing,
the enterprise must pay attention to consumers’
request for hue and value and make traditional
Chinese silk garments have a better market process.

Figure 2
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FIGURE 3.This is a scatter plot chart, in this chart use hollow point as the observation location. Each observation variable shows the
indirect evaluation score and the preference degree of participants in both two factors of silk clothing. (e.g. the point 1.2 shows: 1 indicates
the kind of hue, 2 indicates the kind of value).
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Study on Sensory Evaluation of Color Value
on Silk Clothing
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ABSTRACT
This paper studied on the young people’s color value sensory evaluation on silk clothing by questionnaire and
then quantized the impact of the evaluation on silk clothing in order to investigate the relationship between the
sensory factors and the color value. And that can be a considerable basis for enterprise to make the silk clothing
more fashionable.
Key-Words: sensory evaluation; color value; factor analysis; silk clothing
1 INTRODUCTION
Silk clothing is one of characteristics in china. It has
been enjoyed for its elegant appearance and
comfortable feel. With the coming of the global
financial crisis, the silk enterprise is facing an
unprecedented challenge. More and more enterprises
are starting to make the silk clothing attractive to the
young people who are the main consumer groups in
china. And as an important element of clothing, color
is a very significant indicator to evaluate silk
clothing. Young people choosing their favorite color
are increasingly based on their sensory evaluations.
It is now being paid close attention to the
relationship between colors of silk clothing and the
consumer’s psychology.
2 APPROACH
In this paper, two questionnaire surveys were
conducted.
Firstly, collected adjectives that can describe the
color and scored them in the 5-point system. The
SPSS software was used to analyze the received data
and reduce the adjectives to 8 sensory factors [1-2].
Secondly, collected 55 items of silk clothing with the
same style, different colors and different values and
then scored the 8 factors ( imagic, noble, fashionable,
open, elegant, comfortable, unique, traditional ) of
the samples respectively. At last analyzed the
relationship between the color value and the sensory
factors of silk clothing.
3 SAMPLINGS
The young men and women aged from 20 to 30 were
surveyed. And the two surveys received 400 and 440
valid questionnaires respectively. Take 11 colors out

of the hue circle. These 11 colors were shown in
figure 1. There are 5 arithmetic values in each color.

1

6

2

7

3

8

4

9

5

10

11

Figure 1 the 11 color block

4 RESULTS AND DISCUSSION
Analyzing the results of the investigation, it is found
that there are obvious relevance between color value
and the 8 sensory factors. And then this paper
discussed the relationship between the 8 sensory
factors and the color value [3].
4.1 fashionable factor
The relevance between the fashionable factor and 5
values of 11color is shown in figure 2. The abscissa
represents the changes of value and means a gradual
increase from 1 to 5. The ordinate represents the
mean of fashion factor‘s score. Colors from 1 to 11
in figure 2 are corresponding with the 11 color
blocks mentioned above.
As can be seen from the figure 2, with the increase of
value, the score of the fashionable factor appears to
be increasingly upward. That is to say, it is
considered to be more fashionable for the higher
value of the silk clothing.
Between the value 1 and 3, except the color 3,8,10,
the mean of the fashionable factor’s score of other
colors appear to be rapidly increased. When the
value reached 3, for most of the silk clothing, the
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relation between fashion factor and value
3.6

color1
color2

mean score of fashion factor

3.4

color3
3.2

color4
color5

3

color6
2.8

color7
color8

2.6

color9
color10

2.4

color11
2.2
1

2

3

4

5

value

Figure 2 the relation between the fashionable and value

mean of the fashionable factor’s score is almost the
highest. For the color 3,8,10, only in the value 2,
these score is the lowest. After the value 3, for the
color 1,2,11, their mean of the fashionable factor’s
score begin to decline. And when the value reaches
4, for the color 4, 5, 6, their score of fashionable
factor are slightly declined. In other words, for these
6 kind of color silk clothing, the middle value silk
clothing is to be considered the most fashionable.

The other factors ( imagic, noble, open, elegant,
unique, traditional), the relationship between the
value and each factor can be seen respectively in
figure 3, figure 4, figure5, figure 6, figure 7 and
figure 8.
relation between noble factor and value
3.6

4.2 the other factors
There is no obvious regularity between the comfort
able factor and the different color value of silk
clothing. That is to say, there is no direct correlation
between the comfortable factor and the value of
different color. But for the other factors, there are
similar discipline to fashionable factor between the
value of color and the factors [4]. However, the
discipline is also slightly different between each
factor and colors.
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relation between open factor and value
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Figure 4 the relation between the noble factor and value

relation between imagic factor and value
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Figure 3 the relation between the imagic factor and value

Figure 5 the relation between the open factor and value
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5 CONCLUSIONS
1)The result shows that the value of color is closely
related to the sensory factors (imagic, noble, fashion,
open, elegant, comfort, unique, traditional factor) of
the silk clothing [5].
2)For the fashionable factor, with the increase of the
value, the evaluations for the fashionable factor
appears to get better and better. For purple, orange
yellow, dark blue and acid blue, the higher the value
is, the evaluation for the fashionable factor is better.
For the color of dark red, yellow and sea green, the
value 3 is the best for the color of the fashionable
factor. And last for the color strawberry and yellow
brown, it is the best for fashionable factor on the
value 4.
3) Except the comfortable factor, for the other factors,
with the increase of value, the factor score of some
colors shows a trend of rise first, and then fall. And
for some other colors, with the increase of value, the
factor score shows a trend of fall first, then rise.
4)There are no obvious regularity between the
comfortable factor and the value of silk clothing on
different colors. That is just because the comfortable
of silk clothing is mainly evaluated by touching. That
is to say, the comfortable factor should not be used to
evaluate the color and value of silk clothing.
All these conclusions according to this paper can be
a useful guide for enterprise to develop and design
silk clothing. When designing and exploiting the
market of silk clothing, the enterprise should choose
the higher score value of different colors.

relation between elegant factor and value
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Figure 6 relation between elegant factor and value
relation between unique factor and value
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Figure 7 relation between unique and value

relation between traditional factor and value
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Figure 8 relation between traditional and value

It can be seen from figure3 to figure8 that with the
increase of value, the factor score of some color
shows a trend of rise first, and then fall, while the
maxima points are different among the different
colors. There are similar regularity in imagic factor
for the color 2,6,7,11, in noble factor for the color
1,5,7,9,11, in open factor for the color 1,7,11, in
elegant factor for the color 1,5,6 and in unique factor
for the color 1,4,7,9.Likewise, for some other colors,
with the increase of value, the factor score shows a
trend of fall first, then rise. Such as the color 3, 10 in
imagic and noble factor, the color 2, 4 in open factor,
the color 3,7,10 in elegant factor and the color 5, 10
in unique factor.

REFERENCES
[1] Zhangli, Liu Guo-Lian, Survey and Analysis in
Clothing Market-Application of SPSS, Book, Textile
Publishing Company of China, 2003, 164-191.
[2 Zhangli, Liu Guo-Lian, Survey and Analysis in
Clothing Market-Application of SPSS, Book, Textile
Publishing Company of China, 2003, 164-191.
[3] Chen yan, LiDong-Gao, “Objective evaluation on
the style of garment color”, Journal of textile,
Journal, 2003,24(1):80-83
[4] Zhang Fan-Rong, “Color and Cultural of
Chinese Traditional Costume”, Journal of Science
and Technology development in shanxi, Journal,
2005,15(17):270-271.
[5] Zhao Qin-Guo “Colors Language”, Journal of ji
nan science, Journal, 2002

-1267-

Study on Polarization Trend of Sports Apparel Design

Chen Jing-Yu*1,2
1
College of Textile and Clothing Engineering, Soochow University, Suzhou, 215021, China
2
School of Fashion Design and Engineering, Zhejiang Sci-Tech University
cjy.fashion@gmail.com
ABSTRACT
Using the method of comparative analysis and market investigation in the research on the trend of sports
apparel design, there are two directions in the design which called polarization trend in this paper. With this
polarization trend, sports apparel design present to be more fashionable and more professional. This
characteristic can make suggestion for the sports apparel enterprise to adjust their product structure and design
idea. All of this can enhance the sports apparel enterprise’s competitive power.
Keywords：Polarization; Sports apparel design; Fashionable direction; Professional direction
STATEMENT OF PURPOSE/OBJECTIVE
With the success of the Beijing Olympic games
and the improvement of Chinese living standard,
the concept of sports has been attached an
unprecedented attention. Sports apparel’s design
also has a new development. Under the
circumstances, we can know the characteristics and
trends of sports apparel design by means of
analysis of the market and the brand sports
apparel’s product structure. Through the grasp of
the characteristics and trends, we can find a
positive practice guide on the relevant design and
production. There is a rising polarization trend in
sports apparel design. It is shown in two ways: the
sports products come to be more fashionable or
more functional.

exhibition in recent years, we have drawn a
conclusion that the new trends emerged in the
current sports apparel design by means of
integrating theory with practice. Because of the
complexity of the market and brands, comparative
method and analytical method are main means in
this research.

INTRODUCTION
The Successful holding of the Beijing Olympic
Games and the concept of the pursuit of healthy
life style today have become the concept of
exercise as hot fashion element. On the one hand,
the people want to keep the sport’s healthy
life-style; on the other hand, the customers still
want to chase the fashionable aesthetic concepts.
And so, Sports apparel’s design style also appeared
in two different direction-fashion trend and
functional trend. As for the market, which is
becoming
more
competitive
and
more
segmentational, the different direction will
undoubtedly inject the new energy into the
traditional sports apparel’s market, and expanded it.
By this way, it will cast off the situation that sports
apparel’s market was single structure, fixed dress
occasion and suitable for narrow crowd.

1.1 Some famous sports apparel’s brands
established new product’s line or new brand by
means of combination with fashion designer or
some fashion brands. As we all know, ADIDAS is
a typical representative of this. They established a
new brand Y-3 with the cooperation of Yohji
Yamamoto in 2001; and then established a women
sports products series with the cooperation of Stella
MaCartney in 2004; launched a new series (Adidas
Originals denim by Diesel) with Diesel in early
2008, which attract a large number of jeans lover.
Now a new brand named Adidas SLVR was
launched by ADIDAS by the idea of “Simple
perfect”, and the new Adidas SLVR shop was
opened during New York Fashion Week in
February 2009. With these series of measures,
ADIDAS enrich its products and make the brand’s
image to be more fashionable. It can be seen
ADIDAS enhanced the product’s fashion degrees
by means of cooperation with fashion designer and
brand continually. ADIDAS not only confined its
product-design in sports apparel, but touched with

RESULTS AND DISCUSSION
1. The sports apparel’s fashionable direction
mainly reflected that the more fashionable original
elements are blended in the products’ design. The
products are not only suit for sports occasion but
also suit for more, such as leisure occasion or
shopping time and. It materialize by two means as
follow:

APPROACH
Through the investigation and study on sports
apparel’s market, the trends and interrelated
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functional sports underwear and sports shoes,
etc .besides sports underwear. Functional products
can enhance the brand’s professional degrees. At
the same time, through the application of high-tech
elements in the product material, organization can
add the value of products.

fashionable field, which attracted more types of
young fashionable customers.
The way ADIDAS takes have a high demand to the
brand itself. It should be high popularity, powerful
economic strength, product design competence and
process management competence.
1.2 The proportion of the fashionable and casual
elements in product’s structure was increased by
the design team of the brand. It makes fashionable
elements turn to be creative points. This method is
widely used by many famous sports apparel brands,
such as KAPPA, FILA, LINING and so on. It is
worth mentioning that a new style of sports shoes
of LINING brand in 2008 adopted a prevalent
internet element “囧” as the inspiration of their
design, and achieve great success in market with
the acceptance by young consumers.

FIGURE 2. Nike pro Combat functional sports underwear,
which is designed on the basis of high-tech material and
ergonomic, make athlete more comfortable in sport.（photos
from internet）

2.2 The increasing of quasi-professional-grade
functional clothing accessories, and expanding
product’s type. For example, triangular-towel and
grimace-cap
are
all
suitable
for
ski;
multilevel-running clothes have the function of
moisture, absorption, perspiration, breathable,
windproof. Such types of design need the designer
have a deep understanding of these sports, even
have some firsthand experience. Only in this way
can the designer find the key points that the
consumer’s most needed on the process of sports,
and then accomplish the design. In a word, we need
promote the humanization and rationalization to
higher degree in the design.

FIGURE 1. LINING “囧” sports shoes, which is designed
on the basis of internet fashionable elements.（photo from
internet）

The fashionable sports apparel’s designer should
pay more attention to the aesthetic and popularity.
But the product’s matching ability and serial sense
are also vital, and the holistic products’ image
should be more legible and vivid. Those products
are appropriate for diversifying occasion. Many
design methods that frequently-used in fashion
costume design are applied for reference. This way
is suitable for more sports apparel brands and
enterprise for its lower threshold than the previous
one I have mentioned.

It is noteworthy that there are many professional
sports brands in functional field, such as Halti (an
outdoor sports wear and equipment’s brand), Falke
(a sports underwear brand) and X-socks (a
functional socks brand), etc..With the improvement
of Chinese living standard, the pursuit of life
quality and the transform of people’s life style,
quasi-professional sports apparel products will
have great development space in China. Chinese
functional sports apparel market is a growing
market, and professional sports products are mainly
occupied by foreign brands. They have maturing
design, reasonable product structure, advanced
technology, high-tech material and stiff price. They
are accepted by a few people who are rich or
enthusiastic. With the growth of the market and the
media’s guide, more and more Chinese people will
come
to
be
the
customer
of
the

2. The sports apparel’s professional direction
mainly manifested in two aspects:
2.1 The increasing of functional product line such
as NIKE’s NIKE PRO series functional sports
underwear. Apart from NIKE, many other sports
brands also increase some functional products lines,
which including arch-supporting sports socks,
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and neglected the design of accessories, the
deficiency of independent design and research in
quasi-professional sports apparel products is more
and more obvious. To face the current globe
economic crisis, clearly realizing the trend of
polarization in sports clothing development has
positive significance to the sports apparel
enterprises that intend to develop their own brand.
Chinese sports apparel enterprises that engage in
OEM and ODM shall consider how to follow the
trend of polarization, make a positive transforming
from
the
processing
enterprises
into
knowledge-creating enterprises, adjust product
structure flexibly, strengthen independent creative
ability, so that find out the suitable way to operate,
improving core competitiveness by promoting
products added-value to resist the blow of the
economic crisis.

quasi-professional-grade functional sports products
in the future.
The professional sports apparel products need
further research on the field of ergonomic, exercise
characteristics, etc.. Products need to be paid
attention to aesthetics, and we need pay more
attention to the special effects which caused by
special material, fabric wave and structure. All of
above will make the functional sports apparel’s
design more difficult and complex. During the
design process, designer must take function and the
associated process into account. The designer
should not only have aesthetic ability, but also have
a certain understanding of these sports, relevant
materials, technics and even processes. It’s
difficult for the designer to meet all of the
demands.

FUTURE WORK
By means of holding a further research on product
structure and market demands of sports apparel,
comparing different sports brands’ product
structure and making a pertinent consumer survey,
we will continue the study on design elements and
design methods. On that basis, an in-depth study
with the core of designing will be carried to push
the progress of product structure adjustment and
product development.
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FIGURE 3. X-socks’ hiking socks, which is designed on the
basis of high-tech complex material and ergonomic. (photo from
internet)

CONCLUSIONS
With the development of Chinese opening
economy and garment industry’s standardization,
Chinese sports apparel industry has made much
progress in design conceptions and details.
However, there are still some inadequacies such as
the absence of high-level design ability, serious
homogenization, lacking of diversified product
structures and deficiency of professionalism,
etc. .Furthermore, in Chinese sports apparel field,
as the previous study paid more attention in apparel
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ABSTRACT:
As the dedicated costume for the emperor and the queen, Long Pao or dragon robe in Qin dynasty had
performed the top ancient skill of garment making in China. Different from the robe from other time, there were
altogether seven sections such as the horsehoof cuffs ( a pair), the lower sleeves ( a pair), the body section (three
separated parts) , neck decorates (neck band & front to right band), edges, button and lining, as well as an extra
standing collar sometime for a Qing dragon robe. When making a dragon robe it was always constructed by
different departments. First, similar to that of modern fashion design, a color drawing where the fabric and the
decoration were settled was done by the Ruyi house which belong to Manufacturing department in imperial
palace, in addition, the decoration for a dragon robe were mainly the embroidered, tapestry, brocade satin and
weave plus brocade satin (or plus drawing sometime), each of them was of extremely high skill. Second, the
manufacturing of body section was assigned to the specialists in Jiangnan trio of imperial Qing weaving, the
Qing imperial weaving department. The third, when making of neck decorates, collar, sleeves, edges and button,
the neck decorates was done in the palace if it was brocaded, while tapestry one would to be done along with
the body section. The Lower sleeves, commonly, were mot used plain fabric in Qing style, it could be made at
least in eight different kinds of way. Fourth, the other work, including the lining cut, sewing, making and
assembling the buttons, was always done in the palace. At last, the imperial was always strict with the detailed
procedure and quality control according to the clear standard during making a dragon robe in Qing dynasty.
lower sleeves of the same color as the body section
while common color of the lower sleeves was Shi
black shown as figure 1-C. Men’s style of dragon
robe was four splits, the length of opening was
different between the center line and the side seams.

INTRODUCTON
The dragon robe was one of the comparative high
grade costumes of the Emperor and his wives in
Qing court. There were definite procedure and
rules for the manufacturing in the time, as well as a
special department named as Neiwufu of which the
duty was to serve the emperor and various royal
courts. This service included costume, food, house,
traffic, the management to the royal property, the
music and ceremony, as well as the arrangement of
the wedding staffs of the prince or princess. As a
imperatorial household department the Imperial
Household Department was composed of more
than fifty sections in which the Guanchu Si,
Jiangnan Weaving Agency, Weaving and Dying
factory in Beijing, Office of Works in Yangxin
palace which in charge of making various stuff,
and Jingshifang which was composed of eunuchs
were involved in the business of manufacturing the
dragon robe.
THE STRUCTURE OF QING DRAGON
ROBE
There were altogether seven sections such as the
horsehoof cuffs ( a pair), the Zong xiu or lower
sleeves ( a pair), the body section, neck decorates
(neck band and front to right band), edges, button
and lining, as well as an extra standing collar
sometime for a Qing dragon robe. Shown as figure
1, section 1-A and 1-B indicated a tapestry dragon
robe[1] of Qianlong emperor, is was strange that the

1- A

1-B

1-C
Figure 1 the name of different sections of
dragon robe
The woman’s dragon robe shown as figure 1-C was
similar to the man’s dragon robe in the couture.
There were two differences between them: first,
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weaving and Hangzhou weaving. They were all
imperial factories with different specialty of
themselves. According to the documents in the
court, the Jiangning weaving was good at the
weaving of brocade satin, plain velvet and fabric
for sacrifice, the Suzhou weaving specialty was the
embroidery, tapestry while the Hangzhou weaving
could offer the best qualified satin damask, ribbed
gauze, tabby damask and suchlike light fabrics. In
fact, the information in “Da Qing Hui Dian” was far
from detailed, and among these three weaving
departments, nor were there a strict division of
products. Many concerning historical materials had
indicated that all these three factories produced
great deal of silk for the government at the same
time. Their production differences were not more
than the nature of intended user. For instance, the
fabrics from Jiangning were mainly for the royal
family, those from Hangzhou for the court faculty,
and the Suzhou were for the official use[3].
The materials used in dragon robe included fabric,
lining and accessories. The fabrics included gauze,
satin, tappy damask, ribbed gauze and so on; the
lining included mercery, gauze, satin damask and
fur; the accessories divided into different groups
according to their location such as collar, sleeve,
selvage and bodice included brocade, plain velvet,
fur, colored silk yarns, pearl, jewelry, gold, silver
and so on. The pattern of the dragon robe in Qing
dynasty was rich and colorful. According to the
feature of the procedure it could be divided into
embroidery, brocade satin, tapestry, weaving plus
embroidery, and tapestry plus embroidery 5 groups.
The relics indicated that the dragon robe in Qing
dynasty was of specially tailored kind of which all
the patterns were advanced arranged in the contour
thus the cutting and sewing work were of not many
difficulties.
When weaving a dragon robe, the fabrics were
made into 2 big and 1small altogether 3 blocks,
shown in figure 2, in
addition the collar
circle and horsehoof
could generally made
a marker directly.
Figure 4 indicate a
tapestry accessory of
the dragon robe.
When a dragon robe
was embroidered, all
of the section cuts
Figure 4 tapestry accessory
were sewn up, then
Qing dynasty
they were fixed on a
wooden frame under
even tension to prepare a smooth integrated surface
of fabric. Silk yarns or golden yarns could be

there was an extra patterned sleeve section between
the body section and the lower sleeve in female
style; second, the female style was opened at side
seams only. All of the dragon robes no mater for
male of female were all composed by three body
sections, shown as figure 2.

Figure 2 the body sections of dragon robe
THE COLOR PLANE DRAWING OF
DRAGON ROBE
Similar to that of modern costume, the dragon robe
in Qing dynasty was began with a drawing. As a
kind of Jifu garment defined in “Da Qing Hui Dian”,
the dragon robe was ruled that the decorative
pattern as well as the type of fabric could be
designed as personal favorite besides the settled
main dragon style and position, twelve symbols of
authority and color. The Imperial painting studio
in the office of works Imperial Household
Department hired painters who drew the fashion
sketch according to the idea of the lord[2], shown as
figure 3. These sketches were all engineering
drawing for they must express accurate size, scale,
position, color( generally only a half of the figure
was painted) and necessary instructions. This
designing was always checked and redone for

Front
Back
Figure 3 the sketch of dragon robe Qing dynasty

many times till the lord was satisfied at last, then
the final plan was sent to Jiangnan Weaving
Agency as a official document. Unfortunately, the
designer rarely could enjoy the honor to sign his
name on his splendid works for their low rank of
the time.
THE MANUFACTURING OF DRAGON
ROBE
Most of the manufacturing of dragon robe was
done in Jiangnan trio of Qing imperial weaving
which includes Jiangning weaving, Suzhou
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to weave low rare strips, the other was golden
weaving tapestry dragon robe, shown in figure
6-E[8]; 4 strips by fabric finishing, some powder
had been found behind the strips on the relics; 5
yarn-dyed strip fabric in late Qing dynasty; 6
stitches on the fabric in late Qing dynasty. All in all,
to ranked the people it was necessary to decorate
the lower sleeves with regular arranged strips by all
means.

selected, and make sure that all the sections were
accurately located before handling the dragon and
pearls in central position. When all the strict testing
were done, the dragon robe could be cut and sewn
as the weaving dragon robe had done. The sections
of a dragon robe were shown in figure 5.

A

B

C

D

Figure 5 sections of dragon robe

Weaving plus embroidered dragon robe meant to
embroider colored patterns on a piece of shade
fabric, this kind of skill always was used
comparatively earlier style. The tapestry plus
embroidered dragon robe was one on which most
of the patterns were weaved by tapestry, while
some details were embroidered. For example, the
eye ball on the Qianlong kesi in gold with 12
symbols collected by capital museum was
embroidered. In addition, there was a decoration
name as embroider-paint in early Qing dynasty, for
instance, the Yongzhen emperor’s yellow satin
embroidered clouds pattern dragon robe collected
by the Forbidden City on which some colored
details were drawn on the embroidered base
patterns. But this occasion were rarely in Qing
dynasty, the reason was assumed that it might be
wed out by the developments of weaving, dyeing
and embroidery technique.
The process of lower sleeves in Qing dynasty was
interesting. This section stood the rank of the
people. And it was carried only by Jifu robe and
Chao robe. There were rare records of this skill, in
“huang chao guan fu zhi” 2 methods were
indicated: one of them was to rise 3 linen lines
every 5 fen, according to the relics, the space were
not always strict 5 fen, shown in figure6-A[4]. The
other one was sheets gold skill, to make the strips
by sewing or embroidering golden yarns. This
products were popular in late Qing dynasty, shown
in figure 6-B[5].
Besides, according to the study on the relics, there
were 6 extra kinds of skills: 1 tuck, shown as figure
6-C[6]; 2 alter the fabric without other decorations,
this was a rare situation seen Rongxian princess
pearl roundel dragon robe in the early Qing
dynasty, shown in figure 6-D[7]; 3 weaving directly,
there were two detailed division by now, one was

E
Figure 6
THE TRANSPORT，CHECK AND SEWING
The finished dragon robe must be sent to the
capital in time within the limitation either by ship
or by land transport which always been selected in
term of emperor’s item. Once arrived, the dragon
robe was tested by officials in Imperial Household
Department, items of great importance should be
tested by the emperor himself. There were many
records about the Qianglong emperor sent
disqualification items back to refine. There was a
strict rule on the testing, rewards and punishment.
According to the “documents of weaving staff in
Imperial Household Department”, November
Qianlong 38, the Neiwufu office cited that the silk
for the emperor from weaving factories, if one or
two piece were not accepted, they would be sent
back to be repaired without any payment; if more
than 3 pieces were not accepted, they would be
sent back to be repaired without any payment, plus,
the responsible factory would be hardly punished.
The accepted pieces were sent to store while the
robe fabrics should sent to the Ooffice of
Ggarments first where the robe was cut and sewn
up. The cut of the robe was easy for all would be
OK once the seam allowance was correctly handled.
All of the high qualified sewing works were done
by hand. According to the relics, the lining was
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attached by baste. If the orders to the Jiangnan
weaving factory did not include the items of collar
and sleeves, the needlework studio would finish
those pieces instead[9]. The finished dragon robe for
the emperor would be sent to Guanchu Si or the
emperor for the final testing, and stored under the
charge of a special department if it was accepted.
CONCLUSIONS
The relics and historical documentary indicated
that the process of Qing dynasty dragon robe
consisted 5 to 6 steps: design, manufacturing,
transport, test, sewing up, store. Each was in the
charge of special department. All the staff and
information in court were transported by the
eunuch. The strict and excessive demands both on
administrate and technique made the dragon robe
the most splendid costume in Qing court, as well as
the highest standard representation of art and
technique of the time.
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224 healthy young female college students took part
in this test, who is wearing fitted bra and briefs. They
get character classification by body types. This paper
takes body type of A and B as example. The margin
of A body shape between chest and waist is from 14
to 19cm. The margin of B body shape between chest
and waist is from 9 to 14cm. 100 people of A body
type are used for data analysis, and another 18 are for
verification. 47 people of B body type are used for
data analysis, and another 10 are for verification.

STATEMENT OF PURPOSE
In this paper, the different data are measured on the
3D scanned body which built by the scan point cloud
data. The mathematical model of young women’s bust
dart angle can be got. That provides the theory of bust
dart transfer, in the process of automation of garments
design.
Currently, more and more studies focus on 3D fashion
designing directly on a 3D scanned body and then
generating 2D patterns via flattening 3D patterns. This
thesis follows the trend of development of the modern
clothing industry.

2 Equipments
French no contact body measure Equipment named
Symcad is used in this experiment to accurately
measure the scan point cloud data of the human
body’s surface.

INTRODUCTION
For the fashion design, garment’s chest style is very
important, which depends on the bust dart of 2D
pattern. The women’s bosom is similar to the cone
and the radii R and tallness H [Fig.1.a] restrict cone’s
shape. When 3D cone is flattening to 2D patterns,
there is a sector [Fig.1.b]. The cleft angle, α
[Fig.1.b], is the bust dart’s angle of 2D pattern.

3. Measurements of 3D scanned body：
In the IMAGEWARE, one of the most powerful
software of Reverse Engineering, 3D scanned body
can be directly built by scan point clouds, and six
measurements can be measured accurately: H, R,
Cu_1, and Cu_2, Cd_1, Cd_2. H is the chest height
[Fig.2.a]. R is the radius of chest [Fig.2.b]. Cu_1 is
the bust girth [Fig.2.b]. Cd_1 is the lower chest girth
[Fig.2.b]. Cd_2 is the front girth of the lower chest
girth and Cd_2 is beginning and ending at the lower
chest depth [Fig.2.c]. Cu_2 is the front girth of the
bust girth [Fig.2.c].

Different bust darts take BP, the bust point, as the
center of circle. Their radiuses and the length of the
darts maybe different from each other, but the angle
sum is invariable .If the summation of angles round
BP [Fig.1.c] keep equal to the breast dart’s angle，α
[Fig.1.b], the 2D pattern will have the same 3D cheat
style. So, if the transfer of bust dart stands by that rule
before, the pattern of chest should be fit for the bust.
The study on the Bust dart’s Angle is advantageous in
the transfer of the bust dart, in the process of 2D
patterns via flattening 3D patterns.
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Cd _ 1
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FIGURE 2.Measurement of chest

(c)

RESULTS AND DISCUSSION
1 Data Treatment
By the Eq. (1-4), four dimensions are calculated,
which affect the shape of chest.

FIGURE1. Cone and spreading sector of cone

APPROACH
1 Subject
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（1）
（2）
TABLE I

Correlation Analysis of A body shape

（3）
Ang_1
Pearson
Correlation

（4）
Ang_1 is α [Fig.1.b], the bust dart angle of 2D
pattern. In Eq. 4, D_2 showing the bust dart BB
[Fig.1.b] is to decrease the error of the cone because
the women’s bosom shape is not the regular cone.
D_2 is used to reduce the error of Ang_1 by flattering
the cone [Fig.1].

D_1
D_2
H
R

.530(**)
.885(**)
.373(**)
.014

Sig. (2-tailed)
.000
.000
.000
.888

** Correlation is significant at the 0.01 level
(2-tailed).

2 Data Analysis
Ang_1 isα [Fig.1.b], the angle of bust dart. Using
Chest data of A and B body shape are separately got
Correlation Analysis and Regression Analysis by
SPSS.
Table I shows Correlation Analysis of A body shape.
The irrelevant probability of D_1, D_2 and H ，
sig(2-tailed)，is 0.00. When sig is from 0.00 to 0.001,
the correlation is very clear. So D_1, D_2 and H
have clear relationship with Ang_1. The sig (2-tailed)
of R is 0.888. R has little relationship with
Ang_1.Because the measured data by IMAGEWARE
shows the change of R is obvious. The change of H is
inconspicuous. On the whole , in the young women of
A body shape，the chest height ,H, influences the
chest shape.
Table I shows the correlation coefficient of D_1 and
D_2 is respectively 0.530 and 0.885.That means D_2
has greater influence on Ang_1 than D_1 and H.
Because one part of D_1 shows the change of back’s
shape. Most of D_2 is to show the bust’s shape and
only a little shows tilt of the body。
Table Ⅱshows correlation analysis of B body shape.
Ang_1 has great relationship with D_1, D_2 and H.
the result is similar to the correlation analysis of A
body shape. But, in the Table Ⅱ, Ang_1 has better
relation with R in the A body shape than the B body
shape.
According to the Correlation Analysis of A body
shape，regression analysis results by SPSS show the
regression equations（5-8）of A body shape as follows.
The regression equations of B body shape are passed
over in this paper.

Pearson
Correlation

Sig. (2-tailed)

D_1
D_2
H
R

.522(**)
.869(**)
.578(**)
.309(*)
** Correlation is significant at
(2-tailed).

.000
.000
.000
.035
the 0.01 level

TABLE Ⅲ Equation Test of A body shape

NO.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

D21
-3.69
-1.24
-2.19
-1.72
-0.31
3.18
-6.79
3.19
-0.13
-1.14
3.78
0.26
-8.87
0.92
-0.56
-2.36
2.84

D31
-4.26
0.41
3.31
1.34
-0.98
2.96
2.05
3.59
-1.3
-3.88
2.65
0.98
-11.17
-3.50
-1.14
-4.12
3.56

D41

TABLE Ⅳ Equation Test of B body shape

TABLE Ⅱ Correlation Analysis of B body shape

Ang_1
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0.21
-0.73
1.79
3.09
-0.99
0.71
8.75
-7.23
-1.88
-2.83
7.08
-2.84
-18.86
-4.07
6.24
-5.08
11.62

D51
-0.44
-0.20
3.63
3.55
-1.19
0.81
10.55
-6.23
-2.15
-3.75
6.38
-2.33
-18.66
-5.14
5.29
-5.40
10.77

No.
1
2
3
4
5
6
7
8
9
10

D61

D71

D81

of D_31 is stable than D_41 and D_51.And there is
only two data less than -4cm. D_41 and D_51 have
similar predicting result. And their error is both bigger
than D_31 and D_21. In the No.14, No.15,No.16 and
No.17 of Table Ⅲ, in column D_41 and D_51, there
is only one number which is more than 4cm,but the
error in D_41 and D_51 is more than 5cm, especially
the error of the number 17 is more than 10cm.

D91

-3.89
-2.30
-0.31
-2.44
-1.44
-1.31
-0.45
0.44
0.1
1.53
2.26
-0.77
4.23
4.36
4.32
4.16
-3.17
0.62
4.40
-1.67
3.47
0.80
-2.88
1.30
2.63
1.76
3.01
5.25
-0.86
0.27
-1.45
-5.31
-5.21
-3.95
-4.06
-5.97
6.58
5.20
6.31
6.80
Ang_2=11.963+8.117*D_2-3.868*H
（5）
Ang_3=7.279+5.83*D_2
（6）
Ang_4=13.995+2.827*D_1
（7）
Ang_5=12.64+2.469*D_1+0.98*H
（8）

In a word, the result of that equation test shows that
regression equations（5-6）is feasible, and Eq.5 have
better effects than Eq.6, but Eq.6 needs only one
variable to predict the angle of breast dart. So Eq.6
can be used for predicting the angle of breast dart.
There is too big error of Eq7 and Eq8. So the Eq7 and
Eq8 cannot get perfect effect.
Then, there is a test of the regression equations’
veracity of B body shape. By 10 subjects for
verification, Ang_1 (Eq. 4), Ang_6 (Eq. 9), Ang_7(Eq.
10.), Ang_8(Eq. 11) and Ang_9 (Eq. 12) can be got,
and then D_61， D_71，D_81 and D_91 can be
gained as follows for equations test.

According to the Correlation Analysis of B body
shape，regression analysis results by SPSS show the
regression equations （9-12） of B body shape as
follows.
Ang_6=16.1+6.672*D_2-2.654*H
Ang_7=13.653+5.1*D_2
Ang_8=14.707+1.388*D_1+3.297*H
Ang_9=15.66+3.016*D_1

(9)
(10)
(11)
(12)

D_61=Ang_2-Ang_1
D_71=Ang_3-Ang_1
D_81= Ang_4-Ang_1
D_91= Ang_4-Ang_1

3 Equations Test
There is a test of the regression equations’ veracity.
By 17 subjects for verification, Ang_1 (Eq. 4), Ang_2
(Eq. 5), Ang_3 (Eq. 6.), Ang_4 (Eq. 7.) and Ang_5
(Eq. 8) can be got, and then D_21， D_31，D_41
and D_51 can be gained as follows for equations test.
D_21=Ang_2-Ang_1
D_31=Ang_3-Ang_1
D_41= Ang_4-Ang_1
D_51= Ang_4-Ang_1

(17)
(18)
(19)
(20)

Table Ⅳ shows the equation test of B body shape.
Except the No. 10, there is bigger error than others in
four equations of B body shape, because the subject’s
H is 1.2cm which is much smaller than others’ H. So,
all four equations of B body shape are not fit for the
subject whose H is less than 1.2cm.

(13)
(14)
(15)
(16)

CONCLUSIONS
In this thesis, the factors concerned with chest are
discussed according to 3D scanned body. Ang_1 has
great relationship with D_1, D_2 and H in both A and
B body shape of young women.

Table Ⅲ shows equation test of A body shape. There
was special bigger error than others in number 7 and
13. By observing the measured data, the R of two
subjects is respectively 4.6cm and 4.9cm. And the rest
subjects’ R is bigger than 5.5cm. The R of No. 7 and
13 is smaller than others. So the regression equations
（5-8）is not proper for the subjects whose R is less
than 4.9cm. Except No.7 and No.13, D_21 (Eq.13)
has less error from -3.69cm to 3.78 cm. D_31 (Eq.14)
has less error from -4.26cm to 3.59cm. D_41 (Eq.15)
has less error from-7.23cm to 11.62cm, D_51 (Eq.16)
has less error from -6.23cm to 10.77cm. D_21 has
smaller error than others. So, using Eq. 5 to predict
the bust dart angle is better than other equations, but it
is discommodious to measure the data, R. The range

In the A body shape of young women, D_2 has
greater influence on the bust dart’s angle than D_1.
Finally the regression equations of bust dart angle is
got. By the Eq5 and Eq.6., the bust dart angle can be
predicted well.
In the B body shape of young women, by the D_1，
D_2 and H, the bust dart angle can be predicted well.
The bust dart angle has better relation with R in the B
body shape than in the A body shape.
In the further experiment, some new factors of chest
will be considered to decrease the error. The number
of subjects will be added. A new taxonomic approach
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of breast or body shape may be found. Finally,
generating 2D patterns via flattening 3D patterns will
come true.
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Abstract
Both phenomenon of relaxation and inverse relaxation are often produced in viscous-elastic materials such as
fabric and apparel, after cycle load were imposed on the materials and stopped and kept in the state. In this
paper, the authors depended on the focal point of inverse relaxation of apparel to investigate the relationship
between the existence of cycle load and force retraction, and the results are summarized as bellow:
1) The existence of cycle load was not concerned in apparel, and the curves of relaxation, mix relaxation and
inverse relaxation were appeared.
2) Inverse relaxation index of apparel increase with force retraction, however, it was not clear the difference
by the existence of cycle load.
Key words：Inverse relaxation; Sewn fabric; Panty-stockings; Socks; Force retraction; Stitch density and
Sewing thread
tightening ratio of the sewing thread is the main
factor for changing the structure of the sewn fabric
under the same stitch density, which were
investigated under the different thread tightening
ratio. And also we examined commercial pantystockings and socks in the relaxation with the same
method.

1. Introduction
In generally, when a load is imposed on a material
the corresponding stress will be produced in the
inertial of the material and a strain will be bought
about with the distortion of the material. The stress
will increase with the time, and gently decrease if
the load is stopped and kept in the state. This
phenomenon is known as relaxation, and on the
contrary to which recently some researchers [1] have
found that the stress increase gradually after the
load is stopped which is called as inverse
relaxation and analyzed in their research work.

2. Test of Inverse Relaxation

The typical curves of relaxation and inverse
relaxation are respectively shown in Fig.1 (a) and
(b)[6] , from which it is known that the stress
decreases or increases with time.

The phenomenon of relaxation and inverse
relaxation would come into being in the processes
of weaving and sewing. Once a loom stopped
running while making a fabric a fault called
filling bar[2][3] would be caused on the fabric by
relaxation due to the cycle load imposed on the
warp yarn by beating up is stopped and kept in the
state. The needle thread is also subject to dynamic
loading in sewing process, on which the cycle
load is imposed by the up and down motion of the
thread take-up lever, which leads to inverse
relaxation and result in tightening the fabric after
sewing.[4]

Fig.1 Typical curve of relaxation and Inverse
relaxation

In this research work, we examined the existences
of inverse relaxation and cycle load from the
condition of sewn fabric, investigated the
relationship of inverse relaxation and force
retraction and compared the behavior of sewn
fabric by altering stitch density, and argued that the

It is can be seen in Fig.1 (a) that the stress
increases from 0 to A firstly while the sample
fabric is stretched, then the tensile tester is stopped
at A and at the same time the phenomenon of
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1.02

relaxation is produced. In Fig. 1 (b) the stress
increases from 0 to A like as that in Fig.1 (a), then
the load is recovered back and stopped at B, and
the stress increases again with time the
phenomenon of inverse relaxation is brought out. If
the load at A, B and C are considered as W1, W2,
and W3 respectively, the index R of inverse
relaxation can be calculated by following
formula[6] : R (%) = (W3－W1) / W1×100

240

96

96

14

11

3.2. Sewing Condition
The sample fabrics were cut by 7×5cm (warp ×
weft) fabric strips and the experiment was
performed by sewing two plies of the fabric
strip. The seam is located on the place of 2cm
from the upper ends of the strips and then
cutting the sewn strips along the dotted lines
forward to the seam about 5mm from lower end
making the
strip to 3cm width as showing
Fig.1.

R (%) = (W3－W2) / W1×100
The results calculated are the proportion of the
stress in the sample fabric increasing or decreasing
with time after the load is stopped, the negative
values are relaxation results and the positive values
are inverse relaxation results.

cut
2cm

Force Retraction indicates the recovery ratio of the
load from A to B in Fig.1.and the proportion can
be calculated by following formula [i4]:

5cm

Force Retraction (%) ＝ (W1－W2)/W1×100

seam

3cm

3. Experimental Method for Sewn Fabric

5cm

3.1. Experimental Material

Fig.2 Experimental sample dimensions for cutting
and sewing

The sewing thread for the present experiment is
commercial polyester yarn and the sample fabric is
commercial wool flannel, the specifications of
sewing thread and the fabrics are respectively
summarized in Table 1 and Table 2.

The sewing machine used for the present
experiment is JYANOME NEW HOME type 624,
which was adjusted by the method illustrated as
previously reported[5], the sample fabric strips were
sewn by lock stitch (ISO-301) with 4 kinds of
stitch count 2.5 /cm, 3.9 /cm, 8.5 /cm and10 /cm,
the seam balance and tightening ratio were adjusted.

Table1 Sewing Thread
Name
Gunze Spun
Type
Count

Polyester 100％, 60# Textile Yarn

3.3. Measurement of Strength-Elongation

30 Tex

The measurement was performed by using Toyou
Precision Machine type VE-1-D tensile tester with
20mm/min of elongation speed until breaking the
sample strip under the conditioned atmosphere.

Table 2 Fabrics Sample
Thickness
Weight
（JIS）
(mm)

Yarn count
(tex)

Fabric
density
(1/cm)

3.4. Tightening Ratio

(g/㎡)

The fabric strips were sewn with sewing thread that
marked with 6.1cm interval, and then measure the
mark interval appeared on the sewn fabric to
calculate the thread consumption of the seam. The
tightening ratio was calculated by the method
previously reported [5] that conform to JIS B 9056
industry sewing machine tightness test method
(stopped in September 1997).

Warp Weft Ends Picks
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stretch speed, and then the load was recovered to
pointed load and stopped for 10 minutes, the
repetitive time was 20 in the case of imposing
cycle load on the sewn fabric and sewing thread as
showing in Table 3. The index R of inverse
relaxation was calculated from the relaxation curve.

In this research work we have paid attention to the
whole relaxation behavior caused by the load
imposed on the sewn sample fabric, which was
wrote as force, for that the sample fabric sewn in
the present experiment was only one kind of fabric
and the thickness formed with fabric and sewn part
was not uniform. In the measurement of relaxation
the maximum load imposed on the sample sewn
fabric by tensile tester is 25N with 33mm/min

Table 3 Measuring Condition

Sewn Fabric

Fabric

Sewing Thread

Repetitive Load
25N

50N

2N

25, 20, 15, 10, 5N

50, 40, 30, 20, 10N

2, 5, 1, 0.5, 0.25N

(33% of Breaking Load)
Stopped Load
Gauge Length

６cm

６cm

* 20mm/min
Cross-head Speed

* 10mm/min
50mm/min

†30mm/min
Chart Speed

６cm

60mm/min

†20mm/min
20mm/min

60mm/min

*No cycle load; †Cycle load
3-5. Results and Discussion
3-5-1 Force-Extension Curve
The force- extension curves of sewn fabric for 4
levels of stitch density are showing in Fig.3, and
the loop strength curves of sewing thread are also
showing in the same graph. In order to investigate
the initial mechanical properties of sewn fabric
from the curves 25N load was imposed on the sewn
fabric in this experiment. The larger the stitch
density is, the more close to the curve of sewn
fabric the curves of sewing thread are, and both
stretch and strength increased. The breaking
strengths are almost same for 8.5/cm and 10/cm
stitch density, and loop breaking strength of sewing
thread was 16N and breaking stretch was about
19%.

Fig.3 Force-extension curves of sewn fabric for
different stitch densities
3-5-2 Curve of Relaxation
As typical measurement results, the curves of
Relaxation and Residual Force of sewn fabric for
stitch density 3.9/cm with no cycle load are
respectively shown in Fig.4 and Fig.5, in which a
simple relaxation curve of sewn sample fabric is
shown for that the sewn fabric was extended until
the load increased to 25N and then stopped, and
mix relaxation curves, which increased initially and
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sample fabric since the construction of the sewn
fabric with sparse stitch density is similar to that of
sample fabric compared with other sewn fabric.

then decreased immediately, are shown for that the
sewn fabric were extended until the load increased
to 25N and then immediately recovered to 15N and
10N respectively, and a inverse relaxation curve is
shown for that the load decreased to 5N, and
furthermore the same curves are shown for stitch
density 2.5/cm, 8.5/cm and 10/cm.
Residual force[2], which take the initial force as
standard, expresses all stress in relaxation relatively,
and it was clearly decided by the difference of
curves of relaxation and inverse relaxation. In
other words, if Force Retraction is small the curve
is a general stress relaxation curve; if it is between
40～60% the curve is a mix relaxation curve; if it
is over 80% the curve is inverse relaxation, and
they all have the tendency of decreasing with time.

Fig. 6 The relationship of inverse relaxation index
and force retraction
3-5-4 Effect of the Existence of Cycle Loading
and Tightening Ratio on Force Retraction

Fig.4 Typical relaxation and inverse relaxation
curves of sewn fabric

Fig.7 Effect of inverse relaxation index on force
retraction
The sewn fabrics with all kinds of stitch density
were extended until the load increased to 25N and
recovered for 20 cycles, and then the relaxation and
inverse relaxation were measured on the sewn
fabric by the same way as described in 3.3. The
relationship of inverse relaxation index and force
retraction for stitch density 8.5/cm is shown in
Fig.7 and the tightening ratio is also shown in the
same graph. Force Retraction and cycle load were
analyzed as two primary factors and the results of
dispersion analyze clearly shown that the
correlation coefficient of Force Retraction and
inverse relaxation index was in1% significant level
for any stitch density, and there was no correlation
with the existence of cycle load. The same
experiment of cycle load with sewn fabric was
performed in the same way for 5000 times, and the
experiment was compared and examined with the
theory by using viscous-elastic model by J.Webster
[7] [8]
. They clearly pointed out that the behavior of
sewn fabric was a viscous-elastic one. However,

Fig.5 Typical residual force curves of sewn fabrics
3-5-3 The Relationship of Inverse Relaxation
Index and Force Retraction
The relationship of inverse relaxation index and
force retraction is shown in Fig.6, and it can be
seen from which that the inverse relaxation index is
the smallest when Force Retraction is 0% for the
sample of stitch density 2.5/cm and it increases
with Force Retraction increasing, and furthermore
the inverse relaxation index of sewn fabric for
stitch density 10/cm and 8.5/cm is near to that of
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that the distinction of inverse relaxation index
caused by cycle load in the range of this
experiment was not appeared for the sake of the
number of cycle load was only 20 times that were
too few.
In the case of stitch density 8.5/cm, the tightening
ratio of the sample sewn fabric was in the rang of
43% ～ 58%, which could be divided into two
groups of higher tightening ratio 55%～58% and
lower tightening ratio 43%～45%, and the results
are shown in the graph of inverse relaxation and
force retraction. From the graph it is can be seen
that the Force Retraction is 0%, that is to say
although some differences can be seen for the
existence of cycle load in the case of relaxation, the
difference can not been clearly seen for tightening
ratio and cycle load in any cases.
4. Experimental Method for Socks and PantyStockings
4-1. Experimental Material
Panty-Stockings are made from Nylon100% and
Socks are made from Cotton, Nylon and
Polyurethane. Both samples are knitting-fabrics but
Panty-stocking is very thin one.
Table４ Socks and Panty-Stocking
Weight
Yarn
Count(tex) (g/㎡)
Panty-Stockings
Socks

Fig.8 Force-extension curves of panty-stockings
and socks.
The force-extension curves of panty-stockings and
socks for the directions of wale and course are
shown in Fig.8. It would be known that the
direction of course is easy to expand by comparing
the directions of wale and course, moreover, the
mostly easy to expand is in the direction of course
of socks by comparing with panty-stocking
direction of course of socks.

Thickness
(mm)

2.4

51

0.41

30

580

2.25

4-2-2 Curve of Relaxation
From Fig 8, relaxation experiment was performed
under the condition of a constant expansion. The
tensile force at 100% extension is showing in
Table 5.

The measurement was performed on the constant
rate tensile tester with 100%/min speed by Golabe
Method and the sample was cut with 4.5cm of
width of holding and 5cm of length.

Table 5 Tensile Force at 100% Extension
Panty-Stockings
Socks

4-2. Results and Discussion
4-2-1 Force-Extension Curve

Wale

4N

7N

Course

2,5 N

2N

The relaxation experiment pulled to the power at
the expansion by 100%, returned to predetermined
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at once force retraction(0%~80%) afterwards,
stopped, and recorded easing and the reverseeasing power. Fig.9 showed it.
The sample was extended to the tensile force at
extension by 100%, directly retuned to
predetermined force retraction (0%~80%), stopped,
and recorded the date of relaxation and inverse
relaxation which are showing in Fig.9.

Fig.10 Relationship between Inverse Relaxation
Index and Forceretraction.
4-2-4 Effect of Inverse Relaxation on the
Existence of Cycle Loading
According to Table 6, the data of relaxation after
10 times cyclic and parent sample was compared,
as a result it was not a clear difference of the
repetition in wale and the direction of course of
pant-stockings, and there is a difference in the
direction of wale and course by the repetition, and
the reverse relaxation index after 10 times cyclic
(I.R.I.) has grown with the sample was extended
and relaxed repeatedly for Socks. That is to know
that inverse relaxation would be lager after
extended and relaxed repeatedly for Socks
Table 6 Effect of Inverse Relaxation on the
Existence of Cycle Loading
PantySocks
Stockings

Fig.9 Relaxation and Inverse Relaxation Curves of
Panty-stockings and Socks in Wale direction.

Wale

Course Wale Course

Parent sample

3.43%

2.5%

5.50%

6%

After 10 times
cyclic

3.75

3.75

5.5

6

5. Conclusion
In the present research work, the phenomenon of
inverse relaxation was paid attention and the
relationship between the existence of cycle load
and force retraction was inspected, and furthermore
the measurement of inverse relaxation of some
apparels were performed by using sewn fabrics,
panty-stockings and socks with which were
compared and investigated and the results are
summarized as below:
1. In the measurement of inverse relaxation of
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sewn fabric，the existence of cycle load was not
concerned in stitch density, and the curves of
relaxation, mix relaxation and inverse relaxation
were appeared.
2. It was not found the correlation between
tightening ratio and inverse relaxation index for
sewn fabrics.
3. It was confirmed that inverse relaxation increase
with force retraction, however, it was not clear the
difference by the existence of cycle load for pantystockings and socks.
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Abstract
The article introduced the relationship between human health and underwear. And it briefly introduced a new
functional textile material-pearl fiber and chitin fiber. It was blended with pear fiber and antibacterial fiber. The
undwear can significantly improve health care and meet the high-end market demand.
Keywords: anti-bacterial; pear-fiber; chitin fiber; Underwear
safeguard the ecological balance of the skin and
protect human health.
INTRODUCTION
Demestic and international market research on
A variety of functional underwear tith
consumer information showed that consumers
anti-bacterial deodorant in order to make the
were more concerned about the relationshio
between human and underwear, regardless of the
human skin have a healthy micro-ecological
underwear quality and price factors. Especially, a
environment. The anti-bacterial synthetic fiber by
major factor was whether or not harmfull to human
adding anti-bacterial has a bad comfort and it is not
health. In recent years, scholars in Europ and
suitable for the wnderwear. Also, the underwear
United States developed countries had put forward
had bad washing. The process of organizing
the “skincare”. They thought that there was a
polluted the environment and gradually been
microecological environment existed between
ignore. The anti-bacterial fiber has been more
textiles and the skin, including the slin microbial
attentioned to underwear products. In this paper,
environment where the group of bacteria and fungi
the pearl chitin fibers and fiber blends are
were living. At the same time, the elements such as
anti-bacterial and skin care. The fiber is highly
air, temperature, humidity, PH value were
promoting to underwear fabric.
constructed the microenviroment between the skin
and cloth. Under normal circumstant, the skin and
its
microorganisms
constitute
a
mutual
interdependence and balance with each orther. The
state of the human body could be against the
bacterial. But, when the internal and external
environment changed, the skin micro-enviroment
was destructed and the human health was damaged.
Typically, textile products(especially underwear)
are essential for survival and reproduction. When
the microorganisms encountered on suitable
temperature, humidity and nutients(such as dirt,
perspiration), they will quickly reproduce
opportunity to increase the skin In order to ensure
the hunman health and safety, it is required textile
materials especially the underwear. It is not only
qualified but also the good water vapor
permeability, air permeability, thermal insulation,
flexibility, stiffness and other mechanical
properties as well as ecological security
performance. It will be the only one way to

PEARL FIBER CHARACTERISTICS
Pearl fiber is also known regenerated cellulose
fiber. It is glue to the substrate, using high-tech and
ultrafine pearl powder made of viscose. The main
raw materials from natural cotton viscose short
velvet. The pearl fiber is from fresh water cultured
pearls. The natural materials are very safe to
numan Pearl fiber has a soft smooth and shiny.
The pearl fiber textile moisture,breathable and
comfortable use.
Observed under the microscpe, pearl fiber
distrbuted the large number of ultra-fine pearl
particles. When it contacted with hunman skin ,
because of acidic skin, the particles in the pearl
fiber contained aminoacids, little elements and
activity calcium ingredients. They can penetrate the
skin and be absorbed by the body,. It can be
enhanced the activity of SOD which can be
anti-aging.

- 1286 -

The major components of the pearl fiber are calium
carbonate. When the calcium carbonate achieved
the particle size below 300nm, the microcrystalline
structure of nano-materials effect, quantum size
effect and surface effect informed a strong
far-infrared emission features and uvshielding

therefore, fiber can be a more excellent
performance and a variety of functions into the
underwear fabric.
2, it has a strong anti-bacterial properties on human
daily life of frequent contact with bacteria. The
fabric has a good washing, and been widely used in
anti-bacterial textiles.

function[2].
Therefore, the pearl fiber promotes the expansion
of hunman capillary, improve microcirculation and
enhance the vitality of human epidermal cells. Also,
it can shield the UV damage on the skin and delay
the aging skin. The pearl fiber has a good
hygroscopicity ,soft and comfortable. It is very
suitable for personal wearing apparel.

APPROCH AND DISCUSSION
Pearl fiber , chitin viscose blended program
The underwear fabrics are composed 30%pearl
fiber, 40%tencel, 30%viscose chitin.
Three types of fiber materials are blended in
accordance with the oringinal ratio. The cotton
spinning system are made of knitted cloth with the
40s yarn spinning. The fabric is soft, slippery waxy,
moisture permeability and good drape. And it had a
certain last washing .
The fabric sample is tested by Southern textile
industry. The results were shown as follows:
The farinfrared emissivity of the fabric samples are
0.904,coeffecient of UV UPF value is 39, it was
using the United States of antimicrobial textiles
AATCC 147-2994 qualitative assessment. The
results were drewn the parallel line method.
Fabric test strains: Staphylococcus aureus ATCC
N06538 (orchid-positive bacteria)
Detect Conclusion: The sample with anti-bacterial
fabric.
The program used renewable cellulose fibers, its
fabric is soft and smooth, bright luster, good
ventilation and moisture absorption. Its
anti-bacterial is durable and affordable.

THE CHARACTERISTICS OF THE CHITIN /
VISCOSE BLEND FIBER Also known as
chitin, chitosan, capsid protein, widely exist in
lower plants fungi, algae cells, arthropod shrimp,
crab shells and insects, shellfish, mollusks (such as
squid, cuttlefish) shell and cartilage and so on.
Chitin fiber has excellent anti-bacterial,
deodorizing, anti-itching function, there is very
good on the skin soft. Mainly it has the following
characteristics.
1, chitin fiber in their macromolecular chains exist
on many hydroxyl and amino groups, such as
hydrophilic, the fibers have good hydrophilicity
and high moisture absorption.
2, the use of safe, non-toxic.
3, anti-bacterial anti-inflammatory, and promote
skin regeneration and metabolism, with a health
function.
4, wearing comfortable, with a moisturizing,
anti-static function, the resurgence can be up to
16%.
5, ecological environmental protection, chitin and
cellulose are natural, can be biodegradable, can be
recycled using a short period of time.
Chitin fiber as a natural material, has a good
bio-medical functions of the human body can be
non-toxic biodegradabl. And it was safe and
comfortable anti-bacterial to human health and
lasting.
Through
special
chemical
methods
for
modification of chitin to chitin and cellulose
dissolved in the common yellow sodium dissolved
in dilute alkali solution made of spinning liquid
made with conventional spinning method with
anti-bacterial properties of chitin / man-made fibers,
viscose rayon blends. The viscose fiber has
addition to the fine performance, but also has the
following unique properties.
1, fibers with a low irritant, high-moisture and
softness, bacterial proliferation and biodegradable,

Pearl fiber, cotton fiber and chitin fiber blends
The underwear fabrics are composed 30%pearl
fiber, 60%long staple cotton, 10%pure chitin fiber.
Three types of fiber materials are blended in
accordance with the oringinal ratio. The cotton
spinning system are made of knitted cloth with the
40s yarn spinning. The fabric is soft, slippery waxy,
moisture permeability and good drape. And it had a
certain last washing
The fabric sample is tested by Southern textile
industry. The results were shown as follows:
The farinfrared emissivity of the fabric samples are
0.89,coeffecient of UV UPF value is 50+, it was
using
China's
textile
industry
standards
FZ/T73023-2006, the knitwear antibacterial class
AA. Staphylococcus aureus ATCCNo6538
(gram-positive bacteria) E. coli ATCC No8739
(gram-negative bacteria) Candida albicans
ATCCNo10231
Washing test: According to FZ/T73023-2006
Appendix C.4, washing 20 times.
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Detect Conclusion: The sample is against
Staphylococcus aureus and Streptococcus study
and white anti-bacterial ， so it can reach the
standard requirements of the class AA, the
antibacterial activity of E. coli does not meet the
standard requirements of the class AA.
The program used pure chitin fiber blends. Its
fabric is excellent anti-bacterial and well-washing.
But the cost is high and it is suit to hign-cale
market demand
CONCLUSION
Pearl fiber is a Chinese invention patent of a new
type of functional fiber materials, the fiber has rich
variety of amino acids and trace elements, and have
launched far-infrared and UV function. So it is to
produce the ideal underwear and home textile
materials. However, pearl fiber and chitin fiber are
made of underwear from the view of maintaining
the ecological balance of human skin, it can be
given to the modern concept on the brand new
underweae. The underwear can greatly enhance
skin health care and meet the demand of high-end
market.
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ABSTRACT
Sputtering, a vacuum process, is used to deposit very thin films on substrates for a wide variety of commercial
and scientific purposes. Silver can inhibit the growth of bacteria and fungi; therefore, it has been applied to
functional textiles which are demanded in contemporary market. Undoubtedly, the silver-coated materials can
add value to lingerie with functional properties which is incremental desired textile characteristics. This study
aims on the application of sputtering technology with silver in lingerie design. The anti-bacterial property is
developed in the silver-coated spandex, nylon and polyester blended fabric. The aesthetic characteristics of the
lingerie design are developed through the sputtering technology treatment. In order to explore an effective
approach for lingerie design, the silver sputtering technology in lingerie is investigated. This research work will
provide insight on the application of sputtering technology and a new design process for the lingerie.
Keywords :Lingerie; design; silver; sputtering
the moisture.[4]

INTRODUCTION
Regarding as second skin, updated lingerie plays
an important role to protect women’s health in the
daily life. It has many different functions not only
keeps the outer garments from being soiled by
perspiration but shapes the body and shows the
body image. With the new materials and updated
technologies, both aesthetics and health care
features are closely concerned in the lingerie.

Metallic is welcomed in fashionable circles in
recent years. It can create shimmering look and is
used in novel fashion designs. [5] Silver, a kind of
previous metal, is used in fashion design popularly.
Victoria's Secret, as a leading retailer of lingerie
and personal care products, showed lingerie with
the silver effect in the products.[6] There are
different methods to make silver integrate with
textile fabrics, such as the blended fabric consisted
of metallic yarns and common threads which can
achieve a wrinkled and shimming appearance.
Besides these superiorities of the silver, silver has
decorating function and it could enhance the
service life of lingerie.

Coating technologies can provide clothing with
diverse metallic effects. Nowadays, the metallic
foil can be laminated onto various fabric surfaces
to obtain the metallic looks. Although the
laminated fabrics have effective appearance with a
thin metallic film, it is showed insufficient
breathability which is uncomfortable to use in
lingerie. Sputtering is a vacuum metallizing
process which can deposit metal onto an object.
Using the sputtering technology, functional
properties of textile products, particularly, air
permeability would be enhanced.

To employ silver, this study focuses on the
sputtering technology in the lingerie design. In
order to develop functional lingerie designs with
metallic effect, design methods would be explored
based on a series of experimental works in current
study.

Silver has superior characters which have been
revealed in previous study, such as high antibacteria and low toxicological effect to the human
body as a broad-spectrum antibiotic.[1] The
compounds that act as anti-bacterial agents in silver
(nitrate) have been identified as the most
efficacious.[2] It can keep unpleasant body odour
to a minimum and reduce the risk of bacterial and
fungal infection.[3] When silver interacts with
moisture on the skin surface, silver ions can inhibit
bacteria replication and allow easily evaporation of

APPROACH
Lingerie design is a synthesis of design, material
and technology. The approach of multi-stages is
conducted as shown in Table I.
The design should be identified according to the
design idea, and the pattern making is the next
activity. In the operation stage, suitable fabrics are
chosen, which play a key role in the design and
sputtering treatment. After that, the silver can be
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Table I. The Approach with Multi-stages in Lingerie
Design.

Design
Idea forming
Sketch
Design identification
Pattern making

Operation
Fabric selection
Experiment

FIGURE 1. Magnetron sputter coating process

Sputtering treatment

Fabric
pieces

Surface characterization
The anti-bacterial properties of the silver sputtered
fabrics are quantitatively evaluated with
Staphylococcus aureus (Staph, ATCC 6538) and
Escherichia coli (E. coli, ATCC 11229) in
accordance with the AATCC Test Method 1002004. The percentage bacterial reductions realized
by the anti-bacterial function of the treated fabrics
are calculated according to the following equation:

Intimate
apparel

Characterization

Finishing

R = [(B-A)/B] × 100%
(1)
where
R is the percentage of bacterial reduction;
B is the numbers of bacterial colonies at the initial
stage (0 h);
A is the numbers of bacterial colonies after 24
hours of contact with finished substrates.

sputtered onto the selected fabric to produce
materials for lingerie design. The characterization
tests will assess the silver-coated lingerie.
Materials
The sputtering technology coated silver on the
lingerie fabrics which directly come into contact
with skin, a kind of suitable fabric for silver
sputtering is essential in this design. A kind of
stretch fabric, is used which is blended with
spandex, nylon and polyester. All of them are the
constituent of stretch fabrics and lace. Black fabric
was chosen in the study because the silver
sputtered can show a striking contrast to the dark
colour fabric. Magnetron sputtering system was
used in sputter deposition technology as shown in
Figure 1.

RESULTS AND DISCUSSION
In the experiments, the deposition effects of the
silver particles coated on the stretch fabrics were
proceeded. The silver sputtered fabric showed
unique metallic effect with colour grade change
between blue and silver gray due to the difference
of coating thickness of the silver film. According to
the surface morphology in AFM as shown in
Figure 2, the surface of fabric is coated with dense
silver particles uniformly.

- 1290 -

FIGURE 2. AFM photograph of silver film

The sputtering treatment can be conducted in
two ways. First, sputtering silver onto the fabric
surface, the second way is sputtering onto the
surface of finished lingerie. Both the design
methods illustrated effective results in accordance
to the design concept. Delicate silver patterns on
the materials are achieved via lace covered on the
fabric during the sputtering process (Figures 3, 4,
and 5).

FIGURE 5. The Design Using Lace Attached to the Fabric
Surface with Sputtering Technology

Anti-bacterial effect
The results showed that 99.8% staph has been
killed on the silver plated fabric. The anti-bacteria
reduction rate for E. coli reaches over 99.7%. In
the experiment, silver-plated fabric has a good antibacteria effect to the two kinds of bacteria. The
anti-bacteria mechanism of silver is the effect that
silver particles have on the external membrane of
bacteria by blocking the respiratory capacities,
thereby preventing them from breeding.
CONCLUSIONS
This study shows the possibility of integrating
sputtering technology and design methods in
lingerie. The application of sputtering can improve
both aesthetic and functional performance of
lingerie. The silver deposited has specific antibacteria ability which can provide protection for
the wearer’s health. The application of silver in
lingerie can provide protection and health care, and
it also could promote the lingerie design. The
colour creates the first impression, and the silver
sputtered on the fabric can create a contrasting
effect of the metallic effect between the
shimmering silver and dark fabric.

FIGURE 3. Silver Sputtering on Spandex Fabric
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ABSTRACT
New developments of computer science and information technology make it possible to realize mass
customization in apparel industry. These years many scholars and researchers have paid attention to classify
and characterize human body shape to accelerate the process of making paper patterns. This paper based on an
anthropometric survey of 280 Chinese women aged from 18 to 50 by [TC] 2 non-contact 3D body scanning
system. By means of principal component analysis (PCA), 39 measurement items were transformed into 7
uncorrelated principal factors. Furthermore, these principal factors were given professional definitions
according to their eigenvectors. In order to make effective criteria for classifying female body type, all samples
are sorted by these factors using dynamic samples cluster algorithm. In conclusion, it provides a new way to
study female body type and will be useful to further somatotype research and practical garment manufacturing
for mass customization.
Keywords: body shape; anthropometric survey; principal component analysis (PCA); cluster algorithm
INTRODUCTION
"Mass Customization" is the new frontier in apparel
business competition for both manufacturing and
marketing. It combines the low unit costs of mass
production processes with the flexibility of
individual customization [1]. The concept of mass
customization was first conceived by Stan Davis in
Future Perfect [2] and was defined by Tseng and Jiao
(2001, p. 685) as "producing goods and services to
meet individual customer's needs with near mass
production efficiency" [3]. China is now the largest
apparel producer in the world. In order to maintain
Chinese international competitive power in apparel
industry, mass customization has become new
research hotspots in Chinese fashion institutes and
universities [4-5].

correlated with each other, principal component
analysis (PCA) is proper to be used to decrease the
complexity of data analysis. In recent years PCA
has been widely used in many fields such as face
classification, modal analysis, computer vision [6-8],
etc. proved to be a useful method facing
multi-variable cases.
DATA PREPARE
Sample selection and testing
Compared with the lower part of female body,
female upper body is more varied and challenging
for fashion designers and manufacturers to ensure
making garments suitable and fit. In this paper, we
used [TC] 2 non-contact 3D body scanning system
and its application software to collect upper body
data of 280 Chinese women aged from 18 to 50.
There were total 39 measurement items being taken
into this anthropometry survey in regarding to the
prototype design of upper bodice, listed in Table I.
(In order to simplify the expressions of these
measurements in following mathematical analysis,
each measurement item has been represented by a
corresponding variable name.)

How to get customers’ accurate body data rapidly
and how to make personalized clothing patterns are
the key points in the whole system of mass
customization. Three-dimensional scanning system
helps us to solve the problems of data collecting
and human body database establishing. By body
shape classification and discriminate analysis, it is
easy to find out the appropriate paper patterns for
any body shape and provide consumers personal-fit
garments. This paper aims to find out the potential
rules among a large amount of measurements of
female upper body, and then put forward an
effective method of body shape classification. Since
measurements of human body are usually linear

Data preprocessing
Firstly, it was essential to identify this body sample
having representative of the population. We took a
look into whether these data submitted to a normal
distribution or not.
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In

one-sample

kolmogorov-Smirnov

test,

variables had a larger p value of D statistic’s
probability under α=0.05 confidence level.

all

TABLE I. Female upper body measurement items
Notes: S.P. means shoulder point; B.P. means bust point, C.F. means centre front.
Variable
W1
W2
W3
W4
N1
N2
N3
N4
N5
FN2W
BN2W
S1
S2
S3
S4
SP2FW
SP2BW
BP2BP
BARCL

Measurement Item
Waist Circumference
Waist Height
Waist Thickness
Waist Width
Neck Circumference
Neck Width
Neck Thickness
Front Neck Height
Back Neck Height
Front Neck to Waist
Back Neck to Waist
Shoulder Slope
Shoulder Height
Shoulder Length
Across Shoulder
S.P. to Front Waist
S.P. to Back Waist
Horizontal Distance from B.P. to B.P.
Bust Prominence (Curve Length from C.F. to
B.P. to Side Seam)

Variable
C1
C2
C3
C4
C5
C6
A1
B1
B2
B3
B4
UB1
UB2
UB3
UB4
FN2BP
SN2BP
FN2BL
BN2BL
BP2W

Measurement Item
Chest Circumference
Chest Height
Chest Thickness
Chest Width
Across Back
Across Chest
Armhole Circumference
Bust Circumference
Bust Height
Bust Thickness
Bust Width
Underbust Circumference
Underbust Height
Underbust Thickness
Underbust Width
Front Neck to B.P.
Side Neck to B.P.
Front Neck to Bust Line
Back Neck to Bust Line
Curve Length from B.P. to Waist

eliminate the effects of value differences. In
mathematical statistics, a random variable Х is
standardized using the theoretical (population)
mean and standard deviation:

For example, the P-P plots of waist height (Fig. 1)
showed that observed cumulative probability has
high correlation with expected cumulative
probability.

Z=

X −μ

σ

(1)

Where μ = E(X) is the mean and σ = the standard
deviation of the probability distribution of X.
After doing this work, we got a new standardized
Z-score data set which consisted of 280 sample
rows and 39 variable columns. The data set was
imported to SAS 9.0 system to do the process of
PRINCOMP.
ANALYSIS RESULTS AND DISCUSSION
Dimensionality reduction by PCA
Principal component analysis was then used to
reduce the dimensionality of the data while
retaining as much as possible of the variation
present in the original dataset. After PRINCOMP
data processing, we had an output of the
eigenvalues of the correlation matrix as Table II.

FIGURE 1. Normal test used P-P plot of waist height

All body data use centimetre as arithmetical unit
except S1 (Shoulder slope is an angle measurement
and uses degree as arithmetical unit), nevertheless it
is also necessary to standardize original data set to

We used the Kaiser criterion to decide how many
principal components to retain. From the second
column of Table II we found the eigenvalue of
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Prin1 to Prin7 was greater than 1 that meant these
principal components accounted for a larger
variance than original variables. And they explained
a cumulative proportion of 86.97% of the total
variance. So we chose the first seven principal
components for further analysis.

Prin3: Significant variables are waist height, front
neck to waist, back neck to waist, shoulder point to
front waist, shoulder point to back waist, bust point
to waist and the last one has the highest loading.
Waist height has a higher negative coefficient and
others have positive coefficients. So Prin3 is named
upper body proportion factor. If Prin3 score is
higher, people’s upper body will be longer.

TABLE II. Eigenvalues of the correlation matrix
Notes: “Proportion” means the explained proportion of the
total variance for one certain eigenvalue; “ Cumulative ”
means the cumulative explained proportion of the total variance

Prin1
Prin2
Prin3
Prin4
Prin5
Prin6
Prin7
Prin8
Prin9
Prin10

0.0000
0.0000

Prin4: Significant variables are back neck to waist,
shoulder slope, across chest, front neck to BP, side
neck to BP, front neck to bust line, back neck to
bust line and the last one has the highest loading.
Prin4 is named bust position factor. The higher
score of Prin4 is, the lower bust position will be.

Cumulative
0.3970
0.5806
0.6786
0.7464
0.7948
0.8390
0.8697
0.8920
0.9104
0.9263

Prin5: Significant variables are neck circumference,
neck width, front neck to waist, shoulder slope,
shoulder length, chest thickness, chest width, across
chest, armhole circumference, front neck to BP,
side neck to BP, front neck to bust line, BP to BP
and across chest has the highest loading. Prin5 is
named chest size factor. Women having big breast
will gain a high score of Prin5.

…

0.0007129
0.0001682

Proportion
0.3970
0.1836
0.0980
0.0678
0.0483
0.0442
0.0308
0.0222
0.0185
0.0158
…

…

…
Prin38
Prin39

Eigenvalue
15.4826954
7.1593631
3.8237986
2.6446914
1.8849324
1.7246906
1.1995788
0.8676831
0.7200013
0.6174603

1.0000
1.0000

Prin6: Significant variables are neck thickness,
front neck to waist, back neck to waist, shoulder
length, across shoulder. Chest width, across back,
across chest, back neck to bust line, bust
prominence. Prin6 has relation with person’s
posture whether bending forward or leaning
backward, so it is named front to back posture
factor.

Definition of Principal Components
As we know, there exists no correlation between
any two principal components. Each component
embodies different characteristic of female upper
body. By the eigenvector matrix, we discovered
significant variables for each principal component.
We gave them professional definitions about
different aspects of upper body shape as follows.

Prin7: Significant variables are neck width, across
shoulder, BP to BP. In addition, we find that all the
width indices have positive effects and all the
thickness indices have negative effects. One will
get a higher score of Prin7 if her body is flatter.
That means, this factor has relation with the flatness
of upper body. So it is named flatness factor.

Prin1: The variables having a high loading
coefficient in the first principal component’s
eigenvector are waist circumference, waist
thickness, waist width, neck circumference, neck
thickness, across shoulder, chest circumference,
chest thickness, armhole circumference, bust
circumference, bust width, bust thickness,
underbust
circumference,
underbust
width,
underbust thickness and bust prominence. All these
variables are length, width or thickness on
horizontal section and have positive coefficients. So
Prin1 is named cross section factor. Fat people get
high score of Prin1.

Body classification by Cluster analysis
If original variables are mentioned as a
39-dimension vector X=(X1, … , X39)', and
eigenvectors are a1 , …,a39 . Then Z i = ai′ X is
the score of principal component ranked “ i ”. If
takes “ t ” as the serial number of tested samples,
then:

Prin2: Significant variables are waist height, front
neck height, back neck height, back neck to waist,
shoulder height, bust height, underbust height. All
these variables are height indices and have positive
coefficients. So Prin2 is named height factor. The
higher Prin2 score is, the taller people will be.

zti = ai ' x( t )

(i =1,…,39; t =1,…, 280)

If eigenvalues are marked as
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(2)

λ1 ≥ λ2 ≥ L ≥ λ39 ,

W(t ) = (λ1 zt1 , λ2 zt 2 , L , λ7 zt 7 )′ (t=1,…,280) (3)

TABLE III. Number of Cases in each Cluster

We took W( t ) as the new weighted data set to
classify upper body shape by cluster process in SAS
9.0 system.
In this study, we used exact maximum likelihood
(EML) and Ward’s minimum-variance method to
estimate how many clusters to divide into. Looking
at the percentage of variance explained (is the ratio
of the between-group variance to the total variance),
we should choose a number of clusters so that
adding another cluster doesn't give much better
modeling of the data. It is more obvious and direct
to observe the effects of different numbers of
clusters in tree plots. Following are the tree plots of
the analysis methods mentioned above.

Cluster
Number
Cluster

1
5
6

2
16
7

3
30
8

4
34
9

5
34
10

Number

2

31

66

55

7

These body types were compared with their major
body measurement indices with higher loading
coefficients in PCA as figure 4 displayed.

FIGURE 4. Comparison of different body type’s measurements

CONCLUSION
In this study, two multivariate statistical methods,
including principal component analysis and cluster
analysis, were used to classify female upper body
shape of Chinese women based on 280 subjects and
a set of 39 static anthropometric variables. 7
principal components (factors) have been selected
to describe the upper body shape of Chinese women.
By cluster analysis these factors were used to
classify female upper body shapes. It advanced a
novel approach to establish characterized female
upper body models and body shape discrimination

FIGURE 2. The tree plot of EML

criteria.
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ABSTRACT
The diversity of human body’s feature sizes determines the individual difference among body shapes as well as
the variations of apparel structure. In this paper, the effect of two feature sizes of upper body, shoulder slope(Hs)
and neck anteversion(Wn) on prototype was investigated. The experiment was carried on the standard
mannequin, of which the shoulder slope and neck anteversion were changed using plasticine.Draping method
was used to create the new prototype.By comparing the corrected prototype with the standard one,the difference
could be discovered.Result shows that the change of slope angle of shoulder seams(Ai),shoulder and bust dart
size(Bi) varies with that of Hs in direct proportion. The change of back neck width(BNW),back neck
height(BNH) varies with that of Wn in an direct proportion,while the change of front neck width(FNW),front
neck height(FNH) varies with that of Wn in inverse proportion. This research is expected to help to simplify the
process of pattern design and improve the fitness of garment together with the aid of 3D scanning system
Keywords: feature sizes; shoulder slope; neck anteversion; pattern design
garment body can assure the natural appearance of
garment, avoiding the tilt of back and front for
which the determination of the location of side
neck points of pattern is significant.

INTRODUCTION
The standardization of apparel specification
simplifys the size allocation in apparel industrial
production but neglecting the individual difference
among body shapes for which many people with
special body shape such as slanting shoulder or
crookback can not find their own sizes[1]. While in
the pattern design of women’s wear ,how to obtain
the pattern for special body shape has always been
a problem because of the great number of effect
factors which not only includes the basic sizes of of
human body but also the feature sizes and the ease
allowence[2].It can be expressed by the following
equation :
P= {Sb；Sf；E }
Where P stands for the pattern structure, Sb stands
for the basic sizes of huaman body, Sf stands for
the feature sizes of human body,E stands for the
ease allowance of different parts of human body .

FIGURE 1. Marks of difference parts of apparel pattern

The slope degree of shoulder is measured by the
distance between the horizental lines accorss the
shoulder point and back neck point respectively as
shown in Fig.2(a).The normal value of it for
women is 5.9+0.75cm[3] .Lower than it is slanting
shoulder and higher than it is hunch ,both of which
can affact the upright state of side seams and the
enclosed seam.The bending degree of back is
measured by the distance between back neck
point and perpendicular plane through the convex
point of shoulder blade as shown in Fig.2(b).The
normal value is 6.2+1cm[3]. Lower than it is
hunchback and higher than it is straight back.Both

The difference is that the basic sizes such as
chest,waist and hip determine the overall
measurement of pattern while the feature sizes
affact partial measurements such as the back and
front shoulder slope,the chest dart,the neck width
and height marked in Fig.1.
The balance of garment body which plays an
important role in pattern design refers to the
difference between the height of side neck point of
back and front garment piece.When the waist line
of back and front is aligned,only proper balance of
- 1298 -

of them can affact the fitness of garment at back
part of human body .
In MTM(made-to-measure) production,fitting is an
ordinary method to correct pattern which woud be
a complex and troublesome process. And with the
aid of 3D scanning system,more detail
measurements including feature sizes of human
body can be obtained[4]. Therefore,if the effect law
of feature sizes on pattern could be found out,then
the correction of patttern could be carried on the
prototype directly which would be more
convenient and the fit of clothing can be improved
together with aid of 3D scanning technology[5][6].
Most of the former studies just qualitatively
discribed the significance of feature sizes to pattern
design[7][8][9], while in this paper,the effect of
feature sizes on pattern was discussed
quantificationally. As shoulder slope(Hs) and neck
anteversion(Wn) are two main feature sizes of
upper body, their effect were primarily studied.

(a)

(b)
FIGURE 3. The cross sections of different parts of body.
1stands for the cross section though the back neck point,2 stands
for the the cross section through the part of half the shoulder
length,3 stands for the cross section through the shoulder point,4
stands for the cross section through the convex point of shoulder
blade.

(a)

In order to improve the accuracy of experiment
result,the neck anteversion (Hs)and the shoulder
slope (Wn) were increased or dicreased by 0.5cm
each time.The standard prototype was corrected
when singlely changing the shoulder slope or neck
anteversion or both two. Draping method was used
to create the new prototype.According to the
comparison between corrected and standard
prototype,the difference could be discovered and
the relations between the change of feature sizes of
body and structure sizes of prototype were obtained
by regression analysis.

(b)

FIGURE 2. Two feature sizes of upper body

APPROACH
The experiment was carried on the standard
mannequin. By attaching plasticine to its shoulder，
back and neck , the contour of shoulder and back
was changed which can be seen from the cross
sections of different parts of body before and after
modification as show in Fig.3.In Fig.3(b) the
dotted line stands for the cross section of original
figure and real line stands for that of modified
figure. In this way the shoulder slope and neck
anteversion of the mannequin were changed and
different human body shapes were simulated.

RESULTS AND DISCUSSION
According to Fig.4(b),The change of shoulder
slope (△Hs ) indeed brings some infulence on the
standard upper prototype especially the slope angle
of back shoulder seam (A1) and bust dart size(B2).
The change of slope angle of shoulder
seams ,shoulder and bust dart size(Bi) varies with
that of shoulder slope in direct proportion as shown
in Fig.4(a) .Their relations can be expressed by
Eq.(1),(2)and(3).
△A1= 3.133·△Hs
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(1)

△A2 = 2.163·△Hs

(2)

△Bi = 1.608·△Hs

(3)

Where△A2 stands for the change of front shoulder
seam’s slope angle .

(a)

(a)

(b)

FIGURE 5. The effect of neck anteversion angle on garment
pattern. In Fig.(a),4 stands for the change trend of FNH, 5
stands for the change trend of FNW,6 stands for the change
trend of BNW,7 stands for the change trend of BNH ,8 stands
for the change trend of δfb .In Fig.(b),A stands for the pattern
of body shape with hunch back,B stands for the pattern of body
shape with normal back,C stands for the pattern of body shape
with straight back.

(b)

The multivariable experiment result,when changing
both the shoulder slope and neck anteversion, can
be expressed by Fig.6.Once the value of △Hs and
△Wn are determined, the change value of series of
feature points of prototype can be obtained by the
line drawn between the value location of △Wn
and△Hs. For example,if△Hs=2cm,△Wn=1cm,
then △A1=7.231°,△B1=5.607°,△B2=4.506°,
△ BNW=0.829cm.The relations among different
variables can be expressed by regression Equations
(9)- (13):

FIGURE 4. The effect of shoulder slope on garment patttern.In
Fig.(a), 1 stands for the change trend of △A1, 2 stands for the
change trend of △A2 ,3 stands for the change trend of △Bi.In
Fig.(b),1 stands for the pattern of body shape with hunch
shoulder,2 stands for the pattern of body shape with normal
shoulder,3 stands for the pattern of body shape with slanting
shoulder.

The change of neck anteversion ( △ Wn) also
affacts the standard upper prototype such as back
neck width(BNW),back neck height(BNH),front
neck width(FNW),front neck height(FNH),balance
of back and front(δfb )while for the shoulder and
bust darts and shouder seams,the influence is
relatively slight as shown in Fig.5(b) .△BNW,△
BNH ,especially △δfb change with △Wn in
inverse proportion,while △ FNW and △ FNH
change with △Wn in direct proportion as shown
in Fig.5(a). Their relations can be expressed by Eq.
(4),(5),(6),(7)and(8):
△BNW = -0.125·△Wn

(4)

△BNH =-0.175·△Wn

(5)

△FNH = 0.175·△Wn

(6)

△FNW =0.125·△Wn

(7)

△δfb = -0.902 △Wn

(8)

Y3 = 1.593Y1 + 2.007Y2

(9)

Y4 = 0.122Y1 + 0.338Y2

(10)

Y5 = 0.769Y1 + 3.231Y2

(11)

Y6 = 2.047Y1 + 1.753Y2

(12)

Y7 = 0.111Y1 + 0.359Y2

(13)

Where Y1 stands for △Wn, Y2 stands for△Hs,Y3
stands for△B1,Y4 stands for△FNW ,Y5 stands for
△A1,Y6 stands for△B2,Y7 stands for△BNW.
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FIGURE 6. Effect of mutivariable on garment pattern

CONCLUSIONS
According to the experiment result,both the
shoulder slope and the back inclination degree of
huamn body have influence on the upper prototype
such as the size of shoulder and bust dart ,the slope
of back and front shoulder seam,the front and back
neck width and height while the slope of shoulder
seam and the neck curve directly reflect the
contour of pattern and the wearing appearance of
garment.Therefore,the effect of feature sizes of
human body should be taken into consideration in
pattern design so as to improve the fitness of
garment and more research on the effect rule is
quite significant and necessary.
FUTURE WORK
There are many feature sizes which interact with
each other and affact the pattern commonly .In the
future study,more feature sizes should be studied to
aid the pattern design for special body shape and
improve the fitness of garment.
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Abstract
Microstructure is necessary to study the mechanical properties of 3-dimensional (3D) five-directional
braided composites accurately. By analyzing the photomicrographs and the space geometry position of
yarns, the transformation of the axial yarn’s sections and the yarn packing factor are both considered, the
mathematical relationship between the geometry of the unit cell and the braiding parameters are derived. A
3D solid unit cell is established by using the CAD/CAE software Pro/E. The mechanical behaviors of 3D
five-directional braided composites are predicted by 3D finite element analysis (FEA). The results of the
elastic modulus are correlated well with the experiment dates available.
Keywords: Textile composites;3D braided;FEA;Micro-structure
1. INTRODUCTION
Advanced 3D braided composites have a number
of advantages over conventional laminate
composites,
including
through
thickness
reinforcement, high damage tolerance, and has
been applied in the aerospace, automobile and
marine industries widely [1-2].
3Dfive-directionalbraided composites are obtained
by introducing the fifth directional yarns (axial
yarns) into the 3D four-directional braided
composites along the braiding process direction.
By adding the axial yarns, the mechanical
properties of the material in the axial direction are
improved effectively, so it has more attention in
some special engineering domain. For the join of
the axial yarns ， the inner structure and the
cross-section of the yarns become much more
complicated, so the researches on the
microstructure and the mechanical properties of
3D five-directional braided composites are seldom
reported .
It appears that Wu [3] first proposed a simple
geometrical model to predict the mechanical
properties based on the laminated theory. Li et al.
[4] analyzed variations of cross-section versus
different ratio of axial yarns. On the base of the
braiding process studying, a unit model was
established, but the elliptical assumption of the
axial yarns is far from the reality. [5] Chen and Li
[6] studied the mechanical performance by

experiments, which provide basic dates for further
research. Lu [7] used stiffness averaging method
calculated the elastic properties of 3D
five-directional braided composites on the base of
the micro-structural model of Wu. Recently, Chen
[8] analyzed the yarn’s arrangements and their
section patterns charge of 3D five-directional
braided composites by the charge coupled device
(CCD) microscope, which provided experimental
bases for precise microstructure model.
This paper presents a study on the microstructure
of 3D five-directional braided composites based on
the experimental investigations, and the
transformation of the axial yarn’s sections and the
yarn packing factor are considered. A 3D solid unit
cell model reasonably reflects the fiber
architecture and the cross-section of yarns of 3D
five-directional braided composites is modeled in
CAD software. The elastic constants are calculated
by using 3D FEA, the numerical results show good
agreement with the experiment results.
2. UNIT CELL MODEL
The geometry of the braided composites can be
characterized completely through consideration of
the smallest representative volume element (unit
cell). According to the braiding process, the
topological structure of the in the interior region
can be described as FIG.1. Where γ is the interior
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angle between the braiding yarn axis and the
Z-axis, the width and the thickness of the unit cell
are denoted as Wi , Ti , where, h = Wi / tanγ,
respectively.

(a) braiding yarn

(b) axial yarn

FIGURE 3. Cross-section shape of braiding yarn and axial yarn

According to the contact relationship and the space
position of adjacent yarns based on the hexagon
shape assumption of the biaiding yarn, the
following equation can be obtained
FIGURE 1. Interior unit cell of the preform

3. PHOTOMICROGRAPHS OBSERVATION
AND GEOMETRY RELATIONSHIP
Experimental observations are considered as the
most reliable method to study the microstructure
realistically. FIG.2 is a micrograph of the
cross-section cut transversally along the axial
direction for getting the whole shape of the yarns

θ = 2 arcsin(

1
1 + cos 2 γ

)

(1)

The cross-sectional areas of the braiding yarns and
axial yarns can be written as follows
⎧
b2
θ
S
b
e
b
−
γ
=(2
+2
)
cos
cot
⎪⎪ 1
2
2
⎨
b
2
⎪ S = ( +2e)
⎪⎩ 2
2

(2)

Combining Eqs. (1) and (2), b and e can be
calculated if the cross-sectional areas of the
braiding yarns and axial yarns is given . Then, all
parameters for a unit cell can be obtained.

FIGURE 2. Micrograph of the cross-section

On the base of the experimental observations, the
following assumptions have been made in the
analysis of the geometrical structure of 3D
five-directional braided composites: 1) the
cross-section of the braiding yarns perpendicular
to the yarn axis is hexagon, as shown in FIG.3a.
The cross-sectional shape of the braiding yarns
along the yarn axis is assumed uniform; 2) the
cross-sectional shape of the axial yarns varies in
different sections due to the compression by
adjacent braiding yarns in different direction, as
shown in FIG.3b, while its area remains
equivalent.

FIG.4 is the 3D solid unit cell model with the
components of 3D five-directional braided
obtained by using Pro/E software. Where the black
regions indicate the axial yarns, grays are the
braiding yarns, and the yellow regions are the
matrix. In this model, the contact surfaces between
adjacent
yarns
are
coherent
and
no
interpenetrations or voids between them, which is
important for finite element discretization.
Parameterized design of the unit cell is established
by the characteristics of Pro/E software. Each kind
of unit cell models with different braiding angles
can be automatically generated.
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where Gm = Em /[2(1 + μm )] .
Following dates were selected in the calculation.

+

+

Ef11=230 GPa , Ef22=40 GPa Gf12=24 GPa
Gf23=14.3GPa μf12=0.25
Em=3.45 GPa , μm=0.34
Due to the complexity of the microstructure, 3D
solid tetrahedron elements were applied to mesh
the whole model under the free mesh option. Each
element only contains (indicates) one component
(fiber or matrix), this discretization is very useful
to the failure analysis by micro-mechanic method.
Further more, the nodes between the adjacent
yarns and resin are merged automatically, showing
that the contacts of the interface are perfect, thus
the continuity of displacement is satisfied.
A linear static analysis is performed on the FE
model. The strain-stress relation can be written as

FIGURE 4. Solid model of the interior unit cell

4. FINITE ELEMENT MODEL
The material properties of the yarns vary along the
orientation of the yarns. Therefore, there are five
local coordinates should be defined, four for the
braiding yarns with different orientation and one
for the axial yarns.
Transversely isotropic material properties are
assigned to the yarns and isotropic properties are
assigned to the matrix. The material properties of
the yarns are calculated using micro-mechanics
formulae proposed by Chamis [9].
⎧ E1 = E f 11ε + Em (1 − ε )
⎪
Em
⎪E = E =
3
⎪ 2
1 − ε (1 − Em / E f 22 )
⎪
⎪
Gm
⎪G12 = G13 =
1 − ε (1 − Gm / G f 12 )
⎪
⎨
Gm
⎪G =
⎪ 23 1 − ε (1 − G / G )
m
f 23
⎪
⎪ μ12 = μ 23 = εμ f 12 + (1 − ε ) μ m
⎪
E2
⎪
⎪ μ23 = 2G − 1
⎩
23

⎡ε ⎤ = [ S ] ⎡σ ⎤
⎣ ⎦
⎣ ⎦

(5)

Where, [S] is the effective compliance matrix of
the unit cell. [ε] is the global average strain of the
unit cell , and [σ] is the global average stress of the
unit cell, which can be obtained by[10]
σ ij =

1
V

∫σ
V

ij

dv =

( pi ) j

(6)

Sj

Sj is the boundary surface, (Pi)j is the sum of the
reaction forces in the corresponding direction.
3D five-directional braided composites can be
assumed to be homogeneous and transversely
isotropic. The relation between the engineering
elastic constants and [S] is

(3)

Where ε is yarn packing factor, Ef11 , Ef22 are the
young’s elastic modulus of the fiber in the axial
and transverse direction, Gfij is the shear modulus
of the fiber in the i-j plane, μf12 is the primary
poisson’s ration of the fiber. Em, μm are the
corresponding material properties of the matrix,
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The predications results are compared with the
experimental in Ref [5], as shown in TAB I. Good
agreement is obtained between the predicted
results and the experiments.
TABLE I. Comparison of the effective elastic modulus Ez
obtained from experiments and calculations of the specimens
NO

α/(°)

Vf/%

Packing
factor

Experiment

Predicted

1

12.6

46.6

0.693

96.5

90.9

2

30.2

57.3

0.823

72.1

71.9

6. CONCLUSION
This paper presents a study on the microstructure
and mechanical properties of 3D five-directional
braided composites. Based on photomicrographs
investigations, the relationship between the unit
cell structure and braiding parameters have been
established considering the transformation of the
axial yarn’s sections and the yarn packing factor.
According to the geometrical relationship, a 3D
solid unit cell model reasonably reflects the yarn
architecture and the cross-section of yarns of 3D
five-directional braided composites has been
established. In this solid model, the contact
surfaces between adjacent yarns are coherent and
no interpenetration or voids between them, which
play important roles in finite element
discretization.
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The elastic constants of 3D 5-directional braided
composites are calculated by FEA based on the
established 3D unit cell. The results are correlated
well with the experiment results available.
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ABSTRACT
The objective of this study was to investigate the effect of clothing pressure exerted by the girdles on female’s
autonomic nervous system (ANS) activity and further objectively evaluate the threshold of skin pressure at the
female’s lateral waist and abdomen respectively, using heart rate variability (HRV) power spectral analysis.
Three different styles of girdles were tried on by seven healthy females. Skin pressure of 6 different positions
was measured and recorded. The effect of clothing pressure exerted by the girdles on the ANS activity was
assessed. Results showed that two high skin pressure areas were formed at the lateral waist and abdomen, which
had a significant effect on ANS. Clothing pressure at thelateral waist caused by girdles should be less than
18mmHg and clothing pressure at the abdomen should be less than 12mmHg, in order to reduce the negative
effect of clothing pressure caused by girdles on ANS activity.

