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Wednesday, May 21
8:00 Registration and Continental Breakfast, F. X. Šalda Theatre
9:00 Welcoming Remarks, Business, and Announcements

David Lukáš, Conference Co-Chair
Janice R. Gerde, President, Fiber Society
Zdeňek Kůs, Rector, Technical University of Liberec
Jana Drašarová, Dean, Faculty of Textile Engineering, Technical University of Liberec

Morning Session ‒ F. X. Šalda Theatre
9:30‒
10:10
10:10
10:30‒
11:10
11:10‒
11:30
11:30‒
12:40

Plenary Speaker: Dr. Oldřich Jirsák, Technical University of Liberec
Ten Years of Nanospider
Break
Plenary Speaker: Dr. Caroline Schauer, Drexel University
Electrospinning Natural and Synthetic Polyelectrolytes for Biomedical Applications
Move from F. X. Šalda Theatre to Regional Research Library
Lunch at Regional Research Library – Reading Room (1st floor)
Poster Setup

Afternoon Session
Regional Research Library (Room 1)
Session: Nanofibrous Materials
Chair, Aleš Gardián, Elmarco
12:40

1:00

1:20

1:40

2:00

2:20

Relative Humidity and Measurement
Implications for Control of Electrospinning:
Solvent and Polyelectrolyte Issues
Michael Gevelber and Yunshen Cai, Boston
University
Electrospinning of Biopolymers: Physical and
Mechanical Characterization of Electrospun
Nanowebs
Laurence Schacher1, Sana Boudhiba1, Bilal ElMaghnouji1, Nabyl Khenoussi1, Slim Salhi2,
Dominique Adolphe1, Amir Houshang Hekmati1,
and Christelle Delaite1, 1Université de HauteAlsace, 2Université de Sfax
DSC Study of Polyacrylonitrile Nano- and
Microfibers
Kolos Molnár, Budapest University of
Technology and Economics and MTA-BME
Research Group for Composite Science and
Technology
Nanofibrous Composite Materials for Healing of
Varicose Ulcer
Petr Mikeš, Jiří Chvojka, Věra Jenčova, and
David Lukáš, Technical University of Liberec
Influence of Solution Properties on Morphology
of Electrospun Nanofibers
Deepika Gupta, Manjeet Jassal, and Ashwini
Agrawal, Indian Institute of Technology
Break and Poster Setup

Regional Research Library (Room 2)
Session: Spinning, Weaving, and Knitting
Chair, Bohuslav Neckář, Technical University of
Liberec
Microchannel Wet-Spinning of Nanofibers
Tsutomu Ono, Moe Kitanaka, Kazuhisa Kishimoto,
and Takaichi Watanabe, Okayama University

Improved Method for Bundle Test of Fiber
Length
Urs Meyer, Texma AG

Modeling of Warp and Weft Crimp in Jacquard
Woven Fabric Structure
Brigita Sirková and Iva Mertová, Technical
University of Liberec

Investigation on the Air and Water Vapor
Permeability of Single Jersey Fabrics Made from
Polyester/Cotton Blends
Ebru Çoruh, Gaziantep University
The Effects of Washing Treatments on the Abrasion
Resistance of the Knitted Denim Fabrics
Züleyha Değirmenci, Gaziantep University

Break and Poster Setup

2:35

Influence of Substrate Properties on the
Electrospinning Process at Industrial Scale
Miroslav Malý, Michal Bittner, and Aleš
Gardián, Elmarco s.r.o.
Produced Nanofibers and Technological
Possibilities of Laboratory Apparatus 4SPIN®
Marek Pokorny, Jiří Rebicek, Jindrich Novak,
Adela Kotzianova, Jan Klemes, Jana Ruzickova,
and Vladimir Velebny, Contipro Biotech s.r.o.
Barrier Fabric Containing Nanofiber Layer
Marcela Munzarová, Nanovia Ltd.

Nanofibrous Webs of Polymer/Clay Nanocomposite
for Topical Drug Delivery
Mangala Joshi, Kasturi Saha, B.S. Butola, Indian
Institute of Technology
open

3:35

Break and Poster Setup
Nanofibrous Materials cont’d

3:50

Conducting Polyacrylonitrile (PAN)/Polyaniline
(PANI) Composite Nanofibers Produced by
Electrospinning Method
Nuray Kizildag1, Nuray Ucar1, Nesrin
Demirsoy1, Olcay Eren1, İsmail Karacan2, Esma
Sezer1, and Belkıs Ustamehmetoğlu1, 1Istanbul
Technical University, 2Erciyes University
Free Surface Electrospinning of Aqueous
Polymer Solutions from a Wire Electrode
Indrani Bhattacharyya and Gregory Rutledge,
Massachusetts Institute of Technology

Break and Poster Setup
Session: Smart Textiles
Chair, Jiří Militký, Technical University of Liberec
Smart Gels for Direct Writing Applications
Manjeet Jassal, Kiran Yadav, and Ashwini Agrawal,
Indian Institute of Technology

2:55

3:15

4:10

4:30

Environmentally Controlled Emulsion
Electrospinning
Agathe Camerlo1,2, C. Verbert-Nardin2, R. M.
Rossi1, and A. -M. Bühlmann1, 1Empa,
2
University of Geneva

open

Study of Electromagnetic Shielding Effectiveness of
Woven Conductive Fabrics with Carbon/Stainless
Steel/Polypropylene Hybrid Yarns
Krishnasamy Jagatheesan, Alagirusamy Ramasamy,
Apurba Das, and Ananjan Basu, Indian Institute of
Technology
open

5:00‒7:00 p.m. Poster Session and Reception

Liberec Regional Research Library, 1st Floor
An Overview Poster Presentation at the Conclusion of the Session

Thursday, May 22
7:00 Continental Breakfast, Library

Morning Session

8:00

Regional Research Library (Room 1)
Session: Inorganic Fibers and Composites
Chair, László Mészáros, Budapest University of
Technology and Economics
The Effects of Interlining Types on Sewing
Needle Heating
Engin Akcagun2, Vedat Dal1, Nuray Oz Ceviz1,
Zehra Yildiz1, Abdurrahim Yilmaz2, 1Marmara
University, 2Mimar Sinan Fine Arts University

Regional Research Library (Room 2)
Session: Properties and Applications
Chair, Luboš Hes, Technical University of Liberec
Thermal-Stored Energy and Protective Clothing
Performance Upon Various Hazards
Guowen Song, Farzan Gholamreza, and Mark
Ackerman, University of Alberta

8:20

Preparation and Performance of Silk Fibroin
Membrane Crosslinked by Tyrosinase
Tieling Xing and Guoqiang Chen, Soochow

8:40

Elastic Recovery at Basalt Fiber and
Montmorillonite-Reinforced Polyamide 6
László Mészáros, Budapest University of
Technology and Economics

9:00

Mechanical Performance of Woven/Glass Fabric
Filled with Vinyl Ester Composites Used in Wind
Turbines
Nazan Kalebek, Gaziantep University

9:20

ZnO Rods Reinforced Polymeric Nanofibers
Ratyakshi Nain, Manjeet Jassal, and Ashwini
Agrawal, Indian Institute of Technology

The Use of Nonwovens as Capillary Mineral Bags
for Indoor Landscaping
İpek Yalçin, Hande Sezgin, Omer Berk Berkalp, and
Telem Gok Sadıkoglu, Istanbul Technical
University

9:40
10:10

Break
Molecular Modeling of Chain Pull-Out and Scission
for Dyneema®
Harm van der Werff1, Betty Coussens2, 1DSM
Dyneema, 2DSM Research

11:10

Break
Use of Carbon Nanoparticles from Recycled
Carbon Fibers to Modify Phenolic Resin as a
Precursor to Carbon/Carbon Composites
Blanka Tomková, Martin Müller, and Jan Gregr,
Technical University of Liberec
Development of High-Performance, FiberReinforced Polymer Composite with Toughened
Matrix
Tamás Turcsán and László Mészáros, Budapest
University of Technology and Economic
Comparative Evaluation of Thermal
Conductivity of Bark Cloth Epoxy Composites
Samson Rwawiire1,2 and Blanka Tomková1,
1
Technical University of Liberec, 2Busitema
University
open