The present study was undertaken to focus on
investigating whether clothing pressure caused by
the girdles (one style of foundation garments)
would affect the global ANS by means of the HRV
power spectral analysis and further objectively
evaluate the threshold of skin pressure on the
female’s lateral waist and abdomen respectively
using heart rate variability (HRV) power spectral
analysis.

INTRODUCTION
The positive effects of girdles were to enhance
feminine shape from hips to bust. Emphasis was
placed on an expanded bust and hip and a minimal
circumference of the waist. The skin pressure
distributions and magnitudes applied by the girdles
were especially crucial in exerting the beneficial
effects on the human body. However, many girdles
available in the market did not consider the human
body’s physiological requirement and applied ill
clothing pressure to female body, which not only
failed to enhance the women’s figure, but also did
harm to women’s well-being[1].

METHODS
1. Subjects
The subjects were seven healthy young women.
Their anthropometric characteristics were: age
26(22-30)years; height 157(151-161)cm, Mass
49(46-53)kg, under-breast 71(69-75)cm, waist
68(66-70)cm, abdomen77(73-80)cm; Body mass
index (BMI) 20(18-22) and thickness of abdomen’s
sebum 18(15-20)mm. BMI was calculated as body
mass divided by height squared. Thickness of
abdomen’s sebum was measured by sebum
thickness detector.

Many previous studies also had demonstrated
that excess clothing pressure applied to the human
body could adversely have a negative physiological
effect on the human’s health. Tokura and his group
demonstrated that skin pressure applied to the body
could influence the digestive response by
decreasing the amount of saliva via the autonomic
nervous system (ANS) [2]. According to heart rate
variability(HRV) power spectral analysis, the Total
power (TP) and the very low frequency (VLF) and
the high frequency (HF) components were
significantly decreased in the high skin-pressured
brassiere than those in the low skin-pressured
brassiere. The result showed that the higher
clothing pressures exerted by a conventional
brassiere had a significant negative impact on the
ANS activity [3].

All subjects were non-smokers in good health. All
of the subjects had regular menstrual cycles
between 28 and 35 days over the previous six
months. All subjects were weight stable at the time
of the study with no more than two-kg weight loss
or gain over the six months before the study. Each
subject was instructed to avoid any food or
beverages containing alcohol or caffeine during the
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study. All of them were informed of the nature and
purpose of the study.

3.1 Heart rate variability power spectral
analysis procedure
Considering the possible periodical changes of the
ANS activity during the menstrual cycle,
experiments were carried out during the follicular
stage of each subject. Each subject wore the
brassiere of her own and briefs which was obtained
specifically for this experiment. The subject,
wearing these clothes, remained sitting still for 30
minutes. Then, the subject put on a control
foundation garment (composed of double layers of
power-net to allow uniform thermal insulation,
designed to cause almost no pressure against the
body) to collect control data. At that time, the
subjects were instrumented with ECG electrodes
and then were required to sit quiet in a completely
relaxed condition for 10 minutes before the
beginning of the experiment. After the resting
period, the ECG was continuously recorded while
the subject remained seated in a comfortable chair
for 5 minutes. The obtained data was control data.

2. Experimental samples
Three different styles of girdles (see table Ⅰ and
figure 1) were used in the present investigation. All
of these were commercially available in the
Chinese market.
TABLEⅠ Properties of the experimental girdles

Sample

Knitted
structure

style
contents

P 80%
E 20%
P 80%
2132
power-net
E 20%
Terry
P 80%
AZY
knitted
E 20%
(P:polyamide; E:Elasthanne)
1037

power-net

size
Bone
num.

Buckle
position

5

lateral

4

back

4

back

L,
XL
L,
XL
L,
XL

The stretch part of each style was made of powernet. Both style 1037 and 2132 were composed of a
double layers of power-net panel, non-stretch panel
for the abdomen and metal coil bones. Warp in the
stretch panel was as thick as weft. Non-stretch
panel of style1037 was larger than that of style
2132. The knit structure of style AZY was different
from the above ones, which was composed of a
single layer of power-net panel and 4 bones, with
thicker yarn compared with both style 1037 and
2132. Weft was thicker than wrap and weft could
stretch but wrap could not.

The subjects then put on each of girdles in terms
of the following order: 1037XL-1037L2132XL2132L-AZYXL-AZYL and were required
to repeat the above procedure. ECG and clothing
pressure were measured at that time. All subjects
were instructed to breathe in synchrony with a
metronome at 15 beats/min (0.25HZ) to ensure that
respiratory-linked variations in heart rate did not
overlap with low-frequency heat rate fluctuations
(below 0.15HZ) from other sources.
In present study, Multi-channel Physiological
Signals Acquiring System (RM6240, Chendu
Instrument Manufacturer) was utilized to
investigate the effects of clothing pressure exerted
by the girdles on the ANS activity in healthy young
women.
3.2 Measurement of clothing pressure
The clothing pressure exerted by the girdles was
measured with an air-pack type contact surface
pressure sensor (AMI3037, AMI TECHNO Co.
Ltd., in Japan) at the following 6 points (see
figure2).

FIGURE 1 structure of the three girdles ((a) 1037 (b) 2132 (c)
AZY)

3. Experimental protocol
The study was conducted in an artificial climate
chamber where the temperature was controlled at
27.5℃±1.4℃ with a relative humidity at 31±
4.5% and quiet with a minimization of arousal
stimuli. Each subject entered the chamber 30
minutes or more before the start of the experiment
so that she could become accustomed to the
experimental environment.
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higher than other parts of the body covered by
girdles. For S size of style 1037 and 2132, the
clothing pressure caused at point (E) was higher
than caused at other measuring area. The reason
was that with either of the styles, female’s
abdomen was covered by non-stretch panel of them.
Because tensile resistance of no stretch fabric was
far higher than that of stretch fabric, the clothing
pressure caused at point (E) by the two styles was
fairy high.

FIGURE 2 measuring points of clothing pressure (A: The front
view of waist; B: Midpoint between A and C, where is human
body’s stomach; C ： Lateral view of waist; D: Midpoint
between C and the back view of waist; E: The highest point of
the abdomen; F: Near the Under-breast circumference
approaching right breast, where is the human body’s liver )

So, it could be concluded that two areas of high
skin pressures were formed at the lateral waist and
the abdomen in the three styles.
2.50

clothing pressure(unit:Kpa)

3.3 Measurement of local skin pressure
To estimate the effect of local skin pressure on the
ANS activity, each level of block in HRV was
measured during 9 kinds of pressures( 3, 6, 9, 12,
15, 18, 21, 24, 27, 30mmHg )applied to the lateral
waist and abdomen by the cuff( 8cm in width) at
sitting position. The pressure was increased every
10min by 3mmHg. The data at 0mmHg was used
as control.

2.00

1037L
1037XL
2132L
2132XL
AZYL
AZYXL

1.50

1.00

0.50

0.00
A

B

C

D

E

F

measuring point

FIGURE 3 clothing pressure caused by girdles

3.4 Statistics
The data was analyzed statistically using the
student t-test for paired data. A P value of <0.05
was accepted as significant.

2.

Relationships between clothing pressure at
each point of body surface and HRV
The beat-to-beat variation in heart rate, termed
HRV, is a well-accepted noninvasive tool for
assessing the ANS activity under various
physiological conditions. In general, HF
components (0.15-0.4HZ) of HRV are associated
almost entirely with parasympathetic nervous
system (PNS) activity, which have been regarded
as a quantitative index for PNS. The low frequency
components (LF: 0.05-0.15HZ) of HRV have been
regarded as a quantitative index for sympathetic
nervous system (SNS). And the ratio of LF to HF
has been regarded as an indicator of SNS and PNS
balance [4]. In general, the value of both HF and LF
needed to be standardized by dividing difference of
the value of TP subtracting from the value of VLF,
and then producing 100, because the values of both
LF and HF were easy to be influenced by TP. The
standardized HF (HFnorm) and LF (LFnorm) were
better to reflect the change of both SNS and PNS [5].

RESULTS AND DISCUSSION
1. Clothing pressure caused by girdles
Three real lines represented size L of three girdles
and three dashed lines did size XL of them (see
figure3). It was obvious that the average clothing
pressure was high in the order of style AZY> style
1037> style 2132. Clothing pressure was highest
with style AZY which had high tensile resistance.
Although style 1037 and 2132 had similar tensile
resistance, the clothing pressure differed between
them, owing to difference of both styles. One hand,
body area covered by style 1037 was larger than
that by style 2132. On the other hand, supporting
bones with style 1037 were more than with style
2132. So, it could be concluded that body area
covered by girdles and quantities of supporting
bones had the significant effect on the magnitudes
of clothing pressure.
In addition, clothing pressure caused at point (C)
by S size of Style AZY was the highest. One
probable reason was that two supporting bones
happened to lie at concave surface of lateral waist,
which was subject to concentrate stress, and the
other reason was that curvature of lateral waist was
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TABLE Ⅲ correlation coefficients between the clothing
pressure and HRV variables
Meas
.
points
A
B

△
HF

△
LF

△
TP

△
HFnorm

△
LFnorm

0.45
**
0.36
*

0.12

0.14

0.39*

-0.39*

0.14

0.34
*

0.01

-0.01

C

△
LF/
HF
0.23

D
E
F

0.05

0.59
**
0.39
*
0.42
**
0.36
*

0.09
0.16
0.50
**
0.00

0.37
*

0.46**

-0.45**

0.10

0.33*

-0.33*

0.56
**

0.06

-0.06

0.08

0.10

-0.10

0.43*
*
0.19
0.07
0.07

*: p<0.05, **: p<0.01

TABLE Ⅳ LF/HF with the cuff pressure applied to the lateral waist and abdomen
Pressure
(mmHg)
lateral waist(C)
Abdomen(E)

0
0.69±
0.12
1.06±
0.07

3
0.78±
0.20
1.22±
0.16

6
0.73±
0.18
0.80±
0.17

9
0.89±
0.28
0.49±
0.08

12
1.01±
0.24
0.38±
0.02*

15
1.28±
0.35
0.37±
0.01*

18

21

24

27

30

1.76±
0.47*
0.46±
0.04*

1.60±
0.49
0.53±
0.06*

1.82±
0.34*
0.59±
0.02*

1.77±
0.24*
0.56±
0.05*

1.28±
0.39
0.39±
0.20

skin pressure at the abdomen caused by girdles was
increased by degrees, the SNS was more inhibited
than PNS activity and when the skin pressure
exceeded 12mmHg, it would significantly lowered
LF. Therefore, in order to reduce the negative
effect of clothing pressure caused by girdles on
ANS activity, clothing pressure at the lateral waist
caused by girdles should be less than 18mmHg and
clothing pressure at the abdomen should be less
than 12mmHg.

In order to investigate the effect of clothing
pressure caused by the girdles on female’s ANS
activity, it had been attempted to identify the points
of the body at which local clothing pressure by
girdles exerts great effects on ANS activity. At
point(C), a significant correlation was noted
between clothing pressure and △HF, △TP,
△LF/HF, △HFnorm and △LFnorm. At point (E),
a significant correlation was noted between
clothing pressure and △HF, △LF, △TP (see
TABLE Ⅲ). This indicated that local skin pressure
caused by girdles at the lateral waist and abdomen
had a significant effect on ANS. Therefore, it could
be concluded that when designing the girdles with
less effect on ANS, it was essential to reduce
clothing pressure in both lateral waist and abdomen.
4. Estimation of local skin pressure
As local skin pressure at the lateral waist and
abdomen caused by girdles had a significant effect
on ANS, the present study attempted to further
evaluate the threshold of local skin pressure. The
cuff pressure was applied to the lateral waist and
abdomen by steps of 3 mmHg to 3, 6, 9, 12, 15, 18,
21, 24, 27, 30mmHg, respectively (seen table Ⅳ
and figure 6). At the lateral waist, when cuff
pressure was increased by increment, LF/HF was
tended to go up and LF/HF with the pressure in
excess of 18mmHg was significantly higher than
control data. At the abdomen, when cuff pressure
was increased by increment, LF/HF was inclined to
go down and LF/HF with the pressure in excess of
12mmHg was significantly lower than control. It
suggested that when skin pressure at the lateral
waist caused by girdles was increased by degrees,
the SNS was more excited than PNS activity and
when skin pressure was more than 18mmHg, it
would significantly enhance LF. Another, when

FIGURE 6 tread of local skin pressure at lateral waist and
abdomen caused by cuff

CONCLUSIONS
The present study provided valuable information
regarding physiological effects of clothing
pressures by the three girdles on the ANS activity
in women and further objectively evaluated the
threshold of skin pressure on the human body’s
lateral waist and abdomen respectively using heart
rate variability power spectral analysis. The results
showed that two high skin pressure areas were
formed at the lateral waist and abdomen, which had
a significant effect on ANS. Clothing pressure at
the lateral waist caused by girdles should be less
than 18mmHg and clothing pressure at the
abdomen caused by girdles should be less than
12mmHg in order to reduce the negative effect of
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clothing pressure caused by girdles on ANS
activity.
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ABSTRACT
When dressed in the brassiere, the pressure of the shoulder straps has a significant impact on pressure comfort
of the whole shoulder. In order to investigate the effect of pressure comfort imposed to the human skin by the
shoulder straps spliced in different fabric combinations, six subjects were selected, when different postures were
carried out, the pressure sustained by the shoulder straps, which were made from different elastic recovery rate
fabrics, were measured objectively by the air-pack pressure tester AMI3037, and the pressure values on the
shoulder straps and its distribution rules were obtained. It was proved that the pressure comfort of shoulder
straps under certain postures was influenced by the setting position of elastic fabrics.
Keywords: Brassieres; shoulder strap; elastic fabrics; pressure; wear trial
different occasions (such as office work, exercise).
They make different pressure on different parts of
the shoulder strap in different postures, and due to
the different combination of elastic fabrics.
Differences in body pressure due to different
elastic shoulder straps of brassiere have not been
reported. In this primary research, the effects of the
brassiere shoulder straps with different elastic
fabrics combination on body pressure were
discussed.

INTRODUCTION
Women wear brassieres next to the skin. When
wearing brassiere, the weight of breasts is mainly
supported by the shoulder straps and the under cup
of the brassiere. So the material of shoulder straps
has a distinct impact on the pressure to the shoulder.
Denton[1] found the comfortable clothing pressure
ranges from 20 to 40g/cm2 , close to the blood
pressure values of human skin capillaries. When
the pressure exceeds this value, it would upset
human beings.Makabe[2] confirmed that the most
comfortable clothing pressure of brassiere was
312KPa on the crossing point between the shoulder
strap and shoulder width of the human body, and
from 1146 to 2113KPa on the tangent point
between the under chest girth and the edge of the
cup. Therefore, the design and fabric properties of
the shoulder straps greatly affect the pressure
comfort of the shoulder. Many researches were
focused on the relationships between body pressure,
elasticity of the fabrics, contact areas of the
brassiere and the pressure comfort of human skin.
Such as, Shimizu Y.[3] measured the brassiere
pressure to skin in both dynamic and static state,
and the pressure distribution rules were concluded.
Zhou and Li[4] studied the changes of body side
and figure in different postures, and the choice of
fabrics in different part of brassiere was given on
the basis of skin deformation rate. The subjective
assessment for the pressure distribution of sports
underwear was summarized by Xu[5]. As the
shoulder strap runs through the front chest, the
shoulder and the backside of human body, it is
important for brassieres development that
understanding right design of brassieres dressed in

1. APPROACH
The shoulder straps of women's brassiere is divided
into three sections in accordance with the contact
area on the human body, that is, the front chest
section, the shoulder section and the backside
section (Figure 1). The fabrics in different elastic
recovery rate were set in three sections of the
shoulder straps, the pressure values of the three
points on the shoulder strap of the subjects in
different postures were measured, and the
relationships between different sections of the
human body, fabric combinations and postures
were analyzed.
As shown in Figure 1, the location points for
pressure measurement were set as follows: the
natural crossing point of the shoulder line and the
shoulder strap (P1); the midpoint of the connecting
line along the body surface between the midpoint
of the shoulder line and the bust point (P2); the
point on the backside of the shoulder strap 14cm
from the midpoint of shoulder (P3). Because of the
symmetry of human body, the three points on the
right side of the subjects were chosen for pressure
measurement.
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The shoulder straps of experimental brassiere were
spliced by two fabrics. The fabrics were recorded
as Fab.1 and Fab.2 respectively. Fab.1 was knitted
elastic cloth for swimwear composed of 45%
spandex and 55% polyester, with the weight
60g/m2; Fab.2 was plain woven cotton fabric with
warp density 190/10cm and weft density 220/10cm.

The subjects were asked to carry out the three
postures (Figure 2) when wearing the experimental
brassiere. Posture No.1: the natural sagging of the
two arms; Posture No.2: the lateral stretch of the
arms at right angles of arms and the torso; Posture
No.3: the lift of the right arm with the left arm
akimbo.

Because of the high percentage of spandex, the test
of elastic recovery rate for Fab.1 was implemented
according to the standard FZ/T 70006-2004. As an
ordinary plain woven cotton fabric, the test of
elongation at break for Fab.2 was conducted in
accordance with the standard FZ/T 01034-93. The
results of the two tests were shown in table 2 and
table3.
FIGURE 1. Splicing section on the shoulder strap and Pressure
testing point

TABLE 2. Fab.1’s test results of single elastic recovery at the
specified elongation of 20%
Item

Average

Elastic
Recovery
Rate
91.80%

Plastic
Deformation
Rate
1.64%

Stress
Relaxation
Rate
15.33%

TABLE 3. Fab.2’s test results of elongation at break
FIGURE 2. Experimental postures

2 EXPERIMENT
Item
Average

2.1 Subjects

Strength at

Breaking

Breaking

Elongation

rupture
331.86 N

enacity
6.63 N

extension
5.98 mm

at break
5.98%

TABLE 1. Body measurement data of the objects.(cm)
Subject NO.

1

2

3

4

5

6

Chest Girth

85.5

87.7

79.5

79

83.2

86.5

20

22.2

19

17.5

18.9

19

3

2.9

2.8

2.6

2.9

2.8

Shoulder Width

42.3

41.5

41.5

40.5

40.5

39.5

Front Chest Width

35.5

33.2

33.5

30.5

32.5

31

Back Width

31.3

33

31.5

33

32.7

36.5

72

77.2

71.2

71.5

74

77.5

Cross Bust
Point
Breath Depth

Under Chest Girth

Based on the data above, Fab.2 is an example of
non-elastic fabric for its low elastic extension.
Accordingly, Fab.1 is referred to as elastic fabric.
The natural length from front chest to backside
along the surface of human body is the benchmark
value for the length of experimental shoulder strap,
which is 36.5cm in average. Fab.1 and Fab.2 are
allocated in different parts of the shoulder strap to
form 5 different shoulder straps, as is shown in the
following table. (Table 4)
TABLE 4. The combinations of two fabrics on shoulder straps

Six 22 to 25 year-old young women were selected
as subjects in the wear trial; the Martin measure
instrument was used for the net body
measurement of the subjects. The results of the
measurement was shown in table 1.

Combination
No.
1
2
3

2.2 Experimental brassiere

4
5
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Front Chest

Shoulder

Backside

Fab.1 on the three parts (length 31cm)
Fab.1(length
The same fabric of Fab.2
10cm)
(length 21cm)
Fab.2(length
Fab.1(length
Fab.2(length
11cm)
10cm)
10cm)
Fab.2 on the three parts (length 36.5cm)
Fab.2 on the front chest and
Fab.1(length
shoulder (length 21cm)
10cm)

The single-layer brassiere is selected as the main
part of the experimental brassiere, which is shown
in Figure 3. (If there are no shoulder straps in the
single-layer brassiere, it will not work[6].
Therefore the impact of the cup can be ignored in
the wear trial). Five shoulder straps in different
fabric combinations are shown in Figure 4. The
shoulder straps (because of the symmetry of the
human body, the same shoulder straps are used on
both side of the experimental brassiere) and the
main part of the brassiere are connected by Velcro
to get 5 different kinds of experimental brassiere
samples.

3.1 The average values of pressure on different
points
The pressure values of the three different points
among 6 subjects were averaged, and the
relationship between fabric combinations of
shoulder strap, postures and pressure was shown in
Figure 5.
0.6
P1
P2
P3

Pressure(KPa)

0.5
0.4
0.3
0.2
0.1

Posture2

Posture3

Posture1

Posture2

Posture3

Posture1

Posture2

Posture3

Posture1

Posture2

Posture3

Posture1

Posture2

Posture3

Posture1

0

Combination1 Combination2 Combination3 Combination4 Combination5

FIGURE 5. Pressure from different shoulder strap combinations
FIGURE 3. The main part of the brassiere

Shown from Figure 5, in terms of testing points, P1
(the shoulder) has the maximal pressure, which is
higher than P2 and significantly higher than P3
regardless of any fabric combination of shoulder
strap or any kind of posture. It indicates that the
shoulder is the intensive area of pressure, which
coincides with the Laplace law, which depicts the
greater curvature of the body parts, the greater
clothing pressure it suffers. With the changes of
postures, the pressure value of P1 fluctuates
considerably. It could be concluded different
postures have a greater impact on the pressure of
P1.The pressure values of P2 are all lower than that
of P1, which change significantly as posture
changing. Both P1 and P2 have a similar changing
trend. When in posture No.1, the pressure values of
P2 are the lowest in the three testing points. When
in posture No.2, the pressure values of P2 and P3
are very close to each other. When in posture No.3,
the pressure values of P2 increase remarkably,
which are still lower than that of P1 but distinctly
higher than that of P3 whose pressure values have a
decreasing trend. The pressure values of P3 keep at
a relatively low level, and relatively stable in
different fabric combinations of shoulder strap as
well as changing postures, which shows the
shoulder strap leading smaller pressure to the
backside. As the deformation rate of skin in the
backside is small at different postures, the pressure
values are relatively steady. Therefore, it is the
shoulder section that should be the first

FIGURE 4. Experimental shoulder straps

2.3 Wear trial
In the climatic chamber with the temperature
(25±1℃), humidity (65±2)% RH, wind velocity
<0.1m/s, subjects wore 5 experimental brassieres
with different shoulder straps, and 3 kinds of
postures (posture No.1: the natural sagging of the
two arms; posture No.2: the lateral stretch of the
arms at right angles of arms and the torso; posture
No.3: the lift of the right arm with the left arm
akimbo) were complemented in sequence. The
pressure values of the three points (P1, P2, P3) on
the right side of the human body were measured by
the air-pack pressure tester AMI3037.
3 RESULTS AND DISCUSSION
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consideration in designing shoulder straps of
brassiere.

0.6
P1
P2
P3

0.5
Pressure(KPa)

3.2 The analysis of pressure on location points in
different postures
0.6

Pressure(KPa)

0.5

0.3
0.2
0.1

P1
P2
P3

0.4

0.4

0
1

2

3

4

5

0.3

Combination NO.
0.2

FIGURE 7. The relationship between shoulder strap and
pressure in posture No.2

0.1

When in posture No.2 (Figure 7), the pressure
values of strap No.2, strap No.3 and strap No.4 on
P2 and P3 are quite close. The pressure values of
strap No.4 on P1 slightly higher than that of strap
No.2 and strap No.3, which is the highest among
five shoulder straps. Strap No.5 sustains a little
larger pressure on P1 than that of strap No.1,
whose pressure values are relatively the same of
strap No.5 on P2 and P3. Therefore, strap No.4
endures the largest pressure with strap No.1 and
strap No.5 the smallest pressure in posture No.2.

0
1

2

3

4

5

Combination NO.

FIGURE 6. The relationship between shoulder strap and
pressure in posture No.1

In 3 different postures, the pressure value changing
on shoulder strap shows the impact of different
shoulder strap combinations in different postures
(Figure 6, 7, 8). From the comparison between the
pressure values of 3 points in different postures, it
could be seen that the three points suffer smallest
pressure among the three postures when in posture
No.1, the highest pressure when in posture No.3,
and the pressure values decrease between the
former two when in posture No.2. Accordingly,
when wearing brassiere, office ladies whose long
time work posture is close to posture No.1 have
lower clothing pressure imposed by the shoulder
straps. While women in running exercise whose
movement is close to posture No.3 have greater
clothing pressure imposed by the shoulder straps.
Consequently, wearing occasions are an important
consideration in brassiere design.

0.6
P1
P2
P3

Pressure(KPa)

0.5
0.4
0.3
0.2
0.1
0
1

2

3

4

5

Combination NO.

FIGURE 8. The relationship between shoulder strap and
pressure in posture No.3

As shown in Figure 6, in posture No.1 strap No.2
brings the greatest pressure on both P1 and P2. The
pressure values of strap No.1 and strap No.5 in the
corresponding points are quite close to each other.
Strap No.2 makes greatest pressure to the whole
shoulder. Strap No.1 and strap No.5 had relative
small. Thus, when designing shoulder straps of
brassiere for office ladies, fabrics shoulder and
backside of the shoulder straps should have better
elasticity than that of the front chest.

As shown in Figure 8, 5 shoulder straps withstand
comparatively larger pressure on 3 points in
posture No.3. Strap No.3 sustains the greatest
pressure on P1, whose pressure value on P2 is
higher than that of strap No.1 on the corresponding
point. The pressure values of strap No.2 on P2 and
P3 are both great. Strap No.1 receives the smallest
pressure on the three points among 5 straps in the
corresponding point. The pressure value of strap
No.5 on P1 is higher than that of strap No.1, but is
lower than the other three straps. Therefore, when
designing the straps of brassiere for wearing in
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running exercise, it is advisable to use better elastic
fabric on the shoulder and backside sections.
4 CONCLUSIONS
Wearing brassieres in different postures, wearers’
shoulder straps impose the highest pressure to the
shoulder section and the lowest pressure to the
backside section. The pressure value on the front
chest is normal. The pressure at the front chest and
shoulder fluctuates greatly following with the
changing of posture. The changing of pressure
values on the two parts tends to be similar. The
backside section has relative small pressure, which
remains at rather lower level in different postures.
And the shoulder section has relative intensive
pressure.
Shoulder strap made of all elastic fabrics has the
smallest pressure, and strap made of all non-elastic
fabrics has the largest pressure, which is consistent
with the real situation. Among three kinds of
shoulder straps combined by elastic and non-elastic
fabrics, the strap with elastic fabric on the backside
section has the smallest pressure, and the pressure
values of the straps are quite close when elastic
fabrics setting on the shoulder and the front chest.
It is helpful to improve pressure comfort of
shoulder strap to set elastic fabric on the backside
section.
5 FUTURE WORK
In this paper, the pressure values of the brassiere
straps, which were combined by two types of
fabrics, was measured on three points respectively,
and some exploratory conclusions were achieved.
In the future studies, more types of elastic fabrics,
combination sections of the shoulder strap, and the
subjective assessment for the pressure comfort
need to be conducted to get more detailed
conclusions.
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Abstract
The thesis analyzes the developing course of Streamer. On the basis of the kinds of Streamer, it makes the
comparation research on the difference between Zheng Cang Yuan in Japan and Dun Huang Fine Arts Museum,
for instance the figure, material, decoration and so on. From the contents of the stuffs, although the figure of the
Streamer is not similar, all the materials are made by silk, cotton, linen and other fabrics. From the point of
decorating technology, painting, entodon, embroidery and so forth. On the comparation of the Streamer in
Zheng Cang Yuan and the Silk Road, the thesis makes the further study on the culture communicating between
China and Japan in Sui and Tang dynasty.
Keywords: Streamer; Zheng Cang Yuan; Dun Huang; the Silk Road
the bed, letting the Mo Luo kids stand around the
bed, holding the cover of Streamer, playing all
kinds of musical instrument and supporting the
Buddhist relics.

1.THE COMING OF STREAMER
Streamer is one kind of goods in Buddhism, which
is made by spin materials and decorated by
embroidering and printing patterns. Most of them
are used in the huge Buddhism activities. During
building the field for the religion activities of
Buddhism or constructing the Buddhism platform,
it must be using Streamer for the around ornament.
It also expresses the conception that Streamer and
Platform could not exist without each other.

In Guan Xin Lun Guan Ding Fa Shi Shu, it wrotes
some words with Streamer, Streamer could not
exist with the altar. At the same time, Zeng
Streamer is made by textile materials.Streamer is a
kind of expressing form by shapes or words. In
No.11 Guan Ding Jing, it wrote that the cover of
Streamer following the wish and heart, it formed
Bodhi. The Streamer follew the wind, when it
broken and disapeared, it means there always exist
lucky and happeness. If the young people would be
die, before the dying days, making the Streamer
with yellow colors, hanging on the key point, it
would help the people got good fortune and morals.
It he or she were revoer, there would be blessness.
From this words, it told us the Streamer with
different colors. It also means that the five colors
of Shen Streamer view.

Streamer is the short name of旛. It is translated in
Sanskrit Bo Duo Jia. From the seventh of Zhuan Ji
Bai Yuan Jin, there is a Bao Gai Yuan on the top, it
writes that Jia Luo Wei Guo has the old’s wife
who born a baby. But when the baby was borning,
a big cover of the Streamer was hanging in the sky.
Therefore, it was called Bo Duo Jia which also
means Streamer. Then Bo Duo Jia was entering
into Buddhism and received a lot of respect.
Streamer belongs to the banners and flags. The
main effect is for the might and moral. It reflects
on the magnific tools, as the general’s banners in
the field. The Buddhism’s Streamer came from the
ancient generals. Because they used the banner for
leading the army. It played an important part for
the army, such as exaggerating the authorities. This
means where there is a general, there is a banners.
Through the using of Streamer, the Buddhism
shows the prestige of Bodhisattva.
Most of the time, Streamer is made for praying in
the temple, simultaneousely this is a representing
form which often uses in the worship of Boddha.
You Xing Jing is the Juan four in Chang A Han.
The text wrote that putting the Buddhist relics on

Streamer occurred in Dunhuang should be hanging.
There was no front and back. Because the both
sides would be seen by people. The palce for
hanging maybe on the column in the hall, or in
front of the Buddhism hall, or on the umbrella’s
top of the four corners.
From the information in the document, it occures
that most of the founds are used in temple.
Including using as Buddhism tools, it also
including quite lot for hope and providing Streamer.
In Yao Shi Liu Li Guang Ru Lai Xiao Zai Chu Nan
Nian Song Yi Gui, it wrote that when eliminating
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was seriously excessive, it was confined in the
Emperor Gao period. While Buddhism has deeply
related to the Emperor Zhong period. Xuanzang
was initiated as “Fat Kwong”.After An-Shih
Rebellion, Buddhism has played an important
impact because of the needs of the political forces.
The influence to Japan was very large at that time,
“when the dharma was introduced into the eastern
coutries (China), the puja ceremony was
unprecedented magnificent.”said in <Japan reTravels>.

the illness and unluckness, it needed 49 pieces of
tops with different colors. Each one is 49 foot.
In 1965, Dunhuang Mo Gao Ku No.130 was
excavated a full Streamer for realizing the hope.
The body of the Streamer with some words. It was
6 rules, 38 words and wrote by ink. The words
meaned that on 14th september Kai Yuan 13, Kang
You aunt made a Streamer for her illness of the
eyes. If the Streamer was go bad, she would make
another one for blessing and thanking. At the same
time, there also found Nv A Yin’s Streamer which
hoped the belssing for the recovering. From this
kinds of the Streamer, we can seen that through the
Streamer , most of the the disciples wanted to some
blessings.

Additional, it contains some goods form India, Iran,
Greece and Roma era. And some others come from
Egypt and other countries. Under this period,
Japan’s Buddhism culture had a huge impact. Up to
now, through studying the collections in Zheng
Cang Yuan, the search scholars make a imagined
conclusion that the colletions in Zheng Cang Yuan
is the last reached place in the Silk Road. The
collections of Zheng Cang Yuan is not only
expressing an cultural essence of Nara dynasty, but
also representing the precious collections of Eight
Century culture.

2.THE SORTS OF STREAMER
There are many kinds of Streamer. they could be
sorted by materials, colors, sizes, using occasions
and different patterns. on the basis of the materials,
it could be devided into Kam Hatabu, Silk pennant,
Ling Streamer、Luo Streamer、Ping Streamer、
Streamer with embroiders、silk Streamer and so
on.on the basis of the colors, the Streamer includes
the white, the black, the brown, the yellow, the
light yellow, the green, the five colors, the eight
colors, the nine colors, and so forth.on the basis of
the sizes, it concludes the big and small ones.
There also some differnet rules exist in the size.for
the using occasion, with the different position of
the hanging it has theTang Streamer, Huge Set
Streamer, Sky-cover Streamer, Ting Streamer, and
so on.for the purpose, it has Guan Ding Streamer,
Ming Guo Streamer, Blessing Streamer and so
forth.with the pattern, it has the painting of
Streamer with Buddha and the figure of
Bodhisattva, the Zhong Zi Streamer with some
words, the Fo Fa Streamer with some written
words.

In Zheng Cang Yuan, the Streamer are made by
silk and slim like made by covers. It composed by
the top, the body, the hands, the feet. The top of the
Streamer is made by a triangle shapes, then is a
square shape body with printing and dying patterns.
The underside of the top, the left and right size of
the body are the Streamer’s hands, which are
almost two third of the body. The inferior is the
feet of the Streamer.
Japan's Zhengcang Department has a collection of
streamer, such as Guangdong big Streamer,
Guangdong small Streamer, Jiang Shu Kam
Streamer, Valeriana Luo folder Streamer. Most of
the patterns are adopted with folder technology,
and some are with butterfly flower embroidery text
form. Great Streamer’s length can be more than
sixteen meters when folded completely, as setting
at Buddhist temple vestibular or hanging on the
beam column.

3.THE ZHENG CANG YUAN’S STREAMER
IN JAPAN
There are many collections in Zheng Cang Yuan.
Most of them were came from Tang Dynasty
of ,China, including Streamers what was brought to
Japan in various ways. In that period, the majority
of books and goods about buddhism culture were
under the core of Tang’s culture, they also had the
further learning and copying. That period is Tian
Ping Time in Japan. Buddhistic culture in the Tang
Dynasty (A.D. 618~907) flourished and was
widely developed in Chang An which mainly
perfected the progress of the Sinicization of Indian
Buddhism. Buddhism was introduced in Sui
Dynasty. Because the force of the development

4.THE FOUNDED STREAMER OF THE SILK
ROAD IN DUN HUANG
In China, the ancient silk road is Dun Huang Fine
Arts Museum. It keeps the Streamer with the strong
characteristics of Chinese Buddhist culture. The Gu
Yue Fu of Kong Que Dong Nan FEI has the poem,
the boat with drawing the blue sparrow and white
swan, hanging the Long Zi Streamer in the four
corners. The Streamer has a lot of common palces
with the Zheng Cang Yuan’s, such as the art forms
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Collections which were taken by Japan explorers
were scattered to China, Japan and Korea. Up to
now, on the basis of the investigating, most of the
Streamers were kept in Lvshun Museum. The
Streamers kept in Dunhuang research institute
since 1965.

and facture structures. They all own higher
researching values.
The Thousands of Buddhas Cave in Dunhuang
Mogao Caves which is the symbol of the history
and culture. It is also the main place for the
collections in Dunhuang Cultural Relics. During
the thousands years, Dunhuang Cave keeps some
silk textile things, including the image of Buddha,
the umbrella pad of the Streamer and some other
kinds. As the providing for the Bodhisattva,
Streamer which was the prop in Buddhist temple is
very noticable in textiles. This occurs two times in
Dunhuang. Streamer.

5.THE COMING OF STREAMERTHE
ANALYZING OF THE STREAMER IN DUN
HUANG
The structure of the Streamer: a Streamer is usually
formed with a triangle part which called the head
of the Streamer, a rectangle part which called the
body of the Streamer two hands of the Streamer on
each sides of the Streamer and the foot of the
Streamer. The head of the Streameris formed with
a hanging, a hypotenuse and a triangle part. The
body of the Streamer is formed with several pieces
of fabrics. Every part of the connections has a thin
bamboo pole or Ji Ji Grass to make the Streamer
smoothly, so we can call it Streamer pole, or we
can call it the main part of the Streamer. As it
mentioned in Hou Jin Tian Fu Qi Nian (942) Mou
Si Jiao Ge Chang Zhu Shi Wu Jian Li mentions the
Streamer poles are wraped up with silk thread or
silk floss to increase the frictional force and make
the Streamer pole stablely. According to the
different shapes of the Streamer, the Streamer
found in Dunhuang could be divided into some
kinds. One kind is with several Streamer feet and
hanged boards, the other kind is with two feet and
swallow-tailed without hanged boards.

In 1900, Wang Yuanlu found the cave which kept
the Buddhist. In the cave, including a great deal of
the paper-based books, it also has Jingzhi, Jingfu,
the images of Buddhist and all kinds of heritages.
When the cave was found, many people came to
Dunhuang and predatory a lot of relics, including
Sitanyin from British, Pelliot from France,
Eoldenburg from Russian, Ju Ruichao from Japan.
In 1907 and 1914, Sitanyin went to Dunghuang
again and stolen many precious writing books.
More than 200 paintings of the Streamers and some
relics of the textiles were stolen. On 20th August
1914, Eoldenburg arrived Qian Fo cave and took
the further exploring in two district of the Mo Gao
Ku, then taking 66 pieces of the Streamer paintings,
137 pieces of classical Chinese painting on silks,
58 pieces of the textiles and so forth. In January
1912, Jv Rui Chao and Ji Chuan Xiao Yi Lang
arrieved in Dunghuang together, they got a huge
number of heritages from Wang Dao Shi and some
other peoples, including more than 400 pieces
cultural relics.

The material of the Streamer: silk Streamer can be
made up with various kinds of fabrics, such as
floret damask, Ling Luo, brocade Ke Si and so on.
Ke Si is not usually seen made to Buddha Streamer.
The head of the Streamer can be made by the
similar fabric of the other parts of the Streamer,
and there are some thicker kinds of brocade or Ke
Si for supporting the wight of the Streamer and
keeping the Streamer smoothly. The material of the
Streamer with painting or Jia Xie are usually made
up with floret, which is more distinct effects on
both sides of the fabric. The material of the hands
of the Streamer are made up with the same or
similar fabrics. Tabby flax and cotton textile are
often used to make Streamer too. Some Streamer
are made up by other kinds of textile, such as silk
and flax made Streamer wich are collected in Jimei
Museum. These Streamer are made up with light
beige floret which is used as hanging, ink-green
floret which is used as the head of the Streamer and
colorful painted cotton which is used as the head of
Streamer. One side of the Streamer is made up with
the same fabric with the head of the Streamer, the

In 1965, the Institute of Dunghuang Culture and
Relic Research found more than 60 pieces of
textiles of the Tang dynasty in No.130, 122 and
123. Most of the Streamers and the relics also has
the hoping Streamers, the Twisted Valeriana, the
Wax figured silk fabrics and so on.
In the early 20th century, foreigners was looting
many of the Streamers and most of them were took
by other countries. Many of the Stein’s collecting
were kept in England Museum, Victoria and Albert
Museum, National Museum in New Delhi. Pelliot
had the Dunhuang Collections which were kept in
France Guimet Museum. The Saint Petersburg
Aimitashi museum keeps the collections of
Streamers which came from Dunhuang, they were
taken by Russian explorer. With the bankrupt of
the Da Gu Guang Rui, most of the Dunhuang
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the end is lying in a trapezoidal hanging borad
about three point eight centimeters. On the
trapezoidal hanging borad draws flower decoration.
Both sides of the streamer are curled and sealed on
by the same colour floss.

other side of the Streamer is made up with the
similar fabric of the hands of the Streamer which
we call it floret fabric.
The decoration of Streamer. There are some
colorfull fringes sewed on some parts of the
Streamer, such as on the head, the top and the
bottom of the Streamer. Maybe body of the
Streamer, there are always winded by colorful silk
thread. Most of the painting Streamer are painted
with ink or pigments by hands. It is recorded in
some documents of Dun Huang. Every part of the
Streamer could be decorated with hand-painted
pictures. Most of them are imges of Buddha or
flowers, birds and other plants. The bodies of the
Streamer are often painted by the imges of Buddha,
Bodhisattva, or some other colors. And Ren Dong
and clouds patterns are usually painted on the head,
hands or foot of the Streamer. Jia Xie Streamer
occupied a large specific gravity of Dunhuang
Streamers.Jia Xie are usually made us the bodies of
the Streamers. Sometimes are uesed as the head or
the foot of the Streamers. Main pictures are flowers.
The patterns are similar with the paintings. Sewing
are used on white damask silk with brown, green,
cream, blue and orange-red and so on. Silk thread
to make lotus pattern which is really exqusite.

Dun Huang keeps the Streamer MAS886. Through
folder valerianaing, it was made by entodon with
flower patterns, including three parts such as the
head, the body, the belt of Streamer. The head of
Streamer was 17.4 centimetre high, 34.0 centimetre
wide. The hypotenuse of the head was made by
light brown entodon. The Streamer was made by
Double-layer, which was made by folding long the
diagonal of the square white folder-valerianaing
entodon. It had the square flower pattern which
was cycle for 26.0 cm, zonal for 17.0 cm. The body
of Streamer sewed by four piece of rectangular
fabrics. Form the top to the bottom, it was
respectively light red entodon, light yellow entodon,
light red folder-valerianaing entodon with flower
patterns and light red entodon. On the both sides,
the head of Streamer had a belt which was nailing
jionted and made by blue entodon. The left side of
Streamer belt which was 63.5 cm, was preserved
better, while the right one is residual and broken.
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6.THE INTRODUCTION OF STREAMER IN
DUN HUANG
Dun Huang keeps the Streamer MAS861. The
narrow and long Streamer keeps as a whole. The
top of the Streamer which is four point seven
centimeters sew a blue thin silk hangings. The two
leaning of the top Streamer are made by different
fabircs. The left side is weft brocade with flower
patterns. The right is made by green thin silk. The
surface of the Streamer are made by two layers.
The face are sewed by a triangle blue green weft
brocade and a piece of trapeziform in white
brocade with small Bao Hua patterns. The opposite
side are sewed by two piece of brown damask.
Both sides are with diamond patterns. The head of
the Streamer On each side of the streamer’s head
sews a riband about three point two centimeters,
which is made of blue silk. Its right side is kept
intact, while the left is basically does not exist. The
body of the streamer sews of three rectangular
fabrics, it is followed by blue silk, check white Yee
Ling and red pigment Aya form up to down. There
are three picecs whose width is about three point
six centimeters at the foot of the streamer. The top
and the end of the streamer was linked together. It
was cut form a piece of blue silk when product.
The top of the streamer sews the same kind blue
silk about six point seven centimeters together, and
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Fit and Tight-Fit Garment Design
Based on Parameterized 3D Sketching
Yueqi Zhong
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ABSTRACT
We propose a 3D sketching method to draw the silhouette of the 3D garment directly on the manikin. The
following 3D surface is generated from a bumped collision patch in terms of the boundary of the 3D sketches.
The shape adjustment is performed through a traditional FFD (Free Form Deformation) followed by a global
curvature suppressing based on Loop’s surface subdivision. The resulting surface can be employed as the
prototype in designing tight-fit and fit shape of 3D garment reconstruction.
Keywords:Tight-fit; fit; 3D garment; 3D sketches; Surface reconstruction

The shape of the garment under design can be
divided into three categories according to the
distance of the garment to the human body: fit,
tight-fit and loose fit. The major geometrical
feature of the tight-fit garment in 3D space is that
the garment surface has the closest distance to the
surface of the human body. This implies the shape
of the garment can be inferred from the shape of
the human body directly. For instance, most of the
underwear and swim suit falls into this category.
As for the “fit” type, the shape of the garment
followed the shape of the human body in a
relatively eased manner, but still, the shape of the
garment mimics the shape of the human body, for
instance, outwearing suits and pants. However, for
the loose fit garment, such as evening dress, the
shape can be totally different from the shape of the
human body for the satisfaction of aesthetical
fancy.

INTRODUCTION
3D Tailoring in the real world could be a labor
intensive work. The designer must choose the
fabric, tape it to the body, adjust the pattern pieces
to fit the model, and sew the pieces into a garment.
When transfer this procedure into the virtual world,
one type of approach is to ask the user to draw the
patterns on a planar virtual cloth, specify the
seam-line and position the pieces around the virtual
actor, and then conduct a physical simulation to
obtain a convincing rest shape for the garment
around the human model [1-3]. Another type of
approach is to sketch the geometry and generate
the surface directly. Some interactively 3D drawing
systems have pioneered this idea by interactively
generating 3D geometry from sketches. However,
most of them only generate solid objects, as
opposed to the complex surfaces such as garments.
Bourguignon [8] provided a 3D sketching method
but no 3D surface was reconstructed for the
garment. Igarashi [9] described a sketch-based
method for manipulating the garment patterns over
a 3D body. The clothes were grown on the body
surface around the sketch marks while maintaining
basic cloth constraints via relaxation steps.

In this paper, we provide a 3D sketching method to
infer the shape of the garment in 3D space for the
type of fit and tight-fit. The users first draw their
design onto the manikin through 3D Bezier
approach. Then the corresponding surface enclosed
in the 3D contour is defined through a geometrical
collision procedure while the 3D contour is
employed as the boundary constraint. The final
tuning of this corresponding bumped surface
includes a FFD adjustment and a Loop’s
subdivision.

Turquin et al [10, 11] proposed a method to allow
the user sketching the garment directly on the 3D
avatar. The output was a full 3D geometry for the
garment. The distance from the 2D garment
silhouette to the character body model was
employed to infer the variations of the distance
between the garment and the character in 3D
during the surface reconstruction.

APPROACH
3D sketching
3D sketching is defined as an interactive procedure.
The user needs to drop down a series of points onto
the manikin. These points are connected
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consequently to represent the initial boundary.
Each segment is then projected on the surface of
the manikin. As shown in Fig. 1a, the green line
indicates the initial boundary of the design, and the
black line represents the projection onto the
manikin.

view of the project scene, i.e., the back view of the
manikin will not be calculated. Hence the correct
sketching result can be reached. If the user wants to
increase the distance d of S i against the manikin

After projection, the resulting boundary forms a
closed 3D contour which can be edited by a Bezier
approach. The ends point of each segment is
regarded as the anchor of the Bezier line, while the
user inserted points are regarded as the control
points (one or two, representing the cubic and
quadric Bezier curves respectively). These Bezier
contours provide the user an editable option to
fine-tune the original design, as shown in Fig. 1b
and 1c.

(Fig.1c).

P0

to adjust the fit type of the design, he can simply
add n ⋅ d to each points on the Bezier segment S i
SURFACE GENERATION
For an interactive 3D garment design system, the
sketching line only confines the boundary of the
design, to finalize the corresponding surface. We
use Delaunay triangulation to generate a local
plane and then mapped it onto the manikin.

P5

P1

P4

O
P3

P2

(a)

(a)

(b)

The closed sketch S is first mapped onto a plane
with n as the normal, as shown in Fig.2a. Each
point of the Bezier segment S i will be mapped

For a closed sketch line S including i(i=3,4,…n)
points, the ith segment S i is defined by a head

onto this plane and thus form a plain boundary. An
automatic mesh generation is performed through
the Delaunay triangulation. The corresponding
sketch plane will have the same normal as n. A ray
is defined by setting its origin on the local plane
and normalized direction as n, and a triangle is
defined by selecting three vertices in the pool of
the manikin triangles. The ray-triangle detection is
initiated to find out the intersection point each ray
shooting from this plane along the n direction to
the manikin. The common algorithm solves this by
first computing the intersection between the ray
and the plane in which the triangle lies and then
testing if the intersection point is inside the edges
[12]. Once the intersection points have been
located, the topological edge-connections in the
original local plane can be used to net these

point, an end point and one or two control points.
Note the normal of the triangle Pi Pi +1O 1as n i , to
make the resulting sketch line always positioned at
the correct side of the projection boundary, we
define the main direction n of S as:
n

n

i =0

i =0

(1)

Constrained by the main direction, the projection
and editing will be always conducted at the front

1

(c)

FIGURE 2. Generating the 3D garment patch from the 3D
sketch. (a)Local plane after triangulation; (b). 3D patch (front
view) (c). 3D patch (side view)

(c)

FIGURE 1. 3D sketching and editing. (a). Drop points; (b).
Insert control points; (c). Edit the Bezier segments;

n = ∑ n i / ∑ || n i ||

(b)

For the last triangle, it is Pn−1 P0O
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the depth of the current pixel. Fig.3b and Fig.3c
demonstrate the 3D configuration of the recovered
surface.

intersection points to form a 3D triangulated
surface.
An AABB (axis aligned bounding box) tree has
been built to speed up the ray/triangle collision
possibilities before the intersection computation
should be started [13]. Fig. 2b demonstrates the
generated 3D garment patch in the front view.
Again, the editing is allowed at this stage to meet
design varieties, as shown in Fig.2c.

(a)

(b)

(c)

FIGURE 3. Recovering wrinkle shape from shading (SFS) (a).
Original image; (b). 3D surface recovered by sfs; (c). Curvature
map

Garment surface construction and adjustment
The abovementioned procedure provides a method
of transferring a 3D sketch to a 3D pattern patch.
To form a seamed virtual garment, the user should
draw each patch of the garment and sew them
together. With suitable left-to-right mapping and
components reuse, the resulting patch set can be
finalized without tedious efforts. The virtual
sewing is conducted by merge the points with the
same 3D coordinates between S i and S j , where

To enhance the reality of the design, we also
provide the user a geometrical tool that can transfer
clothing texture into a 3D wrinkled surface, as
shown in Fig.3. The contrast value of each pixel
compared to its neighbors is calculated, and the
summarized grey scale is employed as the depth
value of the pixel. The final depth of each pixel is
smoothed through a rounding procedure that
averages the depth of all the neighbors to represent
the depth of the current pixel. Fig.3b and Fig.3c
demonstrate the 3D configuration of the recovered
surface.

S i and S j are the boundary segment of the patch
set who share the same edge.
The resulting garment surface can be further
adjusted through a free form deformation (FFD)
procedure [14]. The boundary of the 3D garment
patch can be either put into the deforming lattices
or been isolated from the lattices for various design
interests. The reason we choose FFD instead of
point manipulation is that FFD take the influence
of the control point in the lattices into account, thus
the surface adjustment will be performed more
smoothly.

This shape-from-shading problem is a well studied
topic in computer vision [20-22]. A major
limitation of our method, which is actually a
“dark-equals-deep” approach, is that it can not tell
the difference between the shading and the pattern.
If the darkness is a part of plain pattern instead of
the shading caused by the lights, it may
miscalculate the local region as a bumped area.
Hence this method requires manually selecting
performed by the user.

As implied by our approach, the curvature of the
3D garment surface is determined by either the
shape of the manikin, or the FFD adjustment. In the
case where the smoothness of the 3D surface is
highly preferred, a global smoothness should be
performed upon the resulting surface. In our
practice, we choose Loop’s subdivision algorithm
[15] to smooth the surface curvature, which is
commonly adopted in 3D authorizing software.

RESULTS AND DISCUSSION
Figure 4 illustrates a swimming suit, a jacket and a
short-sleeve shirt generated from our 3D sketching
method. We rendered the patch lines of the design
to demonstrate the original 3D sketches. The major
purpose of our research is to provide a useful tool
for professionals in 3D garment tailoring. These
people have better understanding on how to make a
garment from 2D patterns. Our contribution is to
transfer this design from 2D sketching to 3D
surface reconstruction. The tight-fit (swim suit) and
fit (jacket and shirt) garment can be designed more
directly and efficiently with our method, since the
designer are drawing and interpreting their idea in
the 3D space.

Generating wrinkle/folds from image shading
To enhance the reality of the design, we also
provide the user a geometrical tool that can transfer
clothing texture into a 3D wrinkled surface, as
shown in Fig.3. The contrast value of each pixel
compared to its neighbors is calculated, and the
summarized grey scale is employed as the depth
value of the pixel. The final depth of each pixel is
smoothed through a rounding procedure that
averages the depth of all the neighbors to represent
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games or visual effects for movies. Of course, a
full-cycle of garment design will require the
decomposing of the 3D garment into 2D patterns,
which is a flattening problem. We solve this
problem through a physically based approach by
releasing the bending energy of the garment, as
detailed in [19].
The irregular mesh topology is employed to
reconstruct the 3D surface, which is more efficient
but less accuracy if the surface enclosed in the
sketch is a relatively large area. To rectify this, one
can employ a constrained seeds insertion method to
insert a m × n seeds matrix into the local plane
and cull off those seeds who located outside of the
boundary. In our practice, this approach can
generate more evenly surface with extra cost of
CPU, depends on the density of the seeds matrix.
While extending the sketching from 2D to 3D, our
methods can also be employed in virtual dressing
implementation via 2D image of the original
garment. The designer can draw the 3D sketches
around the avatar by referring to the 2D image.
Once the 3D counterpart has been reconstructed,
the texture of the original image can be employed
to form the wrinkle as explained in section 2.4. The
whole procedure can be helpful in training the
designer in a 3D virtual environment. Fig.5 is a
screenshot of an educational system developed for
this purpose.

FIGURE 4. Resulting garment surface from 3D sketching

Figure 4 illustrates a swimming suit, a jacket and a
short-sleeve shirt generated from our 3D sketching
method. We rendered the patch lines of the design
to demonstrate the original 3D sketches. The major
purpose of our research is to provide a useful tool
for professionals in 3D garment tailoring. These
people have better understanding on how to make a
garment from 2D patterns. Our contribution is to
transfer this design from 2D sketching to 3D
surface reconstruction. The tight-fit (swim suit) and
fit (jacket and shirt) garment can be designed more
directly and efficiently with our method, since the
designer are drawing and interpreting their idea in
the 3D space.
The shape of the manikin has great influence on the
final garment surface according to our approach.
Same design under different body shapes may
generate different 3D surfaces. This can be very
useful when grading the design in 3D space while
the ease and fit are of great value. Our method
provides not only the ability to follow the body
shape, but also the ability to adjust the distance
(ease) between garment shell and the human body.
This will help to integrate the sketching, patterning
and drafting into a seamless procedure, which will
cut down the design cycle significantly.

FIGURE 5. Garment from 2D image to virtual dressing

Bezier curve has been proven to be a reliable
method in CAD region, since it provides the user
an accurate shape control over the design. However,
our method does not involve fold/wrinkle
generation, which is more directly from a physical
approach if transferring the garment surface into a
mass-spring network and conducting the numerical
integration under the gravity to simulate the natural
draping behavior [16-18]. We believe the Bezier
curve is qualified for the garment simulation in an
apparel industrial implementation instead of video

CONCLUSIONS
In this paper, we provide a 3D sketching method to
generate the 3D garment surface. After transferring
the sketch boundary into a series of Bezier segment,
a local plane is defined for Delaunay triangulation.
This meshed local plane is then mapped onto the
surface of the manikin through an AABB
accelerated ray/triangle intersection to form the 3D
garment patch, which is seamed for the generation
of the 3D garment prototype. FFD and Loop’s
subdivision are employed to produce a better
- 1323 -

shaped surface. Visual effects demonstrate that our
method is a direct approach for 3D garment design.
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ABSTRACT
The research takes 227 middle and old-aged female as the research object, the measures on bodily form were
obtained by using photographic measurement and tradition manual ways . The rules of circumference size
changes were analyzed and circumference in various position based on coefficient of the ratio of thick to width
were classified in this paper. Set up the mathematical model of the circumference by using the dual linear and
2-stage least squares regression analysis separately. With the number of classifyings circumference in various
positions. increasing, the predicted accuracy of circumference (such as chest circumference) is improved
obviously.
Key words : middle and old-aged female circumference size ; mathematical simulation model
waist thick = a2, waist wide = b2, waist
circumference = c2; abdominal thick = a3,
abdominal wide = b3, abdominal circumference
=c3; hip
thick = a4, hip wide = b4, hip
circumference = c4)

STATEMENT OF PURPOSE
Measurement technology as a foundational work
has been caused researchers' attention , but
the .attention. change's of the type of middle and
old aged feminine’s figure was not enough . This
leads to middle and old- aged female were difficult
to find suitable
clothing. We discover the
changing rules of the body size of middle and oldaged female for clothing industry.

ANALYSIS AND DISCUSSION
1. Preliminary analyses
In the former research, scholars mostly put the
human body into several classifications, and then
set up mathematical simulation model based on the
category of circumference. In fact, if there are 2
women with the circumference difference between
the chest and the waist, but the other circumference
(for example hip, abdominal and the other
circumference) of them don’t always change with
the equal ratio.so, the mathematical simulation
model according to the category will cause the
problem that the deviation of the predicted to
the other circumference is oversized. This paper
classified based on coefficient of the ratio of thick
to width in various position and then set up the
mathematical simulation model separately to
improve the accuracy and effect of the calculation
models.
Classified based on coefficient of the ratio of thick
to width circumference in various position.
In preliminary analysis, we divided the
circumference position into three types as shown
in Table Ⅰ.
TableⅠclassified based on coefficient of the ratio
o f thick to width circumference in various
positions.

INTRODUCTION
The research of non-contact measurement of
bodies system is a popular research topic about the
related fields of human characteristics. The study
of this paper is a part of non-contact measurement
system , It takes the middle and old-aged female
as the research object and study their
circumference size changes ,then set up the
corresponding simulation mathematical models.
Elimination unusual values, the formal analysis of
this sample is 204 individuals.
APPROACH
1) In this study, 40-60 year-old female were
selected as the research subjects,The measures on
bodily form
were obtained
by
using
photographic measurement and tradition manual
ways . We obtained 227 individual data.
2) In this study, It takes digital image of middle
and old- aged women positive and profile as the
research object, then measures the thickness and
width of chest, waist, abdomen, and buttocks by
using CORELDRAW12.（ suppose bust thick =
a1, bust wide = b1, chest circumference = c1;
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a1/b1

a2/b2

a3/b3

a4/b4

Type
1

0.76-0.85

0.71-0.80

0.710.80

0.62-0.71

Type
2

0.86-0.95

0.81-0.90

0.810.90

0.72-0.81

Type
3

deviation distribution of two models was shown in
FigureⅠ. As shown in figure Ⅰ.Two kinds of
model's result deviation tendency is consistent, the
result indicated that both two kinds of models are
available, but the deviation value of the first model
is generally bigger than the values in second model.

( 27）

10
8

(117）

6

0.96-1.05

0.91-1.00

0.911.00

4

0.82-0.91

2
0

(60）

-2 1

15 29 43 57 71 85 99 113

type 2 of liner
type 2 of 2sls

-4
-6
-8

2)set up calculation models

-10

Using SPSS statistical software in regression
analysis, calculation model was obtained. Using
the liner and 2-stage least squares regression
analysis separately in various types, type 2 was
taken as examples .
Linear regression formula is:
*1.

a1/b1

FigureⅠ the comparison of two kinds of model predicted
values and the actual value’s deviation distribute

2 SECONDARY ANALYSES
(1) classified based on coefficient of the ratio of
thick to width in various position.

0.86-0.95 c1 =33.389-0.00904*b1+2.384*a1

*2. a2/b2

0.81-0.90 c2=17.776+0.883*b2+1.645*a2

*3. a3/b3

0.81-0.90 c3=18.397+0.554*b3+2.080*a3

*4. a4/b4

0.72-0.81 c4=19.956+1.594*b4+1.487*a4

To improve the accuracy of calculation
results, in secondary analysis subdivide the
number of the classified circumference in various
position, for example the chest circumference, as
shown in Table Ⅱ

2-stage least squares regression as follows:
*1. a1/b1

Table Ⅱ classified of a1/ b1

0.86-0.95
The number of individuals

c1 =13.048*a1-0.626*b1+0.009*b1^2-0.191*a1^2-107.057

a1/ b1

Type 1

4

0.76-0.80

c2=-11.589*a2+14.387*b2-0.404*b2^2+0.432*a2*b2-15.997

Type 2

23

0.81-0.85

*3. a3/b3

Type 3

56

0.86-0.90

Type 4

61

0.91-0.95

Type 5

43

0.96-1.00

c4=1.710*a4+12.733*b4+0.263*a4^2-0.425*a4*b4-179.70

Type 6

17

1.01-1.05

（3）Comparison
Taking type 2 of chest circumference as an
example, the predicted deviation of the two kinds
of model with the liner and 2-stage least squares
regression analysis are nearly the same.The

2) set up the mathematical simulation model.

*2. a2/b2

0.81-0.90

0.81-0.90

c3=-30.172*a3+28.796*b3-0.828*b3^2+0.962*a3*b3+2.881
*4.

a4/b4

0.72-0.81

From table Ⅱ,we can see in the first type the
sample is a few,so we delete it.. Used the liner
and 2-stage least squares regression analysis
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separately, and set up the mathematical simulation
models of chest circumference.
Linear regression formula is:
*1.

a1/b1

10
8
6
4
2

0.81-0.85

0
-2 1

type 3 of liner
type 3 of 2sls

-6
-8

0.86-0.90

-10

c1=29.379+2.800*a1-0.330*b1
*3. a1/b1

9 13 17 21 25 29 33 37 41 45 49 53 57

-4

c1 =7.396-1.094*a1+3.693*b1
*2. a1/b1

5

Figure Ⅱ
the comparison of two kinds of model predicted
values and the actual value’s deviation distribute

0.91-0.95

c1=48.584+2.158*a1-0.381*b1

8
6

*4. a1/b1

0.96-1.00

4

c1=17.574+2.219*a1+0.537*b1

2

*5 a1/b1

1.01-1.05

0

c1=3.188-0.666*a1+3.990*b1

-2

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65

type 4 of liner
type 4 of 2sls

-4

2-stage least squares regression as follows:

-6

*1. a1/b1

-8

0.81-0.85

FigureⅢ
the comparison of two kinds of model predicted
values and the actual value’s deviation distribute

c1 =0.056*b1^2-0.016*a1^2+50.532
*2. a1/b1

0.86-0.90

From the Figure Ⅱ and FigureⅢ, with the number
of classified circumference in various position
increasing, the two kinds of model's result
deviation tendency are basically in coincidence.
The results indicated that both two kinds of models
are available to predict the chest circumference,
and when the absolute values of deviation are less
than 2.5, the population probabilities rise from
37.6% to 54%, the result shows that the accuracy
of the calculation is improved obviously.

c1=-0.004*b1 ^2+0.048*a1 ^2+63.554
*3. a1/b1

0.91-0.95

c1=-0.006*b1 ^2+0.035*a1^2+67.881
*4. a1/b1

0.96-1.00

c1=0.012*b1^2+0.035*a1^2+57.887
*5 a1/b1

1.01-1.05

CONCLUSIONS
1）This paper takes middle and old-aged female
as the research object, study the changes of the
middle and old- aged female circumference size
and classify based on coefficient of the ratio of
thick to width circumference in various position
and then set up the corresponding mathematical
simulation model.The results shows that both the
dual linear regression and 2-stage least squares are
available to predict the circumference.
2 ） With the number of classifyings based on
coefficient of the ratio of thick to width
circumference in various position, the predicted
values accuracy of circumference(such as chest
circumference) is improved obviously.It indicated
that subdivide the number of classifyings based
on coefficient of the ratio of thick to width
circumference in various position is a efficient way
for improve the prediction effect.

c1=0.080*b1^2-0.020*a1^2+49.193

（3）Comparison
Taking the 3 and 4 types of chest circumference.
as an example, the two kinds of model predicted
values and the actual value’s deviation distribute
like Figure Ⅱ and FigureⅢ
.
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Optical illusion in clothing design
SHAN yu-fu
school of art and clothing, Tianjin polytechnic university, Tianjin 300160,
China
ABSTRACT
Optical illusion is a widely used visual phenomenon and it has certain influence on the design,
especially on clothing design. Artfully making use of the principle and regulations of illusion in
clothing design can adjust clothing construction and make the body look more like an ideal fashion
figure, thus create a perfect wearing effect. This paper mainly analyzes lines and illusion color illusions
and its applications in clothing design.

Key words: optical illusion; clothing design; line; color
Optical illusion can be defined as a false belief

Line refers to the edge or outline of a garment

or idea for something. Optical illusion is a very

and the style lines that divide the space within a

common phenomenon in nature. Figure 1 shows

garment, line can create special visual effect

a picture of optical illusion, in this picture all the

because it leads the line. There are four kinds of

men is the same height, but because of optical

lines－vertical lines, horizontal lines, diagonal

illusion, the man on the right seems to be the

lines and curved lines. Generally speaking,

highest of the three. The principles of optical

vertical line emphasize height because they lead

illusion is not only used for art and architectural

the eye up and down the garment, less attention

design, but also can be applied in clothing design

is focused on the width of the figure; horizontal

so as to camouflage the undesirable body

lines emphasize width; diagonal lines often have

attributes and to make the person’s appearance

a slimming effect; curved lines are feminine and

closer to the ideal. In clothing design, line

often

optical illusion and color optical illusion are

Combination of different lines can create special

most widely used ones.

effect. Figure 2 shows the line optical illusion,

used

at

necklines

and

in

collars.

although all the vertical lines are the same length,
the way the lines are arranged determines how
long they seem. The combination of a central
vertical line and two upward diagonal makes the
vertical line in the example on the left seem the
longest. The third example from the left looks
the shortest because the eye is distracted from
the vertical with diagonal downward lines. The
second example falls between the extremes.

Figure 1 picture of optical illusion

1.line optical illusion
1.1 lines in garment
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Figure 2 optical illusion of line

This principle can be used in clothing, the first
example translates into the dress with the V
neckline, the central vertical and two upward
diagonal lines create a slimming effect. See
figure 3.The second example can be translated

Figure 3 effect of V neckline

into a dress that has a strong horizontal line,

Figure 4 effect of Bateau neckline

horizontal line makes the figure look the widest

1.2 vertical line

at the shoulder. For example, Bateau necklines

It is well known that vertical line can create a

make narrow shoulders seem wider and balance

slimming effect, in figure two rectangles are the

a pear-shaped figure. The horizontal neckline

same size. But you can see that the right

also makes a long, thin face seem less so. See

rectangle looks slimmer, this is because the eyes

figure 4.In clothing design, vertical lines and

read the combined space as smaller than the

horizontal lines are the most widely used ones,

whole. This can be applied in clothing design by

illusion created by them are discussed as

designing an unbroken line along the length of a

follows.

garment. This is also the theoretical basis of
vertical stripe making the wearer looks slimmer,
but it is not always true. Figure 6 shows another
situation, in this figure there are many vertical
lines in the rectangle but a single one.

Figure 5 optical illusion of one vertical line
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normal waistline garment. The shortest one is
the third one, because it divides the figure into
two approximately equal spaces. So in clothing
design, we can make use principle of horizontal
optical illusion and making the wearer looks
more slender and taller. Figure 8 shows the
application of horizontal division illusion in
clothing design, in this figure the same woman
wearing same clothing, using same belt but in
different waist position. We can see that the left
one seems slender than the right one because the
belt alter the proportion of top and bottom. The
Figure 6 optical illusions of many vertical lines

eye is “fooled” by the illusion the different parts

You can see that with the number of vertical

of the garment create. Just as for vertical line, if

lines increases, there is a trend that the rectangle

there are many horizontal lines in a rectangle,

seems wider. It is because too many vertical

what will happen? Let us see figure 9,

divisions will dilute the effect, they lead the eye

you can find that with the number of horizontal

up and down many times, and the eyes

lines increases, there is a trend that the rectangle

unconscious read the line left and right, thus

seems slimmer, the reason is same as many

create a converse effect. So vertical lines make

vertical lines creating wider effect, So horizontal

figure look slimmer is not true, you must

lines make figure look fatter is not true either,

consider how many vertical lines and how they

you must consider how many horizontal lines

are arranged. For this reason, in clothing design

and how they are arranged.

again

you should use vertical lines more carefully.
1.3 horizontal line
Horizontal line is widely used in clothing design,
artfully using can create desirable effect. Figure
7 shows the situation of only one horizontal line;
the middle rectangle represents a garment with a
natural waistline, our eyes read this proportion
as typical. A person wearing dress with this
natural division will appear to a viewer to be her
true height, the same person wearing a garment

Figure 7 optical illusion of horizontal line

with a modified proportion will appear to be
taller or shorter. Evaluate the rectangles in this

2 COLOR OPTICAL ILLUSION

figure, which rectangle looks the longest? Which

Of all the design variables in clothing design,

rectangle looks the shortest? It is apparent that

color sends the most powerful set of nonverbal

the first rectangle looks longest and the last one

massages. Professional apparel designers use

looks shortest. The reason is that the viewer sees

color illusion to create special effects in garment.

the bottom as a large, uninterrupted expanse and

Some of the most common of the color illusion

automatically compares it to the smaller top.

that apply to clothing design follows:

This alteration of the expected proportion makes
the viewer see the figure as taller than the
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2.1 light colors advance and seem larger;
dark colors recede and reduce.
Figure 10 illustrates different effect of light
color and dark color. It is important to remember
this illusion, especially when combining colors
in an outfit. Dark colors are used on a part of
body that the designers wish to minimize. A
person with large hips and thighs and a small
bust would dress to camouflage this problem in
dark pants or a skirt and a light blouse. For the
same reason, a dark top and a light bottom can
be worn to camouflage a full bust, in this case,
black is a good choice , especially when
combining with bright colors, because bright
color also advance and seem larger , it can create
a balancing wearing effect ,see figure 11.

Figure 8 application of horizontal division illusion in
clothing design

Figure 9 optical illusions of many horizontal lines
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Figure 11 dressing way for full bust women

2.2 intensely colored clothing stands out against
a duller background, making the wearer stands
out;

neutral

clothing

against

a

neutral

background makes the person less noticeable.
This illusion may be used in the design of
uniforms, business clothing and clothing for any
individual who does not wish to stand out in a
crowd. Dull, neutral, and dark shades make the
wearer less visual apparent. See figure 12,
picture on the left looks more apparent than the
right, because the color on the left is brighter
than the right.
Figure 10 effect of dark color and light color
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3 CONCLUSIONS
In this paper, writer analyses the optical illusion
and its application in clothing, in this fields there
are still too much to study. The aim of it is to
make the average wearers more satisfied with
their wearing effect. And we should remember
that the tall, slender women can wear a much
more complicated garment than a person with a
figure problem who will be overwhelmed with
an elaborate dress. So we should design clothing
according to individual figure and try our best to
make use of optical illusion to flatter individuals
whose figure type are not ideal.
Figure 12 effects of bright color and dull color
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Ease value for apparel fit
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Abstract
The information of ease was crucial because the ease of the garment was one of the important elements in
apparel fit. In this experiment, the three subjects were chosen and 16 sets ladies’ outerwear, which varied in
ease value at breast, waist and hip, were made for each wearer. The wearers were asked to record the
responses to the test dresses compared to a control, and the viewers were required to rate the fit ratings of
each outerwear. The results show: (1) the minimum of ease variation perceptible by individuals is 1 cm for
breast, the value is 2 cm for waist, and variation in the hip can’t be apperceived sensitively; (2) the
optimum garment ease in breast, waist and hip is 7cm, 5cm and 8cm respectively; (3) the wearers’
perception of apparel fit and the viewers’ fit preference is different.
Keywords: apparel fit; garment ease; ladies’ outerwear; perception test; fit preference
INTRODUCTION
Apparel fitness is the basic requirement of wearing
clothing. Fit in a garment is one of important
factor that contributes to the confidence and
comfort of the wearer. However, dissatisfaction
with fit is one of the most frequently stated
problems with garment. A Kurt Salmon Associates
study reported that more than half of the female
population in the US cannot find apparel in the
marketplace to fit; other studies have indicated that
fit problems are the reason for 50 percent of
catalog returns [1].
Traditionally, fit is described in terms of e
components: ease, line, grain, balance, and set [2].
As each component interacts with all others, it is
often hard to fine one component without
referencing other. Many researchers agreed that
optimum garment eases are important to the
garment appearance and fit [3].The optimum
amount of garment ease is an important parameter
for mobility, appearance and fit as too much ease
of allowance may block the movement and create
wrinkles on garment surface, too little nearly “just
fit” may create pressure sensation and also affect
the body movement.
Generally ease is divided in two types: (a) wearing
ease--the amount of extra fabric allowed over and
above body measurements to ensure comfort,
mobility, and drape of the garment and (b) design
ease--additional amounts of fabric added thieve
certain design effects by changing the line and
shape of a garment [4-5]. Because design ease is
subjective, style dependent, and not essential to the
basic understanding of fit [6], it will not be
considered in this work.

This exploratory study had the following
objectives: to identify (a) the minimum of ease
variation in important apparel position perceptible
by individuals; (b) the wearing ease values at the
breast, waist, abdomen and hip, which would
provide good fit of a ladies’ outerwear; (c) the
difference of apparel fit perception between the
wearers and the viewers.
METHODS
Participants
Ten participants were chosen initially. After
filtrated, three subjects, 23 years old, who were the
most verbal and knowledgeable in their assessment
of the fit of the outerwear were selected for the
final testing stage of the study.
In addition to the wearers, we enrolled 40 viewers
for evaluating fitting degrees at different body
parts of the sample dresses with different ease in
our experiments. There were 20 female and male
participants respectively, whose average age was
22.3
Test garment: ladies’ outerwear
The sample developed for this test were a series of
test ladies’ outerwear, designed in a simple style
with princess line. The ease values at the breast,
waist and hip of sample dresses vary from 6 to 9, 5
to 8, and 6 to 9 respectively, and the interval is 1
cm.
In this experiment, we selected gray, collarless,
short-sleeved and five-button summer ladies’
outerwear. According to the method of orthogonal
experimental design, a series of 16 patterns for test
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outerwear for each wearer was drafted by the
computer. Figure 1 shows the pattern’s
construction of the bodice. Figure 2 shows the test
garment.

represents extremely unfit, 2 very unfit, 3 normal,
4 very fit and 5 extremely fit.

FIGURE1 The sample dress

FIGURE1 The pattern’s construction of the bodice

Survey Method
In the experiments two kinds of questionnaires
were designed. One kind was filled by wearers to
rate their self-reported clothing fitness and to
record the perception. The other kind was filled by
40 viewers to estimate the wearers’ clothing fitness.
The values of the fitting degrees given by wearers
and the viewer vary between 1 and 5, in which 1

Procedure
The method of perception of fit testing developed
in this study based on development of clothing
perception test methodology [7].
First, three samples were selected from every
group as control dress for three wearers. The
samples’ eases in the breast, waist, and hip are
7cm, 6cm, and 7cm respectively, which was
denoted as B7W6H7. Table I shows the variations of
the test outerwear from the control dress. After
tried on test outerwear, the control dress was
presented for comparison. Each wearer has 15 pair
trials. This resulted in a total of 45 pair trials. The
order of these trials was randomized for each
wearer.

TABLE I. the variations of the test outerwear from the control dress
Breast ease variations
Waist ease variations
Hip ease variations

-1.0
-1.0
-1.0

+1.0
+1.0
+1.0

+2.0
+2.0
+2.0

The procedure for each of the 45 tests was for the
wearers to don the control dress, then to return this
control dress to the researcher, who would give her
a test outerwear for comparison. They were asked
to record any perceptions of difference between
each test outerwear and the control in the breast,
waist, or hips of the outerwear, and to rate the
fitting degrees. At the same time, they were
required to do 5 body movements, which include
arm side raise 90°, arm forward raise 90°, arm up
raise, upper body bent 90°, chest expansion. After
wearers ran these movements twice, viewers were
asked to rate independently.
RESULTS
Results suggest

that

both

perception

acceptance of fit variations differ among subjects
and can vary at different areas of the body.
The mean scores of the perception test showed that
wearers were able to perceive breast variations as
small as ±1cm from the control consistently. And
the perceptive smallest waist variation is ±2cm.
The variations in the hip can’t be apperceived by
the wearers sensitively.
This study was not large enough to generate data
that can be analyzed statistically. However, the
results suggest that wearers could be quite
sensitive in their ability to perceive variations in
the fit of the outerwear.

and
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Through the ANOVA analysis to fit degrees rated
by wearers, the ease value in breast influence
fitness significantly. Through the ANOVA
analysis to fit degrees rated by viewers, there are
no significant differences between fit degree and
the three eases. However, the larger the difference
between the breast ease and waist ease is, the fitter
the outerwear is.
Considered on the fit rating which was given by
wearers and viewers, we can obtain the best

combination: breast ease is 7cm, waist ease is 5cm,
hip is 8cm.
In order to test that the difference between the
average fit rating of every sample rated by 40
viewers and the fit rating which was given by each
wearer is significant or not. A series of
paired-samples T-tests were run. Table 2 shows
the test results of T-test, so it can be seen that the
differences of the fit ratings between them are
significant at the 0.05 significance level.

TABLE II. The results of paired-samples T-test for fit degree given by viewers and wearers
Number

Means

SD

Viewer

40

2.86

1.10144

Wearer A

1

3.51

0.8496

Wearer B

1

3.37

Wearer C

1

3.29

When evaluating the apparel fit, the wearers
mainly base on the degree of apparel comfort, but
the viewers start from the aspect of beauty. So the
results between the wearers and the viewers are
different significantly.
CONCLUSIONS
From the above analysis, we can obtain three
conclusions as follow:
First, the minimum of ease variation perceptible by
individuals is 1 cm for breast, the value is 2 cm for
waist, and variation in the hip can’t be apperceived
sensitively.
Second, he optimum garment ease in breast, waist
and hip is 7cm, 5cm and 8cm respectively.
Third, the wearers’ perception of apparel fit and
the viewers’ fit preference is different.
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T value

p

-3.93192

0.00001

0.7972

-4.02291

0.00001

0.9820

-3.78652

0.00001
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ABSTRACT
The marketplace allocation of a mature business area should be well-proportioned, and possess
different marketplace orientations, and avoid the repetition of same-class marketplace, or else, the over
duplicate goods will influence of the ordered competition of the sale. By the field survey, we obtained
corresponding data, and established the mathematical model by the analytical hierarchy process (AHP).
The mathematical model was used to analyze the rationality of the brand introduction and goods
allocating and planning in the marketplace in order to enhance the competitive level of the business
area, offer more shopping choices when promoting citizens’ purchasing power, exert the advantage of
the business area to the largest extent, generate the maximum benefit and ensure the win-win in the
same types of operation.
KEYWORDS: Goods allocation;the analytical hierarchy process (AHP);Business area
INTRODUCTIONS
How to reconstruct the new order of the business
area and integrate the new skeleton of fortune
has become the inevitable problem of the
orienting and updating of the business area.
Taking the central business street, Binjiang
Street in Tianjin of China, as the example, we
used four marketplaces on the same class as the
research samples, and applied the mathematical
model to analyze the rationality of the
marketplace allocation. If the differences among

marketplaces are obvious and irreplaceable,
these marketplaces can be flourishing together
completely, or else, the market competition will
wash out the weaker one.
1.
BRAND
AMOUNT AND
TYPE
STATISTIC
IN
VARIOUS
MARKETPLACES
The amount statistic and occupancy rate of
different types of brand in various marketplaces
are respectively seen in Table Ⅰ and Figure 1.

Table Ⅰ. Amount statistics of the brands with different types in various marketplaces

Type

Clothing

Suit-dress

Men’s
wear

Sportswear

Children’s
wear

Home
textile

Shop A

24%

42%

14%

10%

6%

4%

Shop B

24%

32%

15%

20%

6%

3%

Shop C

32%

17%

19%

22%

7%

3%

Shop D

23%

41%

13%

14%

5%

4%

Shop

marketplaces are seen in Table Ⅱ.
Note: A- Quanyechang Mall; B- Hualian
Mart; C- Youyi Newland Mart; D- Binjiang
Mansion
From the survey result, all marketplaces all
emphasize the type of suit-dress, then the type of
clothing and the type of sportswear.

2. ANALYSIS OF GOODS IN
DIFFERENT MARKETPLACES
2.1 Analysis of occupancies of different brands
in various marketplaces
The occupancies of different brands in various

From the statistical data, the amount of the
exclusive brands in the Quanyechang Mall is the
most, and the Youyi New Land and Binjing Mall
take the second place.
2.2 Applying the mathematical model to analyze
the rationality of the marketplace allocation
AHP was first formally proposed by American
operational researcher T. L. Saaty in the middle
of 1970s. It is a sort of systematic and layered
analysis method combining quantitative method
and qualitative method. Because of its practicab-
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Table Ⅱ.Occupancy Statistics of the Brands with Different Occupancies in Various Marketplaces

Shop

Date

25%

50%

75%

100%

Shop A

144

129

77

42

Shop B

107

91

82

42

Shop C

140

39

30

42

Shop D

125

92

77

42

Note: A- Quanyechang Mall; B- Hualian Mart; C- Youyi Newland Mart; D- Binjiang Mansion
25% occupancy means the brand possessed by only one marketplace in four surveyed marketplaces;
50% occupancy means the brand possessed by two marketplaces together in four surveyed
marketplaces; 75% occupancy means the brand possessed by three marketplaces together in four
surveyed marketplaces; 100% occupancy means the brand possessed by four marketplaces together in
four surveyed marketplaces.
ility and validity to process complex decision
problem, it is quickly concerned in the world.
AHP can not only be applied in the situation
with uncertainty and subjective information, but
be allowed to use experiences, insights and
intuitions by the logic mode. The biggest
advantage of AHP may is that it put forward the
hierarchy, and it makes the observer can
seriously consider and measure the importance
of the index.
2.3 Establishment of recursive hierarchy model
According to the decision objective of “optimal

rationality”, we first divide the influencing
factors into two sorts. The first sort is the interior
factors which includes the floor layout, shopping
environment, orientation, pricing and floor. The
second sort if the exterior factors, i.e. the region
factor. Confirm the exterior factor weight and the
interior factor weight of each marketplace in all
surveyed marketplaces by the principle of AHP,
and compute their ratios, i.e. the “relative
rationality”. The hierarchy model of four
marketplaces is established in Figure 1.

Figure 1. The Hierarchical Structure Model of Four Marketplaces

2.4 Paired comparison of the constructions of
judgment matrix
After establish the relative rationality hierarchy,
we need confirming a comparison judgment
matrix dominated by upper factors which are the
rules of lower factors. According to the
proportion nine-scale method (seen in Table3)
proposed by Professor T. L. Saaty, judge the
importance of above six rationality rules, and
respectively establish the comparison judgment
matrixes of the rule layer to the objective layer
and the project layer to the rule layer in the

relative rationality hierarchy (seen in Table Ⅲ
~Table Ⅸ, and the symbols in various tables
correspond with the symbols in the relative
rationality hierarchy model).
2.5 Computation and consistency check of
relative ordering weights of factor under single
rule
2.5.1 Hierarchically single ordering
The methods to solve the ordering weights of
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various factors include the line sum method, the
square root method and the sum product method,
and we adopt the square method to compute the

weights.
(1) Compute the geometric average value Gi of
the matrix (M) line by line.
(3) Compute the maximum latent root of the
judgment matrix, λmax. (Serve the consistency
check).

n

∏a

Gi = n

ij

(i is the line number, i=1,

j =1

2…n)

λmax =

(2) Standardize Gi, and obtain the weight Wi.
n

Wi = Gi / ∑ Gi
i =1

1 n ( MW )i
(i=1, 2...n)
∑
n i =1 Wi

Where, MW denotes the new vector obtained by

(i = 1, 2,L , n)

the product of the judgment matrix M and the

W = (W1, W2...Wn)T is the weight vector of the
computation.

weight vector W, and MWi is the i’th factor of
MW.

TableⅢ. Satty proportion nine-scale system

Scale

Meaning of comparison

1

The i’th factor is same important with the j’th factor

3

The i’th factor is little more important than the j’th factor

5

The i’th factor is obviously more important than the j’th factor

7

The i’th factor is much more important than the j’th factor

9

The i’th factor is extremely more important than the j’th factor

2, 4, 6, 8

The importance of comparison between i and j between paired scales

Reciprocals of above
numbers

The judgment scale of the comparison between i and j is aij, and the judgment scale of the
comparison between j and I is aji=1/aij

Table Ⅳ. A-B judgment matrix (for the total objective of relative rationality, compare the relative importance among various
rules)

A

B1

B2

B3

B4

B5

B6

B1

1

1/3

1/2

1/6

1/7

1/5

B2

3

1

3/2

1/2

3/7

3/5

B3

2

2/3

1

1/3

2/7

2/5

B4

6

2

3

1

6/7

6/5

B5

7

7/3

7/2

7/6

1

7/5

B6

5

5/3

5/2

5/6

5/7

1

Table Ⅴ. B1-C judgment matrix (for the rule of region, compare the rationality among various projects)

B1

C1

C2

C3

C4

C1

1

3

3

3/2

C2

1/3

1

1

1/2

C3

1/3

1

1

1/2

C4

2/3

2

2

1
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Table Ⅵ. B2-C judgment matrix (for the rule of shopping environment, compare the rationality among various projects)

B2

C1

C2

C3

C4

C1

1

3/4

3

3/2

C2

4/3

1

4

2

C3

1/3

1/4

1

1/2

C4

2/3

1/2

2

1

Table Ⅶ. B3-C judgment matrix (for the rule of floor layout, compare the rationality among various projects)

B3

C1

C2

C3

C4

C1

1

3

3/2

3/4

C2

1/3

1

1/2

1/4

C3

2/3

2

1

1/2

C4

4/3

4

2

1

Table Ⅷ. B4-C judgment matrix (for the rule of orientation, compare the rationality among various projects)

B4

C1

C2

C3

C4

C1

1

3/4

3

3/2

C2

4/3

1

4

2

C3

1/3

1/4

1

1/2

C4

2/3

1/2

2

1

Table Ⅸ. B5-C judgment matrix (for the rule of brand repetition rate, compare the rationality among various projects)

B5

C1

C2

C3

C4

C1

1

3/4

3/2

3

C2

4/3

1

2

4

C3

2/3

1/2

1

2

C4

1/3

1/4

1/2

1

Table Ⅹ. B6-C judgment matrix (for the rule of brand amount, compare the rationality among various projects)

B6

C1

C2

C3

C4

C1

1

4

4/3

2

C2

1/4

1

1/3

1/2

C3

3/4

3

1

3/2

C4

1/2

2

2/3

1
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Table Ⅺ. Values of the average random consistency index RI

Order of the
matrix

1

2

3

4

5

6

7

8

9

RI

0.00

0.00

0.58

0.90

1.12

1.24

1.32

1.41

1.45

2.5.2 Consistency check
When establishing the judgment matrix, because
of the complexity of objective things and the
limitation of human judgment ability, the
contradiction will inevitably occur in the
judgment process of importance for various
factors, for example, when judging the factor
x/y=1:4 and y/z=1:2, the situation of x/z=1:3
may occur. So we need implementing the
consistency check for the judgment matrix to test
the rationality of the judgment matrix and the
weight vector from the matrix. We generally use
the consistency ratio index, CR, to test the
rationality, and the formula is CR=CI/RI.
In the formula, CI = (λmax − n) / (n − 1) is the
consistency index, RI is the average random
consistency index, and both of them are
confirmed by large numbers of tests. Part values
of the random consistency index RI are seen in
Table 10. When CR<0.1, the inconsistency
degree of the matrix can be accepted, or else, we
need reconstruct the judgment matrix or make
necessary adjustment.
Through calculation, we can obtain the weight
vectors and consistency test results of above six
judgment matrixes (WB denotes the weight
vector of the rule layer to the objective layer, and

f. Brand amount. W_brand amount = (1.6, 1.3,
1.2, 0.8), λmax = 3.9997, CI=0.0001,
CR=0.0001042<0.1.
From the computation results of CR, the
consistencies of six matrix is very good, and
they all pass the consistency check, so we can
think these six judgment matrixes and weight
vectors are all reasonable.

W j C denotes the weight vector of the project

the weight of the j’th rule to the relative
rationality objective. And the matrix is Z=
(33.5124, 37.3796, 19.4418, 16.8206).
So the marketplace with the highest rationality is
Youyi New Land.

layer to the j’th rule).
(1) Comparison among various rules.
W_rationality = (0.6250, 1.8750, 1.2500, 3.7500,
4.3751,
3.1251)T,
λmax
=6.0000552,
CI=0.000011, CR=0.0000089<0.1. In five
exterior influencing factors, the brand repetition
rate is the most important factor, then the
orientation and the brand amount.
(2) Comparison among various projects.
a. Region. W_region = (5.1189, 1.7063, 1.7063,
3.4127), λmax = 3.9999625, CI=0.0000125, CR
=0.000013<0.1.
b.
Shopping
environment.
W_shopping
environment = (1.2, 1.6, 0.4, 0.8), λmax =
3.9999813, CI=0.0000062, CR =0.0000065<0.1.
c. Floor layout: W_floor layout = (1.2, 0.4, 0.8,
1.6), λmax = 3.999925, CI=0.000025, CR
=0.000026<0.1.
d. Orientation: W_orientation = (1.2, 1.6, 0.4,
0.8), λmax = 3.9999813, CI=0.0000063,
CR=0.00000065<0.1.
e. Brand repetition. W_brand repetition = (3.9,
5.2, 2.6, 1.3), λmax = 3.9999812, CI=0.0000063,
CR=0.0000065<0.1.

3. COMPUTATIONS OF EXTERIOR
FACTOR WEIGHT AND INTERIOR
FACTOR WEIGHT
The integrated weights of various projects in the
project layer to the rationality objective layer are
computed by the weights of two layers (the
project layer to the rule layer, and the rule layer
to the objective layer) with the weighting
method, and the exterior factor weight formula
of each project is
5

X i = ∑ W ji CW j B (i is the project No., i=1, 2,
j =1

3)
Where, Xi denotes the exterior factor weight of
the i’th project, W ji

C

denotes the weight of the

i’th project to the j’th rule, and W j

B

denotes

4. CONCLUSIONS
From the result of this article, the allocating and
planning of Youyi New Land is reasonable
comparatively, and in the marketplace, the
occupancy rate of the exclusive brand is the
highest one, and according to the investigators’
observation, even for the brands common with
other marketplaces, its allocation of goods is
largely different. In the final analysis, Youyi
Mall could correctly orientate the marketplace,
process the relation between the brand
orientation and goods allocation, exhibit them
perfectly in front of consumers, intensively
attract consumers’ attentions and achieve the
sales intention. In the survey, some problems
about the shopping centre such as the
insufficient
pertinence
of
marketplace
orientation and differences of goods allocation
all should be improved further. In various
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business forms, the special business circle
possesses the strongest life-force. For any
business area, with its characteristic, it will come
down and aging quickly and no more people will
focus on its development. To further develop
itself, Chinese business area must have its
characteristics.
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ABSTRACT
The paper introduced a new biodegradable textile chest wall, and how to choose the material, fabric
structure, yarn number and finishing. Finally, we evaluated the artificial chest wall by animal
experiment in vivo, and proved that this chest wall could meet with the requirements of surgery.
KEY WORDS: artificial chest wall ； synthetic biodegradable material ； polydioxanone ；
biodegradation test in vitro；animal experiment in vivo
INTRODUCTION
Nowadays, the intersection with other fields
brought vitality to the traditional textile. People
paid more and more attention on tissue
engineering, which combined cell biology,
engineering, material science and clinical
medicine, etc. This paper mainly researched
artificial chest wall, which was made by
synthetic biodegradable materials.
Extensive chest wall defects, which always
resulted from tumor, radiation necrosis, infection,
or trauma, often required prosthetic repair to
prevent flail chest and paradoxical breathing.
Many different types of materials had been
introduced and used to repair the chest wall.
However, no product possessed the properties of
the ideal material.
APPROACH
Firstly, after comparing some common synthetic
biodegradable materials, such as PGA, PLA,
PGLA and PDS (polydioxanone), we found the
PDS was suitable for the material of the
biodegradable textile chest wall, because of its
long absorbable period, strong tensile strength
and good resilience. In biodegradation test in
vitro, the weight loss rate, the tensile strength
loss rate and the hyper-structure of the
polydioxanone mesh were observed. (See Figure
1, Figure 2, Figure 3 for details) [1] Therefore, f
we choose PDS fiber to conduct the artificial
chest wall，it not only can develop biodegradable
and biological compatibility, but also prevent

flail chest and paradoxical breathing.

Secondly, we decided to choose plain weave
as fabric structure because it met the
requirements of the biodegradable textile chest
wall, which had high bursting strength and
suitable bending modulus. Then compared the
bursting strength, fatigue resistance and
stiffness of the experiments by changing the
filament yarn diameter and density of weft of
the plain weave on the base of orthogonal test
to select appropriate parameters of plain
weave. In orthogonal test, the best parameter
of plain weave was that the filament yarn
diameter was 0.2mm and density of weft was
100 yarns per 10 centimeter [2].
Thirdly, the finishing of the artificial chest wall
included heat setting and coating. We used
orthogonal test to choose the best finishing
process according to the bursting strength and
bending modulus. The results as follows: the
temperature was 80℃, the time was 3 minutes
and the tension was low. And the chitosan
coating limited the adhesions between
regenerative chest wall and nearby lung. The
artificial chest wall was coated with 1.5%
chitosan.
Finally, the animal model of the chest wall
reconstruction was established to evaluate the
artificial chest wall. Rabbits were subjected to
extensive resection of anterolateral chest wall
and two different types of chest wall, PDS mesh
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and PDS mesh coated with chitosan, were
employed to repair the defects. Chest wall
stability, the process of degradation of the
prosthetic material and the regeneration of the
chest wall tissue postoperatively was recorded so
as to provide valuable scientific data in
improving artificial chest wall. As a result, after
implantation, the prosthetic materials were

infiltrated by host tissue with mild tissue
reaction. The implanted materials degraded
gradually, and eventually were replaced by the
connective tissues. The time of resorption period
was about 4 weeks with coated chitosan, and
within 24 weeks with polydioxanone chest wall.
(See Figure 4, Figure 5 for details)
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Figure1 residual weight of PDS in biodegradation test in vitro

Figure2 residual strength of PDS in biodegradation test in vitro

Figure3 hyper-structure of PDS in biodegradation test in vitro
A after 0 weeks; B after 4 weeks; C after 8 weeks; D after 12 weeks
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10

12

14

Figure4 PDS mesh in animal experiment in vivo

A after 2 weeks; B after 4 weeks; C after 12 weeks; D after 16 weeks; E after 24 weeks;

Figure5 PDS mesh coated with chitosan in animal experiment in vivo
A after 4 weeks; B after 8 weeks; C after 12 weeks

CONCLUSIONS
The biodegradable materials had rapidly
promoted
the
development
of
chest
reconstruction
surgery,
because
the
decomposition products of them could be
thoroughly absorbed and no harm to animal body,
they could significantly induce the regeneration
of cell and tissue and overcome the drawbacks
of conventional materials.

So the material of the chosen biodegradable
textile chest wall was PDS, the fabric structure
was plain weave, the filament yarn diameter

was 0.2mm and density of weft was 100 yarns
per 10 centimeter, the temperature of heat set
was 80℃ and the time was 3 minutes, and the
coating was 1.5% chitosan.
FUTURE WORK
The paper had proved the biodegradable textile
chest wall were no harm to the animal, then we
wanted to know whether the chest wall could
meet with the requirements of human body. So
the most important future work was to do further
animal experiment, for example, experiment in
dog.
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frequency was set at 60Hz, and the applied diastolic

Introduction and Objective
Electrospun fibers have been investigated as
promising tissue engineering scaffolds since they
mimic the nanoscale properties of native extracellular
matrix (ECM). Fabrication of multi-layered tubular
scaffolds involves electrospun polycaprolactone
(PCL) blended with a gelatin/chitosan complex
(PCL-G/CS) as the inner layer in which electrospun
nanofibrous scaffolds with high biostability can
promote

endothelial

proliferation.

For

the

cells
outer

attachment
layer,

and

braiding

poly(L-lactide) (PLLA) multifilaments with parallel
yarns and large pore sizes can promote the growth of
smooth muscle cells (SMCs) and improve the
mechanical properties. Our research focused on the
fabrication and evaluation of multi-layered tubular
scaffolds. In particular we investigated the radial
mechanical, fatigue resistance and compliance

and systolic pressures were set at 87 to 190 mm Hg
to mimic the physiologic blood pressure of
hypertensive patients. Radial mechanical properties
before and after fatigue testing were carried out on

an MTS Model 1122 system (Eden Prairie, MN,
USA). Dynamic compliance was determined for the
4mm inner diameter tubes under simulated
physiological conditions. The specimens were tested
in deionised water at 37℃ in a DynaGen® intelligent
tissue engineering mechanical stimulation (ITEMSTM)
bioreactor developed by Tissue Growth Technologies
(Minnetonka, MN, USA). The bioreactor provided a
1Hz cyclic pressure change inside of the tube. The
pressure range of 120/80 mm Hg was studied to
produce a range of mean arterial pressures. The
external diameter was recorded with a laser
micrometer system with an accuracy of ±0.001mm.

properties of multi-layered tubular scaffolds.
Approach
PCL was blended with a gelatin/chitosan complex at
a weight ratio of 25/75 and then electrospun into
nanofibers using an accelerating voltage of 20kV.
Tubular scaffolds were prepared by electrospinning
onto a 4mm diameter rotating mandrel used as the
collector. External PLLA multifilament yarns were
then braided onto the outside of the electrospun layer.
Accelerated fatigue testing was performed on an
EnduraTec Tester (Bose Corporation, Eden Prairie,
MN, USA) as shown in Figure 1. The sine wave

Figure 1. Accelerated fatigue tester for multi-layered tubular
scaffolds
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Results and Discussion
Figure 2 shows the SEM images of electrospun PCL,
PCL-G/CS nanofibers and the cells culture on the
matrix. MTT absorption results reveal that ECs grow
well on electrospun PCL-G/CS matrices. The
addition with natural polymers will not only decrease
the average diameter of electrospun PCL nanofibers,
but also improve the cell proliferation (Figure 3).
Figure 4 illustrates the radial mechanical properties
of tubular scaffolds. Our results demonstrate that the

Figure 4. Radial mechanical properties of tubular scaffolds. (A)

radial mechanical properties were enhanced by

PCL-G/CS; (B) with external braided PLLA multifilament yarns

external braiding of PLLA multifilament yarns. The

before fatigue; (C) with externally braided PLLA multifilament

breaking process of the composite consisted of two

yarns after fatigue.

stages: the outer braided layer became loose in the
first stage, and then the inner electrospun layer was
pulled to break. Multi-layered tubular scaffolds had
good structural stability after fatigue testing. The
compliance properties were also improved compared
with pure electrospun PCL tubes (Figure 5).

Figure 5. Compliance test results with different structures

Conclusion
PCL-G/CS is a promising material for endothelial
cell proliferation on the lumen of small diameter
blood vessel scaffolds. Fabrication of multi-layered
tubular scaffolds by braiding PLLA multifilament
was an effective way to improve the mechanical
Figure 2. SEM images of electrospun PCL(A) and PCL-G/CS(B)
nanofibers and corresponding PIECs culture on the electrospun
matrix (24h)

properties.
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Figure 3. Proliferation of PIECs on the electrospun matrix.
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ABSTRUCT
PVA/CMC/HAP composite membranes were prepared by alternate soaking of PVA/CMC membranes in CaCl2
(pH 7.4) and Na2HPO4 solutions for 30min in each solution. After 1, 2, 3, 4 and 5 cycles of immersion,
PVA/CMC membranes were characterized using the SEM, FT-IR and XRD analyses. The results showed the
presence of apatite layer on /in PVA/CMC membranes, and the amounts of size and deposition of apatite layers
were increased with alternate cycles and the content of CMC in the membrane. With the excellent
biocompatibility and bioactivity of apatite coating layer, this organic/inorganic
composite membrane is expected to be desirable for bone tissue engineering.
Key words: PVA/CMC； HAP；alternate soaking
INTRODUCTION
Poly(vinyl alcohol)(PVA) has become one of firstchoice materials in the biomedical and
pharmaceutical fields due to nonimmunogenic and
film-forming
properties.
Sodium
carboxymethylcellulose (CMC) is a natural biodegradable
polymer, its degradation product is not harm and
toxic
to
human
body
or
tissue[1,2].
Hydroxyapatite(HAP), on the other hand, is
generally suggested for good osteoconductivity and
effective acceleration of new bone formation. HAP
coatings on polymeric material have shown bright
prospect in order to improve the biocompatibility and
bone inductivity of human bone implants[3]. In this
paper, PVA/CMC/HAP composite membranes were
prepared using an alternate soaking method, which is
expected desirable for bone tissue engineering.

membranes were first soaked in 200mM CaCl2 (pH
7.4) solution for 30min at 37 ℃, followed by rinsing
with distilled water for 5min. After rinsing, the
membranes were transferred to 120mM Na2HPO4 for
30min at 37 ℃. These two steps of treatments were
defined as one cycle. These cycles continued
repeatedly and groups of specimens were retrieved
after 1, 2, 3, 4 and 5 cycles respectively.

EXPERIMENTAL
Preparation of PVA/CMC membrane
A 1.2g mixture of PVA and CMC in different ratios
（2/1、1/1、1/2）was dissolved in 30 mL distilled
water and stirred in water bath at 85 °C for 3 hours.
The solution was poured into Petri Dish and dried at
room temperature for 3 days. The membranes were
carefully teared up from the Petri Dish and cut in the
size of 2cm×2cm followed by immersion in 1mol/L
H3PO4 solution for 2 hours. The membranes were
swelled in the distilled water until the solution turned
to neuter.

RESULTS AND DISCUSSION
Actually the growth of HAP on/in PVA/CMC
membranes could be found by eyes, based on the
change of its appearance (Figure 1). The amount of
HAP formed on/in the PVA/CMC was calculated by
the following equation: HAP formed =(W1-W0)/W0,
W1 is the weight of the PVA/CMC/HAP membrane
in a dry state and W0 is the weight of PVA/CMC
membrane in a dry state.

Preparation of PVA/CMC/HAP composite
membranes
The composite membranes were prepared by
alternate soaking method. In brief, PVA/CMC

- 1350 -

Characterization
The formed HAP morphologies on/in PVA/CMC
membrane after alternate soaking process were
examined by SEM. The formed HAP on the surface
was characterized by FT-IR and TF-XRD,
Meanwhile, the effects of alternate cycles and the
composition of the PVA/CMC membrane on the
HAP formation were studied by mass measurement.

(b)

(a)

(c)
with HAP

without HAP

FIGURE 1. Image depicting the formation of HAP on/in the
PVA/CMC membrane
FIGURE 3. SEM photographs of HAP on/in the PVA/CMC
membranes P/C(2/1), (b) P/C(1/1), (c) P/C(1/2)
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FIGURE 2. Effect of alternate cycles on the amount of HAP
formed on/in the PVA/CMC membranes
The amount of HAP formed should progressively increase with
increasing number of alternate cycles, as given in Figure 2. In
addition, a significant observation was found that the amount of
HAP formed depends on the composition of the PVA/CMC
membrane greatly.

After alternate soaking for 2cycles, HAP formed
on/in PVA/CMC membranes were observed by SEM,
as demonstrated in Figure 3. It was clear that the
amount of HAP formed increased with the content of
CMC in the membrane. So the incomporation of
CMC could accelerate the growth of HAP on/in
PVA/CMC membranes. Figure 4 shows the presence
of HAP on the surface of membranes after alternate
soaking different cycles. The apatite size and
deposition amount were increased with increased
cycles of alternate soaking.

FIGURE 4. SEM images of HAP on/in the P/C(1/1) membranes
(a) 1 cycle, (b) 2 cycles, (c) 3 cycles

It was found from Figure 5 that the observed bands
at 1031, 602 and 560cm−1 correspond to P–O
asymmetric and symmetric stretching vibrations and
O–P–O bending vibrations of the phosphate groups
which clearly identify the presence of HAP. XRD
clearly indicates the occurrence of broad peaks
around 26ºand 32º, which are assigned to the main
peaks of the HAP crystals.

FIGURE 5. FT-IR of HAP powder formed on the PVA/CMC
membranes
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FIGURE 6. TF-XRD pattern of surfaces of

PVA/CMC

membranes
CONCLUSION
PVA/CMC/HAP composite membranes were
prepared by alternate soaking method. The
membranes were characterized by SEM, FT-IR and
XRD analyses and the result confirmed the formation
of HAP. This novel composite membrane is expected
desirable for bone tissue engineering.
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ABSTRACT:

A

quaternary

ammonium

compound,

2-Hydroxypropyltrimethylammonium

chloride

amino-terminated hyperbranched polymer (HBP-HTC) was applied to the pretreatment of silk fabrics because
of its unique chemical and physical properties. The antibacterial activity of HBP-HTC aqueous solution and
treated silk fabrics against Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) were measured. The
results showed that the HBP-HTC solution has excellent antibacterial activity when the concentration of
HBP-HTC solution is above 20mg/L. The treated silk fabrics showed 98.02% of bacterial reduction to S. aureus
and 97.55% of bacterial reduction to E. coli, respectively, even the silk fabrics were treated with the HBP-HTC
solution at the concentration of 1g/L. And the durability of the antibacterial silk fabrics treated with HBP-HTC
was satisfying.
Keywords：HBP-HTC; silk fabric; antibacterial activity
1 INTRODUCTION

and supramolecular science [6]. In our recent

Silk fabric is generally welcome because of its

research, a sort of amino-terminated hyperbranched

attractively luster, good smooth handle and special

polymer (HBP-NH2) which has abundant imimo

style. However silk fabric is susceptible to

groups and terminal primary amimo groups have

micro-organisms, such as bacteria and fungi,

been synthesized successfully, and applied to cotton

because of its protein structure and the ability to

fabric as a salt-free dyeing auxiliary for reactive

retain moisture. When micro-organisms multiply in

dyes [7-8]. In addition, it has antimicrobial activity

silk fabric, they not only cause physicochemical

against a variety of bacteria due to its polycationic

degradation such as discoloration, mechanical

nature. However, this activity is limited to acidic

strength loss, and foul odor generation, but also

conditions, where the HBP-NH2 starts to lose its

may adversely affect human health. To overcome

cationic nature. Polymeric quaternary ammonium

such problems, antibacterial silk fabrics have

compounds have received the most attention over

recently attracted much attention. The general

the years [9-10]. In order to enhance the property of

methods of preparing antibacterial fabrics are

HBP-NH2, the terminated groups were modified

absorbing or grafting some antibacterial materials

and 2-Hydroxypropyltrimethylammonium chloride

such as silver, metal complex and quaternary

amino-terminated

ammonium group on fibers’ surface [1-5].

(HBP-HTC) was synthesized successfully [11].

hyperbranched

polymer

Over the past two decades, dendrimers and

With abundant quaternary ammonium salt groups in

hyperbranched polymers have received much

HBP-HTC, the HBP-HTC may have antimicrobial

attention due to their unique chemical and physical

activity against a variety of bacteria. Therefore, the

properties as well as their potential application in

application of the HBP-HTC to treat silk fabric may

additives, drug and gene delivery, nanotechnology,

provide silk fabric with antimicrobial property.
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solid culture onto sterile circular plates and

2 EXPERIMENTAL

allowing it to solidify. 0.25 ml of bacterial culture

2.1. MATERIALS
-2

The B. mori silk fabrics (64 g m ) were purchased

(1×109cfu/ml

from the market. HBP-HTC (Fig. 1) was prepared

distributed on each plate. Four oxford cups

with

3-epoxypropyl

(H10×D17.8×D16mm) were placed on the plates

trimethylammonium chloride and amino-terminated

and added with the HBP-HTC aqueous solutions of

hyperbranched polymer (m(EPTAC):m(HBP-NH2))

four different concentrations (0.1%, 0.5%, 1% and

[11]. S.aureus (ATCC 6538) and E. coli (ATCC

2%). The plates were placed in an incubator for 24

8099) were obtained from College of Life Science,

h at 37°C. Diameter of the zone of inhibition was

Soochow University (China). Nutrient broth and

then measured and recorded.

2:1

feed

ratio

of

2,

nutrient agar were purchased from Scas Ecoscience

-

5×109cfu/ml)

was

uniformly

In the second series of tests, the antimicrobial

Technology Inc. (China).

activity of HBP-HTC aqueous solutions was tested
by studying the growth kinetics of S. aureus and E.
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incubation using an ultraviolet–visible (UV-vis)

OH
HN

spectrophotometer (751MC; Shanghai Analytical
Instruments, China) [12]. In addition, the effect of

OH
N

the HBP-HTC’ concentration on antimicrobial

N

N

activity was tested. The absorbance of the bacterial

FIGURE 1. Schematic diagram of HBP-HTC molecular

cultures was measured at 546 nm after 6 h of

structure

incubation.

2.2. PRETREATMENT OF SILK FABRIC

2.4.

WITH HBP-HTC

HBP-HTC PRETREATED SILK FABRICS

Samples of silk fabric were treated with the

The antibacterial activity of silk fabrics treated with

aqueous solution of HBP-HTC (range from 1-10 g

HBP-HTC was tested against E. coli and S. aureus

-3

ANTIBACTERIAL

TEST

FOR

THE

dm ), liquor ratio 1:50, at temperature of 100 ºC for

by using a shaking flask method according to FZ/T

3 min. Then the treated silk fabrics were rinsed

73023-2006 (China). This method is specially

thoroughly in warm water for 5 min to remove

designed for specimens treated with nonreleasing

unfixed

antibacterial

materials

and

air-dried

at

room

temperature.

agents

under

dynamic

contact

conditions. The test procedure is shown as follows:
0.75g sample fabric, cut into small pieces in a size

2.3. TESTING ANTIBACTERIAL ACTIVITY

around 0.5×0.5 cm2, was dipped into a flask

OF HBP-HTC IN SOLUTION

containing 70 ml PBS (pH≈7.2) and 5 ml bacterial

Two series of antibacterial tests were performed on

culture which has a cell concentration of 3×105

the HBP-HTC aqueous solutions. In the first series

cfu/ml - 4×105 cfu/ml. The flask was then shaken at

of tests, the antibacterial activities of the HBP-HTC

150 rpm on a rotary shaker at 24°C for 18 h. From

aqueous solutions against S. aureus and E. coli

each incubated sample, 1 ml of solution was taken,

were tested by a disk diffusion method on an agar

diluted and distributed into an agar plate. All plates

plate. The agar plate was prepared by pouring the

were incubated at 37°C for 24-48 h and the colonies
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were counted. The percentage reduction was
determined as follows:
Reduction in cfu (%) =

C−A
× 100%
C

(1)

Where, C and A are the bacterial colonies of the original silk
fabrics and the HBP-HTC treated silk fabrics, respectively.

To evaluate the durability of the HBP-HTC

FIGURE 2. Pictures of some plates of the zone of inhibition

treated silk fabrics against repeated launderings, the

experiments: zone of inhibition of distilled water against S.

laundering method was used according to FZ/T

aureus (a) and E. coli (b); zone of inhibition of HBP-HTC

73023-2006 (China). The treated silk fabrics were

solution (2.0%) against S. aureus (c) and E. coli (d).

washed various times to simulate 5, 10, and 20
wash cycles of home/commercial launderings.

2.5
2.0

3.1.

ANTIBACTERIAL

ACTIVITY

Absorbance at 546 nm

3 RESULTS AND DISCUSSION
OF

HBP-HTC AQUEOUS SOLUTION
TABLE Ⅰ Disk diffusion tests of HBP-HTC aqueous solution

(mm)

aqueous

5

10
15
Incubation Period (h)

20

25

0.1%

presence of HBP-HTC (concentration of HBP-HTC: 0.1%)

0.5%

1.0%

2.0%

11.28 12.72 15.00
0.6

<8.00 10.46 12.00 14.44

In order to evaluated the antibacterial activity of
HBP-HTC

0

FIGURE 3. Growth kinetics of S. aureus and E. coli in the

S. aureus 9.44
E. coli

0.5

Concentration of HBP-HTC

Absorbance at 546 nm

inhibition

S. aureus
S. aureus+HBP-HTC
E. coli
E. coli+HBP-HTC

1.0

0.0

of different concentrations

Zone of

1.5

solution,

four

various

concentration of the HBP-HTC aqueous solutions
were tested against Gram-negative bacteria E. coli

0.4
0.3
0.2

0.21

0.1

0.14

0.0

and Gram-positive bacteria S. aureus using the agar

S. aureus
E. coli

0.5

0

5

10
15
20
Concentration (mg/L)

25

30

plate zone of inhibition method. The results are
showed in Tab. Ⅰ . It indicated that the

FIGURE 4. Effect of concentration on antibacterial activity of

antibacterial activity of HBP-HTC aqueous solution

HBP-HTC against S. aureus and E. coli

increased when the concentration of the HBP-HTC
The growth kinetics of S. aureus and E. coli

aqueous solution increased.

were studied in the presence of the HBP-HTC or
(a)

(b)

not (Fig. 3). It also can be seen that bacteria growth
is significantly inhibited in the presence of the
HBP-HTC. In addition, the effect of concentration
of the HBP-HTC solution on antibacterial activity

(c)

(d)
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was studied against S. aureus and E. coli. The

indicated that HBP-HTC is a excellent antibacterial

results are shown in Fig. 4. When the concentration

agent to antibacterial finish of silk fabrics.

of HBP-HTC solution is above 20mg/L, the
HBP-HTC solution showed excellent antibacterial

As one of the most important factors to consider for

activity.

the antibacterial finish of silk fabrics is its
durability

against

repeated

launderings,

the

3.2. ANTIBACTERIAL ACTIVITY OF THE

HBP-HTC treated silk fabrics were laundered 0, 5,

HBP-HTC TREATED SILK FABRICS

10, and 20 cycles according to FZ/T 73023-2006.

The antibacterial activity of silk fabrics was result

All the HBP-HTC treated silk fabrics were then

from the presence of HBP-HTC which has

subjected to antibacterial activity tests using the

abundant quaternary ammonium groups in the silk

above-mentioned shaking flask method. The results

fabrics. The effect of the concentration of

are given in Tab. Ⅲ. It can be found that increasing

antibacterial agent on the antibacterial activity of

laundering cycles only has a small negative impact

silk fabrics was shown in Tab. Ⅱ. It can be seen

on the retained antibacterial activities of the

that

with

HBP-HTC treated silk fabrics. In fact, still over

increasing concentration of HBP-HTC. Even when

98.00% of bacterial reduction was maintained after

the concentration was 1g/L, the treated silk fabric

20 launderings. Therefore, the durability of the

has good antibacterial activity, the bacterial

antibacterial silk fabrics treated with HBP-HTC

reduction was 98.02% against S. aureus and

was satisfying.

the

bacterial

reduction

increased

97.55% against E. coli, respectively. Above results
TABLE ⅡAntibacterial test results of silk fabrics treated with HBP-HTC in different concentration

Concentration
(g/L)
1
5
10
a

S.aureusa

E.colib

Surviving cells

Reduction

Surviving cells

Reduction

(CFU/ml)

(%)

(CFU/ml)

(%)

5.2×10

4

1.73×10
7.3×10

4

3

6

Surviving cells of control (blank silk) was 2.63×10 CFU/ml;

98.02

1.57×10

99.34

5.9×10

4

99.08

4.2×10

4

99.34

99.72
b

5

97.55

Surviving cells of control (blank silk) was 6.4×106 CFU/ml

TABLE ⅢDurability of the HBP-HTC treated silk fabrics

Laundering cycles

a

S.aureusa
Surviving cells (CFU/ml)

E.colib
% Reduction

3

Surviving cells (CFU/ml)
4

% Reduction

0

7.3×10

99.72

1.91×10

5

2.15×104

99.18

3.1×104

98.91

10

2.31×104

99.12

3.6×104

98.74

20

4

99.08

4

98.67

2.43×10
6

Surviving cells of control (blank silk) was 2.63×10 CFU/ml;

b

3.8×10

99.33

Surviving cells of control (blank silk) was 2.85×106 CFU/ml
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4 CONCLUSIONS

carboxymethyl chitosan, Carbohydrate Polymers,

Due to abundant quaternary ammonium groups

Vol. 69, 2007, 164-171.

in HBP-HTC, it showed excellent antibacterial

[5] Son Y, Kim BS, Ravikumar K, et al.

activity against both S. aureus and E. coli, even

Imparting durable antimicrobial properties to

the concentration of HBP-HTC aqueous solution

cotton fabrics using quaternary ammonium salts

was 20mg/L. So when the HBP-HTC applied to

through

the pretreatment of silk fabric, it provided the

acid-chloro-triazine adduct, European Polymer

silk fabric with antibacterial property. Even

Journal, Vol. 42, 2006, 3059-3067.

when the concentration of HBP-HTC was 1g/L,

[6] Gao C, Yan D. Hyperbranched polymers:

the bacterial reduction of treated silk fabric was

from synthesis to applications, Progress in

98.02% against S. aureus and 97.55% against E.

Polymer Science, Vol. 29, 2004, 183-275.

coli, respectively. Although there is a slight

[7] Zhang F, Chen YY, Lin H, et al. Synthesis of

decrease in the antibacterial activities of the

an amino-terminated hyperbranched polymer

HBP-HTC treated silk fabrics after launderings,

and its application in reactive dyeing on cotton

the bacterial reduction was maintained over

as a salt-free dyeing auxiliary, Coloration

98.00% even after exposure to 20 consecutive

Technology, Vol. 123, 2007, 351-357.

home laundering conditions. In a word, the

[8] Zhang F, Chen YY, Zhang DS, et al.

HBP-HTC is excellent antibacterial agent to

Salt-free reactive dyeing of cotton fabric

antibacterial finish of silk fabrics.

modified with HBP-NH2 agent, Dyeing and

4-aminobenzenesulfonic

finishing, Vol. 33, No. 17, 2007, 1-4.
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Abstract
Medical textile products include such healthcare products as surgical drapes, gowns and wrappers.
Reusable products are made of woven fabrics and laundered and sterilized for multiple uses. Disposable
products are intended for single use and made of a nonwoven fabric. Disposable textiles have become the
most popular materials in the U.S., and they are gaining more market share in developing countries.
Reusable textiles are gaining more market share in Europe due to increasing concerns about the
environment pollution caused by the disposal of nonwoven textiles [1]. Based on investigations and
experiments, the authors focus on surgical gowns and compare and analyze fabric construction, properties,
environmental factors and economic of gowns.
Keywords: disposable; reusable; surgical gown; laundry; disposal
INTRODUCTION
Disposable and reusable textiles are two popular
but competing materials employed in medical
protective filed. Many studies have been
conducted to evaluate the effectiveness of
various surgical gowns as barriers to microbial
transmission. Although disposable textiles are
often perceived to have protective advantages
over reusable textiles, they must be immediately
discarded as bio-hazardous materials. In contrast,
reusable protective textiles can be sterilized and
laundered for reuse, with a lifetime of more than
50 cycles [1~2]. However, reusable textiles may
be perceived as less protective and more
energy-consuming to maintain. There are many
crucial factors involved in the selection of
healthcare textile materials. Among these
considerations are the questions relating to
properly evaluating products from a wide variety
of offerings. The primary objective of this study
was to move to an integrative understanding of
the complex interplay among protective material
functions, comfort, environments, marketing and
management affecting decision-making and
ultimate use and reuse.
MEDICAL TEXTILES APPLICATION
Figure 1 illustrates the composition and
individual percentage of medical textiles in
Chinese health care. 20% of total products are
gowns. Cotton woven fabrics are main products
in Chinese hospital. Every three years increases
in spending have averaged about 100,000 meters
[3]. In China, the number of nonwoven products
consumption increased more than 23.69%
annually from 2000-2006, the 2000,000 tons

level is expected to be reached by 2010. Chinese
nonwoven industry is growing and the demand
will increase in all product groups and market
sectors, where the health care industry is the
most dynamic growth area.
There are two types of surgical gowns used in
hospitals: disposable and reusable. Reusable
gowns are water-repellent treated woven cotton
or polyester/cotton materials etc. Disposable
gowns are spun-bond polypropylene, SMS,
water-repellent treated laminate disposable
textiles of pulps and polyester, polyester and
PVA. Both types of gowns can be reinforced in
the front and sleeve areas to resist the
penetration of liquid. Films, coatings,
membranes, and double layers of the same fabric
have been used to reinforce surgical gowns.
Chinese healthcare facilities mostly choose
reusable gowns. Disposable gowns are used in
some surgery rooms for infectious patients [4]
and use of disposable gowns is increasing year
by year.

Figure 1 Distribution of Main medical textile products

MATERIALS AND METHODS
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wood pulp and polyester. The polyester fibers
were circular filaments, and the wood pulp fibers
were flat and ribbon-like. The face of SL1
contained predominately the wood pulp fiber.
The fibers in the web were in a random
orientation and were held together by
mechanical entanglement. PVA (Figure 5),
water-soluble materials, can be degraded in
80-90 ℃
water temperature. Although
considered a green material of medical textiles,
PVA, compared with polypropylene or polyester
materials, cost much more highly in material and
manufacture process.

Materials
Both reusable and disposable surgical gowns
were evaluated for this report: woven, nonwoven
fabrics were used (Table 1). Fabric samples were
cut from the front panel and sleeve of the
surgical gowns because these are the areas most
likely to be exposed to body fluids during actual
use. Areas selected for sampling were free from
seams and other variations (i.e., pockets, tie
attachments).
Table 1 Fabric description of surgical gown
Sample

Materials

Constructions

CO

Cotton,
water-repellent
Polypropylene
Polypropylene
pulps
and
polyester,
water-repellent
PVA

Woven

SB
SMS
SL1
SL2

Spun-bond
SMS
Spunlaced

Weight
(g/m2)
185.22 ±
0.30
44.32±0.90
44.53±0.60
73.19±0.43

Spunlaced

81.58±0.20
Figure 2 SEM of sample SB

Test methods of water repellency and comfort
properties
Water repellency and comfort properties are
identified as critical characteristics of surgical
gown. The ability of the fabrics to prevent liquid
penetration was measured in accordance with
GB/T4744-1997[5] Standard Method for
Hydrostatic Pressure. Fabric samples were
conditioned 16 hours on standard atmosphere
conditions before the testing. Each sample was
cut into circle shape between 130-200mm
diameters and tested 5 times.
The comfort test was used in accordance with
GB/T12704-1991 [6] Standard Method for water
permeability and GB/T5453-1997 [7] Standard
Method for air permeability. Water permeability
was calculated by Eq. (1). Air permeability was
average value of 10 times sample tested in the
condition of 20 ℃ air temperature and 65%
relative humidity.

WP =

24 × Δm
S ×t

Figure 3 SEM of sample SMS

Figure4 SEM of sample SL1

Figure5 SEM of sample SL2

Design
The design objective can be divided into
functional and symbolic values [8]. The
functional values are formed in a relation
between man, the product and the actual use
environment, while the symbolic values arise on
a relation between man, the product and the
socio-cultural environment. The most important
functional values of gown are to offer protection
and comfort. Surgical gowns are worn by
doctors and nurses in the operating room address
a dual function of preventing transfer of
microorganisms and body fluids from the
operating staff to the patient, and also from
patient to staff [9]. Design analysis involves
material utilization analysis, structural analysis
and color analysis.
For surgical gowns, protective and comfort
properties related to product design are
particular concern as a critical product
requirement. Disposable gowns are often
perceived to have protective advantages but
comfort disadvantages over reusable gowns.
Two materials can be used in one surgical gown
with different areas, disposable materials at front
panel and lower sleeve to reinforce the
protective properties and reusable materials at
back panels and other areas to improve comfort
properties.

(1)

WP—Water permeability (g/m2·d);
∆m—Discrepancy of weights (g);
S—Sample dimensions (m2); t—Test time (d)
RESULTS AND DISCUSSION
Fabric construction
The woven fabric was plain weaves. Fabric SB
(Figure 2), the polypropylene filaments were
randomly oriented and uniform in size and had
smooth surfaces. Fabric SMS (Figure 3) was
composite in nature with a randomly laid
spun-boned web on the top and bottom with an
additional melt-blown layer between. Fabric SL1
(Figure 4) contained two distinct fiber types,
- 1359 -

contributed substantially to healthcare costs, and
the situation became even worse when they
discovered the cost and environmental
consequence of discarding the used materials
[12]. The selection of protective textiles
becomes a varied and complicated process
affected not only by material functionality, but
also by economic, environmental factors.

Most of the gowns were constructed from 3-5
major pieces. Although gowns had no seams at
the side, they had front and back panels defined
by the sleeve placement. The front of the gowns
was continuous with no seams or breaks in the
fabric surface. This is important as the front of
body is a critical area for barrier performance
[10]. The back was composed of two
overlapping panels providing access for donning
and doffing. Ties were used in various locations
to secure the gowns. Though most gowns
featured straight hems, the back panels of one
Kimberly-Clark gown angled upward from each
side [11]. This feature was designed to provide
improved heat release and ventilation for the
doctors and nurses. The necklines of the gowns
were closed in a variety of ways, all providing
some adjustability for fit. There were three
means of closing the gown neckline such as
snaps, hook and loop tape and closures. The
second one was used by disposable gowns, while
the other two were used by both disposable and
reusable gowns. A majority of the sleeves on the
gowns were a raglan style. This style was
perceived to provide superior ease of movement.
The sleeve edges were contained with a cuff
stitched on at the wrist. In use, surgical gloves
were worn pulled up over the cuffs, so it was
important for the cuffs to fit tightly.
Mechanical Properties
The water repellency and comfort characteristics
for each sample are reported in Table 2. With
hydrostatic pressure test method, 17cmH2O
indicates the minimum level for the gown
repellency requirement. All of the fabrics except
fabric CO, the woven fabric, reached or
exceeded 17cmH2O. The hydrostatic pressure for
fabric CO was 3cmH2O. When evaluating the
SEM micrographs, it is estimated the possible
link between water repellency and pore size or
channel. With water permeability and air
permeability test methods, all of the fabrics were
up to the comfort requirement.
Table 2 Fabric water repellency and comfort characteristics

Sample
CO
SB
SMS
SL1
SL2

Water
Repellency
Hydrostatic
Pressure
(cmH2O)
3
22
19
27
17

Comfort
Water
Permeability
(g/m2·d)
5859
6275
4570
6275
5453

Air
Permeability
(L/m2·S)
211
669
375
279
596

Disposable textiles were characterized as more
protective and more comfortable for wearers
when they are first promoted to the market. But
later on, hospitals and healthcare facilities
realized that the use of disposable materials had
- 1360 -

Environmental factors
Laundering is a very necessary process in the
life cycle of reusable textiles. This process
consumes large amounts of water and
consequently produces the same amount of
wastewater. Reusable gowns are washed by
hospital laundry department or commercial
laundry facility. There are no washable
nonwoven gowns used in Chinese hospital. The
gowns were laundered separate from soiled
gowns to prevent transference of contaminates.
The basic formula and procedure was presented
in Table 3. A washing machine can produce 150
cubic meters’ wastewater one day. The
expenditures of water for commercial use reach
5.4RMB (0.78US$) per cubic meters[13]. The
wastewater from “rinse” and “sour” washing
steps and dewatering can be collected together
and treated to meet the requirement in quality of
the former steps washing water. Thus, plenty of
fresh water and money can be saved, also good
economic and environmental effectiveness can
be obtained.
Disposable textiles, after one use and reusable
textiles, after 50 cycles must be discarded as
bio-hazardous materials. Medical use waste
accounts for 16% of solid waste in hospital (Fig.
6). Gowns and drapes contribute approximately
2% of all hospital waste [4]. Medical solid
wastes are designated as “infectious” or
“yellow-bag” waste. With increasing application
of disposable products, quantities of medical
waste were growing fast (Table 4). Medical
waste disposal should carry on in accordance
with “Medical Waste Management Regulations”.
The medical wastes should be sorted and
delivered to specified place. Since 2003, more
and more cities have established medical
wastes-disposal center. Medical wastes are
mostly done by incineration in China. Medical
waste incinerators (MWIs) create significant air
quality problems. Disclosures indicate that
MWIs emit dioxins, furans, carbon monoxide
and heavy metals. An alternative to medical
waste incineration is landfills. Landfill sites are
not welcome in or near large population centers.
There is concern that those living near landfill
locations experienced an increased risk of births
with congenital malformations. A study of
populations living within 2 km. of some 24
landfill sites that had opened from 1983 through
1997 showed a significant increase in congenital

factor to select gowns materials in Chinese
healthcare facilities. Hospital socialization
management covers medical textiles such as
gowns, patient clothing, surgery room textiles
providing services of gown purchasing,
laundering
(sterilization)
and
recovery.
Leasehold and contract model of reusable
textiles begin to enter Chinese market. Low
price and professional service is a development
trend of hospital management.

abnormalities [14]. Landfill treatment of medical
waste is forbidden in China.

Table 5 Cost of a surgical gown comparisons of disposable
and reusable products (50 laundering and sterilization
cycles )

Figure 6 Composing of Solid Waste in Hospital (according to
excluding quantity per day)
Table 3 Basic formula for laundering surgical gowns*
Step
flush

Water
level
high

Water
temperature(F)
100

Time(min)

Additives
/

140

3
3
2
7

break

low

Soap
bath
bleach

low

160

5

high

155-160

7

rinse

high

sour

low

155
140
120
100

2
2
2
5

Purchase price
Use /
maintain
price

detergent
(PH=12.5)
detergent
15%
chlorine
/

Sour(PH=3)
Softer
(final PH=5.5-6.0)

*Laundry service of Shanghai Medtec Ltd. Company
Table 4 Quantity of medical solid waste in one of Chinese
medium cities

Year

Number of
Collection
Points

Quantity of
Recovery
(ton)

Excluding
quantity per day
(ton)

1999
2000
2001
2002
2003
2004
2005

30
182
290
376
495
603
668

369.8
766.9
2388.2
5027.4
6542.7
7103.4
7925.6

1.01
2.10
6.54
13.77
17.88
19.50
22.00

Cost
When doing a cost comparison between a
reusable and disposable gown, the true cost of
using a product goes beyond just the purchase
price. It consists of visible cost and hidden cost.
The formula helps determine the true cost of
using gowns.
Cost = purchase price + use/maintain price +
disposal price + warehousing cost
On a cost per use basis, Table 5 estimates were
disclosed. Disposable gowns cost 2.5 times more
than reusable gowns. These figures can vary, but
the cost saving characteristics of reusable gowns
are expected to be maintained.
Economic benefit and hospital management
model influence gowns market. Price is primary

Administration
price
Laundering &
sterilization
Warehouse price
Disposal price
Cost per use

Reusable
(Cotton)
$ 8.57-14.29
($11.43/50)
$ 7.50 / 50

Disposable
（SMS）
$ 1.71-1.86
($ 1.79)
$ 0.15 * 1

$ 12.50/ 50

0

$ 10.00 / 50
$ 7.50 / 50
$ 0.83

0
$ 0.15 * 1
$ 2.09

CONCLUSIONS
A brief overview of current status of medical
textiles in China was conducted. Disposable
textiles provide optimum repellency property
while they generate more solid waste than the
reusable products. Reusable products consume
significantly more water and produce more
water pollution with detergents and chemicals.
Provided that the wastewater can be fully treated
and recycled, the laundry operation also
consumes energy. Reusable textiles cost much
less when compared to the cost-per-use of
disposable textiles. Cost is a very important
factor in decision making process.
Further work is continuing with the study of
effect of laundering on the properties of reusable
surgical gown fabrics and the emission of
disposal to environmental pollution, which will
provide further comparison of two materials and
move to build a strategic model of medical
textiles to evaluate the properties fully and
critically.
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Abstract
Unlike low pressure plasmas, atmospheric pressure plasmas can treat materials with adsorbed liquids such as
organic solvents used as cleaning agents and cross-linking agents. These solvents may interact with the plasmas
to influence the treatment results. This paper studies the ethyl alcohols’ influence on the atmospheric pressure
plasma jet (APPJ) treatment of ultrahigh molecular weight polyethylene (UHMWPE) fibers with pure helium or
helium with 1% oxygen as treatment gas. Ethanol, ethylene glycol and glycerol with small molecule weight
were used to pretreat fibers. All the fibers have 0.3%-0.9% weight gain after soaking in those solvents
separately. Scanning electron microscopy (SEM) shows that the surface of fiber soaked in ethanol for 12 h does
not show any morphological change from control group. But there are some micro-splits on the fiber surface
which were pretreated by 0.15 mol/l ethylene glycol or 0.2 mol/l glycerol solutions for 24 h followed by plasma
treatment. X-ray photoelectron spectroscopy (XPS) shows a small increase of oxygen content on the surface of
ethyl alcohols pretreated UHMWPE fibers. And the increase of glycerol is larger than the other two. Microbond test shows that the interfacial shear strength values (IFSS) of the fibers to epoxy with ethyl alcohols
pretreatment are smaller than that of the plasma directly treated fibers. Among them, the IFSS of fibers dropped
most significantly with ethanol pretreatment. It is likely that ethyl alcohols absorbed into the fiber reacts with
the plasma, and forming a weakly bonded layer of polymers that reduced plasma etching and IFSS. And the
etching effect could be recovered by the extension of plasma treatment time and increase of molecular weight of
ethyl alcohols.
Keywords：Atmospheric pressure plasma treatment; ethanol; ethylene glycol; glycol; glycerol; UHMWPE
fiber; SEM; IFSS; XPS
are no previous investigations on the influence of
ethyl alcohols on atmospheric pressure plasma
treatment of polymeric materials. Therefore the
influence of ethyl alcohols absorbed into the
substrate materials on the effectiveness of
atmospheric pressure plasma treatment is of great
importance to the industry.

1. INTRODUCTION
Atmospheric pressure plasma treatment does not
require a vacuum system and therefore can greatly
expand the scope of plasma treatments in materials
processing [1] Different from low pressure plasmas,
atmospheric pressure plasmas may treat materials
containing adsorbed liquid. These chemicals may
potentially interact with plasmas and thus influence
the outcome of the plasma treatments. Ethyl
alcohols play an important role in many chemical
reactions due to the ability to undergo selfassociation with manifold internal structures. And
this characteristic explores its use in industry and
research areas as reagents, solvents and fuels [2] In
this study, ethanol, ethylene glycol (EG) and
glycerol were used as a pretreatment agent for
substrate prior to plasma treatment. Till now, there

2. APPROACHES
2.1 Materials
The UHMWPE fibers and epoxy resin are the same
as previous paper [3] The ethanol was 99.7% pure,
EG was 99.99% pure and glycerol was 98.0% pure.
They are all provided by Sinopharm Chemical
Reagent Co., Ltd.
2.2 Sample preparation and plasma treatment
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surface of EG pretreated fibers. The reasons will be
discussed along with IFSS result below.

All the UHMWPE fibers including the control
fibers were cleaned as using acetone [3]. The EG
and glycerol were diluted with deionized water into
two pretreatment solutions in which the
concentration of EG is 0.15 mol/l and of glycerol
was 0.2 mol/l, respectively. The fibers were then
divided into 5 groups: control or untreated, plasma
directly treated, pure ethanol pretreated, EG
solution pretreated and then plasma treated. In the
ethanol, EG and glycerol pretreatment process, the
samples were immersed in the solutions for 24 h,
separately. The mass change (add-on) of the fibers
was determined by weighing the fibers before and
after the EG pretreatment using an analytical
balance.

3.2 XPS analysis
The surface chemical composition change for the
surface of control, ethyl alcohols-pretreated and unpretreated UHMWPE fibers followed by APPJ
treatment could be observed through XPS analysis.
Table 1 represents the elemental compositions and
the atomic ratios of O/C derived from the XPS
spectra. The APPJ plasma treatment oxidized the
UHMWPE fiber surface showing higher oxygen
concentration than that of the control fibers. The
O/C ratios are larger with ethanol pretreatment [3]
or glycerol pretreatment than the plasma directly
treated fibers. And the oxygen concentration of EG
pretreated group followed by APPJ plasma
treatment is between that of control group and the
group treated by APPJ plasma without EG
pretreatment.

The atmospheric pressure plasma jet (APPJ)
treatment process and parameters are the same as
the ones in our previous papers [3,4].
2.3 Micro-bond pull-out test
All the single fiber specimens for micro-bond test
were prepared the same way as reported previously
[3]. Small epoxy beads were put onto fibers and
then cured at 80 °C for 2 h. The embedded length
and the diameter of each bead as well as the
diameter of the fiber were measured using an
optical microscope

In order to investigate what chemical functional
groups were introduced to the surface of the fibers
after APPJ treatment, deconvolution analysis was
carried out to obtain the concentration of each
chemical component with Cls using XPSPEAK
software as shown in Table 2. After the direct
APPJ treatment, C-C bonds reduced obviously,
which could due to the surface oxidation in-plasma
or post-plasma treatments, and more C-O bonds
were generated. The pretreatment of EG made the
concentration of C-C increase compared with the
plasma treated fibers without EG pretreatment.
However, compared with the plasma directly
treated group, C-O, C=O and O=C-O groups were
raised up to 30% due to the pretreatment of ethanol
[3]or glycerol.

2.4 XPS
The surface chemical composition of the control
and the treated UHMWPE fibers were evaluated by
the Thermo ESCALAB 250 X-ray photoelectron
spectrometer. The measurement was carried out as
previous paper[4].
2.5 Scanning Electron Microscopy
A JSM-5600LV Scanning Electron Microscopy
(SEM) System was employed to observe the
surface morphology of the ethyl alcoholspretreated and -unpretreated UHMWPE fibers
following by plasma treatment. The fibers were
gold coated prior to being loaded into the SEM
chamber.
3. RESULTS AND DISCUSSION
3.1 Surface morphology
Surface morphology of control and treated
UHMWPE fibers are shown in Fig. 1. Some micropits appear on fiber surface after APPJ plasma
treatment. No significant difference can be
observed at the 5000×~ 10,000× magnification
among control fibers and ethanol pretreated fibers
[3] But the group of glycerol pretreated followed
by plasma treated for 1 lap is rougher than control
groups. And there are some microspits on the
- 1364 -
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Fig. 1 The SEM micrographs of the surface of control and APPJ treated UHMWPE fibers. (a) control, (b) plasma directly treated for 1 lap,
(c) ethanol pretreated followed by plasma treated for 1 lap, (d) EG-0.15mol/l pretreated followed by plasma treated for 1 lap, (e) EG0.15mol/l pretreated followed by plasma treated for 2 laps, (f) glycerol-0.2 mol/l pretreated followed by plasma treated for 1 lap

- 1365 -

Table 1 XPS elemental analysis of control and APPJ treated
UHMWPE fibers

and the generation of rougher fiber surface of the
EG-0.15 mol/l plasma-2 laps group.

Sample

Table 3 Interfacial shear strengths of APPJ treated UHMWPE
fibers determined by micro-bond pull-out test

Control
Plasma directly-1 lap
Ethanol plasma-1 lap
EG-0.15mol/l plasma-2 laps
G-0.2 mol/l plasma-1 lap

Chemical
Composition (%)
C
O
93.
6.6
82.2
7.8
84.3
15.7
93.1
6.9
78.3
21.2

Atomic Ratio
(%)
O/C
7.0
8.5
19.0
7.2
27.0

Sample
Control
Plasma directly-1 lap
Ethanol plasma-1 lap
EG-0.15mol/l plasma-2 laps
G-0.2 mol/l plasma-1 lap

Table 2 XPS elements analysis for control and APPJ plasma
treated UHMWPE fibers

Sample
Size
45
35
47
35
30

IFSS (MPa)
Mean SD
6.13
1.73
17.16 2.82
3.92
1.99
12.92 5.57
14.71 4.38

4 CONCLUSIONS
The atmospheric pressure plasma treatment was
used to modify the surface morphology and
increase the oxidation of fiber surface so as to
enhance the adhesion of UHMWPE fibers to epoxy
resin. However, the UHMWPE fibers pretreated
with ethyl alcohols solutions had similar IFSS
between fibers and epoxy resin to that of control
fibers, which means that the effect of the plasma
treatment could be neutralized by ethyl alcohols,
but the effectiveness can be recovered by extending
the plasma treatment time. This mainly due to a
weaker layer of polymer was formed by ethyl
alcohols\Helium plasmas reaction which reduced
the etching process greatly. What is more, the
negative influence of ethyl alcohols can be reduced
along with the increase of the molecular weight of
ethyl alcohols.

Sample

Relative area under Cls envelop (%)
C-C βCOOR C-O C=O COOR
Control
92.5
0
7.5
0
0
Plasma directly-1 lap 87.3
0
12.7
0
0
Ethanol plasma-1 lap 76.8
3.1
14.1 3.0
3.0
EG-0.15mol/l plasma- 87.6
0
12.4
0
0
2 laps
G-0.2 mol/l plasma-1 64.1
4.4
22.8 4.3
4.4
lap

3.3 Interfacial shear strength
As shown in Table 3, without EG pretreatment, the
IFSS values for the fiber were significantly
increased by APPJ treatment. However, with the
pretreatments of ethanol and EG/water solutions,
the IFSS values of ethanol-1 lap and EG-0.15
mol/l-1 lap were enhanced less than plasma treated
directly groups’, and appear no difference from
that of control group [3]. The IFSS value of
glycerol pretreated fibers (glycerol-0.2 mol/l-1 lap)
is smaller than plasma directly treated fibers but
larger than ethanol and EG pretreated fiber.
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What is more, the IFSS value was raised again
when plasma treatment time was doubled in EG0.15 mol/l-2 laps. And fiber surface morphology of
the samples has the same tendency (see Fig. 1).
The effect of plasma seemed to be hindered by the
pretreatment of EG. The reasons for this effect
could be complicated. Actually, fibers have
0.31%~ 0.9% weight gains after soaked for 24 h in
ethyl alcohols solutions, separately. It seems that
there was a layer of ethyl alcohols covered on fiber
surface which interacted with plasmas and formed
a weaker layer of polymer. It is the polymer
consumed the energy of plasma particles,
prevented the fiber surface from etching ， and
changed oxidation rate of fiber surface. Therefore
IFSS values reduced significantly. As the treatment
went on, no ethyl alcohols left on the fiber surface,
and then the fiber surface was treated by plasma
directly. This explains the increase of IFSS value
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ABSTRACT
The aim of this study is to develop a facile and efficient process to provide electrospun polycaprolac-tone(PCL)
scaffold with a bone-like apatite coating while maintaining its fibrous and porous structure. First, PCL scaffolds
with uniform fibrous structure were fabricated by electrospinning. Second, NaOH was used to activate the
surface of the scaffold. Before mineralization, a Ca-P treatment was utilized to deposite some apatite nuclei
onto the surface. Then, the treated PCL scaffolds were immersed in SBF for varying periods. PCL fibers were
found to mineralize after immersion in SBF for 6h. The coating of apatite was determined to have some
similarities with that from natural bone. A preliminary study was conducted on PCL scaffolds and mineralized
PCL scaffolds. The results proved that the apatite coating on the scaffolds support fibroblasts growth and
proliferation. As the mineralized electrospun scaffold has a similar structure as the natural bone, it is expected
to have some potential in bone tissue engineering.
Keywords:electrospinning;polycaprolactone;scaffolds;apatite
voltage power supply (0-50 kV) was attached to a
copper wire inserted into the polymer solution in
3the syringe, whereas the ground drum covered
with an aluminum foil served as counter electrode.
The distance between the tip of the syringe and the
collector was 12 cm when the voltage applied
across the electrode reached 15 kV. After spinning,
a web of fibers accumulated on the surface of the
aluminum foil was removed from the aluminum
foil and dried in a vacuum oven at room
temperature for 3 days to remove the residual
solvents.

INTRODUCTION
In the field of bone regeneration, the electrospun
polymeric scaffolds have shown a number of
research outcomes in vitro [1-3]. Polycaprolactone
(PCL) electrospun scaffold was suggested as a
good matrix for the regeneration of tissues,
including bone, as the matrix was able to populate
bone marrow-derived mesenchymal cells and to
mediate their differentiation into osteoblastic cells
[1, 2]. However, due to lack of functional groups in
PCL scaffold, apatite was hard to mineralize onto
the scaffold, which affects its application in bone
tissue engineering. Herein, in our study, a simple
and quick method was utilized to activate the
surface of the scaffold to induce apatite growth.
The effect of the method on the bioactivity of the
scaffold was examined.
EXPERIMENTAL
Preparation of electrospun PCL scaffold
Certain amount of PCL pellets (Mw=80000,
Solway, Chemical Co. Inc., England) was
dissolved in mixture of methylene chloride and N,
N-dimethyl formamide (MC/DMF, v/v=85/15) to
prepare 8 wt PCL MC/DMF solution as
electrospinning dopes. A schematic diagram of the
electrospinning apparatus is shown in Figure 1. In
electrospinning, each of the as-prepared spinning
dopes was contained in a 50 ml glass syringe, the
opening end of which was connected to a gauge 20
stainless steel needle (OD=0.91mm) that was used
as nozzle. The positive terminal of a variable high

Figure 1 Schemtic diagram of the electrospinning setup

Mineralization of electrospun PCL scaffold
The mineralization of the PCL scaffold was carried
out in three sequential steps: activation, CaP
treatment and mineralization. First, the surface of
the scaffold was activated by soaking it into 10 ml
of 5M·L-1NaOH and incubated at 50℃ for 30min
while gently stirring (60 rpm) the solution. Next,
for CaP treatment, the scaffold was removed from
the NaOH solution and washed with distilled water,
then dipped alternately into CaCl2/ tris-HCl
solution (200 mM, pH 7.4) at 37°C and a Na2HPO4
solution (120 mM) at 37°C for apatite formation
- 1367 -

for 1min respectively. This process was repeated
three times before drying drying the specimen.
Finally, for mineralization, the dried scaffold was
incubated in 50ml of SBF, which has ionic
concentration equal to human body plasma (table
1).

a

b

c

d

Table 1 Comparison of concentrations (mM) of various ions in
human blood plasma and SBF.

Blood
plasma
SBF

Blood
plasma
SBF

Na+

K+

Ca2+

Mg2+

142.0

5.0

2.5

1.5

142.0

5.0

2.5

1.5

HCO3-

Cl-

HPO42-

SO42-

27.0

103.0

1.0

0.5

Figure 2 SEM microphotographs of apatite formed on
electrospun PCL scaffold after incubation in SBF for different
periods: a. original electrospun scaffold; b. surface-modified
specimen after 6h of incubation; c. surface-modified specimen
after 24h of incubation; d. original specimen for 72h of
incubation.

4.2

148.0

1.0

0.5

FT-IR ATR study of electrospun PCL scaffold

Characterization
The morphology on PCL scaffold before and after
mineralization was examined by a scanning
electron microscope (SEM, JSM－5600LV, JEOL
Ltd., Japan). The formed apatite on the surface was
characterized
by
fouriertransform
infrared
attenuated total reflection spectroscopy (FT-IR,
NEXUS － 670, Nicolet, USA). Fibroblasts were
seeded on scaffolds to evaluate the effect of
mineralization on biocompatibility of PCL scaffold.

Figure 3 FT-IR ATR spectra of fibrous PCL scaffold before
and after mineralization

FT-IR ATR was used to examine the chemical
structure of the particle formed on PCL scaffold, as
shown in Figure 3. The peak around 1040cm-1 and
602cm-1 were assigned to PO43-[4]. The band
around 873 cm-1 corresponds to HPO42- or to CO32group [5]. A broad band at about 1420-1450 cm-1
results from CO32- group. The formed apatite
particles were found to have a composition and
structure analogues to those in bones and hence
called as bone-like apatite.

RESULTS AND DISCUSSION
Mineralization of electrospun PCL scaffold
The morphology of the as-spun scaffold (Figure 2.a)
obtained with diameters of hundreds of nanometers
to nearly 1micron. The pretreated scaffold was
mineralized in SBF for periods of up to 72h. After
incubation for 6h, apatite was easily observed on
the surface, covering many parts of the surface
(Figure 2.b). With incubation in SBF for 24h, the
nanofiber surface was almost fully covered with
mineralized crystal, the fiber diameter was
thickened considerably, and some interspacings of
the nanofibers were merged (Figure 2.c). But no
apatite was found on the specimen which hasn’t
been surface modified even after 72h (Figure 2.d).
These results means the surface modified scaffold
have better apatite induce ability than as-spun
scaffold which is vital to bone tissue regeneration
and represents the ability of bone scaffold.

In vitro cellular assays
Table 2 Optical density values of fibrous scaffolds evaluated by
MTT assays (p<0.05)

PCL

HA/PCL

48h

Control
group
0.520±0.013

0.503±0.030

0.517±0.077

72h

1.170±0.085

1.169±0.108

1.038±0.023

A cellular assay was conducted on fibrous
scaffolds of PCL and HA/PCL respectively by
using L929 cell lines to investigate the influence of
mineralization on fibroblasts activity and to
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comply with ISO10993-5 standard test method.
Table 2 shows that both of the two fibrous
scaffolds exhibited equivalent absorbance values in
comparison with that of the control. Optical density
(OD) values increased with culture time. All of the
results clearly suggested that mineralization of
PCL scaffold did not affect fibroblasts growth and
proliferation.
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CONCLUSION
The surface of the electrospun PCL scaffold was
activated by NaOH solution. The activated scaffold
was proved to have good bioactivity. The surface
of the scaffold was covered by apatite minerals
through a series of in vitro mineralization processes.
The in vitro cellular assays suggested the scaffold
were nontoxic to fibroblasts. These results
indicated a high potential of electrospun PCL
scaffold to be used as bone regeneration scaffold
because of ability to promote apatite growth.
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freeze-drying, fiber extrusion, electrospinning and
textile processing.[4-5] However, most of these
processes fail to control both the architecture and
surface properties at different levels of scale. Only
textile fiber-base technologies are considered the
preferred approach for the production of 3D porous
scaffolds since they can provide superior control
over the design, 3D architecture, porosity &
mechanical properties.

STATEMENT OF PURPOSE
Atherosclerotic diseases affect more than 8 million
Americans, leading to significant increases in
morbidity and mortality rates [1]. Although using a
synthetic graft has been moderately successful for
larger diameter vessels, this is not the case for
vessels less than 6 mm due to issues such as
thrombosis, occlusion, and intimal hyperplasia [2]
As a result, a scaffold-based tissue engineering
approach is of considerable interest for designing
functional small diameter vessels. Native blood
vessels have a hierarchal configuration with
smooth muscle cells oriented circumferentially in
the media layer and with a monolayer of
endothelial cells lining the internal intima layer. In
this study, we have developed a fibrous scaffold
architecture that mimics this configuration both
morphologically and mechanically by using
different fiber-based fabrication techniques to
prepare
tubular
scaffolds from
a novel
bioresorbable
elastomeric poly(L-lactide-co-ecaprolactone) (PLCL) copolymer.
Inner layer
-Electrospun fibers
(Endothelial cells)

APPROACH
Multi-layered tubular constructs (5mm inner
diameter) were produced from poly(L-lactide-co-ecaprolactone) (PLCL) copolymer (molar ratio
50:50, Mw-350,000, supplied by KIST, Korea) by
combining
electrospinning
and
different
fiber/textile forming techniques. For preparing the
sub-micron fibrous inner layer, PLCL copolymer
was electrospun from a 9 % (w/v) 1,1,1,3,3,3hexafluoro-2-propanol (HFIP) solution using a
flow rate of 1 ml / hr and a 10 kV accelerating
voltage. To characterize the morphology and
adhesion between the layers, image analysis and
scanning electron microscopy (SEM) were
performed.
To determine
the
mechanical
functionality, transverse stress and strain were
measured to failure on a mechanical tester (MTS
Model 1122). To investigate the presence of
residual solvent and its effect on cell behavior, cell
adhesion and proliferation assays were performed
with fibroblasts seeded at a density of 10,000 cells
per well. After incubation for up to 14 days,
cytotoxicity and cell viability were determined by
means of WST and LDH assay kits as well as
SEM observation. The preparation of the threedimensional media layer has been explored by
various fiber forming techniques including melt
spinning and yarn winding, flocking and other
conventional textile fabrication methods.

Outer layer
-3D textile structure
(Smooth muscle cells/
Fibroblasts)

FIGURE 1 - Schematic drawing of tubular TE construct

INTRODUCTION
The new paradigm of regenerative medicine is
enabling the replacement of diseased and injured
human tissues with healthy living cells and tissues
grown on tissue engineered scaffolds. These
resorbable scaffolds are being developed to meet
the following requirements of cell culture prior to
implantation. They should be biocompatible, have
a known rate of resorption, appropriate mechanical
properties for the clinical application and have a
functional surface to promote cell adhesion, growth
and differentiation.[3] Scaffolds are prepared using
a variety of techniques, such as gas foaming, phase
separation, porogen leaching, rapid prototyping,

RESULTS AND DISCUSSION
To find the optimal processing conditions for
electrospinning this copolymer, variables such as
polymer concentration, flow rate, critical voltage
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were investigated prior to fabricating the tube. The
relationship between the processing variables and
the fiber morphology is reported elsewhere.[6]
Based on the findings, electrospun tubular
structures were fabricated to serve as the inner
lumen of the 3D construct. The mean diameter of
the electrospun fibers in the inner layer was 960 ±
30 nm and the total porosity of the tubes was 84.38
%. The appearance of the tubes was white and filmlike, maintaining both their tubular shape and their
mechanical integrity as shown in Figure 2 .

CONCLUSIONS
A PLCL copolymer was successfully electrospun
into tubular scaffolds having greater strength and
compliance than those of natural arteries of
equivalent caliber. These electrospun layers were
designed to be the inner layer of hierarchal vascular
scaffold and promote growth of an endothelial
mono-layer and provide hemostasis. The outer
layers of the tubular constructs have been fabricated
by different processing techniques so as to promote
three-dimensional smooth muscle cell growth.

FUTURE WORK
Further characterization of the scaffold structure as
a whole will be carried out. Following the
biological evaluation of the scaffolds, in vitro coculture of endothelial cells and smooth muscle cells
will be carried out. Optimizing the bioreactor
design and selecting the cell source will be a
challenge. Further clinical applications for the
construct are also being explored in collaboration
with a team of vascular surgeons.
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FIGURE 2- Morphology of the inner layer of the tubular
construct

The overall mechanical properties exceeded that of
natural arteries. The transverse breaking stress of
the tubes in a dry state was 44.8 ± 3.5 MPa with
breaking extension of 362 ± 10%. Based on the
cytotoxicity/cell viability assays it was evident that
cell viability increased after 7 days of culture. SEM
analysis also confirmed that the electrospun
structure is free from long-term cytotoxic effects and
supports cell attachment after 7 day of culture as
presented in Figure 3 .
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FIGURE 3- WST and LDH assay results and SEM
mic rographs at 0 day (left) and 7 day culture (right)

For the fabrication of the 3D textile outer layer,
ranges of different techniques are being explored.
In order to promote cellular infiltration and
maintain precise control over the geometry and
thickness of the structure, as well as regulate mass
transport, fabrication methods including flocking,
spun laced nonwovens and weaving and knitting
pile structures are being evaluated.
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1. Introduction
In order to repondre to the protective requirement,
the surgical gowns should not only be antibacterial
for protection contre against microbial attack, but
should also have blood barrier properties to prevent
or minimize infection or tranmission of diseases and
to protect patients surgical staff from infectious
fluids, it is very important to treat these textile
materials with antibacterial and fluid repellent
finishes [1,2] .
In our early research [3], we have received the optimal
technology for antibacterial treatment of peco woven
fabric by AEM 5772/5, it is a quatenary ammonium
antibacterial agent. The received fabric is even
bacteriocide after 20 laundries cycles.
In this study, we keeped the AEM 5772/5 as
antibacterial agent and used fluoropolymer as fluid
repellent agent. Our objectives are to develop dual
protection reusable surgical gown material, so in this
investigation, the antibacterial ability and water
repellent property of fabric are evalueted after
treatment and after different laundrie cycles.
2. Experimental
Fabric:
• Construction: plain weave
• Fiber content: 65% PET and 35% cotton
• Weight (g/m2): 129
• Fabric situation: after desizing, scouring,
bleaching, mercerization and heat setting for
stabilization
Chemical agents:
• Antibacterial:
quatenary
ammonium
AEM5772/5 of Aegis
• Water repellent: fluoropolymer – Nuva HPU of
Clariant
Technology process:
• Antibacterial treatment:
o Technique: Pad-dry-cure
o Technology parameters:
Concentration of agent: 7% per
weight
of fabric
Padded: 60% wet pickup on weight of fiber
(owf)
Dried at 110oC during 2 minutes
Curing: 155oC during 60 seconds
• Washing and drying
• Water repellent treatment

o Technique: Pad-dry-cure
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•

•

•

o Technology parameters:
Concentration of agent: 30g/l
Padded: 60% owf
Dried at 130oC during 2 minutes
Curing: 170oC during 60 seconds
Washing for testing of antibacterial durability
and water repellent durability of fabric after
wet washing: washing follow ISO 6330
standard, method 3A
Test of antibacterial activity of fabric after dual
treatment and after different laundry cycles
follow ASTM E2149-01 standard
Test of water repellent ability of fabric after
dual treatment and after different laundry
cycles follow ISO 4920-1981 standard

3. Results
3.1 Codification of sample
NT: non-treated
KC0: After dual treatment
KC5: After 5 laundry cycles
KC5: After 10 laundry cycles
KC5: After 15 laundry cycles
KC5: After 20 laundry cycles
3.2 Antibacterial activity of fabric
Table 1: Antibacterial activity of fabric
Sample

NT
KC0
KC5
KC10
KC15
KC20

Quantity of bacterie at the
time of contact (x105)

to
56.0
63.4
45.6
35.7
73.5
83.4
64.3
56.7
42.2
30.2
89.1
734

t1
105.2
98.4
20.3
15.9
25.1
33.9
16.5
14.8
15.3
10.9
39.5
325

t24
1.2
0.5
1.3
0.7
0.3
0.7
5.0
3.6
1.8
1.0

Bacterial
Redaction of
samples at the
time of contact
(%)
R1
R24
55.47

97.91

62.40

98.73

74.13

99.17

63.81

88.12

55.69

98.28

80

4. Conclusions
• After dual treatment, the water repellent ability
of fabric is best (ISO 4 in comparison with ISO
1 for non treated fabric). But this ability
decrease with number of laundry cycles
• However, antibacterial activity of samples were
changed with completely different tendency:
After 1 hour of contacte with bacterie, the
antibacterial activity of the samples encreases
from 0 to 10 cycles, and deacrese from 10 to 20
cycles. But, after 24 hours of contacte with
bacterie, this capability also is inchanged (figure
2)

2

y = -3.7244x + 22.532x + 35.675
2
74.13
R = 0.8365

R1(%)

63.81

62.40

65

55.69

55.47

50
35
20
KC0

KC5

KC10

KC15

KC20

Figure 1: Bacterial Redaction of samples after 1 hour of contact
R24(%)
100

97.91

98.73

KC0

KC5

99.17

88.12
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Figure 2: Bacterial Redaction of samples after 24 hour of contact

3.3water repellent ability of fabric
Figure 3: Water repellent of samples

NT

KC0

KC10

KC5

KC15

KC20

Table 2: Water repellent ability of samples
Samples

Follow
ISO 4920-1981

Follow AATCC dry
suface (%)

NT

ISO 1

<50

KC0

ISO 4

90

KC5

ISO 3

80

KC10

ISO 3

80

KC15

ISO 2

70

KC20

ISO 2

70
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The tensile and abrasion resistance test data
presented here was generated from three
commercially available braided suture products.
As will be shown, these data possess enough
variation to prompt a desire for continued study.
With the capability to fabricate braids of any
composition, i.e. not limited to those commercially
available, an experimental plan (see Future Work)
was initiated to further elucidate the effect of
composition on a variety of key suture attributes.

OJECTIVE
To study the effect of varying constituent yarn
proportion in a composite braid of typical structure
on key suture performance attributes, with a
specific focus on combinations of melt-spun
polyethylene terephthalate (PET) and gel-spun
ultra high molecular weight polyethylene
(UHMWPE).
INTRODUCTION
Over the past ten years, for procedures requiring
tissue-to-bone fixation, there has been an almost
complete conversion by orthopedic surgeons from
braided suture made from melt-spun PET yarns to
various brands of what has come to be referred to
as high strength (HS) suture. These HS sutures
obtain their significant strength increase by
incorporating gel-spun UHMWPE yarns into the
braid structure. The unique structure and method
of manufacture of braids facilitates the ability to
create composite structures such that the proportion
of each component used provides yet another
means of tailoring the resulting properties. To-date,
a wide variety of materials (PET, UHMWPE, PP,
Nylon, PDS) is utilized in composite fashion in
commercially available HS sutures. Presented
within this document are the initial results from the
testing of a subset of those commercially available
HS sutures.While the stand-alone attributes of HS
sutures, e.g. tensile/knot strength and knot security,
are of great importance and worthy of detailed
study as in the work by Shah, et al [1], their
interaction with the anchors they are often coupled
with is also crucial in gauging overall performance.
Such suture/anchor interaction has been studied
and documented by Barber [2]; however this work
was limited to the evaluation of pull-out force and
failure mode during static suture/anchor contact.
Another study of note by De Carli et al [3], further
incorporated cyclic loading of the suture/anchor
construct reporting ultimate failure load and mode
of failure for a variety of commercially available
suture and anchor combinations. Cyclic loading
results in abrasive contact between the suture and
anchor eyelet that can result in premature failure
after implantation, or if aggressive enough, failure
during the procedure.

MATERIALS AND METHODS
The three commercially available size 2 braided
sutures selected for this study have been designated
as CP1-CP3.
Their approximate overall
composition (PET/UHMWPE) is as follows: CP1
(100/0), CP2 (0/100) and CP3 (40/60). Note these
estimates are based on the assumption that for
braids that possess a core, the core represents 20%
of its composition
Tensile testing included straight and knot-pulls
[n=5] was performed on an Instron Model 5564,
equipped with Instron 2714 series grips and a 1kN
load cell. Abrasion testing was performed on a
custom designed suture/anchor cyclic testing
apparatus [n=5]. This apparatus is designed to
repeatedly pass a 5” section of suture, through the
eyelet of anchor under a constant load with a wrap
angle of 180 degrees. Each suture type was tested
using three different static loads.
RESULTS AND DISCUSSION
Representative straight-pull (SP) load-elongation
curves are shown in Figure I. The response of CP1
is considered typical of an all PET braid. The
response of CP2 shows a dramatic increase in
strength and decrease in elongation-to-break (EtB),
both of which would be anticipated based on the
properties of the constituent gel-spun UHMWPE
yarns. The response of CP3 shows jagged step
changes indicative of partial failure of the structure.
Based upon partial failure first occurring at such a
low elongation, it is most likely the result of failure
of the core yarns. Furthermore, the fact the core
fails in stages suggests that the core has structure to
it beyond a simple bundle of parallel filaments, e.g.
a twisted core structure. While most suture
applications are associated with knots, the
increasing number of knot-less anchor systems
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may require that greater consideration be given to
achieving more predictable and consistent straightpull performance than exhibited in CP3.

consideration must also be given to other critical
attributes as well, e.g. failure mode, handling, etc.
1000

CP1

35

Load (kgf)

CP2

CP3

Cycles-to-Break

CP1

30
25
20
15

CP2
100

CP3

10

10
5

1
0

0
0

5

10
Elongation (%)

15

20

2

4
Load (kgf)

6

8

Figure III: Cycles-to-Break as a function of applied load.

Figure I: Representative straight-pull load-elongation curves.

FUTURE WORK
Table I summarizes additional samples being
produced and tested to further elucidate the effect
of varying both sheath and core composition.

The average maximum loads for straight and knot pull (KP) are plotted in Figure II. As anticipated,
inclusion of a simple knot results in a significant
decrease in tensile load bearing capability for all
samples.
Additional noteworthy observations
include an apparent lesser drop in KP relative to SP
for CP3 and recognition that all samples are well
above the minimum USP knot pull specification
(3.52 kgf for a size 2 braided non-abs suture).
40

Table I

Straight Pull
Knot Pull

Load (kgf)

30
20
10
0

USP Minimum Knot Pull Specification (size 2)
0.5

CP1

1.5

CP2

2.5

CP3

3.5

Figure II: Average maximum straight and knot-pull loads for
CP1-CP3. Minimum USP knot pull specification is represented
by a dotted horizontal line.

Cycles-to-Break averages as a function of applied
load are shown in Figure III. These data clearly
demonstrate that the inherently lower coefficient of
friction of polyethylene, coupled with the much
higher tensile strength of gel-spun UHMWPE
yarns, results in a more abrasion resistant suture.
Note, most sutures have a proprietary coating
applied to enhance knot rundown and security,
which also has the potential to affect abrasion
resistance. For some surgical specialties, e.g.
orthopedics, enhanced abrasion resistance is
paramount. However, since any suture application
typically has numerous performance requirements,
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INTRODUCTION

sources has been studied extensively [9, 10].

Tailored biopolymer fibers play an important

Polyhydroxyalkanoate

role in agriculture, filtration, packaging, hygiene

polyester produced by microorganisms as an

and protective clothing, as well as in the medical

intracellular reserve of carbon and energy

field (drug delivery systems, wound closure and

Among the PHAs, poly(3-hydroxybutyrate)

healing products, surgical implant devices) [1]. A

(PHB) is the most studied and the easiest to

biode-gradable implant will not necessitate a

produce [11]. The most common commercial PHA

second surgical event for removal

[2]

. It can be

consists

of

(PHA)

is

a

a

linear
[5, 6]

copolymer

engineered to degrade at a rate that will slowly

poly(3-hydroxybutyrate-co-3-hydroxyvalerate)

transfer load to the healing bone and/or as the

(PHBV)

[3]

basis for a drug delivery system .
All

polyesters

degrade

[4]

.

. Thermal degradation and the

complex crystallinity behavior render melt

eventually,

with

spinning of PHB fibers rather problematic [12, 13].

hydrolysis being the dominant mechanism.

Bicomponent fibers are considered to be one of

While aromatic polyesters such as PET exhibit

the most interesting developments in the field of

excellent material properties, they prove to be

synthetic fibers [14]. Two molten polymers can be

almost totally resistant to microbial attack.

merged just before a spinneret capillary, so that

Aliphatic polyesters on the other hand are

the single filaments of the finished yarn consist

readily biodegradable, but usually lack good

of

processability and mechanical perfor-mance due

custom-made pilot melt-spinning plant allows

to low molecular weight

[4, 5]

.

two

joined

components

[15]

.

Empa's

producing mono- and bicomponent fibers with

Most commercially available biodegradable

various

poly-esters are petroleum-based. To avoid

combinations at lab scale with a throughput of

perturbation of the ecosystem, biopolymers

up to several kg/h [16, 17].

should be derived from renewable resources

The

instead of oil reserves and their production needs

biodegradable fibers from renewable sources

to be performed in an environmentally friendly

that show best performance with respect to

way

[6]

.

Polyhydroxy-alkanoate

(PHA)

is

fiber

goal

of

cross-sections

this

work

and

is

to

material

develop

mechanical properties and colonization of cells.

produced naturally and polylactide (PLA) is
synthesized from renewable resources [4].

RESULTS AND DISCUSSION

PLA is regarded as renewable plastic since its

PHB Biocycle 1000 by BASF with a molecular

raw material, lactic acid, is generally produced

weight of approx. 500000 Da could not be drawn

by bacterial fermentation from corn starch or

to a fiber. Because of thermal degradation the

[7, 8]

. PLA degrades by hydrolysis and

material was too brittle after extrusion, spinning

enzymatic activity and has a range of mechanical

and quenching. The crystallization rate of PHB

and physical properties that can be engineered

is very low. As a consequence large spherulitic

cane sugar

appropriately to suit a particular application

[2]

.

The melt spinning of pure PLA from different

structures develop which cause poor mechanical
properties
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[18]

. Cracks between spherulites and

secondary crystallization of the amorphous
phase during storage cause brittleness

[19]

. This

sheath material are strong enough for a
successful construction of a textile fabric.

leads to sticking between the single fibers of a

In vitro biocompatibility studies with human

multifilament yarn, caused by intermolecular

dermal fibroblasts showed no toxicity of the

diffusion of polymer chains from amorphous

bicomponent fibers although a pH drop was

regions of the fibers

[20]

.

observed. Degradation of PLA can lead to a

HV units disrupt the crystallites - the higher the

discharge of lactic acid in high concentration.

degree of HV units in the polymer the lower is

Bicomponent fibers with PLA as the sheath

the amount of crystals. Thus a compromise

material showed a drop of the pH to as low as

between low melt temperature and enough

4.7 in non-buffered, isotonic salt solution. The

[21]

. PHBV Enmat

fibroblasts growing out from reaggregates

Y1000 by Tianan Biologic Material showed

adhered to the textiles and grew along single

better melt stability due to a lower melting

fibers, covering them well after a cultivation

temperature. Nevertheless, a pure PHBV fiber

period of 1 week. Abiotic (sterile) degradation

could not be produced due to winding problems

tests in isotonic salt solution showed no

(stickiness of the fiber).

significant loss of molecular weight and tensile

Temperature, residence time and shear forces

strain but a reduction of the tensile stress (5-33%)

have a significant influence on the molecular

over a month of incubation.

crystallinity has to be found

weight degradation of biopolymers that corrupts
processability

[22]

. To overcome this problem a

FUTURE WORK

high initial molecular weight is favored. Yet a

In vivo experiments are planned to study

highly viscous polymer asks for a high extrusion

biodegradability and material performance after

temperature that promotes degradation. A PHBV

1 month of exposure in rats (standardized test

copolymer with different HV content was

procedures). This test will show whether the pH

produced at Empa
weight

of

[23]

. Due to its high molecular

1600000

Da

the

drop will be a problem for natural tissues.

processing

temperature had to be kept at a temperature
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A Systematic View on Fibrous Products Having
The Function of Separating Material from Its Medium
T. Matsuo, SCI-TEX (Consultant)
INTRODUCTION
This paper deals with technical fibrous products
having the function of separating material from its
medium. As their examples, we can mention artificial
kidney, filter for leukocyte removal, RO hollow fiber
module, bag filter, hydrocarbon removal system
using activated carbon fiber, and oil / water separator.
This kind of products has become more important
from the view points of medical use, and
environmental / resources matters. In this kind of
products, there seem to be some common structural
features and functional mechanisms. In this sense, a
systematic view on the products must be meaningful.
But there has been almost no literature which gives
such view.
TOTAL VIEW AND ANALYSES
In this scope, the material must be contained in the
medium to be treated and a separation between them
must be carried out by the active action of fibrous
products of such forms as nonwoven or hollow fiber
bundle during the passing of the medium through the
products. The medium from which material is
separated is usually gas or liquid. The material to be
separated from air can be gas molecule, liquid
particle (mist) or solid particle (dust). Typical liquid
medium is water. But there can be such medium as
blood, oil and juice.
One of the most important fiber functions caused by
its configuration is related to the use of its high
specific surface area. It must be noted that this feature

is fully utilized in common to this kind of fibrous
products.
In Table 1, the functions of fibrous products in this
scope are classified. Typical fibrous form, separation
mechanism and typical application example(s) is
(are) assigned to each function group of the products.
It must be noted that the function group from 1 to 5,
their typical fiber assembly form is mostly nonwoven.
On the other hand, the aligned bundle of hollow fiber
is typical form in the group of membrane separation.
It must be also noted that the typical examples of
their applications for all the function group are
related to environmental / resource issue or medical
use.
In the function groups Nos1, 2, 4 and 5.1, the
material to be removed is trapped at fibrous element.
In the case that the concentration of material in the
medium is relatively high in these groups, the amount
of trapped material becomes easily higher than their
trapping capacity. Then in their industrial uses,
trapped material is usually intermittently or
continuously removed as the form of condenced
material mass to the outside of the separation area in
the product system.
APPLICATIONS BY FUNCTION
Solvent recovery system using cylindrical bed made
of activated carbon fiber non woven is one of the
most representative examples as the application
group of adsorption.

TABLE 1. Classification of the products by separation function in terms of fibrous form, separation mechanism and application
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The condensation system of hydrocarbon with
honey-comb bed made of activated carbon fiber is
used for the removal of toxic gas in the exhaust gas
from various kinds of industrial plants.
Concerning absorption, there is the absorbent fiber
which can selectively trap the endo-toxin causing
septicemia from blood. There is also super water
absorbable fiber. One of its representative
applications is moisture barrier at the end of electric
cable.
A water purification system using conical bed made
of photo-catalytic fiber nonwoven has been
successfully developed. There are also products of
filter-like form made of photo- catalytic fiber
nonwoven for deodorization use.
Bag filter system is widely used for removing dust of
high concentration from various kinds of incineration
of incineration plants. Air filter is another popular
example, which is used for removal of plants. Air
filter is another popular example, which is used for
removal of low concentration dust from intake air for
engines and from circulating air for clean rooms.
Water / oil separator is used for purification of oil
containing small amount of water and is also used for
the small amount of oil from water.
Membrane separation has been widely utilized in
such fields as mentioned in the above table.
CONCLUDING REMARK
This trial proposing a systematic view is still
preliminary. But the author believes that this kind of
analyses can be useful for giving comprehensive
knowledge in the technical textile products having
separation function.
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Textile Heart Valve Prosthesis: Fabric Long-Term
Durability
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flow (adapted Bose fatigue tester, see Figure 1).

ABSTRACT
The

rapid

developments

and

success

in

The test samples were taken out periodically

percutaneous vascular surgery over the last 2

from the dynamic tester and characterized for

decades, with the now common stent graft

change in their bending stiffness. Because

implantation, make this non invasive technique

flexing of the specimen involved only small

attractive today even for heart valve replacement

strains which were well below a fiber’s elastic

[1]

. A major requirement for the use of the

yield strain, the inherent elastic stiffness of

method is that the heart valve prosthesis is

specimen was assumed to remain constant. Any

flexible enough to be folded into the lumen of

change in bending stiffness was then assumed to

small diameter catheter. The purpose of this

be resulting from a change in the geometry of

research was to study the long term fatigue
behavior of woven polyester fabrics, which
could be suitable for engineering heart valve
prostheses. The results obtained show how
flexural properties change with fatigue time,
which reflects directly on the suitability of a
given fabric in such devices.
INTRODUCTION
For textile heart valve development [2], in which
extensive

cyclic

flexing

must

occur,

the

inter-filament cohesion and bending related

FIGURE 1. Fatigue test principle

friction effects, need to be considered. Indeed,

assembly and through it in cohesion or friction

friction energy may cause damage to the

within the structure.

surfaces in contact after a period of time when
dissipated. A detailed assessment of these effects
will help predict a material’s durability when

RESULTS AND DISCUSSION

used as a heart valve. Therefore, we investigated

Irrespective of the fabric particulars, the nature

the effects of yarn and fabric construction on the

of the change in trend occurring in stiffness with

long term cyclic bending of fabrics.

cycling was the same. A typical result found is
given in Figure 2, which shows the behavior

APPROACH

noted in a microdenier 88dtex/272fil fabric

We used 5mm wide fabric strips of different yarn

sample in which the phenomenon observed is

and fabric structures, clamped at both ends, and

typical of all samples. The observed change can

subjected them to combined flexure and tensile

be divided into 3 zones, clearly identified in the

fatigue generated by cyclically pulsating water

figure.
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FIGURE 3. Micrographs of the fabric before and after
cycling

It is observed that the yarns which were initially
compact looking became loose after the cycling
process. An average increase of 10 % in warp
yarn width was found. This is explained as
follows. During cycling, the fabric strips
undergo combined flexure and tension stress T
(Figure 4)

FIGURE 2. Bending stiffness evolution over time

A rapid decrease in bending stiffness is observed
in the first zone, spanning over only about 900
cycles (corresponding to a 15 minutes period in
vivo). This rapid change occurred irrespective of
fabric particulars. Once the first threshold value
(Tv1, defined as the point where stiffness
reduction rate fell below 10 % / min) is reached,
this phenomenon is followed by a much slower
change until a second threshold value (Tv2) is
reached. Beyond this point (defined as the point
where stiffness reduction rate fell below 0.1 % /
min), little further decrease in bending stiffness
is observed. In order to understand the process,
we took some pictures of the fabric construction
observed with a microscope (Figure 3)

FIGURE 4. Fabric strip under tension

Warp yarns, which are clamped at both ends, are
under tension, while weft yarns remain free of
tension. Fabric structure under flexing stress
tends naturally to reorganize in order to reach a
minimum deformation energy state like in any
physical phenomenon. One way for filaments
away from the neutral axis in warp yarns to
reduce tension is for them to move towards the
neutral axis. Consequently, the yarn tends to
flatten. The movement of the neutral axis of the
warp ends closer to fabric plane, will lead to a
decrease in crimp and therefore an increase in
slack between two picks (Figure 5).
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within the fabric. Stiffness values then continued
to decrease only slightly, to finally reach a

FIGURE 5. Yarn neutral axis slacking

threshold value, expected to be as low as
Warp yarn becomes consequently slacker,

possible in heart valve material development.

creating some open space in the fabric structure

Friction effects in the structures subjected to

as reflected at points A, B and C in Figure 3.

flexing can thus not be neglected and must be

This change in yarn structure is irreversible and

taken into consideration when choosing fabric

is initiated at the first cycle and completed

construction for heart valve design

rapidly, i.e. in the first zone, leaving the fabric in
a stabilized relaxed state. This rearrangement
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increasing end or pick density caused around 26
% increase in final stiffness, clearly due to
increase in friction because of increase in
contacts. Therefore, one can anticipate that the
rupture will take place relatively sooner in the
tighter fabric.
As to the influence of the yarn specific surface
area, result showed that fabric made with
microdenier filament yarn (compared to coarse
filament yarn) underwent faster and greater
structural rearrangement, and ended up with
lower final stiffness due to internal friction.
Clearly, the microdenier filament yarn should
last longer in the dynamic flexing application.
At last, when varying yarn twist, we observed
that the twisted yarn fabric underwent very little
initial rapid relaxation. This fabric is already
very close, even before cycling, to the final
conditioned structure, with less friction induced.
CONCLUSIONS
Irrespective of the fabric structures, cyclic
flexing leads to a similar relaxation pattern. All
samples showed an initial dramatic decrease in
stiffness that occurred within the first cycling
minutes, which was attributed to filaments and
yarns rearranging (leading to fabric relaxation)
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the stent has to deform elastically with minimal
stress concentration. Stent parts are therefore
obtained by Nitinol wire braiding and shape setting.
Nitinol is a Nickel and Titanium shape memory
alloy [4] with superelastic properties. Consequently,
the stent is self-expandable and complex geometry
that respects aortic root can be obtained. The
discontinuous braided structure allows minimal
local stress concentration over compression, while
high coverage distributes uniformly pressure on
tissues.

INTRODUCTION
Percutaneous approach is now investigated[1] to
replace diseased aortic valve. Less invasive than
open heart surgery, this solution requires a
substitute to usual surgeon acts on the implantation
site, called stents. These metallic structures are
used to maintain the valve prosthesis on the beating
heart and help to implant the valve via a vascular
access. Most of existing device[2] are not
specifically designed to undergo heart valve
solicitations and consequently tend to injure the
aortic environment. This could lead to recovery
complications. In this work we present a stent
specifically designed for percutaneous aortic valve
replacement, which respects the aortic root features
and minimizes tissue traumatism.
APPROACH
Stent Components
In order to position properly the stent in its
environment and respect it, the native aortic root
features were taken into consideration[3]. The
adopted stent geometry is defined with 4 main
features as represented on Figure 1 which shows
the stent geometry matching the aortic root shape.
Valve prosthesis commissures are supported by 3
posts. Three shaped arms, deployed radially in
sinuses, orient the prosthesis around the flow axis
while cylindrical head centers the device in the
aorta. At least, axially oriented movements and
paravalvular leakage will be prevented with a
conical basis support. That support is positioned on
the aortic annulus and applies a force in opposition
to the one applied by the flexed arms in the sinuses.
Anchorage and sealing are thus geometrically
ensured rather than by force or hooks on tissue.
Each part of the stent is backed to the aortic wall
and thus blood flow disturbance and related
thrombosis risk are avoided. This stent geometry
induces no coronary ostia or mitral valve
impairment.

FIGURE 1. Aortic Root Stent Matching.

Optimized stent dimensions could be controlled
with 3 main parameters. Width and angle of the
conical basis should be figured out to reduce flow
obstruction with no excessive contact surface with
tissues, while the stent head height should facilitate
percutaneous implantation procedure. Ideal values
were obtained experimentally. Figure2 represents
the whole assembled stent and the stent parameters.

Stent Manufacturing
To reduce tissue traumatism, the stent has to be
flexible enough to adapt the aortic root while
remaining strong enough to avoid collapsing. To
ensure a permanent contact between stent and
aortic tissues, in spite of root dimensions changes,

FIGURE 2. Front and top view of the whole assembling stent.

Stent testing procedure
The endoprosthesis was evaluated in terms of static
and dynamic regurgitation, i.e. leakage versus
pressure on closed valve and leakage upon pulsatile
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flow. In order to reproduce the aortic environment,
the stented valve was delivered in a rubber mold
which dimensions were close to those of native
aortic root during all the cardiac cycle.
Performances of the stented valve were analyzed
and compared to mechanical, biological and nonstented valve to assess the influence of the stent
parameters on textile valve performances.

leading to regurgitation increase. This seems to be
related to Valsalva sinuses dilatation, related to
changes occurring at the contact zone between the
stent arms and the upper sinuses. Coupling
between sinuses enlargement, stent arms and stent
conical basis should be optimized with a better
control of arm's stiffness and positioning.
When compared to biological and mechanical
valve prostheses, stented valve regurgitation values
were in the range of what can be expected for such
kind of prostheses.

RESULTS AND DISCUSSION
Global behavior of the stent under flow
conditions
Under pulsatile flow, the stent remained in the
aortic root and showed good anchorage. Relative
axial translation was well prevented by conical
basis contact on aortic annulus and stent arms
deployment in sinuses. Correct sizing of the
cylindrical head is relevant for proper stent axial
alignment and to prevent tilting. The stent radial
extension freedom helps to keep in contact with the
mock aorta even when deformation occurs. The
stent geometry ensures the anchorage of the
endoprosthesis only by contact surface, even under
flow pressure.

CONCLUSIONS
To improve the reliability of percutaneous heart
valve implantation, a new stent concept has been
proposed. The main features of the device are a
geometry and design that match the aortic root
environment. The stent is maintained in expected
position by surface contact rather than by
anchoring in surrounding tissues. Traumatism
should therefore be reduced. The manufacturing
braiding technique of Nitinol wire allows obtaining
a stent that is flexible enough with however no
excessive collapsing. The dynamic in vitro
performances of the device are close to what is
expected for a valve in terms of regurgitation. Even
in a compliant root, the stent keeps the
implantation site. These results show the feasibility
of an aortic valve prosthesis anchorage without
need of traumatic means. Tests currently in process
will assess the influence of stent’s parameters on
the endoprosthesis performances.

Stented valve performances
Figure 3 shows the performances obtained for the
stented valve in comparison to a non-stented textile
valve and commercially available valves.
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FIGURE 3. Static and dynamic regurgitation of a biological
Mitroflow, a mechanical Bileaflet St Jude, a non stented and a
stented textile valve prostheses.