11:30

open

11:50

Lunch

10:30

10:50

Improving Through-Thickness Thermal
Conductivity of Carbon Fiber Composites
Yong K. Kim, Michael V. Salvucci, and John M.
Rice, University of Massachusetts-Dartmouth
Composition, Construction, and Properties of
Protective Gloves with Aluminized Basalt Fabric
Content
Iwona Frydrych1,2, Rafal Hrynyk1, and Agnieszka
Stefko1, 1Central Institute for Labor Protection,
2
Lodz University of Technology
Accelerated Degradation of Flax and Hemp Yarns
for Biobased Geotextiles
Davina Michel, S. Renouard, E. Lainé, and P.
Ouagne, Université d’ Orléans

Wetting of Shaped Fibers and Nanofiber Yarns
Konstantin G. Kornev1, Mars M. Alimov2, and
Chen-Chih Tsai1, 1Clemson University, 2Kazan
Federal University
Evaluation of Fibers Flex Fatigue
Jiří Militký and Dana Křemenáková, Technical
University of Liberec

A Systematic Study of Biobased Composites for
Application in Automotive Interiors
Sangeetha Ramaswamy, Marcel Scholl, YvesSimon Gloy, and Thomas Gries, RWTH Aachen
University
New Method to Characterize the Sound-Generated
Fabric Friction
Dominique Adolphe1, Y. Khaldon1, E. Dréan1, L.
Schacher1, A. Moukadem1, A. Dieterlen1, V.
Zimpfer2, V. Pellerin1, 1Université de Haute-Alsace,
2
Institut Franco-Allemand de Recherche de Saint
Louis

Afternoon Session

1:00

1:20

1:40

2:00

2:45
5:00
6:30

10:00

Regional Research Library (Room 1)
Session: Special Polymers and Fibers
Chair, Mária Omastová, Slovak Academy of
Sciences
On the Way to High-Strength Poly(3hydroxybutyrate) (PHB) Fibers
Rudolf Hufenus1, Felix A. Reifler1, and Urs J.
Hänggi2, 1Empa, 2Biomer
Spinning of Thermoset Monofilament Fibers
Using Photopolymerization Reaction
Oleg Palchik, Valery Palchik, Lev Kuno, Jeny
Kertsnus, Itzik Arbiv, Leon Vaistikh, Eyal
Shpilberg, Helena Chechik, and Hadas
Kaminsky, Intellisiv Ltd.
Preparation of Poly(Methyl Methacrylate-CO-2Hydroxyethyl Methacrylate)/n-Eicosane
Microcapsule as a Thermal Comfort Additive in
Textiles
Cemil Alkan1, Ruham Anayurt1, and Sennur
Aksoy2, 1Gaziosmanpaşa University, 2Süleyman
Demirel University
Textiles Coated with Polypyrrole: Production,
Properties, and Stability
Mária Omastová1, Katarína Mosnáčková1, Matej
Mičušik1, Pavol Fedorko2, and Mohamed M.
Chehimi3, Slovak Academy of Sciences, 2Slovak
Technical University, 3Université Paris Diderot

Regional Research Library (Room 2)
Session: Inorganic Fibers and Composites
Chair, László Mészáros, Budapest University of
Technology and Economics
Design of a Composite Reinforced with Shredded
Cotton Fabric Wastes
Hande Sezgin, İpek Yalçin, Telem Gok Sadikoglu,
and Omer Berk Berkalp, Istanbul Technical
University
Effect of Sodium Hydroxide and Formic Acid
Treatments on Charpy Impact and Tensile Strength
Properties of Ready-Made Garment, WasteReinforced Polyester Composites
İlker Mistik and Mahmut Kayar, Marmara
University of Technology
Preparation of Polypropylene Single-PolymerComposites with Long Fibers by Injection Molding
Jian Wang and Sui Wang, Beijing Institute of
Technology

open

Buses Depart for Tours: Elmarco or Technical University of Liberec (spaces limited: sign-up
required); Tours Conclude at 4:30 p.m.
Buses Depart from Library for Cable Car Terminal for Trip to Hotel Ještěd for Banquet;
Banquet
Poster Competition Awards
Guided Tour: Jiří Suchomel, Head of Department of Architecture, Faculty Art and
Architecture, Technical University of Liberec, Architecture of Ještěd
Return to Library on Cable Car and Buses

Ještěd, at 1,012 meters above sea level, is a symbol of the Liberec Region and dominates the northern Bohemia.
Architect Karel Hubáček was awarded the prestigious Perret Prize for his design of the Ještěd transmission
tower. Thanks to its unique design, the tower has become a national cultural monument and building of the
century.