While static regurgitation of the endoprosthesis is
close to the results for a textile valve, a significant
increase of dynamic regurgitation was observed.
Evolution of dynamic regurgitation flow during the
cardiac cycle, shows that valve closure is delayed.
A close observation of the stent dynamic
movement in the root shows that, as soon the valve
was closed, the backflow pushed the stent against
the aortic annulus. Although the stent basis
geometry ensures an effective sealing of the
endoprosthesis under pressure, sealing is
temporarily interrupted during the cardiac cycle,
- 1385 -

VASCULAR GRAFT WITH “Y” GEOMETRY,
ACCOMPLISHED THROUGH WEAVING
TECHNOLOGY USED AS INVASIVE MEDICAL DEVICE
IN CARDIOVASCULAR SYSTEM
1

Alexandra Ene*1, Carmen Mihai2, Mihai Ciocoiu3
The Research – Development National Institute for Textile, 2The Research – Development
National Institute for Textile, 3Technical University “Gh.Asachi”
alexandra_ene2005@yahoo.com

APPROACH
The accomplisment of new vascular protheses
types has imposed high precision degree in the
making of a tube with diameter included, so as to
coincide with that of the blood vessel with which
is to be coupled. In this respect, for the
accomplishment of these products, there have been
in view the following aspects: the choosing of the
weaving model; the adequate choice of length
density of the yarn that is to be mechanically
processed; the exact establishing of the textile
support density; the establishing of the yarn
number in weft; the establishing of the internal
diameter (D) of the graft that is to be made; the
counting of the total number of weft yarns
neccesary for the obtaining by weaving of the tube
with internal diameter (D). A special attention has
been given to the selecting of the raw material
destined for the manufacturing of these surgical
implants, choosing the high purity filament
polyesteric yarns, nonbleached optically, that are
characterized by: good tolerence in human body,
without determining the rejection phenomenon;
inertia from the chemical point of view,
maintaining for a while the functional properties; a
very good dimensional stability; no alergic states or
hiposensitivity; they are not cancerous; very high
mechanical resistance. The designing of the tubular
fabric consisted in: dimensioning of the contexture
parameters (yarn fineness, binder type, thickness
on systems etc); the establishing of the adjustment
parameters of machines within the technological
flow for its obtaining. To design the fabrics
destined for the vascular protheses, there have been
taken into account the minimal requirements for
the biofunctional characteristics, imposed by
clinical usage field, from which there resulted the
following: the product geometry imposes the use of
the tubular structure and the maximal work-width;
impermeability imposes main parameters of fabric
designing (achievement of a structure for which

STATEMENT OF PURPOSE/OBJECTIVE
The identification of the biological requirements of
the most complicated mechanism as the human
body, correlated with the possibilities of the current
technique, has enabled the successful achievement
in Romania for the first time, by a team of
specialists, of a new generation of surgery implants
destined to the cardiovascular surgery.
The degree of novelty consists in the developing of
knowledge in the field of accomplishing synthetic
grafts and shunts (linear or having “Y” structure)
that are substitutes of blood vessels totally or
partially affected by aneurisms, stenoses and
haemorrhages based on new conceptual models
regarding the interaction at the interface of the biofluid defined as: circulating liquid tissue made up
of figurative elements (haematocrit) suspended in
plasma, with bio-structures of the blood vessel type
with variable geometry.
INTRODUCTION
The arterial system is a complex assembly of
vessels that conduct the blood from heart to the
other body organs.
At present there are a lot of synthetic or natural
materials that can be used as artery substitutes and
that can be implanted to human body. To make
these surgical implants it is an increasing need for
synthetic yarns characterized by: adequate ration
resistance/weight,elasticity, flexibility, controllable
porosity and permeability, surface texture
compared to that of human tissue.
The use of synthetic yarns produced a real
revolution in medicine, imposing a different choice
and approach of surgical techniques depending on
the specific of the usage field.
The paper combines the theoretical researches in
the perspective of numerical modelling of the
biofluid flow through branched grafts.
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the limits imposed by the national and international
standards for medical devices implantable to
humans.

there are used untwisted yarns, the densities of the
two systems and the product mass, etc.)
The tubular fabric is a double structure made of
two over layered simple structures, unified only at
the two edges transversal yarns. There have been
introduced alternatively in the woven structure the
weft elements, for the superior and inferior layer,
both layers being separated. Having in view the
imposed conditions, there have been used for both
of the fabric layers a plain weave, in which the
scale of the two systems has to be 1:1.
The
biological
and
physical-chemical
characteristics imposed to the products in the field
of clinical usage have been assured by a complex
finishing process.
The structure of the product was special designed
based on numerical modeling and simulation, in
order to assure the specific linearity and branching
in accordance with the biofunctional parameters of
the natural blood vessels.

FUTURE WORK
The future work consists in developing of
knowledge in the domain of accomplishing
invasive bio-structures, which can be used in
cardiovascular surgery general and thoracic surgery,
by fundamental research, as well as by advanced
researches for developing certain complex,
boundary problems, represented by the defining
and characterizing of the bio-fluid flow in and
through three-dimensional bio-structures with
variable geometry and networks of these and of
characterizing the bio-fluid in the separation zones.
Thus, there are envisaged the acquiring of new
knowledge regarding the extremely complex
biologic phenomena which take place in the human
body and the formulating and validating of original
hypotheses regarding the interactions biofluid –
biostructures with variable geometry and
controllable permeability, by applying certain
mathematical models of optimization and
simulation.

RESULTS AND DISCUSSION
The obtained finished products are characterized
by biofunctional performances, represented by:
reduced porosity; do not ravel when cutting in the
surgery room; very good dimensional stability;
increased resistance when bursting; adequate
flexibility and elasticity; softness and pliability;
easy to be handled and clinical placed, due to the
mark yarn, inserted in the tubular structure;
reduced mass.
The level of the chemical – physical performances
on aqueous extract and the biological
characteristics were evaluated according to the
methodology registered in the actual national and
international normative for the category of the
implantable medical devices and corresponds to the
limits stipulated by these.
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CONCLUSIONS
In Romania there made for the first time vascular
grafts with variable diameters, by weaving
technologies, in a variety of forms and
configurations, without seam, avoiding the breaks
of the textile material.
The obtained finished products are characterized
by biofunctional performances represented by:
reduced porosity, it do not ravel when cutting in
the surgery room, a very good dimensional stability;
an increased resistance when bursting, adequate
flexibility and elasticity, softness and pliability,
easiness in handling and clinical placing, due to the
mark yarn, inserted in the tubular structure,
reduced mass.
The biological and physical – chemical
characteristics on aqueous extract corresponds to
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= total moles of metal added at t=0 – moles in
solution at time t). The radiotracer method was
found to be highly sensitive and provided
consistent results down to pico molar concentration.
The metal ion loading capacity of the sorbents was
also investigated at the maximum absorption pH
(i.e. 8) by exposing the sorbent to increasing
concentration of metal ions. Sorbents loaded with
metal ion were re-exposed to pH 4 buffer and the
release of metal ions was calculated over various
time intervals.

INTRODUCTION
This study examined the binding behaviour of
selected metal ions by degummed silk fibres and
fine silk powders. The presence of metal ions is
known to influence the formation of fibre structure
during natural spinning of protein solution into
fibres by silkworms and spiders[1, 2]. Therefore,
understanding how metal ions interact with silk can
ultimately provide important insight into ways of
engineering ultra high strength spider like fibres
from recombinant silk like proteins. The reversible
and selective metal ion binding properties of silk
has shown potential for application in areas such as
recovery and or recycling of precious metal ions
from environmental and industrial effluents[3]. Such
binding behaviour is also expected to have use in
the biomedical field in areas such as drug delivery
and skin grafting where use of silk has been
extensively studied in recent years[4].

RESULTS AND DISCUSSION
pH vs. binding of metal ions by silk
The results showed that the change in binding with
pH depended on metal ions and silk types.
Maximum binding for Co2+ was at pH 8 (Fig.1)
whereas for Cu2+ it was at pH 6-8 and for Cd2+ at
pH 7-8. However, absorption remained low at pH
3-4 for the metal ions and silk types investigated.

APPROACH
Three metal ions (Co2+, Cu2+ and Cd2+) and two
different silk varieties (Bombyx mori and P.c ricini)
were used in this study. They are known to have
different amino acid repeats and compositions.
Different silk degumming regimes were used, by
changing the temperature, time and degumming
chemical concentration. In addition, to correlate the
effect of surface area on absorption kinetics,
ultrafine silk particles (d(.5)=700 nm)) were
fabricated from degummed silk fibres using a
combination of wet attritor milling, spray drying
and air jet milling systems. The binding
experiments typically involved doping a solution of
metal ion (10-4 M) with the respective radioisotope
and exposing the resultant solution to the sorbents
(i.e. 10 mg x 4) in buffered solutions (pH 3-9) at
ambient temperature (210C) [total volume=1.0mL].
The amount of metal ion absorbed was determined
by sampling (3x20µl) the solution at various time
intervals (t=time) and measuring the amount of
radioactivity remaining (using a gamma counter).
The moles of metal ions bound to the sorbent was
then calculated (moles of metal ion bound at time t

Silk species vs. binding
Rate of binding as well as the amount of metal
bound for all metal ions were substantially higher
for P.c ricini silk fibres compared to B.mori fibres
(Fig.1). The chemical composition of silk fibres
appears to significantly influenced their metal ion
absorption properties. This may be due to the
presence of higher amount of amino acids with
polar side chains in P.c ricini silk that are known to
bind transition metal ions[2].

FIGURE 1 Co2+ binding (at 24 hours) to silk fibres and powder
at different pH
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Reversible binding
Re-exposure studies showed that up to 80-100% of
absorbed ions were released rapidly at pH 4. As an
example, Fig.4 shows the release of Co2+ within 30
minutes.

Effect of processing conditions
An increase in the rate of metal ion uptake was
evident as the intensity of processing(degumming)
condition was increased. Changes in both
microstructure and molecular weight (as measured
by FTIR, XRD and SDS PAGE) as well as the
surface area for the silk powders appeared to affect
the rate of metal binding properties. The kinetics of
binding Cu2+ was faster compared to Co2+ and Cd2+.
Fig.2 shows that nearly 100% of the Cu2+ was
bound at pH 8 within 5 minutes for both the
intensively degummed P.c ricini and the B.mori
fibres.

FIGURE.4. Moles of Co2+ loaded on silk fibres and powders at
pH 8 (10-3M) followed by exposure to pH 4 solution.

CONCLUSIONS
These results indicate strong possibility of using
silk for metal separation processes. Furtherwork
will explore its application in the separation of
other environmentally relevant elements and
molecules.

FIGURE 2. Cu2+ binding at 5 minutes at different pH

Loading studies
The continuous increase in loading of ions could be
seen for all metal ions studied with the proportional
increase in molar concentration of ions.
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FIGURE 3. Moles of Cd2+ loaded on silk fibres and powders at
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A typical binding profile is shown in Fig.3 for Cd2+.
Comparison of the loading capacity of the sorbents
with commercial resins under the same condition
showed that the former absorbed metal ions more
efficiently.
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ABSTRACT
The present paper reports the characteristics of
internal pressure exerted by bandages, measured over
a period of time of medical bandages. The effects of
variables, namely fabric construction, hardness of
surface below the bandage (i.e. to simulate the wide
range of human physical structures), bandage width,
style of wrapping i.e. the overlap and the direction of
wrapping (from knee towards ankle or vice-a-versa)
have been studied by using a prototype designed and
developed based on pneumatic principle.

FIGURE 1. Schematic of prototype
TABLE I. Details of the bandages

OBJECTIVES
The basic objective of the present work is to explore
the impact of bandage structure, hardness of the
surface of the body over which the bandage is being
applied, width of bandages, direction of wrapping
and extent of overlapping on internal pressure profile
of bandage. Experiments have been conducted using
an indigenously designed and developed prototype
based on a pneumatic principle to investigate the
effect of various parameters on the pressure profile of
the bandages.

Construction,
ends/in
×
picks/in
Mass per unit
area, g/m2
Thickness,
mm
Peak breaking
load, kg

EXPERIMENTAL
Methods
The principle employed relates to the pressure
changes in the fluid on application of an external
pressure. An air bladder was made and wrapped
around the wooden mannequin leg, which was then
inflated with air at a particular pressure to simulate
the human body softness, and then the bandage was
wrapped over the mannequin leg containing the
bladders (FIGURE 1). The medical bandages were
tested for obtaining the pressure exerted vs. time
profiles for the two different regions (i.e. ankle and
below the knee) tested. Three different bandages (A,
B and C) were used in this study and the details of
these bandages are given in TABLE I. The study was
done by wrapping the bandage around the leg,
containing the air bladders filled with particular
pressures, and then recording the pressure drops over
a particular period by taking photographs of the of
the manometer at 5 minute intervals. This data was
later compiled to give the pressure profiles of the
bandages.

Bandag
eA

Bandag
eB

Bandag
eC

24 × 22

26 × 24

24 × 24

284

311

283

1.11

1.4

1.11

31.38

39.22

28.52

RESULTS AND DISCUSSIONS
It is clear from FIGURE 2 that as the bandage width
increases the pressure developed decreases. This is
mainly due to the fact that with decreasing area of the
bandage the pressure applied increases for the same
winding tension.
14

Knee
Ankle

Pressure (mm Hg)

12
10
8
6
4
2
0
7.5

15
Bandage width (cm)

FIGURE 2. Effect of bandage width on internal pressure

Two different wrapping directions were used, i.e.
from bottom to top and from top to bottom. FIGURE
3 shows that with the change in the wrapping style
the pressure exerted on the knee doesn’t change.
However the pressure on the ankle was found to
change. The probable explanation is that in top to
bottom configuration the bandage is not able to grip
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the ankle region properly which results in reduction
in internal pressure, where as in the bottom top
configuration, it is able to do so.
9

It can be observed from FIGURE 6 that at the same
tension level and keeping the method of wrapping
constant bandage B showed the highest instantaneous
initial pressure at the knee while bandage C showed
highest instantaneous initial pressure at ankle. This
probably means that the structure of bandage C is
looser than the other two and is able to deform and
adjust to match the complex contour of the ankle.

Knee

8

Ankle

7
Pressure (mm Hg)

6
5
4
3
2

Bandage A Ankle
Bandage B Ankle

Top to bottom
Wrapping style

FIGURE 3. Effect of wrapping direction on internal pressure

The initial bladder pressure was changed to simulate
different body limb hardness. Two different types of
hardness were selected in the present study, i.e.
harder and softer, with 50 mm Hg and 60 mm Hg air
pressures of bladder. It has been observed from
FIGURE 4 that with increasing limb hardness the
inward pressure exerted by the bandage increases.
From FIGURE 4 it is also evident that the pressure
loss is much higher in case of a harder limb rather
than a softer limb. This is probably due to the fact
that the stress is much higher on the bandage in this
case and thus leads to a higher level of relaxation.
14
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FIGURE 4. Pressure vs. time profile for varying limb hardness

It is evident from FIGURE 5 that with increasing
overlap the pressure exerted increases both at knee
and ankle. This may be due to the fact that the
wrapped structure becomes more coherent and more
supportive, i.e. reinforced.
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Ankle
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5
0
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APPROACH
Performances level imposed on the product has
been achieved by approaching some new and
complex technological elements such as:
assimilation
within
the
manufacturing
technological processes of the textile knitted
supports, of the synthetic fibers on the base of the
biomedical polymers; designing of the knitted
fabric structures; elaborating a new technological
inserting solution within the structures of the textile;
superior finishing of the implanting medical
products; the ensuring of the microbiological
characteristics of the finished products by the
appropriate correlation of the sterilization
parameters depending on the nature of the used raw
materials.
The use of the PES mono and multifilament yarns
allowed the ensuring of the proper level of the
physico-mechanical characteristics, resistance to
the action of the chemical agents as part of the
liquids, serums and human body blood,
maintenance of the product biofunctional
properties
during
implant
process,
thus
contributing to the avoidance of new surgical
operations with traumatic effects on human body
and psychic.
The product clinical testing was achieved in a
period of 4 years, thus it can be appreciated that
these tests are outstanding due to the great number
of the products (variants and structures), being
used in order to establish the optimum variant from
the clinical point of view.

STATEMENT OF PURPOSE/OBJECTIVE
The purpose of assuring an efficient structural
support of the thoracic wall consists in avoiding
paradoxal breathing and pulmonar hernia.
At present, most of the thoracic surgeons accept
that a fault bigger than 5 cm necessitates
stabilization, except for those faults situated on the
posterior thorax, covered by scapula.
For the last ten years there have been o lot of
products destined to this field, that deals with the
assuring of the thoracic structural support after
enlarged pariectomies by using a varied range of
homologues, authologues or alloplastic materials.
There has to be mentioned that in the specialized
literature, extensive studies on thoracic parietal
reconstruction on patients with obvious presurgical
alteration of the breathing tests. Usually, breathing
adaptability studies refer to those patients that went
through normal presurgical ventilator tests.
The novelty of the objectives consists in designing
and accomplishing an invazive product which, by
its geometrical, technical, biofunctional and
biomedical characteristics has to meet the imposed
requirements, such as: adaptability to any shape
and size of the fault; malleability; durability in
view of avoiding paradoxal breathing; non
reactivity at the fluids of human bodies; resistance
to infections; radio transparency; it does not
dezintegrated and it can be incorporated in the host
tissues.
INTRODUCTION
Stabilization of the thoracic wall together with the
reconstruction of the soft parts represent the two
essential components of the thoracic parietal
reconstruction after a pariectomy.
The product is destined to be used in the case of
the parietal faults no matter where they are
localized (stern, antero-lateral thoracic wall,
posterior scapular thoracic wall etc.) and what is
the size of the fault.

RESULTS AND DISCUSSION
The obtained product represents a great novelty, its
innovative character being given by the whole
conception of the article made in conformity with
the exigencies specific to the destination, for which
they are definite: the type of the used raw material,
elaboration and projection of the textile support,
establishment of the manufacturing technology so
as to ensure the biological, microbiological,
biofunctional and technical characteristics imposed
by the actual norms for the products linked to
human tissue for minimum 90 days.
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The final conclusions of the preclinical and clinical
studies showed the following biomedical and
bifunctional advantajes of the product: strong
support for the wound and increased sustaining
degree for the thoracic cavity during the
accomplishment of the surgery; maintenance of the
breathing function; protection of the endothoracic
function; preserving a certain degree of the parietal
extension; eliminating the possibility of the fluid
retention or of blood separation and accumulation
within the thoracic cavity.

FUTURE WORK
The future work consists in developing new
clinical experiments where will be used another
products for reconstruction of the thosracic wall in
case of: fore right thoracic parietal tumor; lateral
right thoracic parietal tumor and left thoracic
parietal tumor.
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CONCLUSIONS
The paper presents the product of Romanian
conception which was used having remarkable
results both for the parietal stabilization concerning
some previous lateral faults, and also for the cases
when there was a smaller fault ( resection of two
ribs) for which it was considered as obligatory the
assuring of the stabilization especially because of
the patients age or the breathing function alteration
as well as the correlation with the international
evolution of these category of products, level of
biomedical and biofunctional performances,
admissibility condition imposed by the European
laws in force regarding the fabrication and
commercialization.
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Abstract
This paper discusses the all steps involved in the ink-jet printing of wool, i.e. preparation, printing, steaming, washing-off, and the factors
affecting the final color yield of active dye ink-jet printed wool fabric were discussed. It included the preparation for wool fabric with low
temperature plasma(LTP) technique and the

pretreatment paste(the amount of sodium alginate, sodium bicarbonate and urea)and the

duration of steaming time. Four different colors, cyan, magenta, yellow, and black are investigated, and the effect of these factors on the four
colors are studied. The results show that the printed wool fabrics after modified with the LTP technique show a preferable color yield and
dimensional stability. The fix agent in the paste formulation should ammonia sulfate in stead of sodium bicarbonate. The steaming time
should be extended to 60min in order to get preferable color yield.

Keywords: Ink-Jet Printing; wool; LTP
Introduction

decades. Recently, low-temperature plasma(LTP) treatment has

Today the textile and garment industry is one of the largest in

been proved to be an effective pretreatment method for improving

the world, and fashion shifts more rapidly than ever. This increases

the coating process[8,9] and dimensional stability imparted to the

consumption of resources and environment problems. Therefore it

wool fabric, substituting for chlorating. The use of reactive dyes fir

is important to promote more sustainable production and look for

the printing of wool is important because of good wet fastness

alternative ways of consumption. The proportion of wool printed,

obtained when compared with that of acid or direct dyes [10]. In

relative to production, is abysmally low in comparison to cotton. It

this study, wool fabric were glow discharged, and after

is the opinion of the author, however, that the reason for this are

pretreatment., the wool fabric was prepared to be coated with

commercial rather than technical; factors such as basic fabric cost,

sodium alginate and other chemicals. At last, the wool fabric was

sampling costs and shorter run lengths all combine to make printed

printed with ink-jet active dyes and steamed to elucidated the

[1]

wool an expensive product . However the advantages of ink-jet

effect on color depth. At the same time, the laundry shrinkage of

printing for textiles make the wool printing bright and use of this

the fabric were measured to characterize the effect of the glow

process has increased in recent years. It does not use template. It

charge on the ink-jet printed wool.

offers benefits such as speed, flexibility, creativity and

Experimental

cleanliness

[2-4].

It opens a range of new possibilities in

Fabric

manufacturing and aesthetic expressions to industry, fashion and

The wool used in this study was 100%,wool fabric, with plain

textile designers. However ,the printing process for ink-jet printing

weave structure, 174 g/m2 fabric weight.

of wool fabric with reactive dye is different from the conventional

Preparation of Low- temperature plasma treatment

[5-7]

.For inkjet printing, thickeners and other

A glow discharge generator(Changzhou shitai co.,Ltd)was used

auxiliaries are evenly distributed in the fabric and dried before

for the LTP treatment of the wool fabrics. The glow discharge

printing with inks. During printing, inks from the jets penetrate

apparatus was a radio-frequency etching system operating at

into the printed fabric is steamed.

13.56MHz and using an aluminum chamber with an internal

Pretreatment of wool fabric destined for printing is essential

diameter of 200nm, the chamber diameter was 380nm with a

because of wool scale structure and felting property. Without

height of 180nm. oxygen, with a flow of 20cc/min was used. The

efficient pretreatment prior to printing, full colour yields, levelness,

discharge power, system pressure and duration of LTP treatment

and brightness will not be achieved. Chlorination is the traditional

were determined by orthogonal experiment. After LTP treatment,

method of preparing wool for printing and has been used for

the fabrics were conditioned before being used.

printing process
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The color yield express as a K/S value ranging from the

Table Ⅰ orthogonal experiment form
factor

A
power（W）

B
Duration(min）

wavelength of 400 to 700nm with 20nm interval within the visible

C

spectrum was calculated. The K/S values were summed up

Pressure(Pa）

Ⅰ

100

3

15

Ⅱ

200

5

25

Ⅲ

300

7

35

according to Eqn 1:

K / S = (1 − R ) / 2 R
2

(1)

Preparation of pretreatment paste

Where K is the absorption coefficient, depending on the

Unless otherwise stated, all chemicals used were of analytical

concentration of colorant, S is the scattering coefficient, caused by

reagent grade. The pretreatment paste was prepared by adding 1 g

the dyed substrate and R is the reflectance of the colored sample.

sodium alginate, 3g urea, 3g sodium sulfite, 3g ammonium sulfate,

The higher the K/S(sum)value ,the more the dye uptake will be

1g penetrate cp105 together finally making up to a weight of 100g

resulting in better color yield. The total K/S value is the sum of

with deionised water. After mixing the pretreatment print paste

four single color k/s value.

well , the pH of the pretreatment print paste was adjusted and kept

Dimensional stability

at pH 5-6.

Dimensional stability of the wool fabric was measured in

Fabric pretreatment

according with IWS-TM31.The washing conditions is 40 ℃ ,

The well-mixed pretreatment paste was padded onto the wool

washing detergent 1g/L.

fabric using a padding machine(Beijing textile machine institute)

Whiteness

with an even pressure of 3.0kg/m2,and constant padding speed of

The whiteness of the LTP-treated fabric was measured in

2.5rpm until a pick-up 70% was achieved. The pretreated fabrics

according with AATCC 110-2005. CM-3600D colour matching

were dried in an oven at 80℃ and then conditioned before ink-jet

system was used to check the whiteness of the fabrics with 10°

printing.

observer under D65.

Printing procedure

Scanning electron microscopy

The model of ink-jet printer used was Muton 64SE(Hangzhou

The surface morphology of the wool fabrics was investigated

Honghua co.,Ltd) with a piezoelectric drop on demand print head.

by scanning electron microscopy(SEM), using JEOL, Model

The active inks with colors cyan(C),magenata(M),yellow(Y) and

No.JSM-6360lv(Jeol, Japan) with a magnification of 2000x.

black(B) is produced by Dyestar company. Using the built-in

Color fastness tests

software of the ink-jet printer, a square of 10cmX10cm was

The color fastness of the printed fabrics was assessed by the

printed for each single color with 720dpiX720dpi for comparison.

AATCC Test Method 16-2001(color fastness to light), AATCC

Fabric post-treatment

Test Method 61-2001(color fastness to laundering) and AATCC

After printing, the fabrics were air dried and the put into a steamer.

Test Method 8-2001(color fastness to crocking).

All the printed fabrics were treated with saturated steam at 102℃

Outline sharpness measurements

for 1h for color fixation. The steamed fabric samples were finally

In order to compare the outline sharpness of the prints. The width

washed by cold water, then soaping at 80℃ in 3g/L soaps until all

of the printed pattern in both the warp and weft directions was

the unreacted dyes and chemicals were removed from the fabric

measured using an optical light microscopy with a magnification

surface as a clear detergent solution was observed

of 250x.

Color yield measurements

Determination of tensile strength of printed fabric

The printed fabric were conditioned before color yield

The tensile properties pf the ink-jet printed fabrics were measured

measurement using a CM-3600D color matching system(Oritex ,

according to the GB/t3923-1997 using a HD026N Tensile

Italian ). The condition for measurement was set under specula

Tester(NANTONG HONGDA)

excluded with small aperture. The fabric was folded two times to

Results and Discussion

ensure opacity and measured three times to obtain average results.

Color yield measurement
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deteriorate compared with the untreated printed wool fabric while

Orthogonal experiment results are shown in table Ⅱand Ⅲ.
Form table Ⅱ, the k/s value of treated wool fabric shows a great

the dimensional stability was improved largely. It might

be

improvement than that of untreated wool fabric. From table 3, it

distortion of the fabric surfaces must be avoided. From the table

shows that the R value is the maximum that means the exposure

Ⅲ, the optimum LTP treatment for printed wool fabric is A3B3C2.

time of LTP treatment (B) play a higher effects on the color yield

It is power 300w, exposure time 7min, pressure 25Pa.

Table

of printed wool fabric. Power is the second influencing factor and

Ⅲ the orthogonal experiment results of k/s value

then is the pressure. Table Ⅱ also shows that the whiteness and
item

A

B

C

contribute to sodium sulfite contained in the paste which bleached

K1

57.009

60.458

61.046

the wool fiber in the steaming process. So the whiteness go up

K2

62.063

57.635

66.692

K3

72.916

73.895

64.250

R

15.907

16.260

5.646

strengthen of LTP treated printed wool fabric basically did not

slightly and the strength keep stable. It is nevertheless worth
noting here that a degree of dimensional stability is important for
retention

of

print

definition(particularly

with

fine-line

designs)during wash-off the printed goods. Any milling or

TABLEⅡ
No.

THE ORTHOGONAL EXPERIMENT RESULTS OF LTP TREATMENT
A

control

0

1

100

2

B

0

C

Whiteness

Dimensional

(Wr)

stability (%)
12.39

Strengthen(N)

K/S value

326.58

29.529

0

50.79

3

15

50.17

10.42

342.83

54.571

100

5

25

49.34

10.08

342.42

53.652

3

100

7

35

50.43

10.74

355.67

62.803

4

200

3

25

49.79

9.85

345.58

56.862

5

200

5

35

49.26

9.61

348.67

60.006

6

200

7

15

49.35

8.90

349.00

69.320

7

300

3

35

49.80

8.46

353.33

69.940

8

300

5

15

50.36

9.85

359.75

59.246

9

300

7

25

48.87

9.37

365.50

89.561

Scanning electron microscopy

Figure 2 untreated fabric with pretreatment paste coating

Scanning electron microscopy was used to examine the surface
changes of above LTP-treated fabric samples as shown in
figures 1-4

Figure 3 LTP-treated fabric (A3B3C2.)without pretreatment

Figure 1 untreated fabric without pretreatment paste coating

Figure 4 LTP-treated fabric(A3B3C2.) with pretreatment paste
coating
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As the combination of 300w, 7min, 25Pa of LTP treatment

and LTP-treated fabrics. This might be due to differential

gave the maximum color yield in this study, the SEM image of

wicking effect caused by the warp and weft yarns, when

LTP-treated wool fabric under the condition of 300w, 7min,

comparing the width of the printed patterns, the patterns

25Pa was selected and is shown in Figure 3. when compared, it

printed on the LTP-treated wool fabrics were slightly narrower

was observed that the untreated wool fiber shown in figure 1

than the untreated fabric in both warp and weft directions. This

had a integrate scale. the paste was absorbed little to influence

could be attributed to the reduced spreading of the printed

the resulted color yield as shown in figure 2 and the k/s value is

reactive inks as a result of the strong fiber and dye attraction,

only 29.529 which can not meet the normal requirements of

i.e. formation of covalent bonding between the amino group of

printing. However in figure 3, the plasma treatment damaged

the fiber and the reacting system of the reactive dye present on

the fibers to form very small micropores on the scale surface.

the printing ink consequently, the LTP treatment on wool fabric

During the oxygen plasma ablation, the fiber surface was

could enhance the outline sharpness of the ink-jet prints.

subject to a certain degree of etching, the presence of

Color fastness test

micropores on the fiber surface indicated this predominant

The color fastness results to light, washing and crocking of the

effect of the interaction of oxygen plasma(chemical etching)

printed are given in tableⅤ. The results showed that the color

with the fiber surface. Figure 4 shows that the appearance of

fastness of ink-jet printed wool fabric with the LTP pretreatment

LTP-treated wool fabric padded with a pretreatment paste

achieved slight improvement in the color fastness properties than

coating absorbed more chemicals in the micropores. This

the untreated wool fabric。

enhanced a uniform film formation which brought more due
into contact with the pretreatment paste needed for fixation and

TABLE Ⅴ COLOR FASTNESS RESULTS OF THE INK-JET

hence increased color yield. So the resulted k/s value reach at

PRINTED WOOL FABRICS

69.940 , three times of that of the untreated wool fabric.

Sample

Outline sharpness of the ink-jet printed fabric

Washing(C/M/Y/K)
Staining

The outline sharpness of the ink-jet printed pattern was measured

Control

by the optical analysis method and the results are shown in table

fabric

Ⅳ.

LTP-treat
TABLE Ⅳ OUTLINE SHARPNESS OF THE INK-JET

a

light

crocking

color change

Wet

dry

3

4

2-3

3

4

3-4

4-5

3

3-4

4-5

ed fabic

PRINTED WOOL FABRICS
Sample

sharpness(C/M/Y/K)

Conclusions

Warp(cm)

weft(cm)

This paper was aimed at studying the effect of LTP treatment on

11

the wool fabric prior to digital ink-jet printing. Before padding

Control fabric

12

1

11.6

11

the pretreatment paste containing sodium alginate onto the wool

2

11.5

11

fabric, the fabric were exposed to different conditon of LTP with

3

11.4

10.9

oxygen gas ad the plasma medium. It was found that the
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whiteness of LTP—treated was increased slightly because of the
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sodium sulfite in paste, and strengthen keeps stable when
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compared with the untreated wool fabric.
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With the assistance of LTP treatment, the final color yield of the
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ink-jet printed wool fabric was improved significantly with

9

11.4
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maximum color yield being obtained under the condition of

Obviously, the ink-jet printed patterns in warp direction

300w,7min, 25Pa.

were thicker than those in weft direction for both the untreated
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Scanning electron microscopy showed that the LTP treatment

10. Xie Weibin, He Jinxin, Chen Shuilin etc. Modification of

could facilitate the filling up of fiber micropores with

Silk with Aminated Polyepichlorohydrin to Improved

pretreatment paste, which would in turn allow a more

Dyeability with Reactive Dyes. Coloration Technology,

uniform film formation on the surface. The uniform film

Vol.123 No.3,May/June 2007,pp74-79

formation would bring more dye in contact with the
pretreatment paste needed for fixation and hence lead to
increased dye uptake.
The color fastness properties and the definition of the final
print patterns were also improved. On the whole, it wsa
concluded that the coupling of LTP treatment with the ink-jet
printing technique could make the ink-jet printing more
effective.
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Dyeing of natural Rhubarb dyes on cationised cotton
fabric
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Abstract
The natural vegetable dyes have the characteristics of non-toxicity, harmlessness and non-pollution.
Natural cellulose fiber fabrics dyed with natural vegetable dyes not only have more added value but
also have realized natural clothing. This is a good research on ecological and green textiles with the
requirements of textile green consumerism of people in the new century.
The quaternary ammonium salt cationic reagent which is stable, small, single has been synthesized
successfully in laboratory. The ion property of cotton fibers is turned from negative group to positive
group by the modification of this reagent. The dyeing performance of cationised cotton fabrics dyed
with natural Rhubarb dyes has been improved a lot as compared with the original cotton fabrics. The
dry and wet rubbing fastness and washing fastness are good.
Binding states of cationised cotton fabrics with Rhubarb dyes have been studied in this paper, So we
can infer that the mechanism of Rhubarb dyes on cationised cotton fabrics is belongs to the mechanism
of electric absorption, which is according to the characteristic equation curve of Langmiur.
Keywords: Rhubarb dyes; cotton; chemical modification; dyeing; dyeing mechanism
1 INTRODUCTION
Natural vegetable dyes have been used
historically throughout the world. The use of
natural vegetable dyes has decreased to a large
extent due to the advent of synthetic dyes[1].
However, due to German ban on azo dyes,
currently there is a move to find renewable
sources to supplement the need for safe dye
industry and this trend has led to research into
the production of natural vegetable dyes on a
commercial-scale[2]. A revival interest in the
use of natural vegetable dyes in textile coloration
has been growing. This is a result of the
stringent environmental standards imposed by
many countries in a response to the toxic and
allergic reactions associated with synthetic dyes
which have been reported to have carcinogenic
effects. Conventional wisdom leads to the belief
that natural vegetable dyes are friendlier to the
environment
than
their
synthetic
counterparts[3-4]. Natural vegetable dyes can
exhibit better biodegradability and generally
have a higher compatibility with the
environment. Considerable research work is
being undertaken around the world on the
application of natural dyes [5-9].
Nowadays, the natural cellulosic fibers are
becoming a new fashion in clothing
consumption. As natural cellulosic fibres, cotton
have won more favor from consumers, because
they possess such unique characteristics as
capable of absorbing moisture and ventilating,
soft and smooth feel, machine-washable as well
as presenting customers a feeling of

psychological comfort[10].
Natural cellulosic fibers fabrics dyed with
natural vegetable dyes not only have more added
value but also have realized natural clothing.
Under the theme of clothing consumption, this is
a good research on ecological and green textile
with the requirements of textile green
consumerism of people in the new century. But,
Natural cellulose fibers are negatively charged
due to the presence of carboxyl and hydroxyl
groups [11]. That is to say, cotton can not be
directly dyed with natural Rhubarb dyes, and the
value of dry and wet rubbing fastness and
washing fastness is very low.
In this paper, the quaternary ammonium salt
cationic reagent which is stable, small, single has
been synthesized successfully in laboratory. The
ion property of cotton fiber is turned from
negative group to positive group by the
modification of this reagent. And the method has
strengthened the affinity and stability of
Rhubarb dyes and cationised cotton fabrics and
improved dyeing a lot. And it studies the
mechanism of Rhubarb dyes on the cationised
cotton.
2 EXPERIMENT
2.1 Material
2.1.1 Rhubarb dyes
Rhubarb dyes(Fig.1) were used. Rhubarb was
heated in distilled water at the ratio 1:10 of
Rhubarb to distilled water with the
concentration(40g/l)of sodium hydroxide for
100min, at 80 ℃ to obtain the solution of
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portions were calculated for each exposure
period.
2.2.4Stripping of dyes
Stripping of dyes with acetum, pyridiny，pyridyl
oxalate and DMF were detetmined by the
references[13-14].

Rhubarb dye.

OH

O

S

OH

R
O

R=－CH3,S=H:rhubard
R=－CH3,S=－OCH3:Rhubarb-formaldehyde
R=－CH2OH,S=H:aloe-Rhubarb
R=－COOH,S=H:rhein
Fig.1 Chemical structure of Rhubarb
2.1.2Cotton fabric
Scoured and bleached cotton fabric with the
following characteristics was purchased from
market: weight142g/m2, 64 ends per inch, 56
picks per inch. Before using, the fabric was
treated with a solution containing 5g /L
non-ionic detergent, at 50℃ for 30 min. Then,
the fabric was thoroughly washed with water and
air dried at room temperature.
2.2Methods
2.2.1. Cationic modification of cotton with the
quaternary ammonium salt cationic reagent
The quaternary ammonium salt cationic
reagent(Fig.2)was synthesized in laboratory.
Cotton fabric was cationised according to the
conditions: the concentration of cationic reagent
is 50g/l, the concentration of sodium hydroxide
is 15g/l, the time of reaction is 40min,the liquor
ratio of 30:1.

3 RESULTS AND DISCUSSION
3.1Dyeing with Rhubarb
3.1.1 Orthogonal testing results and analysis
The dyeing results were given in table 1(the
liquor ratio of 40:1 and the index of original
cotton are L*=77.63,A*=-3.03,B*=0.95).As can
be seen, the order of all factors on theΔE(color
difference) and the L(color brightness):
concentration of the dye solution > dye bath pH>
reactive temperature. And the order of all factors
on the C(color saturation) : dye bath
pH>concentration of the dye solution > reactive
temperature.
Table 1 Orthogonal testing results and analysis
of cationised cotton dyed with Rhubarb

L
K1

C
K1
Fig.2 Chemical structure of the quaternary
ammonium salt cationic reagent
2.2.2Dyeing procedure
（1）The cationised cotton fabric was dyed using
conventional heating at different pH values ,at
different concentration of the dye solution and at
different temperatures for 45 min.
（2）The dyed samples were rinsed with cold
water, washed in a bath of liquor ratio 30:1 using
litmusless soap(2g/l) and sodium carbonate(1g/l)
at 50℃ for 20 min, then rinsed and finally dried
at ambient temperature.
2.2.3Colour measurement
Color changes in the specimens were measured
at intervals during exposure using a Minolta
colorimeter. The tri-stimulus values, X, Y and Z
under illuminant were converted to CIELAB
coordinates. The color difference (DE CIELAB)
values[12] between the original and the dyed

Δ
K1

level

Temprature/
℃

pH

1
2
3

70
80
90
50.82
50.46
50.54
0.36
16.03
15.77
15.73
0.30
29.87
30.05
29.98
0.18

4
7
10
50.92
50.34
50.57
0.58
14.37
16.28
16.87
2.50
28.94
30.42
30.54
1.60

K2
K3
R
K2
K3
R
E

Concentration
of the dye
solution /ml
*l-1
30
40
50
53.16
50.27
48.39
4.77
15.28
15.88
16.36
1.08
27.51
30.27
32.13
4.62

K2
K3
R

3.1.2Single factor testing results and analysis
3.1.2.1Effect of concentration of the dye solution
Fig.3 shows that the concentration values of the
dye solution have considerable effect on the
dye-ability of cationised cotton fabrics with
natural vegetable Rhubarb dye. It is clear that the
ΔE increases with the concentration values of
the dye solution, but as the concentration values
of the dye solution more than 80ml/l, theΔE
changes very small. The change trend of L is
contrary to theΔE. The C increases with the
concentration values of the dye solution.
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Considering all the factors, the concentration
value of the dye solution is 80ml/l.

As can be seen from table 2,the dyeing
performance of cationised cotton fabrics dyed
with Rhubarb has been improved a lot as
compared with the original cotton fabric dyed
with Rhubarb，such as the ΔE value is improve
29.94,the L value is declined 22.83,and the C
value is improved11.46.
Table 2 Comparison of cotton and cationised cotton fabrics
dyed with Rhubarb

Fig.3 Effect of Concentration of the dye solution on the
colour value of dyed cationised cotton fabrics. (Dyeing
conditions: dye bath pH 7,reactive temperature 80℃,the
liquor ratio of 40:1)

3.1.2.2Effect of dye bath pH
Fig.4 shows that the pH values of the dye bath
have considerable effect on the dye-ability of
cationised cotton fabrics with natural vegetable
Rhubarb dye. It is clear that the ΔE increases
with the pH, but as the pH more than 7,theΔE
starts to decline. When pH 7，theΔE gets the
maximal value 38.50.The change trend of color
brightness L is contrary to theΔE. When pH 7，
the L gets the minimal value 41.57.The color
saturation C increases with the pH. Considering
all the factors, the dye bath pH is 7.
We can draw a conclusion that the dyeing
condition of Rhubarb on cationised cotton
fabrics are the concentration of the dye solution
80ml/l, the dye bath pH 7,the reactive
temperature 80℃，the liquor ratio of 40:1.

Cotton
fabric
Cotton
fabric after
soap
washing
Cationised
cotton
Cationised
cotton after
soap
washing

ΔE
11.52
5.19

L
69.42
72.70

c
9.41
4.12

37.00
35.13

42.80
44.37

16.13
15.58

a*
－
1.58
－
2.09

b*
10.81
5.60
13.72
13.24

8.29
7.50

3.3 Fastness properties of cationised cotton
fabrics dyed with Rhubarb
Table 3 and Fig.5 show the washing and rubbing
fastness of cationised cotton fabrics. It is clear
that the fastness of cationised cotton fabrics with
Rhubarb has been improved a lot. The
penetrability of dyeing of Rhubarb on cationised
cotton fabrics is good from Fig.6.
Table 3 Fastness properties of cationised cotton fabrics dyed
with Rhubarb
Dyeing
methods
Direct
dyeing

Washing
fastness
C
A
3

W

Rubbing
fastness
Rd
Rw

3-4
3-4

4
4-5

A= change in colour, C= staining on cotton,W= staining on
wool, Rd= dry rubbing, Rw=wet rubbing(cationised cotton

fabrics)

Fig.4 Effect of dye bath pH on the colour value of dyed
cationised cotton fabrics.
(Dyeing conditions: Concentration of the dye solution
80ml/l,reactive temperature 80℃， the liquor ratio of 40:1)

3.2Comparison of cotton and cationised
cotton fabrics dyed with Rhubarb
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Fig.5 Photo of dry and wet rubbing samples of
cationised cotton fabrics dyed with Rhubarb

Df

Ds

Fig.6 Photo of skiving of cationised cotton fabrics dyed with
Rhubarb (red fibers are dyed wool)

acetum
samples

a little

25%solution
of pyridiny
a
little

pyridyl
oxalate
a
great lot

Table4 Stripping of Rhubarb

O
Q
N

HO

OH
OH

O

OH
O

O

C

O

O
Fig.7 Binding force between Rhubarb and cationised cotton
fabrics

3.5Thermodynamics of dyeing
According to 3.4, we can infer that the
mechanism of Rhubarb on cationised cotton
fabrics is belongs to the mechanism of electric
absorption, which is according to the
characteristic
equation
curve
of
Langmiur(Fig.8).

1/Df

3.4.Bingding force between Rhubarb and
cationised cotton fabrics
The dyed samples were done by procedure
2.2.4.Table 4 and Fig.7 show the binding force
between cationsied cotton fabrics and Rhubarb
dye is chief ironic bond, and besides hydrogen
bond and van der weals force, and besides
covalent bond which is formed by the reaction of
carboxy group and hydroxyl group.

1/Ds
Fig.8

Isothermal line of Langmuir

DMF
a great
lot

4 CONCLUSION
The dyeing performance of Rhubarb dyes on
cotton fabrics has been improved a lot by the
cationic modification. The dry and wet rubbing
fastness, washing fastness and penetrability of
dyeing are good. The mechanism of Rhubarb
dyes on cationised cotton fabrics is belongs to
the mechanism of electric absorption, which is
according to the characteristic equation curve of
Langmiur. Natural cellulose fiber fabrics dyed
with natural vegetable dyes not only have more
added value but also have realized natural
clothing. This is a good research on ecological
and green textiles with the requirements of
textile green consumerism of people in the new
century. This can form natural material products
and estates and create huge economical and
environmental results.
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ABSTRACT
The eco-friendly pretreatments such as enzymatic desizing, combination treatment of scouring and bleaching in
one-bath in the absence of alkali of Jute/cotton blended fabric were studied. For starch, Suhong Desizyme 2000L (SDL)
is a higher effective desizing agent, and there is just only one step of hot water washing needed to remove re-adsorbed
decomposed size. The desizing process conditions had been optimized as following: SDL 0.8 g/L, temperature 70 ℃,
time 45 min and neutral condition, fabric to liquor ratio 1︰20. Compared with the conventional two-step-two-bath
treated fabric, the alkali-free combination treatment treated fabric has lower weight loss, higher breaking strength,
similar wettability, and lower whiteness index which is unexpected. The optimum conditions for combination treatment
as follows: TA-110 6 ml/L, hydrogen peroxide 7 ml/L, TA-116 2 ml/L, temperature 75 ℃, time1 30 min and time2 20
min, fabric to liquor ratio 1︰20.
INTRODUCTION
Wetting behavior of fibrous materials is crucial to their
manufacturing processes, functional properties, and
end-use performances. Textile materials need good
wetting properties to deliver chemicals uniformly to
fibers1. For cellulosic fibers, it is now generally accepted
that the pectin, wax and other non-cellulosic impurities
are responsible for the non-wetting behavior by water2-4.
Moreover, the size applied to increase yarn strength and
to reduce the ripping and hairness of the yarn during the
spinning process is another factor for hydrophobic
behavior of fabric5-7. Therefore, the size and
non-cellulosic impurities of fabric should be removed
before dyeing and finishing to improve its wettability.
The common industrial removal of size and impurities is
conventionally carried out by treating the fabric with
sodium hydroxide at boiling temperature. Although alkaline
treatment is effective and the cost of sodium hydroxide is
low, the process is costly because it consumes large
quantities of energy, water, and auxiliary agents. And the
strict pH and temperature requirements for alkaline
treatment are damaging to many fibers2. For this, a wide
range of studies have been undertaken to understand the
effects of enzymes in pretreatments of fabrics. Although the
enzyme pretreatments can save energy, reduce consumption,
and minimize the damage to fibers, the cost of enzyme is
costly8-9.

The situation of energy crisis and environmental
pollution was worsen day by day all over the world10.
Taking account of all of those problems, the present
work aims to study the enzymatic desizing and
combination treatment of scouring and bleaching in the
absence of sodium hydroxide of jute/cotton blended
fabric. To compare the outcome of present work,
conventional scouring and bleaching of jute/cotton

blended fabric have also been carried out simultaneously.
MATERIALS AND METHODS
Materials
Fabric
The fabric used in this research is jute/cotton (55/45
blended twill fabric, whose warp and weft yarn densities
was 100 and 58 per 10 cm respectively.
Chemicals
Suhong desizyme 2000L (SDL) was kindly supplied by
Novo Nordisk (Shanghai Office, China). Scouring agent
TA-110 and promotive agent of hydrogen peroxide
decomposition TA-116 were supplied by Shanghai
Tiantan auxiliaries Co., Ltd., China. Sodium hydroxide
and hydrogen peroxide were purchased from Shanghai
Ruiteliang Chemical Co., Ltd., China. Sodium silicate
and JFC were provided by Shanghai Nuotai Chemical
Co., Ltd., China.
Methods
Desizing
The control fabric was treated with SDL 0.4~2.0 g/L,
penetrate agent JFC 1 g/L, neutral pH value, and kept at
70 ℃ for 15~90 min, the liquor ratio is 1﹕20.
Combination treatments
The desized fabric was treated with scouring agent
TA-110 2~10 ml/L, hydrogen peroxide 3~11 ml/L,
promotive agent TA-116 1~8 ml/L, penetrate agent JFC
2 g/L, and kept at 45~85 ℃ for different time with
liquor ratio 1︰20.
Scouring
The desized fabric was scoured using sodium hydroxide
6 g/L, sodium silicate 2 g/L, JFC 1 g/L, and kept at 90
℃ for 60 min with fabric to liquor ratio 1︰20. Then
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neutralized with sulfuric acid 2 g/L, and then thoroughly
washed with distilled water.
Bleaching
The bleaching of scoured fabric was carried out in the
solution which was prepared with hydrogen peroxide 6
ml/L, sodium silicate 2 g/L, JFC 1 g/L, pH 10.5 was
prepared with alkaline buffer solution, and kept at 90 ℃
for 60 min with fiber to liquor ratio 1︰20. After the
bleaching treatment, the fabric was neutralized with
sulfuric acid 2 g/L, and then thoroughly washed with
distilled water and dried in an oven.
Testing
Residual Starch concentration (RSC)
The dry sample (2 grams) was accurately weighted and
cut into small pieces, and treated with 30 ml 42 %
perchloric acid solution in the1000 ml beaker, and kept
at room temperature for 30 min with stirring. After the
treatment, the solution was diluted with distilled water,
then 1~2 drops phenothalin and 6 mol/L sodium
hydroxide solution were added until the solution appears
faint red, and then 2 mol/L acetic acid was added until
the solution became clear. The solution was filtered and
transferred into 250 ml volumetric flask, and then was
diluted to 250 ml with distilled water. Subsequently, 5
ml solution was transferred into 50 ml volumetric flask,
25 ml acetic acid (2 mol/L), 0.5 ml potassium iodide (10
%), 2 ml potassium iodate (0.05 mol/L) were added into
the solution which was diluted with distilled water.
Absorbency was measured at 620 nm when the color of
the solution unchanged. Absorbencies were converted to
grams of starch using a calibration chart. At least five
measurements were made for each condition and the
data given are an average of these results.
Water absorbency
For the fabric water absorbency test, we adopted the
AATCC test method 79-1995.The wettability was
determined by counting the elapsed seconds between the
contact of the water drop with the fabric and
disappearance of the drop into the fabric
Weight loss
Fabric weight loss was recorded as dried sample weight
loss. The drying conditions were 105 ℃ for 3 h. The
sample was weighed after cooling in a closed weighing
bottle in a dissector. The weight loss (Wt%) was
calculated using Eq. 1:
Wt % =

W1 − W2
× 100%
W1

(1)

Where: W1 and W2 are the weights of the fabric before
and after treatment, respectively.
Breaking strength
Breaking strength (BS) was determined by the strip
method according to GB/T 3923.1—1997.

650 spectrophotometer. Illuminant D 65 and 10 °
observer were adopted in measurement. The Hunter
whiteness Index (WI) was calculated using Eq. 2:
WI = 100 − (100 − L ) 2 + a 2 + b 2

(2)

RESULTS AND DISCUSSION
Desizing process
Effect of desizyme and water on the desizing efficiency
The effects of water and de-sizing agent on the residual
starch content on fabric are showed in Figure 1.

FIGURE 1 Residual starch
content of the treated fabric A:
control fabric; B: water treated
fabric; C: desizyme treated
fabric; D: once hot water
washed fabric; E: twice hot
water washed fabric; F: cool
water washed fabric

FIGURE 2 Effect of
pretreatment
on
the
residual starch content of
the treated fabric A:
unpretreated; B: pretreated

Figure 1 shows that the sizing agent was primarily
removed in the water treatment process and desizing
agent treatment processes whereas only 0.15 ~ 0.63 mg/g
fabric sizing agent was removed in the water washing
process. In order to remove the re-adsorbed sizing agent,
one step of water washing process after the SDL
treatment was enough.
To confirm the effect of water treatment which was
carried out before desizing agent treatment, both the
pretreated fabric and un-pretreated fabric were desized
with SDL. The results are presented in Figure 2.
It can be seen from Figure 2 that the residual sizing
agent content of the pretreated fabric was obviously
lower than that of the un-pretreated fabricc. This can be
explained that the pretreatment could remove some oil
and water-soluble starch, which is beneficial for the
reaction between desizyme and size.
Effect of desizyme concentration on the desizing
efficiency
The results of SDL concentration effect on the desizing
efficiency are presented in Figure 3.
Figure 3 shows that the residual starch content
remarkably decreased when the SDL concentration
increased from 0.4 g/L to 0.8 g/L. Then, the desizing
efficiency could not be improved when SDL
concentration further increased. So our conclusion is that
0.8 g/L is the optimum concentration for SDL to remove
sizing agent, and little benefit would be gained by using
excess amount of SDL.

Whiteness testing
The CIE Lab of the fabric was measured using Datacolor
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concentration, but the enhancement rate gradually decreased.
From the above discussions, the optimum TA-110
concentration was 6 ml/L.

FIGURE 3 Effect of desizymme
FIGURE 4 Effect of time on the
concentration on the residual
residual starch content of the
starch content of the treated fabric treated fabric

Effect of treatment time on the desizing efficiency
In order to study the effect of treatment time on the
desizing efficiency, the control fabric was treated in the
solution which was prepared with SDL 0.8 g/L, JFC 1
g/L, neutral pH value, and kept at 70 ℃ for 15~90 min
with liquor ration 1 ﹕20. The results are showed in
Figure 4.
The results in Figure 4 indicate that the reaction between
SDL and sizing agent was characterized by a fast initial
rate, and then leveled off after a certain time. This may
be due to the reagent consumption and the reaction being
completed in a short time. As shown in Figure 4, it is
clear that using 45 min was sufficient to obtain excellent
desizing efficiency.
Combination treatments
The fabric used in this part of work was desized with
SDL using the optimum conditions viz. SDL 0.8 g/L,
JFC 1 g/L, neutral pH value, and kept at 70 ℃ for 45
min with liquor ration 1﹕20.
Effect of TA-110 concentration
The effect of TA-110 concentration on scouring
efficiency is exhibited in TableⅠ.
TABLE ⅠEffect of TA-110 concentration on the physic-mechanical
properties of the treated fabric
Concentration
/(ml/L)
2
4
6
8
10

Wt
/%
2.39
3.86
4.65
3.96
3.32

Wettability
/sec.
5.69
1.84
<1
<1
<1

WI
44.2
45.9
46.3
46.5
47.5

BS/N
Warp
Weft
754
341
732
359
715
334
671
324
656
309

Table Ⅰshow that the weight loss increased when the
concentration of TA-110 increased up to 6 ml/L, then
decreased when the TA-110 concentration was further
increased. Both of the breaking strength of warp and weft
gradually decreased when the TA-110 concentration
increased. This maybe explained that the removal efficiency
of impurities improved when TA-110 concentration increased,
but the ineffective decomposition of hydrogen peroxide was
also accelerated. Moreover, the results in Table Ⅰindicate
that the wettability was considerably improved when TA-110
concentration increased in the range of 2~6 ml/L, and 6 ml/L
was enough to obtain the optimum wettability. And the
whiteness index increased with the increase of TA-110

Effect of hydrogen peroxide concentration
Table Ⅱ shows the effect of hydrogen peroxide
concentration on the physical properties of fabric. As is
evident, a significant enhancement in the weight loss,
wettability and whiteness index was observed by
increasing the hydrogen peroxide concentration. But the
breaking strength considerably decreased. As shown in
TableⅡ, our conclusion is that the optimum hydrogen
peroxide concentration was 7 ml/L.
TABLE Ⅱ Effect of hydrogen peroxide concentration on the
physic-mechanical properties of the treated fabric
Concentration
/(ml/L)
3
5
7
9
11

Wt
/%
2.77
3.38
4.52
5.15
5.35

Wettability
/sec.
4.14
2.41
1.27
<1
<1

WI
43.2
44.6
47.1
47.5
49.2

BS/N
Warp Weft
763
352
745
342
728
328
709
320
694
289

Effect of TA-116 concentration
The effect of promotive agent TA-116 concentration on
the properties of fabric was studied, and the results are
showed in TableⅢ.
TABLE Ⅲ Effect of TA-116 concentration on the physic-mechanical
properties of the treated fabric
Concentration
/(ml/L)
1
2
4
6
8

Wt
/%
3.0
4.02
4.70
5.42
6.29

Wettability/
sec.
2.09
1.32
<1
1.30
1.52

WI
44.7
47.3
46.0
45.5
43.5

BS /N
Warp Weft
754
353
715
330
679
311
639
294
597
253

Table Ⅲ shows that the considerable weight loss of
fabric was observed when TA-116 concentration
increased. The opposite true for breaking strength
whereas significantly decreased was observed. The
results in TableⅢ also indicate that the wettability and
the whiteness index obtained optimum value at 4 ml/L
and 2 ml/L, respectively. So it is clear that TA-116 is an
effective promotive agent for hydrogen peroxide
decomposition. As shown in TableⅢ, it was clear that 2
ml/L TA-116 is sufficient to achieve excellent efficiency,
and there would be adverse effect on the performance of
fabric due to the ineffective decomposition of hydrogen
peroxide.
Effect of temperature
The results of treatment temperature on the properties of
fabric are showed in TableⅣ.
Table Ⅳ indicates that weight loss gradually increased
when treatment temperature increased. The wettability
and the whiteness index significantly enhanced by
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raising temperature up to 75 ℃, then the whiteness index
decreased. It can also be seen from Table Ⅳ that there
was no considerable effect on breaking strength when
the temperature is lower than 75 ℃. So 75 ℃ constitutes
the optimum temperature for the treatment.
TABLE Ⅳ Effect of temperature on the physic-mechanical properties
of the treated fabric
Temperature
/℃
45
55
65
75
85

Wt /%
1.92
2.34
3.90
4.88
5.34

Wettability
/sec.
11.04
6.47
2.20
1.09
<1

WI
40.0
41.8
43.7
46.6
45.5

BS /N
Warp
Weft
738
345
731
356
739
330
728
315
701
289

Effect of treatment time
Table Ⅴshows the effect of time on the weight loss,
wettability, whiteness index and breaking strength, of
the fabrics. These properties are taken as a measure of
fabric performance.
TABLE Ⅴ Effect of scouring time on the physic-mechanical
properties of the treated fabric
Time1
/min
10
20
30

Time2
/min
10
20
30
10
20
30
10
20
30

Wt
/%
1.52
2.24
2.37
2.48
3.47
3.66
3.78
4.24
4.69

Wettability
/sec.
4.02
1.89
1.48
3.52
1.43
1.10
2.75
1.16
<1

WI
41.9
45.0
45.8
43.3
48.8
49.4
44.6
49.9
50.7

BS /N
Warp Weft
767
349
742
338
717
327
745
332
731
326
706
312
726
312
719
297
702
277

It is seen that the treatment time before TA-116 added
exerted considerable effect on weight loss and breaking
strength, while its effect on wettability and whiteness
index is not so considerable as the treatment time after
TA-116 added done. From TableⅤ, our conclusion is
that the treatment time before and after TA-116 added
should be controlled at 30 min and 20 min respectively.
Comparison of present work and conventional
method
In order to compare the properties of treated fabric
between present work and conventional method, the
desized fabrics were treated using the experimental
methods as shown above. The results are exhibited in
Table Ⅵ.

Method
Present work
Conventional
method

between

the

one-bath

Wt
/%
4.52

Wettability
/sec.
<1

51.6

7.31

<1

64.9

WI

method

BS/N
Warp Weft
730
332
661

CONCLUSION
Suhong desizyme 2000L is a higher effective desizing
agent for starch (desizing rate > 90 %), and there is just
only one washing process needed to remove re-adsorbed
decomposed size. The optimum conditions for desizing
treatment as follows: SDL 0.8 g/L, temperature 70 ℃,
time 45 min and neutral condition, fabric to liquor ratio 1
︰20. Furthermore, the fabric treated with combination
treatment of scouring and bleaching in the absence of
alkali exhibits better properties (except whiteness index)
than the conventional method treated fabric. The
conditions for combination treatment were optimized as
follows: TA-110 6 ml/L, hydrogen peroxide 7 ml/L,
TA-116 2 ml/L, temperature 75 ℃, time1 30 min and
time2 20 min with liquor ratio 1︰20.
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Time1: treatment time before TA-116 added; Time2: treatment time
after TA-116 added.

TABLE Ⅵ Comparison
conventional method

Table Ⅵ shows that the present work treated fabric has
lower weight loss, higher breaking strength and excellent
wettability. The drawback of the present work is that the
whiteness index of the treated fabric is lower than that of
the conventional method treated fabric. Therefore, it is
concluded that the present work can replace the
conventional method except for the product which need
higher whiteness index.
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ABSTRACT
In order to achieve the antibacterial property, the silk fabrics were treated with the multi-amine compound(RSD)
and silver nitrate mixed solution to obtain the nano-silver antibacterial fabric,and then steamed in the light of
in-situ mechanism. Subsequently, the finished silk was measured and analysized in the aspect of the formation,
morphology and content of nano-silver, the whiteness, the anti-bacterial and wash-resisting property of the
finished fabrics. The experiment showed that the finished fabric had excellent antibacterial rate, 99.49% to
Staphylococcus aureus and 99.98% to Escherichia coli, when the content of nano-silver was 81.65 mg/kg.
Amazingly, even though washed 50 times, the antibacterial rate of the finished silk fabric still remain more than
97.43%,while the whiteness was less affected.

Key word : multi-amine compound(RSD); silk; nano-silver; steam; antibacterial
1 EXPERIMENTAL
1.1 MATERIALS
The specification of mulberry silk fabric was (60
g.m-2) (China).Silver nitrate (AgNO3) and nitric
acid (HNO3) were purchased from Sinopharm
Chemical Reagent Co. Ltd. (China) and of
analytical grade. The multi-amine compound (RSD)
was prepared in the laboratory made reagent.
Nutrient broth and nutrient agar are all biochemical
reagents,which were purchased from Scas
Ecoscience Technology Inc. (China). S.aureus
(ATCC 6538) and E. coli (ATCC 8099) were
obtained from College of Life Science, Soochow
University (China) .

INTRODUCTION
In recent years, with the development of science
and technology and the improvement of the living
standard, people has continously strengthened their
awareness on health and environmental protection
of clothings. Silk fabrics are highly popular with
people for their excellent properties such as
softness, gorgeous appearance, enjoyed the honor
as “The Queen of Fibers” [1]. Therefore, to study
and exploit the antibacterial silk fabric has an
important influence on the social significance and
economic benefits [2-3].
Previous studies have indicated that not only the
use of a strong reductant such as borohydride
formed nano-silver particles in the solution, but
nanosilver powder with narrow particle size
dissolved in demonized water, and there are some
identical deficiencies, like the stability of the
solution and the aggregation of nanoparticles [4]. In
order to solve this problem,various methods was
put forward by many specialists in this research
field, included the dispersant like PVP and PEG
added, spray pyrolysis, low plasma and so on .But
controlling the generation of the nano-silver
particles are always difficult and steps are tedious
in these works,which have negative impact on the
practical application[5].

1.2 THE PROCESS OF NANOSILVER
TREATED SILK FABRIC
The silk fabric was immersed in the solution which
was mixed by Silver nitrate and RSD at their
respective concentration with the process of
dipping and rolling twice times, subsequently
steamed 30 minutes. And then washed and
air-dried at ambient temperature to produce the
finished silk fabric.
1.3 TEST METHODS FOR SILVERTREATED
SILK FABRIC
Whiteness of the fabrics was measured using a
WSD-5 Full-automatic Whiteness Meter. Model
S-570 scanning electron microscope (SEM) was
used to observe the particles size and morphology
of silver nanoparticles on the surface of silk fiber.
Silver content on the treated silk fabric was
determined using a Vista MPX Inductively
Coupled Plasma Atomic Emission Spectrometer
(ICP-AES). The color measurements of the
nanosilver-treated silk fabrics were performed
under D65 illuminant at 10° observer using an
Ultrascan XE spectrophotometer.

On the basis of existing research conclusion, we
carried out studies in an effort to avoid producing
the silver particles in the solution. According to the
principle of in-situ mechanism[5], nanosilver
particles was formed directly on the surface of silk
fabrics attributed to the reducibility of the
multi-amine compound (RSD), so as to finish the
antibacterial property of the silk fabric.

- 1408 -

The antibacterial activity and the durability of the
sivler-treated silk fabrics were tested against E. coli
and S. aureus by using a shaking flask method
according to FZ/T 73023-2006 (China). This
method is specially designed for specimens treated
with the antibacterial agents under dynamic contact
conditions. The percentage reduction was
determined as follows:

(a) original silk fiber

FIGURE 2. longitudinal surface of the silk fiber

After
magnified 10000 times by scanning
electron microscopy, the nanosilver finished silk
fiber treated by 50mg/l silver nitrate solution and
RSD mixed solution can clearly see a large number
of silver particles with nano-scale size. Fig.1
together with Fig.2 completely confirmed that the
silver on the surface of the finishing silk fabric
exist in the form of nanosilver particles.

A−B
× 100% ,
Reduction in cfu (%) =
A
Where, A is the bacterial colonies of the original
cotton fabrics and B is the bacterial colonies of the
nanosivler-treated silk fabrics.
2 RESULTS AND DISCUSSION

2.2 ANTIBACTERIAL PROPERTIES OF
SILVER-TREATED SILK FABRICS
Typically, the whiteness (WI) and silver content
were used to judge the antimicrobial property. The
whiteness of the original silk fabric is 90.79.

2.1 CHARACTERIZATION OF THE
NANO-SILVER ON SILK FABRICS
2.1.1 THE K/S VALUE OF NANOSILVER
TREATED SILK FABRIC
Owing
to
nano-silver
leading
to
the
nanosilver-treated silk fabrics bright yellow, we
can measure the K/S value of the treated silk
fabrics, and then receive the absorption spectrum
graphs. Using 2g/l RSD aqueous solution,
respectively, with 0.1ml, 0.3ml, 0.5ml, 0.8ml, 1ml,
1.5ml of 0.1mol/l AgNO3 solution mixed to deal
with the silk fabrics, and make the signs of samples
accordingly as a, b, c, d, e,and f.

2.2.1 ANTIBACTERIAL PROPERTIES OF
NANOSILVER TREATED SILK FABRIC
The E. coli and S. aureus are selected to perform
the antibacterial property of the finished silk fabrics.
We mesured the antibacterial property of the
treated samples mentioned above (No. a, b, c, d, e
and f) and the results atfollwing Table I.
TABLE I. the results of nanosilver-treated fabric

1.0

0.8

f

0.6

K/S

(b) nanosilver-treated silk fiber

sample

a

b

c

d

e

f

WI

75.20

69.91

69.87

66.49

66.35

66.31

mg/kg

189.5

265.9

495.7

745.8

867.5

1352.7

E.coli

99.99

99.99

99.99

99.99

99.99

99.99

S.aureus

99.98

99.98

99.99

99.99

99.99

99.99

0.4
a
0.2

With the increase of the silver nitrate volume, the
whiteness of nanosilver finished silk fabric is
declining, while the silver content and
antimicrobial rate for E. coli and S.aureus is
gradually increasing. What is more, bacteriostasis
rate of nano-silver finishing silk fabrics for E. coli
and S.aureus can reached more than 99.9 percent.

0.0
200

300

400

500

600

700

800

w aveleng th(nm )

FIGURE 1. The spectra of treated silk fabrics

As shown in Fig.1, the obvious absorption peaks
between 400nm and 420nm wavelength appeared
in curves from b to f, which was consistent with the
absorption peak of the nano-silver solution. Thus
we can deduce that there are indeed nano-silver
particles on the surface of the nanosilver-treated
silk fabrics.

2.2.2 THE ANTIBACTERIAL WASHING
DURABILITY OF SILVER-TREATED SILKS
To study the antimicrobial activities furtherly, the
mixed solution treated a in Fig.1 was selected to
dilute 5 times, and to deal with the silk fabric and
steam it. The results were measured in TableⅡ.

2.1.2 THE SURFACE MORPHOLOGY OF
SILK
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TABLEⅡ. the results of nanosilver-treated fabric
washings
WI
mg/kg
E.coli
S.aureus

0
86.32
98.65
99.98
99.49

5
86.43
95.02
99.96
98.49

10
87.18
88.85
99.86
99.49

20
87.58
87.13
99.96
98.89

50
87.71
81.65
99.86
97.43
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As one of the most important factors to consider for
the antimicrobial finish of silk fabrics is its
durability against repeated washings, the
silver-treated silk fabrics were laundered 0, 5, 10,
20 and 50 times. The content of the finished silk
fabric is 98.65 mg/kg and remarkablely less than
the sample a 189.5 mg/kg, of which the antibacterial
rate to E. coli and S. aureus both reached more than
99%. With the washing times increased, the silver
content of the treated silk fabrics decreased slightly
and the corresponding whiteness increased. In fact,
still over 97.43% of bacterial reduction to S.aureus
and 99.86% to E.coli maintained after 50 washings.
So the conclusion show that nanosilver-treated silk
fabric have an an excellent antibacterial washing
durability.
When the silver content reached 81.65 mg/kg,the
naosilver treated silk fabrics have the antibacterial
rate of 97% to S.aureus, 99% to E. coli,and be of
excellent antibacterial washing durability. The
good laundering durability of the silver-treated silk
fabric may be caused as the following reasons. On
one hand, some amino groups of the RSD form a
silver ammonia complex with nano-silver particles
penetrating into the amorphous zone of silk fibers.
On the other hand ,strong adhesive power through
hydrogen bond between the RSD and the silk fabric
increased the amount of the amino groups on the
surface of the fabric,so as to the silver particles are
more easier to absorbed to silk fabric. In addition,
the van der Waals force between molecules, as well
as the role of dipole moment, will enhance the
effect of this complex
3 CONCLUSION
In conclusion, the silk fabrics treated with the RSD
and silver nitrate mixed solution and steamed
30mins, on which the silver existed in the form of
silver particles, and evenly reached the magnitude
of nano-sized. Moreover, the bacteriostasis rate of
E. coli and S. aureus reached more than 99.9
percent, but the whiteness decreased. Even if
treated by the diluted solution and washed 50 times,
when the silver content is 81.65mg/kg, the
nanosilver finished silk fabric still remain an
excellent antibacterial washing durability. And the
whiteness is 86.32, and is close to the value of
original silk fabric.
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Abstract
This experiment studied supercritical CO2 dyeing by Disperse Red 167 on pure linen cloth. The solubility of
dyes, the modifying of fabric and the dyeing process which primarily influenced dyeing results are analyzed.
The optimum dyeing parameters are as follows: pressure=27MPa, temperature=120℃. After being dyed, the
fabric was detected with infra-red spectrum and visual microscope; the dyed fabric was tested by the standard of
GB251-1995 and GB250-1995. The result was that its fastness to crocking and washing could both reach grade
4.The rate of dye-uptake can be 82%. Because this water-free dyeing facility has the characteristic of dynamic
dyeing, and the accumulation and remain of dye on fabric are reduced.
by Dalian Guangming Insitute of Design. This device
can realize “internal dyeing”
1. INTRODUCTION
The technique of supercritical extraction has
extensive uses in many fields such as chemical
engineering, biology, medicine, pharmaceutical,
environmental protection, hygiene, cosmetics, food,
and new materials[1]. Due to our ever increasing need
to preserve water resources and maintain our natural
environment, the advancement of science and
technology is making researchers commit themselves
evermore to exploit pollution-free and low-energy
production technology. Research in supercritical CO2
technological equipment has become popular .When
temperature reaches its critical point, CO2 has good
solvent properties and transferring characteristics
being able to dissolve dyes at the same time. CO2 can
FIGURE 2. Schematic diagram of supercritical carbon dioxide
permeate and absorb into the fiber, so this can
dyeing apparatus
H01: gas hold-up cylinder, H02: filter; H03: cryogen jar; H04:
complete waterless dyeing, following the Brownian
[2-4]
CO2 pump: H05: preheater;
movement . This extraction technique with high
H06: dye tank ; H07: dyeing processing tank; H08: separating
efficiency and short process flow can solve the
tank; H09: condenser; H10: CO2cylinder
difficult problems of pollution in dyeing profession.
Supercritical carbon dioxide (SC-CO2) has been
dynamic dyeing (I/O). First, CO2 is filled from H10
recently used for dyeing of synthetic fibers[5-7].
to H01,and after H02 it becomes pure, when it passes
However, only disperse dyes or other non-ionic
H03, it is pressed into H05 by H04. At last, it comes
compounds are able to penetrate lipophilic polymeric
into H06. Staining solution flows out through the
materials, when dissolved in SC-CO2, can be used in
upside of H06 and when it passes through H08 and
these treatments. The fibers, modified by biologic
H09, CO2 is separated with dye and recycled. The
enzyme were successfully dyed.
fabric is enwinded to the axis which is internal the
dyeing tank. On the condition of internal dyeing,
2. EXPERIMENT
staining solution filters from the internal of axis to
2.1 MATERIALS
the external in order to complete dye.
A commercial bleached, unfinished kenaf plain cloth
External dyeing is finished when staining solution
was used as the sample. Carbon dioxide(CO2) was
absorps and permeates fabric from the external of the
purchased form Dalian Air Co.,Ltd, with a purity
axis to internal. CO2 flows into H07 from the upside
higher than 98.0%. The following commercially
of it which is different from internal dyeing. So it’s
available disperse dyes(C. I. Disperse Blue 75 shown
better to dye by the both internal and external
in Figure 1) were obtained from Dalian Chemical
methods.
Center.
This device can also extract natural dyestuff from
plants which can be used to dye directly. Fluid
dyestuff can be put into the dyeing system to dye.
The temperature and pressure of dyeing tank can be
controlled by computer, so experimental findings are
output in the form of report diagram.
FIGURE 1. Structure of dyestuffs used in this study
If the carbon dioxide’s critical point, pressure force,
and temperature is higher than 7.3Mpa and 31.1℃, it
2.2 APPATRTUS AND PROCEFUREDS.
is called supercriticality. CO2 has good solvent and
The apparatus, shown in Figure 2, was manufactured
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transferring characteristics, and it also can dissolve
nonpolar substance, but under this state it doesn’t
have this ability[5-6]. The operating principle of
supercritical CO2 dyeing device which is researched
by this characteristic is as follows:
Liquid CO2 is stored in circular CO2 tank, which is
pressurized to critical pressure force with high
pressure pump, then the temperature reaches critical
point. Following this supercritical CO2 enters into
the dye tank which already holds the dye. The CO2
contacts thoroughly with the dye and dissolve it.
When supercritical CO2 containing dye comes into
dye processing tank holding fabric, the CO2 dye will
filtered through the fabric, and tinction is realized.
Then the pressure and temperature are reduced by
flow regulating valve and heat exchanger in order to
reduce carbon dioxide’s dissolving capacity, so some
redundant dye can separate with CO2.The dye remains
in the separating tank, and CO2 is completely gasified,
and then it would be liquefied by liquefier, which
returns tank for recycled use next time.
When supercritical CO2 containing dye comes into
dye processing tank holding fabric, the CO2 dye will
filtered through the fabric, and tinction is realized.
Then the pressure and temperature are reduced by
flow regulating valve and heat exchanger in order to
reduce carbon dioxide’s dissolving capacity, so some
redundant dye can separate with CO2.The dye remains
in the separating tank, and CO2 is completely gasified,
and then it would be liquefied by liquefier, which
returns tank for recycled use next time.

ln ϕ

2

=

2
3
B 12 +
C
v
2v 2

m

−

(3)

pv
RT

When equation 3 is substituded into equation 1 and
the replacement of f02=v02P02=p02 is done, solubility
equation is obtained(equation 4):
(4)
⎛ p ⎞ v (p − p ) 2
3
pv
0

ln y 2 = ln ⎜⎜ 2 ⎟⎟ +
⎝ p ⎠

0
2

0
2

RT

−

V

Bm −

2v 2

Cm +

RT

From the equation we can see that around critical
point if p increases a little, ρ( ＝ 1 ／ v)swells
obviously, so substance’s solubility is boosted[12]
.This is the reason why disperse dye has good
solubility in supercritical CO2 and the rate of dye
up-take upto be 86%.
3.2 EFFECT OF DEVICE
This dye processing tank’s advantage is the
combination of the technology of internal and
external dyeing. It is dynamic dyeing, so the dyestuff
can contact with the fabric thoroughly. Further more,
eddy flow decreases and is dyeing fastness and state
of dye up-take are higher than using one dyeing
technology (shown in figure 3). This solves the
unevenness of static dyeing.

3. RESULTS AND DISCUSSIONS
3.1 EFFECT OF DYESTUFF’S SOLUBILITY
Dyestuff’s solubility is one important factor in the
aspect of dyestuff diffusing into the fiber and its
absorbing action[8-11]. Under the state of
thermodynamic equilibrium, the substance between
dyestuff solid phase and CO2 gas phase has equal
fugacity, subscript 1 means CO2, subscript 2 means
dyestuff, their relational expression is as
follows(equation 1):
ψ 2 py

2

= x 2s γ

s
2

υ（
2 p − p 2）

f 2us exp[

PT

]

(1)

f02、v02、p02 indicate pure substance saturated fugacity、
molar volume、saturated vapor pressure; x2、y2 denote
dyestuff molar centage、activity coefficient, which is
in solid phase; Ψ02 、 y02 is dyestuff’s fugacity
coefficient、molar percentage, which is in CO2.
If CO2 doesn’t dissolve in the solid phase of
substance, x2三＝1、y2三＝1. In addition, CO2 fugacity
coefficient can be expressed with equation 3 which is
based on virial state law (equation 2)
(2)
B m
C m
pυ
RT

= 1 +

υ

+

υ

Circularity chip of flax fibers dyed
in traditional way

2

Circularity chip of flax fibers dyed
in supercritical CO2
FIGURE 3. This is the SEM picture of circularity chip of flax
fibers dyed in different devices

From the picture we can see that evenness is better in
dynamic dyeing than by traditional methods.
3.3 EFFECT OF MODIFIED FIBER
Cellulose fiber is hydrophilic, and its molecular chain
contains enough hydroxyl groups. There are two
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difficulties when cellulose fiber is dyed by
supercritical CO2. One is that CO2 can’t break much
of the hydrogen bond of cellulose fibers[13], so the dye
can’t permeate into the internal of the fiber with
excessive cross linkage. And it is difficult to dye the
fiber and fastness to dyeing is not very good because
there is no affinity between disperse dye and cellulose
fiber. So it is necessary to modify the fiber with aids
before dyeing. The result is that color aberration is
2-3 times[10] as good as unmodified fiber and its
fastness to rubbing, sun-proof and washing resistance
can all reach grade 4. From fig.4 we can see that on
the picture of linen cloth modified by biologic
enzyme, there is a new characteristic peak on the
place with weavelenth 1732.99cm-1, which proves the
existence of the hydroxyl group. By comparing the
infrared spectrogram of modified fabric’s dyed and
undyed, we can see that, at the point of 2130.41cm-1,
the wave peak of modified fabric that not been dyed
deviated to 2051.32cm-1. The wave peak at the point
of 3414.13cm-1 skewed to 3434.85cm-1. At the point
of 2851.05cm-1, the wave peak of dyeing fabric has
been strengthen .After dyeing, the strengthen of
carbonyl group peak value brings about changing and
the strength of carbonyl group weakens. This all
illustrated that there is a combination of hydroxyl
group between dyeing and fabric.

FIGURE 4. IR Spectrum contrast of` linen cloth processed in
different conditions

To confirm the effectiveness of the disperse dyes of
SC-CO2 dyeing, we tested washfastness using the
aqueous anionic soaping solution. The results of
dyeing for the linen cloth with Reactive Disperse
Blue75 are shown in Table 1 and their washfastness
are good.
TABLE 1 . Dyeing results
24Mpa
100℃
Llinen Cloth
Modified
Linen Cloth

Wash
Fastness

Dry

2-3
4-5

Llight
Fastness
Stage 5

Rub Rastness
Wet
3
4-5

3
4

3-4
4

4 CONCLUSIONS
1. Disperse Disperse Red 167 is used in the
supercritical dyeing with CO2 and its optimum
pressure and temperature are 27Mpa、120℃.

2. With the method of internal and external dyeing,
the dyes carried by fluid CO2 diffuse into the interior
and surface of the fibers evenly and the fibers absorb
enough dyes, so homogenous dyeing is finished.
3. With the method of modifying technology with
enzyme and internal and external dyeing, the intensity
of carbonyl of cellulose fiber becomes weak and it
can forms hydrogen bonds with the dyes. And the
fabrics’ fastness to rubbing, sunfastness and laundry
resistant can all be grade 4. The dye uptake can be
82%.
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ABSTRACT
Chitosan had the high content of primary amino groups and the cotton fiber was modified by chitosan
to improve the dyeing performance of natural dyes. The optimal modifying process was studied and the
dyeing properties such as K/S value and color fastness were investigated. FTIR, TGA and SEM were
applied to analyze the functional group, thermodynamics performance and surface appearance. As a
result, it was found that chitosan enhanced the dye-uptake of natural dyes and increased natural dyes
sorption on cotton fabric. Natural dyes showed favorable dyeing performance on cotton fabric modified
by chitosan. The ultraviolet protective properties of the dyed cotton were evaluated．It was found that
the dyed cotton had good UV-protection ability.

Key word: Chitosan; Cotton; Natural dyes; Modify
1 INTRODUCTION
Due to the abundance, low cost and good
chemical and biological properties, chitosan was
widely used in medicine, nutrition, cosmetics,
papermaking and several other application fields.
In recent years, a number of investigations had
been carried out to exploit the potential
applicability of chitosan [1-2].
In the last years, much work had been devoted to
the study of chitosan blends with cellulose [3–4]].
Taking into account the importance of the two
constituents, the blends of cellulose and chitosan
presented special interest; while fibers and films
made from pure chitosan had only moderate
mechanical

properties,

a

chitosan–cellulose

blend could have, simultaneously, the chemical
functionality

of

chitosan

and

the

good

mechanical properties of cellulose.
In comparison with synthetic dyes, the natural
dyes were generally environmental friendly and
nontoxic. Natural dyes could exhibit better
biodegradability and generally had a higher

compatibility with the environment [5]. However,
a great number of natural dyes were faced with
the problem of poor color fastness and low
dye-uptake on cellulose fiber. In order to solve
this problem, a number of studies had been
carried out to improve the dye-uptake and
fastness properties. An alternative way to
overcome this problem was the modification of
cotton with cationic agents.
In this work, the cotton fabrics were treated with
chitosan in acetic acid dilute solutions. The main
goal of this treatment was to enhance the
dye-uptake of natural dyes and increased natural
dyes sorption on cotton fabric. FTIR, TGA and
SEM were applied to analyze the structure
change of the modified cotton fabrics. When the
modified cotton was dyed with natural dyes, it
was also found that the dyed cotton fabric had
some ultraviolet protective property.
2 EXPERIMENTAL

2.1 Materials and chemicals
Natural dyes were purchased from M&D Food
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Additive Co. Ltd (China). The knitted cotton
was provided by Guangdong Yida Co. Ltd
(China). Chitosan (medium molecular weight,
viscosity 200.000 cps, CAS 9012-76-4, FW of
repeating unit, 161) .
2.2 Cotton modification with chitosan
Chitosan was dissolved in the 2 ％ aqueous
acetic acid solution. The cotton was then
immersed directly in aqueous solutions of
chitosan with double dip padding process. After
this time the cotton sample was removed and
dried at high temperature. The cotton fabric after
modification with chitosan was rinsed with
water at 40 ℃ and allowed to dry in the open air
in the laboratory.

3.1.1 Chitosan concentration
As shown in TableⅠ, when the cotton was
modified with chitosan, the dye-uptake of cotton
fabric

enhanced

remarkably.

The

main

difference between the chitosan and cellulose
was that the hydroxyl group on the C-2 position
of chitosan was replaced by amino group and the
amino group could accept the proton from the
acid solution which would produce NH3+ group.
This group would be helpful to having the dye
with negative charge transfer to cotton fabric
from dye bath and improve the dye-uptake. It
was found that when the concentration was less
than 12 g l-1, with the rise of chitosan
concentration,
obviously.

the

dye-uptake

However,

when

increased

the

chitosan

2.3 Instrumental analysis

concentration was more than 12 g l-1, the

2.3.1 Ultraviolet and visible spectrum analysis

dye-uptake change became weak and the color

Lambda 900 ultraviolet /visible/near infrared

fastness reduced. This phenomenon may be

spectrophotometer was employed for absorbance

explained as follows: a layer of chitosan film

measurements using quartz cells of path length 1

occur on the cotton surface after modifying,

cm.

which speeded up the dye adsorption, but
hindered the reaction between the dye and the

2.3.2 Scanning electron microscopic analysis

fiber. Those two natural dyes had certain

JSM-5610LV scanning electron microscope was

substantivity and the dyes were not easy to

applied in observing the surface appearance of

remove after hydrolysis, which led to excessive

cotton fiber modified with chitosan.

loose color and reduced the color fastness. So
the optimal chitosan concentration was about
8~12 g l-1.

2.3.3 Thermogravimetric analysis
Perkin-Elmer Pyris 1 TGA was employed to
probe the thermodynamic variation of the cotton

TABLE Ⅰ Effect of chitosan concentration on color fastness

samples and the temperature range was from

and dye-uptake of gardenia

30℃ to 900℃.

Chitosan
concentration

2.3.4 FTIR-ATR analysis
Perkin-Elmer

Fourier

transform

infrared

(g l-1)

Cracking

Soaping fastness

fastness
dry

wet

Color

stainin

change

g

Dyeuptake
(%)

spectrometric analyser with an attenuated total

0

5

4~5

4~5

4

28.3

reflection accessory was applied.

2

5

4

4~5

4

35.5

2.3.5 UV-protective properties measurement

4

5

4

4~5

4

42.7

Ultraviolet light transmittance of the cotton

8

5

4

4~5

4

45.1

fabrics was determined using the spectrometer

12

5

3~4

4~5

4

47.8

(Lambda 900 UV/Visible/NIR).

16

5

3

4

3~4

48.5

3 RESULTS AND DISCUSSION
3.1 Optimal process

3.1.2 Liquor retention
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TABLEⅡ Effect of liquor retention on color fastness and

TABLE Ⅳ Effect of curing time on color fastness, K/S

dye-uptake of gardenia

value and dye-uptake of cochineal

Liquor
retention
(%)

Cracking
fastness

Soaping fastness

ake
Color

staini

change

ng

Cracking

Dye-upt

(%)

Curing

fastness

time (sec)

dry

wet

Soaping fastness
Color

staini

change

ng

Dye-upt
ake
(%)

dry

wet

70

5

4

4~5

4

42.1

30

3～4

3

3

3

43.8

80

5

4

4~5

4

43.1

60

3～4

3

3

3

43.1

90

5

4

4~5

4

44.6.

90

3～4

3

3

3

44.3

100

5

4

4~5

4

48.1

120

3～4

3

3

3

45.1

110

5

4

4~5

4

45.2

Table Ⅱ indicated that the liquor retention had

3.2 SEM analysis

a certain influence on cotton samples’ dyeing

The surface appearances of blank cotton and

performance and the cotton fabric had the best

modified

dyeing effect when the liquor retention was

morphologically observed by SEM. From the

100%. When the liquor retention was low, few

Figure 1 and Figure 2, it was clear that the

chitosan was treated on the fabric. However,

surface of modified cotton had a unique

excessively high liquor retention would hinder

morphological form, which was different from

the reaction between the fiber and dyes and

the blank cotton that showed a smooth surface.

reduce the dye-uptake.

Many netted adhesion structures were observed

cotton

with

chitosan

were

on the surface of the modified cotton fabric as
3.1.3 Curing temperature and curing time

shown in Figure 2. The chitosan was coated on

Table Ⅲ and Table Ⅳ showed that with the

the surface of cotton fabric and formed netted

same chitosan concentration, curing temperature

film structure after high temperature curing.

and curing time had little effect on the
dye-uptake and color fastness. But the excessive
high temperature and long time would destroy
the crystal structure of cotton fiber and reduce
the whiteness of fabric.
TABLE Ⅲ Effect of curing temperature on color fastness
FIGURE 1 SEM photograph of blank cotton

and dye-uptake of cochineal

Curing
temperatur

Cracking
fastness

Soaping fastness
Color

staini

change

ng

Dye-upt
ake
(%)

e (℃)

dry

wet

160

3～4

3

3

3

44.2

170

3～4

3

3

3

44.8

180

3～4

3

3

3

45.6

190

3～4

3

3

3

45.1

FIGURE 2 SEM photograph of modified cotton

3.3 TGA analysis
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1429 cm-1. Because the cellulose and chitosan
had the similar molecular structure and the C－
N stretching vibration band were also in the
scope of 1030～1160 cm-1. Therefore,

there

was little difference between the blank cotton
and modified cotton in the infrared spectra.
3.5 Ultraviolet transmittance spectra
FIGURE 3 TGA diagram of the blank cotton and modified
Cotton

It could be seen in Figure 3 that when the cotton
fabric was modified with chitosan, it still kept
degradation

stages.

However,

the

25

Ultroviolet transmittance (%)

two

30

degradation temperature in the main degradation
stage fell from 374.11 ℃ to 360.23 ℃ and
weight loss in the main degradation stage rose
from 83.34% to 86.09%. This indicated that
cotton

thermal

properties

changed

after

20

Blank cotton
Cotton-Chitosan
Cochineal
Annatto
Chlorophy

15

10

5

modifying treatment, The chitosan might act on
0
280

the amorphous area of cotton fabric, catalyzed

300

320

the dehydration, de-carboxyl and carbonization
of cotton fabric and speeded the degradation
process.

340

360

380

400

Wavelength (nm)

FIGURE 5 Ultraviolet transmittance spectra of the cotton
fabrics dyed with natural dyes

3.4 Infrared spectrum analysis

As shown in Figure 5, the un-dyed cotton had a
high ultraviolet transmittance. The ultraviolet
transmittance of the un-dyed cotton was about
20 % in the UV-B band and about 30% in the
UV-A band. This indicated that the resistance of
un-dyed cotton to ultraviolet ray was very poor.
The ultraviolet transmittances of cotton fabric
dyed with natural dyes such as annatto,
cochineal and sodium copper chlorophyllin were

FIGURE 4 Infrared spectra of the blank cotton and modified
cotton

bands. Generally, the UV-protective properties
of fabrics would be regarded as good when the

As shown in Figure 4, the －OH and －NH
stretching

lower than 5 % in the whole UV-A and UV-B

vibration

band

were

between

3200cm-1 and 3500 cm-1. 1,161 cm-1, 1110cm-1,
1,057 cm-1 were the multiple vibration peaks of
C － O － C － O － C double ether structural
framework. The －CH2 stretching vibration and
flexural vibration occurred nearby 2900 cm-1 and

ultraviolet transmittance was less than 5 %. It
was evident that good UV-protective properties
of cotton occurred when they were dyed by
natural dyes.
4 CONCLUSIONS
In this paper, through chitosan modifying
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process, we introduced the amino groups on the
cotton fabric and remarkably improved the
natural dyes dyeing performance on cotton fabric.
After modifying process, the dyed cotton
samples had higher dye-uptake and better color
fastness. The cotton dyed with some natural dyes
also had very good UV-protection ability and it
was expected that cotton fabrics dyed with
natural dyes can be applied to manufacture
high-quality UV-protective garments.
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ABSTRACT
The anti-ultraviolet finishing of woven fabric interlaced by bamboo fibers mainly relied on the anti-ultraviolet
finishing agents, witch include two major categories of organic and inorganic. The organic plays the role of UV
by chromophore and auxochrome strongly, selectively absorbing high-energy ultraviolet light and transmitting
into thermal energy or shorter wavelength of electromagnetic waves or other forms of energy; The inorganic
ultraviolet shielding agent, mainly uses non-active ceramic, metal oxides, small particles and so on combining
with fiber or fabric，to increase the UV reflectance and scatter of fabric surface and to reduce the ultraviolet
light transmittance rate in fabrics. The fabric woven with bamboo fibers were finished using organic (SCJ-966)
and inorganic(TiO2) anti-ultraviolet agent, and then the factors affecting anti-ultraviolet results were optimized
by orthogonal experiment, furthermore, the optimum process was obtained by the analysis of variance. The
results showed that TiO2 demonstrated the higher anti-ultraviolet ability than SCJ-966, and the optimum
technical condition was: fishing agent concentration of 80 g/L, catalyst of 5g/L, curing temperature of 160℃
and time of 6min. After finishing, the UV transmission rate was 4.236%, decreased about 68%, and this
research supplied the guidance for the anti-ultraviolet finishing of bamboo fabric.
Keywords: bamboo fibers; bamboo fabric; anti-ultraviolet; finishing agent; process optimization
Anti-ultraviolet finishing, to which more and more
attentions have been paid in the past three decades,
is a function finishing. Because of the rapid
development of human productive forces,
especially the increase of the freon application,
ozone layer in the atmosphere is becoming thinner,
and the Earth's surface UV radiation is increasing.
It causes not only textiles faded and brittle, but also
the skin aging, resulting in melanoma, stain even
serious cancer, endangering human health.
In the solar spectrum, the ultraviolet is about
6% .The UV can be divided into three sections,
wavelength region in 400-315nm is UV-A; in
315-280nm is UV-B; in 280-200nm is UV-C. The
proportion of UV-A is higher than the others. The
UV-A can transmit to the dermis and has the
greatest impact on the human body. The proportion
of UV-B is less than UV-A, so it has a limited effect
of the transmission on the human body; The
wavelength of UV-C is shorter. It has been absorbed
in the air, and would difficultly arrive to the Earth’s
surface. Therefore, in this paper the main discussion
of the UV protection is on the effects of UV-A [1].
More and more people take note of the danger of
ultraviolet radiation. At the present time, through
fiber and fabric treatment using UV absorption and
reflection agent, let textiles have the UV protection
function. Bamboo fibers have the characteristics of
high strength, good flexibility, and the bamboo

fabrics have the characteristics of good abrasion
resistance, drape, moisture absorption and
releasability, air permeability, excellent dyeing and
anti-bacterial properties. It is found that the bamboo
fabrics are the preferred clothing materials in the
summer because of the wearing comfort. The
bamboo fabrics which woven by green production
technology, and finished by using anti-ultraviolet
agent will have wide market prospects [2].
The anti-ultraviolet finishing agents of bamboo
fibers include two major categories of organic and
inorganic. The organic agents depend on their major
structural changes in the UV absorption. Converting
the UV into thermal energy or a shorter wavelength
of electromagnetic waves or other forms of energy,
they play a role in UV protection. The inorganic
ultraviolet shielding agent, mainly make use of
non-active ceramic、metal oxides, small particles
and so on to combine with fiber or fabric，which
can increase the UV reflectance and scatter of fabric
surface to prevent ultraviolet light through[3]. This
paper has selected the most representative organic
(SCJ-966) and inorganic (TiO2) anti-ultraviolet
agents on the finishing of bamboo fabrics,
completed the optimized design of factor and level
which affect anti-ultraviolet results, and determined
the optimum process technology and compared the
anti-ultraviolet effects.

- 1420 -

1 The factor choice of affecting anti-ultraviolet
finishing experiment
Choose four factors such as anti-ultraviolet fishing agent
concentration [4] ，catalyzer concentration, curing
temperature and curing time, conduct the
orthogonal experiment with 4 factors and 4 levels [5],
test the fabric’s anti-ultraviolet performance after
the finishing with two different finishing agents &
different test programs. Taking the transmittance
rate of UV-A ultraviolet (400-315nm) of bamboo
fabric as the main index evaluating finishing effects,
and by using variance analyses to obtain the
remarkable infection factors for determining the
optimum process technology.

TABLE I Factors and levels of orthogonal experiment of
SCJ-966 finishing agent
C：
A：SCJ-966
B：SCJ-939
Cure
（%）
，
Temperature
（g/L）
( o.w.f)
（℃）
2
20
110
4
40
120
6
60
130
8
80
140

Levels
1
2
3
4

TABLE 2

Results of

L16 (4 4 )

D： Cure
Time
（min）
6
5
4
3

orthogonal experiment of

SCJ-966 finishing agent

UVA(400nm-315n
Factors

2 Finishing Experiment
2.1 Finishing with SCJ-966 finishing agent
2.1.1 SCJ-966 finishing agent and its process
technology
SCJ-966 is organic UV finishing agent, its main
ingredient is the high-effective benzophenone UV
finishing agent, which belongs to the
absorption-type protective [6].
Because this compound has a conjugated structure
and hydrogen bonds, after the UV aborted, it can be
transmitted into heat energy, fluorescence and
phosphorescence.
At the same time it can form a hydrogen bond in
isomerous structure and this structure can be able to
receive light without leading to chain fracture, and
this structure can transform light energy into heat
energy, thus absorbing the energy consumption and
are very stable to some extent; this structure also
has a number of hydroxyl with a better adsorption
capacity on the fiber, so SCJ-966 is good anti-UV
finishing agent to bamboo fiber [1].

m)
A

B

C

D

Average
transmittance

Experimental

rate（%）

Number

Bamboo
fabric
specification:
28tex×28tex×268×205 (that means: 268 warps and
205 wefts per 10cm)
Process procedure: gray fabric rinse →two times of
pads (pad rate of 80%)→Pre-curing (100-110℃,
1-3min) →curing (110-140℃, 1-3min) →finished
fabric;
pad
temperature:25-45℃;
curing
temperature:110-140℃；concentration of SCJ-966:
2%-8% (o.w.f)，concentration of SCJ-939 (fixer):
20-80g/L.

1

1

2

1

3

7.563

2

3

2

4

2

6.225

3

2

3

2

3

6.730

4

4

4

3

4

5.239

5

2

1

2

3

6.985

6

1

2

1

4

7.561

7

3

3

4

1

6.120

8

4

4

3

2

5.251

9

4

1

3

4

5.865

10

3

2

4

1

6.245

11

2

3

1

2

6.791

12

1

4

2

1

7.065

13

2

1

4

2

6.959

14

3

1

3

1

6.458

15

1

3

2

4

7.214

16

4

4

1

3

5.292

2.1.3 Analyses of experimental results
Using SPSS analyze the orthogonal experiment
results of SCJ-966 finishing agent, the variance
analyses are listed in Table 3.
TABLE 3

Variance analyses of orthogonal experiment

Degree of Estimate
Source of Square
variance sum
of freedom variance
deviation
A
1.351
3
0.450
B
0.247
3
0.082
C
0.021
3
0.007
D
0.007
3
0.002
error
0.007
3
0.002
sum
679.586 16

2.1.2 Experiment design
Experimental bath ratio is 1:10, Orthogonal
experiment factor and level design is shown in
Table 1, experiment results in Table 2.

Free
vector F

Probabilit
yP

197.303
36.113
3.045
1.010

0.001
0.007
0.192
0.497

From Table 3, we can know the followings:（the
standard probability of significant testing P = 0.05 ）
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less than 100nm, light absorption will occur about
blue shift that means absorption band bear to short
wave. So nanometer TiO2 possesses very strong
capability of absorption and screen the range of
ultraviolet[4].
Process procedure: gray fabric rinse →two time
s of pads (pad rate:75%)→stacking(3min) →Na2
CO3(1-7g/L,1min)→pre-curing(110-130℃)→abun
dantly rinse→ drying (100-160℃)→finished fabr
ic; pre-curing temperature:110-130℃, curing tem
perature:100-160℃. concentration of TiO2: 32-8
0 g/L, concentration of Na2CO3: 1-7g/L.

(1) Because of PA = 0.001 < 0.05 , the
factor A (finishing agent concentration) is
considered as a significant impact on the fabric’s
UVA transmittance rate.
(2) Because of PB = 0.007 < 0.05 , the
factor B is also considered as a significant impact
on the fabric’s UVA transmission rate.
(3) The probabilities of factor C and D are
both greater than 0.05, that the influence of factor C
and D are considered as no significant impact on
the fabric’s UVA transmittance rate.
(4) According the probability of each factor,
the finishing impact degree of UV on the fabric as
follows: A --the concentration of finishing agent (P
= 0.001), B—fixed agent (P = 0.007), C-- curing
temperature (P = 0.192), D-- curing time (P =
0.497);
(5) Sample No. 4 has the best UV finishing
effect, UV-average transmittance rate of 5.239%.
Therefore, the optimum technology condition of
SCJ-966 anti-UV agent is: finishing agent
concentration of 8% (owf), fixed agent
concentration of 80 g / L, curing temperature of 130
℃, curing time of 3min.
After a higher concentration of UV finishing
agent absorbed on the fabric surface, it is suitable
for hot air pre-curing, by which finishing agents
migration can be prevent, and accordingly it will
result in better anti-UV effect, but the absorption of
SCJ-966 agent requires the synergies of SCJ-939
fix agent , in order to maintain the durability of the
finishing effect [6].

2.2.2 Experiment design
Experimental bath ratio is 1:10, Orthogonal
experiment factor and level design of nanometer
TiO2 finishing agent is shown in Table 4,
experiment results in Table 5.
Levels

A: TiO2
（g/L）

B: Na2CO3
（g/L）

1
2
3
4

80
64
48
32

7
5
3
1

TABLE 5

Results of

C: cure
temperature
（℃）
160
140
120
100

L16 (4 4 )

D: cure time
（min）
1
2
4
6

orthogonal experiment of

TiO2 finishing agent
factors

experimental
number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

2.2 Finishing with nanometer TiO2 finishing
agent
2.2.1 Nanometer TiO2 finishing agent and its
process technology
The working principle of nanometer TiO2 finishing
agent is that it is to lead to increasing the surface
atoms by particle small size effect and surface
effect. Because of lacking atomic coordinate and
higher surface energy, this surface atoms have
higher activity and become unstable, so they is very
likely to combine with other atoms[8]. The bamboo
fiber contain a large quantity of –OH, nanometer
TiO2 can be absorbed onto the surface of bamboo
fiber by hydrogen bond and Van der Waals' force.
By drying and liquid evaporating, TiO2 sol
transform to gel and fix on the bamboo fabric with
solid adhesion strength with bamboo fibers. This
can strengthen reflex and scattering action of fabric
against ultraviolet.
The study data have shown that the TiO2 whose
forbidden gap is 3.2 eV can absorb wavelength
388nm ultraviolet. Only the size of TiO2 particle

1

2

3

4

1
3
2
4
2
1
3
4
4
3
2
1
2
3
1
4

2
2
3
4
1
2
3
4
1
2
3
4
1
1
3
4

1
4
2
3
2
1
4
3
3
4
1
2
4
3
2
1

3
2
3
4
3
4
1
2
4
1
2
1
2
1
4
3

UVA(400nm315nm)
Average
transmittance
rate（%）
4.336
5.735
5.372
6.137
5.137
4.236
5.808
6.208
6.188
5.663
5.267
4.607
4.706
5.679
4.511
6.218

2.2.3 Analyses of experimental results
Using SPSS analyze the orthogonal experiment
results of TiO2 finishing agent, the variance
analyses are list in Table 6.
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TABLE 6

Variance analyses of orthogonal experiment

Source ofSquare sum ofDegree ofEstimate
variance deviation
freedom
variance
A
1.994
3
0.665
B
0.072
3
0.024
C
0.120
3
0.040
D
0.025
3
0.008
error
0.032
3
0.011
sum
667.554
16

transmittance rate of ultraviolet, it has analyzed the
variations of the performances before and after
anti-ultraviolet finishing, such as breaking strength,
tear strength, thickness and so on. The variations of
these performances are shown in Table 7.

Free
Probability
vector F P
63.159
0.003
2.288
0.257
3.793
0.151
0.795
0.572

TABLE 7 Variations of fabric performances
before and after finishing

From Table 6, we can know the followings :
（1）Because of PA = 0.003 < 0.05 , the
factor A (finishing agent concentration) is
considered as a significant impact on the fabric’s
UVA transmittance rate.
（2）Because of PB = 0.257 ，PC = 0.151 ，

PD = 0.572 , they are all greater than 0.05, the
factor B ,C and D are considered as no significant
impact on the fabric’s UVA transmittance rate.
（3）According the probability of each factor,
the finishing impact degree of UV on the fabric as
follows: A --the concentration of finishing agent (P
= 0.003), C --curing temperature (P = 0.151),
B--concentration of Na ２ CO ３ (P = 0.257),
D--curing time (P = 0.572).
（4）The experiment shows that the influence
of Na２CO３ concentration is not remarkable to the
experimental effect. Considering to the production
cost, it can reduce its usage. If having specific
requirements, it may use better concentration of Na
２CO３to achieve greater effectiveness.
（5）Sample No.6 has the best UV finishing
effect, UV-average transmittance rate of 4.236%.
Therefore, the optimum technology condition of
TiO2 anti-UV agent is: finishing agent
concentration of 80 g/L, catalyst concentration of 5
g / L, curing temperature of 160 ℃, curing time of
6 min.

Sample
Original
sample
Finished
sample

Warp-wise
Weft-wise
Warp-wise
Weft-wise

Tear
Fabric
Breaking
strength thickness
strength (N)
(N)
(mm)
588.4
24.4
0.31
504.8
18.1
585.5
21.1
0.32
498.4
16.3

It shows in Table 7 that after anti-ultraviolet
finishing on bamboo fabric, the thickness, breaking
strength have a little but indistinctive changes, and
the finishing process don’t have any effect on the
two performances[9]. It is respectively 14% and 10%
in the warp and weft wise decline rate of tear
strength in finished fabric. The reason is that the
content of cellulose is reach 82% in bamboo fiber[2],
and the surface of fabric is damaged because of the
high temperature during the drying and curing.
Thus, the process technology of anti-ultraviolet
finishing can be further improved, with emphasis of
researching on lower temperature to make sol be
membrane quickly and make sure the
correspondence strength based on the effect of
anti-ultraviolet.
4. Conclusion
(1) The average transmittance rate of UVA
(315nm-400nm) in original bamboo fabric is
13.155%. After finishing with two kinds of different
anti-ultraviolet finishing agents, the fabric
UV-transmittance rate have dropped obviously, the
average transmittance rate of SCJ-966 is 6.145%,
TiO2 is 5.363%, the average transmittance rate has
dropped to 53% and 59%. respectively. These
explained that the fabric’s anti-ultraviolet
performance has increased greatly after finishing
treatment.
(2) The TiO2 anti-ultraviolet performance is higher
than
SCJ-966,
through
comparing
the
anti-ultraviolet finishing results. After finished by
using the TiO2 optimization technology, the bamboo
fabric ultraviolet transmittance rate is only 4.236%,
dropped by 68%. The optimum technology
condition of TiO2 anti-UV agent is: finishing agent
concentration of 80 g/L, catalyst concentration of 5
g / L, curing temperature of 160 ℃, curing time of
6 min.

2.3 Comparison of effect on finishing agents
The experimental data indicate that the effect of
nanometer TiO2 anti-ultraviolet finishing agent is
better than the SCJ-966, as the average
transmittance rate of ultraviolet in fabric is 4.236%
for TiO2 agent, lower than 5.239% for SCJ-966
agent. So, nanometer TiO2 is better for bamboo
fabrics to anti-ultraviolet finishing.
3 Comparison of fabric properties before and after
anti-ultraviolet finishing
The nanometer TiO2 anti-ultraviolet finishing agent
has been selected to finish on bamboo fabrics for
which own good anti-ultraviolet performance.
Compared of the original sample and the finished
sample achieved by Group 6 with the lowest
- 1423 -

(3) After the finishing by TiO2 optimum technology,
the bamboo fabric’s thickness and the breaking
strength have slightly changed but the fabric tear
strength has dropped. The anti-ultraviolet finishing
technology awaits for further improved.
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ABSTRACT
In conventional cellulosic fiber dyeing processes, large quantities of salts were needed in order to enhance dye
uptake and fixation yield which lead to heavy environmental pollution. To achieve salt-free dyeing and improve
the dyeing property on the bamboo pulp fibers, the fabrics were pretreated with self-prepared amino-terminated
hyperbranched polymer (HBP-NH2) and then were dyed with the reactive dyes without salt. The dyeing
properties of the modified fabrics changed largely. The results showed that the modified bamboo pulp fabrics
had greatly higher dye uptake in the absence of the electrolytes than in the presence of which in conventional
dyeing, and had excellent levell-dyeing property. The modification influenced the washing fastness slightly
while the rubbing fastness almost unchanged. Therefore, HBP-NH2 modification provided a new way for
regenerated cellulosic fiber in salt-free dyeing with reactive dyes.
Keywords: cationic modification; salt-free dyeing; bamboo pulp fiber; reactive dyes
The amino-terminated hyperbranched polymer
(HBP-NH2) was synthesized in the laboratory [10].
Bamboo pulp fabrics, bleached, were obtained
from Zhejiang Anji Tanchuzhuang bamboo fiber
Co, Ltd (China).Reactive dyes (Reactive Violet A5RV, Reactive Brilliant Red A-EF, Reactive Deep
Blue A-2GLN, Reactive Turquoise Blue A-6GLN,
and Reactive Light Yellow A-4GLN) were
supplied by Facozol Dye Corp. (China).All
chemicals used for the following investigations
were of analytical grade.

1 INTRODUCTION
Bamboo fiber products possess lots of advantages
such as strong hygroscopicity and air permeability,
good drapabily, abrasion resistance, and handle
liveliness as well as durable antimicrobial and
deodorization [1]. As a kind of cellulose fibers,
bamboo fiber with higher lignin contents in the
components has difficult with dyeing resulting in
lower dye uptake [2]. In recent years, many articles
have been published about dyeing and finishing
technology with bamboo pulp fabrics, most of
which are adopted by reactive dyeing [3-6]. In
traditional cellulose fiber dyeing processes, large
quantities of salt are needed in order to enhance
dye uptake and fixation yield, however, the usage
of salts lead to heavy environmental pollution [7].
The amino-terminated hyperbranched polymer
(HBP-NH2) is an important hyperbranched
polymer with a three-dimensional structure and a
large number of imino groups and terminal primary
amion groups on its surfaces which consequently
endows its excellent water solubility [8]. Large
amounts of imino groups and terminal primary
amion groups are introduced into surface of fiber to
change the charge distributions which are favorable
to the negative charge dye uptake [9]. In this study,
K/S value, washing fastness, rubbing fastness and
levelling properties of dyed bamboo pulp fabrics
treated with HBP-NH2 in the salt-free dyeing were
tested and compared with those properties in
conventional dyeing.

2.2 Application of HBP-NH2 to bamboo pulp
fabrics
Samples of bamboo pulp fabric were immersed in
the aqueous solution of HBP-NH2 (8 g/L) and then
padded with the laboratory padder at100% wet
pick-up (WPU). The padded bamboo samples were
dried at 80℃ for 5 min and the cured in the
laboratory oven at 100℃ for 3 min. The treated
fabrics were rinsed thoroughly in hot water for 5
min and air-dried at room temperature.
23 Dyeing procedures
Dyeing with reactive dyes was carried out using a
liquor ratio of 50:1. Salt-free dyeing of the samples
were commenced at 30°C and kept at this
temperature for 40 min. Fixation was conducted
subsequently for 40 min using sodium carbonate
(20g/l) at 70°C. Conventional dyeing on the
samples was performed in the presence of sodium
chloride (60g/l) and, sodium carbonate (20g/l) was
also added for dye fixation. After dyeing, the

2 APPROACHES
2.1 Materials
3
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fabrics were removed from the bath and rinsed
thoroughly in hot water and soaped in a soap
solution (3g/l) at 95°C for 5 min, then rinsed
thoroughly in tap water and air-dried.

8

K/S Value

6

2.4 Color measurements
The color measurements of the dyed samples were
performed under D65 illuminant at 10° observer
using an Ultrascan XE (HunterLab Co.Ltd, USA)
spectrophotometer. The K/S values were calculated
at the wavelength of maximum absorption (λmax)
for each sample. K/S values of 20 random points
on each sample were measured with the Ultrascan
XE spectrophotometer on maximum wavelength,
and then σ (λ) measurements were calculated
according to Eq.1 and Eq.2 [11].
n
− ( K / S ) ]2
∑ [( K / S )
λ
i, λ
σ
= i =1
（λ）
n −1

( K / S )λ =

1 n
∑ ( K / S )i , λ
n i =1

untreated
treated

7

5
4
3
2
1
0

Alkali
Alkali
and Electrolyte only

Electrolyte
only

No alkali
No electrolyte

FIGURE1 Color strength of 2% owf Reactive Light Yellow A4GLN dyeing conducted in the absence or presence of
electrolyte and alkali.

FIGURE 1 using a competitive dyeing method in
which the treated and untreated bamboo pulp
fabrics were dyed in the same dye bath clearly
showed that the colour strength (K/S) achieved for
the treated fabrics were much higher than those
obtained for the corresponding dyeing of untreated
ones in the absence or presence of electrolyte and
alkali. For the untreated fabrics, the lowest colour
strength was got when both electrolyte and alkali
were absent, and the colour strength decreased
when electrolyte was not used or when alkali was
not used. For the treated fabrics with either
electrolyte or alkali absent, the color strength was
slightly higher than that for the untreated fabrics in
the presence of both electrolyte and alkali. Thus,
Salt-free dyeing was possible if bamboo pulp
fabrics were pretreated with HBP-NH2.

(1)

(2)

Where σ(λ) is the standard deviation of each K/S
value of random points with (K/S) λ, λ is the
maximum wavelength of the reactive dye, n is the
number of random points tested, and (K/S)i, λ is the
K/S value of each random point. The levelling
properties can then be expressed using σ (λ), the
lower σ (λ) meaning better levelness.
25 Fastness testing
Washing fastness tests were performed according
to GB/T 3921-97(3) using the SW-12A washing
fastness tester (Wuxi Textile Instrument Factory,
China). Rubbing fastness tests were performed
according to GB/T 3920-97 using the Y571B
rubbing fastness tester (Nantong Hongda
Experiment instrument Co. Ltd, China).

3.2 The application of the bamboo pulp fabrics
used in salt-free dyeing

untreated
treated

8
7

K/S Value

6

3 RESULTS AND DISCUSSION
3.1 The dyeing behavior of the bamboo pulp
fabrics

5
4
3
2
1
0

R eactive
B rillant
R ed A -E F

R eactive
R eactive
R eactive
D eep B ule V iolet
T urquoise
A -5R V
B lue A -6G LN A -2G LN

FIGURE 2 The dyeing behavior of bamboo pulp fabrics with
various reactive dyes without salt

It was apparent that the color strength of the treated
fabrics dyed without salt increased by different
degrees for all the dyes in comparison with the
3
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structure resulted in a satisfactory levellness of the
treated fabrics.

untreated fabrics dyed in the presence of electrolyte
and alkali. For the Reactive Turquoise Blue A6GLN, its K/S value increases twice significantly.
Plenty of imino groups and the terminal primary
amino groups existing in the HBP-NH2 were
efficient to change the distribution of charge on the
surface of bamboo pulp fabrics in salt-free dyeing.
Therefore, the modification can be widely applied
to many kinds of reactive dyes in salt-free dyeing.

4 CONCLUSIONS
The results showed that the treated bamboo pulp
fabrics demonstrated enhanced color strength when
dyed with reactive dyes without salt. The washing
fastness and levelling properties of the treated
fabrics showed satisfied results, and the rubbing
fastness slightly decreased which were not
influenced heavily.

33 The rubbing and washing fastness with
fabrics
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TABLE I Fastness of the treated and untreated fabrics
Dyes

Fabrics

Brilliant
Red AEF

untreat
ed
treated

Deep
Blue
A2GLN
Violet
A-5RV

Rubbing fastness
dry
damp
4
3～4

Washing fastness
fading
staining
4
4～5

4

3～4

4～5

3～4

untreat
ed
treated

4

3

4～5

4～5

4

3～4

4～5

4～5

untreat
ed
treated

4～5

3～4

4～5

4

4～5

4

4～5

4
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Table I showed the rubbing fastness and washing
fastness of bamboo pulp fabrics untreated (dyed in
the presence of electrolyte and alkali) and treated
with HBP-NH2 (dyed in the absence of electrolyte,
but in the presence of alkali) dyed with three
reactive dyes, using the different color fastness test
methods. Clearly, the treated ones also had good
washing fastness and rubbing fastness which were
not heavily influenced by pretreatment.
3.4 Levelling properties of the bamboo pulp
fabrics
TABLE II Levelling properties of treated and untreated fabrics
σ（λ）

Dyes
Brilliant
Red A-EF
Deep Blue
A-2GLN
Violet A-5RV

treated

untreated

0.157

0.173

0.067

0.486

0.198

0.225

TABLE II showed that all the samples in salt-free
dyeing treated with HBP-NH2 exhibited good
levelness comparison between the untreated
samples in conventional dyeing. Excellent water
solubility and the unique three-dimensional

3
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ABSTRACT
In this paper, the compound sols of TiO2/ZnO and Ag+ doped TiO2/ZnO are used to treat cotton
fabrics in order to endue antibacterial property to the fabrics. The antibacterial effects of the
sol-treated fabrics are investigated by analyzing factors, such as ratio of TiO2/ZnO, concentration
of the sol and quantity of Ag+ that doped. By comparison, the compound sol of TiO2/ZnO provide
much better antibacterial effect than either TiO2 or ZnO sol, especially when the sol of TiO2/ZnO
is doped with Ag+ the antibacterial effect improves evidently. And the treated sample showes a
good antibacterial property even in the dark condition although it tend to be affected by the
ambient lightillumination.

Keywords: sol-gel; antibacterial; TiO2/ZnO compound sol; Ag+ doped
on cotton fabric, the gel film was formed on
the fiber, which rendered the antibacterial
property to the fabric. The factors effecting
on the antibacterial property were studied,
such as the ratio of TiO2/ZnO and the
concentration of the sol, the quantity of Ag+
doped. The antibacterial effect was tested
under light and dark condition, and the
antibacterial mechanism was also discussed.

1. INTRODUCTION
Textiles are the good parasitical places for
microorganisms because of its structural
characteristics such as porosity and moisture
Under
the
favorable
absorbability[1].
environment conditions, the different
bacteria are growing most rapidly, which
influences the appearance of the textiles, the
comfort for user and even his health[2]. In
order to inhibit the multiplication of the
bacteria or kill them and keep good
sanitation condition and habitation, more and
more and more scholars were attracted by
antibacterial finish. Recently many scholars
study on textile antibacterial finishing by
nano TiO2 and ZnO inorganic material. There
are two measures to get, one is to dissolve
nano oxide grain in some solvent and then
treat it to the fabric. It has been found that
there are many problems using this way of
process, such as self-oxidation, reunite of
nano grain, the combine recur to the assistant
and the washing fastness is bad, the particle
may enter into our body through diversified
way and cause sequelae. The other is to make
TiO2/ZnO sol by sol-gel which is one of
measures to make nano material and treat the
sol to fabric, and have no use for adhesives
and better washing fastness, because the sol
can irregularly and directly combine with the
surface of the fiber and film during the
curing. In this paper, aqueous sols of the
TiO2/ZnO and Ag+-doped TiO2/ZnO were
prepared, and used for the antibacterial finish

2. EXPERIMENT
2.1 Materials
Tetrabutylorthotitanate(CP);
zinc
acetate
hydrated, dehydrate alcohol, acetic acid glacial,
ethanolamine, sliver nitrate, potassium
dihydrogen phosphate, potassium hydroxide,
hydrochloric acid, phenol (AR); agar powder;
peptone, beef extract(biochemical reagent);
standard soap flakes, distilled water.
Staphylococcus
aureus
(ATCC25932),
Escherichia coli (ATCC25922). And the cotton
poplin scoured and bleached, the yarn number
both the warp and weft are 14.5 tex, the warp
count of the fabric is 485 ends/10cm and weft
count is 280 ends/10cm
2.2 Preparation of the sols
In order to obtain good antibacterial effect, the
aqueous sols of TiO2, ZnO, TiO2/ZnO and Ag+
doped TiO2/ZnO were prepared respectively.
Mixed tetrabutylorthotitanate with dehydrated
alcohol and acetic acid glacial, then dripped
into the mixture of distilled water and alcohol,
then stirred vigorously for 1.5h, transparent and
colorless TiO2 aqueous sol was gained.
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Weighed zinc acetate hydrated, dissolved in the
mixture of distilled water and alcohol, then
dripped ethanolamine, and then added propriety
acetic acid glacial, until the solution became
transparency, which was ZnO aqueous sol.
Dripped the mixture of dehydrated alcohol ,
tetrabutylorthotitanateand acetic acid glacial
into the ZnO aqueous sol,and then stirred
sufficiently 1.5 h, we can get TiO2/ZnO
compound aqueous sol. When we doped with
Ag+, the Ag+ doped TiO2/ZnO compound
aqueous sols were obtained. During the process
the reactor must be closed tightly in order to
prevent the Ag+ from being oxidized.

sol blended with TiO2 or TiO2 aqueous sol
mixed with ZnO, on the ground of synergetic
effect between TiO2 and ZnO. As the ratio of
TiO2 to ZnO were 7:3 and 5:5, the antibacterial
effect were better, as the ratio of TiO2 to ZnO
was 7:3 the antibacterial rate reached to 95%,
the antibacterial rate to Escherichia coli arrived
at 93% as the ratio of TiO2 to ZnO was 5:5. We
can concluded that the antibacterial effect of
the cotton fabrics treated by TiO2 or ZnO
aqueous sol was obvious, and the cotton fabrics
treated by TiO2/ZnO compound aqueous sol
showed superior ability to antibacterial
compared with that by ZnO or TiO2 aqueous
sol.
3.2 Effect of the concentration of TiO2/ZnO
compound sol on the antibacterial property
Figure 2 showed antibacterial rates of the
cotton fabrics treated by different molar
concentrations of TiO2/ZnO=5:5 sol.

2.3 Antibacterial finishing
Padding two times with pickup of 80-85%,
drying at 80℃ for 3 min, curing at 160℃ for 4
min, washing with water at 60℃ for 2-3min
and drying at 80℃ for 3min.
2.4 Anti-bacterial test [3]
According to AATCC Test Method 100—1999. The
antibacterial activity was used to evaluate the
antibacterial effect.
Antibacterial rate (%) =（X-Y）/ X× 100
Where X and Y were the counts of bacterial
colony before and after shook
2.5 Washing fastness test
According to GB/T3921.3 -1997 standard, the
process condition of soaping are as follows:
liquor ratio 1:30, the concentration of soap 2g/L,
washing at 60℃ for 5min, dewatering, washing
at room temperature for 2min and dewatering.

FIGURE 2. antibacterial property of the fabric Finished by
different concentrations of TiO2/ZnO

It was observed from the curve that the
concentration had more great influence on
staphylococcus, the antibacterial rate of treated
cotton fabric obviously increased from 87% to
97% with the concentration of compound
aqueous sol increasing from 0.1 to 0.3M, then
decreased with the concentration of sol go on
increasing. But the concentration had little
effect on Escherichia coli, the antibacterial rate
fluctuated between 91-93%. Considering the
finally antibacterial effect and the cost, it’s
obvious that the best concentration of
TiO2/ZnO compound sol was 0.3M.

3. RESULTS AND DISCUSSION
3.1 Effect of the ratio of TiO2 to ZnO on the
antibacterial property

3.3 Effect of quantity of Ag+ doped on the
antibacterial property
FIGURE 1. antibacterial property of the fabrics finished
by different ratios of TiO2 to ZnO

Figure 1 showed the antibacterial abilities of
the cotton fabric treated by different ratio of
TiO2/ZnO sols to Staphylococcus aureus and
Escherichia coli. It can be clearly seen that the
antibacterial effect of the cotton fabrics treated
by TiO2 or ZnO sol kept over 85%. The
antibacterial rate increased with ZnO aqueous

FIGURE 3. the Effect of quantity of Ag+-doped on the
antibacterial property
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and ultra-violet, nano titania and zinc oxide can
break down and release free electron (e-) and
simultaneously leave cavity (h+) with positive
electricity behind on condition that water and
air are existed. The free radicle with hydroxyl
(﹒OH) and super oxide anion free radicle (﹒
O-2 ) generated from previous chemical action
are highly liveliness, which consequently is
able to disrupt memebrane and nucleic
materials, leading bacteria, remains and toxin
death together. The antibacterial property was
improved when proper Ag+ was doped in that
the photocatalyse action of TiO2/ZnO inorganic
material was improved by Ag+. In additional,
the effect of
testing condition on the
antibacterial property of the cotton fabrics
treated by doped Ag+ compound aqueous sol
was little, because Ag+ can destroy the
enzymatic activity of cell envelope of bacteria
or cell protoplasm under very low
concentration, the antibacterial property was
very strong[7].

It is well-known that Ag is a good inorganic
antibacterial finishing agent. In order to
improve the antibacterial effect of the fabrics
treated by TiO2/ZnO sol, Ag+ doped TiO2/ZnO
sol (TiO2:ZnO=7:3, 0.3M) was prepared, and
its antibacterial property was tested and
compared with that of the TiO2/ZnO sol. As
shown in figure 3, the antibacterial effect
increased with the increasing of the quantity of
Ag+ doped(mass percentage) from 0.1 to 0.3%,
then remained around 98% as the quantity of
Ag+ doped increasing from 0.3 to 0.5%, but
decreased evidently with the quantity of Ag+
doped increasing from 0.5 to 0.9%; as 0.7%
Ag+ doped, the antibacterial property of the
fabric treated by Ag+ doped TiO2/ZnO sol
equaled as that of TiO2/ZnO sol, when the
quantity of the Ag+ doped was 0.9%, the
antibacterial property of the fabric treated by
Ag+ doped TiO2/ZnO sol was not good as that
of TiO2/ZnO compound sol. We can concluded
that the antibacterial effect was improved when
doped proper Ag+, but after doped superfluous
Ag+ the antibacterial activity of Ag+ and
TiO2/ZnO compound water counteracted one
another, finally the antibacterial effect declined.
The reason why the antibacterial effect was
improved when doped proper Ag+ will be
answered in the next part.

3.5 The endurance of the antibacterial effect
to soaping

3.4 Effect of testing condition on the
antibacterial effect
TABLE I. the antibacterial effect of the fabrics under light
and dark condition

Sample
1
2

Antibacterial rate(%)
Escherichia coli
Staphylococcus aureus
Light
Dark
Light
Dark
93.4
99.5

30.1
66.3

92.3
98.4

FIGURE 4. soap-fast of antibacterial cotton fabric

45.5
72.3

1. Cotton fabrics treated by TiO2/ZnO compound sol
2. Cotton fabrics treated by Ag+ doped compound sol

Some studies indicated that the antibacterial
property of TiO2 was influenced by the testing
condition such as light and dark[4], so the
antibacterial property was tested under light
and dark condition; the result was shown in
table I. The antibacterial property was very
good under visible light condition, but under
dark condition, the antibacterial rate of fabrics
treated by TiO2/ZnO compound aqueous sol
remarkably decreased by 50-60%; but the
antibacterial rate of fabrics treated by Ag+
doped TiO2/ZnO sol only decreased by 20-30%.
This finding demonstrated that the antibacterial
activity of TiO2/ZnO sol mainly depends on the
photocatalyse action of TiO2/ZnO[5]. The
mechanism of action of TiO2/ZnO inorganic
material is that [6]under the irradiation of sun
- 1430 -

The soap-fast of the cotton fabrics treated after
soaping from 1 to 50 times be showed in figure
4. From the figure the antibacterial rate of two
kinds of bacteria both descended with the
increasing of washing times, it can be seen the
antibacterial rate of cotton fabric washing
remained 83% after 20 times, after 50 times
washing the antibacterial rate remained 70%. It
is concluded that the antibacterial property of
the treated cotton fabric is very good; the
antibacterial effect deceases with the increasing
of soaping times and the antibacterial effect
remain 70% after 50 times washing.
4. CONCLUSIONS
It can be concluded from the experiment
that:The antibacterial effect of the cotton
fabrics treated by TiO2 or ZnO aqueous sol was
obvious, compared with either TiO2 or ZnO sol,
the compound sol of TiO2/ZnO provided better
antibacterial effect, when the sol of TiO2/ZnO
was doped with Ag+ the antibacterial effect was
improved, and the treated sample showed a

good antibacterial property even in the dark.
The antibacterial rate of two kinds of bacteria
both descended with the increasing of washing
times, after 50 times washing the antibacterial
rate still kept on 70%.
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Abstract
The vegetable dyes can supply more environmental-friendly characters comparing to the synthetic dyes,
but they have some weaknesses such as: the incomplete color kinds, the rare cold color such as green
color and the difficulty on match of the different vegetable dyes. This paper will approach how to get
the green color on wool fabrics using the composite dyeing method, and also discuss the possibility of
this method applied in textile industry. Two vegetable dyes, DL-CT and HHH-CT have been selected.
New oxidizing method to dye the blue vegetable dye DL-CT has been approached. The effects of the
two vegetable dye’s concentration and mordant’s concentration were also studied. Colour strength
values of the dyed wool fabrics were measured and compared with each other. The technological
parameters of dyeing process were optimized by the orthogonal experiment. The results indicated that a
broad variation in shade and colour depth could be achieved by applying the composite dyeing which
provided a new method to get the green color from the vegetable dyes. This composite dyeing method
with oxidant A also has the great potential application in wool textile industrial.

Keywords: Vegetable dyes; Oxidation; Composite dyeing; Shade and colour depth
DL-CT blue vegetable dye belonging to the

INTRODUCTION
Nowadays,

protection

reduction dyes does not dissolve in the water. It

questions have been receiving more and more

the

environmental

needs to be restored to leuco-compounds with

attention; the environmental protection products

the reducing agent in alkaline solution to dye

receive people’s enormous welcome. Due to its

fiber, passing through the oxidation and then

green environmental protection characteristic,

forms the insoluble color lake in the fiber

the vegetable dye will be helpful to improve the

interior to achieve dyeing effects. In present

serious pollution of the printing industry, thus it

actual production, most of them use air oxidation,

has been becoming the industry stakeholders’

but this method has restricted its application.

and businesses’ concerned hot spots and research

This paper first has changed the oxidation

directions. However, because of the incomplete

method, and then on this basis, covered

chromatography of vegetable dyes, yellow,

HHH-CT yellow vegetable dye on DL-CT blue

brown, and red have been relatively easy to

vegetable dye to get other colors for researching.

obtain, green and other cold colors are less [1~2].
Some researchers tried to use the different

MATERIALS AND METHODS

vegetable dyes for composite dyeing in order to

Materials

achieve different dyeing effects [2~4].

Dyers and fabrics are: blue vegetable dye DL-CT;
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yellow

vegetable

dye

HHH-CT;

100%
2

strength; color characters were examined using

mercerized woven wool fabrics, weight 380g/m ,

Data Color 650 color strength measuring

weft and warp yarn are all 20.83 tex×2; wool

instrument: color depth of the surface K/S value,

yarn, 20.83 tex×2.

chromatic aberration (△E) and chrominance a

Main Chemicals are: Alum [KAl(SO4)2•12H2O],

(+a: partial red, －a: partial green ).

anhydrous sodium carbonate [Na2CO3], glacial
acetic acid; oxidant A, low sodium sulphate and

RESULTS AND DISCUSSION

209 detergent.

Dyeing experiment with DL-CT and oxidant
A
(1) Dye wool yarn with DL-CT and oxidant A

Equipments and instruments

Dyed the wool yarn using 70% (owf) DL-CT,

instruments are: AD-12 normal temperature

and then oxidized them with 0～11ml/L oxidant

dyeing

electric-heated

A and air respectively. Yarn strength instrument

thermostatic water bath, Date Color 650

was used for getting the relationship between the

computer color strength measuring instrument,

yarn strength and the concentration of oxidant A

YG061 single yarn strength instrument.

in Fig.1.

main

experimental

machine,

equipments

GKCHCR

Breaking Strength/cN/tex

and

The

Methods
(1) Dyeing process of vegetable dye DL-CT
The dyeing process of vegetable dye DL-CT:
DL-CT concentration 10% ～ 110%(owf), bath

14
12
10
8
6
4
2
0

ratio 1:40, dyeing temperature 40℃, dyeing time

0

1

3

5

7

9

11

Concentration of oxidant A/ml/L

20min; oxidant A concentration 0 ～ 11ml/L,
oxidation time 30min, oxidizing at room

Fig. 1

temperature, the pH value is 6 when being

yarn breaking strength

Effect of the oxidant A concentration on the

oxidized.
(2) Mordant dyeing process

Fig.1 shows us that with the increase of the

The mordant dyeing process: KAl(SO4)2•12H2O

concentration of oxidant A, the yarn breaking

0%～10%(owf), bath ratio 1:40, mordant dyeing

strength changes unobviously. The yarn breaking

temperature 80℃, mordant dyeing time 30min,

strength is similar when using oxidant A and air

starting temperature 40℃, heating rate 2℃/min.

respectively. Sometimes it is higher with oxidant

(3) Dyeing process of HHH-CT

A than the air, and sometimes it is lower. So it

Dyeing process of HHH-CT: vegetable dye

can be deduced that the effects of oxidant A and

HHH-CT 4% ～ 14% (owf), bath ratio 1:40,

air on the yarn strength are consistent.

starting temperature 40℃, heating rate 1℃/min,

(2) Dye woven fabrics with DL-CT and oxidant

dyeing temperature 100℃, dyeing time 60min.

A

(4) Post treatment after dyeing process

It is observed from the experiment above that the

Post treatment after Dyeing Process: 2% (owf)

effects of oxidant A and air on the yarn strength

209 detergent, bath ratio 1:40, temperature 90℃,

are similar. Explore the oxidation effect of

time 30min.

oxidant A on dyeing with DL-CT. The
concentration

is

mainly

considered.

The

Yarn Strength and Color Character Test

relationship between oxidant A concentration

YG061 electron single yarn strength instrument

and DL-CT concentration is also discussed.

was used for measuring the yarn breaking

(a) Concentration of oxidant A
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Dyed the wool fabrics using 70% (owf) DL-CT,

From Fig.3, it shows that the K/S values under

and then oxidized them with 1～11ml/L oxidant

the three DL-CT concentration are close when

A and air respectively. The relationship between

oxidant A concentration is 3ml/L; 90% DL-CT

K/S value and oxidant A concentration was

has lower K/S value when it is 11ml/L, and the

obtained using color measuring instrument in

K/S value of the three are close again. Basically,

Fig.2.

the K/S value of the three DL-CT concentration

K/S valu

increases with the increment of oxidant A
concentration, and 50% and 70% DL-CT has the

24
22
20
18
16
14
12
10

highest K/S value under the condition of oxidant
A 7ml/L; 90% DL-CT has the highest under
11ml/L, but the K/S values are similar to those of
0

1

2

3

4

5

6

7

8

9

10

11

70% DL-CT. It can be concluded that 70%

12

Concentration of oxidant A/ml/l

Fig. 2

DL-CT has already been saturated when

Effect of the oxidant A concentration on K/S value of

oxidized with oxidant A.

the dyed wool fabric

30

K/S value

From Fig.2, it is known that with the increase of
oxidant A concentration, the K/S value increases.
When it reaches 7ml/L, the K/S value attains a

25

10
3

with its increment, the K/S value changes little

the

leuco-compounds

of

7

11

15

oxidant A concentration/mL/L

and achieves a stable value basically. Since the
oxidized

70%

15

90%

higher number which is near to air oxidation. But

concentration of 7ml/L, oxidant A has already

50%

20

Fig. 3

Effect of the oxidant A concentration on K/S value of

DL-CT

the dyed wool fabric

vegetable dye completely, and DL-CT blue
vegetable dyes have been dyed on the fabrics
basically. So the effects of oxidant A and air are
K/S value

reaches 7ml/L. It can be concluded that oxidant A

15
10
5
0

the air oxidation, a lot of space is required to get

50%

to

be

systematized

70%

90%

110%

DL-CT concentration/%

enough air, but using oxidant A, we just need to
conductive

11ml/l

20

is suitable for DC-CT dyeing. Meanwhile, with

is

7ml/l

25

similar when the concentration of oxidant A

immerse the samples in oxidant A. This approach

3ml/l

30

Fig. 4

and

Effect of the DL-CT concentration on K/S value of
the dyed wool fabric

industrialized in the industry of DL-CT.
(b) The relationship between the concentration

From Fig.4, it shows that with the increment of

of oxidant A and DL-CT

DL-CT concentration, the K/S value keeps

Dyed the wool fabrics using 50%, 70%, 90%

identical basically; however, the K/S value also

(owf) DL-CT, and then oxidized them with

increases with the increase of oxidant A

3ml/L ， 7ml/L, 11ml/L oxidant A and air

concentration and reaches another lever. The K/S

respectively. With the help of color measuring

values of the three DL-CT concentration are

instrument, we can get the relationship between

close when oxidant A concentration is 3ml/L.

K/S value and oxidant A concentration in Fig.3

This is probably because of the lack of oxidant A,

and Fig.4.

the leuco-compounds can not be oxidized; but it
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has enough oxidant A when the concentration is

increment of the concentration. But after

11ml/L, the leuco-compounds can be oxidized,

reaching 70%, the a value changes slowly. That

so the K/S values are similar. When oxidant A is

is because after reaching 70%, the fabrics have

11ml/L, the K/S value increases 6.4% in the

already been saturated and are hard to dye

DL-CT concentration region between 50～70%,

continuously.

and increases 2.3% between 70 ～ 90%. It

(2) Effect of mordant concentration

indicates that 70% DL-CT has already been

Dyed the wool fabrics using 70% (owf) DL-CT,

saturated with oxidant A 11ml/L, and the K/S

mordanted with mordant 0～10% (owf ) and

values of oxidant A concentration 7ml/L and

covered 6% (owf) HHH-CT on it at last. Using

11ml/L are similar.

color measuring instrument, the relationships
between K/S value, a value and DL-CT
concentration are obtained in Fig.6.

Composite Dyeing of DL-CT and HHH-CT
According to the principle of dyeing, green can
the experiments above, it is concluded that we

K/S value

can get the same air oxidation effect with
oxidant A. On this basis, green obtained by
covering the yellow dye HHH-CT on the blue

30

-15

28

-12.5

26

-10

24

-7.5

22

K/S value
a value

-5

20
0

dye DL-CT is studied, the effects of the

a value

be obtained by the mix of blue and yellow. From

5

10

mordant concentration

15

/%

concentration of DL-CT, mordant, HHH-CT and
the other factors on dyeing are also analyzed.

Fig. 6

(1) Effect of DL-CT concentration

Effect of the mordant concentration on K/S value
and a value of the dyed wool fabric

Dyed the wool fabrics using 10～110% (owf)
DL-CT, and oxidized them with oxidant A in

Fig.6 shows that with the increase of mordant

terms of the experiments above. Dyed samples

concentration, the K/S value increases, and keeps

were mordanted with mordant 6% (owf) and

consistent after 2%; the a value which has the

covered HHH-CT on it at last. Using color

same trend changes from -6 to -10. That is

measuring instrument, the relationships between

because after being mordanted, the connection of

K/S value, a value and DL-CT concentration are

DL-CT and the fabrics, the rate of dye-uptake

obtained in Fig.5.

can be raised, and the color character can be
-15
-13
-11
-9
-7
-5

30
28
26
24
22
20
10

is small after the concentration reaches a certain
a value

K/S value

changed. But the effect of mordant on the fabrics
value. It indicates that the color green can be

K/S value
a value

obtained after being mordanted, and can not
without being mordanted.

60
110
160
DL-CT concentration/%

(3) Effect of HHH-CT concentration
Dyed the wool fabrics using 70% (owf) DL-CT,

Fig. 5

Effect of the DL-CT concentration on K/S value and

mordanted with mordant 6% (owf ) and covered
4～14% (owf) HHH-CT on it at last. Using color

a value of the dyed wool fabric

measuring instrument, the relationships between
Fig.5 shows that with the increase of DL-CT

K/S value, a value and DL-CT concentration are

concentration, the K/S value changes slowly; the

obtained in Fig.7.

a value changes from -9 to -14, reaches the
minimum at 30%, and then raises with the

- 1435 -

4

9

14

a value

K/S value

Table 2 K/S, a and ΔE values from orthogonal experiment
-15
-13
-11
-9
-7
-5

30
28
26
24
22
20

and their range analysis
K/S value
a value

Exp.

A

B

C

K/S

a

ΔE

1

1

1

3

26.4

-13.5

56.3

2

2

1

1

26.0

-12.5

56.5

3

3

1

2

29.7

-11.9

57.2

19

HHH-CT concentration/%

4

1

2

2

26.5

-12.2

56.5

Fig. 7 Effect of the HHH-CT concentration on K/S value and

5

2

2

3

30.8

-11.0

60.6

a value of the dyed wool fabric

6

3

2

1

28.8

-9.4

61.0

7

1

3

1

26.5

-9.3

61.5

In Fig.7, we can see that the K/S value increases

8

2

3

2

28.3

-9.1

61.8

with the increment of HHH-CT concentration,

9

3

3

3

29.9

-9.6

61.6

and keeps consistent after 6%; the a value also

△E value

has the same trend and changes from -7 to -10.

K1

58.1

56.7

59.6

That is because the room for dyeing has been

K2

59.6

59.4

58.5

occupied and it is hard to dye again after being

K3

59.9

61.6

59.5

dyed by DL-CT. It has been already saturated

R

1.8

4.9

1.1

when the concentration is 6%. From the above,

K/S value

we can conclude that the a value can be changed

K1

26.5

27.3

27.1

through changing the concentration of the dyes

K2

28.3

28.7

28.1

and the mordant, and it changes from -6 to -14.

K3

29.5

28.2

29.0

(4) Orthogonal Experiment

R

3.0

1.4

1.9

Considering the single factor experiments above,

a value

we choose DL-CT concentration, HHH-CT

K1

-11.7

-12.7

-10.4

concentration and mordant concentration as the

K2

-10.9

-10.9

-11.1

Optimum factors:

effect factors, K/S value, a value and △E as the

K3

-10.3

-9.4

-11.4

A1B1C3

estimating criterion. Three factors and three

R

1.4

3.3

1.0

levels are shown in Table 2.
It is observed that the influence tendency of the
Table 1 Factors and levels of orthogonal experimental design

orthogonal experiment and the single experiments

A

B

C

is the same. The order of influence on △E value

Concentration

Concentratio

Concentration

is (Table 2): DL-CT concentration> HHH-CT

of HHH-CT

n of DL-CT

of mordant

concentration> mordant concentration; the order

(%)

(%)

(%)

1

6

30

4

2

8

50

6

3

10

70

8

Levels

of

influence

on

K/S

value

is:

HHH-CT

concentration> mordant concentration > DL-CT
concentration; and on a value is: DL-CT
concentration> HHH-CT concentration> mordant
concentration. From Table 2, we conclude that
choosing a value as the estimating criterion, the
optimum cover dyeing conditions are given by:
A1B1C3, that is the concentration of HHH-CT 6%,
DL-CT 30%, and mordant 8%.
CONCLUSIONS
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Oxidation A has the same effect as air in the
process of dyeing the vegetable dye blue DL-CT.
It provides a better dyeing method for potential
industrial application. Using composite dyeing
to dye HHH-CT on DL-CT on wool fabrics,
different green color can be obtained. The
optimum dyeing process has been obtained too.
The results show that this composite dyeing
method could be applied in textile industrial.
More composite dyeing techniques of vegetable
dyes have been developing.
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ABSTRACT
Silica sols with different concentrations and compositions were prepared by acidic hydrolysis of
tetraethoxysilane (TEOS) with or without (3-Glycidyloxypropyl)-trimethoxysilane (GPTMS), and coated onto
cotton fabrics by pad-dry-cure method. The influences of coating processes, silica content and coating
composition on the mechanical property, water vapor transmission and moisture desorption properties of cotton
fabrics were investigated.
Key words: silica sol; mechanical property; water vapor transmission; moisture desorption
Scoured and bleached woven cotton fabrics
(130g/m2). Chemicals including tetraethoxysilane
(TEOS), hydrochloric acid were all of analytical
reagent grade and purchased from Sinopharm
Chemical Reagent Co. Ltd. (Shanghai, China). (3Glycidyloxypropyl)-trimethoxysilane
(GPTMS)
was obtained from Huarong New Chemical
Materials Co. Ltd. (Zhangjiagang, Jiangsu, China).
All reagents were used as received.

INTRODUCTION
Sol-gel process has had a history of more than one
hundred years as a kind of modifying and
preparing method of materials since it was
discovered. Due to the resulting properties1 of
highly chemical homogeneity, purity, lower
processing temperature, easy shaping and
modification, sol-gel process has widely been
applied in areas, such as ceramics, pharmacy,
orthopedics, and it has rapidly been applied to
functional finishing of textile in the last ten years.
According to the functionality of gel, gel can be
divided into two classifications. First, the gel can
make the coated textiles obtain desired functions,
such as increase of anti-abrasion,2 wrinkle
resistance,3 water or oil repellency,4,5 anti-static,6
UV shielding,7,8 etc. Second, the gel is just used as
a carrier to immobilize and/or control functional
ingredients, such as improving color fastness of
textiles,9,10 preparing bioactive-coating textiles,11,12
flavor-releasing textiles,13 etc.
To incorporate functional ingredients into textiles
by sol-gel method, it is inevitable that the gel
formed will impact on the properties of the coated
textiles, such as, the mechanical property, moisture
transmission and desorption properties, etc.
The applications of silica sol to textiles were
largely reported, but the literatures are less about
the influences of silica coating on the properties of
textiles. Therefore, the aim of this work is to
investigate the influences of silica coating on the
properties of cotton fabrics.

Preparation of pure silica sol
Pure silica sol was prepared by mixing deionized
water/TEOS in a molar ratio of 50:1 and adding
hydrochloric acid (0.01N) dropwise in a molar
ratio of 1:4.5×10-3 (TEOS/HCl) under vigorous
stirring at room temperature. After the addition of
hydrochloric acid, the mixed solution was stirred
continuously for 12h, and the transparent and
homogeneous silica sol was obtained.
Preparation of silica sols with different
compositions
Silica sols with different compositions were
prepared
by
mixing
deionized
water/(TEOS+GPTMS) in a molar ratio of 50:1
with the molar ratios of TEOS/GPTMS, 10:1, 2:1,
1:1, 1:2, 1:10, and then adding hydrochloric acid
(0.01N) dropwise in a molar ratio of 1:4.5×10-3
[(TEOS+GPTMS)/HCl] under vigorous stirring at
room temperature. After the addition of
hydrochloric acid, the mixed solution was stirred
continuously for 12h, and the transparent silica sols
with different compositions were obtained.

EXPERIMENTAL
Materials
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Preparation of coatings through different curing
temperatures or time
The pure silica sol obtained was diluted five times
by distilled water. Ten cotton fabric samples (30cm
× 40cm) numbered 1#, 2#, 3#, …, 10#, were
immersed into the sol for 1min and then padded
with an automatic padder (Rapid Labortex Co. Ltd.,
Taipei, Taiwan) with a nip pressure of 1.0 kg/cm2.
All ten padded samples were dried for 1min at 100
℃ and then 1#, 2#, …, 5# cured for 1min at 130℃,
140℃, 150℃, 160℃, 170℃, respectively, and 6#,
7#, …, 10# cured at 150℃ for 1min, 2min, 3min,
4min, 5min, respectively.

RESULTS AND DISCUSSION
Influence of silica coating on the mechanical
property of cotton fabrics
Tensile and tearing strengths are the basic
mechanical properties for textiles, which directly
refer to the utility and durability of textiles. The
results tested are shown in Figure 1 and Figure 2.

Tensile strength/N

Preparation of coatings with different silica
contents
The pure silica sol obtained was diluted one to five
times by distilled water. Five cotton fabric samples
(30cm×40cm) numbered 11#, 12#, …, 15#, were
immersed into the five sols respectively for 1min
and then padded with an automatic padder with a
nip pressure of 1.0 kg/cm2. All five padded
samples were dried for 1min at 100℃ and then
cured for 2min at 150℃.

700
600
500
400
300
200
100
0

Tensile strength/N

Warp
Weft

700
600
500
400
300
200
100
0

11#

12#

0#

1#

13#

2#

14#

3#

15#

4#

16#

5#

17#

6#

7#

18#

8#

19#

20#

9#

10#

Sample number

FIGURE 1. Histogram of tensile strength of the coated and
uncoated cotton fabrics.

Tearing strength/mN

Tearing strength/mN

Preparation of coatings with different
compositions
The silica sols with different compositions
obtained were diluted five times by distilled water.
Five cotton fabric samples (30cm × 40cm)
numbered 16#, 17#, …, 20#, were immersed into
the five sols respectively for 1min and then padded
with an automatic padder with a nip pressure of 1.0
kg/cm2. All five padded samples were dried for
1min at 100℃ and then cured for 2min at 150℃.
Instruments and measurement
Tensile strength of sample was tested on Doublearmed Universal Materials Tester (Tinius Olsen,
USA) by strip method.14 Tearing strength of
sample was tested on Elmendorf tearing strength
tester (Thwing Albert Instrument Co., USA) by
falling pendulum method.15 Water vapor
transmission rate (WVT) of sample was tested by
dish method.16 Moisture desorption property of
sample was characterized by water-dropping
method. A drop of distilled water (about 0.02g)
was dropped onto the surface of sample, and
weighed the sample immediately by the
electronically analytical balance (Resolution
0.001g, Mettler-Toledo Instruments (Shanghai) Co.,
Ltd.), and then weighed the sample once every one
minute in 60min and wrote down all the weights
tested, the test was carried out at (20±2)℃ and
(65±5)% RH.
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FIGURE 2. Histogram of tearing strength of the coated and
uncoated cotton fabrics.

Tensile strength shows increase with the increase
of curing temperature or curing time (see 1# to 5#,
6# to 10#, repectively in Figure 1), whereas tearing
strength shows decrease (see 1# to 5#, 6# to 10#,
repectively in Figure 2). Tensile and tearing
strengths both show increase with the reduction of
silica content (see 11# to 15# in Figure 1 and
Figure 2, respectively). Tensile strength appears
peak value at the molar ratio of 1 (see 16# to 20# in
Figure 1). On the contrary, tearing strength appears
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valley value at the ratio (see 16# to 20# in Figure
2). The histograms also show the influence of silica
coating on tensile strength is less than that on
tearing strength. Because of the differences in
mechanisms between the tensile and tearing
strength of cotton fabric, the influences of coating
processes, silica content and coating composition
on the tensile strength are different from that on the
tearing strength. The tensile strength of cotton
fabric is mainly affected by fiber properties
(molecule affinity, bond stability, orientation and
crystallinity), yarn twist and friction between yarns,
whereas the tearing strength is largely affected by
slippage of fiber to fiber besides fiber properties
and yarn twists. When cotton fabric coated, fiber
molecule would be partly damaged in curing by
acidic sol, and friction between yarns would be
increased due to adhesion of gel network.

reduction of silica content (see 11# to 15# in
Figure 3). WVT appears valley value at the molar
ratio of 1 (see 16# to 20# in Figure 3). When
cotton fabrics coated, the gel will be formed and
become compact in curing, and high curing
temperature or long duration will lead to compact
and dense gel formed due to strong condensation,
and high silica content will result in thick film, and
at the molar ratio of 1, the gel network formed is
the most compact, so the dense and compact will
hinder from water vapor transmitting.
Influence of silica coating on moisture
desorption of cotton fabrics
The moisture desorption, characterizing fast-drying
property of fabric, closely relates to the wearing
comfort of textiles. The results tested are shown in
Figure 4～Figure7.

Therefore, high silica content will reduce the
tensile strength due to acidic damage in high curing
temperature with long duration. Compact and
dense gel will increase the tensile strength, but
reduce tearing strength as the result of adhesion
from gel network.

Moisture content/%

80

Influence of silica coating on water vapor
transmission rate of cotton fabrics
Water
vapor
transmission
rate
(WVT)
characterizing the moisture-permeating property of
fabric closely relates to the wearing comfort of
textiles. The results tested are shown in Figure 3.
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FIGURE 4. Influence of curing temperature on moisture
desorption of the coated cotton fabrics.
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FIGURE 3. Histogram of water vapor transmission rate of the
coated and uncoated cotton fabrics.
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FIGURE 5. Influence of curing time on moisture desorption of
the coated cotton fabrics.

WVT of the coated cotton fabrics was reduced and
show decrease with the increase of curing
temperature or curing time (see 1# to 5# and 6# to
10#, respectively in Figure 3), but increase with the
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14#
15#

100

80
Moisture content/%

water on the coated cotton fabrics are changed less.
Considering the combination of the two aspects,
raising curing temperature or prolonging curing
time will increase moisture desorption rate of the
coated cotton fabrics, but still less than that of
control.
With the increase of silica content, the moisture
desorption rate was also increased (see Figure 6).
The thick silica film greatly weakens the attracting
force between cotton fiber and H2O molecule, so
the moisture desorption becomes easy.
With the variation of coating composition, the
moisture desorption property of the coated cotton
fabrics was changed less due to the approximately
constant silica film thickness (see Figure 7). By
comparison, at the molar ratio of 1, the moisture
desorption rate is higher than those at other ratios
due to the compact and dense gel formed at the
ratio.
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FIGURE 6. Influence of silica content on moisture desorption
of the coated cotton fabrics.
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CONCLUSIONS
The influences of sol-gel silica coating on the
properties of cotton fabrics were systematically
investigated. Silica coating derived from acidic
hydrolysis of TEOS with GPTMS or without had
complex influences on the properties of cotton
fabrics and the influences varied corresponding to
coating processes, silica content and coating
composition. In a word, as long as coating
processes are optimum, and silica content and
coating composition are appropriate, the negative
influences of sol-gel silica coating on the properties
of cotton fabrics will be reduced to minimum
extent.
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FIGURE 7. Influence of coating composition on moisture
desorption of the coated cotton fabrics.
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The moisture desorption rate (slope of curve) of the
coated fabrics was reduced, and increased with the
increase of curing temperature or curing time (see
Figure 4 and Figure 5). On one hand, attracting
force between gel film and H2O molecule is
smaller than that between cotton fiber and H2O
molecule due to hydrogen bonding action, which is
in favor of moisture desorption from the coated
cotton fabric. On the other hand, the wetting areas
of water (equal to evaporating area in size) on the
coated cotton fabrics are smaller than that on
control, which is not in favor of moisture
desorption. The two factors affect the moisture
desorption property together and dominated by the
main factor under the given condition. With the
increase of curing temperature or curing time, the
gel formed becomes more compact and dense, so
attracting force between cotton fiber and H2O
molecule is reduced, whereas the wetting areas of
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Study on the Stripping of Dyes on Dyed Cashmere
Meizhen Li 1, Cuntao Wang 2 Haibin Yu 3
(1,3,Inner Mongolia University of Technology, Hohhot 010051,China)
(2,Dong HuaUniversity , Shanghai,China)
Abstract
Dyes being stripped from dyed Cashmere is very important and necessary to production. That will be used in
many ways. For example, dyeing defects of mid-products, dyed wastes, distinguishing dyed fibers, colour
exchanged, etc, all need dyes being stripped. In this paper, the performance about stripping agents and the
normally used dyes for cashmere are studied deeply. Correct stripping technology is made by a lot of
experiments that is ideal stripping whiteness and less strength damage. Meanwhile, this paper gives the
problems in dyed cashmere stripping processing and the respect of it.
Key words: cashmere; stripping agent; dyes; fiber strength
1 Stripping Experiments

oxidant agent injures more on strength of

1.1 Cashmere dyeing

cashmere[1] [4], so this experiment doesn’t select it.

1.1.1 Dyeing with weak acid dyes [2]

Ca(HSO2.CH2O)2[4][7],
[3]

SnCl2.2H2O

(chemical

pure)

2% , acetic acid 2.5% , bath ratio 1:40

used in this experiment and these three stripping

Sandlan dyes Red,MF-2BL 1.5% , sodium sulfate

agents have reductive properties.

2%, acetic acid 2.5% , bath ratio 1:40

Taking into account the re-using complexity about

Sandlan dyes Blue ,MF-GL 1.5%, sodium sulfate

the stripped cashmere, main problem is strength

2% , acetic acid 2.5% ,bath r ratio 1:40

damage , this experiment takes low temperature and

1.1.2 Dyeing with reactive dyes

[3]

and thiourea dioxide (CH4N2O2S)

[2]

Polar dyes yellow GN 1.5%(owf), sodium sulfate

are

weak acid or weak base condition in order to

Reactive dyes lanasol red 1.5%, ammonium sulfate

minimize the damage on fiber. Experiments show

4%, acetic acid 1.5%, Albega1B1%

that the reductive properties and the destruction of

Reactive dyes lanasol grey 1.5%, ammonium

Ca(HSO2. CH2O)2 is much stronger, and the effect

sulfate 4%, acetic acid 1.5%, Albega1B1%

to peeling off color with SnCl2.2H2O is more lower

Reactive dyes lanasol blue 1.5%, ammonium

than thiourea dioxide. The water-solution of

sulfate 4%, acetic acid 1.5%, Albega1B1%

Ca(HSO2.CH2O)2 and SnCl2.2H2O is not ideal at

1.1.3 Dyeing with mordant dyes

[3]

50-60 ℃. So in this experiment, thiourea dioxide is

Mordant dyes red BN 1.5%, acetic acid 2%, sodium

eventually choosen.

sulfate 15%, mordant hongfanna2%

Compared with sodium hydrosulfite, thiourea

Mordant dyes black A1.5%, acetic acid 2%, Sodium

dioxide has a higher reduction potential, and lower

Sulfate 15%, mordant hongfanna2%

declining speed of reduction potential. It acts on

1.2 Stripping agent selection

cashmere fiber evenly and softly, and it is suitable

Dyes being stripped from dyed cashmere in

to deal with the cashmere fibers for longer time, in

chemical way is that color structure system is

water bath 50-70 ℃

damaged by reductant, or oxidant agent[2]. Because
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1.3 Experiment on stripping

20%, urea 3%, lyogen MF2% sodium hydrosulfite 3%, pH=8,

1.3.1 Stripping weak acid dyes Sandlan,

30min)

Red,MF-2BL from dyed cashmere
Bath ratio 1:40 ,stripping technology designed as
Whiteness value

follows:
A group: thiourea（20-35%）+ urea 3% + lyogen
MF2%,acetic acid pH=5, 50-70°C
B group: thiourea（20-35%）+ urea 3% + lyogen

80
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0

MF2%+ sodium hydrosulfite 3% ,
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9
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pH

soda ash pH=8, 50-70°C
C group: thiourea（20-35%）+ urea 3% + lyogen

FIGURE 3. The influence of pH on whiteness (thiourea 20%,

MF2%, acetic acid pH=5,

urea 3%, lyogen MF2%, hydrosulfite 3%, 60℃, 30min )

50-70°C; next process with sodium hydrosulfite
Whiteness value

5%, 20min, 50℃
D group: thiourea（20-35%）+ urea 3%, acetic acid
pH=5, 50-70°C
Experiments show that B group’s whiteness is the

80
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0

best and sample goes white thoroughly in 30min for
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50

60

70

Time(min)

most dyes, whiteness value is 65.8 (original
cashmere ‘s whiteness value 66.3 ).

FIGURE 4. The influence of time on whiteness (thiourea 20%,

Whiteness value

urea 3%, lyogen MF2% sodium sodium hydrosulfite 3%, pH=8,
80

60℃)

60

Experiments show azo dyes is suitable to be

40

stripped at base bath.

20

1.3.2 Stripping weak acid dyes polar GN from

0
0

20

40

dyed cashmere

60

Thiourea content(%)

This dyes has doule-N=N- structure. Using B
group,whiteness value is 58.7,appearing slightly

FIGURE 1. The influence of thiourea’s amount on whiteness

yellow tone;if making pH to 9,whiteness value is

(Urea 3% ,lyogen MF2%, sodium hydrosulfite 3%, pH=8,

65.6,appearing bleaching white.

60℃,30min)

1.3.3

Stripping

weak

acid

anthraquinone

structure dyes Lanasol Blue ,CF-A dyes from
Whiteness value

dyed cashmere
80

Stripping conditions is thiourea（20-35%）+ urea 3%

60
40

+ lyogen MF2%+ sodium hydrosulfite (3%),

20

pH=8 ,60°C,30min, and you can find only small
amount of dyes stripped off . With ORINTEX color

0
0

10
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30

40

50

60

70

80

90

measurement instrument, K/S depth value is 1.986

Tempreture(℃)

after dyeing and 1.512 after stripping.
Stripping

FIGURE 2. The influence of temperature on whiteness (thiourea
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on

anthraquinone

structure

dyes

Sandlan,Blue,MF-GL looks very difficult. So

Delaying is not effective; so temperature will be

parameters as pH value and temperature are

improved 10℃, and only 10 minutes delay,

changed . When pH=2, 80°C,50min, ORINTEX

whiteness value reaches 61.0.

shows K/S depth value 0.566, still appearing

Obviously temperature factor is very important for

obvious colour(slightly blue light, yellow tone).

active azo dyes Lanasol Red .
1.3.5

Stripping

active

azo

dyes

Lanasol

Depth value(K/S)

Grey,CF-A from dyed cashmere
2.5
2
1.5
1
0.5
0

Using B group,only in 30 minutes ,stample changes
to white .It’s very easy.It is finded that whiteness is
the best in pH = 8.
1.3.6 Stripping anthraquinone structure dyes
0

1

2

3

4

5

6

7

8

Lanasol Blue ,CF-A from dyed cashmere

9

Using B, Stripping anthraquinone structure dyes

pH

Lanasol Blue (stone blue colour) from dyed
cashmere is very difficult. It is finded the colour
FIGURE 5. The influence of pH on K/S (thiourea 20%, urea 3%,

will change into a deep yellow.Even if temperature

lyogen MF2% sodium hydrosulfite 3%, 80℃, 30min)

goes up to 80℃,colour is still not white .
Analyzing the reasons for this: the activity

Depth value(K/S)
2

anthraquinone structure blue dyes is hard to be

1.5

damaged by reducer[9], but the anthraquinone loop

1

or the assistant colour basis can be opened or

0.5

removed , so there is a change in colour.

0
0

20

40
60
80
Temperature(℃)

1.3.7 Stripping Mordant dyes red BN from dyed

100

cashmere
Using B group,only in 20min,colour changes to

FIGURE 6. The influence of temperature on K/S (thiourea 20%,

white and whiteness value reaches 66.36(higher

urea 3%, lyogen MF2% sodium hydrosulfite 3%, pH=8, 30min)

than white cashmere),appearing bleaching white.

Experiment shows that anthraquinone dyes shoule

1.3.8 Stripping Mordant dyes Black A from dyed

be stripped in strong acid condition but azo dyes in

cashmere

soda condition.

Using B group, ORINTEX shows K/S depth value
is 2.522 after dyeing and 1.76 after stripping,only a

Experiment shows that stripping anthraquinone

small

weak acid dyes thoroughly with reductant is

eyes(appearing deep gray). Even if temperature

completely unpossible.

goes up to 80℃, depth value K/S is 1.071 ,colour is

1.3.4

Stripping

active

azo

dyes

B

group,bath

ratio

of

dyes

is

peeled

off

in

still not white .

Lanasol

Red,CF-B from dyed cashmere
Using

amount

2 Test results
1:40,

60℃,

30

Stripping dyed cashmere with thiourea dioxide, idea

min,stripping whiteness value is 46.3.

results can be gained for most dyes, that is better
whiteness, luser bright, good hand feel,less decline
in strength, except anthraquinone structure dyes
- 1445 -

Blue and mordant dyes Black.

make thiourea dioxide exert a great reducible ability,

3 Strength measure for color stripped cashmere

treatment selects low-temperature ,weak alkali and

re-dyed

a small amount of sodium hydrosulfite .

For less strength , colour stripped cashmere re-dyed

2. Compared colour stripped cashmere re-dyed with

should be dyed under low temerature 85℃(add

original cashmere dyed ,conclusion is that the

low-temperature agent WDS2%) ,equally dyes on

former gains lower uptake and slightly pale.

fiber and bright light achieved.

3. This experiment also proved that C group

TABLE I. Performance contrast of re-dyed fiber

programs had a very good effect on a certain dyes,

Dyes

Dye aptake

and re-dyed

4. It is not clear that stripping anthraquinone
structure dyes from fiber is very difficult. But it is

（%）

（%）

(in eyes)

78.8

73.4

slightly pale

Weak acid red

and significantly lowers fiber strength damage.

Dye aptake Depth for Stripped

for original for Stripped

finded

this

type

of

dyes

is

sensitive

to

[5]

Active red

89.6

82.2

slightly pale

Mordant red

97.4

94.5

slightly pale

temperature ,oxygen and pH .
5. Stripping dyes from dyed cashmere is changeable.
Pioneer experiment must be done.For different
structure dyes, there is different parameters. Dyes’

NOTE: B group program in use

stripped

stripping difficulty from easy to hard generally is

cashmere and original cashmere, conclusion is that

weak acid dyes ﹥ mordant dyes ﹥ reactivedyes;

the former gains lower uptake and slightly pale. It is

azo

maybe that remains reducer goes on resolving dyes .

anthraquinone structure (blue phase).

Compared

dyeing

colour

between

structure

(red

,yellow,grey

phase)

﹥

Therefore,re-treatment after color stripping must be
Reference:

carried out .This will be an indepth study in future.

[1] Cheng yan,Yang xue-qing, Li mei-zhen, The applying of

TABLE II. The strengh contrast of re-dyed fiber
Dyes

Strenth for

Strenth for

original

stripped fiber

and re-dyed fiber

（cN）

（cN）

（cN）

Weak acid

5.44

stripping agent in Cashmere yarn waste, Journal of dying and

Strenth for stripped

5.02

finishing technology, 2007（10）:24-26
[2] Fan Xue-rong. Technology on Textiles. China Textile
Publication .2000

4.83

[3] Chen ming-zhen. Study on stripping of waste textiles and the

red
Active red

4.89

4.63

Mordant red

5.32

5.04

yarn’s quality[J]. Mao Fang Ke Ji Wool Textile Journal.
2001,(6):27-29
[4] Chen mei-yun.Bleaching technology in H2O2-citric acid on

NOTE: B group program in use

Wool[J].Shanghai

The strength loss after color stripping is about 6.6%

30(1):31-32

and re-dyied cashmere is about 11.2%. Experiment
aslo proves that cashmere in different local, the
value loss is different. The strength loss for
cashmere from Viction Cashmere Group, after
stripping and re-dyed, was only 4.79%.
Conclusion:
1. Thiourea is an ideal stripping agent for dyed
cashmere . In order to lower fiber strength loss and
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textile
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Study on Colore Tone Change of Dyed Cashmere Fabric in
Finishing
Mei-zhen Li 1 , Ya-nan zhang 2, Xiu-li Jia 3
Inner Mongolia University of Technology, Hohhot 010051,China
ABSTRACT
This article studys the colore tone change phenomenon of white, bleached and decolored cashmere during
finishing process. By following the cashmere scarf’s finishing, sorts of elements which affect the colore tone
change are studied. The colore tone change will be mostly controlled by adjusting technology parameters and
agents. The result shows that different cashmere has different colore tone change degree; and adding brighting
agent can drop the yellow change degree; colour fixing can remarkably increases fastness rating; softing agent
with antistatic agent can drop the yellow change; the colore tone change of fabric can be clearly droped by the
drying and steaming temperature controled strictly.
Key Words: cashmere; blanched; decolored; color tone change; finishing
of bulk samples to follow the research.
The finishing processes of worsted chashmere scarf
is as follows:
Braying → milling → softening → untwisting and
padding → quality check up → strenter drying →
quality check up → card raising → watering →
teaseling → framing and drying → clipping →
brushing → decating → cutting

1 Analysis on raw material
After cashmere decolorizing and bleached, the
negative groups will be increased,which lead to the
electrostatic repulsion to anionic dyes. The
unsaturated bond of chromophore in the fiber will
be restored and turn into saturated bond, appearing
leuco, when the cashmere is bleached. However,
part of saturated can reverse to re-generate color by
the effect of oxidants .It is the basical reason that
dyed cashmere fabric goes colour change to yellow
tone when stored ,especially under the
hygrothermal.

3.1 The influence of braying temperature on
colour difference(△E)
TABLE I. The influence of braying temperature on △E

2 Analysis on the reason of color tone change
The reason that cause the color tone change of
fabric may include three ways: the dyes is not well
integrated into the fiber, and color fastness is bad,
causing the color fading. During the finishing, the
dyed fabric is easy to staining, discolouration and
oxidative reaction to colour change under heat,
wetness and extrusion. Sometimes the reactions
between the finishing agents and dyes on fiber have
a certain confluence on fabric colour tone [2][4].

Cashmere
Dhite
Bleaching
Decolored

35℃△E
0.1
0.22
0.31

40℃△E
0.25
0.41
0.53

NOTE: braying time 20min; braying agent2% (owf)

With the temperature rising,the color difference has
a increase trendency .
3.2 Soft finishing

3 Experimental process
First of all, because the change of blue colour to
yellow tone is the most serious, so the experiment
choose Lanasol blue to dye the above three
cashmere. General fastness rate from high to low
is :white﹥bleached﹥decolored by fastness
tester .Then use Lanasol blue to dye the three
material headscarf samples, with the same
technology, the amount of dyes is 0.5% (o.w.f.) for
every sample.After dyeing , stitch them in the head

TABLE II. The influence of Softening agent on △E

Cashmere
White
Bleaching
Decolored

Nonionic softener
150 △E
2%
3%
0.31
0.42
0.41
0.55
0.49
0.69

NOTE: 15min, 40℃
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Finishing agent
LJ-800 △E
2%
3%
0.36
0.54
0.46
0.64
0.55
0.78

Keeping track of the experiment, if the dosage of
softener, whichever, has a colour difference
increasing trendency , especially greatly for
decolored cashmere. It is suggested dosage of
softener is no more than 2% (owf) .
150 is an nonionic softener ,and its major ingredient
is amide-based siloxane,it is made by blocking
active Hydrogen in amino silicon by acylation
during modifying.Then number of amino groups is
lowered ,causing colour tone change reducing.
LJ-800 is a common aminoalkyl, double ammonia
type structure.Although its softness, smooth,
drapability, flexibility is all obviously good, but
number of amino groups is much higher and it has
two kinds of being easily oxidized side chains ,such
as elder ammonia and brother ammonia . So LJ-800
aminoalkyl is easily sensitive to light and heat,and
its colour group is easily oxidized to cause colour
tong yellow change seriously[5].
Some antioxidants are added during soft
finishing.The dosage of NaHSO3 is 2 %(owf), and
results show as follows.

decolored cashmere fabric , this two are easily
fading in milling process,leading to color tone
change.
TABLE V. The influence of milling time on △E
Cashmere
White
Bleached
Decolored

No NaHSO3△E
0.31
0.41
0.49

In a word, milling temperature for bleached and
decolored should be lower ,time should be shorter.
But it is diffcult for milling of bleached cashmere
and decolored cashmere ,so weaving technology
should be adjusted.
3.5 The influence of milling agent on colour
difference(△E)
Different milling agent cause different effect as
follows.

With NaHSO3△E
0.29
0.36
0.41

TABLE VI. The influence of milling agent on △E
Agent 3#
Agent HAY71
2%
3%
2%
3%
White
0.14
0.28
0.11
0.24
Bleaching
0.21
0.41
0.16
0.32
Decolored
0.33
0.54
0.21
0.39
NOTE: 40℃for white; 35℃for bleached and decolored; 40min
Cashmere

Proving that the anti-oxidizing agent can lower the
fabric yellow change . △E for bleached cashmere
rises from 4-5 grade to 5 grade,because of the
function of anti-oxidozing agent .

HAY71 is a kind of nonionic surfactants,and its
hydrogen bond combines with fiber. HAY71 can
shrink out tightly fine hair. Milling agent 3# is a
kind of anionic agent. It can replace and displace
anionic dyes , causing slightly colour fading,when
meeting But milling agent’s affection on color
difference is weaker than softening agent.

3.3 The influence of milling temperature on
colour difference (△E)
TABLE IV. The influence of milling temperature on△E
Cashmere
White
Bleached
Decolored

35℃
0.16
0.28
0.39

40min
0.28
0.41
0.48

NOTE: 30min,big pressure,small feed gap for white;
40min,normal parameters for bleached and decolored; the same
shrinkage.

TABLE III. The influence of NaHSO3 on △E
Cashmere
White
Bleached
Decolored

30min
0.14
0.25
0.36

40℃
0.26
0.42
0.51

3.6 The influence of strenter drying on colour
difference(△E)
When setting shape at high temperature, the dyes’
molecular acts fiercely and some not fast strongly
to fiber will be migrating and sublimating, causing
colourdifference. Because of dyes’ weaker fastness
to bleached cashmere and decoloredcashmere, the
fabrics are easily yellow tone change and tough
hand .So temperature for them shouldn’t surpasses
90℃, and time in dryer shouldn’t be longer, speed
is 8 m/min.

NOTE: long shrinkage 8%,width shrinkage 14%

It is clear that temperature easily influences on
colour difference,especialy for bleached and
decolored cashmere.
3.4 The influence of milling time on colour
difference(△E)
To achieve the same fabric shrinkage, bleached and
decolored cashmere need a longer time,nearly 40
minites , but white cashmere 30 minutes .Because
the lower colour rubbing fastness of bleached and
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TABLE VII. The influence of strenter drying on △E
Cashmere
White
Bleached
Decolored

80℃
0.10
0.21
0.19

85℃
0.21
0.33
0.31

90℃
0.34
0.49
0.45

Whte

95℃
0.43
0.58
0.54

100℃
0.51
0.69
0.61

CONCLUSION
1.Braying: Temperature influence on color
difference for decolored cashmere is obvious and
should be lowered to 35℃. Bleached cashmere’s
color difference change is less and the temperature
should be between white and bleaching.
2.Softening : Softening agents easily cause yellow.
The more dosage used, the more yellow change.
The dosage should be choosen no more than
2%(owf).Colour change is greatest for discolored
cashmere. For less yellow change, nonionic
softener should be used , and meantime adding
antioxidant can reduce the change.

105℃
0.59
0.80
0.72

Decolored

Bleached

0.9
0.8
0.7

△E

0.6
0.5
0.4
0.3
0.2
0.1
80

85

90

95

100

105

3.Milling: White cashmere’s milling is the best.
Because bleached and decolored cashmere had been
damaged by oxidant and reductant agent,especially
to their scales , so milling is sometime difficult and
easily fading colour . Milling temperature should be
reduced to 35℃. Nonionic milling agent shoule be
choosen, dosage at 2%(owf).
4.Strenter drying: Temperature must be lowered for
bleached
and
decolored
cashmere
fabrics,temperature for them shouldn’t surpasses
90℃
5.Decatings: For bleached and discolored, the
maximum temperature is 120℃, otherwise the color
difference will reduced to 4-5grade.

110

Drying temperature(℃)

FIGURE 1. The influence of strenter drying on △E

3.7 The influence of decating time on colour
difference(△E)
TABLE VIII. The influence of decating time on △E
Material
White
Bleache
d
Decolor
ed

100
℃
0.14

105
℃
0.19

110
℃
0.25

115
℃
0.31

120
℃
0.36

125
℃
0.40

130
℃
0.43

0.26

0.31

0.38

0.44

0.49

0.54

0.62

0.18

0.24

0.31

0.39

0.43

0.49

0.59

White

Bleached
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FIGURE 2. The influence of decating time on△E

When decating temperature exceeds 125℃ ,color
difference for bleached and decolored fabric will
drop to 4-5 grade ,so it can not exceed the
maximum temperature 125℃, and 120℃should be
choosen. For the white cashmere,it is nearly up to
130℃.In addition ,adding some antioxidant in
softening can lower the oxidation and yellow
change。
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ABSTRACT
Capsicum red pigment extracted from the dry pepper is a kind of high-quality natural dye and has anticancer and
cosmetic property. Before extracting paprika pigment, sodium hydroxide was used to eliminate the piquancy.
Capsicum red pigment was extracted by Soxhlet extractor with 95% ethanol and the purity of Capsicum red
pigment was identified with FT-IR, then the color value of capsicum red pigment was determined by
spectrophotometer with 460nm. The results showed that the optimal parameters were: the concentration of peppery
removal agent (sodium hydroxide) was 10%, the holding temperature was 80℃, solid-liquid ratio was 1:20, the
extracted time was 120 min, the extraction times were twice and the eluent of silica gel column chromatography
separation was consisted of petroleum ether and 90% ethanol with their volume ratio of 2:1. In the process with
the optimal parameters, the color value could reach 125 and collect reached 2.88%.
Keywords: Capsicum red pigment; Extraction; Purification; Process;
INTRODUCTION
Natural dyes have many excellent properties such as
high safety factor, biodegradable and environmental
friendly. In recent years, researchers pay increasing
attention to the natural dye of capsicum red pigment
It have been reported that capsicum red pigment
accounts for 30–60% of total carotenoids in fully ripe
fruits and it contains 11 conjugated double bonds, a
conjugated keto group, and a cyclopentane ring, and
has stronger antioxidative effects than β-carotene [1].
These structural characteristics give rise to singlet
oxygen-quenching ability and prevent colon
carcinogenesis.
EXPRIMENTAL
Reagents
Ethanol (analytically pure, Tianjin Kermel Chemical
Reagent Co., Ltd.), Sodium hydroxide (analytically
pure, Tianjin Kermel Chemical Reagent Co., Ltd.),
Hydrochloride (analytically pure, Tianjin Reagent
Factory).
Extraction of capsicum red pigment
A gram of dry capsicum powder prepared [2] was
mixed with sodium hydroxide to eliminate the
piquancy in the beaker, the concentration of which
was 5%, 10%, 15%, 20%, 30%, respectively. Finally,
dry capsicum powder eliminated the piquancy was
obtained after vacuum filtrating and dried in the
Electric thermal-vacuum drying oven (DZG-04,
Tianjin Tianyu Experimental Instrument Co., Ltd.).
Dry capsicum powder was transferred to Soxhlet
extractor [3] which was added into 95% ethanol. To
ensure the optimal extraction process, the
temperature was maintained at 30℃, 40℃, 50℃,
60℃, 70℃, 80℃, 90℃, 100℃, respectively;

solid-liquid ratio was 1:5, 1:10, 1:15, 1:20, 1:25, 1:30,
1:35, respectively; time was 30min, 60min, 90min,
100min, 110min, 120min, 150min, respectively and
reflux times were once, twice, third, four, five, six
times. Finally, head product was obtained after
vacuum distillation and recovering ethanol.
Purity of capsicum red pigment
Silica gel column chromatography [4] was selected
to purify capsicum red pigment: elution condition
was ensured by thin layer chromatography; First,
concentration extracted was injected into the column
with 100cm in high, 10cm in diameter and was eluted
by eluent selected. Afterward, several parts of
solution were gained and red part was collected and
vacuum-concentrated to relatively pure capsicum red
pigment. At last, the capsicum red pigment was
analyzed by FT-IR.
Elemental analysis
Measurement of color value
A certain quality sample (accurate to 0.0002g)
weighted was diluted with acetone, and using
colorimetric utensil of 1cm thickness to measure it
with spectrophotometer(VIS－723, Shanghai Jingke
Industral Co., Ltd.) at the wavelength (λ) of 460nm.
The color value was expressed as followed [5]:

E1cm1% 460nm =
E

1%

460nm

Af ×1%
m

is the color value measured
Where, 1cm
under the conditions of mass fraction of 1%,
colorimetric utensil of 1cm thickness at maximum
absorption peak of 460nm, A is absorbance of
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measured sample, f is dilution multiple and m is mass
of sample.

0.90
0.85
0.80

Determination of yield
yield (%) = volume of capsicum red pigment (ml) /
total mass of capsicum powder (g) ×100%

Selection of extraction temperature
Before extracted, capsicum red pigment exists in cell
tissue and is protected by membrane and some
components in cell tissue to form lipid, so it has high
stability. Since the protection from membrane was
destroyed after capsicum red pigment extracted,
self-oxidation occurs easily. Particularly in
High-Temperature condition, color of solution fades
obviously. So the effect of temperature is essential.
Absorbances (λ) measured in different temperatures
are showed in Figure 1.

Absorbance

0.70
0.65
0.60
0.55
0.50
0.45
0.40
1:5

1:10

1:15

1:20

1:25

1:30

1:35

Solid-liquid ratio ( g/ml -1 )

FIGURE 2. Extraction effect of solid-liquid ratio

From Figure 2, it can be seen that with solid-liquid
ratio increasing, the absorbance (λ) increases
significantly and reaches the peak when solid-liquid
ratio is 1:20, then it changes little. The cause is that the
solubility is the main factor of extraction effect on the
first step, and then it isn’t important due to dissolved
completely capsicum red pigment. The optimal
extraction temperature is 1:20.
Selection of extraction time
Absorbances (λ) are measured in different extraction
elongation times (T=80℃) are showed in Figure 3.
0 .7 0
0 .6 5
0 .6 0
0 .5 5

Absorbance

RESULTS AND DISCUSSION
Selection of the concentration of peppery removal
agent (sodium hydroxide)
From observing the color change of sodium
hydroxide mixed with dry capsicum powder, the
peppery removal effect is good when the
concentration of sodium hydroxide was 10%, 15%,
20%, 30%. However, for the concentration of 15%,
20%, 30%, the solution appeared turbid and caking
during the holding process. So 10% is selected as the
optimal concentration of sodium hydroxide.
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FIGURE 3. Extraction effect of extraction time
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FIGURE 1. Extraction effect of extraction temperature

Figure 1 shows that, with extraction temperature
increasing, absorbance (λ) increases gradually and
reaches the peak at extraction temperature of 80℃,
and then it goes down. The reason lies in the increase
of temperature promotes the dissolution of capsicum
red pigment on the first step, then turns to damage it
for self-oxidation as introduced above. So the
optimal extraction temperature is 80℃.