Friday, May 23
7:00

8:00

8:20

Continental Breakfast, Library
Regional Research Library (Room 1)
Session: Special Polymers and Fibers
Chair, David Lukáš, Technical University of
Liberec
Shape Memory Fibers Responsive to Moisture
Bin Fei, Xinkun Lu, Ching Ying Chan, Ka I.
Lee, and Pui Fai Ng, Hong Kong Polytechnic
University
Unique Polyamide Fibers by hIB Process
Richard Kotek and Mesbah Najafi, North
Carolina State University

8:40

Automatic Wet-Spinning Machine Development
Pauline Weisser, A. Hekmati, J. -Y. Dréan, and
G. Barbier, ENSISA

9:00

Green Composites from Textile Waste: ThermoMechanical Characterization
Rajesh Mishra1, Jiří Militký1, Arumugam
Veerakumar1, B. K. Behera2, Mohanapriya
Venkataraman1, 1Technical University of
Liberec, 2Indian Institute of Technology
Side-Emitting Optical Fibers Real Illumination
Length
Dana Křemenáková and Jiří Militký, Technical
University of Liberec

9:20

9:40

10:10

10:30

Break
Session: Fibrous Biomaterials
Chair, Věra Jenčová and Petr Mikeš, Technical
University of Liberec
Drawing Nanofibers Scaffolds with Precise
Structure
Lukáš Stanislav, Jana Bajáková, Veronika
Havlíčková, David Lukáš, Jana Horáková, and
Věra Jenčová, Technical University of Liberec
High-Strength Hydrogels Manufactured via SlitSurface, Core-Sheath Electrospinning
Toby Freyman, Quynh Pham, Melanie Jessel,
and Robert Mulligan, Arsenal Medical, Inc.

Regional Research Library (Room 2)
Session: Nonwovens
Chair, Ondřej Novák, Technical University of
Liberec
The Seam Strength of Ultrasonically Welded
Polyester
Emel Çinçik and Aynur İnan, University of Erciyes
Thermal Analysis of Aerogel-Treated Nonwoven
Fabrics
Mohanapriya Venkataraman, Rajesh Mishra, Darina
Jasikova, Jiří Militký, Arumugam Veerakumar, and
Lubos Hes, Technical University of Liberec
Finest Fiber Webs of High-Performance Polymers
Ingo Windschegl1, Christoph Rieger1, Till Batt1,
Martin Dauner1, Andreas Lehm2, and Bernd
Morgenstern2, 1Institut fuer Textil- und
Verfahrenstechnik, 2Forschungsinstitut für Leder
und Kunststoffbahnen
Fine Fiber Nonwovens for Waste Water Treatment
Christoph Hacker, Gunnar Seide, and Thomas
Gries, RWTH Aachen University

Modeling, Simulation, and Verification of
Maximum Hairiness of Staple Ring Yarns
Xin Xin Huang, X.M. Tao, and B.G. Xu, Hong
Kong Polytechnic University
Break
Session: Properties and Applications
Chair, Konstantin Kornev, Clemson University
Activated Carbon Production from Waste Cotton
Fibers
Fatemeh Dadashian and Ehsan Esrami, Amirkabir
University of Technology
Imparting Antibacterial Finish on Cotton Fabrics
via Aloe Vera Gel Microencapsules: The
Comparison of Preparation, Processing, and
Performance Between Two Microencapsulation
Techniques
Cem Güneşoğlu1, Gülizar Mantar1, Sinem
Güneşoğlu1, İrem Tatlı Çankaya2, Mehmet Orhan3,
Ayse Genҫ4, 1Gaziantep University, 2Hacettepe
University, 3Uludağ University, 4Gap Güneydoğu
Tekstil

10:50

11:30

A New Solution-Based Method to Synthesize
Branched Poly(L-lactide)
Mohamed Eldessouki1,2, Gisela Buschle-Diller3,
and Yasser Gowayed3, 1Technical University of
Liberec, 2Mansoura University, 3Auburn
University
New Methodology of Apparel Construction in 3D
for Medical Applications
Iwona Frydrych, Agnieszka Cichocka, and
Paulina Gilewicz, Technical University of Lodz
open

11:50

Lunch

1:00

Close of Conference

11:10

Relationship Between Compressive Properties and
Bending Recovery in Melt-Spun Filaments
Andres Leal, Gaurav Mohanty, Felix Reifler,
Johann Michler, and Rudolf Hufenus, Empa

Investigation of Heat-Keeping Property of Woven
Fabrics
Malgorzata Matusiak, Lodz University of
Technology
Comparison of the Solvent Power of N-MethylPyrolidone and 2-Pyrolidone Toward Stereoregular
Isotactic Poly(acrylonitrile)
Masatoma Minagawa1, Yoji Yamamoto2, Yasuo
Kameda2, Nobuhiro Sato3, and Tomochika
Matsuyama3, 1NPO Dream-Create-Laboratories,
2
Yamagata University, 3Kyoto University

***************************************************************
Poster Presentations
Rimvydas Milašius

Mathematical Evaluation of Electrospun Web Structure

Alenka Ojstršek

The Impact of Nano TiO2 on the Coloration of Polyamide Fabric and Photostability of
Acid Dyes Under UV Exposure

Darinka Fakin

Fabrication of Superhydrophilic/UV Protective Polyester Fabric by Plasma PreTreatment and Nano TiO2 Application

Züleyha Değirmenci

The Pilling Behavior of the Knitted Denim Fabrics

Daiva Mikučioniene

Investigation on Influence of Rigid Element on Compression Properties of Knitted
Orthopedic Support

Karolína Borůvkovál

Modification of Nonwoven Fabric by Silver Nanoparticles in a Cellulose Matrix

Guocheng Zhu

Wicking Property of Cotton Fabric in Different Directions

Lan Xu

Preparation of PVDF Separators by Electrospinning

Yan Wang

Constant Online Apparatus to Investigate Filtration

Xiangrong Wang

Dyeing Properties of Turmeric Yellow on Silk

Lenka Blažková

Forcespinning of Polycaprolactone

Jiří Chvojka

Scaffolds Produced by Combination of 3D Printing and Electrospinning

Monika Vyšanská

Nickel-Titanium “Shape Memory” Microwires in Textiles

Marcelo Parada

Imaging Wicking Without Colorant

Merve Öztürk

A Study on the Effect of Fiber Diameter on the Acoustic Behavior of the Nanofibrous
Membrane

Oleg Palchik

Production of Polymer Optical Fiber (POFs) Using a UV-Curing, Fiber-Spinning Process

Yurong Yan

The Effects of Different Voltage on In Vitro Release of Drug-Loaded Electrospun
Nanofiber Mats

Zehra Yildiz

The Effects of Plasma Treatment on UV-Curable Epoxyacrylate Coatings

Monika Baczek

Why Black Clothes Can Provide Better Thermal Comfort in Hot Climate Than White
Clothes

Lucie Vysloužilová

Cylindrical Coaxial Spinning Electrode for Needleless Coaxial Electrospinning

K. Vodsed᾿álková

Porous Core-Shell Nanofibers

József Szakács

Effect of Graphene Content to the Deformation Components of Basalt Fiber-Reinforced
Nylon 6 Hybrid Composites

Juan Huang

Strength Distribution of PMMA Plastic Optical Fiber

Adnan Mazari

Optimizing Lubricant Amount for Sewing Threads

Fatemeh Dadashian

Chitosan/Gelatin Composite Films Containing Wool Nanoparticles: Investigation of
Properties

Ondřej Novák

Meltblown-Based Biocomposite Material for Tissue Engineering

Vedat Dal

Investigation of the Sewing Needle Size on Needle Heating

Münevver Avcı

Denim Fabric Performance Made from Multicomponent

Guowen Song

Analyzing the Parameters of Thermal Protective Fabrics Under Hot Water Immersion and
Compression

Michal Martinek

Polyester Fibers Coated with Polypyrroles: Formation, Properties, and Stability

İlker Mistik

Effect of Surface Treatments on Flexural Strength Properties of Ready-Made Garment
Waste-Reinforced Polymer Composites

Mahmut Kayar

Effect of Online Selling on Apparel Companies

Emília Csiszár

Treating Cellulosic Fabrics with Non-thermal Atmospheric Air-Plasma: Effects on
Surface Properties and Enzyme Reactions

C. Ruangnarong

Physical Properties of Thai Silk Blend with Cotton Fabrics

Youngjoo Chae
Color Prediction of Woven Structure for Digital Jacquard Fabrics: Model Evaluation
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Plenary
Speakers