Figure 3 shows that, with extraction time increasing,
the absorbance (λ) increases gradually and reaches
the peak (0.587) at extraction time of 120min, and
then it goes down. It is because the increase of time
promotes the dissolution of capsicum red pigment on
the first step, then capsicum red pigment turns to
damage for self-oxidation in High-Temperature. So
the optimal extraction time is for 120min.
Selection of extraction times
1 .0 5
1 .0 4
1 .0 3
1 .0 2

Selection of solid-liquid ratio
Absorbances (λ) measured in different solid-liquid
ratios are showed in Figure 2.
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FIGURE 4. Extraction effect of the extraction times
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Figure 4 depicts that absorbance (λ) measured in
different extraction times, from which, it can be seen
that capsicum red pigment has been extracted
completely after twice extraction and then
absorbance (λ) changes barely. Considering the
energy efficiency, the optimal extraction time is
twice.
The purification of capsicum red pigment
The selection of elution condition
Comprehensive consideration on the factor of
solubility, affinity, resolution and the elution curve of
petroleum ether, ethyl acetate, ethanol and n-hexane,
the results showed that the effect of exhibition layer
is the best with petroleum ether-90% ethanol (2:1) as
developer. The optimal eluent of silica gel column
chromatography separation is petroleum ether-90%
ethanol (2:1).
Analysis on purity
The structure molecular formula of capsicum red
pigment is showed as followed:

absorption peak of Pure capsicum red pigment,
which illustrating that capsicum red pigment
extracted and purified in this experiment has high
purity and could meet the need of staining.
CONCLUSION
Results showed that the optimal process was listed as
follow: the concentration of peppery removal agent
(sodium hydroxide) was 10%, the extraction
temperature was 80℃, solid-liquid ratio was 1:20
(g/ml), the extraction time was 120min and the time
of extraction was twice, eluent of silica gel column
chromatography separation was petroleum ether-90%
ethanol (2:1). The color value could reach to 125 and
2.88% of yield could be gained. The infrared
absorption band of capsicum red pigment extracted
and purified is coordinated with the characteristic
absorption peak of Pure capsicum red pigment
suggesting that the process was good to extract and
purify capsicum red pigment.
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The characteristic absorption peaks of Pure capsicum
red pigment are as following: the characteristic
absorption peak of cyclopentane and cyclohexane is
at 2950-2800cm-1, the stretching vibration absorption
peak of carbonyl (C=O) is at 1720-1710cm-1, the
scissors vibration absorption peak of methylene (CH2)
and anti symmetric deformation absorption peak of
methyl (CH3) is at 1465±20cm-1, the stretching
vibration absorption peak of methoxy (C-O) is at
1170-1150cm-1 [6].
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and purified is consistent with the characteristic
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ABSTRACT
A plant fixing agent ZF was prepared from natural plant materials, and its physicochemical properties, fixing
mechanism and effects on the application were studied. It was showed that there were not formaldehyde, heavy
metal ion and carcinogenic aromatic amines. Appling ZF to natural dyes on cotton fabrics, the color fastness
could be improve by 0.5-2 grades, and the fixing process had little influence on capillary effect and bursting
strength. The results of TGA and UV transmittance showed that the thermal stability of cotton fabrics treated
with ZF had little change and their ultraviolet resistance was improved. After the analysis of XRF, FTIR and
SEM, it was concluded that ZF mainly had cross-linking capability to form film on the surface of fiber, and a
tiny amount of metal ions such as Mg and Al inside the fixing agent acted as auxiliary intermediate agent. In
general, this natural plant-fixing agent was an eco-friendly and effective fixing agent.
Keywords: natural plant fixing agent; plant dye; color fastness
1. INTRODUCTION
In previous years, the application of natural dyes in
textile dyeing has been explored all over the world.
In general, natural dyes are environmentally friendly
and nontoxic as compared to synthetic dyes. They
exhibit better biodegradability and have higher
compatibility with the environment. Therefore,
relevant research work on the application of natural
dyes has been becoming one of the hot topics [1].
However, a great number of natural dyes are faced
with the problem of poor color fastness and low dye
uptake for their application to the dyeing of cotton.
At present, mordant and direct dyeing with natural
dyes are applied for cotton fabric. The former uses
heavy metal ions to form the complex structure
between the fiber and dyes to enhance the color
fastness, which is disadvantageous for environment
[2-6]
. The latter generally needs chemical fixing
agents to improve the color fastness. However, many
fixing agents contains free formaldehyde, and some
formaldehyde-free fixing agents may remain and
decompose to form harmful materials in the
synthesis and application processes, which violates
the purpose of green dyeing and finishing with the
natural dyes. Therefore, if the color fastness could be
improved on cotton fabrics, it is believed that the
natural dyes may pave a wide way for natural
dyestuff development. In order to improve the color
fastness of natural dyes on cotton fabrics, it is urgent
to develop the correlative green fixing agents. We
assumed that this green fixing agent originated from

the nature and had little pollution in the synthesis and
application processes.
In this paper, a natural plant fixing agent ZF was
prepared and detected. The cotton fabrics pretreated
with biological enzyme was dyed with natural dyes
and finished with natural plant fixing agent ZF. The
whole dyeing and finishing process was eco-friendly.
FTIR, SEM and TGA were applied to investigate the
fixing mechanism. Moreover, the color fastness,
capillary effect, bursting strength and ultraviolet
transmittance spectra of the cotton fabrics were
analyzed.
2. EXPERIMENTAL
2.1 Reagents and Materials
Compound
pectinase,
30%H2O2,
natural
diatomaceous earth, alkali mine earth and natural
scouring agent (from Shanghai Chemical Reagent
Factory, China). Natural color-fixing agent ZF,
organic knitted cotton was provided by Guangdong
Yida Co. Ltd (China).Natural dyes was purchased
from the Shanxi Shengtang Plant Dyestuff Co. Ltd.
2.2 Preparation of plant fixing agent ZF
By comparing the color fixing effects of over 30
kinds of plant juice on cotton fabrics, the best colorfixing agent ZF was selected and the whole
preparation was as follows: plant comminution
→ compression → filtration of compressed juice
→ re-mix of multiple plant juice → purification and
condensation → finished products.
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2.3 Scouring and bleaching process of biological
enzyme
2% Compound pectase, 6% H2O2, 0.7% natural
diatomaceous earth and 1.5% natural scouring agent
were prepared and the alkali mine earth was used to
adjust the pH value in the range of 9-9.5. The cotton
fabrics were scoured and bleached in 80℃ for 90
minutes. The whiteness was about 75% and the
capillary effect was 9-11cm / 30min.
2.4 Dyeing and fixing process
The whole process included dyeing, washing and
fixing. Firstly, the cotton fabrics was dyed with 4
%(owf) natural dyes using a liquor ratio of 20:1 at
90-100℃ for 90 minutes. Then the dyed cotton
fabrics were washed with 1% natural scouring agent
at 90℃ for 30 minutes. Finally, the 4% natural plant
fixing agent ZF was used for fixation treatment at
40℃ for 30 minutes.
2.5 Ecological detection
Formaldehyde content detection was conducted
according to GB/T 2912.1-1998 with acetylacetone.
Heavy metal ions were detected by X-Ray
fluorescence spectrometer (ZSX Primus II, Rigaku).
Carcinogenic aromatic amines were detected by
GC/MS-QP2010 (Shimadzu Corporation) and HPLC
(Waters 2695, Waters).
2.6 FTIR analysis
The FTIR spectra of samples were measured with a
Nicolet AVATAR360 apparatus. Spectra were
recorded using KBr pellets in the 4000-400 cm-1
range with 4 cm-1 resolution.
2.7 SEM analysis
Scanning electron microscopy (SEM) was used to
observe the surface appearance of the samples. The
instrument was a JSM-5610LV SEM (Jeol, Japan)
with an acceleration voltage of 20 kV. Before the
scanning process, all samples were coated gold in a
vacuum sputter coater, and the thickness of the gold
sputter coating was 7.5nm.
2.8 TGA analysis
The thermal stability of cotton fabric was
characterized using a Pyris Diamond TGA
thermogravimetric analyzer. All the sample
weights were about 1 mg, and all measurements
were carried out under a nitrogen atmosphere. The
specimens were heated up to 700℃, at the same
rate, 10℃/min. The thermographs of the whole
process were used for analysis.

2.9 Color fastness tests
The color fastness to washing and crocking of the
dyed fabrics was tested according to GB/T 3921.41997 and GB/T 3920-1997, respectively. The
DataColor spectra flash SF600 plus-CT was applied
to investigate the color difference (CMC DE).
3. RESULTS AND DISCUSSION
3.1 Ecological characteristics
The prepared natural plant fixing agent is a light
brown liquid with 6.5% solid content. It has good
water solubility and the pH value is 4.7-4.8.
Acetylacetone method was applied to detect the
formaldehyde content and no formaldehyde was
found. From the results of the element analysis of the
natural plant fixing agent by XRF, there was not any
heavy metal ion such as Pb, Co, Cr and Ni and a
little K (1.06% in mass), Mg (0.0623% in mass) and
Al (0.0152% in mass) were found. Moreover, the
results of GC-MS and HPLC showed no
carcinogenic aromatic amines include in the fixing
agent. The original fluid of the fixing agent has the
odor of plant and no peculiar smell was found in
cotton products treated with the fixing agent. In
general, this natural plant fixing agent was ecofriendly.
3.2 Color fastness and color difference
As shown in Table Ⅰ, after the dyed cotton fabrics
were fixed with the plant fixing agent ZF, the color
fastness to washing and rubbing was improved by 12 grades. However, some dyeing samples had certain
color shade changes after fixation process. This was
attributed to the metal ions such as Mg and Al, which
formed the metal coordination bond with the natural
dyes and changed the original color.
TABLE I Color fastness and color change of dyed cotton fabric.
Plant dyes
Mercury
Kavari
Himalaya
Blue

Treatment
Unfixed
fixed
Unfixed
fixed
Unfixed
fixed
Unfixed
fixed

Washing
Fa
Sb
2
2-3
3-4
4
2-3
2-3
3-4
4-5
2-3
3
4-5
4
2-3
2-3
4-5
3-4

Crocking
Dry
Wet
2
1-2
3-4
3
2-3
2
4
2-3
3
1-2
4
3-4
2-3
2-3
4-5
4

CMC
DE
0.24
0.30
0.19
0.60

(a. F, fading; b. S, staining)

3.3 Capillary effect and bursting strength
As shown in Table Ⅱ, after the fixing process, the
capillary effect and bursting strength of different
fabrics had little change compared with those
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without fixing process, which showed that this fixing
process had little harm to the cotton fabrics.
TABLEⅡ The effect of fixing process on capillary
effect and bursting strength.

Mercury
Kavari
Himalaya
Blue

Treatment
Unfixed
fixed
Unfixed
fixed
Unfixed
fixed
Unfixed
fixed

Capillary effect
(cm/30min)
12.6
11.9
12.7
12.5
12.3
11.8
12.4
12.2

100

Bursting
strength
(CN)
241
242
238
235
239
235
242
242

80
Weight /%

Dyes

attributed to the more residues of the fixed cotton
fabrics after the major degradation stage with the
cross linkage among the fixing agent, dyes and
cellulose macromolecule.

60
40

ZF fixed
Unfixed

20

3.4 Ultraviolet transmittance spectra
As shown in Fig.1, there was a noticeable difference
between the fixed cotton fabrics and the un-fixed
cotton fabrics in terms of ultraviolet transmittance
spectra. For each natural dye, the ultraviolet
transmittances of the fixed fabrics were lower than
those of unfixed fabrics, which showed that the film
structure on the surface of fabrics after the fixing
process could reduce the ultraviolet transmittance.
However, the ultraviolet transmittance of the fixed
cotton fabrics were above 10%, which is ascribed to
thin structure of this knitting cotton fabrics.

FIGURE 1 Ultraviolet transmittance spectra of the cotton fabrics

3.5 TGA analysis
The thermal behavior of the unfixed and fixed cotton
fabrics were investigated by thermogravimetric
analysis (TGA). The degradation temperature,
known as a criterion of thermal degradation, was
calculated based on differential TGA curves. As
shown in Fig. 2, those two kinds of cotton fabrics
had similar initial degradation temperature, which
indicated that this fixing agent had little influence on
the cotton fabrics. The weight loss of the un-fixed
cotton fabric was about 70%, however, that of the
fixed cotton fabric was about 60%, which was

0

0

100

200

300

400

500

o

Temperature/ C
FIGURE 2 TAG analysis of the cotton fabrics treated with the
plant fixing agent ZF.

3.6 FTIR analysis
FT-IR spectrum of the ZF fixing agent in the spectral
ranges of 4000-400 cm-1 is shown in Fig. 3. It is
assumed that the ZF fixing agent contained hydroxyl
groups according to the peak point at 3393cm-1, 1319
cm-1 and 1100 cm-1 and primary amine groups
according to the wide peak at 3600cm-1-3000cm-1
and strong peak at 1626.8 cm-1. Moreover, the wide
peak of 3393 cm-1 (between 3600-3000cm-1) was
formed by the merge of N-H and O-H and the peak
of 1626.8 cm-1 might belong to deformation vibration
of inner surface NH2. The peak at 1385.2 cm-1 and
1319.9 cm-1 might be attributed to the Cis isomerism
stretching vibration and trans-isomerism of N=O.
Considering the pH value of the ZF fixing agent, it
was presumed that the this fixing agent contained
carboxyl groups according to the characteristic peaks
in the range of 3200-2500cm-1. However, no other
3200-2500cm-1 peaks of carboxyl group were found
in this spectrum.
On the basis of the FT-IR analysis, the fixing agent
might contain hydroxyl, amine or little carboxyl
group, which provided necessary preconditions for
the fixing agent to form crosslink film in the surface
of the fiber. Besides the self cross-linking, these
groups also had the capability to cross-link with dyes
and fibers and also had the capability to form the
hydrogen bond and the intermolecular attraction with
dyes and fibers, which improved the color fastness of
dyed fabrics.
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combination between the fiber and dyes and
improved the color fastness.
4 CONCLUSIONS
Natural plant fixing agent ZF is an effective and ecofriendly fixing agent and can improve color fastness
1-2 grades for natural dyes dyeing on cotton fabrics.
After the analysis of FTIR, SEM and XRF, ZF
mainly depended on cross linking to form film on the
surface of fiber. Besides, metal ions complex
reaction, cross linking between the fixing agent and
dyes and hydrogen bond were necessary to improve
the color fastness.
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FIGURE 3 FTIR spectrum of the plant fixing agent ZF.

3.7 SEM analysis

a. Un-fixed, ×1000

b. ZF fixed ×1000

c. Un-fixing, ×5000

d. ZF fixing ×5000

FIGURE 4 SEM images of the cotton fabrics treated with the
plant fixing agent ZF.

SEM images provided surface appearance
information of the cotton fabrics treated with fixing
agent ZF as shown in Fig.4. Compared with the
cotton fabric untreated with the fixing agent, it is
obvious that film structure existed in the surface of
the treated fabric. This film sealed off the dyes in
fibers, improved the smoothness of fabrics, reduced
the friction coefficient, prevented the dilation,
dissolution and desquamation of the dyes and
enhanced the color fastness to washing and crocking.
On the other hand, metal ions such as Mg and Al
included the fixing agent were good mordants and
could form the coordinate covalent bond with natural
dyes and fibers, which helped to increase the
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ABSTRACT
A novel chitosan derivative, O-acrylamidomethyl-N
-[(2-hydroxy-3-trimethylammonium)propyl] chitosan chloride (referred to here as NMA-HTCC) which can
replace the conventional mordant in the tea dyeing was synthesized with Glycidyltrimethylammonium chloride
(GTMAC), Nmethylolacrylamide (NMA) and Chitosan in this paper. Conditions of pH 7~8, and 8g/L with
novel chitosan in pretreatment is optimum for tea-dyed fabric. The results of dyeing experiments show that the
cotton treated with NMA-HTCC give better dyeing characters on K/S value and fastness compared with the
results in the absence of novel chitosan or on dyeing in the presence of metal mordant.
due to its lack of strong bonding with fabrics [3].

INTRODUCTION
OH
OH
OH

O

OH

R1
OR2

Fig. 1 The structure of tea- polyphenol
The pigment obtained from tea has good coloring
capacity. The major component of tea pigment is
called tea-polyphenol derivative (as shown in Fig. 1)
which has low affinity with fibers. It is
thermostable, thus is also suitable for conventional
dyeing where the bath temperature ranges from 60
to 90℃ [1].The attractiveness between pigments and
fibers is just van der Waals force and hydrogen
bonds. Tea pigment usually requires metal mordant
to produce an affinity between fibers and pigments.
Metal mordants just as FeSO4, SnCl2, CuSO4,
K2Cr2O7 and alum were used keeping in mind the
toxicity factor of some mordants particularly copper
and chromium in conventional dyeing method. In
the present study dyeing with mordant has been
shown to give good dyeing results. The textile
industry continues to look for eco-friendly
processes that substitute for toxic textile chemicals.
Chitosan, a natural biopolymer, has many unique
properties such as biodegradability, nontoxicity,
cationic nature, and antimicrobial activity. The
various uses of chitosan for textile dyeing and
finishing were reported in recent years [2]. The
major problems of chitosan as dyeing and finishing
agent are its loss of the cationic nature due to its
instability and its poor durability on textile fabrics
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Our product (the NMA-HTCC) is a novel
water-soluble chitosan derivative with a fiber-reactive
group. The new groups on chitosan backbone
(quaternary ammonium salt groups) can enhance the
cationic nature as well as the water solubility over the
entire pH range. The fiber-reactive group (the
acrylamidomethyl group) can form covalent bonds
with cellulose under an alkaline condition. In this
study, we evaluated the optimal treating condition of
the NMA-HTCC to cotton fabric and compared the
dyeing fastness of the fabrics pre-treated by mordants
and novel chitosan derivative.
MATERIALS
Reddish brown pigment was collected from the
Green tea (from Shangwushan, Anhui, China) and
Oolong tea (from Anhui, China). Bleached cotton
was used for dyeing. Metallic salts such as
aluminum potassium sulfate, potassium dichromate,
Copper sulfate were supplied by shanghai No.4
Reagent﹠H.V. Chemical Co.Ltd. GTMAC (90﹪,
Sanjin of China), Chitosan (85﹪of Deacetylation,
Sinopharm of China) and NMA (CP, Sinopharm of
China) were used for experiments.
METHODS
1 Synthesis of novel chitosan
Chitosan was dispersed in distilled water at 85℃
while stirring an hour. GTMAC was added in three
portion sat 2-h intervals [4]. After 10 h of reaction,
the white product was collected by filtration and
further purified by washing with hot EtOH using a
Soxhlet extractor for 48 h, then dried at 80℃ under
vacuum overnight. HTCC and NMA were dissolved

L ratio as 1:40, the pH was maintained by adding
buffer solution (sodium acetate and acetic acid).
The prepared fabric was dipped in the dye bath for
1 h [7]. The dyed material was washed and dried at
room temperature, then dipped in brine for dye
fixing.

in distilled water containing 4-methoxyphenol as a
polymerization inhibitor. NH4Cl was added to the
solution. The solutions were reacted at 130 ℃ for
10 min. The product was collected and purified,
then dried at 40℃ under vacuum for 2 days [5].
Reaction process is shown as below.
OH
O
OH
O

O
OH
O

85℃,10h

NH2

O
H2C CH

O

H
N CH2 OH

7 Measurement of color fastness
Color fastness to rubbing is determined by ATLAS
CM-5-type rubbing instrument manufactured by
ATLAS electrical equipment company of United
States in accordance with the national standard
GB/T3920-1997. Color fastness to washing is
evaluated by the national standard GB/T6151-1997
using the soaping machine.

OH

CH3Cl
CH2 N CH3
CH3

O CH2

H
N

NH
H2C
OH

O

CH3Cl
N CH3
CH3

CH CH2

O
OH

130℃,10min
O

HN
H2C
OH

RESULTS AND DISCUSSION
1 Synthesis of novel chitosan (NMA-HTCC)
The IR spectrum of the NMA–HTCC indicates the
acrylamidomethylation did occur as a result of the
peaks at 1670 and 1541cm-1. These peaks are most
likely due to the C=O stretch and N–H bending of
the secondary amide in the acrylamidomethyl group,
respectively. The peak (at 1478cm-1) shows
evidence of the introduction of the quaternary
ammonium salt group on chitosan backbone. The
N–H bending (1595 cm-1) of the primary amine
disappeared due to the change of the primary amine
to the secondary amine (aliphatic). In addition, the
spectrum shows a broad band at around 3480 cm-1,
due to the increased number of hydroxyl groups. As
further evidence of the reaction, a new peak appears
at 1630 cm-1, which corresponds to the C=C stretch
of the conjugated vinyl group.

CH3Cl
N CH3
CH3

2 Extraction of colorant
The tea was crushed and dissolved in distilled water
and allowed to boil in a beaker kept over water bath
for quick extraction for half an hour [6]. The solution
was filtered for further use.
3 Scouring of cotton
Cotton fabric was washed with a solution
containing sodium carbonate and non-ionic
detergent at 40-45℃ for 30min, keeping the
material to liquor ratio at 1:50. The scoured
material was thoroughly washed with tap water and
dried at room temperature.
4 Mordanting
Accurately weighed cotton sample was treated with
different metal salts while mordanting was carried
out before, after or during dyeing. The mordant was
dissolved in water to make the liquor ratio 1:50.
The wetted sample was introduced into the mordant
solution and then it was brought to heating.

2 Preparation of aqueous extract of tea
1.6000
1.4000
1.2000

A

1.0000

Oolong tea
Green tea

0.8000
0.6000

5 Pre-treatment of chitosan and novel chitosan
Chitosan or novel Chitosan was applied to cotton
fabric by a pad-dry-cure method. Chitosan or novel
Chitosan was dissolved in 1% acetic acid at a
concentration of 1% on weight of bath (o.w.b).
Cotton fabric was padded with the chitosan solution
at 100% WPU, dried at 100 ℃ for 3 min, and novel
chitosan must be cured at 150 ℃ for 3 min. The
treated fabric was rinsed thoroughly in warm tap
water and air-dried.

0.4000
0.2000
0.0000
0

0.05

0.1
0.15
0.2
concentration (g/L)

0.25

Gra. 1 Absorbance at different concentration of Oolong tea and
Green tea

The maximum absorption wavelength of these two
aqueous extract of tea is 272nm. It can be inferred
that the mainly component of tea pigment is tea
polyphenol. Comparing aqueous extract of Oolong
tea and Green tea, color of Oolong tea showed
redder than the other, their absorbance became

6 Dyeing
The cotton was dyed with dye extract, keeping M:
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higher with increasing concentration and the later

increased even more as shown in Gra. 1.

TABLEⅡ. The K/S values of Green tea treated by novel chitosan with different conditions
pH

The K/S values

concentration (g/L)

4.2

7.6

9.5

1.0

2.0

4.0

8.0

10

Oolong tea

1.0857

1.6533

1.3218

1.2239

1.6888

1.6192

2.1284

1.6533

Green tea

1.4803

2.2318

1.5904

1.2675

1.5481

1.8911

2.2318

2.2208

TABLEⅢ. The K/S values and Color fastness of pigment with different methods
Color fastness to rubbing/grade

Color fastness to washing /grade

Dry rub fastness

Wet rub fastness

staining fastness

Soaping fastness

The K/S
values

Alum mordanted

5

5

2～3

2

1. 9326

CTS treated

methods

4～5

4～5

2～3

3～4

1.6533

HTCC treated

4～5

4

2

2

1.7016

Cured at 150℃ (NMA-HTCC)

4～5

5

2～3

4

1.5876

Cold pad-batch method (NMA-HTCC)

4～5

4～5

2～3

3～4

1.7326

3 Optimization of mordant with K/S
Comparing different metal mordants just as
KAl(SO4)2, K2Cr2O7, CuSO4 in mind the toxicity
factor, alum was used. Varied K/S values were
obtained from kinds of mordanting methods at
different conditions when dyed by aqueous extract
of tea (MLR 1:40,1h). The results clearly show that
the after-chrome process with alum at Neutral
condition is better than the others in terms of higher
K/S values.
Mordant is difficult to absorb onto the fiber in
before-chrome dyeing method. It is easy to form
precipitate once mordant entered into the aqueous
extract of tea in metachrome dyeing. Thus,
after-chrome dyeing is the optimum method. The
aqueous extract of tea pigment is relatively stable at
neutral conditions and the lower affinity of tea
pigments on cotton fabric resulted in lower uptake
at acidic or alkaline conditions.

7~8. Chitosan molecules have many amino and
hydroxyl groups. This can significantly increase the
affinity between pigment and fibers. At acidic or
alkaline conditions, the tea pigments and chitosan
are the same charged, which increased the repulsive
force between tea pigments and fibers and reduced
accelerate role of chitosan. So we choose the
near-neutral condition. HTCC, NMA-HTCC are
positively charged in any pH range, while
tea-polyphenol is negative charged at neutral-alkali
conditions, so the fabric treated by HTCC,
NMA-HTCC can increase the absorption of tea
pigments and improve its dyeing properties. The
K/S value increased slightly with increasing
concentration, but showed significant reduction at
the concentration over 8g/L. So the optimal
conditions pH 7~8, 8g/L were subsequently used to
study the dyeing characters of tea on cotton.

TABLEⅠ.The K/S values of Green tea with alum (KAl(SO4)2)
Methods
Nonmordant
Before-chrome
dyeing
Metachrome
dyeing
After-chrome
dyeing

Acidic
condition

Neutral
condition

Alkaline
condition

0.847

1.0776

0.7071

0.8818

1.143

0.3399

0.3922

1.1288

0.5694

0.9263

1.932

1.4136

5 Comparisons of fastness properties
The color fastness to rubbing of these two dyeing
methods were both between 4 and 5, Soaping
fastness and staining fastness were more than
middle as shown in TableⅢ. For alum, mainly
because salt and pigment can form insoluble
substances and deposite on the surface of the fiber,
which is similar to the mechanism of acid dyes, it
has a good rubbing fastness. For chitosan and its
derivatives, the mechanism is similar to the former.
So they also have good rubbing fastness. For color
fastness to washing, NMA-HTCC can react with
the groups on the fibers thus has a better fastness.

4 Optimization of novel chitosan-finishing with
K/S
The data of TableⅡ suggested the optimum pH was
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chitosan derivative with a fiber-reactive group”,
Carbohydrate Research, 339 (2004)313–319

Comparing these two dyeing methods, it was
observed that dyeing pretreated by chitosan gave
fair to good fastness properties and high value of
K/S in mordanting process. The fastness properties
of dyed cotton fabrics could satisfy the clothing
performance.
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aminopyridinium salts”, Journal of Surfactants and
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CONCLUSIONS
For the process of dyeing fabric pretreated by
NMA-HTCC, the optimum condition was 8g/L in
neutral environment. Dyeing pretreated by novel
chitosan with aqueous extract of tea improved the
fastness of the cotton fabric significantly. This
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Cells(monkey dermal fibroblasts) were isolated
from dermis and in vitro expanded in DMEM
medium with 10% fetal bovine serum. The
expanded cells were harvested, and resuspended in
cultured medium and then seeded on the fibers.
After in vitro culture for 8 days, the cell seeded
fibers were examined with scanning electron
microscope (Philips-XL-30) to observe cell
attachment and matrix production.

INTRODUCTION
Poly(glycolic acid) (PGA) and poly(lactic acid)
(PLA) belong to the family of Poly-αhydroxyesters. This family of degradable polymers
has been approved to be used for a variety of
clinical applications by the Food and Drug
Administration (FDA). In recent years, PGA and
PLA fibers have used in tendon/ligament tissue
engineering as scaffold materials[1-3]. The scaffold
must provide a site for cells and mechanical
strength before tissue formation. The scaffold
material determines the initial properties,
degradability, and biocompatibility of the scaffold.
In this work, the initial mechanical property,
degradability and biocompatibility of the two kinds
of fibers were compared.

RESULTS AND DISCUSSION
Initial property
The strength and elongation of PGA fiber were 5.9
cN/dtex and 31.1%, but the strength and elongation
of PLA fiber were 3.8 cN/dtex and 39.1%.
Compared with the PGA fiber, the PLA fiber
possessed lower strength but higher elongation.
In vitro degradation
As shown in FIGURE 1, the mass loss of PGA
fiber increased obviously with duration of
degradation. The mass loss of PGA fiber only
increased slightly in 2 weeks, but form week 2, the
mass loss of PGA fiber began to increase sharply.
After 8-week degradation, the PGA fiber almost
lost its all mass. However, the mass loss of PLA
fiber did not change obviously, but only increased
slightly after 12-week degradation.

APPROCH
Materials
PGA and PLA fibers were offered by Shanghai
Tianqing Biomaterials Co. Ltd.
Initial property
The strength and elongation of fibers were tested
using a single-fiber strength tester (LLY-06E ，
Shandong Laizhou electronic equipment Co. Ltd).
The gauge length was set at 20mm and the sample
tested at a speed of 20 mm/min. The result was the
mean value of 10-time testing data.
In vitro degradation
The in vitro degradation was simulated by
immersing the samples in a phosphate buffer saline
(PBS) solution with pH 7.4 maintaining the
temperature at a constant 37℃. The buffer solution
was changed once a week. The mass loss and
strength remaining of fibers were examined during
degradation in vitro. The mass of PGA fibers was
determined using a balance with an accuracy of
0.0001 mg once a week, up to 8 weeks, but the
mass of PLA fibers was tested once a week, up to
12 weeks. The strength of PGA fibers was
determined at different aging time intervals of 0,
0.5, 1, 1.5, 2, 2.5, 3 weeks, but the strength of PLA
fibers was determined at different aging time
intervals of 0, 4, 8, 12 weeks. The sample was
vacuum dried in a frozen dryer (FD-10-50, Beijing
boyikang experiment instruments Co. Ltd) at
approximately -50 ℃ at a vacuum of 8Pa for 2
hours before each test.

100
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PLA fiber
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FIGURE 1. Changes of mass loss during degradation

As shown in FIGURE 2, the PGA fiber lost its all
strength after 3-week degradation, but the strength
of PLA fiber only decreased slightly after 12-week
degradation.

Biocompatibility
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FUTURE WORK
Our future work will focus on design and
fabrication of scaffold for tendon tissue
engineering using PGA and PLA fibers.

PGA fiber
PLA fiber
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FIGURE 2. Changes of strength remaining during degradation

Both mass loss and strength remaining of the PGA
fiber changed very obviously during degradation in
vitro. Compared with the PGA fiber, the PLA fiber
possessed a lower rate of degradation.
Biocompatibility
As shown in FIGURE 3, cells attached on PGA
fibers much better than on PLA fibers. Moreover, it
seemed that cells on PGA fibers produced more
matrix.

FIGURE 3. SEM image of fibers with cells after 8 days in
culture (magnification×500, left: PGA, right: PLA)

The
differences
of
degradability
and
biocompatibility between PGA and PLA fibers
might be caused by difference of hydrophility of
the two kinds of fibers. Compared with the PGA
fiber, the PLA fiber was more hydrophobic, which
led to the lower rate of degradadation and worse
cell attachment.
CONCLUSIONS
Two kinds of biodegradable fibers, PGA and PLA
fibers, possessed different initial mechanical
property, degradability and biocompatibility.
Compared with PLA fiber, PGA fiber possessed
higher initial strength. Cells attached on PGA
fibers much better than on PLA fibers. However,
PGA fiber lost its mass and strength very quickly
during degradation in vitro.
For these two kinds of fibers, each possesses its
own advantages and its disadvantages can be
counteracted by the other one. Therefore, a scaffold
which combines PGA and PLA fibers, has the
potential using in tissue engineering.
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Analysis of Biodegradability of protein and cellulose fibers
by mildew
ZHANG Xiaoying1 , PAN Zhijuan2
(1.Suzhou Institute of Trade and Commerce, Suzhou Jiangsu, 215009; 2.Soochow University College of
Textile ,Suzhou Jiangsu, 215001)
Abstract:
Silk ,wool and ramie, bamboo respectively were embedded in bean dregs. The microstructures and mechanical
properties of the fibers from these after biodegraded fabrics in bean dregs were measured and analyzed. The
results revealed that the wool and silk fibers had few changes on the surfaces, the strength some improved , the
chance of elongation at break has different obviously, two kinds of cellulose fibers became roughness cotton,
embedded for 2 weeks. After being embedded for 3 weeks, the surface of wool had some variation, but tihe silk
was lubricity. When embedding time went to 4 weeks, the wool had obvious changes on the surface, the protein
fibers were gradually changed in mechanical properties, the bamboo , ramie,s obviously declined and the degree
of crystallinity lowered obviously.
Keywords：Protein fiber；Cellulose fiber；Mildew；Mechanical property；Microstructure

1 Introduction
With increasing of consumption amount in the textile
propucts, and the deepening in green environmental
conceptions, the huge amount of Textile Products
Waste Processing will get more recognition.
Ecological textiles is one of the most important
research contents for textile scientific workers at
present. At present they reserch more in circulating
reuse and degradable properties of polyesters, plasticis
and equi synthesis polymer[1-4], however, but there are
less research on the natural cellulose textile fiber and
the protein textile fiber fabric's degradability. Myself
earlier period elementary studied on degradation of the
protein and the cellulose textile fiber's fabric
embedded in soil. The results revealed that the
degeneration of the protein fiber is less then cellulose
fiber[5]. Natural fabrics can be degraded by
microorganism as bacterium, mold.
However,
systematic studies of the degeneration cycle and
degeneration properties of naturl fibers in mildew are
very scarce now. In this thesis, we have studied and
discussed the microstructure and mechanical property of
protein andcellulose fabric after degraded under mildew,
in order to provide certain evidence for ecological
scientific treatment and recycle of waste textile.

2 Experimental Materials and Method
2.1 Materials
Silk Crepe Satin, the all wool gabardine wool by
practicing dyeing and pure ramie, bamboo fabrics
were selected as experimental cellulose fiber fabrics.

2.2 Method
In this experiment,we embedded above four kinds of
fabric samples ,which were devided into 3 rectangular

pieces with each size of 30cm×5cm respectively, into
bean dregs to be degraded by mold.Fresh bean dregs
without sterilization were put into 12 plastic boxes
respectively at room temperature20℃～ 30 ℃),then
embedded samples into them and sealed.Taken out the
samples respectively after being embedded for 2,3 and
4 weeks,then washed them with soap liquid and clean
water, finally dried in air.
Extracting silk, wool ,bamboo and ramie fiber Form
the sample fabric to warp and their morphology were
observed under HITACHI S-4700 scanning electron
microscope(SEM). The fibers were prepared by jetting
with gold after being fixed on sample platform.
X-ray diffraction curves of fibers which were cut into
power were recorded by PAN alytical X′Pert Pro MPD
diffractometer (Holand) with CuK radiation from a
source operated at 35KV, 30mA and λ= 0.154 nm. The
diffraction angle 2θ ranges from 5°to 45°.The X-ray
diffraction
curves
were
fitted
by
Gaussian—Lorentzian peak shape with R2> 0.98, then
the degree of crystallinity of fibers was caculated by
the ratio of the crystal area and the whole fitting
area[6].
The breaking strength and enlongation of the warp
yarns extracted from fabrics were measured by an
automatic Tensile Tester (Instron electronic strength
tester，3365) after balanced in standard air condition
for 24h. Each sample was measured 30 times with
sensor gripping length at 10mm and tensile rate at
10mm/min.

3 Results and Discusstion
Fresh bean dregs containing more than 80% moisture,
will cause decomposition of some organic acids,
producing a wealth of microbial groups. Seal process
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of container were adopted, but there were out of
sterilization treatment. They will bring about abundant
microorganic groups such as mildew group including
gram-bacillus, alcaligenes faecalis, escherichia coli ect,
and enzyme group including lipoxygenase and
amylase ect,and the bean dregs can be corrupted[7-8].
These fabrics were in abundant microbial populations
and enzyme, we will mainly analyse the change of
microstructure and mechanical performance of protein
and cellulouse fibers embedded in bean dregs as
follows.

3.1 Morphology structure analysis of these
fibers for different embedded time

（g）

（h）

（i）

（j）

Figure 1a~p shows lengthwise morphology of fibers
extracted from silk, wool ,ramie and bamboo fabrics
for different embedded time .

（a）

（b）

（k）

（c）

（e）

（l）

（d）

（m）

（n）

（o）

（p）

（f）

Fig.1 SEM images of silk fibroin and wool fibers for
different biodegraded time （1500X, scale
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)

(a) control silk fibroin,

Figure 2a~p shows the X-ray for protein and cellouse

(b) silk fibroin embedded for 2 weeks

fibers to different embedded time.

(c) silk fibroin embedded for 3 weeks
7000

(d) silk fibroin embedded for 4 weeks，
Intensity/cps

(e) control wool,
(f) wool embedded for 2weeks,
(g) wool embedded for 3weeks,
(h) wool embedded for 4weeks,

5000
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18.304
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(i)control bamboo,
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9.0323
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(j)bamboo embedded for 2 weeks,

(a) raw silk, crystallinity 44.40%

(k) bamboo embedded for 3 weeks,
(l) bamboo embedded for 4 weeks,

7000

(m)control ramie,
Intensity/cps

(n)ramie embedded for 2 weeks,
(o)ramie embedded for 3 weeks,
(n)ramie embedded for 4 weeks

5000
20.685

3000
18.427

24.355

1000

As shows in figure 1, the wool of squama compesed of
horniness is changing flat by mildew gnawing into and
there is debris embedded 2 weeks. After 3 weeks, their
epidermis was "swallowed up" spin-off by mildew
obviously. But the internal structure is not damaged.
This is the same as their show of mechanical
properties. And embedded 4 weeks, wool epidermal
layer was seriously begnawing by mildew and enzyme.
Some of them surface was almost "bite" equaled,and
appeared more serious spin-off phenomenon and
clastic. Result showed that wool fiber degradation
degree was increased. The silk embedded 2 weeks by
bean dregs, The original smooth surface of the silk
fibroin fiber began to unevenness,but the lengthwise
morphology changed slightly.Atter 4 weeks,the
surface fleck increase significantly, it appeared that the
silk gnawing by bacteria. However, puff and flaw was
not obvious.It may be embedded in more than 4
weeks,the silk fiber will be produce conspicuous
biodegradation.
The bamboo,s morphology did not change
significantly, only have a spot of peeling and
microholes in 2 to 3 weeks. When time was prolonged
to 4 weeks, flawing obviously. However, there were
obvious mottles but are not flaws on the surface of
ramie after 3 weeks. While embedded for 4 weeks, the
flawss appeared on the surface of ramie. Meanwhile
the water was increased in plastic boxes which was
used to embed fibers. It is probable that various
mildew produced in bean dregs reproduced largely,
which made the fibers degrade fast and water increase,
after mildew phagocytosed carbon source as their
nutrient substances.
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(b) silk embedded for 2 weeks, crystallinity
43.8%
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(c) silk embedded for 3 weeks, crystallinity 43.54%
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(d) silk embedded for 4 weeks, crystallinity41.98%

3.2 Aggregation structure analysis of silk,
wool,bamboo and ramie for different
embedded time
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(p) ramie embedded for 4 weeks, crystallinity78.59%
Fig.2 X-ray diffraction intensity curves and
crystallinity of silk, wool, bamboo and ramie fibers for
different embedded time
The Fig. 2（a-d）silk fibroin fibers’ intensity graph of
x-ray diffraction show, falled in the effect by mould
and enzyme etc., every diffraction peak location did
not change basically, this is the representative β folds
structure silk II characteristic diffraction, namely there
are strong diffraction peak within an inch of 20.7', the
medium intensity peak at 24.3' and weak diffraction
peaks near 9.2', the change of crystal degree which be
buried 2-3 weeks is small and came down more
obvious after 4 weeks. The picture 2（e-h）also show,
the crystal degree of wool fibre being buried by bean
dregs parcel comes down, the form of X-ray
diffraction does not change obviously, diffraction
peaks are the strongest near 2θ=19.8°, there is one
medium intensity diffraction peaks near 2θ=9°,all
of these indicate that the change of fibre ‘s crystal type
structure before or after be buried was not notable.
The Fig. 2（i-p）,we can see that X-ray diffraction
intensity graph of bamboo fiber and ramie are almost
same, the crystal diffraction peak is the most obvious
near 2θ=22.8°, are weak near2θ=15° and 16°,both
are representative cellulose I cell structure. The crystal
degree of buried bamboo fiber is diminished gradually
with the time increasing; ramie is different, the change
of crystal structure is small after be buried 2 and 3
weeks, but after 4 weeks , the degree of crystallinity
decreased obviously.

3.3 Mechanical properties of fibers for
different embedded time
The breaking strength, breaking enlongation and their
variational degree of silk, wool, bamboo and ramie
fibers which embedded in bean dregs for different time
are shown in Fig.3.

Fig.3 mechanical properties of ramie and bamboo
fibers embedded in bean dregs for different
time( weeks)

4 Conclusion
1）Using of embedd in bean dregs to biodegradation of
the fabric, protein fibers of degradation rate is lower in
4 weeks. The cellulose fibres degradation rate is faster
than the protein fibers.
2) The surface morphology of silk and wool changed
less evident embeddeb for 2 to 3 weeks and their
mechanical properties has no reduction.There is
eroded mark of the wool surface of squama embeddeb
in 3 weeks. the Strength of wool turns to decline
instead.The surface of silk is still smooth for
embeddeb for 4 weeks，but the intensity is from
increased by embeddeb for 2 to 3 weeks to decreased
for 4 weeks, and the silk degree of crystallinity has
been decreased relatively obviously.If embedding time
more than four weeks,protein biodegradability may
become significant.
3) The bamboo and ramie fabrics were degraded little
by mildew which was produced in fresh bean dregs
under sealed condition after embedded for 2 weeks. The
surface morphology and mechanical properties of
bamboo and ramie fibers changed significantly and
- 1467 -

degree of crystallinity decreased when time was
prolonged to 4 weeks.The bamboo breaking sterngth
decreased 30%, and the ramie degraded significantly,
its breaking strength decreased above 40%.
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over 30 min and maintained at this level for 1 h.

INTRODUCTION
In recent years, protease and transglutaminase (TG)
were reported to be applied on the modification of
the wool fiber in order to improve shrinkage
resistance [1-2]and control its damage[3-5]. There
have been relatively few papers studying the effect
of enzyme, especially transglutaminase, on dyeing
properties of wool. Recently there is interest in the
dyeing of textile fibers with natural dyes [6-7]. In
this paper, the influences of protease and
transglutaminase on the dyeing performance of
wool with natural pigment sappan were studied.
The absorbance spectrum in UV and visible region
, Ltd and of analytical grade.

After- mordant dyeing
The mordant baths were constitute with 8%
mordant FeSO4 or 8% mordant tannic acid or 15%
mordant potassium Alum on weight of fabrics
(o.w.f.) at the liquor ratio 50:1. Temperature of the
baths of FeSO4, tannic acid and potassium Alum
were raised to 50℃,80℃ respectively and left at
the temperature for another 30 min. The mordant
treof aqueous extract of sappan added enzyme was
analyzed. The enzymatic modified wool was
compared with non- modified wool in K/S value
and fastness after direct dyeing and mordant dyeing.
All these work were expected to be helpful to dye
the enzymatic modified wool with the natural
pigment.

Treatments of wool fabrics with hydrogen
peroxide and protease
For pretreatment with hydrogen peroxide: the
samples were treated with 40 mL/L H2O2 (30%) at
pH8.0 and 50℃ for 1h with a liquor ratio of 20:1.
For protease pretreatment: the samples of wool
fabric were incubated with Savinase16L 2% (o.w.f.)
at pH 8 and 50℃for 45min with a liquor ratio of
20:1.

APPROACH
Materials and reagents
Pure wool fabrics supplied by Nantong Honglv
Group were scoured. The enzymes used in this
study were Savinase 16L (one kind of protease)
and a microbial transglutaminase acquired from
Novozymes and Ajinomoto Co, Inc respectively.
Sappan used for dyeing wool fabrics was obtained
from Nantong Sanyue Chinese medicine herbal
tablets Co., LTD. All other regents used were
purchased from Nantong chemical regent Coated
samples were then rinsed with water thoroughly,
squeezed and dried.

Treatments of wool fabrics with microbial
transglutaminase (TG)
The samples pretreated with hydrogen peroxide
/protease were incubated with transglutaminase at
pH 7 for 40min at 50℃ with a liquor ratio of 20:1.
Extraction of colorant
Six grams of sappan was dissolved in 100 mL
distilled water and allowed to boil in a beaker kept
over water bath for quick extraction for 1 h. The
solution was filtered for further use.

UV-visible absorption spectrum of aqueous
extract of sappan added protease and
transglutaminase respectively
Transglutaminase and protease were added to
aqueous extract of sappan respectively and
maintained for 15min at 50℃, then UV -visible
absorption spectrum of mixture solution of sappan
and enzyme was measured in the range of 200–600
nm on a TU--1800 UV/ visible Spectrophotometer.

Direct dyeing procedure
The fabrics were dyed with 0.12g/L ,0.3 g/L,1.2
g/L different concentration of sappan at a liquor
ratio 50:1. The temperature was raised to 100°C
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corresponds to characteristic absorption band of the
peptide bond. As can be seen from Fig.1 and Fig.2,
the λmax of the enzyme solutions in UV region
moved to long wavelength and the corresponding
absorbance values increased as the concentration of
protease and transglutaminase increased.

Color measurements
The relative color strength of dyed fabrics
expressed as K/S value was measured by the light
reflectance technique using the Kubelka-Munk
equation [8].

Effect of enzyme on the absorption spectrum of
aqueous extract of sappan
Protease concentrations of 3 mL /L、6 mL /L、9
mL /L and transglutaminase concentrations of 0.2
g/L、0.6 g/L、1.4 g/L、3 g/L、6 g/L were used.
The UV -visible absorption spectrums of mixture
solution of sappan and enzyme were shown as
Fig.3 and Fig.4.

Fastness testing
The dyeing fastness was measured according to
GB/T3921.1-1997 and GB/T3920-1997.
RESULTS AND DISCUSSION
Analyzing the UV-visible absorption spectrum
of aqueous of protease and transglutaminase
Protease concentrations of 3 mL /L、6 mL /L、9
mL /L and transglutaminase concentrations of 0.2
g/L、0.6 g/L、1.4 g/L、3 g/L、6 g/L were used.
The UV-visible absorption spectrum curves of the
solutions of protease and transglutaminase were
measured as Fig.1 and Fig.2.
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FIGURE 3 The UV-visible absorption spectrum curves of the
mixture solutions of sappan and protease
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FIGURE 1 The UV-visible absorption spectrum curve of the
solutions of protease
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FIGURE 4. The UV-visible absorption spectrum curves of the
mixture solutions of sappan and transglutaminas

FIGURE 2 the UV-visible absorption spectrum curve of the
solutions of transglutaminase

The UV-visible spectrum of aqueous extract of
sappan showed two strong absorption peaks, the
corresponding λ max were 220nm and 540nm
respectively. It was observed from Fig.3 and Fig.4
that λmax in UV region moved to long wavelength
and the corresponding absorbance values increased

.Fig.1

and Fig.2 showed two absorption peaks only
in UV region ,corresponding λmax were 220nm and
280nm respectively. Enzyme is protein, the
absorbance of protein in UV region λmaxx 280nm is
mainly due to some groups in the side chain of the
Tyr and Trp [9]. The absorption at λmaxx 220 nm
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the changes of secondary structure of the wool
protein from β-Collapse to random coils which
may aid dyeing [10]. On the other hand,
transglutaminase could catalyze an acyl-transfer
cross-linking reaction between glutamine residues
and primary amine. Transglutaminase could
catalyze the covalent bonding of primary amine to
the wool protein [11], including little molecular
peptide and amino acids generated from oxidation
by hydrogen peroxide and hydrolysis by protease.
These also made dye exhaustion increase.

as
the
concentration
of
protease
and
transglutaminase increased. These may be
attributed to the absorbance of protease and
transglutaminase in UV region. As the
concentration of protease increased from 0 mL /L
to 3 mL /L,6 mL /L and 9 mL /L, λmax in visible
region maintained at 540 nm but the corresponding
absorbance values increased comparing to the
aqueous extract of sappan having no protease. As
the concentration of transglutaminase increased
from 0 g/L to 0.6 g/L,1.4 g/L,5 g/L and 6 g/L, the
effect of transglutaminase on the visible absorption
spectrum of aqueous extract of sappan was the
same as protease and corresponding absorbance
values at λmax 540nm increased more obviously.
The results revealed that two kinds of enzyme,
especially transglutaminase, made sappan deep
color and there might be some interaction between
the enzymes and sappan dye.

Effect of enzymatic modification on color
strength of fabrics dyed with sappan by aftermordant dyeing
The eco-friendly mordant tannic, and potassium
alum, FeSO4, two less polluting mordents were
carried out after dyeing. The color strength K/S
values of fabrics dyed with sappan by aftermordant dyeing are shown as Fig.6.

Effect of modification with protease and
transglutaminase on color strength of fabrics
dyed with sappan directly.
In this study, Wool fabric samples previously
treated with hydrogen peroxide were subjected to
treat with protease and transglutaminase, then the
treated and untreated wool samples were dyed with
sappan
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FIGURE 6. K/S curves of fabrics dyed with sappan by aftermordant dyeing (potassium alum)

6.000
4.000

The results showed that the dyed wool color is
different when using different mordents. Therefore,
plenty of colors can be obtained by change and
combination of different dye mordents. As can be
seen from Fig.6, compared to untreated wool,
modification of enzyme, especially TG led to
increase in the color strength K/S value of fabric
dyed with sappan by after-mordant dyeing.
Compared to tannic acid and FeSO4, after-mordant
dyeing with potassium alum made the K/S values
increase more obviously.
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800
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FIGURE 5. K/S curves of fabrics dyed with sappan directly

The color strength K/S values in Fig.5 showed the
increase for the sample pretreated with protease
and transglutaminase comparing to untreated. The
modification of transglutaminase made the K/S
values of subsequent dyed wool fabrics increase
more obviously. Hydrogen peroxide pretreatment
can break disulphide crosslink and protease
catalyzes proteolytic reaction to scales of wool,
which made more dyes penetration into the treated
wool fabrics. Increase in the K/S values of the dyed
wool pre-treated with transglutaminase could be
explained that TG could catalyze an acyl-transfer
cross-linking reaction in wool keratin, resulting in

Effect of modification with protease and
transglutaminase on dyeing fastness
The
fabrics
modified
with
protease,
transglutaminase and untreated fabric were dyed
with 0.12g/L ,0.3 g/L,1.2 g/L different
concentration of sappan and washed twice with
warm water and dried, then the fastness was tested
according to standard methods. The results are
shown in tableⅠ.
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transglutaminase, led to increase in the color
strength K/S value of wool dyed subsequently with
sappan. Modification of protease led to some
decrease in wet rubbing fastness, and
transglutaminase had almost no influence on wet
rubbing fastness. Enzymatic pretreatment has no
influence on the wash fastness for samples dyed
with sappan.

It was shown that the direct dyed fabrics with
sappan, whether treated with enzyme or untreated,
had good dry rubbing fastness ratings for 0.12 g/L,
0.3 g/L and 1.2 g/L dyeing. But the wet rubbing
fastness ratings decrease as the concentrations of
dye and depth of dyeing increase. Modification of
protease led to some decrease in wet rubbing
fastness rating. Modification of TG had almost no
influence on wet rubbing fastness rating. It was
also observed from table Ⅰ that the ratings of
staining on wool were good and the ratings of
staining on cotton decrease as the concentrations of
dye and depth of dyeing increase. The wash
fastness (change in shade) ratings were poor,
especially the concentrations of dye and depth of
dyeing increase, which may be explained soaping
test process move not only surface loose color but
also some multicolor of sappan and resulted in
change in the shade and the increase in color
difference. It was also observed that enzymatic
pretreatment has no influence on the wash fastness
for samples dyed with sappan.
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TABLE Ⅰ Fastness of the dyed sample
rubbing
fastness

Washing
fastness
Staining of
Change
adjacent fibres
in
shade
cotton
wool

Sap pan
(g/L)

Sam
-ple

0.12

A

4-5

4-5

2-3

4-5

4-5

B

4-5

3-4

2-3

4-5

4-5

C

4-5

4-5

2-3

4-5

4-5

D

4-5

3

2-3

4-5

4-5
4-5

0.30

1.20

dry

wet

A

4-5

4

2-3

4

B

4-5

3

2-3

4

4-5

C

4-5

4

2-3

4-5

4-5
4-5

D

4-5

3

2-3

4-5

A

4-5

3-4

1-2

3

4-5

B

4-5

2

1-2

4

4-5

C

4-5

3-4

1-2

4

4-5

D

4-5

2-3

1-2

3-4

4-5

A- Untreated ，B-treated with protease, C- treated with TG,
D-treated with protease and TG

CONCLUSIONS
The UV-visible spectrum analysis revealed that
two kinds of enzyme, especially transglutaminase,
made the absorbance values of aqueous extract of
sappan at λmax increase and there might be some
interaction between the enzymes and sappan dye.
Compared to untreated wool, modification with
protease
and
transglutaminase,
especially
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Abstract
The preparation of polystyrene (PS) /Garamite particles as dyeability modifiers for PP fibers was
studied. PS/Garamite particles with different Garamite content were prepared through in-situ
suspension polymerization. Then they were added into Polypropylene (PP) matrix as modification
additions through melt blending. PP/PS/Garamite filaments were melt-spun from the blends. The
rheology property of the PP/PS/Garamite blends and the dyeing behavior of the fibers were also studied.
The rheology information helped us to identify the spinning process setting for the blends. The PP fiber
exhibited fairly good dyeing deepness using disperse dyestuff and the Garamite improved the
dyeability of PP fibers.
1. INTRODUCTION
PP is widely applied in the fiber industries
because of its low density, good chemical
resistance and processability. Unfortunately,
because of a lack of polar groups, the dyeing
behavior of PP is poor. For this reason, the
applications of PP fiber were restricted in textile.
The dyeability of PP fiber has been improved by
blending or grafting with other polymers[1,2] or
copolymerizing with other monomers[3] or mental
complexes[4] that have been studied. Blending
with small amount of polystyrene is an efficient
process to improve its dyeability. Garamite is a
2:1 mica type layered silicate, which consists of
two dimensional layers with layer thickness of
around 1 nm and lateral dimension ranging from
300 Å to several microns[5]. Because of its
structure, Garamite in PP/PS/Garamite blend
fiber can absorb dyestuff. So the dyeability of PP
blend fiber was increased.
2. APPROACH
2.1. Materials
Styrene as a monomer and benzyl peroxide
(BPO) as an initiator were of chemical grade.
Sodium thiosulfate as a chain transfer agent was
of analytical grade. Polyvinyl alcohol (PVA) as a
protective agent was of commercial grade with
the molecular weight of 75,000. The above
reagents were all from Sinopharm Chemical
Reagent Co. Ltd. Specially designed isotactic PP
for fine and superfine filaments, with a
melt-flow rate of 30–40 g/10 min, were supplied
by the resin plant of Donghua University
(Shanghai, China).The trademark of Garamite is
2578 from Rockwood Co. Ltd supplied by
Yinyuan Trading Co. Ltd.
2.2. Preparation of modified PS
Modified PS samples were prepared with
suspension polymerization[6]. The monomer St,

Garamite and the initiator BPO were added to a
PVA solution in a three-neck flask. The
polymerization was carried out from 75 °C to
95°C for 10 h with a fixed stirring rate. At the
end of preparation, the product was washed with
distilled water. Finally, the product was dried at
75°C under vacuum for 5 h.
2.3.Preparation of Polypropylene blend fibers
PP were dried in a vacuum dryer at 80°C for 8 h
before they were compounded with PS and
modified PS with a TSE-18A twin-screw
extruder at 200°C. The blends were then
pelletized and vacuum-dried at 80°C for 8 h
before being spun. As-spun filaments made of
PP blends were processed with a Fujifilter MST
C400 spinning tester (Tokyo, Japan) at take-up
speeds of up to 400m/min.The as-spun filaments
were drawn with a Barmag Sprinnzwirn 3013
drawing twisting machine (Chemnitz, Germany)
at winding speeds of up to 800 m/min. Drawing
ratio of 4-5 were tried to identify the drawability
of the as-spun filaments.
2.4. Measurement and characterization
Rheology property: The PP/PS/Garamite blends
were dried at 85℃ in a vacuum oven for 8h
before the rheology test was performed with a
ARES rheology meter. The curves of the test
temperatures ranging from 170 to 250℃ and the
frequencies ranging from 0.1 to 100 HZ were
studied to cover the processing conditions.
(Shown later in Figure.2.)
Dyeing: Fibers were scoured before dyeing at
85℃ for 30min with 1% omf Silvatol. The
sourced fibers were washed thoroughly in tap
water and allowed to dry in the open air. Dyeing
experiments were carried out with a Pyrotec
2001 infrared ray high temperature dyeing
machine. Dyeing conditions and recipes were
shown in Figure. 1.
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PP/PS/Garamite(3wt%)
PP/PS/Garamite(5wt%)
PP/PS/Garamite(7wt%)
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160

FIGURE 1. The dyeing conditions and recipes of PP fibers.

At the end of dyeing the dyed samples were
taken out and rinsed in distilled water for 5 min
followed by reduction clearing.
3. RESULTS AND DISCUSSIONS
3.1. The rheology property of the PP/PS/
Garamite blends
Different proportion of Garamite in PS/Garamite
particles were applied as additives to PP with the
intention of obtaining fine and superfine PP
filaments
with
improved
dyeability
(PS/Garamite:PP（wt%）=6:94). Here, the effects
of the additives on the blend rheology are
discussed.
The rheology curves of the PP/PS/Garamite
blends were tested at 10HZ in a temperature
range of 170-250 ℃.
300
280

PP/PS/Garamite(3wt%)
PP/PS/Garamite(5wt%)
PP/PS/Garamite(7wt%)

260
240

η*(Pa-s)

220
200
180
160
140
120
100
80
160

180

200

220

240

260

Temperature(℃)

(a)
PP/PS/Garamite(3wt%)
PP/PS/Garamite(5wt%)
PP/PS/Garamite(7wt%)

12000
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G'(Pa)

8000
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2000
160

180
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220

Temperature (℃)

(b)

240

260

180

200

220

240

260

Temperatue(℃)

(c)
FIGURE 2. (a) Curves for viscosity of the blend system with
the temperature’s rising. (b) Curves for storage modulus G’
of the blend system with the temperature’s rising. (c) Curves
for loss modulus G’’ of the blend system with the
temperature’s rising. The corresponding frequence is 10HZ,
the temperature range is from 170 to 250℃.

Figure.2 shows the viscosity, storage modulus G’
and loss modulus G’’ of the different proportion
of Garamite in PP/PS/Garamite blends
(Garamite/PS (wt%) = 3%, 5% and 7%).
According to the graph (a)，the viscosity of the
blend system is decreasing along with the
temperature’s rising. When the temperature is
low, the viscosity is declined fast with the
temperature. While it’s high, the viscosity
declined slowly. Because the PP is the flexible
chain polymer whose macromolecular connected
with each other and formed the net which is
called macromolecular entanglement system.
With the increasing of the temperature, the chain
segments
moved
seriously
and
the
macromolecular entanglement was destroyed
which appearing in viscosity decreasing.
Simultaneously the chain segments movements
reformed the destroyed the macromolecular nets.
The velocity and the possibility of the reforming
is increasing with the movements and
temperature’s increasing. The increasing of both
the temperature and the shearing rate could make
the chain segments moves more serious. So in
the temperature rising process, the destroying
and reforming were influenced by each other
which led the viscosity changed slowly at high
temperature.
According to the graph (b) and (c)，the storage
modulus and loss modulus of the blend system
are also decreasing while the increase of the
temperature. Along with the increase of the
temperature, the macromolecular flexible chain
deviated from the conformation equilibrium and
oriented with the flawing direction. This made
the movements between macromolecular
became easier and the energy needed to
overcome the strain is smaller too.
At the same time, as shown in the graph (a), (b)
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and (c), the viscosity, storage modulus and loss
modulus are increasing along with the Garamite
content’s rising. This is because the Garamite
stayed between the PP phase and PS phase.
When the matrix macromolecular entangled
together, the molecular of the Garamite is the
crosslinking point in the blend system. It stop the
PP macromolecular’s movements which led the
system viscosity increasing, overcoming the loss
modulus of the movement, the storage modulus
should be increasing.
3.2. The dyeing behavior of PP/PS/Garamite
fibers
The sample preparation for K/S measurement of
fiber samples were fibers in bundle prior to
mounting onto the reflectance port. The depth of
shade (K/S value, where K is the absorption
coefficient, S is the scattering coefficient) on the
fibers was measured with Datacolor600 plus.
The K/S value was calculated with the
Kubelka-Munk formula:
K/S= (1-R)2 /2R
(1)
where R is the reflectance at maximum
absorption wavelength.
Table I is the K/S value of PP fibers with
different proportion of Garamite. G-1, G-3, G-5
and G-7 mean Garamite/PS (wt%) = 1%,3%, 5%
and 7%.
TABLE I. The K/S value of PP fibers with different
proportion of Garamite.
Sample
K/S

Pure
PP
0.6224

PP/PS/
G-1
2.5187

0

2

PP/PS/
G-3
3.8216

PP/PS/
G-5
5.0165

PP/PS/
G-7
5.3059

6

5

K/S

4

with Garamite is saturated.
4. CONCLUSIONS
In this work, we used suspension polymerization
to prepare PS/Garamite particles, which as
dyeability modifiers for PP fibers. The viscosity,
storage modulus and loss modulus of the PP/
PS/Garamite blend system are increasing along
with the Garamite content’s rising and
temperature’s rising. The K/S value of the PP
fibers is increasing along with the Garamite
content’s rising, which can demonstrate that
PS/Garamite particles are effective dyeability
modifiers for PP fibers.
5. FUTURE WORK
Because the experiment is still in the exploration
stage, there are only some samples reaching the
fine denier standard, which are not very stable.
Our further work will concentrate on the
improvement of the mechanical property and
research on the crystal property of the PP/PS/
Garamite blend system. We also will prepare
fine denier PP fibers stably, even super fine
denier PP fibers, and widen the applicant field of
PP fiber in textile.
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FIGURE 3. The K/S value of PP fibers with different
proportion of Garamite.

According to the Figure.3, the K/S value of the
PP fibers is increasing along with the Garamite
content’s rising. This is because Garamite has
layered structure, which can absorb dyestuff. So
the dyeability of PP blend fiber was increased. In
the meantime, Fig.3 show that when the
Garamite content is low, the K/S value is
increased fastly. While it’s high, the K/S value is
increased slowly for the dyestuff’s absorbing
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ABSTRACT
Tank model ultrasonic and probe model ultrasonic treatments on pulp fiber of Triploid Populus Tomentosa were
studied. The fiber length and cellulose crystallinity were investigated, which were tested by fiber length and
width tester and X-ray powder diffraction(XRD) respectively. The best bleaching results were achieved with 30
min tank model ultrasonic treatment at the temperature of 50 ℃. Pulp brightness improved as time was extended
and temperature increased. Fiber length had no significant change after ultrasonic wave treatments, which
indicated that cellulose supramolecular structures were not destroyed. With ultrasonic treatment, partial
fibrillations were observed, S1 layer were damaged and S2 layer were exposed. Probe model ultrasonic treatment
was more significant. Cellulose crystallinities firstly increased and then decreased as ultrasonic treatment time
changed.
Keywords: Ultrasound treatment; Fiber morphology; Crystallinity.

INTRODUCTION
Ultrasonic wave is a kind of elastic wave and its
frequency is in the range of from 20KHz to
106KHz[1]. Ultrasonic wave has been used to
beating, waste paper deinking and pulp bleaching in
the paper industry[2-6].
In pulp bleaching process, ultrasonic wave can
enhance the penetration of H2O2 to cellulose and
accelerate the structure change of cellulose and
chromophoric groups. In this way, the bleaching
efficiency improved, the bleaching procedure
accelerated, the bleaching time shortened and the
cellulose degradation reduced.
In this research the fiber morphology and structure
changes with ultrasonic treatment were studied.
Different ultrasonic instruments were employed
during bleaching process and their influences on
cellulose morphology and properties were compared.

EXPERIMENTAL
Materials
Triploid Populus Tomentosa was provided by
Shandong Sunpaper Group. Brightness of the
original pulp is 54.8 ％ISO，beating degree is 15
ْSR。
Bleaching process with ultrasonic treatment
Apparatus
Sonics Vibra Cell. Type：VC *750.
Dual-frequency numerical control ultrasonic washer.
Type：KQ-600VDB.
Pulp fiber unlocking machine: Type：ZBJ-1.
Bleaching process
Bleaching process of probe model ultrasonic
treatment
After untwining with pulp fiber unlocking machine,

the fibers were transported to a 1000ml beaker at the
pulp consistency of 1%~3%. Then put the probe of
the ultrasonic instrument to the central of the pulp to
treat the fibers.
Hydrogen peroxide bleaching conditions: Chelation
conditions: 30 min, 60ْ C, MgSO4 0.1, Na2SiO3 2%,
EDTA 0.5%. Bleaching conditions: 2% H2O2, 1.2%
NaOH, pulp consistency: 8% and bleaching time is 1
hour.
Bleaching process with tank model ultrasonic
treatment
Bleaching conditions: 2% H2O2, 1.2% NaOH, pulp
consistency: 8%. Bleached the pulp in the tank model
ultrasonic instrument.
Tests and analysis
Fiber brightness test
The brightness of pulp fiber was tested with
YQ-Z-48B brightness tester.
Fiber length test and fiber morphology
observation
The fiber morphology was observed and fibers length
was tested with JZ-K fiber length tester.
Cellulose crystallinity test with XRD
The cellulose crystallinity was tested by X-ray
diffractometer(type:XRD-6000,
made
by
SHIMIDZU company).
RESULTS AND DISCUSSION
Effect of different ultrasound instruments on fiber
brightness
The data in Table I showed that the brightness of the
fibers with ultrasonic treatment (5min) was higher
than those without ultrasonic treatment. This
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indicated that tank model ultrasonic treatment could
increase the bleaching efficiency and improved the
fiber brightness. The fiber brightness increased as
ultrasonic treatment time was extended from 5min to
60 min, but the improvement became small when
time exceeded 30min. In consideration of the
economic cost, the ultrasonic treatment time of
30min was suitable.
Bleaching temperature had a significant effect on
fiber brightness. The fiber brightness increased
8.76% when the temperature was raised from 30℃
to 60℃. This was caused by the enhanced ultrasonic
cavatation, which improved the effect intensity to the

fibers, as the bleaching temperature increased. The
temperature fluctuated, which mainly caused by the
ultrasonic thermal effect, when bleaching in the tank
mode ultrasonic instrument. On the other hand, the
internal friction of fibers, heat conduction, thermal
relaxation and high temperature caused by ultrasonic
cavitation also influenced the temperature. Bleaching
efficiencies of the fibers treated with two kind of
ultrasonic instruments were similar and got the
highest values at the temperature of 50℃. At which
the fiber brightness raised 3.78% compared with the
original pulp fiber.

Effect of ultrasonic treatments on fiber lengths
The average length of fibers is a kind of basic
property of pulp. From TABLE Ⅱ, it was found that
the number average length of fibers almost had no
changes, which indicated that the cellulose
macromolecular structure was not destroyed by
ultrasonic treatments. The ‘peeling’ effect caused by
ultrasonic wave did not make the fibers cell wall
removals separate from the fibers and did not cut off

the fibers.
The coefficient of standard deviation (Cv value)
reflected the discretization of fiber number average
length. The Cv value of fiber length was smallest
with tank model ultrasonic treated 40 min, which
indicated the fiber length had good homogeneity at
that treatment condition. Meanwhile, the good
homogeneity of fiber length can increase the bonding
area of fibers and improves the paper strength.

TABLE Ⅱ. Fiber length changes with tank ultrasonic treatment.
Pulp
consistency
8%
8%
8%
8%
8%
8%

H2O2
Dosage %
2%
2%
2%
2%
2%
2%

NaOH
Dosage %
1.20%
1.20%
1.20%
1.20%
1.20%
1.20%

Temp.
(℃)

Time
(min)
50
50
50
50
50
50

Effect of ultrasonic treatments on fiber
morphology
Figure 1 demonstrated the fiber morphology changes
with tank model ultrasonic instrument treatment. The
obvious fibrillation, removal of primary wall and S1
layer, and the exposure of S2 microfibril were
observed. Fiber surface were fuzzed and devillicated,
and fines were separated. Fiber morphology structure
changes were getting more obvious as treatment time

5
10
20
30
40
60

Fiber length
(mm)
0.727
0.726
0.721
0.726
0.721
0.731

Cv
value％
14.780
15.254
16.279
18.261
13.824
15.159

was extended.
At the treatment time of 5min, microfibril, fiber
fuzzy and devillication at the bottom of the fibers
were observed. The fiber morphology changes were
getting much more significant and more microfibrils
were separated when the fibers exposed to ultrasonic
wave 30min.
Compared with tank model ultrasonic instrument, the
probe model ultrasonic instrument made the fibers
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fibrillating and devillicating more obvious(Fig.2,3),
which may lie in the probe type instrument put the
amplitude transformer into the liquid directly and the
acoustic energy can transfer into the reaction system.
In this way, the acoustic energy loss was lower than
the tank model one. Base on this principle, the
acoustic intensity of the probe model ultrasonic
instrument could exceed several hundreds watts per
square centimeter, while the acoustic intensity of the
tank model ultrasonic instrument generally was less
than 5 watts per square centimeter [2]

Figure 1 ： Fiber morphology during tank model ultrasonic
treatment
Figure 2：Original fiber morphology（×
2000）
Figure 3：Ultrasonic treatment 30min（×2000）

Ultrasonic cavitation affected on the fiber and made
the fiber crack and deform. It also displaced the cell
wall, cracked the primary wall and S1 layer of
secondary wall, exposed the S2 layer of secondary
wall[7]. Lengthwise division of partial fibers also
observed. Figure 2 showed the original fibers
morphology with advanced microscope. Most of
fiber cell walls were undamaged. The fibers with
probe model ultrasonic treatment were shown in
Figure 3, which showed that fiber cell walls were
cracked, damaged and fuzzed.
EFFECT OF ULTRASONIC TREATMENTS ON
CELLULOSE CRYSTALLINITY
Figure 4 and figure 5 illustrated the XRD
spectrogram of the pulp fibers. The figures showed
that the position of absorption peaks had no change,
which indicated that the crystal type had no change
and it sill was crystal type of cellulose I.

a. 5min （ × 180 ）
Figure 3

b. 30min( × 180)
Figure 4

Figure 4：Cellulose crystallinity of bleached fiber without ultrasonic treatment

Figure 5:Cellulose crystallinity of fiber with probe model ultrasonic instrument (30min)

As shown in table Ⅲ, the cellulose crystallinity
increased firstly and then decreased with two kind of
ultrasonic instruments. The micro-jet produced by
the collapse of cavitation bubbles influenced the fiber
morphology when treated the fibers with ultrasound

wave. And the crystallinity decrease caused by back
etching of the shock wave. But the fibers in this
research were from chemi-mechanical pulp, which
shorten the cavitation effect because of the existence
of lignin and hemicellulose. Ultrasonic wave mainly
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affected on the non-crystalline area, so the cellulose
crystal area relatively increased.
The impact force caused by collapse of cavitation
bubbles was finite because the acoustic intensity
relatively weak with short time ultrasonic treatment.

In such condition, the ultrasound had little influence
on cellulose crystal area and the crystallinity slightly
increased. The damage of impact force on cellulose
crystal area increased as the time extended, which
resulted in the decrease of cellulose crystallinity.

TABLE Ⅲ: Cellulose crystallinity changes at different time with probe model ultrasonic instrument
Temp.
(ْ C)

Time (min)

Pulp
consistency％

Amplitude％

Pulse
（s，s）

Crystallinity％

Remarks

/

/

/

/

/

40.79

/

/

/

/

/

45.78

50

5

3%

50%

50，10

46.26

/

50

10

3%

50%

50，10

48.34

/

50

20

3%

50%

50，10

45.87

/

50

30

3%

50%

50，10

48.03

Unbleached
Bleached

/

Making.1999,(6):12-13.
[2]Shi haixin. Study on mechanism of acoustic
chemical reaction[J]. Chemical world.2006,10:
635-638.
[3]W E Scott and P Gerber, Using ultrasound to
deink xerographicwaste[J], Tappi.1995,78(12) ：
125-130.
[4]Chen min,Tan guomin, Cao guangrui. Deinking of
waste
Newspaper
under
ultrasonic
irradiation[J].China pulp and paper.1989,2：34-39.
[5]Yang xiufang, Fei guiqiang. Application of
ultrasound on deinking of xerographic paper[J].
Paper Science and Technology.2005,24(4)：49-51.
[6]Khristova, P. Tomkinson, J. Lloyd Jones, G.
Multistage peroxide bleaching of French hemp.
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2003, p 101-110.
[7]Tang aimin, Zhang hongwei, Chen gang,et.
Morphology structure changes of cellulose fibers
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CONCLUSIONS
The best bleaching results were achieved with 30 min
tank model ultrasonic wave treatment at the
temperature of 50 ℃. Pulp brightness increased as
time extended and temperature increased. Fiber
length had no significant change after ultrasonic
wave treatments, which indicated that cellulose
supramolecular structures were not destroyed. With
ultrasonic treatment, partial fibrillations were
observed, S1 layer were damaged and S2 layer were
exposed. Cellulose crystallinities firstly increased
and then decreased as ultrasonic treatment time was
extended.
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ABSTRACT
Natural botanic fiber, the CTMP pulp fiber of Populus nigra, was bleached in a sequence incorporating TAED
(tetra-acetyl-ethylenediamine) with hydrogen peroxide as a bleach activator. This is technology has been used
successfully by the textile industry; now we are studying its application to the pulp and paper industry. This
paper was conducted to optimize the H2O2 /TAED bleaching process and compare the bleaching results with
traditional H2O2 bleaching. The following primary process variables were evaluated: H2O2 dosage, the ratio of
NaOH to H2O2, TAED dosage, bleaching time and temperature. Compared with the peroxide bleaching, the
H2O2/TAED system can be carried out at lower temperature (55-70°C) and shorter time (60 min). The suitable
mole ratio of TAED to H2O2 was 0. 1~0.3. The best bleaching results, which can get 27.8 brightness gain, was
achieved with the following one stage bleaching conditions:55°C, 60min, 15% pulp concentration, 6% H2O2
dosage and 4% NaOH dosage, the mole ratio of TAED to H2O2 was 0. 1. A multi-stage bleaching, which was
initialed by a H2O2/TAED bleaching stage and then followed by a H2O2 stage bleaching, could get 33.2
brightness gains. Results showed that the use of TAED in the peroxide offers a mean to improve the pulp
brightness significantly at a short time cycle and relative low temperature, which indicated the reduction of
energy and production cost.
Keywords: H2O2/TAED system; Bleaching; Natural fiber
INTRODUCTION
Hydrogen peroxide due to its great brightness
increase has established itself as the most preferred
process. But it is difficult to bleach the CTMP pulp
fiber to a high brightness with conventional single
stage bleaching, for the high lignin content in the
pulp. It is necessary to modify the traditional
bleaching process to further improve the bleaching
efficiency of hydrogen peroxide. Adding additives
into H2O2 bleaching system is an alternative way.
TAED was proved a good activator of hydrogen
peroxide.
Hydrogen peroxide activated by
TAED(tetra-acetyl-ethylenediamine) bleaching
system has been used successfully in the textile
industry. The application of this system in pulp
bleaching has become a new research point[1~4].
This work optimized the H2O2 activated by TAED
bleaching process on Populus nigra pulp, and
compared the bleaching results with traditional H2O2
bleaching. The following primary process variables
were evaluated: H2O2 dosage, the ratio of NaOH to
H2O2, TAED dosage, bleaching time and temperature.
EXPERIMENTAL
Material
The Populus nigra CTMP pulp of 47.5%ISO
brightness and beating degree of 25o was obtained
from Huatai Group.
Washing and Chelation

The pulp samples were washed carefully, and then
chelated with 0.5% EDTA at 5% pulp consistency,
and treated it 30min at 70℃.
Bleaching
Hydrogen peroxide bleaching was conducted at a
H2O2 charge range of 2%-7%, NaOH charge range of
1%-7%, Na2SiO3 charge was 3%, and the charge of
MgSO4 was 0.1% on o.d. pulp. The ratio of TAED to
H2O2 was in range of 0.1 to 1. The pulp consistency
was 10% if it was not remarked specially.
Brightness Test
The pulp pads were prepared after bleaching and the
brightness and the reverted brightness evaluated
according to the ISO standard methods. PC number
was calculated by the equation 1.

(1)
Where, R1 and R2 are the brightness of before and after yellowing,
respectively.

RESULTS AND DISCUSSION
Effects of bleaching time and temperature on
bleaching
Figure 1 has demonstrated the brightness changes of
pulp fibers at various bleaching time and temperature,
and the comparison of H2O2/TAED system and H2O2
bleaching process were investigated. The
brightness increased quickly to the highest value in
short time, within 60min, in H2O2/TAED system
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while the bleaching time need to extend further to
get the same brightness in conventional H2O2
bleaching process at lower temperature(55℃ and
60℃). The brightness still had slight increase when
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the bleaching time exceeded 60min with
H2O2/TAED, but in consideration of economical cost,
the bleaching time of 60min in H2O2/TAED system
was suitable.
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FIGURE 1 Comparison of bleaching with and without TAED at different bleaching time and temperature.
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Effects of Sodium hydroxide dosage on bleaching
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Effects of H2O2 dosage on bleaching
As shown in figure 2, the brightness of pulp
increased as hydrogen peroxide dosage increase in
H2O2/TAED system. But it was difficult to bleach
the Populus nigra CTMP pulp to a high brightness
with one stage bleaching process even at a high
hydrogen peroxide dosage, for the bleaching
efficiency decreased dramatically as hydrogen
peroxide increased. On the other hand, the pulp yield
loss was getting big with an excess hydrogen
peroxide usage. Considering the above factors, the
hydrogen peroxide dosage in H2O2/TAED system
should be used in range of 4%~ 6% for one stage
bleaching process.
To improve the bleaching efficiency of Populus
nigra CTMP pulp, a multi-stage bleaching process
should be taken into consideration.

Brightness
%ISO

As shown in Figure 1(a~c), increased temperature
can accelerate the bleaching rate and promote the
reaction of hydrogen peroxide with hydroxyl groups,
which resulted in the higher pulp brightness gain in
conventional H2O2 bleaching process. The similar
tendency also appeared in hydrogen peroxide
activated by TAED system, though such tendency
was slight comparatively. When the temperature was
increased to 70℃, the advantage of H2O2/TAED
system became weak, which may caused by the
ineffective decomposition of TAED and hydrogen
peroxide. Above analysis indicated that TAED can
activate hydrogen peroxide and improve the
bleaching
efficiency
effectively
at
lower
temperature(lower than 70℃ ). In conclusion, the
suitable temperature for H2O2/TAED system was
55℃ to 70℃.

FIGURE 3 Effect of NaOH dosage on bleaching

There was an optimum sodium hydroxide usage with
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each hydrogen peroxide dosage. Figure 3 has
illustrated the bleaching results with various sodium
hydroxide dosages(1,2,3,5 and 7%) at the same
hydrogen peroxide dosage of 4% and ratio of TAED
to H2O2 was 0.1. The brightness improved quickly as
sodium hydroxide dosage increased from 1% to 7%.
But the absolute increase value of pulp brightness
decreased as sodium hydroxide usage increased,
meanwhile, the residual hydrogen peroxide decrease
obviously,
which
means
the
ineffective
decomposition of hydrogen peroxide and TAED
intensified. Figure 3 suggested that the best sodium
hydroxide usage was 3% when the hydrogen
peroxide usage was 4% in considering of brightness
gain and residual H2O2 content for one stage
H2O2/TAED bleaching process. With above
bleaching conditions, 24 brightness points gain of
Populus nigra CTMP pulp was obtained which was
difficult for the conventional bleaching method.

The ratio of TAED to H2O2 was essential to
H2O2/TAED bleaching system. Theoretically, the
ratio of TAED to H2O2 was 0.5 according to the
reaction mechanism of two chemicals. But many
research suggested that the best ratio of TAED to
H2O2 was various in different bleaching
conditions[3,4]. From the datum in figure 4, it was
found that the best bleaching results were obtained
not at the ratio of 0.5 but 0.1 or 0.3. The suitable
ratio was 0.3 when hydrogen peroxide dosage was
4% and the best ratio changed to 0.1 as hydrogen
peroxide dosage increased to 6%. The brightness
gain decreased and the ineffective decomposition
increased when the ratio of TAED to H2O2 exceed
the suitable value above.
The analysis above showed that the suitable TAED
dosage could activate H2O2 effectively, and the ratio
of TAED to H2O2 was not fixed, which may varied
with different pulp and different bleaching
conditions.

Effects of the ratio of TAED to H2O2 on bleaching
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FIGURE 4 Effect of ratio of TAED to H2O2 on bleaching

Two-stage bleaching
In order to identify the optimum bleaching sequence,
various bleaching sequences were listed in table I.
From table I, it was found that the combination of
H2O2/TAED and H2O2 bleaching sequences could
get higher brightness of Populus nigra CTMP pulp
than that of one-stage H2O2 bleaching process with
the same H2O2 dosage of 6%. In the three
combinational bleaching sequences, 2% hydrogen
peroxide activated by TAED and then followed by
4% H2O2 bleaching had highest brightness
gain(33.2%ISO brightness gain) and relative good

pulp physical properties. As shown in table I, the PC
value of PT2P4 bleaching sequence was smallest,
which mean that it had the best brightness stability.
The density and tensile index of mechanical pulps
could be increased in range of 40% to 60% with the
usage of hydrogen peroxide of 4% to 6%[5]. In this
research, the pulps physical properties, including tear
index, tensile index and burst index with PT2P4
bleaching sequence also better than the other two
bleaching sequences. Therefore, for Populus nigra
CTMP pulp two-stage bleaching, the PT2P4
bleaching sequence was suitable.
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TABLE I. Comparison of bleaching results and pulp physical properties by different two-stage bleaching processes
Bleaching
sequence

Brightness %ISO

PC No.

Tear index
2
mN.m /g

Tensile index
N.m/g

Burst index
2
kpa.m /g

PT2P4

80.7

1.70

3.85

12.31

0.48

PT3P3

78.8

1.84

3.40

10.47

0.38

PT4P2

77.2

2.17

3.29

13.15

0.41

PT6

73.5

/

/

/

/

CONCLUSIONS
Compared with the peroxide bleaching, the
H2O2/TAED bleaching for Populus nigra CTMP
pulp fibers could be carried out at lower temperature
(55-70°C) and shorter time (less than 60 min). The
suitable mole ratio of TAED to H2O2 was 0. 1~0.3.
The best bleaching results with one stage
H2O2/TAED bleaching, which could get 27.8
brightness gain, was achieved with the following
conditions:55°C, 60min, 15% pulp concentration,
6% H2O2 dosage and 4% NaOH dosage, the mole
ratio of TAED to H2O2 is 0. 1.
A multi-stage bleaching, which was initialed by a
H2O2/TAED bleaching stage with 2% H2O2 dosage
and then followed by a bleaching stage with 4%
H2O2 dosage, could get 33.2 brightness gains, the
best brightness stability and better pulps physical
properties. It indicated that the H2O2/TAED
bleaching system could improve H2O2 bleaching
efficiency, endowed the pulp better physical
properties and reduced energy and production cost
dramatically.
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Paperless Heat Transfer Printing Process and the
Sustainable Development of Printing and Dyeing Industry
Wang Hongfeng*, Su Dan, Li Lianjun, Li Min
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Abstract

First of all, the advantages and prospects of Chinese printing and dyeing industry in terms of our

national conditions were analyzed; Secondly, the reasons of the problems (high energy, high water consumption
and high pollution) existed in the traditional industry analyzed; Finally, paperless heat transfer printing process
which could solve the problems mentioned above is introduced in detail in this article. Its visible advantages are:
it’s superior in environmental protection. Compared with the traditional ones, this process saves more than 90%
water and 30% power consumption, and decreases discharge of wastewater by almost 100%. In addition, space
and labor power can be saved by 50% at least; more than 80% textile products are applicable, such as cotton,
polyester, linen, wool, silk and their blends. Its productivity is as well as (even higher) Rotary Screen Printing
Machine. Vivid and abundant figures just like photos can be got; All of the techniques used in the process are
independent innovation, and various patents had be got, including 7 Chinese Patents and 1 international patent
(35 countries and areas involved, such as America [authorized], Japan, Korea, Europe). Its sustainable
development was deeply analyzed in aspect of superiority of the paperless process, and it was expected to be
core technology which would give an impulse to dyeing technology from the backward to the advanced.
Keywords: textile; printing and dyeing industry; Paperless heat transfer printing and dyeing; sustainable
development
Petrochemical Technology, MachineINTRDUCTION

building

The number of the people working in the whole

Trade(refer to: “the 11th five-year development

textile industry accounts for more than 70% of those

outline” for textile industry). Therefore, the textile

working in the National line of Manufacturers. In

industry plays a very important role in our national

2005, including the individual enterprises, about

economy

19,600,000 people were employed in the industry, of

government also put a new premium on textile

which 70% were from rural area, and the peasants’

industry. Premier Wen Jiabao held executive meeting

income could be increased more than 100 billion each

of the State Council on February 4th, 2009, a PRSE

year. 7,300,000 ton natural fabrics were consumed by

was examined and adopted in principle at the meeting.

the industry in 2005, which directly affected 100

The meeting also came to conclusions as followed:

million peasants’ livelihood; Since “The Tenth

firstly, the textile industry is a pillar industry of our

Five-year Program”, the favorable balance of trade

national economy; secondly, it is a people’s

has been accumulated to 335.2 billion dollars by

livelihood industry; finally, we have superiority in

apparel textile exportation, which was 1.6 times of

this industry in international competition. Textile and

the

the

dyeing industry plays an important role in increasing

corresponding period; each additional unit put into

employment and the income of the peasants,

textile industry would get effect coefficient to

promoting

national economy as 1.25, which was 25% higher

prospering the market and expanding export.

than the average value of the others’, and promoted

As an essential component of the Textile industry, the

relative

Dyeing and Printing also have weaknesses: firstly, the

total

nationally

industries,

favorable

such

trade

as

of

Agriculture,

Transportation, Construction, Health Occupation,

Industry,

and

the

the

Logistics,

social

development

Commerce

development.

of

and

The

urbanization,

equipment quality are instable, and the problems that
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large quantity of water was consumed and polluted

water. In the aging process, about 50%-70% of the

are remarkable; secondly, the pass percent of most

dyes would combine with the fiber; and the others

companies’ products (the color difference over 3-4

should be washed away, including the ingredients in

degree )is just about 50%, only a few ones’ is over

the color paste.

80%, while the other countries’ is already over 90%;

It can be seen from the processes that there are two

thirdly, the water consumption by unit product in our

causes for the problems (water deprivation and

country is about 2 times higher than that in the

produce wastewater): first, the reaction between the

developed countries. The wastewater discharge of the

dyes and the fibers; second, the process. If the dyes

Textile industry accounts for 80% of the total

need not to react with the fibers, high humidity and

quantity of our country, while only 7% is reused.

strong base are needless; if the dyes need not to be

Even though, it’s impossible for our national Printing

prepared into color paste, the washing process could

and dyeing to evade or transfer these weaknesses like

be leaved out. Only if we solve the problems

some developed countries (e.g. America). Only can

mentioned above, can the products quality gap

we develop our textile industry by improving our

between our country and the others be narrowed. In

national Printing and Dyeing. Just like a doctor treats

one word, the only way to solve the problems existed

his patient, we can make Printing and Dyeing catch

in the dyeing industry is by innovation, rather than

up with the others’ only by finding apt and specific

keeping improving on the original techniques.

ways to solve the problems.

Based on the idea mentioned above, we put forward

By comprehensive analysis, the radical problem in

the conception of paperless heat transfer printing

the dyeing industry is the dyeing techniques. The

(PLHTP for short), probe into and research it, and

techniques used in China by far, which was

also we have made dramatic breakthroughs on the

introduced into our country 40 years ago and still

techniques. Some experts believe that at least the

being used at present, has never been innovated

PLHTP have three obvious characteristics: originality,

completely. For example, the techniques of rotary

perspective and pro-environment, and expect it to be

screen printing are: screen printing-aging-washing.

a core techniques, which propel the Dyeing and

All these processes require water and produce

Printing Engineering from backward to forward, from

wastewater:

high water consumption, high energy consumption

Screen printing, this is a process that the reactive dyes

and high pollution to sustainable development. The

in the cylinder dripped to the surface of the textile by

technology of PLHTP and interrelated contents are as

the impact of the inner scraper. The cylinder is fixed,

followed:

and the continuous circulation of the textile is driven
by the annular rubber conveyer belt. When the belt get

PLHTP

through the bottom of the cylinder with textile, the

1 The Principal and Content

color paste would drip to the surface of the textile

The paperless process, compared with the process

according to the figures carved on the cylinder, some

with paper, is a new dyeing technology. The paperless

of the color paste would penetrate to the belt by the

process is achieved on the paperless heat transfer

textile. So, we have to wash the color paste away by

machine (paperless machine for short). The paperless

using a lot of water to avoid staining products.

machine is constituted by three parts: figure printing

Aging is the course that the fibers react with the dyes.

area, heat transfer area and clear area. All these three

The surroundings filled with high temperature, strong

parts are combined by an annular metal belt (the belt

base and high wet which are demanded in the reaction.

for short). Its processes are as followed: firstly,

Washing is a process that the residual dyes and

figures are printed to the belt in the figure printing

ingredients in the color paste (including binding

area; secondly, the belt with figures clung to the

agents and various surfactants) are washed away with

textile runs into the heat transfer area. In this area, the

figures on the belt are printed to the textile, this is the

printing process; thirdly, the textile after printed are
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collected to the product basket, and the belt runs to
the residual cleaning area, where the residual is
cleared up and reclaimed; finally, the cleaned belt
runs to the printing area, and another circulation
begins. In this way, paperless process is achieved
(See Fig 1).
PLHPT includes two main contents:
1.1The Paperless Machine and Color Paste
The paperless machine is the core equipment in the
paperless process, and a sample machine has been
achieved. Fig.2 shows a partial photo of the machine
and the pattern it printed.
1.2 Heat Transfer Printing on the Natural Fabric
The heat transfer printing on the natural fabric
including cotton was realized by using both bridging
agent and environmental water-based ink, which
solved the worldwide difficult problem that the
natural fabric can not be printed by heat transfer
printing. PLHPT can print the pattern beyond screen
printing. Fig 3 shows the photos of the cotton printed
by heat transfer printing.
Endless sheet

Patten printing

Residual cleaning

zone

zone
Heat transfer
printing zone

Cloth for

Finished fabric

printing

basket
Fig 1 the sketch map of PLHTP

Fig 3 the cotton photos printed
by a heat transfer printing

2.1 Proprietary Intellectual Property Rights
A PLHTP system of international initiation has been
preliminary formed through over ten year’s research.
The main innovations are:
①the belt is used instead of paper as basic material
and cycling utilized, which not only save paper but
also avoid water consumption and water pollution in
paper-producing;
②Figure printing and heat transfer printing, which

Fig 2 the photos of model machine and

are connected by the belt, can be finished on the

pattern printed by it

2 Sustainable Development

paperless machine. This machine not only lowers the

PLHPT has broken through traditional printing and

transporting cost of large numbers of basic materials

dyeing technology, because:

but also save reel in and out device, the machine’s
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structure is much more compact too;

④According to 20% PLHTP cloth, 1.598 billion

③Big roller of traditional paper heat transfer printing

meter cloth (7.99*0.2) would be printed in a year;

are replaced by dozens of small rollers in the

⑤According to the speed of 30 meters/min. by the

combined paperless machine. The printing speed of

paperless machine, 12.60 million meter cloth

big roller is affected by its diameter, while the

(30meters*60mins*20hour*350day)would be printed

printing speed of the paperless machine can be

in a year;

quickened by lengthen the heat zone, and can reach

⑥126.82 paperless machines are needed to print 1.6

(even go over) the speed of circular screen printing

billion meter cloth;

machine;

⑦If the paperless machines were spread to all the

④Pre-treated by bridging-agent make natural fiber

country, it would save 37.9192 million ton water and

fabric can be printed by heat transfer printing.

reduce effluent discharge 35.2645 million ton

Meanwhile, polyester and T/C fabrics are also

(counting the recovery rate is 7%) every year;

applicable. The uses of PLHTP have largely been

⑧According as one person drinks 3 ton water each

broadened.

month, the water saved by paperless machines can

⑤Special printing inks for PLHTP machine have

supply 37.9192/36=1.0533 million People's drinking

been explored and a cleaning system of residual inks

water each year.

is adopted, which make the belt and residual inks be

2.3 Universally Applicable

reused possible, the cost and environment pollution

PLHTP is not only applicable to polyester but also to

are correspondingly reduced.

natural fabrics, which have been treated with bridging

We have attained six national invention patents on

agent. In another word, PLHTP is applicable to more

PLHTP and a US patent, and we have also applied

than 80% textile material.

invention patent in Japan, South Korea, Europe

PLHTP adopts gravure printing, and the registration

(containing 31 countries and areas).

is carried out on the belt instead of on cloth directly,

2.2 Solve Environment Pollution from the Root

this method got two merits: ①It can print figures

The malady of traditional screen printing craft is the

(such as the style of photo, picture and colored

high consumption of water and vapor that wastes

weaving) that can not be printed by screen printing;

resources and severely pollutes environment. PHTP

②Registration would produce fewer inferior products.

solved water consumption and water pollution in

It can be seen that PLHTP gets conspicuous

polyester printing, but still need paper which cost a

advantages, such as: superiority in environmental

lot of water in producing. PLHPT neither waste water

protection. No sewage discharge and no emission of

nor coal and paper, so it can solve pollution problem

air contaminant, which conform to the aim of

from the root, which is significant to environment

sustainable development; superiority in innovation.

protects:

With autonomic intellectual property rights, the

①It was said in Dyeing and Printing Mill Design

products are competitive in the International Market;

published in 1990 by Textile Publishing House that

market competitive advantages. Both screen printing

total water consumption of screen printing process,

and PHTP are limited in application, while PLHTP is

including the aging steaming and washing, was

almost universal. In one word, PLHTP is not only

294000ton in a year (840ton/day*350day);

promising and sustainable but also powerful.

② Statistics of Textile Industry Annual Report
(1995-2000) showed that printed cloth accounted for
26.63 per cent of printing and dyeing cloth;
③In 2004, the quantity of printing and dyeing cloth
was thirty billion meters, the printed cloth was 7.99
billion meters;
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Synthesis of Fe Modified PAN Fibrous Catalyst for
Photocatalytic degradation of Reactive Red 195
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ABSTRACT
The amidoximated polyacrylonitrile (PAN) fiber-Fe (III) complex was prepared by coordination of the
amidoximated PAN fiber with ferric ions and characterized using XRD, FT-IR and SEM, and then used as the
heterogeneous Fenton catalyst for the degradation of an azo dye, C.I. Reactive Red 195 in the presence of H2O2
under light irradiation. Two important factors affecting the dye degradation including Fe content of catalyst and
solution pH were investigated with respect of decoloration percentage of the dye in this work. The results
indicated that the amidoximated PAN fiber-Fe (III) complex can be prepared by coordination of the
amidoximated PAN fiber with ferric ions at room temperature, and increasing the number of the amidoximation
groups of PAN fibers and concentration of ferric ions in solution lead to a high Fe content of catalyst. Increasing
the Fe content of catalyst can greatly promote dye degradation in water, and catalyst has still high photocatalytic
activity on dye degradation at the alkaline medium.
Keywords: PAN fiber; Ferric ion; Photocatalyst; Azo dye; Degradation
photocatalyst for the degradation of a typical azo
dye, C.I. Reactive Red 195 in the presence of H2O2
under light irradiation in aqueous solution. SEM,
XRD and FTIR techniques are used to elucidate the
nature of the photocatalyst specimen. Moreover,
two important factors affecting the dye degradation
including Fe content of catalyst and solution pH
were investigated with respect of decoloration
percentage of the dye.

INTRODUCTION
The heterogeneous photo-Fenton process has been
attracting growing interest for the degradation of the
azo dyes found in textile effluents, because the
supported catalysts used in the heterogeneous
photo-Fenton process has the advantages of (a)
withstanding the corrosion due to the oxidative
radicals produced in solution, (b) fixing the Fe-ions
on a support in a stable way so as not to allow them
to leach out during the reaction, and (c) allowing
the Fenton-mediated catalysis to proceed at
acceptable kinetic rates [1,2]. In recent years, the
fibrous materials have become important as
structured catalytic beds for reactor processes, since
that these materials are bidimensional and possess
adequate mechanical and thermal resistance [1,3].
Moreover, the functional groups on the fibers can
exchange extensively and retain strongly the Fe
species necessary for the Fenton catalysis involving
decomposition of H2O2. In this work, ferric ions
were
immobilized
on
the
amidoximated
polyacrylonitrile (PAN) fiber to form Fe modified
PAN fibrous catalyst as a novel heterogeneous

APPROACH
Materials and Reagents
Acrylic knitting yarns consisted of twisted acrylic
fibers containing 87.07% acrylonitrile monomer are
purchased from Kunshan Shilin Woolen Spinning
Company (Shanghai, China). Hydroxylamine
hydrochloride, NaOH, H2O2 and FeCl3 were of
agent grade. A typical azo dye used in this
experiment is C. I. Reactive Red 195 provided by
Tianjin Sanhuan Chemical Company, China. The
chemical structure of Reactive Red 195 is presented
in Figure1.
Cl

SO3Na

N
OH

N

NH
N

N N
SO3Na
NaO3S

NH

SO2C2H4OSO3Na

SO3Na

FIGURE 1 Chemical structure of C. I. Reactive Red 195

catalyst (denoted as Fe-AO-PAN), the following
two steps were applied: (1) amidoximation of PAN

Preparation of catalyst
In order to prepare Fe modified PAN fibrous
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-1

CFe-PAN (mgg )

yarn with hydroxylamine hydrochloride in aqueous
NaOH solution at 68-70 ℃, and (2) impregnation of
the amidoximated PAN fiber (AO-PAN) by FeCl3
solution at room temperature. CP% (the degree of
conversion from cyano group to amidoxime group)
of the amidoximated PAN fiber was calculated by
the method presented in literature [4].

60

CFe-PAN = 0.777CP - 2.88

50

R = 0.9670

40
30
20
10

Characterization of catalyst
The composition of Fe-AO-PAN was verified by
using a Rigaku Xd/Max-2500 X-ray diffractometer
(Rigaku Company, Japan) operating with Cu Ka
radiation and a Nicolet Magna-560 fourier
transform spectrometer (Nicolet Instrument
Corporation, USA) with 4cm-1 resolution,
respectively. Scanning electron microscopic
observations on specimens of Fe-AO-PAN was
carried out using KYKY-2800 scanning electron
microscope (Apparatus Factory, Chinese Academy
of Sciences, China).
To measure the total Fe content (CFe-PAN) on the
surface of the Fe-AO-PAN, Ferric ions on the
surface of Fe-AO-PAN was removed in 2.0 M
H2SO4 solution, and then was determined with
1,10-phenanthroline
using
spectrophotometric
method. And Fe content (CFe-PAN) of Fe-AO-PAN
was calculated as a mass.
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FIGURE 2. Effect of CP% on CFe-PAN
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FIGURE 3. Relationship between CFe and CFe-PAN

Dye degradation
The photoreaction system used in this experiment
consists mainly of polished aluminum chamber,
lamps, electromagnetic valve, relay, and water bath,
the schematic diagram of which was described as
our previous study [5]. Light intensity inside
photoreaction system was measured using FZ-A
radiometer and UV-A radiometer (BNU Light and
Electronic
Instrumental
Factory,
China),
respectively. The dye degradation was performed in
the photoreaction system. Fe-AO-PAN was firstly
fixed on small glass rack, and then placed into 100
ml of test solution containing 50mg L-1 dye and 3.0
mmol L-1 H2O2 at pH 6.0, and exposed to irradiation
of lamps in photoreaction system. At different time
intervals, 1-2 ml of the test solution was withdrawn
and diluted suitably, and the absorbance of which
was measured at the λ max (522 nm) of the dye
solution. Concentration of the dye was determined
with a UV-2401 Shimadzu spectrophotometer. The
temperature in reaction vessel was kept at 25 ±1°C.
The decoloration percentage of the dye was
expressed as:
D% = (1-C/C0) × 100%
where C0 is the initial concentration of the dye, and
C is the residual concentration of the dye.

Figure 2 shows that there is a good linear
relationship between the CP (the degree of
conversion from cyano group to amidoxime group
of PAN fiber) and the CFe-PAN. On the other hand,
Figure 3 shows that the CFe-PAN increased with
increasing FeCl3 concentration (CFe) in solution up
to 0.05 molL-1. Afterwards a plateau was found
showing no further increase in iron content in the
fiber. Consequently, this suggested that the CFe-PAN
was highly based on both CP% and CFe when
preparing Fe-AO-PAN and the optimum CFe was
observed to be 0.05 molL-1, led to the formation of
Fe-AO-PAN containing maximum amount of ferric
ions.
Characterization of Fe-AO-PAN
SEM analysis

RESULTS AND DISCUSSION
Preparation for Fe-AO-PAN
(a)
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(b)FIGURE 4 Scanning electron micrographs of (a) untreated
PAN fiber and (b) Fe-AO-PAN
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Decoloration of the dye
Figure 7 shows that high CFe-PAN caused a
significant increment in D% level of Reactive Red
195, implying that increasing the amount of iron on
the fiber can greatly improve the degradation of the
dye in water.

23.7

20

1500

The typical absorption peaks of PAN fiber are
observed to be at 3540, 2918, 2248, 1738, 1454,
1360, 1232 and 1040 cm-1, due to the stretching of
OH, CH2, CN, C=O, bending deformation of CH2,
rocking of CH2, and CH and/or C-O vibration,
respectively [7,8]. The spectra of AO-PAN and
Fe-AO-PAN are remarkably different from that of
PAN fiber. It is clearly seen from Figure 5 that the
absorption intensity of CN group has significantly
decreased in both modified PAN fibers relative to
the blank sample. Moreover, AO-PAN shows the
characteristic bands including 3500-3000, 1637 and
923 cm-1 of the amidoxime group [7]. It should be
noticed that these peaks were found to be less
intensive and broader after ferric ion impregnation.
In addition, 1637 and 923cm-1 shifted to short
position, respectively in the spectrum of
Fe-AO-PAN. This suggested that amidoxime
groups on the surface of AO-PAN have coordinated
with ferric ions in aqueous solution.

21.4

15

2000

FIGURE 6 FT-IR spectra of (a) untreated PAN fiber, (b)
AO-PAN and (c) Fe-AO-PAN

16.9

10

2500

-1

XRD analysis
The X-ray diffraction curve of Fe-AO-PAN is
presented in Figure 5. As shown in Figure 5, four
major characteristic peaks (16.9, 21.4, 23.7 and 29.7
° ) due to PAN fiber were similar to those
published in literature [7].

5

3000

Wavenumber (cm )

Figure 4 shows the scanning electron micrographs
of PAN fiber and after coordination of ferric ions
with the amidoximated PAN fiber. It is clearly seen
from Figure 4 (a) that a round surfaces of PAN fiber
(magnification = 2000×) is comparatively smooth
to the touch. Figure 4 (b) (magnification = 2000×)
depict the morphological change in appearance of
PAN fiber after amidoximation and ferric ion
impregnation, the surface of Fe modified PAN
catalyst, Fe-AO-PAN becomes rough and uneven,
and seem to be indented. This is very similar to the
SEM observation by Ishtchenko et al [6].

17.6

3500

50

2 Theta (o)

100

CFe-PAN
-1

FIGURE. 5 XRD spectra of (a) untreated PAN fiber and (b)
Fe-AO-PAN
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More importantly, these peaks were found to be less
intensive and broader after amidoximation and
ferric ion impregnation. The decreased intensity
indicates a possible reduction in the crystallinity,
whereas the broadening represents a reduction
crystal size [8] as a consequence of the
amidoximation and ferric ion impregnation.
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FIGURE 7. Effect of CFe-PAN on D%

FT-IR analysis
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FIGURE 8. Relationship between pH and D%

Moreover, we found from Figure 8 that D% level of
Reactive Red 195 was not dramatically reduced by
high pH rang of 8 to 10, and most dye molecules
were decomposed at the alkalic medium. This
indicated that dyeing effluent might be treated with
Fe-AO-PAN without pH adjustment in the future
application.
CONCLUSIONS
Fe modified PAN fibrous catalyst can be prepared
with the amidoximated PAN fiber and ferric ions at
room temperature, and the number of amidoxime
group of the amidoximated PAN fiber and FeCl3
concentration in solution are two important
influence factors on the Fe content of Fe-AO-PAN.
Increasing the Fe content can greatly promote dye
degradation in water, and Fe-AO-PAN has still high
photocatalytic activity on dye degradation at the
alkaline medium.
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Abstract
Disperse dye microcapsules with double-layered wall were prepared by in-situ polymerization in this paper.
The influencing factors on microcapsules particle size, and the content of the microencapsulated disperse dye
were discussed. It was found that the mean size of the disperse droplet became smaller with the reduced
core/wall ration, increased emulsifier concentration and accelerated emulsion milling speed. While, the
content of the disperse dyes in microcapsules decreased with the increased stirring speed of emulsifier.
Keywords: Microcapsule; Disperse dye; Particle size; Content
1. Introduction

In this paper, disperse dye microcapsules with

The microencapsulation technology was developed

double-layered wall were prepared by means of

in the 1950s. Microcapsule materials were prepared

in-situ polymerization. During the process of

successfully in 1954 and applied to so-called

encapsulation, the mean size and the distribution of

[1，2]

. But it was used in textile

disperse dyes microcapsules were investigated by

field only recent years. Disperse dyes were ideal

the variation of the core/wall ration, the emulsifier

material for microencapsulation and were first

concentration and the emulsion milling speed.

carbonless copy paper

offered in Japan in the 1970s by Matsui Shikwaso
Chemical Co. Ltd

[3]

.

Hayashi Chemical later

2. Experimental

developed microencapsulated reactive, acid and

2.1. Chemicals

basic dye, which could be printed, in order to create

The anionic dispersing agent NNO and the nonionic

[4]

Sawanoi then

penetrating agent JFC were provided by Gaoqiao

introduced magnetic microencapsulated disperse

Fine Chemicals Co. Ltd (China). Acetone was

dyes which were able to dye PET fabrics by a

supplied by Shanghai Zhenchuang industry Co. Ltd

thermosol process using special dyeing machinery

(China). C.I. disperse blue 79 (1), C.I. disperse red

[5]

. Chen Shuilin et al. manufactured melamine resin

60 (2) and C.I. disperse red 167 (3) were obtained

and polyurea microcapsules containing disperse

from ZheJiang Longsheng Group (China). All the

dyes for both application in thermosetting and high

chemicals used in this study were reagent grade.

snow-like colored flecked effects

temperature dyeing

[6]

.

. It was reported that polyester

Dye (1):

fabric could be dyed in HTHP (high temperature

OC2H5

and high pressure) dyeing machine using polyurea
disperse dye microcapsules with in the absence of
auxiliaries

[7]

Br
O2N

, and it is an environmental friendly

NO2

process.
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2.2 Measurement of mean particle size and size

Fig.1 Size distribution of C.I. disperse blue 79 microencapsulated

distribution

at various core/wall rations

Mean particle size and size distribution were
measured by LS13320 particle size analyzer

3.2 Concentration of emulsifier

(Beckman coulter, U.S.A). The pre-dispersion was

The particle size of each microcapsule depended on

carried out before test by a solicitor for 10～15

the size of the dispersed droplet, which was

minutes.

determined by the quantity and concentration of

2.3 Determination of the content of disperse dyes

emulsifier used. Macromolecule polymer was

in the microcapsules

selected as emulsifier in the whole experiment

Analytical reagent acetone was chosen as dissolvent.

process. Corresponding results were shown in table

The

dye

2 and figure2. It was demonstrated that the mean

absorbency and the absorbency at λmax were

size turned to decrease and the size distribution

determined using Unico 2100 Spectrometer （Unico

became more concentrated with the increasing

instruments Co.Ltd, Shanghai, China）.

amount

standards

curve

of

pure

disperse

of

emulsifier.

When

the

emulsifier

concentration reached to 1.0%, the mean size
3. Results and discussion

couldn’t be obtained. The reason maybe is that pH

3.1 The mean particle size and size distribution

4-6 can lead to excessive hydrolysis of the emulsifier,

The effects on the mean size of disperse dye

and

microcapsules at different

then

generated

hydroxyl.

As

a

result,

core/wall rations

auto-polymerization of polymer by the emulsifier

were investigated respectively. Table 1 it shows that

would yield on the surface of disperse dye

the particle mean size of microcapsules decreased

microcapsules, and caused the microcapsules caking.

with the reduced core/wall ration.
It was found from figure 1 that the size distribution

Table 2 Mean size of C.I. disperse red 167 microencapsulated

changed a little but exhibited more concentrated

from various emulsifier concentrations

with reducing core/wall ration.
Emulsifier concentration
(%, w/w)

Table 1 Mean sizes of C.I. disperse blue 79 microencapsulated
under different core/wall rations

Core/Wall ration (w/w)

Mean size (μm)

1:1

12.65

1:2

10.65

1:3

8.00

1:4

5.21

Mean size (μm)

0.3

76.43

0.5

37.07

0.7

27.53

1.0

caking

On the other hand, from figure 2 it shows that
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when concentration was 0.3%, the distribution was

the distribution of dye 2 microencapsulated at
various stirring speeds of emulsification

relatively wide. This would lead to the different
6

influence on the subsequently dyeing process.

5

Considering the releasing property and size

4
3
2

distribution

of

concentration

microcapsules,
of

0.5%

the

to

V%

characters of microcapsules, and can cause negative

emulsifier
0.7%

for

1

microencapsulating disperse red 167 would be

0
0

appropriate.
the distribution of dye 3 microencapsulated at
different emulsification concentrations

V%

50
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diameter (μm)
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250

Fig.3 Size distribution of C.I. disperse red 60 microencapsulated
at different emulsification stirring speeds

7
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3.4 The content of microcapsules
The content of disperse dye in microcapsules will
play an important role on the dyeing properties. The

0

Fig.2

3,000
5,000
7,000
10,000

50

Size

100
150
diameter (μm)

distribution

of

200

250

influences of core/wall ration and emulsifier stirring
speed on the content of microcapsules were

C.I.

disperse

red

167

microencapsulated at different concentrations of emulsifier

explored in our research work. It could be seen from
table 4 and table 5 that the content decreased with
the increased stirring speed. As we know, the higher

3.3 Stirring speed of emulsifying

stirring speed causes finer particle of microcapsules.

Stirring speed of emulsification was also an

Consequently, the content deduced with higher

important influencing factor, which affected the

stirring speed. The results also show that the content

particle mean size of microcapsules and size

was the maximum at the core/wall ration 1:2. Figure

distribution. The corresponding results were shown

2 it shows that when core/wall ration was 1:1, the

in table 3 and figure 3. It could be seen that the size

melamine

distributions at different stirring speeds were almost

insufficient to seal the disperse dye, and leaded to a

similar, but the mean size of microcapsules became

little content of disperse dye. When the core/wall

smaller

became

ration was 1:3 or 1:4, the wall formation material

increased

would somewhat surplus. The excessive wall

emulsification stirring speed. Therefore, the higher

formation materials interreacted, which generated

stirring speed was, the finer particle of each

polymer on the surface of microcapsules. As a result

microcapsule became.

the content of the disperse dye in microcapsules was

and

the

comparatively

size

distribution

narrower

with

of

wall

formation

material

was

between of 1:1 and 1:2 of the core/wall ration. As
Table 3 Mean sizes of C.I. disperse red 60 microencapsulated

for the C.I. disperse red 60 microcapsules, over

from different emulsifier stirring speeds

3,000 rpm/min stirring speed and 1:2 core/wall
ration were the optimum condition.

Stirring speed (rpm/min)
3,000

Mean size (μm)
21.08

5,000

18.32

7,000

13.61

10,000

10.40
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4. Conclusions
Table 4 Content of C.I. disperse red 60 microencapsulated from

The results of this study demonstrated that with the

different emulsifier stirred speeds with the same given conditions

smaller core/wall ration, the larger emulsifying

(core/wall ration 1:3; emulsifier concentration 0.3%)

concentration and the higher emulsifier stirring
speed, the particle mean size of microcapsules

Stirring speed

C of Microcapsules

(rpm/min)

(-E6 g/ml)

Abs

Content

became smaller and the size distribution tended to

(%)

more concentrated. With the increased stirring

3,000

4.2

0.177

62.17

speed, the content of disperse dye in microcapsules

5,000

13.9

0.198

21.87

decreased correspondingly. When core/wall ration

7,000

19.3

0.245

20.72

was 1:2, the content of disperse dye microcapsules

10,000

14.0

0.105

8.15

was the maximum.
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Table 5 Content of C.I. disperse blue 79 microencapsulated from
different core/wall rations with the same given conditions
(milling speed 3,000rpm/min; emulsifier concentration 0.5%)

Core/wall

C of microcapsules (-E5

ration

g/ml)

Abs

Content
(%)

(w/w)
1:1

1.284

0.122

11.58

1:2

0.566

0.145

34.56

1:3

1.332

0.173

18.98

1:4

5.280

0.214

6.34
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ABSTRACT
Starch comprises about 70% of textile sizing agents. The disadvantages of raw starch, for instance low
film-forming ability and high viscosity, may be solved by oxidation treatment. Hydrogen peroxide, known as an
oxidant with the properties of robust, effective and environment friendly, is adopted for starch oxidation
treatment. Corn starch is a natural material that rich in resources and cheap in cost, thus is selected as the raw
material. The corn starches were oxidized at various mass ratios of hydrogen peroxide to starch and the sizing
properties of the treated corn starches were tested, and compared with a popular commercial sizing agent. The
experimental results revealed that one of selected hydrogen peroxide treated corn starch exhibited similar sizing
properties in terms of size pick up, strength increase, wear resistance increase and reduction of hairiness, which
suggests that the developed sizing agent is promising as a future replacement of reference commercial product,
since hydrogen peroxide treated corn starch is cheaper, cleaner and easier to prepare.
Keywords: Sizing agent; Oxidized corn starch; Oxidation treatment.
used as oxidant to treat the raw corn starch. The
mechanism of oxidation is described as follows:
H2O2 comprises H2O+[O] and the [O] of hydrogen
peroxide may first oxidize alcohol-based Jones
Lang (CH3OH) of the starch molecule into
aldehyde (CHO), and then into carboxyl group
(COOH). At the meantime, the glycoside bond is
oxidized and decomposed. Macromolecules of corn
starch turn into smaller sizes and the degree of
polymerization reduces to a lower level [4].

INTRODUCTION
Starch alone takes over about 70% of the
commercial sizing market. The other two sizes
including polyvinyl alcohol (PVA) and acrylic
sizes have been eventually replaced by starch. PVA
is known difficult to be biodegraded, thus regarded
as a pollutant to environment. Acrylic size may be
wetted in use and results in sticking between the
treated fibrous filaments and yarns, which is a
significant disadvantage [1,2,3]. The unwanted
attributes of raw starches, such as low pasting
performance, stiff and low adhesion for
hydrophobic fibers, may be overcome by grafting,
oxidation and other methods [4].
Among various oxidants, sodium hypochlorite and
potassium dichromate are widely used in textile
industries. The pollution of these oxidants has
stimulated further studies focusing on effective and
clean new oxidants [4, 5]. We aim to develop an
oxidized starch in this study, which is clean, easy
to make, cheap in cost and rich in resources. Corn
starch is a raw material with best compatibility
with natural fibers and stable viscosity among all
starches [4]. In addition, corn meets our criteria of
cost and resource, thus was adopted in this study.
Hydrogen peroxide has been used previously in
sizing studies as an initiator [6] and was adopted as
the oxidant, since hydrogen peroxide is powerful in
oxidation and natural degradable. The oxidized
corn starch was produced and the processing
parameters were examined for optimization.

FIGUER 1. The devices for corn starch oxidation experiment.

Starch liquor at 40% concentration and 2% sodium
hydroxide solvent were prepared. The PH value of
starch liquor was adjusted to 9～10 by 2% sodium
hydroxide. The starch liquor was firstly placed
into a reaction container and warmed up to 45℃.
Secondly, hydrogen peroxide was added to the
container and the mixture was stirred for 3 hours to
aid the reaction. The final product was taken out of

MATERIALS AND METHODS
The raw corn starch was produced in the northeast
of China. The H2O2 with concentration 30% was
- 1496 -

when the temperature above 70 oC. A few disperse
of the statement occurred in the data table may
result from experimental errors when the values
were small.
It was found that the viscosity of size liquor of 3#
oxidized starch was close to the reference starch,
which indicates that 3# starch may be promising as
a future replacement of the commonly applied
reference starch. In order to validate this
speculation, further investigation was conducted to
examine the sizing properties of 3# in comparison
with those of the reference sizing agent.

after 3 hours, then filtered and washed thoroughly.
Finally, the oxidized starch was oven-dried
completely at 60℃ for 3 hours and pulverized into
particles.
The oxidation level is largely determined by the
mass ratio of hydrogen peroxide to starch, though it
may be affected by various factors, such as the
concentration of starch liquor, the temperature of
reaction, the PH of starch liquor, and the amount of
hydrogen peroxide. Four groups of starch were
prepared with hydrogen peroxide to starch ratios
2.5, 6, 8 and 9.5, respectively, when the rest of
processing parameters were fixed at reaction time 3
hours, reaction temperature 45oC, PH value 10, raw
corn starch concentration 40% and oven-dry time 3
hours (Tabel I).

TABLE II. The viscosity of investigated size liquors (mPa.s).
Raw

Reference

1#

2#

3#

4#

Initial

1.5

7

5

4

3

9

55 C

1.8

9

7

6

4

20

60 oC

2

10

9

10

5

11

65 oC

5

12

10

15

7

11

70 oC

15

19

50

18

11

12

75 oC

55

32.5

100

25

13

12

80 C

256

42

125

25

24

12

85 oC

850

47

750

130

25

17

90 C

1500

60

1200

140

70

20

95 oC

1800

80

1500

140

82

25

o

TABLE I. The mass ratios of hydrogen peroxide to starch of the
prepared samples.
Starch
1﹟
2﹟
3﹟
4﹟

Starch

Mass ratio of H2O2 to starch (%）
2.5
6
8
9.5

o

The mobility of starch liquor, which is a key
indicator of the sizing property, was measured by
viscometer. Specimens include raw corn starch,
oxidized starches (1 #, 2 #, 3 #, 4#) shown in Tab. I
and a reference commercial starch that we aim to
replace with H2O2 oxidized corn starch. All six
specimens were prepared at 8% concentration and
the viscosities were tested every 5 oC from 50-90
o
C, using a rotary viscometer.
During sizing, a yarn is unreeled from the bobbin
and passes the guide roll, then next enters a size
box. The saturated yarn goes through a dip roll,
then a squeeze roll. Finally, it is sent to a drying
room for finishing. During the sizing process, the
temperature of size liquor was set to 92 ℃; yarn
speed was around 4.5m/min, the concentration of
size liquor was about 7%. The sizing level was
evaluated by sizing ratio (percentage size picked up
in processing), percentage of strength increase,
wear resistance and hairiness reduction.

o

TABLE III. Comparison of sizing properties between reference
agent and oxidize corn starch 3#.

Size pick up

Reference
starch
19.46%

3# H2O2 oxidized
starch
21%

Strength increase

27.18%

25%

Wear resistance
increase
Reduction of
hairiness

124%

107%

93.39%

96.7%

It could be seen that the sizing properties of 3#
oxidized starch was close to the preference starch,
in terms of size pick up, strength increase, wear
resistance and reduction of hairiness. We may
conclude that 3# oxidized corn starch surely meet
the requirements of warp sizing for textile industry.

RESULTS AND DISCUSSION
The viscosity of size liquor increased gradually
with the temperature (Table II) and became stable
after 95 oC.
With the increase of oxidant level (namely, the
mass ratio of hydrogen peroxide to starch), the
viscosities went down (Table II: 1#, 2#, 3#, 4#),
due to lower polymerization and breakage of
macromolecules, which was particularly evident

CONCLUSIONS
The viscosity of raw starch and oxidized starch
increased with the temperature of size liquor. It
turned to be stable when the size liquor became
mature size liquor after the temperature went above
95 oC.
When fixing the other processing parameters and
given the mass ratio of hydrogen peroxide to starch
as 8%, the sizing properties of size liquor made by
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oxidized corn starch was close to the reference
starch commonly used in textile industry. This
indicates that the developed hydrogen peroxide
oxidized corn starch is promising as future
replacement of the reference commercial starch,
since the two products have similar sizing
characteristics and the hydrogen peroxide oxidized
corn starch is cheaper, cleaner and easier to
produce.
REFERENCES
[1]Wang, L., “ Preparation and Properties of Starch
Graft Comoplyer Sizes”, Master’s thesis, Qingdao
University, China. 2007
[2]Zhang, B., “Starch Graft Copolymer as a
Replacement of PVA Size”, PhD thesis, Donghua
University, China. 2005
[3]Wu, H., “Grafting Starch Copolymer in
Microwave Field”, PhD theis, Tianjin Polytechnic
University, China.2004.
[4]Zhou,
Y.,
“Modern
Textile
Sizing”,
www.sizing.com.cn, 2008.
[5]Zhou, Y., “The Status-quo and the Development
of Textile Size”, Cotton Textile Technology, 28(7),
2000, 389-393.
[6]Zhou, Y., Zhou, Z., “Preparation of GraftedOxidized- Acetylated Starch Size” Jiangxi
Chemical Industry, 23(3), 2008, 87-91.

- 1498 -

Dyeing Soybean Protein Fiber with Reactive Disperse Dye By
Supercritical Carbon Dioxide
Ren Chongling1, WU Zan-min*1
1
Institute of Textile, Tianjin Polytechnic University, Tianjin, China
2
Tianjin Textile Engineering Research Institute Ltd, Tianjin, China
Wuzanmin54@tjpu.edu.cn, xbsrcl@163.com

Abstract
By contrasting the dye uptake in Supercritical Carbon Dioxide dyeing with which was at the same condition in
aqueous bath dyeing,we get gooder the dye uptake in Supercritical Carbon Dioxide dyeing.And, through
Friction fastness , Soaping fastness, Rubbing fastness of the dye uptake was tested , the better dyeing results are
got in this experiments. In a word, such research has a certain practical significance on the development of
soybean protein fiber dyeing and the field expansion of the supercritical Carbon Dioxide fluid dyeing, also lays
a foundation for the future research.
Keywords: Soybean protein fiber; supercritical Carbon Dioxide fluid dyeing; reactive disperse dye
INTRODUCTION
With the development of the world economy, the
global water resources and the environment problem
are increasingly rigorous. Our country is in the face
of serious hydropenic threaten. Dyeing industry of
our country is one of main polluters.How to put an
end to wastewater which has become hot issue pay
attention by the society at present.
Supercritical Fluid Dyeing,SFD for short, also is
called Waterless Dyeing.The traditional dyeing needs
a large amount of water and the dyeing additives
which consumes high energy and is high pollution,
while SFD has features of simple process,short flow,

no need of dyeing additives, no need of washing after
dyeing, high utilization ratio of dye, without
wastewater.So, SFD can be seen as a revolution in
the range of the dyeing world［1］.
In this paper we studied on the mechanism of the
dyeing soybean protein fibre with disperse reactive
dyes in Supercritical Carbon Dioxide, and the dye
uptake contrasted with which was at the same
condition in aqueous bath dyeing.
EXPERIMENT
Dyeing process

11
8

7

12

CO2

9

1

10

4
2

3

5
6

1-CO2 cylinder; 2- cooling coil; 3- high pressure pump; 4- pressure gauge; 5- air-inlet valve; 6- high-pressure reactor; 7- electric control
system; 8- magnetic force stirring Motor; 9- magnetic stirrer; 10- dye pot; 11- pressure gauge; 12- exhaust valve
Fig.1 The diagram of supercritical carbon dioxide dyeing system

Fig.1 shows the diagram of supercritical carbon
dioxide dyeing system(FY120-50-01, provided by
Fei-Yu company of Nantong city ).First of all,5g of
soybean protein fiber(provided by Bai-Hua company)
and an appropriate amount of (5%o.w.f) reactive
disperse dyes(provided by Fu-Chen company) were

putted in dye pot and dye vessel, respectively. The
fiber was wound into the dye pot, the apparatus was
sealed. The dyeing temperature was heated to a
certain value while carbon dioxide was pumped to the
dyeing pressure. This condition was maintained for
some time. The dyeing was over ,then the fluid was
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released step by step.
x℃

y/2min

ymin

1.5℃/min
40℃

NaCl

50℃

washing

dyes,pH=a
Fig.2 The cycle curve of water dyeing
Fig.2 shows the cycle curve of water dyeing.The
fiber was immersed in a water solution of the dyes
under carefully regulate temperature(40℃).It was
heated in 1.5℃/min until it got x℃, and maintain y
min. We put NaCl into the solution when it was
y/2min. The dyeing was over after y min,then the
fiber was washed.
The dye uptake,determined as already reported by
reflectance analysis according to the Kubleka–Munk
equation, was expressed in terms of the K/S value[2].
Rubbing fastness was tested according to

GB/T3920-1997. Soaping fastness was tested
according to GB/T3921.1-5-1997. Perspiration
fastness was tested according to GB/T3922-1995.
Results and Discussion
The K/S of the dye uptake changes on the change of
times in Supercritical Carbon Dioxide dyeing and in
aqueous bath dyeing.

Fig.3 The influence of dyeing time on color depth

Fig.3 shows that,the K/S of the dye uptake in
Supercritical Carbon Dioxide dyeing and in aqueous
bath dyeing follows the same trend, the K/S increases
with the time adding. The K/S of the dye uptake in
Supercritical Carbon Dioxide dyeing increases more
gradually from 10 min to 20 min than it of in
aqueous bath dyeing.It shows that it reaches more
quickly dye saturable, so as to save time.The K/S of
the Supercritical Carbon Dioxide dyeing is bigger
than it of aqueous bath dyeing at the same time. It is
because that the reactive groups of reactive disperse
dyes only occurs reflected with the amino group and
the Hydroxy of soybean protein fiber.The dyes enter
into core layer of the soybean protein fiber by

Supercritical Carbon Dioxide which can occurs
reflected with the amino group and the Hydroxy of
inside fiber,while it occurs reflected with the amino
group and the Hydroxy of fiber surface in aqueous
bath dyeing .In a word,we can get gooder dye uptake
at less time in Supercritical Carbon Dioxide dyeing
than in aqueous bath dyeing. The Rubbing fastness,
Soaping fastness and Perspiration fastness of the dye
uptakes by Supercritical Carbon Dioxide are almost
class four or above.
The K/S of the dye uptake changes under the
different temperatures in Supercritical Carbon
Dioxide dyeing and in aqueous bath dyeing .

- 1500 -

Fig.4 The influence of dyeing temperature on color depth

Carbon Dioxide dyeing is bigger than it of aqueous
bath dyeing at the same temperature.Its reason is the
same with above.So we can get gooder dye uptake at
the same temperature in Supercritical Carbon
Dioxide dyeing than in aqueous bath dyeing.It can
save heat energy. The Rubbing fastness, Soaping
fastness and Perspiration fastness of the dye uptakes
by Supercritical Carbon Dioxide are almost class
four or above.
The K/S of the dye uptake changes under the
different temperatures in Supercritical Carbon
Dioxide dyeing .

Fig.4 shows that,the K/S of the dye uptake in
Supercritical Carbon Dioxide dyeing and in aqueous
bath dyeing follows the same trend, the K/S increases
under different temperatures.The K/S increases
from 60 oC to 80 oC and reached the peak at 80 oC,
then it goes down.The temperature determines extent
of reaction.The more higher temperature,the more
reactions of the reactive groups of reactive disperse
dyes with the amino group and the Hydroxy of fiber.
The K/S of the dye uptake goes down after 80 oC,it
may be that the soybean protein fiber has bad heat
resistance.Its color can change yellow when it is
under high temperature. The K/S of the Supercritical

Fig.5 The influence of dyeing pressure on color depth

Fig.5 shows that,the K/S of the dye uptake in
Supercritical Carbon Dioxide dyeing increases from
10 Pa to 15 Pa and reached the peak at 15 Pa, then it
goes down.The pressure determines density of
Carbon Dioxide. When the pressure increases,the
density of Carbon Dioxide increases,so the
dissolving power of it becomes big.It can dissolve
more dyes,and bring it into core layer of the soybean
protein fiber.When the pressure is low , the degree of

fiber swelling increases with the pressure increasing ,so
more dyes enters into core layer of the fiber,and its
reactive groups occurs reflected with the amino group
and the Hydroxy of the fiber.The dyes is hard to come
out.When the pressure continues to increase after 15 Pa,
the degree of fiber swelling achieves the certain
extent,and the dyes can easily come out.Some dyes
which stay inside fiber is taken out by the Carbon
Dioxide,so the K/S goes down . The Rubbing
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fastness, Soaping fastness and Perspiration fastness
of the dye uptakes by Supercritical Carbon Dioxide
are almost class four or above.
CONCLUSION
By contrasting the dye uptake in Supercritical
Carbon Dioxide dyeing with which was at the same
condition in aqueous bath dyeing,we get gooder the
The soybean protein fiber with reactive disperse dyes
by Supercritical Carbon Dioxide is the first time. The
dyes how to dye the fiber in Supercritical Carbon
Dioxide is unkown,so we can continues to study in
order to get the detailed mechanism of the dyeing
soybean protein fibre with disperse reactive dyes by
Supercritical Carbon Dioxide.It makes the
contribution to Supercritical Carbon Dioxide.

dye uptake in Supercritical Carbon Dioxide
dyeing.And if we rationally control the pressure and
the temperature,we can get gooder the dye uptake at
the same time we can save energy. The Rubbing
fastness, Soaping fastness and Perspiration fastness
of the dye uptakes by Supercritical Carbon Dioxide
are almost class four or above.
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ABSTRACT
The history, principles and technology of digital printing was briefly reviewed and the key issues of inkjet
printing in each step were discussed. The software package “Photoshop” was used to simulate hand painting, as
a tool of computer aided design. This proposed method could effectively generate various patterns for computer
aided manufacturing system, thus speed up sample making and printing processing.
Keywords: digital printing； process; Photoshop software; expressive technique
FOREWORD
Following the improvement of people’s life, art and
individuation has become the common pursuit of
modern people. However, traditional painting textile
is difficult to meet people’ s individuality needs
because of the limit of technology, chromatic
printing and long period of production. Digital
printing machine is a new type printing equipment
which was invented in 1920s and also the production
combined traditional technology and modern digital
skill. At present, it can be widely used many fields
such as fashion clothing, individuation raiment,
paintings and textile samples. Therefore, this article
just expatiates how to use the computer aided design
in the digital printing with the advantage of digital
printing technology perfectly combining with it. In
addition, it also pointed out the problems that we
need to pay attention to during the process.
1. THE TECHNICAL CHARACTERISTICS OF
DIGITAL PRINTING AND TECHNOLOGICAL
PRINCIPLE
Through a variety of digital input means (such as
scanners, digital cameras, etc.), the designs were put
into the computer and edited after a series of
treatment by the computer-aided design software.
Finally, the design will be spray printed onto the
textile by the specific equipment controlled by the
computer. This kind of technology is just called
digital printing. It has a lot of technical features such
as color-rich, simple operation, environmental
protection and short printing period so that digital
printing would represent direction of the future of the
printing industry.
Digital printing uses digital technology to control the
ink jet to complete the fabric printing. Imposed by
external forces, dyeing liquor is sprayed to the fabric
producing some color points and then uses the
movement of the jet or non-jet function as well as
X-Y direction to make the images on the fabric
accurate, full of layers and transition soft. Now it can
be used with rich colors, no longer restricted by the
chromatography, which laid a solid foundation for
the designer to design more wonderful images.

2.DIFFERENCE BETWEEN DIGITAL PRINTING
AND TRADITIONAL PRINTING
Traditional printing has different printing methods in
accordance with the different characteristics of the
fabrics’ type, color and effects, including plate screen
printing and machine printing.
Plate screen printing .First, we produce the
photographic film, then the nets we have made will
do the scraping printing. As the traditional printing
method, although plate screen printing is more
flexible and convenient, fineness, level-dyeing
property and other aspects have a certain difference
under the influence of manual scraping force.
Screen number can not exceed the restriction on
color printing devices because each additional color
will increase corresponding production cost.
Therefore it restricts the use of color and the
performance of a variety of effects. Before the fabric
mass production, many client requests to look the
actual printing effect so we should make the sample
on the machine. The sample producing by the
machine can be the same as the actual production,
but due to the difference of the stuffing batch, there is
a slight color deviation between them and serious
waste is its biggest disadvantage. It not only wastes
dye but also influences the utilization of the
equipment.
Digital jet printing machines transform the traditional
printing ways thoroughly, which shake off the
technology of drawing draft, separating color, plate
making and net making so that the printing
technology turns to easy. It significantly exceeded the
traditional restrictions. No matter how many colors
the computer-aided software can be produced, it can
be printed out the designer’s imagination and design
space are extending as well as producing a variety of
visual effects with full of color and style.
3. DIGITAL PRINTING MACHINES’ OPTIMIZATION
OPERATINGPROCESS
The process of digital ink jet printing optimizes into
four periods.
Customer’s sample
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Image design →Prepare fabric →Jet printing →
Later treatment（steaming、rinsing、color fixing）
1）Pattern design is the preparing period and it has
two ways. One is that in accordance with the
designer’s theme, they complete the design by using
computer-aided design software to model image,
match colors and express professional techniques.
The other is that with entering all kinds of customers’
samples into the computer through a variety of digital
equipment such as scanners, digital cameras, the
images are handled simply by the Photoshop and the
preparing period is completed.
2 ） Fabric preparation stage: Before the digital
printing, fabrics should be treated including sizing,
drying and so on. Sizing fabric is aimed at preventing
the dye jetted on the surface of the cotton
overprinting and under the wet hot state making the
dye combine with the fabric to get the certain color
fatness and depth, so the image will be clear.
3) Ink-jet printing. Inject the prepared dye into the
machine and then jet them on to fabric through the
computer system.
4) After printing, the fabric should be treated,
including the treatment of the fabric steaming,
washing, etc. to achieve the purpose of fixing the
color.
4.PROBLEMS IN THE PROCESS OF DIGITAL
PRINTING
In order to ensure the surface of cotton fabric with no
oblique weft and wrinkle, the fabric should be
printed using flat scraping methods when sizing and
controlling the plasma volume by adjusting the blade
angle and pressure. When printing, patterns should
be sprayed at the side of the sizing fabric so that it
can improve the fineness and brightness. In
accordance with the different need of the pattern’s
accuracy, using different sizing material can jet out
desired results. Jetting the ordinary pattern can be
used as sizing material, while the cloths of the higher
fineness should be used SD- 10 sizing material.
Since the sprinkler head of the digital printing
machine is very meticulous, it is very easy to block.
Therefore, the producing environment should apart
from the dust and the temperature need to control at
about 20℃ with certain moisture.
Exculpation rate at least chooses 720dpi to produce.
If using the 360dpi, quaint of printing will be rougher.
It is certain that the exculpation rate can reach
1440dpi so it can be set according customers’ need.
Sometimes the color of the fabric is not as colorful as
it on the screen because there is a certain color warp
between the effect showed on the screen and the
product.( as the picture 1, 2) As this situation, we
should jet print a small sample lessened as the same
proportion to be the basis and then adjust the color on
the screen. In order to gain the perfect effect, we
often use some ways as elevating the brightness,
saturation and contrast.

Picture 1 design

Picture 2

printing textile

5.
THE
ACTUAL APPLICATION
OF
PHOTOSHOP IN PATTERN DESIGN
Computer Aided Design (CAD) system is a kind of
computer processing system of printing pattern
design and color separation process. It can replace
the manual operation of tracing, multi-printing,
sensitization printmaking, etc of traditional printing
technology with the main characteristics of high
precision, fast speed, and good quality. The main
function of CAD is to handle design, modification,
color matching and picture integral effect of printing
pattern. Currently, the CAD software brands used
frequently by designers are Photoshop, which is
pattern design & image processing; CorelDraw,
which is vector graphic design software; and Painter,
which has abundant brush design functions. The
great advantages of using CAD software are
convenient, flexible, and time saving. In the field of
pattern design, Photoshop is applied most widely.
Therefore, take Photoshop as an example, the writer
aims to expound the actual design application of
Photoshop during pattern preparation which is before
digital printing.
5.1 Steps of designing the patterns through
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photoshop software
① Choose the new command under the File menu,
create a blank document, a resolution should not be
less than 300 pixels / inch, color mode RGB.
② Choose Foreground toolbox, pick up color in the
pop-up dialog box to adjust the color, select the paint
bucket tool to fill Foreground.
③Open the document of pattern completed before
and select the toolbar to drag the separate patterns to
the new blank.
④ Copy a separate pattern layer in the layer dialog
box.
⑤Execute editor/transform/zoom command and adjust
the size of patterns in all layers, then placed in the
document to the appropriate location.
⑥ Implement the order of filter, texture and
texturixer, but also try other filter effect according to
the work style.
⑦ Implement the order of image/adjustment/ Hue
Saturation to adjust the screen color.
⑧Executiveimage/adjustment/brightness/contrast
command to finish protracting patterns.
The overall effect of the pattern decides the basic
styles of the fabric so the patterns of composition,
color matching, gradation as well as painting
practices should be grasped from the overall angle.
5.2THE PERFORMANCES OF DESIGN
TECHNIQUES
For the graphic design, there are many operations
designers who always use the tools in the toolbox of
Photoshop software such as pencil, rubber, spray gun,
palette, filling color, writing, cutting as well as copy,
paste, transform, color adjustment, rotate canvas etc.
In order to achieve the artistic effect, designers can
use a variety of brushworks to perform the different
effects by the combinations of points, lines and
noodle and filter effects of stroking, texture,
sharpness, rendering, mottled, twist, stylize and
vague. Following the examples of several common
techniques, analyses how to use the Photoshop to
simulate the hand- painted effect.
1) The performance of Ping Tu technique is that the
three-dimensional shape will be carry out by
planarization, putting aside their light and color
changes in the environment and describing the
level of form and color through subtle changes in
contour to demonstrate their individuality. On the
basis of adding decorative line or decoration
point , the decorative effect will be enriched.
During design, you can draft line well through
the way of hand-painted motifs and then scan into
Photoshop software. In the toolbar select the
magic wand tool and select a block to fill color
that this method is the most convenient and
efficient operation when performing the Ping Tu.
2) The performance of printing techniques are used
Photoshop software to simulate the paint effects
of traditional instrument to control spraying by
flow and pressure . Spray gun sprays color

particles, through the color depth and the particle
density distribution, the performance levels of
light and shade pattern. Generated color printing
effect is very soft texture, light, delicate, which is
suitable for mapping large areas of color.
3) The performance techniques of animal fur
The Performance techniques of fur are to realize
the effect using the order of diversicolor, stylize,
dynamic fuzzy and soot ink in the filter. Steps are
as follows:
① Choose the new command under the File menu,
create a blank document, a width of 10 cm, height
10 cm, a resolution of no less than 300 pixels /
inch, color mode RGB.
② Choose foreground toolbox, change to black in
the pop-up dialog box and select paint bucket
tool to fill foreground.
③ Implement filter / mottled / add noise, quantity
of 300%, Gaussian distribution, and choose the
monochrome option.
④ Implement filter / fuzzy / dynamic fuzzy, angle
of 45 degrees, a distance of 10.
⑤ Implement filter / stylize / wind, select
hurricanes, direction is right.
⑥ Implement the command of image / adjust /
change.
⑦ Implement the orders of filter / brush stroke /
smoke gray ink, finish mapping patterns.
(Figure 3)

Picture 3

order of smoke gray ink

6. CONCLUTION
Combining the own characteristics and technology
principle of the digital printing, this article analyses
the practical application and steps of the
computer-aided design system in-depth. Using the
computer-aided software Photoshop not only extends
the performance technology which could saves the
time required for drawing the images, but also make
full use of the advantage of digital printing
equipment to enrich the visual effect of the design so
that it meets people’s aesthetic and personalized
needs.
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Abstract
Both in North America and West Europe, more and more textiles and apparels are given a “soft finish” for the
comfort of the users. Softener can improve some textile performances, including soft handle, smoothness,
elasticity, antistatic and antibacterial and soil release properties. Meanwhile, softener will affect the mechanical
properties, hydrophilic as well as color change [1]. In this paper, 12 types of fabric were selected. The textile
performances before wash and that after 5 washing cycles were evaluated. It was found that softener can
increase the LC, WC and RC value of cotton, make fabric change shape easily. And high level will make the
deepest effect. It was also shown that softener can change the color or whiteness of fabrics. Softener decreases
whiteness-color strength of fabrics. And the whiteness-color strength lost increases with higher softener
concentration. The main objective was to promote correct care of textile materials for sustainable lifestyle.
Keywords: Softener; laundering; KES; color change; whiteness
treated samples was obtained. The washing
fastness properties of blue samples decreased while
they remained unchanged for other samples. The
light fastness properties decreased for all samples
after treatment with softener [3].
Softener, during daily laundry, is designed for
ordinary consumers, who are not the experts in the
field of Fabric Care using. Usually, manufacturers
have given the recommended concentration in the
specification of goods, but numbers of consumers
don’t use softener in the right way. Some of them
consider that high concentration level will bring
better effect, and others believe that low
concentration will decrease damage to fabrics. This
paper dose not only mention the effect of softener
on textile, but also discusses the discrepancy
caused by different concentrations.

INTRODUCTION
Fabric softener is used not only during finishing
process, but also during daily laundering [2]. Mostly,
softener, used both in family and business laundry,
the main ingredient is cationic surfactants which
composed by positive head and hydrophobic tails.
Positive head is positive electrical charged ，
hydrophobic tails are long carbon chain, not
electric charged. During laundering, with the
chemical bond and the effects of molecular force，
positive head combined with fabrics, the longchain tails were exposed. It decreased friction to
achieve soft effect and crease resistance. While,
positive electric charge of softener decreased
negative charge of fabrics, so softener ales can be
used as an antistatic agent. For surfactant tails are
hydrophobic carbon chain, it will affect on the
fabric hydrophilic performance.
It was found that different concentration levels
would cause different effects. For most softeners, a
higher level concentration causes a softer fabric,
but the optimum concentration level depends on
the exact chemistry of the softener.
Softener would change the color of fabrics. It was
said that, the Effects of Softeners on the Properties
of Sulfur-Dyed Cotton Fibers, some softeners
decreased the lightness (L*) of all sulfur-dyed
samples. The a*, b* and c* values of most dyed
samples showed a little change after treatment with
softeners except for the color coordinates of the
yellow samples, which increased. A considerable
increase in the fk values for silicone softener-

EXPERIMENTAL
Materials and Methods
12 types of different fabrics were selected. They
are cotton, wool, spandex, coolmax, viscose and
polyester, dyed by reactive, acid, direct and
disperse dyestuff. Fabric parameters were shown in
the Table Ⅰ. The wash conditions were shown in
the Table Ⅱ. The washing total load was 2kg, and
a 40℃ cotton cycle was used. To simulate daily
family washing, it was dried after each washing
cycle.
There were 4 levels of softener concentration, 0ml,
10ml, 20ml and 40ml for each washing cycle. Used
0ml concentration as criterion is better than chosen
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the fabrics before washing. It can be avoided
mechanical force and other factors effect on results.

Instrumental assessment of change in colour for
determination of grey scale rating and IS0 105J02:1997 Textiles- Tests for colour fastness Part
J02: Instrumental assessment of relative whiteness.

TABLE Ⅰ. Fabric parameters

6

cotton

17

cotton/spandex

25

wool

31

silk

34

polyester

48*

cotton/
polyester

49**

cotton

51

Viscose

52

Coolmax

54***

cotton

Dye stuff

Color

reactive
none

red
white

none

white

reactive

black

RESULTS AND DISCUSSION
Fabric hand
The Compression value was shown in the Figure 1,
and the Shear value in the Figure 2.
No.6 LC
0.9000

acid

black

direct

black

disperse

blue

50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00
5.00
0.00

0.8000
0.7000
0.6000
0.5000
0.4000
0.3000
0.2000
0.1000
0.0000

black

—

No.5 LC

Softener effect on Compression

0ml

10ml

20ml

No.17 LC
No.49 LC
No.54 LC
No.5 WC
No.6 WC
No.17 WC
No.49 WC
No.54 WC
No.5 RC
No.6 RC

40ml

No.17 RC

Softener Concentration

—

green

direct
/reactive

navy
blue

none

white

reactive

brown

No.49 RC
No.54 RC

FIGURE 1. Softener Effect on Cotton Compression
Softener Effect on Shear

*No.48 was water proof finish
**No.49 was crease proof finish
***No.54 was mercerized cotton
—: unavailable

1.8

5

1.6

4.5

No.5 T G

1.4

4

No.6 T G

3.5

No.17 T G

G-value

1.2

3

1

2.5

0.8

2

0.6

No.5 W G
No.6 W G
No.17 W G
No.5 T 2HG

1.5

No.6 T 2HG

0.4

1

No.5 T 2HG

0.2

0.5

No.5 W 2HG

0

TABLE Ⅱ. Wash Conditions

2HG-value

cotton
cotton

Fabric
structure
terry
terry
knitted
fabric
woven
twill
woven
twill
woven
fabric
woven
plain
woven
plain
woven
fabric
woven
plain
knitted
fabric
woven
twill

RC-value (%)

Fabric content

LC-value and WC-value

Serial
No.
3
5

0
0ml

10ml

20ml

40ml

No.6 W 2HG
No.17 W 2HG

Softener Concentration

Condition
B
G
C
F

Main Wash
Ariel Bio Liquid
Ariel Bio Liquid
Ariel Bio Liquid
Ariel Bio Liquid

2nd Rinse
Water only
Water only
Water only
Water only

3rd Rinse
Water only
10ml Lenor
20ml Lenor
40ml Lenor

FIGURE 2. Softener Effect on Cotton Shear

LC, WC and RC are the value of Linearity of
compression/thickness
curve,
compressional
energy, gf · cm/cm2, Resilience, % [6]. It was
learned from the Figure 1 that softener can
increase the LC, WC and RC value of cotton. It
made fabrics softer and fluffier. And it also made
fabrics achieve better resilient. The three values
were at peak while softener at 20ml concentration
level. It means that at this condition textile will be
the softest and fluffiest. It’s consistent with the
suggestions of softener manufacturers.

Measurements
Fabric hand
Cotton is the major textile fiber and it has a unique
combination of properties, including high strength,
durability, softness, good dyeability and
biodegradability, and for many centuries it has
been found using in textile production [3]. So, five
cotton fabrics were tested for Compression and
three for Shear, by KES-FB. They were terry[4],
knitted and woven [5].

In the Figure 2, G for Shear stiffness, 2HG for
Hysteresis at 0.5°, 2HG5 at 5°. It shows that
softener made fabric change shape easily, and high
level will get the deepest effect. The fabric will be
recovered well with less 2GH value. The 2GH in
F-condition is less others, so fabrics were
recovered best with the 40ml concentration
softener level.

Appearance
AATCC Test Method 124-2006 Appearance of
Fabrics after Repeated Home Laundering
Whiteness-color strength and Color change
Used Macbeth COLOR-EYE 7000, software was
Color icontrol. And followed ISO 105-A05:1997
Textiles- Tests for colour fastness - Part A05:
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Appearance
There are 5 appearance levels, the 5 for the best
appearance and the 1 for the worst. The Figure 3
shows that fabrics will achieve good appearance
with the 10ml or 40ml Softener concentration. For
each fabric, there is a specific softener
concentration getting best appearance, and
different concentrations for different fabrics.

Softener Concentration

Softener Effect on White Lost
4.50%
4.00%
3.50%
3.00%
2.50%
2.00%
1.50%
1.00%
0.50%
0.00%

No.5
No.6
No.52

10ml
Appearance of Fabrics after Laundry with Softener

20ml
White Lost Percent

40ml

5
No.3
No.5
No.6
No.17
No.25
No.31
No.34
No.48
No.49
No.51
No.52
No.54

Appearance

4
3.5
3
2.5
2
1.5

Softener Effect on White
136.0000
134.0000
132.0000
W value

4.5

10ml

20ml

128.0000
126.0000

1
0ml

No.5
No.6
No.52

130.0000

40ml

124.0000

Softener concentration

122.0000
0ml

FIGURE 3. Appearance of Fabrics after Laundry with Softener
Dispersion between Using Softener and without

40ml

FIGURE 5. Effect of softener on whiteness-color strength of
fabrics

1.4
1.2
Dispersion

10ml
20ml
Softener Concentration

1
0.8
0.6
0.4

There were three white fabrics, terry, knitted and
coolmax, tested. The value was according to Eq.
(1).

0.2
0
3

5

6

17

25

31

34

48

49

51

52

54

Serial No.

x=
FIGURE 4. Dispersion between Used Softener and without

X
X +Y + Z

y=

Y
X +Y + Z

W = Y + 800 × (0.3138 − x) + 1700 × (0.331 − y)

The Figure 4 shows the dispersion between using
softener and no using. Silk, Coolmax, cotton with
spandex and cotton with water proof finish are
significantly affected by the softener. Softener can
not make polyester, viscose and some types of
cotton textile achieve better appearance than that
without softener.

(1)
Where x and y is color coordinate value.
And the whiteness-color lost was described by
Eq.(2).
P=

The appearance was affected by the operation
during washing and drying process. So softener
was not the only influencing factors.

Wo - Ws
× 100 %
Wo

(2)

Where P is the whiteness-color strength lost, WO is
the whiteness-color strength of the fabric washed
without softener and WS is the whiteness-color
strength of the fabric washed with softener.
From the Figure 5, it shown that softener decreases
whiteness-color strength of fabrics. And the
decrease was deeper with higher softener
concentration. No.5 is terry, effect of softener on it
was the most prominent. The second is other cotton
knitted fabric.

Whiteness-color strength

Color change
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Effect of Softener on Color Change
0.60
0.40
DEcmc-value

0.20
0.00
-0.20

10ml

20ml

40ml

-0.40

No.3
No.25
No.31
No.34
No.51
No.54

-0.60
-0.80
softener concentration

FIGURE 6. Effect of Softener on Color Change

The 0ml softener concentration was chosen as the
frame of reference, and 10ml, 20ml and 40ml
softener concentrations were compared with it. For
viscose and mercerized cotton, softener can
decrease color change, increase wool and silk
fabrics color change at the same time.
CONCLUSIONS
This paper investigates the effect of softener on
textile performances during laundering. The
conclusions can be drawn as follows.
First of all, Textile will be softer and fluffier at
20ml concentration than 10ml or 40ml
concentration. It’s consistent with the suggestions
of softener manufacturers. Softener at 40ml
concentration made fabric change shape easily and
recover best.
Secondly, Fabrics will achieve good appearance
with the 10ml or 40ml Softener concentration.
Finally, Softener decreases whiteness-color
strength of fabrics, and effect on terry is the most
prominent.
FUTURE WORK
It is said that softener would effect on others’
textile
performances,
including
antistatic,
hygroscopic and else. Those tests will be finished.
In the paper, It was shown that softener can
increase or decrease textile color change. But the
directions were different with various samples. The
cause should be found.
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It was the metal complex of the following structure.

Wait until the temperature was up to the setting
condition. Open valveⅠto let CO2 flow into the
cushion pot. Approximately 1 g of wool fiber and an
appropriate amount of dye (10% o.w.f) were put into
the dye kettle. The fiber was wound into the dye pot.
After the apparatus was sealed, valveⅡ was opened
in order to balance the pressure between cushion and
dye kettle, then carbon dioxide was pumped to the
pressure as required. This condition set was
maintained for 40 minutes [2].
When taken out, the wool was washed by water and
underwent acidic treatment, drying.
Fastness test standard
Fastness to crocking：GB/T3920-1997
Washfastness：GB/T3921.1-5-1997，method 1
Perspiration fastness：GB/T3922-1995

R

H 3C

CH 3
N

N

叶绿 素 a （ R ＝ CH3）
叶绿 素 b （ R ＝ CHO ）

Zn
N

N

H 3C

CH 3
H 2C
CH 2
O

C

C O
ONa

ONa

RESULTS AND DISSCUION
Structure characteristics analysis
Chlorophyll metal sodium made in laboratory was a
kind of green powder, as was showed in Figure 2. It
was water soluble, germanous and possessed better
stability than chlorophyll.

FIGURE 2.

CH

CH 2

FIGURE 3. FTIR of chlorophyll metal sodium

The structure of chlorophyll metal sodium dye was
checked by full spectrum analysis. The band at
3500~3000cm−1 corresponded to the O–H stretch
band. Absorption at 2923.87cm−1 was C–H stretch
band of CH2, CH3 and –CHO group. Band located in
1565.33cm−1 indicated the C=O stretch band, another
band at 1408.51cm−1 corresponded to C=C stretch.
And 1000-1200cm−1 was stretch band of C–N. So
there must be –COOH group in dye structure.
The wool fiber appeared to green color which was
taken out from SC–CO2 equipment. In supercritical
carbon dioxide, wool fiber could be dyed well with
dye made in laboratory, and could possess deeper
green shades. The dye uptake was expressed in terms
of the K/S value; corresponding show was in Table II.

The dye powder by laboratory-made

TABLE I. K/S Value
Sample
K/S

1

2

3

9.70

8.32

12.26

4

5

5.13

6

9.46

7

6.02

11.11

8
5.77

9
8.07

TABLE II. Fastness of wool dyed by SC–CO2

Characteristic
No.
1
2
3
4
5
6
7
8
9

Fastness to crocking

Perspiration fastness
Washfastness

dry

wet

acidity

basic

4
4－5
4
4－5
4
4－5
4
4－5
4－5

4
4
4
4
4
4
4
4
4

3－4
3－4
3
3
3－4
3－4
3
3－4
3－4

3－4
3－4
3－4
3－4
3－4
3－4
3
3－4
3－4

The fastness of wool dyed with chlorophyll zinc

3－4
4
4
4
3－4
4
3－4
4
4

sodium was out of surprised. Under best condition,
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dye uptake could reach to 12.26 (K/S). Compared to
traditional dyeing in which K/S was 3.26, SC－CO2
dyeing process was much more effective.
At a reasonable dyeing pressure of 25MPa, carbon
dioxide has a liquid-like density. The solvent power
of supercritical carbon dioxide is similar to that of a
typical hydrocarbon. Since CO2 was no polar, while
natural dye was a kind of polar dyestuff, the use of
water and ethanol as polar solvents for the
supercritical dyeing was adopted. Meanwhile, wool
fibers were pretreated before they were dyed.
Dye/Fiber interaction
Chlorophyll zinc sodium was large molecule dyestuff,
which supply the potential for better fastness
properties than smaller ones. The bonding between
the dye and fibers may result from weak secondary
interactions such as hydrogen bonding or van der
Waals forces [3].
Coplanarity of the phthalocyanine rings was vital for
dyeing. It made the molecular shape generally flat
allowing good interaction between the dye and fiber.
Also, coplanarity of the rings is required for overlap
of the piorbital, which supplied the hydrogen
bonding and van der Waals forces.
Wool consisted of the protein keratin in which exist
eighteen α－amino acids. Carboxyl group existed in
dye could reacted with wool fiber forming coulomb
forces.
CONCLSION
Owing to SCF, some fibers can be dyed without
water. Chlorophyll comes from plants and feeds back
to nature. For it is abundance in nature and its
ramification is easy to synthesize, it can be well used
as a pigment. Considering the advantages of SCF and
natural pigment, the laboratory successfully dyed
wool yarns with chlorophyll ramification in SC-CO2.
This work was undertaken to promote environmental
dyeing industry.
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Dyeing Wool Fiber with Natural Dye in Supercritical Carbon
Dioxide
WU Zan-min, ZHANG Chen*
School of Textile, Tianjin Polytechnic University, Tianjin, China
Wuzanmin54@tjpu.edu.cn
ABSTRACT
Awareness and concern for the environmental issues has led to extensive research for bio-dyeing engineering,
such as natural dyes, natural fibers, anhydrous dyeing technique and so on. This article adopted natural dye,
which was synthesized by laboratory and dyed wool fibers in supercritical carbon dioxide (SC-CO2) system, the
results were compared with those of fiber dyed in water system. Assessment of color indicated that wool fiber
dyeing was much better in carbon dioxide than in water. This work intended to provide a new “green” dyeing
process for future dyeing industries.
Keywords: natural dye； wool fiber；supercritical carbon dioxide
INTRODUCTION
In ancient times, people had already possessed the
ability of dyeing fabrics with natural dyes. Even in
nowadays, some minorities in China preferred
using natural dyes. As the environmental problems
resulted by azoic dyes accumulated, natural dyes
became booming again, for it was both primitive
simplicity and environmental benign. Natural dyes
could be abstracted from various kinds of plants,
animals, bacteria and mineral. Always, plants were
a regular supply for chlorophyll. The laboratory
abstracted dyes from vegetable and synthesized
chlorophyll zinc salt. It was steady-going and
presented green color.
Traditionally, water is the chemical most used in
dyeing and finishing of textiles, it played an
important role in dyeing process, both as swelling
agents of fiber and as carrier of dye and fiber.
Because there are many dyeing assistants in water
including dye itself, treatment and disposal of
wastewater effluent from textile manufacturing
plants is a complex and important subject. Due to
environmental problems, a new dyeing process has
been developed, in which supercritical carbon
Tianjin Kermel Chemical Reagent Co., Ltd.).
Apparatus
Commercial supercritical carbon dioxide dyeing
instrument supplied by Nan tong Feiyu limited
company.
Extraction of colorant
Plants were crushed and dissolved in ethanol,
oscillated under condign conditions for 90 minutes,
this work was repeated for several times, the solvent
was filtered and amalgamated together.
The solvent substance mentioned above was treated
following steps.
Saponification → extraction → metal replacement of
magnesium→drying to powder
Dyeing methods
The sketch of supercritical dyeing instrument was
showed below.
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dioxide is used as the solvent for dyes. The
advantages of supercritical carbon dioxide are that it
can be recycled; it is low in cost, nontoxic and
nonflammable [1]. Moreover, the dyes can be more
usefully utilized, because all the dye dissolved in the
supercritical fluid can be recovered when the fluid is
expanded. the condition of supercritical carbon
dioxide (SC–CO2) was 31.3℃ and 7.26Mpa.
Experiment
Materials and Agents
Materials: Commercially bleached wool yarn
supplied by Australia S66 were used for dyeing,
Vegetable bought from market were used for
abstraction.
Reagents: Ethanol (analytically pure, Tianjin Kermel
Chemical Reagent Co., Ltd.), Petrolia ether
(analytically pure, Tianjin Kermel Chemical Reagent
Co., Ltd.), Acetum (analytically pure, Tianjin Kermel
Chemical Reagent Co., Ltd.), Sodium hydroxide
(analytically pure, Tianjin Kermel Chemical Reagent
Co., Ltd.), Hydrochloric acid (analytically pure,
Tianjin Kermel Chemical Reagent Co., Ltd.)

FIGURE 1. Sketch of supercritical dyeing instrument

Firstly，set the pressure and temperature as required.

Research on Dyeing Wool with Two Kinds of Natural Dyes
WANG Xu-qin, ZHU Ruo-ying
Tianjin Polytechnic University, Tianjin 300160, China
ABSTRACT
Wool fabric was dyed with two kinds of natural colorants, which were extracted from coffee slufge and tea
respectively. The dyeing was carried out with and without metal salts as mordants that included FeSO4, CuSO4,
Al2(SO4)3 and ZnCl2. Using post-mordanting as the dying method. The colour of the fabrics was investigated on
computer colour matching system in terms of K/S, and CIELAB colour-difference values. It was found that
FeSO4 and CuSO4 were the best mordants for the improvements of color strength (K/S).In addition, the wool
fabric dyed with two kinds of extracted dyes showed good antibacterial properties.
Key words: natural dye; coffee sludge; tea; mordant; dyeing; antibacterial properties
INTRODUCTION
Recently there has been growing interest in the use
of natural dyes which were extracted from plants
and other natural products in textile application.
There may be one or a combination of factors that
attracts people to the textiles colored with natural
dyes, including a preference for naturalness,
environmental friendliness, lower toxicity and
antibacterial/antiallergic/deodorizing/
anticancer
properties.[1]
However,
the
advantageous
health
and
environmental benefits coming with natural dyes
have not made any impact against the use of
synthetic dyes. The main problems in dying with
natural dyes are related to the low dye uptake and
the poor light fastness of dyed fabrics.[2] In order to
improve its fastness and exhaustion, metal salts
(e.g. potassium dichromate, stannous chloride,
ferrous sulfate, and copper sulfate) are mainly used
as mordants. The metal ions can act as electron
acceptors to electron donor to form coordinate
bonds with the dye molecules, which are insoluble
in water.[1]
Tea as a natural dye to dying cotton and jute with
alum, copper sulfate, or ferrous sulfate mordants
has shown good washing and light fastness.[3] The
dying of cotton and silk using coffee sludge
extract as a natural dye with metal salt mordants has
been studied by Young-hee lee.[1]
The present study focuses on the dying of wool
fabric with aqueous tea extract and coffe sludge
extract using post-mordating method. The purpose
is investigate the influence of the kind of mordants
(FeSO4, CuSO4, Al2(SO4)3 and ZnCl2) on the dying
properties. Comparison between dyeing with and
without mordants were made, and the depths of
shade were evaluated in terms of K/S and CIELAB
colourdifference values of the dyed substrates. In
addition, the influence of pH on the depth of shade
(expressed as K/S) for wool dyed with tea and coffe
sludge extract respectively.

sludge were used. Wool fabric was used without
further purification. The colorimetric data (L*, a*,
b*, brightness, yellowness, and whiteness,
respectively) for the reference samples are given in
Table
1.
Aluminum
sulfate
hydrate
(Al2(SO4)3•18H2O, Junsei Chemical), zinc chloride
(ZnCl2, Junsei Chemical), copper sulfate hydrate
(CuSO4•5H2O, Junsei Chemical), iron(II) sulfate
hydrate (FeSO4•7H2O, Junsei Chemical) were used
without further purification.

EXPERIMENTAL
Materials
A commercial sample of green tea and coffee

O
Figure.1 Chemical structure of Protocatechuic Acid

TABLE 1

Color Characteristics of Wool Fabric

Fabric
L*
a*
b*
Brightness
Yellowness
Whiteness

Wool
90.75
1.00
1.61
50.49
14.49
17.87

Extract preparation
Aqueous extracts of tea were extracted from 100
mL distilled water which added 4g commercially
available tea powder. The mixture was stirred,
heated, held at the boil for 30 min, allowed to stand
for 15 min and then filtered. The filtrate was used
for dyeing, which contains protocatechuic acid as
the main colorant species. Its chemical structure
showed in figure 1. Coffee sludges were dried and
extracted using water as extractant at 90℃ for 90
min. The extract solution (natural dye solution)
obtained in this study was a yellowish brown
solution, which contains caffeine as the main
colorant species, its chemical structure showed in
figure 2.
HO

OH
HO
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O
N

N

O

carried out as per the standard, i,e.ISO 105(C06)
method and ISO 105 B02-1998 method.

CH3

N

Antibacterial performance test
The antimicrobial properties of dyed and undyed
fabrics were tested against Escherichia coli (K-12)
according to (AATCC) test method 100-1999 (8).[4]
One gram of tested fabric sample was cut and
placed within a sterile Petri dish, and 1.0 mL of
Escherichia coli grown in 10 mL of nutrient broth
with approximate formula per liter, beef extract, 3.0
g; peptone, 5.0 g; distilled water, 1000 mL; final pH
6.8 0.2 at 05 -106 CFU/mL was added onto the
surfaces. Fabrics were then incubated at 37 °C for 8
h, placed into 10 mL of sterile water for 5 min. The
solution was serially diluted to 102, 103, and 104
concentrations, and 100 μL of each diluted sample
was placed onto agar plates. The plates were
incubated at 37 °C for 24 h. The numbers of CFU
were enumerated between dyed and undyed fabrics
and were compared to determine antibacterial
activity of the fabric sample. The reduction of
bacteria was calculated according to the following
eq. (1).
A-B
reduction of bacteria(%)=
×100 (1)
A
Where A and B are the number of bacteria counted
from the undyed and the dyed fabrics, respectively.

N

CH3

Figure.2 Chemical structure of Caffeine

Optimisation of pH
Wool fabric was dyed in the absence of a mordant
at a liquor ratio 1:30 to determine the optimum pH.
The pH of the dyebaths was adjusted with acetic
acid and sodium hydroxide.
Dyeing without a mordant
Wool fabric was dyed at a bath ration of 1:50. The
temperature was raised to 85℃ over 30 min and
maintained at this level for 1h.
Mordanting
Wool fabric was post-mordanted at 40℃ for 60 min
using 3% owf mordant solutions with liquor ratio
1:50.
Colour measurement
Colour values were evaluated by means of K/S and
CIELAB colour-difference values (illuminant
D65/10observer) on SpectroFlash SF600
spectrophotometer with Datamatch 2.0 software
(Datacolor International, USA). CIE (Commission
Internationale de l’Eclairage or International
Commision on Illumination) L*, a*, b* are CIE
1976 psychromic (or metric) lightness, redness (or
greenness), and yellowness (or blueness),
respectively.
L*, a*, b* was calculated as follows:
L*=116(Y/Yn)1/3
a*=500[(X/Xn)1/3 –(Y/Yn)1/3]
b*=200[(Y/Yn)1/3 –(Z/Zn)1/3]
where X, Y, and Z are CIE tristimulus values, and
Xn, Yn, and Zn are CIE tristimulus values to the
reference white under the source used. Color
strength, K/S, was calculated from the reflectance
values using the Kubelka–Munk equation as
follows:
K/S=(1-R)2/2R – (1- R0)2/2R0
where R is the reflectance of the colored fabric, R0
is the reflectance of the uncoloured fabric, and K/S
is the ratio of the absorption coefficient (K) to
scattering coefficient (S); the higher the value, the
greater the color strength. TAPPI brightness,
yellowness-C, and whiteness were determined
according to T452, ASTM D1925, and CIE Ganz
82, respectively.

RESULTS AND DISCUSSION
Influence of pH
Figure 3 shows the influence of pH on the depth of
shade (K/S) for wool fabric dyed with liquor extract
from tea and coffee sludge.
18
TEA
COFFEE SLUDGE

16

K/S Value

14
12
10
8
6
3

4

5

6
pH Value

7

8

Figure.3. The influence of pH on the depth of shade (K/S)

The dyeing of wool fabric with two kinds of extract
followed a similar absorption curve. Maximum
colour depth was observed at stonger acidic
conditions for wool dyed with coffee, while at
weakly acidic conditions the wool dyed with tea
have a high dye uptake value. To give the high dye
uptake that during the dying of wool with coffee
sludge extract, the dyebath was maintained at pH
3.8; the dyebath was maintained at pH 5 during the
dying of wool with tea extract.

Fastness determination
The washing and light fastness of dyed samples was
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for improving the dye uptake of wool fabric. The
color-difference values(ΔE*) of mordanted fabrics
are higher than unmordanted fabric expect for
ZnCl2, this could be attributed to the darkening and
dulling of shades due to mordant effect.

Comparison of two natual dyes
The dying results, the colour-difference values and
colour strength (K/S) for the samples that dyed with
tea extract with and without metallic salts treatment
are given in table II. For the wool fabric dyed with
coffee sludge extract, the dying results measured on
the same conditions showed in the table III.

Color fastness
The washing and light fastness values of wool
fabrics dyed with tea extract are showen in tableII,
including unmordanted and mordated fabrics. The
rating of fastness (water and light fastness) of
unmordanted and mordanted wool fabrics dyed with
coffee sludge extract are shown in table III. For all
the dyed samples ,the washing fastness of
unmordanted wool fabrics was considerably good.
Howevere, the light fastness of unmordanted wool
fabrics was bad. That poor lightness was a universal
problem for natural dyes. But for the mordanted
samples, the light fastness properties was further
improved expect for ZnCl2.

TABLE II The Dyeing Results, the Colorimetric Data (L*, a*,
b* , E) and Color Strength
(K/S) for the Samples Dying of Tea extract with or without
Metallic Salts
Mordant
None
Al
Cu
Fe
Zn

L*
72.55
70.96
64.45
44.21
73.32

a*
6.65
6.23
6.67
2.70
5.88

b*
18.20
17.05
15.76
-1.87
18.96

E
25.27
25.64
30.40
46.70
25.08

K/S
7.69
7.86
8.33
9.37
7.36

WF
4
5
5
5
5

LF
1
4
4
4
2

TABLE III

The Dyeing Results, the Colorimetric Data (L*, a*,
b* , E) and Color Strength
(K/S) for the Samples Dying of Coffee Sludge extract with or
without Metallic Salts

Mordant
None
Al
Cu
Fe
Zn

L*
66.57
69.93
55.97
48.33
66.52

a*
6.65
5.67
1.65
0.20
6.43

b*
20.98
14.06
16.99
7.84
19.80

E
31.50
24.71
38.03
42.88
30.79

K/S
9.78
5.59
10.9
12.9
9.1

WF
4
5
5
5
5

Anti-bacterial properties
It was reported that many natural colorants have
antimicrobial
activities.
To
evaluate
the
antibacterial activities of the dyed fabric with coffee
or tea extraction, a bactericidal activity test was
carried out. A bactericidal activity of wool fabrics
dyed with coffee or tea extraction before and after
mordant treatment was carried out, in witch the
mordant used was CuSO4. The result was given in
Table Ⅳ. The results showed that both wool fabrics
dyed with coffee and tea colorants without mordant
treatment had ability to kill E. coli bacteria within a
8 h of contact time, while coffee has a better
antibacterial property with over 78% bacterial
reduction compare with tea witch has 71%
reduction; It can also be observed that both coffee
and tea dye wool showed a sharp decrease on
antibacterial activity after mordant treatment with
CuSO4. This may be due to the complex-forming
between metal ions and the dye molecules partly
destroyed the structure of coffee or tea colorant
which attributed to the ability to kill bacterial.

LF
1
4
4
4
2

In the dyeing of textile fabrics with natural dyes,
mordants play an important role. Usually a metal
salt (mordant) has substantivity for both the
colorant and the fabric, and forms an insoluble
complex with the dye on the substrate. For the wool
dyed with tea extract, it was found that the color
strength (K/S) of wool fabrics treated with mordant
were higher than unmordanted fabric expect for
ZnCl2. The K/S value of wool fabric dyed with
coffee sludge extract are further improved with
CuSO4 and FeSO4. This may be due to the greater
complex-forming ability of the metal ions with the
dye molecules during the dying process. It was
found that the best mordant were CuSO4 and FeSO4

TABLE Ⅳ Colony Numbers of E. coli after Injection of 0.1 mL Bacteria Suspension on Agar Plates and Incubation at 37℃ for 8h
Against to E. coli
Controled fabric
Coffee dyed fabric without mordant
Tea dyed fabric without mordant
Coffee dyed fabric with mordant
Tea dyed fabric with mordant

Dilution ratio of the bacteria solution after contact time
×103
×104
×10
×102
∞
∞
105
35
∞
∞
23
6
∞
∞
68
18
∞
∞
30
5
∞
∞
56
23

Reduction of bacteria (%)
－
78.10
35.24
71.43
34.28

wool fabric with reasonable color and wash
fastness.Both the color strength and color fastness
(wash and light fastness) could be improved by
treatment with certain metal salt as mordant, and
CuSO4 and FeSO4 were recommended as mordant
for their better mordant effect. Antibacterial test
results showed that wool dyed with tea and coffee

CONCLUSIONS
The aim of this study is to investigate dying
properties, color fastness, and anti-bacterial
properties of wool dyed with tea extract and coffee
sludge extract respectively. The result showed that
the two kinds of natural colorants form coffee and
tea extraction have potential application on dyeing
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sludge extract have desirable antibacterial property
while the property was destroyed after mordant
treatment.
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ABSTRACT
A chelating starch (SMAEN) containing amidocyanogen and acyl functions was prepared through a two-step
reaction. The structure of SMAEN was determined by FTIR spectrum. The amination extent was traced by
estimating the nitrogen content of SMAEN. The SMAEN was tested as an adsorbent in Cu2+ metal aqueous
solution. The parameters influencing the efficiency of preconcentration Cu2+ including sample acidity,
adsorption conditions were investigated. The Cu2+ ion accomplished good adsorption amount at pH≥3. The
maximum adsorption capacity was 3.19 mmol per gram of dried SMAEN.
Keywords: Chelating starch； graft； Methyl acrylate； Ethylene diamine； Adsorption； Copper ion
INTRODUCTION
Starch is one of the most abundant natural polymers
in the earth, and it can regenerate. The modified
starch is nontoxic, biodegradable and the price is low.
In recent years, the exploitation of modified starch
has been stressed and studied. Recently, the removal
and recovery of heavy metal ions from industrial
wastewater has been a significant concern in all
industrial branches owing to economic and
environmental factors. In water treatment it has been
also reported that chelating starch were used as
adsorption agents for metal ions. Many papers
concerning the chelate starch have been published
using carboxyl and xanthate as functional groups
[1-4], only a few of studies have dealt with
amine-containing monomers. And the adsorption
effect is not very well [5-9].
In this paper, a new chelating starch (SMAEN) was
prepared through a two-step reaction. First, the graft
copolymerization of methyl acrylate (MA) onto
cornstarch was carried out in aqueous media by the
initiator of ceric ammonium nitrate (CAN) and under
a nitrogen gas atmosphere. Then the grafted corn
starch (SMA) was reacted with ethylene diamine to
synthesize a new chelating agent（SMAEN）. Its
structure was determined by FTIR spectrum. The
nitrogen content of SMAEN was determined by
using the micro-Kjeldahl method [10]. The
parameters
influencing
the
efficiency
of
preconcentration Cu2+ including sample acidity,
adsorption conditions were investigated. The Cu2+
ions were enriched from the solution and detected by
oxidation-reduction titration using sodium thiosulfate
pentahydrate method.
EXPERIMENTAl
Materials
Corn starch (industrial grade, Beijing
Xinghua starch factory). Methyl acrylate
(analyse grade, Tianjin Kermel Chemical Reagent

（analyse grade, Tianjin
Co., Ltd.), Ethylene diamine
Kermel Chemical Reagent Co., Ltd. ） Ceric
ammonium nitrate (analyse grade, Tianjin Kermel
Chemical Reagent Co., Ltd.).
Synthsis
Synthesis of Grafting methyl acrylate (SMA)
The graft of the methyl acrylate was carried out
under nitrogen gas in a 250ml four-necked flask
equipped with stirrer, thermometer, and reflux
condenser and immersed in a thermostated water
bath. Ceric ammonium nitrate was used as the redox
initiation system. First, 5.50g corn starch was
dipersed in 50ml distilled water, and the resulting
slurry were poured into flask under N2 atmospere.
The slurry formed a paste, which was then preheated
at 80℃ for 30min, then it was cooled to 35℃.
Second, 2.33ml H2SO4 and 1.20g ceric ammonium
nitrate were added into flask to allow the starch to be
preoxidized for 15min. Then, the required amounts
of methyl acrylate were added into the flask. The
flask content was kept in a thermostated water bath at
the chosen temperature (40-70℃) for 2-6h, then the
reaction was terminated. The reaction product was
precipated in an excess of methyl alcohol and
separated by filtration. In order to obtain the pure
graft copolymer,acetone was used to extract the
potentially formed homopolymer, poly(MA), because
this solvent can dissolve easily poly(MA) [11].
Synthesis of the chelating starch (SMAEN)
The synthsis of the chelating starch was carried out
in a 250ml three-necked flask equipped with stirrer,
thermometer, and reflux condenser and immersed in
a thermostated water bath.. First, 1.0g starch grafted
by methyl acrylate (SMA) and 25ml acetone were
added into the flask stirring for 30min at 25-50℃ to
dissolve S-MA. Second, 15ml ethylene diamine was
poured into the falsk. The flask content was kept in a
thermostated water bath at the chosen temperature
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(40-70 ℃ ). After the desired time (8-16h), the
reaction was terminated [12-13]. Then the reaction
product was drying in a vacuum oven at 50℃. The
synthesis of the chelating starch may be briefly
expressed as follows:
CH2 CH2COOCH3
Starch O CH2 CH2COOCH3
NH2 CH2 CH2 NH2

FIGURE 1. IR Spectrum: (1) chelating starch, (2), starch (3) starch

Charactrization
The chelating starch was characterized by the
grafting percentage and IR spectra. The grafting
percentage was obtained by determining the nitrogen
content. The IR spetra were obtained with Bruker
TONSER-37 Spectrophotometer. KBr pellets were
prepared for the measurements of pure coin starch,
SMA and SMAEN.
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grafted by methyl acrylate

N C O (695 cm-1). The new peaks in Fig.1(3) can
O

be assigned as follow: γ C (1735 cm-1), γ
O
O
CO (1570 cm-1), γ CO (1446 cm-1), γ
C-O(1242 cm-1), γ C-OH(1166 cm-1), γ
C-O-C(1104 cm-1)
(Where: γ , stretching vibration, δ , bending
vibration,δω, twisting bending viabration)
FIGURE 2. Variation of the adsorption capacity (Q,mmol/g) at
3.5
3.0
2.5

The extent of amination was traced by determined
the nitrogen content (N%) by using the
micro-Kjeldahl method. The degree of substitution
(D.S.) was determined from the nitrogen content
according to the following equation [19]:

D.S. =

1644
1570

Metal absorption and Procedure for quantitative
analysis
The Cu2+ ion solution was prepared by dissolving
analytical pure grade chemical. Chelating starch
(0.03g) was put into a beaker containing 30ml of
Cu2+ ion solution (0.0085mol/l). The pH was
adjusted using H2SO4 (1mol/l). The mixture was
stirred at the room temperature at the chosen time.
The concentration of cupric ion was calculateded
by determining the concentration of the metal ion
before and after treatment with the chelating starch
by oxidation-reduction titration using sodium
thiosulfate pentahydrate [14]. The amount of metal
ions adsorbed (Q, mmol/g) was obtained as follows
[15-18]:
Q=V (C0-C)/ m
Where: C0 and C are concentrations (mol/L) of the
initial and filtrated solution, respectively; V is the
volume of solution (L); and m is the weight of the
chelating starch (g).

(3)

1735

O

3300

Where: Starch-OH = HO

(2)

3308

O

1663

(1)

3347

CH2OH

1166
1104

O
Starch O CH2 CH2 C NH2 CH2CH2NH2

Transmittance(%)

Starch O CH2 CH2COOCH3

Q(mmol/g)

Starch OH

by observing the difference between the IR spectra of
coin starch, the grafted starch and the chelating
starch. The FT-IR spectrum of the chelating starch
was showed in Figure1. According to the reference
spectra[20], the new peaks in Figure 1(1) can be
assigned as follow:γ-NH- andγ-NH2 (3308cm-1),
δ ω -NH2 and cingulum Ⅰ of RCONHR (1663
cm-1), cingulum Ⅱof RCONHR (1596cm-1), δ

2.0
1.5
1.0
0.5
0.0

1

2

3
pH

different pH of the Cu2+ ions solution

RESULTS AND DISCUSSION
Structure of the chelating starch
The existence of the chelating group was conformed
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FIGURE 3. Variation of the adsorption capacity (Q,mmol/g)
in different stirring time (h)

Letters such as γ,δ represent the vibration types
of the functional agent. Compared with the FT-IR
spectrum of the pure starch, it is evident that the
material has been successfully functionalized.
Effect of pH on the Enrichment Recovery
Following the analytical procedure, Cu2+ ions
solutions (0.0080mol/l) of pH 1 to 5 were enriched
by 0.03g chelating starch in 120min and then
analyzed. The result in Fig.2 show that the amount of
metal ions adsorbed increases with the increasing pH.
When the pH was above 3, it showed good
adsorption capacity.
Effect of time on the Enrichment Recovery
At pH=3.0, 0.03g chelating starch was poured into a
beaker containing 30ml Cu2+ ions solution stirring at
different time and then analyzed. The result in Figure
3 show that the amount of metal ions adsorbed
reached the maximal capacity when the stirring time
was one hour.
CONCLUSION
The chelating starch can be synthesized readily and
conveniently, it presents good adsorption capacity. It
proved to be efficient and feasible for enrichment
determination of Cu2+ ions at far-ranging pH. The
maximal capacity was reached 3.19mmol/g in one
hour at pH=3.
NOMENCLATURE
N% the nitrogen content；
D.S. degree of substitution ；
Q
the amount of metal ions adsorbed, mmol/g；
V
the volume of solution, L；
the concentration of the initial solution, mol/L；
C0
C
the concentration of the filtrated solution
concentration, mol/L
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ABSTRACT
A kind of bacilli (Bacillus X) were isolated from the waste water of PET processing plants and was
domesticated with terephthalic acid(TA) making it more efficient to biodegrade phenyl. Experiments found
out the best culture condition and temperature for bacilli X. Bacilli X were used to modify PET fabrics under
the best culture condition and temperature. The experiment results showed that after modification, the
strength of the fabrics declined at a certain extent; but its hydrophile, antistatic property, dyeing and
anti-pilling property was improved incoordinately. In one word, biomodification may serve as a new
effective approach for the modification of PET fabrics in the near future, endowing PET fabrics more
wearing comfort.
Keywords: Biomodification； Bacilli； Domestication；PET；TA
1 INTRODUCTION
As a kind of popular wearing fabrics, PET owns many
good features, but its poor permeability, water
absorption, dyeing, antistatic property and anti-pilling
property, denies it one kind of ideal wearing fabrics[1].
In order to overcome the shortcomings of PET fiber,
scientists have tried different approaches to modify it.
Among these ways, biomodification is quite potential
because it’s both friendly to environment and easy to
industrialize. So in this paper, the biomodification of
PET fabrics by a kind of bacilli was studied[2].
During the experiments, effective bacilli were isolated
from waste water firstly. In order to find out suitable
living conditions for bacilli, a series of experiments
were also carried out. Finally, the bacilli were used to
modify PET fabrics under it’s suitable living
conditions, and several days later, several important
properties of the fabrics were tested to examine the
effect of biomodification.

2.3
2.4 The composition of the culture medium

2

2.4

MATERIALS AND INSTRUMENTS

2.1 Main materials
Bacillus X: isolated from waste water of the chemical
fiber plant;
All kinds of chemicals are analytical reagent;
The dyes are commercial pure;
PET fabrics: bought from Shanghai Standard Office.
2.2 Main instruments
Ultraviolet-visible spectrophotometer UV-4201; Air
bath rotary shaker HZQ-C; Incubator LRH-150B;
Electronic
fiber
strength
tester
PC/YG065;
Electrothermal blast dry boxDGG-101-2; M511
Double head fabric pilling property tester
GB/T4802.1-199; Contact angle tester; Antistatic
testerS-5109; Ahiba Nuance Far infrared vertical
dyeing machine
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Table 1. The composition of the culture medium
Composition
NH4Cl
KH2PO4
Na2HPO4
NaCl
MgSO4·7H2O
CuSO4·5H2O
H3BO3
FeCI3·6H2O
MnSO4·5H2O
ZnCl2
(NH4)6Mo7O24·7H2O
TA

Concentration
1.0g/L
3.0g/L
7.0g/L
0.5g/L
0.25g/L
0.4µg/L
0.5µg/L
0.2µg/L
0.4µg/L
0.4µg/L
0.2µg/L
800mg/L

Experiment and testing methods

2.4.1 Sterilization
Dry heat sterilization for dry glassware and moist
heat sterilization for the culture medium.
2.4.2 The protraction of the standard curve
In order to examine whether TA in the culture
medium has been biodegraded by bacilli X, the
concentration of TA that remains in the culture
medium after biodegradation should be tested.
Ultraviolet-visible
spectrophotometer
is
of
important use. The phenyl of TA can absorb
ultraviolet ray, especially the wavelength of 240nm
and the absorbency varies with the concentration of
TA in the medium. The relationship between the
absorbency and the concentration of TA is showed
in Figure 1.
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Figure 1. The relationship between the absorbency and the
concentration of TA

In Figure1the fitting linear equation is：
Y=0.08342+0.07584 ·X
(1)
X refers to concentration of TA，Y refers to ultraviolet
absorbance，fitting degree： R＝0.99986
X=(Y-0.08342)/0.07584
(2)
According to Eq. (2)，the concentration of TA that
remains in the medium can be worked out on the basis
of its absorbency.
2.4.3 The domestication of bacilli X
First, prepare the medium according to the Table 1.
Then sterilize according to 2.4.1. After sterilizing,
inoculate bacilli X under aseptic condition and start to
culture. Take out proper culture medium to test its
ultraviolet absorbance every 4 hours. Calculate the rest
concentration of TA according to the ultraviolet
absorbance and Eq. (2).
2.4.4 The modification of the PET fabrics
First, prepare the medium according to the Table 1,
adding proper TA and PET fabrics. Culture after
inoculation.
2.5 Test methods
All tests were carried out according to corresponding
standards: ZBW4008－89, GB/T4802.
3. RESULTS AND ANALYSIS
3.1 The domestication of Bacilli X
In order to find out the best living condition of Bacillus
X and its capability of biodegradation, experiments
were carried out at different temperature. Considering
the environment temperature and the concentration of
TA in the waste water where the bacilli came from,
experiment temperature ranges from 30℃ to 40℃ and
the concentration of TA is 800mg/L.
The biodegradation speed of TA at 30℃, 35℃, 37℃
and 40℃ was shown in Figure 2.
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Figure 2. The biodegradation of TA at different
temperature
Figure 2 showed that the concentration of
remaining TA descended with the time of
biodegradation incoordinately at 30℃, 35℃, 37℃,
indicating that bacilli X could biodegrade TA at
these temperatures by decomposing the phenyl. But
concentration of rest TA remained changeless at
40℃ indicating bacilli X lost that capability at
40℃ because bacteria is sensitive to temperature
and 40℃ is too high for them to survive perfectly
and the enzymes they secreted deactivated, so they
couldn’t catalysis in the reaction of TA.
Comparison on the curves in Figure 2, it can be
found that the biodegradation speed of TA is much
faster at 37℃ than the other three conditions. Large
quantity of TA can be biodegraded in 16 hours
indicating that 37℃ is suitable for bacilli X to
survive and the enzymes they secreted have the
maximum activity at 37℃. So bacilli X would be
used to modify PET fabrics at 37℃.
3.2 The modification effect on PET fabrics
Since Bacillus X was powerful to biodegrade TA
by decomposing its phenyl, they must be capable to
modify PET fabrics for phenyl is an important
component of PET molecules[3]. There were
several reports about the approaches of
microorganism biodegrade TA. Microorganism can
excrete many kinds of enzymes, and each of the
enzymes has different function. The enzymes can
also cooperate with each other biodegrading the
organics gradually until they are decomposed into
CO2 and H2O[4]. So there must be some changes
on the property of PET fabrics after modification
and the changes must be detected.
3.2.1 The modification of hydrophilicity of
PET fabrics
The hydrophilicity of fabrics can be described by
two factors capillary effect and contact angle. They
were listed in Table 2. The results indicated the
capillary effect increased with modifying time
gradually, and the contact angle with water
decreased. The two effects communicated the same

Table 2. The capillary effect of PET fabrics
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*Remark:
Sample 0: Fabrics that were not modified.
Samples 1~5: Fabrics that were modified for 1~5
days by Bacillus X.
3.2.2 The modification of antistatic property of
the fabrics
Static electricity is one of the worst problems of PET
fabrics. The fabrics can carry a lot of static electricity
especially in dry weather, forming high pressure
making the fabrics tie to people’s skin when they are
wore and sometimes causing serious accidents. So the
solving of the static electricity problem will improve
the property of the fabrics largely and the experiment
results were listed in Table 3. The results showed that
the half life of the static electricity decreased with the
modifying time sharply, indicating that the charges
accumulated on the fabrics would be conducted more
quickly. That’s mainly because of the improvement of
the hydrophilicity. The more vapor the fabrics absorb
from the environment the faster they conduct the
electricity for the vapor can help with the conducting.
Table 3. The antistatic property of the fabrics
Sample
0
1
2
3
4
5

70

Half life of static electricity/s
139.8
120.1
100.2
78.5
59.6
36.0

*Remark:
Sample 0: Fabrics that were not modified.
Samples 1~5: Fabrics that were modified for 1~5
days by Bacillus X.
3.2.3 The dyeing property of the fabrics
The fabrics were dyed with two kinds of dyes
separately to identify their dyeing property. The results
with disperse dye and cationic dye, were described in
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Figure 3. The dyeing results with disperse dye
Figure 3 showed that the dyeing property of the
modified fabrics ware improved slightly and that
may be caused by the modification which
biodegraded the phenyl and loose the fiber slightly
giving the dye more space to get into the interior of
the fiber.
Quantity of dyeing /mg/g(fabrics)

Sample
Capillary
effect
/cm
Contact
angle

Figure 3 and Figure 4 separately.