10 Years of Nanospider
1

Oldrich Jirsak1, Ladislav Mares2
Technical University of Liberec, Liberec, Czech Republic
2
Nafigate Corporation, Prague, Czech Republic
oldrich.jirsak@tul.cz

KEYWORDS: Nanofiber, electrospinning, filter, apparel sound absorption
ABSTRACT
Development of needleless electrospinning
technology is described. The properties of
nanofibers and nanofiber layers are compared
with those of commercial fibers and fiber
assemblies, respectively. Examples of nanofiber
functions in various specific end-uses are
illustrated.
INTRODUCTION
Among other technologies of nanofiber
production such as melt-blown, force spinning
and extraction from bi-component fibers,
electrospinning is the leading method when
considering quality of nanofibers, nanofiber
layers and number of industrial installations.
The first industrial lines based on the needle
electrospinning were installed in Russia before
the 2nd world war [1] to produce special filters
for army. Nevertheless, only when the
needleless electrospinning technology [2] has
been developed, the nanofiber production
became broadly used.
NEEDLELESS
ELECTROSPINNING
TECHNOLOGY
Principle of needleless electrospinning [2] is
shown in Fig. 1 and 2. The device is comprises
of a charged spinning electrode and a grounded
collector electrode. The spinning electrode is a
rotating roller partially immersed in a tank
containing a polymer solution. The spinning
occurs in the thin layer of polymer solution on
the surface of spinning electrode. A supporting
textile or non-textile layer is moving along the
collector electrode. The nanofiber layer is
formed on its surface in a continuous process.

Figure 1: Schematic
electrospinning device

diagram

of

needleless

Figure 2: A photograph of needleless electrospinning
device Nanospider

Various variants of needleless technology have
been subsequently developed, namely the wire
electrospinning [3] (Elmarco, Liberec) and

production of nanofiber covered yarns [4]
(Tech. Univ. of Liberec) – Fig 3.

NANOFIBER COMPANIES IN THE
CZECH REPUBLIC
• Elmarco: Prroducer of machinery
• Nanovia, Pardam: Producers of nanofibers and
nanofiber layers
• Nafigate: Development of nanofiber
applications
CONCLUSIONS
Nanofibers are a new sort of material with a
great potential and future.

Figure 3: A microphotograph of nanofiber covered
yarn

NANOFIBER END-USES
Many end-uses of nanofibers have been
developed and commercialized or are in the
development process, for instance [5]:
- air filters
- membranes for water purification
- membranes for outdoor apparel
- sound absorbing materials
- anti-allergy fabrics
- face masks
- barriers for ventilation systems
- wound coverings
- scaffolds for tissue engineering and others.

For further expansion of nanofibers, it is
necessary for:
•Better knowledge of production process, which
will allow increased spinning performance,
lower price, better quality control;
•Development and commercialization of new
specific products.
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Electrospinning Natural and Synthetic Polyelectrolytes
for Biomedical Applications
Caroline L. Schauer
Department of Materials Science and Engineering
Drexel University, Philadelphia, PA 19047
cschauer@coe.drexel.edu
KEYWORDS: polysaccharides, electrospinning, tissue engineering
OBJECTIVE
Electrospinning is a facile method for creating
nanofibrous mats for many exciting tissue
engineering applications [1]. The focus will be
using crosslinked chitosan mats for bone
biomimetics and crosslinked hyaluronic acid
fibrous mats for skin biomimetics.
INTRODUCTION
Electrospinning natural polymers present their
own unique challenges not found in synthetic
polymers. [2] Natural polymers vary based on
their source, which can provide different
molecular weights, counter ions and degrees of
modification.

Figure 3. Hyaluronic Acid structure.
EXPERIMENTAL APPROACH
Materials
Chitosan (Figure 2), hyaluronic acid (Figure 3),
divinyl sulfone, and genipin (Figure 4) were
used as received. HDACS (Figure 4) was
created following a known reaction. [3]
Methods
Solutions of chitosan with crosslinker added into
the solution are electrospun and post-activated to
create crosslinked fibrous mats (Figure 4). [4-7]
Genipin [8] and HDACS crosslinked fibers were
used for bone tissue engineering experiments
due to their inherent mechanical properties. [9]

Figure 1. Electrospinning parameters
Additionally processing of natural polymers,
such as polysaccharides, is extremely sensitive
to environmental parameters (Figure 1).