Rate of dyeing /%

thing that the hydrophilicity of fabrics increased which
may be caused by the decomposing of the phenyl and
the induced hydrophilic groups such as hydroxides,
carboxyl and so on[5]. The improvement of the
hydrophilicity would do much good to the property of
the fabrics, for example the ventilation and the
antistatic property of the fabrics would improve
offering much comfort for the wearers.

0.006

0.005

0.004

0.003

0.002

0.001

0.000
0

1

2

3

4

5

6

Time/day

Figure. 4 The dyeing results with cationic dye
Figure 4 showed that the modified PET fabrics can
be dyed by cationic dye slightly. That’s a good
news for coloration researchers because in
traditional views, the PET fabrics can only be dyed
with disperse dye at high temperature and in
rigorous condition costing a lot of energy[6], but
the modified PET fabrics can be dyed with cationic
dye at about 85℃, which is much lower than
dyeing with disperse dye and it can save some
energy. Although the modification effect of the
dyeing property was faint, it pointed out a new
approach for the scientists.
3.2.4 The anti-pilling property of the fabrics
Pilling is another worst problem of PET fabrics
which influences the aesthetic feeling of the fabrics
largely. Pilling is caused by the ruptured fiber
which accumulates on the surface of the fabrics and
twists together[7]. Biomodification can solve the
pilling problem of PET fabrics and the results were
showed in Figure 5 and Figure 6. The two figures
bellow showed that anti-pilling property of the

fabrics increased with the modification time sharply.
According to Standard Swatches which were offered
by the Standard Office, the anti-pilling property of the
fabrics in Figure 5 and Figure 6 were judged as
different levels: 3 and 5. Figure 6 showed that the
fabrics which were modified for 4 days were perfect in
anti-pilling property. That’s because the enzymes can
wipe off the fluff on the surface of the fabrics which is
quite easy to twist together forming pilings.

Figure 5. The pilling condition of PET fabrics that
were not modified

Figure 6. The pilling condition of PET fabrics that
were modified for 4 days
3.2.5 The strength of the fabrics
It can be concluded that biomidification can improve
many properties of the fabrics, but an ideal
modification need to be one that causes little strength
loss to the fabrics[8]. So experiments were carried out
to examine the strength loss of the fabrics during the
biomodification. The results were listed in Table 4.
Table 4 showed that there was little strength loss in the
fabrics. The fabrics that were modified for 5 days
remained the rupture strength of 312.3N and suffered
the strength loss of 8.5% which is much less than the
strength loss of chemical modification. The tests
proved that biomodification by bacilli X was practical.
Table 4. The strength of the fabrics
Sample

Rupture
strength/N

Percentage of
strength loss/%

0
1
2
3
4
5

341.2
338.5
330.6
322.8
316.4
312.3

0
0.8
3.1
5.4
7.3
8.5

*Remark:
Sample 0: Fabrics that were not modified.
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Samples 1~5: Fabrics that were modified for 1~5
days by Bacillus X.
4 CONCLUSION
In this paper, a kind of bacilli (Bacillus X) were
isolated from the waste water which came from
PET processing plant. Experiments proved that
they could decompose the phenyl of TA because
the environment they lived in was rich in TA and
they had been accustomed to the environment.
The suitable culture temperature for Bacilli X was
37℃, under which the enzymes they excreted was
of most activity and the biodegradation was most
efficient. So the biomodification of PET fabrics
was also carried out under the condition mentioned
above.
Bacilli X was used to modify PET fabrics. Five
important properties of the fabrics were changed: the
hydrophility of the fabrics was improved and that
was good for the ventilation of the fabrics; the
antistatic property was modified making the fabrics
more comfortable and safer to wear; the dyeing
property was also modified faintly and modified
fabrics can be dyed with cationic dye slightly; the
anti-pilling property of the fabrics was improved
evidently and fabrics modified for 4 days can achieve
perfect anti-pilling property, which is helpful to the
aesthetic feeling of the fabrics; although the
improvements of the properties mentioned above, the
strength of the fabrics didn’t lose seriously and the
strength loss was much less than chemical
modification, proving that biomodification on PET
fabrics with bacilli X was practical.
Biomodification on PET fabrics is under research in
worldwide scale remaining much work to do. More
effective microorganisms may be found to modify
PET fabrics achieving much more good property.
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Study on the Stripping of Dyes on Dyed Cashmere
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ABSTRACT
Dyes being stripped from dyed Cashmere is very important and necessary to production. That will be used in
many ways. For example, dyeing defects of mid-products, dyed wastes, distinguishing dyed fibers, colour
exchanged, etc,all need dyes being stripped. In this paper, the performance about stripping agents and the
normally used dyes for cashmere are studied deeply. Correct stripping technology is made by a lot of
experiments, that is ideal stripping whiteness and less strengh damage. Meanwhile, this paper gives the
problems in dyed cashmere stripping processing and the respect of it.
Keywords: cashmere; stripping agent; dyes; fiber strength
Ca(HSO2. CH2O)2 is much stronger, and the effect
to peeling off color with SnCl2.2H2O is more lower
than thiourea dioxide. The water-solution of
Ca(HSO2.CH2O)2 and SnCl2.2H2O is not ideal at
50-60 ℃. So in this experiment, thiourea dioxide is
eventually choosen.
Compared with sodium hydrosulfite, thiourea
dioxide has a higher reduction potential, and lower
declineing speed of reduction potential.It acts on
cashmere fibre evenly and softly, and it is suitable
to deal with the cashmere fibers for longer time, in
water bath 50-70 ℃

1 STRIPPING EXPERIMENTS
1.1 Cashmere dyeing
1.1.1 Dyeing with weak acid dyes [2]
Polar dyes yellow GN 1.5%(owf), sodium sulfate
2% , acetic acid 2.5% , bath ratio 1:40
Sandlan dyes Red,MF-2BL 1.5% , sodium sulfate
2%, acetic acid 2.5% , bath ratio 1:40
Sandlan dyes Blue ,MF-GL 1.5%, sodium sulfate
2% , acetic acid 2.5% ,bath r ratio 1:40
1.1.2 Dyeing with reactive dyes [3]
Reactive dyes lanasol red 1.5%, ammonium sulfate
4%, acetic acid 1.5%, Albega1B1%
Reactive dyes lanasol grey 1.5%, ammonium
sulfate 4%, acetic acid 1.5%, Albega1B1%
Reactive dyes lanasol blue 1.5%, ammonium
sulfate 4%, acetic acid 1.5%, Albega1B1%
1.1.3 Dyeing with mordant dyes [3]
Mordant dyes red BN 1.5%, acetic acid 2%, sodium
sulfate 15%, mordant hongfanna2%
Mordant dyes black A1.5%, acetic acid 2%, Sodium
Sulfate 15%, mordant hongfanna2%

1.3 Experiment on stripping
1.3.1 Stripping weak acid dyes Sandlan,
Red,MF-2BL from dyed cashmere
Bath ratio 1:40 ,stripping technology designed as
follows:
A group: thiourea（20-35%）+ urea 3% + lyogen
MF2%,acetic acid pH=5, 50-70°C
B group: thiourea（20-35%）+ urea 3% + lyogen
MF2%+ sodium hydrosulfite 3% ,
soda ash pH=8, 50-70°C
C group: thiourea（20-35%）+ urea 3% + lyogen
MF2%, acetic acid pH=5,
50-70°C; next process with sodium hydrosulfite 5%,
20min, 50℃
D group: thiourea（20-35%）+ urea 3%, acetic acid
pH=5, 50-70°C
Experiments show that B group’s whiteness is the
best and sample goes white thoroughly in 30min for
most dyes, whiteness value is 65.8 (original
cashmere ‘s whiteness value 66.3 ).

1.2 Stripping agent selection
Dyes being stripped from dyed cashmere in
chemical way is that colour structure system is
damaged by reductant, or oxidant agent[2]. Because
oxidant agent injures more on strength of
cashmere[1] [4], so this experiment doesn’t select it.
Ca(HSO2.CH2O)2[4][7], SnCl2.2H2O (chemical
pure)[3] and thiourea dioxide (CH4N2O2S) [2] are
used in this experiment and these three stripping
agents have reductive properties.
Taking into account the re-using complexity about
the stripped cashmere, main problem is strength
damage , this experiment takes low temperature and
weak acid or weak base condition in order to
minimize the damage on fiber. Experiments show
that the reductive properties and the destruction of
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Whiteness value

dyed cashmere
Stripping conditions is thiourea（20-35%）+ urea 3%
+ lyogen MF2%+ sodium hydrosulfite (3%),
pH=8 ,60°C,30min, and you can find only small
amount of dyes stripped off . With ORINTEX
colour measurement instrument, K/S depth value is
1.986 after dyeing and 1.512 after stripping.
Stripping on anthraquinone structure dyes
Sandlan,Blue,MF-GL looks very difficult. So
parameters as pH value and temperature are
changed . When pH=2, 80°C,50min, ORINTEX
shows K/S depth value 0.566, still appearing
obvious colour(slightly blue light, yellow tone).
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0
0
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60

Thiourea content(%)

80
60

Depth value(K/S)

Whiteness value

FIGURE 1. The influence of thiourea’s amount on whiteness
(Urea 3% ,lyogen MF2%, sodium hydrosulfite 3%, pH=8,
60℃,30min)
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FIGURE 2. The influence of temperature on whiteness (thiourea
20%, urea 3%, lyogen MF2% sodium hydrosulfite 3%, pH=8,
30min)

FIGURE 5. The influence of pH on K/S (thiourea 20%, urea 3%,
lyogen MF2% sodium hydrosulfite 3%, 80℃, 30min)
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FIGURE 3. The influence of pH on whiteness (thiourea 20%,
urea 3%, lyogen MF2%, hydrosulfite 3%, 60℃, 30min )
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FIGURE 6. The influence of temperature on K/S (thiourea 20%,
urea 3%, lyogen MF2% sodium hydrosulfite 3%, pH=8, 30min)

80

Experiment shows that anthraquinone dyes shoule
be stripped in strong acid condition but azo dyes in
soda condition.
Experiment shows that stripping anthraquinone
weak acid dyes thoroughly with reductant is
completely unpossible.
1.3.4 Stripping active azo dyes Lanasol
Red,CF-B from dyed cashmere
Using B group,bath ratio 1:40, 60℃, 30
min,stripping whiteness value is 46.3.
Delaying is not effective; so temperature will be
improved 10℃, and only 10 minutes delay,
whiteness value reaches 61.0.
Obviously temperature factor is very important for
active azo dyes Lanasol Red .
1.3.5 Stripping active azo dyes Lanasol
Grey,CF-A from dyed cashmere
Using B group,only in 30 minutes ,stample changes
to white .It’s very easy.It is finded that whiteness is
the best in pH = 8.
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FIGURE 4. The influence of time on whiteness (thiourea 20%,
urea 3%, lyogen MF2% sodium sodium hydrosulfite 3%, pH=8,
60℃)

Experiments show azo dyes is suitable to be
stripped at base bath.
1.3.2 Stripping weak acid dyes polar GN from
dyed cashmere
This dyes has doule-N=N- structure. Using B
group,whiteness value is 58.7,appearing slightly
yellow tone;if making pH to 9,whiteness value is
65.6,appearing bleaching white.
1.3.3 Stripping weak acid anthraquinone
structure dyes Lanasol Blue ,CF-A deys from
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1.3.6 Stripping anthraquinone structure dyes
Lanasol Blue ,CF-A from dyed cashmere
Using B, Stripping anthraquinone structure dyes
Lanasol Blue (stone blue colour) from dyed
cashmere is very difficult. It is finded the colour
will change into a deep yellow.Even if temperature
goes up to 80℃,colour is still not white .
Analyzing the reasons for this: the activity
anthraquinone structure blue dyes is hard to be
damaged by reducer[9], but the anthraquinone loop
or the assistant colour basis can be opened or
removed , so there is a change in colour.

the former gains lower uptake and slightly pale. It is
maybe that remains reducer goes on resolving dyes .
Therefore,re-treatment after color stripping must be
carried out .This will be an indepth study in future.
TABLE II. The strengh contrast of re-dyed fiber
Dyes

Weak acid
red
Active red
Mordant red

1.3.7 Stripping Mordant dyes red BN from dyed
cashmere
Using B group,only in 20min,colour changes to
white and whiteness value reaches 66.36(higher
than white cashmere),appearing bleaching white.

TABLE I. Performance contrast of re-dyed fiber
Depth for
Stripped and
re-dyed
(in eyes)
slightly pale

89.6

82.2

slightly pale

Mordant red

97.4

94.5

slightly pale

4.89
5.32

4.63
5.04

CONCLUSION
1. Thiourea is an ideal stripping agent for dyed
cashmere . In order to lower fiber strength loss and
make thiourea dioxide exert a great reducible ability,
treatment selects low-temperature ,weak alkali and
a small amount of sodium hydrosulfite .
2. Compared colour stripped cashmere re-dyed with
original cashmere dyed ,conclusion is that the
former gains lower uptake and slightly pale.
3. This experiment also proved that C group
programs had a very good effect on a certain dyes,
and significantly lowers fiber strength damage.
4. It is not clear that stripping anthraquinone
structure dyes from fiber is very difficult. But it is
finded this type of dyes is sensitive to
temperature ,oxygen and pH[5].
5. Stripping dyes from dyed cashmere is changeable.
Pioneer experiment must be done.For different
structure dyes, there is different parameters. Dyes’
stripping difficulty from easy to hard generally is
weak acid dyes ﹥ mordant dyes ﹥ reactivedyes;
azo structure (red ,yellow,grey phase) ﹥
anthraquinone structure (blue phase).

3 STRENGTH MEASURE FOR COLOR
STRIPPED CASHMERE RE-DYED
For less strength , colour stripped cashmere re-dyed
should be dyed under low temerature 85℃(add
low-temperature agent WDS2%) ,equally dyes on
fiber and bright light achieved.

Active red

5.02

The strength loss after color stripping is about 6.6%
and re-dyied cashmere is about 11.2%. Experiment
aslo proves that cashmere in different local, the
value loss is different. The strength loss for
cashmere from Viction Cashmere Group, after
stripping and re-dyed, was only 4.79%.

2 TEST RESULTS
Stripping dyed cashmere with thiourea dioxide, idea
results can be gained for most dyes, that is better
whiteness, luser bright, good hand feel,less decline
in strength, except anthraquinone structure dyes
Blue and mordant dyes Black.

Dye aptake Dye aptake
for original
for
Stripped
（%）
（%）
Weak acid red
78.8
73.4

5.44

Strenth
for
stripped
and re-dyed fiber
（cN）
4.83

NOTE: B group program in use

1.3.8 Stripping Mordant dyes Black A from dyed
cashmere
Using B group, ORINTEX shows K/S depth value
is 2.522 after dyeing and 1.76 after stripping,only a
small amount of dyes is peeled off in
eyes(appearing deep gray). Even if temperature
goes up to 80℃, depth value K/S is 1.071 ,colour is
still not white .

Dyes

Strenth for Strenth for
original（cN）stripped fiber
（cN）
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Compared dyeing colour between stripped
cashmere and original cashmere, conclusion is that
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Abstract
The cashmere products’ discharge printing technics is complicated because of its fiber specificity. The key
technology is the selection of paste and discharge agent and such problems alike. In the print process, paste
plays a role as carrier and dispersion medium of dye and accessory ingredient. Discharge printing requires better
performance than routine direct printing.
In this paper, we compare the performance of paste to screen out the suitable one for cashmere.
Discharging agent usually used in removing the background color. We choose stannous chloride, Zinc
formaldehyde sulfoxylate, rongalite, RongalitH, Thiourea Dioxide, RongalitC and compound BR-1 in the
experiments, then the white discharge level, printed definition and discharge printing agent stability was
compared. GAs the results show, as the paste A-9 used in cashmere discharge printing, compound BR-1
and RongalitC both can be used, but BR-1 has a high cost and dissolve difficultly. However, RongalitC is
economically affordable.
Keywords :Cashmere；Discharge Printing；Paste；Discharge Printing Agents
INTRODUCTION
The discharge printing which is realized through
destroy the background color by discharging agent, is
more varied than direct printing. The direct printing
can only print deeper pattern on lighter or white color
fabric with a lot of problem such as floating white fur,
difficult control of penetrability and spreadability.
However, the discharge printing can print compound
color especially print lighter pattern on deeper
background. The products have full background, fine
tracery, particular welcomed by the consumer.
As a high performance, special style and well
wearability products, the cashmere products have
been fond of by people. The working course should
been strict controlled in order to ensure the style and
handle of the cashmere. The discharge agent nature
and paste performance are the main factors can effect
the product quality. The paste nature not only crucial
to the pattern outline and definition but also
synthesized response of net penetration, rheology
behavior and adopt water-based[1].
The common discharge agents include stannous
chloride, Zinc formaldehyde sulfoxylate, rongalite,
RongalitH, RODIX, Thiourea Dioxide and so on。
They are all reducing agent used in cotton, chemical
fiber, silk fabric discharge printing. If these agents
were used in cashmere discharge printing , much
problems could arises. For example cashmere could
been decomposed when meet power reducing agent,
so major discharge agents got a good effect only used
in alkalescency condition. The cashmere is not
alkali-resisting and common dye need work in acidic
condition. All above show that research on cashmere
discharge printing agent and paste has big meaning.

1 Paste selection
The rheology behavior, pH, adopt water-based,
compatibility with discharge agent of PS- 14 、A-9、
S- 240 mv 、CTD 203was measured respectively.
1.1Paste rheology behavior
The viscosity and PVI of pastes above-mentioned
were showed in the TableⅠ.
TableⅠ The viscosity and PVI of pastes
paste

concentration%

PS- 14
A-9
S- 240
mv
CTD
203

viscosity /Ｐa.s

PVI

6r/min

60r/min

13
9

4.1
6.6

2．3
3．3

0.561
0.500

8

3.2

2．2

0.688

7

3．4

1.4

0.412

Read from the tableⅠ, the PVI between 0.1-1 mean
these pastes belong to pseudo plasticity fluid.
Cashmere discharge print usually through flat bed, so
the PVI is just adaptive.
1.2 Compatibility of paste and discharge agent
The paste viscosity varied when discharge agent
were added. Numerous experiments indicated that if
the change rate <30%, we can say the compatibility
is good [2].
In this study we choose Thiourea dioxide, RongalitC,
Stannous chloride, compounded BR-1 blended with
PS-14, A-9, S- 240 mv, CTD 203 respectively. Then
we measured the viscosity of that time and 24h later
in 30r/min. The paste variance ratio of viscosity was
calculating in the table Ⅱ.
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TableⅡ

The paste variance ratio of viscosity when blend with
different discharge

2 Performance analysis of color paste

variance ratio of viscosity（%）
Past
e

concentrati
on %

Thiour
ea
dioxid
e

13

PS14
A-9
S-24
0
mv
CT
D
203

Rongali
tC

Stanno
us
chlorid
e

compound
ed BR-1

- 3.39

- 8.42

- 6.01

- 2.56

9

+3.43

- 2.64

+5.42

1.02

8

- 13.95

+25.08

+29.11

+2.36

7

0.09

+7.14

+24.45

+22.15

2.1 Color paste hydrophile
Water molecule in the color paste exists in three
forms: paste intermolecular combine into bound
water through hydrogen bond; Cohesion water
amplexus in the paste complexation neywork; free
water that cause imbibition.
The better hydrophile of pastes, the less dissociative
water would be had, and then during the printing the
fabric hardly to be pervaded. So, a clear pattern can
be obtained [4]. The results of slurry hydrophile on
paste A-9 with different concentration, as shown in
Figrure 2.

We can see the variance ratio of viscosity all less
than 30%,so the compatibility of four pastes with
four discharge agents is good.the variance of
viscosity mainly because of destroy of laminated
structure, water molecule dissociation and
agglutination.
1.3 paste pH and hydrophile
The follow table displays the paste pH and adopt
water-based of PS-14, A-9, S-240 mv, CTD203.

0.50
0.45

water adoption(cm)

0.40
0.35
0.30
0.25
0.20
0.15
0.10
50

Table Ⅲ the paste pH and adopt water-based
Paste

concentration %

pH

7
13
9
8

12
6
8
6

CTD203
PS-14
A-9
S-240mv

4

bending length/cm

From figure 2, we can see that with the increase of
paste ratio in slurry, the water adoption appeared
better. The fabric easily appeared many defects such
as pervasion, cloud line spot, colored spot etc. after
deposition, steaming and so on. While paste has
better hydrophile can prevent these phenomena
happen efficiently, so we must choose the slurry with
good hydrophile.
2.2 viscidity of structure (n) and printing (PVI) on
slurry
There is a important effect of paste concentration on
slurry viscidity. The slurry viscidity of structure and
printing on paste A-9 with different concentration, as
shown in tableⅣand figure 3.

Table Ⅳ The slurry viscidity of structure and printing on paste
A-9 with different concentration
concentration
（%）

3.89

3.8

3.8

A-9

viscosity index
PVI

3.6

3.6
3.5
3.4
8

9

50

55

60

65

0.766

0.723

0.611

0.582

1.131

1.164

1.272

1.307

S-240MV

3.7

3.7

65

Figure 2. The effect of hydrophile on paste ratio of slurry.

adopt water-based
cm·(30min)-1
0.2
0.3
0.1
0.2

3.97
3.89

60

paste ratio(%)

Drawn from table Ⅲ , all the four pastes adopt
water-based within 0.3cm, and pH of CTD203 is too
high for paste, PS-14 rate into a paste is too low to be
a right paste. A-9、S-240 mv is just appropriate.
In order make further comparison of paste
performance, A-9, S-240mv was put up into printing
paste respectively. The bending resistance length of
specimen discharge printing once was test through
stiffness electronics instrument. The longer bending
resistance length means the worse fabric softness,
and stiffness is another important index to measure
the products quality. The results are listing below:

3.9

55

n

10

paste concertration%

Figure 1 relation between bending length and paste concentration

As showed in the Figure 1, the specimen printing
used the printing paste make up with A-9 has better
softness. So the A-9 is our selection in this paper.
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1.30
1.25

n

1.20

1.15
1.10
1.05
1.00
0.5

0.6

0.7

0.8

Figure 3. The viscidity relation between printing and structure

From tableⅣ, we can see that with the increase of
paste ratio in slurry, the structure viscidity was also
increase, while the printing viscidity was decrease.
These phenomena caused by the increase of slurry
concentration, because with the increase of slurry, the
contact between macromolecular in slurry improve
and easily to be form more hydrogen, and then the
action between macromolecular also increase, all of
these are useful for structure viscidity.
So, during the manufacture, the percent of pasts must
be chosen according to the different pattern for the
good liquidity and clear figure. Considering FSM-A
servo Flat Screen Printing Machine and cashmere
products, 55-65% paste should be chosen for process
of Flat Screen Printing and better thixotropy [6].
3 Discharging printing agent choice
3.1 Dye process of Acidic Dyestuff
Dyes 3 %(owf ) , WB Leveling agent1 % (owf ),
SP-2 Penetrant1 % (owf ) (NH4 )2 SO4 2 %(owf),
Sodium Sulfate3 %(owf), Liquor ratio 1：20
3.2 Dye process of Active Dyes
Dyes 3 %(owf ), Leveling agent Albegal B 1%(owf ),
Sodium Sulfate 5%(owf ) 、Acetic Acid Glacial
1%(owf ) Liquor ratio 1：20
3.3 Process of discharging printing
Discharge agent10-14%, pliancy agent JD-1 3%,
stock thickener 55-65%, Acetic acid glacial 1%,
Citric acid 2%, PRINTOLS(Printing Oil) 1%,
Glyceri 2%, Carbamide 3%,
FOAMASTER
340(Defoamer)1% water X
Material: Cashmere Knitting （ yarns :42tex*2 ）
Woolen chashmere scarf (71 tex). Dye: acidic
Duolilan dyestuff. Then, made the sample to be dyed
by ground shade dyes, then printed 15×15 cm
discharging slurry on the sample, finally tested the
degree of the discharging by Orintex color tester after
steaming and washing, finally, compared the
definition of printing and stability of discharging
slurry, the result shown that Langqielie C, BR-1 be
fit for use as the discharging agent on cashmere
because of them better definition and stability.
Besides tin dischloride and thiourea dioxide, there
are Tartaric Acid, Cysteine and other agents in BR-1.
Although BR-1 can be used under the acid condition,
it is more expensive than Langqielie C and worse
dissolution.

CONCLUSION
The quality of pastes used in discharging printing is
more complex than normal printing. The paste must
contain not only the properties of alkali, acid and
discharging agent resistance, but also good liquid,
stabile move and deposite, and good figure keeping.
During the manufacture, the percent of pasts must be
chosen according to the different pattern for the good
liquidity and clear figure. Considering FSM-A servo
Flat Screen Printing Machine and cashmere products,
55-65% paste should be chosen for process of Flat
Screen Printing and better thixotropy . Langqielie C,
BR-1 be fit for use as the discharging agent on
cashmere because of them better definition and
stability.
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ABSTRACT
Anti-fcell® fiber is a newly developed flame retardant viscose fiber, but the flame retardant property of Antifcell® fabrics significantly reduces after weaving, dyeing and finishing. This may result either from improper
fabric structures (fabric weave, fabric density, yarn twist and fabric tightness) or from the hydrolyzation of
flame retardant components due to dyeing and finishing agents (sodium hydroxide, sulfuric acid, dyes,
hydrogen peroxide, and so on). After optimizing all the influenced factors stated above, the LOI values of Antifcell® fabrics could rise up to 32.6, expressing the excellent flame retardant property.
Anti-fcell® fiber is a newly developed flame retardant viscose fiber. During the manufacturing process of Antifcell® fiber, a certain quantity of silicates is added in the viscose solution [1]. Viscose is then extruded through
special orifices into a coagulating bath to form cellulose fibers. The coagulating bath contains sulfuric acid.
These silicates hydrolyze to form silicic acids in the acid coagulating bath. Further, the silicic acids polymerize
polysilicic acid, which is the flame retardant component in Anti-fcell® fiber. The structure of polysilicic acid
contains a lot of chemical combined water. When Anti-fcell® fiber exposures to flame, lots of heat was brought
away by the evaporation of chemical combined water, leading to the temperature of fiber decline. At the same
time, the stable molecular structure of polysilicic acid maintains an insulating barrier against fire and heat,
which does not melt or flow. The influences of flame retardant fabrics on environments have attracted more and
more attentions. Many flame retardant fabrics have the FR property by using the complex chemicals, but they
usually emitted toxic fumes when flaming, such as halogens, sulfur or hydrocyanic acid. The flame retardants of
Anti-fcell® fiber are polysilicic acid, it emits essentially no smoke or toxic fumes when exposures to flame. In
addition, Anti-fcell® fiber has the advantage of cellulose fiber [2]. Previous studies reported the flame retardant
(FR) property of fire-resistant fabrics significantly reduces after weaving, dyeing and finishing[3, 4]. This may
result either from improper fabric structures or from the hydrolyzation of flame retardant components due to
dyeing and finishing agents. The same evidence was founded in Anti-fcell® fiber during our experimental
studies. The influence factors on the FR property of Anti-fcell® fabrics were investigated in detail.
single- and double-layered fabrics were commonly
used in industry. The weaving machine modle
CSW-03 ， was made in tianjin. The Limiting
Oxygen Index (LOI) test was used for evaluating
the flammability of fabrics from different fabric
weave. LOI tests were conducted in accordance
with China Standards GB5454-85. Since there is
not a standard for fibers LOI test, the LOI values of
nonwovens were used to estimate the LOI values
of Anti-fcell® fibers. Each web weighted 2 grams
and was shaped as 12cm × 6cm rectangle. These
webs were tacked 25 punches per square cm, then
pressed by press roll and treated with chemical
reagents. The limiting oxygen index apparatus was
made in China, modelHC-2C.

MATERIALS & METHODS
Anti-fcell® fibers with length 38mm were
provided by Shandong Helon Co.Ltd., China. The
reagents, including sodium hydroxide, soda,
sulfuric acid, acetic acid, hydrogen peroxide (30%),
salt, reducing agent and surfactants, were supplied
by Tianjin Fuchen Co., Ltd., China. The dyes were
from Ciba Specialty Chemicals, Guangzhou, China.
The Anti-fcell® fibers were dipped in dyeing and
finishing agents solutions, respectively, at different
concentrations (liquor ratio1:30), treated certain
time at different temperature following the
handbook of dyeing and printing, and then took out,
washed and dried. The Anti-fcell® fibers were
dyed following the traditional dyeing procedures
[5].

RESULTS & DISCUSSION
Effects of Acid Agents on FR property
Sulfuric acid and Acetic acid are commonly used
in dyeing and finishing process. The FR property
of Anti-fcell® fabrics treated with sulfuric acid at

The Anti-fcell® fibers were woven into single- and
double-layered fabrics with different fabric
densities; yarn numbers and twists, because the

- 1533 -

25℃ for 30min and acetic acid at 60℃ for 20min
were compared in this study (Figure 1, treatment
times and temperatures were determined according
to handbook of dyeing and printing). When the
concentration of sulfuric acid increased from 1g/L
to 8g/L, LOI values of Anti-fcell® fiber decreased
from 35.8 to 29.3. This indicates that sulfuric acid
may weaken the FR property of Anti-fcell® fabrics.
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FIGURE 1. LOI of Anti-fcell® treated by H2SO4 or HAc

The flame retardant composition of Anti-fcell®
fiber, polysilicic acid, is made in sulfuric acid
solution by the hydroxyl-linked reaction as follows
[6]:
H2O
HO

OH

Si
OH

H2O
+

OH2

15

20

25

30

When Anti-fcell® fiber was treated in NaOH
solution at 60℃ for 30min according to the
procedure given by handbook of dyeing and
printing [5], the measured LOI gradually reduced
with the increase of NaOH concentration. This may
result from the hydrolyzation of polysilicic acid. In
the following reaction equation, the material at the
left side is six-coordinated polysilicic acid
molecular and the right side are tetra-coordinate
polysilicic acid moleculars [6]:

H2SO4
HAc
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FIGURE 2. LOI of Anti-fcell® fiber treated by NaOH and
Na2CO3
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where the left side represent six-coordinated silicic
acid moleculars and the right side represents the
polysilicic acid molecular. When Anti-fcell® fiber
was treated by sulfuric acid, plenty of hydrogen
ions may be adsorbed by the polysilicic acid and
the above reaction reversed from right side to left
side. The polysilicic acid was gradually hydrolyzed
[7]. With the reduction of polysilicic acid, the FR
property of Anti-fcell® fiber certainly decreased.
Figure 1 shows that as the concentration of HAc
increased from 5 g/L to 20 g/L, LOI values of Antifcell® fiber rose up from 36.0 to 37.7. HAc
concentration was positively related to the FR
property of Anti-fcell® fiber [8]. Therefore, HAc,
in instead of sulfuric acid, was recommended for
dyeing and finishing process of Anti-fcell® fiber.

OH

_

HO
HO

Si

OH
OH

O
+

_

HO

Si

OH
OH

(2)

In NaOH solution, the above reaction shifted from
left side to right side. The network-like structure of
polysilicic acid was broken into low molecule
silicic acid or silicates, and then dissolved into the
solution. Hence, the effect of the polysilicic acid on
heat repelling property was declined. The influence
of soda on polysilicic acid was much lower than
sodium hydroxide. The LOI value of treated by
5g/L NaOH solution at 60℃ was 27.3, whereas the
LOI value of Anti-fcell® fibers treated by 5g/L
Na2CO3 solution at 100℃ was 32.0 .
Effects of Dyes on FR property
The FR properties of Anti-fcell® fibers dyed with
direct, reactive and vat dyes are shown in Figure 3.
When dye concentration varied from 0.5% to 8%
owf, the LOI values of fibers dyed with direct dyes
at 98℃ decreased from 38.4 to 35.4, while the LOI
values of fibers dyed with reactive dyes at 60℃
dropped from 33.7 to 32.6. The LOI values of
Anti-fcell® fiber dyed with both direct dyes and
reactive dyes were all above 32.6. However, the
LOI values were reduced from 36.3 at 0.5%owf to
24.3 at 6%owf, for Anti-fcell® fibers dyed with vat
dyes at 60℃.

Effects of Alkali Agents on FR property
As shown in Figure 2, the LOI values reduced to
21.6 and 25.3 respectively when both the
concentrations of NaOH and Na2CO3 reached
30g/L. When C( NaOH)≥15g/L, the LOI <26, less
than the minimum limit for FR fabrics.
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fibers were 33.8, 31.5 and 34.8 after the fibers were
treated with the surfactants solusion of AEO-9,
APE and AES respectively at a concentration of
1g/L. Hence, Anionic surfactants (e.g. AES) were
recommended for Anti-fcell® fiber finishing, since
the polysilicic acid was always negatively charged
in water solution, anionic surfactants may reject
them for hydrolyzation.
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FIGURE 3. LOI values of Anti-fcell® fiber dyed.

In the above experiments, neither sodium
hydroxide nor soda was added to the solution of
direct dyes; soda was used when dyeing with
reactive dyes; according to handbook of dyeing and
printing, NaOH was added into the dyeing solution
when vat dyes were applied. We may conclude that
the alkali agent could accelerate hydrolyzation of
the polysilicic acid, which further confirms the
results shown in Figure 2.

30
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FIGURE 4. LOI values of Anti-fcell® fiber treated by Na2SO4,
H2O2 and Na2SO3, respectively.

Effects of Fabric Weave on FR Property
In order to explore the influence of fabric weave on
FR property, the rest structural factors, such as
warp density, weft density, yarn number and twist
of the fabrics, were kept constant. Single- and
double-layered fabrics were made with satin, twill
and plain as shown in Table I.

Effects of Other Agents on FR property
The influences of other agents, including oxidant,
salt, reducing agent and surfactant, on the FR
properties of Anti-fcell® fiber were investigated,
which were evidently insignificant as seen from
Figure 4. In addition, the LOI values of Anti-fcell®
TABLE I. The LOI values of Anti-fcell® with different fabric weave
Fabric

Yarn Number
tex

Yarn Twist
tpm

Warp Density
ends/10cm

Weft Density
picks/10cm

Weave

LOI

Singlelayered
fabrics

22

837

212

200

8/3 satin

27.5

22

837

212

200

2/2 twill

26.5

22

837

212

200

plain

25.0

35

837

424

237

3/1 twill

31.9

35

837

424

237

5/2 satin

31.4

35

837

424

237

plain

31.1

35

837

424

237

2/2 twill

31.0

Doublelayered
fabrics

The LOI values of all double-layered fabrics were
higher than those of single-layered fabrics. The
LOI values of the four double-layered fabrics were
all higher than 31.0, which was much higher than
26. Double-layered fabrics with 3/1 twill exhibited

the highest LOI value 31.9. Compared with singlelayered fabrics, the double-layered structure allows
less air flow passing through the fabric, so as to
transfer less heat between fabric and ambient
environment. Therefore, the double-layered
- 1535 -

structure was recommended for fire-resistance.
Table I shows the LOI value of plain was 25.0, so
the single-layered fabric plain shouldn’t be widely
used in commercial fabrics.

Effects of Fabric Tightness on FR Property
Double-layered fabrics with 3/1 twill and yarn
twist 837 tpm were applied for this experiment.
Figure 6 shows that LOI values rose from 29.1 to
33.1 with the fabric tightness increasing from
91.5% to 115.3%. With the increase of fabric
tightness, the fabric becomes tighter and the
porosity declined. Because tighter structure leads to
less air flow and less heat transfer, so it was of
benefit to fire retardant [9].

Effects of Warp Density on FR Property
From the above experiment, double-layered fabrics
with 3/1 twill was recognized as the most favorite
weave, thus was selected for the following
experiments. Fixing weft density to 230
picks/10cm, yarn number to 35tex and twist to 837
tpm, the LOI values rose from 28.5 to 32.4 when
the warp density increased from 372 ends/10cm to
510 ends/10cm, progressively (Table II).

33
32

II.

The LOI of fabrics with different warp density

Warp density
(ends/10cm)

372

402

484

510

LOI

28.5

31.6

31.9

32.4

LOI

TABLE

31
30
29
90

95

100

105

110

115

Fabric tightness (%)

With the increase of warp density, the yarn
arrangement became tighter and the fabric weight
was increased, leading to the polysilicic acid
contains more in per unit area. Hence, higher
polysilicic acid content per unit area and less heat
transfer surely make better FR property.

FIGURE 6. The relationship between LOI and fabric tightness.

According to the experimental results, doublelayered fabrics with 3/1 twill, warp density 510
ends/10cm, weft density 230picks/10cm, yarn
number 48 tex and yarn twist 837 tpm were used
for dyeing with reactive red (2%owf).The LOI
values of Anti-fcell® fabric before and after dyeing
were 33.1 and 32.6, respectively, showing
excellent FR property.

Effects of Yarn Twist on FR Property
Double-layered fabrics with 3/1 twill, warp density
493 ends /10cm, weft density 205 picks /10cm and
yarn number 35tex were applied for this
experiment. The LOI increases steadily with the
yarn twist (Figure 5). In the micron ambient
environment around a yarn, the polysilicic acid
concentration is comparatively high and the fibers
in the core of high twist yarn are better protected
by the fibers in outer layer than in loosen yarns.
The fibers in high twist yarns were burned
eventually from outer layer to inner core, rather
than all fibers burn simultaneously as in loosen
yarns.

CONCLUSIONS
The influence factors on the FR property of Antifcell® fabrics were investigated in detail. The
experimental results located the major factors
weakening the FR properties of Anti-fcell® fibers
and the optional factors to replace these weakening
factors. This may give an insight for the design of
the process.
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Abstract
In order to improve the dyeability of cotton fabric with anionic dyes, the 2-Hydroxypropyltrimethylammonium
chloride amino-terminated hyperbranched polymer (HBP-HTC) was applied to cotton fabric pretreatment. The
influence factors in pretreatment of cotton fabric with HBP-HTC, which may affect the dyeability of the
HBP-HTC treated cotton fabric, such as the concentration of the HBP-HTC aqueous solution, temperature and
treated time were discussed. As a result, the HBP-HTC treated cotton fabrics prepared under the optimum
conditions displayed the similar or higher colour strength compared with those of the conventional dyeings,
when dyed with direct dyes and reactive dyes in absence of the electrolytes. The washing fastness, rubbing
fastness of the dyed, treated cotton fabrics were also good compared with that obtained by conventional dyeing.
In addition, the HBP-HTC treated cotton fabric can be dyed with acid dyes effectively.
Key word : HBP-HTC; Dyeability; Cotton fabric; Anionic dyes
1. INTRODUCTION

In

Due to the presence of some carboxylic acid groups

2-Hydroxypropyltrimethylammonium

chloride

from oxidation at the primary hydroxylic sites,

amino-terminated

polymer

cotton fabric carries a small negative charge. The

(HBP-HTC)

negative charges on the surface of cotton fabric

amino-terminated hyperbranched polymer and 2,

repel anionic dyes and hence the efficiency of dye

3-Epoxypropyltrimethylammonium chloride

fixation on cotton fabric is generally low [1]. To

grafting agent in aqueous solution [6]. Figure 1 is the

counter this problem, large quantities of salt

Schematic description of the HBP-HTC’s molecule

(30–150 g/L) are used to overcome the static

structure. The aim of the present work is to apply

repulsion between cotton fabric and anionic dyes in

HBP-HTC to cotton fabric pretreatment to improve

order to promote dyeability, but simultaneously

their dyeability for anionic dyes. The optimum

result in heavy environmental pollution [2]. A

conditions to treat cotton fabric with HBP-HTC were

number of studies on cotton dyeing have been

discussed, and colour measurement (K/S values),

carried out to improve the dye uptake and reduce

washing fastness and rubbing fastness of the dyed,

electrolyte usage. Most researchers focus on

treated and original cotton fabrics were tested.

introducing

cationic

ammonium

groups

groups
into

like

cotton

amino
fabrics

or
for

interactions with anionic dyes [3-5].
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N

(5 g/l soap power, 5 min) at 90°C, then rinsed
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NH

NH

OH
NH

NH

NH

O
N

NH
N

N
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O
N

g/l), and 20 g/l sodium carbonate was also added for

O

N

NH

O

manufacturer in the presence of sodium chloride (60

N
OH

O

NH
N

N

NH
N

O

NH

OH

H2N

thoroughly in hot tap water and air-dried.

N

NH
HN

OH

For direct dyes, dyeing of the treated cotton fabric

N

N

was commenced at 25°C, and the bath was heated to

FIGURE 1. Schematic description of the HBP-HTC’s molecule

90°C at a rate of 1.5°C/min. Then the bath was held

structure

at 90°C for 45 min, cooled to 60°C and then
discarded. The dyed fabric was rinsed thoroughly in

2. EXPERIMENTAL

hot tap water and air-dried. Dyeing on the original

2.1. MATERIALS

cotton fabric with direct dyes was carried out in the

HBP-HTC was prepared as described in our recent

presence of sodium chloride (10 g/l) for exhaustion.

[8]

. All chemicals used for the following

The procedure for treated cotton fabric, original

investigations were purchased from Sinopharm

cotton fabric and silk fabric with acid dyes was the

Chemical Reagent Co. Ltd (China) and of analytical

same as that for treated cotton fabric with direct dyes

grade. Woven, bleached, scoured cotton fabric (120 g

(as outlined above) except that the pH of the dye bath

m-2) was obtained from the Huafang Group (China).

in acid dyeing was adjusted to 4-5 with acetic acid

The 9 dyes in this study (Table I) were purchased

prior to adding the fabric.

paper

from Everlight Chemical Industrial Corp. (Taiwai,
China) (Reactive dyes) and Long Yun Tong Co., Ltd.

2.4

(Qingdao, China) (Acid dyes and direct dyes). These

FASTNESS TESTING

dyes were chosen because of their commercial

The colour measurements of the dyed samples were

availability and known Colour Index (C.I.) numbers.

performed under D65 illuminant at 10° observer using

COLOUR

MEASUREMENTS

AND

an Ultrascan XE (HunterLab Co. Ltd, USA)
2.2. PRETREATMENT OF COTTON WITH

spectrophotometer. The K/S values were calculated

HBP-HTC

at the wavelength of maximum absorption (kmax) for

Samples of cotton fabrics were immersed in

each sample.

HBP-HTC aqueous solutions (range from 0 g/l to 20
g/l) for 5-180 min at three different temperatures (20,

Washing fastness tests were performed according to

60, 90), then washed with tap water several times.

AATCC61-2003 (3A) using the SW-12A washing

The treated cotton fabrics were ready for dyeing.

fastness tester (Wuxi Textile Instrument Factory,
China). Rubbing fastness tests were performed

2.3. DYEING PROCEDURES

according to AATCC8-2004 using the LFY-304

All dyeing processes were carried out using a liquor

rubbing fastness tester (Shandong Textile Research

ratio of 30:1 and 2% owf dyes. For reactive dyes,

Institute, China).

salt-free dyeing of the treated cotton fabric was
commenced at 25°C, and kept at this temperature for

3. RESULTS AND DISCUSSION

40 min. Fixation step proceeded 40 min at 60°C and

3.1. THE OPTIMUM CONDITION TO TREAT

20 g/l sodium carbonate was used for dye fixation.

COTTON FABRIC WITH HBP-HTC

Conventional dyeing on the original cotton fabric

In order to choose an optimal condition to treat

followed the procedures recommended by the dye

cotton fabric with HBP-HTC, K/S values of the
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treated cotton fabrics prepared under different
conditions and dyed with 2% C.I. Reactive yellow
176 in salt-free dyeing were tested. Several factors
including the concentration of HBP-HTC aqueous
solution,

temperature

and

treated

time

were

considered.
Table I Effect of the treated temperature on K/S values of the dyed
FIGURE 3. Effect of the treated time on K/S values of the dyed

treated cotton fabrics

treated cotton fabrics
Temperature (℃)

K/S

3.2. DYEING PROPERTIES OF THE HBP-HTC

20

60

90

9.24

8.16

7.71

TREATED COTTON FABRIC
3.2.1 DYEING RESULTS WITH REACTIVE

Figure 2 and figure 3 show the effect of the
concentration of the HBP-HTC aqueous solution and
the treated time on the K/S values of the dyed treated
cotton fabrics. Table I shows the effect of the treated
temperature.

Results

indicated

that

increase

concentration of the HBP-HTC aqueous solution and
prolong the treated time may increase the amount of
HBP-HTC adsorbed to the cotton fabric, and then the
higher K/S value of the dyed treated cotton fabric
was achieved in the subsequent dyeing process.
However, high temperature is unfavorable to the
cotton fabric treated with HBP-HTC. This is
probably because of the adsorption of HBP-HTC on
cotton fabric was an exothermic process. Therefore,
the optimal concentration of the HBP-HTC aqueous
solution to treat cotton fabric is 2 g/l, the treated time
is 30 min and room temperature is needed.

DYES AND DIRECT DYES
The K/S value, washing fastness, and rubbing
fastness of the cotton fabric dyed with reactive and
direct dyes at 2% owf were recorded in Table II. All
the reactive dyes and the direct dyes used in this
study showed similar K/S value on the treated cotton
fabric dyed in salt-free dyeing compared with the
original cotton fabric dyed in conventional dyeing
except for C.I. Direct yellow 27. The good color
yields obtained for cotton fabrics treated with
HBP-HTC without added electrolyte may be due to
the quaternary ammonium groups on HBP-HTC
adsorbed on cotton fabrics and the anionic sites on
the dyes. In addition, the results of the colorfastness
measurement clearly showed that the wash fastness
and rubbing fastness of the cotton fabric were largely
unaffected by the treatment with the HBP-HTC.
3.2.2 DYEING RESULTS WITH ACID DYES
Acid dyes are typically only applied to fibre or fabric
with positive charges, such as wools and silks, in an
acidic bath. The K/S value of the cotton fabric dyed
with acid dyes used in this study indicated that the
original cotton fabric can’t be dyed with acid dyes.
However, the treated cotton fabric can be dyed with
acid dyes effectively. Similar or higher K/S value on

FIGURE 2. Effect of the concentration of HBP-HTC aqueous
solution on K/S values of the dyed treated cotton fabrics

treated cotton fabric was achieved compared with
that obtained of the silk fabric dyed in the same
dyeing conditions (Table III). This is because of the
quaternary

ammonium

adsorbed on cotton fabrics.
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groups

on

HBP-HTC

reactive dyes and direct dyes. The satisfactory
4. CONCLUSIONS

washing fastness and rubbing fastness were also

Under the optimal conditions, the cotton fabrics were

obtained compared with the original cotton fabrics in

pretreated with 2g/l HBP-HTC aqueous solution at

conventional dyeing. The cotton fabrics pretreated

ambient temperature for 30min. Salt-free dyeing of

with HBP-HTC also can be dyed with acid dyes. So

the cotton fabrics pretreated with HBP-HTC showed

HBP-HTC pretreatment may be a possible way to

similar K/S value compared with that obtained of the

improve the dyeability of the cotton fabrics with

original cotton fabrics by conventional dyeing for

anionic dyes.

Table II. The K/S value, washing fastness and rubbing fastness of the dyed cotton fabrics with reactive dyes and direct dyes

Dyestuff

C.I. Reactive yellow 176

C.I. Reactive red 239

C.I. Reactive blue 203

C.I. Direct red 23

C.I. Direct yellow 27

C.I. Direct blue 297

Cotton fabrics

K/S

Untreated

Rubbing fastness

Washing fastness

Dry

Damp

Fading

Staining

8.03

4 ～5

4

4～5

4～5

Treated

9.19

4 ～5

4

4～5

4

Untreated

3.40

4

4

4～ 5

3

Treated

3.37

3～4

3～ 4

4～ 5

2～ 3

Untreated

11.30

4～ 5

3

4～ 5

4

Treated

13.70

4～ 5

2～ 3

4～ 5

3～ 4

Untreated

10.25

3～ 4

3

4

2～ 3

Treated

9.67

3～ 4

3～ 4

3～ 4

2～ 3

Untreated

15.62

4～ 5

2～ 3

1～ 2

1～ 2

Treated

8.70

4～ 5

3

3

2～ 3

Untreated

9.17

4

3～ 4

3

3

Treated

9.68

4

3～ 4

3～ 4

3～ 4

Table III. The K/S value, washing fastness and rubbing fastness of the dyed cotton fabrics and silk fabrics with acid dyes

Dyestuff

C.I. Acid Red 52

C.I. Acid Brown 2

C.I. Acid Violet 48

Fabrics

K/S

Untreated cotton

Rubbing fastness

Washing fastness

Dry

Damp

Fading

Staining

1.49

-

-

-

-

Treated cotton

7.71

3～ 4

4

5

3

Silk

11.42

3～ 4

4～ 5

5

3

Untreated cotton

0.77

-

-

-

-

Treated cotton

12.29

4～ 5

5

4～ 5

4～ 5

Silk

10.03

4～ 5

5

4～ 5

4～ 5

Untreated cotton

0.94

-

-

-

-

Treated cotton

5.54

4～ 5

4

4～ 5

4

Silk

9.48

4～ 5

4～ 5

4～ 5

4～ 5
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γ-glycidyloxypropyltrimethoxysilane(GPTS)(99%),

INTRODUCTION
The direct dye is one of the most popular dyes used
for cotton. It possesses remarkable advantages such
as wide color ranges, excellent dye penetration, low
cost, short dyeing time, and so on. However, its
fastness to wet processing, especially wash fastness,
is poor mainly because of its hydrophilic sulphonic
groups in molecule structure. To enhance wash
fastness of cotton dyed with direct dyes, cationic
compounds, resin fixatives, metallic salts, and

tetrabutyl titanate (99%), hydrochloric acid (37%)
and acetic acid (99.5%). The direct dyes used are CI
Direct Green 26, CI Direct Red 89, CI Direct
Yellow 86, CI Direct Blue 9, CI Direct Black 22,
and CI Direct Orange 39 respectively. The cotton is
dyed (dye concentration 2% omf; sodium chloride,
25g/l; goods to liquor ratio, 1:25) in a jet Dyeing
Machine (Mathis Lab Jumbo Jet JFO) according to
the procedure shown in Figure1
NaCl(80%)

polyfunctional cross-linking agents, etc. are widely

98oC

applied [1].

30min

80oC

condensation of metal alkoxide compounds have
various

technical

preparation

of

applications
special

glass,

such

as

the

ceramic

and

bring improvements in the wash fastness of direct
dyes with silica sol, but only for the direct black
dyes[8-9], therefore, the aim of this research was to
improve the wash fastness of different color direct
dyes by the appropriate process of Si/Ti composite
sol.

Rinse

NaCl(20%)

be well described as two reactions[7]: hydrolysis and
It has been reported that the sol-gel method can

15min

40oC 10min

coatings[2-6]. The basic kinetics of the processes can
polycondensation.

20min

45min

The sol-gel processes based on the hydrolysis and

Figure1 Dyeing profile

Preparation of the Si/Ti Composite Hydrosol
Tetrabutyl titanate (TTB) is used as the precursor,
acetic acid (AcOH) is used to retard the hydrolysis
and condensation of TTB and hydrochloric acid (HCl)
is used as the catalyst for TTB hydrolysis. The molar
ratio

of

TTB:

AcOH:

HCl:

H2O

is

1:3.5:0.014:100.TTB is dissolved in the acetic acid
and the solution is agitated till to be homogeneous.
The resulting solution is slowly added to the
HCl-water mixture and stirred for 3 hr in a three

EXPERIMENTAL

necked flask at the ambient temperature. A 2%

Materials
2

Scoured and bleached cotton woven (120g/m ) is

concentration of titanium hydrosol is thus obtained

obtained from Shanghai No.1 Dyeing Factory. The

with a pH ~ 2.

reagents are of analytical grade as the following:

γ-glycidyloxypropyltrimethoxysilane(GPTS) is used
as the precursor and hydrochloric acid (HCl) is used

- 1543 -

as catalyst for GPTS hydrolysis. The molar ratio of

higher

temperature.

Subsequently

the

treated

o

GPTS: HCl: H2O is 1:0.00001:65.GPTS is slowly

samples are dried and cured at 135 C for 4~5 min.

added to the HCl-water mixture and stirred for 2 hr in

Testing methods

a three necked flask at the ambient temperature. A

Samples are washed according to the ISO

2% concentration of silica hydrosol is thus obtained

105-C10-2006. The color difference is obtained

with a pH ~ 5.

with

The 2% concentration of silica hydrosol and 2%

illumination D65 using 10°standard observer. Each

concentration of titanium hydrosol are mixed in

sample is measured three times and the average

different ratios (shown in Table1) and stirred for one

value is calculated. The degree of color change and

hour at the ambient temperature. A Si/Ti composite

color staining are respectively evaluated by the ISO

hydrosol is thus obtained with a pH ~2-3.

105-A05 and ISO 105-A04 standard.

Datacolor

SF600

instrument

under

Sol-gel treatment
The dyed cotton samples are dip-and-nipped twice

RESULTS AND DISCUSSION

in the composite hydrosol with a pick up of 60～

Wash fastness

o

70%. The treated samples are dried at 75 C for 4~5

The wash fastness of color staining results for both

min, then rinsed with distilled water for 30 seconds

the treated and untreated samples are shown in the

to remove excessive hydrochloric acid and acetic

Table 1.

acid to avoid the damage of fabric when cured at
Table 1 Color staining results for the cotton samples treated with the Si/Ti composite hydrosols

Samples(2%)
Untreated
Si/Ti=1:0
Si/Ti=14:1
Si/Ti=7:1
Si/Ti=1:1
Si/Ti=1:7
Si/Ti=1:14
Si/Ti=0:1

rating
∆E
rating
∆E
rating
∆E
rating
∆E
rating
∆E
rating
∆E
rating
∆E
rating
∆E

Red
1
30.131
1~2
27.818
2~3
10.832
2~3
12.257
2~3
13.562
2
18.813
2
18.285
1~2
24.093

Orange
1~2
27.939
1~2
27.115
3
7.834
3
8.351
2~3
10.254
2
18.813
2
17.762
1~2
23.179

Yellow
1
29.801
1
29.608
3
7.366
2～3
10.309
2～3
14.313
2
17.892
2
15.316
1～2
23.478

Green
2~3
13.745
2~3
10.462
4~5
1.928
4~5
2.667
4
3.994
3~4
6.255
3~4
7.151
3
9.244

Blue
2
19.372
2
16.283
3~4
5.948
4
3.373
3
7.838
2~3
12.633
2~3
12.979
2
18.367

Black
1~2
21.347
4
4.473
4~5
3.154
4
3.641
3
9.724
3
8.417
3
9.414
2~3
13.069

dye molecules contain more amino and hydroxyl
Compared with the untreated samples, it is clear

groups than the other dyes, which is advantageous

that the dyed with Direct Black treated with silica

to inform hydrogen bonding, and covalent bonding

sol (Si/Ti=1:0) shows obvious improvement in color

between the dyes and silica sol so that the dye

staining from 1-2 grades up to 4 grades. However,

molecules are tightly fixed into the gel network and

the dyed samples with

display better wash fastness. It can also be found
that the six dyed sample treated with titanium sol
(Si/Ti=0:1) all show no enhancement in color

other five dyes remain original color staining grades.

staining, maybe results from the poor affinity

It is presumed that the above-mentioned results may

between the organic dyes molecules and inorganic

be related to the direct dyes molecular structure, as

gel particles. But it is very interesting that the dyed

shown in Figure 1. It is known that Direct Black

samples with six direct dyes show obvious
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improvement in color staining, compared with the

network formed on the fiber and is helpful to fix

untreated after treatment with the different molar

tightly the dyes molecules into the gel network and

ratios Si/Ti composite sols, especially when the

improve the wash fastness.

molar ratios are 14:1 and 7:1. It is assumed

The wash fastness of color change results for both

presumed that the inorganic-organic hybrid gel

the treated and untreated samples are shown in the

network is formed on the fabric after treated with

Table 2.

Si/Ti composite sols, which become more compact
and complex than the organic or inorganic gel
Table 2 Color change results for the cotton samples treated with different Si/Ti composite hydrosols

Samples(2%)
Untreated
Si/Ti=1:0
Si/Ti=14:1
Si/Ti=7:1
Si/Ti=1:1
Si/Ti=1:7
Si/Ti=1:14
Si/Ti=0:1

rating
∆E
rating
∆E
rating
∆E
rating
∆E
rating
∆E
rating
∆E
rating
∆E
rating
∆E

Red

Orange

Yellow

Green

Blue

Black

3~4
2.271
4~5
1.173
4~5
0.603
4
1.489
4
1.520
3
3.044
3
3.394
3
3.989

3
3.545
3
4.004
4
1.968
3～4
2.864
4
1.462
4
1.409
3~4
2.394
3
3.104

3
3.410
3
3.612
3~4
2.691
3
3.548
2~3
5.019
2~3
4.870
2~3
4.665
2~3
4.478

3
3.158
4~5
1.088
4
1.673
4~5
0.872
4
1.458
3~4
2.435
3
3.582
3
3.927

2~3
4.326
3
3.146
4~5
1.188
4
1.599
3~4
2.492
3~4
2.256
3~4
2.737
3
3.107

4
1.952
4~5
1.218
4
2.008
4
1.423
4
1.793
3
3.979
3
2.987
3
3.639

best appropriate to improve the wash fastness of
It can be seen from these results that compared with

direct dyes on cotton.

the untreated samples, the samples treated with the
Si/Ti composite sols of the molar ratios of 14:1 and

CONCLUSIONS

7:1 show obvious improvement in color chang.

Cotton fabric dyed with CI Direct Black 22 treated

However, the dyed samples treated with the other

with the silica sol shows an improved wash fastness

molar ratios composite sol remain original color

in both color change and staining, while the samples

staining grades, even become worse, which is

dyed with the other five direct dyes treated with the

inconsistent with the color staining from the Table 1

silica sol show no obvious improvement for wash

because the titanium sol has negative role in color

fastness. The cotton samples dyed with six direct

change due to its light yellow color, and color

dyes treated with the titanium sol show no obvious

change grade become lower as the molar ratios of

enhancement in both color change and staining.

titanium sol

However, the samples dyed with six various color
direct dyes, treated with the Si/Ti composite sols of

increases. Fortunately, it is negligent in color

molar ratios of 14:1 and 7:1, all show sudden

change for the dyed samples treated with the

improvement in color staining and color change,
that is the critical value.

composite sols of molar ratios of 14:1 and 7:1.
Considering the titanium sol contains more acid that
will lead to the damage of fiber when cured at
higher temperature, we can draw a conclusion that
the Si/Ti composite sol of molar ratio of 14:1 is the
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Abstract:
Polyvinyl alcohol/superfine wool powder blend filaments were prepared to improve the dyeing properties of
polyvinyl alcohol (PVA) filaments. The average size of superfine wool powder was 2.01μm.

SEM

microphotographs showed good compatibility between superfine wool powder and PVA matrix. The
PVA/superfine wool powder blend solution showed good spinningability. With the increase in superfine wool
powder content, the dye uptake, a* value and K/S value of PVA/superfine wool powder blend filaments
increased steadily. It was worth noting that the dyeing properties of blend filaments were almost similar with
that of superfine wool powder when powder content was 33.3%.
Key words: Polyvinyl alcohol; superfine wool powder; blend filaments; dyeing properties
Introduction

similar high quality properties of cotton favored by

Poly(vinyl alcohol) (PVA), a hydrolysis product of

many people. So, it is necessary to find a new way

poly(vinyl acetate), can be produced filaments with

to promote the usage of protein fiber for textile

excellent mechanical properties due to its highly

applications. In this study, wool fiber was ground

polar which can be manipulated in water solutions,

into superfine wool powder and then blend with

and is also biodegradable by liquid media

PVA to produce blend filaments, which of dyeing

acclimated microorganism consortia. [1-3] Many

properties were investigated.

researchers attend to graft protein molecular onto

1 Experimental

PVA macromolecular backbone to produce protein

1.1 Materials

fiber such as soybean protein fiber, milk protein

Polyvinyl alcohol (PVA) with 99% hydrolysis

fiber and others. However, the big problem faced to

degree and molecular weight Mw=1700 g/mol was

researchers is the lower dyeing properties of protein

purchased from Chuanwei Co., Chongqing, China.

fiber based on PVA matrix because most of

Wool fiber was obtained from Sanmao wool Co.

hydroxyl, carboxyl and amino groups of protein

Ltd., Lanzhou, China. Reactive red dye (RE0024L)

molecular were reacted with O-H of PVA matrix, so

was obtained from Feihang Co. Ltd., Zhongshan,

there are only a few dyeing groups left that can be

China.

dyed, especially when PVA matrix taken place

resistance is 10-16 MΩ.cm at 25°C) was produced

acetalation with formaldehyde. Therefore, structure

by Molgeneral (Molecular, USA). Na2SO4, H2SO4

instability and lower dyeing properties largely

and CH2O were supplied from Kedi Co. Ltd.,

restrict the wide application of protein fiber based

Tianjin, China and they are all chemical degree.

on PVA matrix, and PVA filaments can not be used

1.2 Blend filaments preparation

as textile materials even if PVA filaments show the

A certain amount of superfine wool powder was
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Deionized

water

(І

degree,

specific

added into three neck flask with 100 g deionized

Where E refers to the dye uptake, A0 is relation to

water and was dispersed using ultrasonic for 30 min.

the maximum absorbance of dye solution at 536.5

Then, 15g PVA was put into the solution and stirred

nm before dyeing, and A1 responds to maximum

vigorously at 95 °C for 3 h to produce

absorbance of dye solution at 536.5 nm after

PVA/superfine

different dyeing time periods.

wool

powder

blend

solution.

PVA/superfine wool powder blend filaments were

1.3.3 The color characters of samples such as L∗, a∗,

prepared by purpose-built spinning apparatus, and

b∗, ΔE∗ab and K/S values were measured using a

then were immersed into supersaturated anhydrous

computer

color

matching

system

(Uv-visible

sodium sulfate solution at 45 °C for 1 h. After

spectrophotometer) with illuminant D65 and 10°

preparation, these blend filaments were put into

standard

Na2SO4 (200g/L) solution and reacted with CH2O

strengths are calculated based on the equation of

(225g/L) catalyzed by H2SO4 (25g/L) at 70 °C for 1

Kubelka-Munk as follow:

observer

condition.

Relation

color

h, which resulted into blend filaments with around
K / S = (1 − R ) / 2 R
2

50μm in diameter. The superfine wool powder
content in blend filaments were 0%, 9.1%, 23.1%,
33.3%, respectively.

Where K refers to the coefficient of absorption, S is

1.3 Dyeing of blend filaments

relation to the coefficient of scattering, and R

The dyeing of blend filaments follows a traditional

responds to the reflectance of the dyed samples.

exhaust dyeing procedure. The dyeing solution

1.3.4 The optical photos of dyed PVA filaments and

contained 2 % (o.w.f.) reactive dye, 20g/L NaCl

PVA/superfine wool powder blend filaments were

along with a liquid ratio of 1:50 (M:L). After blend

taken by HIROX JAPAN (MX-2005C).

filaments were immersed into dyeing solution, the

2. Results and discussion

temperature of dye solution was heat up to 90 °C

2.1 Characterization of wool fiber and superfine

and then kept 90min for adequately absorbing dye.

wool powder

During this process, Na2CO3 was added into dyeing

The average size of superfine wool powder was

solution for fixation after 20 min.

around 2.01μm. The particle size of superfine wool

1.3 Characterization

powder was between 0.2μm and 6.5μm, and the

1.3.1 Scanning electron microscopy (SEM). The
surface morphology of wool fiber was observed

80% of SDP was under 4μm. The surface

using a Scanning Electron Microscope (HITACHI,

powder are shown in Fig. 1. Wool fiber with around

X-650) at 10 KV after gold coating. The surface

13μm diameter showed a typical scale surface layer.

morphology of

superfine wool powder was

It was obvious that wool fiber was crushed into

characterized on a Scanning Electron Microscope

small pieces and superfine wool powder was

(HITACHI S-450) at 2 kV after gold coating. The

obtained. The dimension of superfine wool powder

surface morphology of blend filaments was

was lower than 7μm. Generally most of them were

characterized on a Scanning Electron Microscope

circular and some of them were seem to be needles.

morphology of wool fiber and superfine wool

(FET QUANTA 200) at 10 kV after gold coating.
1.3.2 Dye uptake. In the process of dyeing,
Uv-visible spectrophotometer was used to measure
the absorbance of dye solution at different time
intervals. The dye uptake can be calculated by the
following equation:
E=

A0 − A1
× 100%
A0

Figure 1 SEM photographs of (a) wool fiber and (b) superfine
wool powder.
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2.2 Microphotographs of PVA/superfine wool
90

powder blend filaments

Pure PVA filament
PVA/superfine wool powder (9.1%)
PVA/superfine wool powder (23.1%)
PVA/superfine wool powder (33.3%)
superfine wool powder

80

The surface morphologies of pure PVA filaments

70

Dye uptake (%)

and PVA/superfine wool powder blend filaments are
shown in Fig. 2. Pure PVA filaments showed an
integrated figure than PVA/superfine wool powder
blend filaments. The surface of blend filaments was

60
50
40
30
20
10
0

rougher than that of pure PVA filaments, and some

0

superfine wool powder could be seen on the surface

20

40

60

80

100

Dyeing time (min)

of blend filaments. This phenomenon indicated that
the addition of wool powder into PVA matrix not
only changed the surface morphologies but also

Figure 3 Dye uptake of PVA/superfine wool powder blend

affected the spinning ability. In addition, there were

filament with various powder content as a function of dyeing

no gaps between PVA matrix and superfine wool

time.

powder, which suggests that superfine wool powder

2.4 Color evaluation of dyed PVA/superfine wool

has a good compatibility with PVA matrix.

powder blend filaments
The K/S values of all the blend filaments were
shown in Fig. 4. The K/S curves of all the blend
filaments showed a maximum K/S value of reactive
red dye at around 536.5nm and 509.5nm. It was
evident that the K/S value of blend filaments
increased with the increase in superfine wool
powder content. For blend filament containing
33.3% superfine wool powder content the K/S value

Figure 2 SEM Microphotographs of surface: (a) pure PVA filament

at around 536.5nm and 509.5nm were almost 7

and (b) PVA/superfine wool powder blend filament (33.3 %)

times as high as that of pure PVA filaments. This

2.3 Dye uptake of PVA/superfine wool powder

indicates that K/S values were entirely dependent of

blend filaments

powder content. It is the same tendency with dye

Dye uptake of different blend filaments are shown

uptake analysis that if wool powder content was

in Fig. 3. Dye uptake of all samples increased

33.3% the K/S value of blend filaments were

steadily with the increase in dyeing time periods.

increased largely. It was worth noting that the K/S

With the increase in wool powder content, the dye

value of blend filaments containing 33.3 % powder

uptake of blend filaments increased. The dye uptake

content was higher than that of superfine wool

of blend filaments with 33.3% powder content

powder. This may probably be attributed to the fact

reached 54.7% at the end of dyeing process, which

that the reflection properties of powder were lower

was 2.56 times as high as that of pure PVA filament.

than that of filaments. This is in accord with the

It was worth noting that both dye uptake and the

theory of light reflection, which is that the color

time taken to reach maximum dye uptake was found

intensity of surface material is reflected by not only

entirely dependent of powder content. In addition,

the absorption properties of the material but also the

interesting thing is that only powder content was

reflection properties.

33.3%, the dye uptake of blend filaments could be
increased largely and could reach the maximum dye
uptake quickly.

- 1549 -

wool powder blend filaments
6

K/S

The optical photograph of dyed pure PVA filaments

Pure PVA film
PVA/superfine wool powder (9.1%)
PVA/superfine wool powder (23.1%)
PVA/superfine wool powder (33.3%)
Superfine wool powder

5

and dyed PVA/superfine wool powder blend

4

filaments were shown in Fig. 5. It was obvious that

3

PVA/superfine blend filament was redder than pure

2

PVA filaments. Some dyed wool powder could be

1

seen on the surface of PVA/superfine wool powder

0
300

400

500

600

700

blend filaments and was redder than PVA matrix.

800

-1

Wavenumber (cm )

Figure 4 K/S values of PVA/superfine wool powder blend
filament with different wool powder content.

For different blend filaments as observed in Table 1,
L∗ value decreased with the increase in superfine
wool powder content while the a∗ value increased

Figure 5 Optical photograph of (a×500) dyed pure PVA filament and

and b∗ value changed unsteadily. This meant that

(b×500) dyed PVA/superfine woo powder blend filament (33.3 %).

the more wool powder in blend filaments the more
red and darker samples would be obtained.
Moreover, dE∗ab value increased gradually with the
increase in superfine wool powder content. It worth
noting that

a*

value of blend filaments containing

33.3% superfine wool powder was almost similar
with that of superfine wool powder. So, this meant
that 33.3% powder content is a very important
filling rate to obtained larger improvement dyeing
properties.

wool powder blend filament

filament (powder
content)
Pure PVA filaments
PVA/wool powder
(9.1%)
PVA/wool powder
(23.1%)
PVA/wool powder
(33.3%)
Superfine wool
powder

The result of this study indicated that the addition of
superfine wool powder leads to a large increase in
the dyeing properties of PVA/superfine wool
powder blend filaments. With the increase in
superfine wool powder content, the dye-uptake, a∗
value, ΔE∗ab value and K/S value increased steadily,
which implied that higher content superfine wool
powder was added into PVA matrix the higher
dyeing properties could be obtained. However, L∗

Table 1 Effect of powder content on the color of PVA/superfine

Different blend

Conclusions

value decreased with more content powder in blend
filaments, and this meant that blend filaments were
darker and darker with the increase in powder

L*a*b* color system

dE*ab
(color

L*

a*

b*

66.64

20.50

-10.06

34.79

52.90

29.93

-7.49

50.43

difference)

content. This was probably due to the coarse surface
of blend filaments. In addition, the time taken to
reach maximum dye uptake was found entirely
dependent of powder content. It was worth noting
that 33.3% superfine wool powder content was very
important filling rate to obtain largely improved
dyeing properties. The addition of superfine wool

50.13

30.09

1.03

52.12

powder changed the surface morphologies of
PVA/superfine wool powder blend filaments and

44.49

37.60

1.53

61.15

affected the spinning ability of PVA/superfine wool
powder blend solution. Moreover, superfine wool

47.42

38.51

1.75

58.26

powder showed a good compatibility with PVA
matrix.

2.5 Optical photographs of dyed PVA/superfine
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Fragments: GC/MS Analysis of Sugars and Oligosaccharides
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The development of a regime for replacing
conventional inorganic chemicals in the
preparation of cotton fabrics for dyeing and
finishing starting gaining momentum in the mid to
late 1990’s with the discovery that pectinases could
be used to replace sodium hydroxide in the
scouring process and achieve acceptable levels of
water absorption and dye uptake. The advantages
of bioscouring include lower energy cost in the
process, and less environmental impact of the
effluent.
The other two needs of a total
biopreparation sequence are the removal of seed
coat fragments and bleaching. Seed coat fragments
are highly recalcitrants materials since they are
“designed” by nature to withstand ordinary
weathering, and their chemical and physical
structure is complicated.

This research examines the effect that alkaline
scouring has on the breakdown of seed coat
fragments by analyzing the supernatant liquid after
treatment of artificially produced fragments. A
series of enzymes whose actions are related to the
structures within the seed coat fragments were
identified. These include pectinases,xylanases,
hemicellulases, lipases and cutinases. Seed coat
fragments were treated solely, and with
combinations of these enzymes. The supernatant
fluids were analyzed by derivatizing the sugars,
concentrating them by freeze drying, putting them
in solution, and then analyzing by gas
chromatography/mass spectrometry. The results
are used to map out a path to solving the problem
with the highly recalcitrant seed coat material and
make progress on the total biopreparation of cotton
fabric.
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Polyurethane with Biocidal and Covalent Bond
Dyeing Properties
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m OCN R1 NCO + n ( HO R2 OH + HO R3 OH ) ( m> n )

INTRODUCTION
Polyurethane (PU) is a thermoplastic rubber, which
comprises a repeating hard and soft segments. It
possesses good mechanical properties such as
medium tensile strength and high elongation and
widely used in the synthetic leather, fiber, and
adhesive. For a colored PU fiber or leather, it is
mostly dyed with an acid dye or a disperse dye at
high temperature of 90-100℃ and long time of
50-60 min. It wastes energy and time. In addition,
in a humid and tropical area, it is easy to grow
germ or bacteria in textile materials. The fiber
will be degraded, discolored, or shortened its
life as it is contaminated with the bacteria.
Thus, it requires to apply an anti-bacteria
treatment. In 1935, G. Domak had found
quaternary ammonium salts exhibiting a good
biocidal activity [1]. Moreover, the silicone of
quaternary ammonium salts could react with
the cotton fabrics to form a covalent bond, the
biocidal activity remains good after rinsing [2].
It
demonstrates
a
good
biocidal
characteristics for Staphylococcus aureus [3].
In this paper, polyurethanes (PU) with biocidal and
covalent bond dyeing properties were synthesized
using a reactive quarternary ammonium salt as a
comonomer. The mechanical and dyeing properties
of the biocidal dye grafted PU are studied.
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GRAFTING OF DYE MOLECULE TO THE
MODIFIED PU
Added the dye into the PU solution in reaction
flask and raised the temperature to 60 ℃ for 2 h.
The final solution was cast into films and washed
with methanol to remove the unreacted dye in film,
that is;
Dye
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MECHANICAL PROPERTIES OF DYE
GRAFTED PU
The mechanical properties of all polymers are
listed in Table Ⅰ. It is found that both the initial
modulus and the breaking strength are not
enhanced, as the biocidal BDAC is introduced into
the main chain (comparing PA1 and A1). This
suggests that a PU with a biocidal bulky side chain
can lower the intermolecular interaction in polar
groups, and behaves lower physical properties.
Moreover, as seen in Table Ⅰ, both the initial
modulus and the breaking strength are decreased in
the dye grafted PU , especially the strength. On the
contrary, the breaking elongation is increased. This
suggests that as the dye is grafted in PU, the
hydrogen bonding in the domain of hard segment is
partially destroyed, thus the mechanical properties
are decreased. Besides, as seen in Table Ⅰ, all of
mechanical properties are increased with an

SYNTHESIS OF PU POLYMER WITH
BIOCIDAL AND DYEABLE PROPERTIES
Dissolved the MDI in DMF and poured into the
reaction flask, the temperature was raised to 65 ℃
under dry nitrogen. Meanwhile the PTMG of 1000
and the biocidal quarternary ammonium salt
(BDAC) which were dissolved in DMF were added
to the flask dropwisely. The temperature was raised
to 70 ℃ to react for 2 h. Cooling down the
temperature to 5 ℃, added the HEDA in DMF and
raised the temperature to 70 ℃ for 0.5 h. The
biocidal (undyed) PU with hydroxyl side groups
was synthesized. The reaction scheme is discribed
as follows .
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increasing amount of hard segment. For example,
the strength of A1 and B1 are 27.3 and 23.4 MPa,
respectively. The higher value of A1 is owing to its
more hard segment content (41.4%) than that in B1
(33.4%). In addition the initial modulus of all PU
polymers is also found to increase with the hard
segment content.
Table Ⅰ Mechanical properties of various PU polymers
Code

PA1

H. S. C.
(%)

* M300%
(Mpa)

37.5

A1
A1O

a

A1Y

5.34

4.76

28.6

620

5.11

─

27.3

560

3. 03

18.2

640

3.52

3.16

19.6

650

3.37

2.90

19.3

670

29.8

4.76

4.05

25.0

660

4.35

3.87

23.4

610

B1O

a

Elongation
at Break
(%)

3.50

B1
B1Y

Tensile
Strength
( MPa )

41.4

A1R
PB1

M600%
(Mpa)

33.4

B1R

3.32

3.02

19.2

710

3.57

2.86

18.4

680

3.30

2.90

18.4

720

CONCLUSIONS
Several biocidal and covalent bond dyeing
polyurethanes were synthesized from molecular
weight of PTMG 1000, MDI, BDAC, and HEDA.
These copolymers were then grafted with three
dyes to form dye grafted polyurethanes. From the
mechanical measurements, the tensile strength of
biocidal PU is lowered, but elongation is promoted.
This suggests that the introduction of biocidal
quarternary ammonium monomer in the main chain
can decrease the molecular interaction in the polar
group. Consideration of the dyeing properties, the
dye grafted PU behaves higher light fastness. This
demonstrates that the presence of covalent bond
between dye and PU can prevent the light
degradation of dye. For the biocidal properties,
great majority of PU types behaves the
biocidal activity over 90％ , before and after
rinsing, and one of them can even reach to
100％ .

:O = C. I. Disperse Orange 11;
Y = C. I. Disperse Yellow 9;

R = C. I. Disperse Orange 11
H. S. C. (%) = Hard segment content (%)
**
(BDAC) (%) = Maintaining at 2.5 weight

*

percentage

DYEING PROPERTIES OF DYE GRAFTED
PU
Consideration of the light fastness of dyed PU, it is
listed in Table Ⅱ. The PU of simple mixtion of PU
and dye behaves poor light fastness of grade 1 - 2 .
However, the dye grafted PU can reach to 4 to 6
(comparing A1-Y and PA1Y). It is explained that
the dye grafted in PU can transfer it energy in the
excited state to PU via its covalent bond, thus
reduces the possibility of its degradation.
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Table Ⅱ Light fastness of dyed PU polymers
Code

Dye fastness

A1O
A1Y
A1R
B1O
B1Y
B1R
PA1O
PA1Y
PA1R

6
5
4-5
6
5-6
6
1-2
2
1-2

BIOCIDAL PROPERTY BY SHAKE
FLASK METHOD
The biocidal property of PU films was
measured by the shake flask method. Great
majority of PU films exhibits biocidal activity
over 90％ , and one of them can even reach to
100％ . Since the amount of biocidal quaternary
ammonium monomer in PU is kept constant
(2.5% of total weight) during syntheses, they
exhibit almost similar biocidal activity,
before and after rinsing. This proves that the
introduction of BDAC to PU polymer is
effective in its biocidal activity.

PA1O~PA1R：mixture of pure PU and dye
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INTRODUCTION
Moisture transfer properties in fabric are critical to
determine the thermal and sensorial comfort. Some
research has been conducted on improving moisture
transfer [1,2,3,4,5,6,7].
Cotton
fabric
possesses
many
desirable
characteristics that contribute to clothing comfort,
such as, high absorbency, moisture vapor transport.
However, in hot and wet environment or during some
activities that human perspiration occurs, high
absorbency of cotton makes its use undesirable as the
cotton garment wore next to the skin gets wet and
sticks to the skin and creates a wet discomfort. A
good moisture management material requires
performance well in absorbing, transporting and
releasing moisture at the same time.
In this study, a chemical finishing method is
developed to increase liquid moisture transfer
properties on cotton fabric. The moisture
management properties of the finished fabric were
evaluated.
APPROACH
A hydrophobic chemical finish is applied to the inner
side (next to skin) of the cotton fabric in a
discontinuous pattern by using single-side print
finishing technique. A hybrid pattern with
hydrophobic and hydrophilic areas on fabric surface
is created as illustrated in Figure. 1.

FIGURE 2. The cross section of the finished fabric.

RESULTS AND DISCUSSIONS
Due to the difference in hydrophobic and hydrophilic
nature from the two fabric sides, wicking windows
are formed between the two surfaces that allow the
passage of liquid moisture. The chemical finished
fabric exhibits a one-way moisture transport property.
The capillary effect in the fabric is developed by the
formation of two portions---hydrophobic and
hydrophilic portion. Under external pressure sweat
enters into the hydrophobic portion due to the
capillary effect and diffuses to the top of the fabric,
which is a hydrophilic region. Figure 3 displays the
moisture transport process of finished fabric. The
following moisture management effects are
developed in the finished fabric:
•
•
•

the sweat (liquid) moves forward spontaneously
from hydrophobic region to hydrophilic region
by wicking;
fabric absorbs less in finished regions and
maintains a dry skin touch;
the transferred sweat and moisture evaporates
fast into the air from the hydrophilic side.

FIGURE1. Simple model of the moisture transport process in
finished fabric

By controlling the depth of finishing agent, the
hydrophobic agents deposit following a designed
pattern on one side of the cotton fabric, a cross
section of the finished fabric is demonstrated in
Figure 2.

FIFGURE 3.The one-way moisture transfer of sweat in capillary

Since the outer surface of the fabric is unfinished and
highly absorbent it tends to transfer liquid moisture
away from next-to-skin surface of the fabric by
diffusion. This transfer of sweat away from the inner
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side of fabric maintains a dry skin and therefore
enhances the perception of moisture
comfort. The ratio of treated areas to the untreated
areas can be controlled to achieve maximum
moisture management effect.
The moisture management tester (MMT) was used to
evaluate the moisture management properties of
fabric [8]. The MMT measures the dynamic liquid
transport properties of fabric in three dimensions:
spreading outward on the top (inner or next to skin)
surface; transferring through the fabric from the top
surface to the bottom (outer) surface; spreading
outward on the bottom surface of the fabric.
The main results of MMT were shown in Table I. It
reveals that the finished fabric has an improved
moisture management performance, and the finished
fabric with the ratio of 70% exhibits the highest
liquid moisture management capacity (OMMC=0.83)
and one way transfer capacity (OWTC=542.84),
indicating that the liquid sweat can be transferred
from inner surface to the outer surface of fabric
efficiently, keeping the skin dry. The spreading speed
or drying rate (SSb) of 70% finished fabric, however,
is not significantly changed comparing with the other
finished fabrics. The fabric with 50% finishing area
showed higher drying rate. The drying rate
performance needs to be further investigated. The
improvement of the absorption rate as indicated in
the MMT data can be explained by the discontinuous
hydrophobic property achieved on inner surface of
fabric.
TABLE I. Summary of fabric moisture management properties
Fabric

WTb

SSb

OWTC

OMMC

Unfinished fabric

2.49

6.26

102.30

0.55

30% finished fabric

2.44

6.30

135.60

0.59

50% finished fabric

2.52

6.85

198.82

0.68

70% finished fabric

3.18

5.62

542.84

0.83

property in the finished fabric. The fabric of 70%
finished area shows the highest liquid moisture
management capacity and one-way transfer capacity.
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WTb: The wetting time of the bottom surface.
SSb: The accumulative spreading speed of bottom surface from the
center to the maximum wetted radius.
OWTC: The difference of the accumulative moisture content
between the two surfaces of the fabric.
OMMC: The overall capability of the fabric to manage the
transport of liquid moisture including three aspects of performance.

SUMMARY
A chemical finishing method was introduced to
improve moisture management property. Using
single-side print finishing technique to obtain a
hybrid fabric with discontinuous hydrophobicity on
inner surface and continuous hydrophilicity on outer
surface. A new moisture management tester (MMT)
was used to evaluate the moisture management
capacity of fabric. The results demonstrate a
significant difference in moisture management
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ABSTRACT
This research studies the treatment of flame resistant
finish on cotton twill fabric. According to the
intended end-use and the required fabric
characteristics of flame resistant finishing treatment,
the cotton twill fabric is the most suitable fabric.
First of all, the suitable cotton twill fabric and
required flame retardants are collected from local
market. Secondly, the collected fabric is tested and
analysed before the flame resistant finishing
treatment. Thirdly, the collected cotton twill fabric is
treated with the collected flame retardants.
At the last stage, the flame resistant finished fabrics
are tested and analysed. The effect of variation in
flame retardant chemicals treatment on such
properties as fabric weight, air permeability, porosity,

stiffness, breaking strength, and flame resistance are
analysed and discussed. All tests are carried out
under the standard atmospheric condition.
Making reference to the investigation of this research,
the method prepared with borax, boric acid and
diammonium phosphate is the most preferable for
non-durable flame resistant treatment on cotton twill
fabric. In the case of fire hazard, although both
methods of semi-durable flame resistant finish are
acceptable on cotton twill fabric, the method
prepared with urea and phosphoric acid is more
desirable than that of urea and diammonium
phosphate. Comparing the processing cost, the latter
method is more economical than the former.

Keywords : Fabric; Twill; Flame resistant; Finish; Flame retardants
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laundering. Dickerson, Lane and Rodriguez[4]
evaluated color change of colored cotton knit
fabrics (green, brown and red) after laundry by
following AATCC 135-1992. They found that the
most significant color change occurred after 5
laundry periods, and became subsequent minimal at
10, 15 and 20 laundry periods. Öktem, GÜrel and
Akdemir[5] evaluated colorfastness of naturally
colored cotton (green, dark brown and light brown
grown in Turkey) to laundry by ISO 105C06 at
40oC and 60 oC. They found that light-brown
colored cotton samples retained more color depth
after washing than dark brown and green fabric.

STATEMENT OF PURPOSE
The year 2009 was proclaimed as the International
Year of Natural Fibers by the United Nations[1].
The main issues for textile professionals who
would like to engage in this campaign are:
emphasizing the value of natural fibers to
consumers, promoting the efficiency and
sustainability of the natural fibers industries,
encouraging appropriate policy responses from
governments, fostering an effective and enduring
international partnership among the various natural
fibers industries.
With the challenge of maintaining the market for
natural fibers competing with manufactured fibers,
with the concern of environmental issues involved
in the production and consumption of
manufactured fibers, conducting research in
assisting the new applications of natural fibers will
therefore be beneficial to farmers, processors,
manufacturers, traders, retailers and especially,
consumers. Naturally colored and organic cotton,
to be grown in different colors without the use of
any synthetic fertilizers, herbicides and pesticides
in production and toxic chemicals in textile
processing, has gained popular acceptance due to
its positive role in environmental protection and the
avoidance of chemical harm to human bodies. The
objective of this research is to investigate the effect
of laundering on the fastness properties of naturally
organic colored cotton grown in China by using
different laundry methods. The main effects of
laundry methods, cycles, fabrics and the two-way
interaction between fabrics and methods were
found to be significant on color change for three
colored fabrics.

The crop yields of naturally organic colored cotton
in China (People’s Republic of China) have already
been one of the highest in the world[6]. With the
ever-growing interest and demand for this new type
of fiber, lots of research focused on the influence of
sunlight, artificial light, pH value on colorfastness
of naturally colored cotton grown in China[7-9].
However, due to the limitation in the variety of
testing methods, types of fabrics and numbers of
replicas used in the research, it’s difficult to
compare the colorfastness performance of colored
cotton to laundry across countries.
APPROACH
To distinguish the influence of testing methods on
colorfastness properties of naturally colored cotton
and to know more about the performance of
naturally colored cotton grown in China, an
experimental laboratory study was designed to
investigate the influence of laundry method, cycles,
fabrics and the two-way interaction between fabrics
and methods on the colorfastness performance of
colored cotton grown in China. Three fabrics
(Green, satin; Dark Brown, basket woven; Light
Brown, weft knit donated from Rainbow® ) was
evaluated by following AATCC Test Method 612003 (Colorfastness to Laundering, Home and
Commercial: Accelerated), Test No.2A and
AATCC Test Method 124-2001, Appearance of
Fabric after Repeated Home Laundering[10]. Each
specimen in accelerated laundering test was
individually laundered for 1, 2, 3 and 5 times to
simulate 5, 10, 15 and 25 home laundering.
Repeated home laundering test was done in two
commercial large capacity washers. Each specimen
was randomly assigned to laundering cycles; 0
(control) 1, 5, 10, 15, 20, 25 and 30 cycles.

INTRODUCTION
Naturally colored cotton, available in different
shades of green and brown, have been developed
through selective breeding from natural mutants
without the use of dyes and less pesticides due to
its better resistance[2]. Many researchers
investigated the performance of colorfastness of
naturally colored cotton subjected to the simulated
condition of use. Williams and Horridge[3]
assessed the color resistance of naturally colored
cotton (green and brown knit fabric grown in US)
fabrics to laundering by following AATCC 1241992. Instrument color readings indicated that
colors of colored cotton fabric intensified with
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the laundry cycles. Accelerated laundry affects the
hue more than the home laundry method.

Instrument color readings were measured on
Macbeth®
Series(Color-eye-7000A)
Color
Measurement System by using the smallest area
view. The CIE L*a*b* color difference equation E
= [(ΔL*) 2 + (Δa*) 2 + (Δb*) 2] was used to
calculate the results for D65 standard daylight and
10º standard observer. Data analysis was done by
using the SPSS statistical program. Analysis of
Variance (ANOVA) was used to analyze the
significant effects of treatments (cycles and laundry
method) on the color changes among fabrics. A p
value ≤ .05 was used as the level of significance of
differences between the means of the variables. For
the independent variables found to be significant in
the ANOVA, Post Hoc Tukey Test or simple effect
analysis was used to determine the source of any
significance differences.

CONCLUSIONS
Colorfastness performance of naturally colored
cotton grown in China did differ from the species
grown in other country. This research may provide
more useful information (care instruction) for
consumers during use; assist in developing
strategies for the breeding; help to study
environmentally friendly finishes, such as flame
retardant or dimensional stability for colored cotton;
promote to explore the growing niche market--in
which end uses of colored cotton is more suitable
and sustainable than white or dyed cotton within
the whole textile scene.
FUTURE WORK
Due to the limitation of the samples, the data of
fabrics after accelerated laundry 20 times, 30 times
or more couldn’t be collected; more investigation
regarding color change of colored cotton with
laundry cycles should be done. In addition, future
study should focus on the analysis of color change
of colored cotton fabrics with laundry cycles based
on the molecular structure change analysis.

RESULTS AND DISCUSSION
The testing results indicated that regarding the
overall color change of colored cotton grown in
China, dark brown fabric experienced the least
change. This result was different from Öktem,
GÜrel and Akdemir’s study[5], where they found
that light brown cotton grown in Turkey retained
the most color depth compared to green and dark
brown colored cotton. Green fabric undergoes the
most overall color change. This result was
consistent with the performance of green fabric in
US studied by Dickerson, Lane and Rodriguez[4].
Laundry method had impact on overall color
change of fabrics, and the effect of accelerated
laundry method was more drastic, especially to
green and light brown fabric. Across the fabrics,
overall color change keep increasing with the
increasing laundry cycle, and the least color change
occurred after 5 cycles. This finding differed from
Dickerson, Lane and Rodriguez[4]’s research,
where they found that the greatest color change
happened after 5 laundry cycles for the colored
cotton grown in US.
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All three fabrics became darker after laundry; dark
brown fabric changed the least. Green fabric kept
darkness with increasing laundry cycles, while dark
brown and light brown fabric experienced the most
darkness after laundry 10 cycles. Home laundry
method can influence the value more than the
accelerated laundry method. The result was
consistent with Williams and Horridge’s study[3],
where they found that colors of colored cotton
fabric intensified with laundering.
After laundry, light brown fabric became greener,
whereas dark brown and green fabrics tended to be
redder. The change of dark brown fabric was
supported by Li and Li’s studies[8,9]. Light brown
fabric became the bluest among the three fabrics
after laundry. And the redness to redness of hue,
yellowness to blueness change was influenced by
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