Figure 2. Chitosan structure.

Figure 4. SEM micrographs of crosslinked
chitosan fibrous mats. Left chitosan crosslinked
with genipin. Right chitosan crosslinked with
hexamethylene diisocyanate (HDACS). Scale
bar 1micron.
Solutions of hyaluronic acid and sodium
phosphate were electrospun forming a fibrous

mat that had mechanical properties most similar
to skin (Figure 5). [10] Crosslinking these fibers
with DVS provided a nanofibrous mat used for
cell studies (Figure 5).

Figure 5. Hyaluronic acid nanofibers with (left)
sodium
phosphate
added
to
enhance
electrospinning and (right) crosslinked with
divinyl sulfone.
RESULTS AND DISCUSSION
Chitosan crosslinked with HDACS proved to be
the better material for bone tissue engineering.
Crosslinked hyaluronic acid fibers crosslinked
with divinyl sulfone are provided scarless
wound healing properties compared to the as
evidenced from their gene expression results.
CONCLUSIONS
Electropsun mats of crosslinked natural
polyelectrolytes provide a platform for tissue
engineering that more closely mimics the native
tissues.
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OVERVIEW
This paper presents an experimental study of the
influence that relative humidity has on the
electrospinning process for PEO/ water, PVP / alcohol,
and PS with hydrophobic and hydrophilic solvents.
Correlations are developed that relate measurable
process parameters (jet diameter), relative humidity,
and evaporation rate to fiber diameter. Preliminary
results are also presented for polyelectrolytes. These
correlations are used to select an optimized operating
regime that achieves the desired fiber diameter,
maximum production rate, and minimal variation.
BACKGROUND
It is well known that ambient RH has a significant
influence on the ES process. Both Polyethylene oxide
(PEO) aqueous and Poly(vinylpyrrolidone) (PVP) nonaqueous solutions were found to decrease in fiber
diameter as humidity increases [1,2]. For PEO, since
the evaporation rate decrease for higher ambient RH,
the jet has more stretching time. De Vrieze et, al. found
that for PVP non-aqueous solutions, increasing
humidity also leads to a decrease in the fiber diameter
[1]. However for PVP, the alcohol solvent evaporation
rate is not dependent on ambient RH.
In terms of measurements, Wang et.al. developed
scaling laws that relate upper jet diameter (fig. 1) to
fiber diameter for Polystyrene [3]. This is significant
since the fiber diameters are not measurable in real
time, and this measurement provides a basis to develop
a control system to ensure the desired fiber diameter is
achieved. Yan investigated the relationship between
process conditions, including relative humidity, process
measurements (upper jet diameter and charge density),
to the fiber diameter for PEO [4].
APPROACH
PVP (1,300k MW) was used with 3 alcohol solvents:
ethanol, methanol, and 1-butanol. The evaporation rates
of ethanol and methanol are ~10 times greater than that
of water, while the 1-butanol has a similar evaporation
rate to water [5,6]. Experiments were conducted in an
apparatus (fig. 1) with real-time measurements of the
Taylor cone volume, upper jet diameter, current, for
controlled conditions of voltage, flow rate, and
humidity [4,5,6]. We also are conducting similar
analysis for PS in toluene (hydrophobic) and DFM
(hydrophilic).
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Fig. 1: Process schematic showing
measurements
RESULTS AND DISCUSSION
Since the 3 alcohol solvents for PVP differ in terms of
evaporation rate, a scaling law was sought that could
relate the measured jet diameter, evaporation rate, and
RH to the fiber diameter. To examine the separate
effect of relative humidity, fibers were spun for
humidity levels between 41% and 57%. Fig. 2 shows
that the upper jet diameter can be correlated to the fiber
diameter using a second order dependence of relative
humidity along with the solvent evaporation rate to the
0.3 powers.
Solvent impact on RH sensitivity
The importance of considering the interaction between
the solvent and RH is suggested by the PVP/alcohol
fiber diameter correlations. Since alcohols readily
absorb water, we are conducting a more explicit study

PVP/methanol

PVP/1-butanol

PVP/ethanol

Fig. 2: Scaling relationship of jet diameter,
evaporation, and RH to fiber diameter

of the interaction of solvents to the water vapor using
Polystyrene (PS), which is hydrophobic, with two
solvents: DMF (which is hydrophilic), and Toluene
(which is hydrophobic).

correlation given the multi-jets observation of the
Taylor cone, as well as investigating whether system
design can improve the uniformity of the jet formation.
Operating regime determination strategy
For those applications where it is desirable to obtain a
specific fiber diameter, it is useful to develop a
procedure where the process conditions (specification
of flow rate, voltage, and RH) can be determined that
achieve the desired fiber diameter.
From a
manufacturing point of view, one also seeks to
determine the condition that maximizes production rate
and minimizes variation.

Red 50%RH

Fig. 3: Operating bounds for 23% PS/toluene
solutions for 20% RH and 50% RH.
Fig. 3 shows the operating regime bounds (i.e. the
upper and lower voltages where electrospinning occurs
for a given flow rate) for PS/Toluene for 2 different
RH’s (20 an 50%). In contrast to our results for PEO,
the bounds do not change, indicating that operating at
different RH’s has not affected the current. We are
currently analyzing the impact on fiber diameter, and
extending this study to DMF.
Analysis of polyelectrolytes
We believe our approach of measuring upper jet
diameter to determine resulting fiber diameter is
generalizable to other systems. One important polymer
system to study is polyelectrolytes, which include
biopolymers made from different natural sources.
These materials, however, are difficult to spin since
there are large batch-to-batch variations in material
characteristics (such as molecular weight). In our
preliminary experiments, conducted in collaboration
with Professor Schauer’s laboratory, we found a very
large variation in fiber diameter for spinning Chitosan
(fig. 4). Our current work focuses on establishing the
basis for developing a process-fiber diameter
Chitosan
:76.2%

Fig. 4: Image of multi-jets emitted from the
Chitosan Taylor cone and the resulting large fiber
diameter deviation.

Observing the large impact of RH on fiber diameter
suggested that plotting the process relationships
explicitly in terms of RH would enable determining the
appropriate conditions [6].
Fig. 5 shows this
visualization of the process relationships for achieving
300 nm PEO fibers. In this example, one could operate
from points A to E, but point D* is the optimized
choice since it corresponds to the greatest flow rate,
and maximum voltage.

E
D*

C

(1)

Emin
Emax

Possible A
operating
regimes
300
Fig. 5: Visualization of operating regime to achieve
desired fiber diameter in terms of flow rate and
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INTRODUCTION
Tissue engineering is considered to be the next
alternative to organ and tissue grafting. It
consists in the partial or complete regeneration of
defective body parts. Nowadays, one of the most
explored methods in tissue engineering is based
on the combination of nanostructured scaffolds
to damaged tissues. The aim is to create an
environment that mimics the extracellular matrix
(ECM) and enhances the cell adhesion and
growth. Ultimately, these three-dimensional
structures would be recognized by human cells
as propitious ECM which could encourage their
development.
A large number of studies were carried on the
development of human cells on nanowebs. Some
showed that the best results, regarding cell
adhesion and growth, were obtained with
biopolymers [1]. Further studies revealed that the
incorporation of amino-acid fractions into the
biopolymer
itself
could
enhance
the
biocompatibility. Thus, the polymer used in this
study is a combination which has been obtained
by polymerization of ɛ-caprolactone (ɛ-CL) and
β-Alanine, a natural amino acid. This study aims
to determine the possibility of obtaining
nanofibers by electrospinning using this novel
biopolymer. The optimal spinning conditions
have been investigated and characterization of
the electrospun nanowebs in terms of
morphology, fibers diameter and mechanical
properties through tensile testing has been
performed.
Electrospinning is the most commonly used
technique to obtain nanofibers. The principle of
this technique is based on drawing a jet of
polymer solution through an electrical field to
produce synthetic fibers in nano scale [2]. A
large number of polymers have been electrospun
[3] and for most of them the results are quite

promising. The physical and morphological
properties of the resulting nanowebs directly
depend on the spinning parameters including: the
polymeric solution characteristics (type of
solvent, concentration, viscosity...), the needletip-collector distance, the applied voltage and the
solution feeding rate. However, other parameters
such as temperature and humidity may affect the
results as well. The polymer used in this study
has never been involved in any electrospinning
experiment, so all effective parameters have been
studied in order to find the optimum
electrospinning conditions.
EXPERIMENTAL APPROACH
Materials
In this work, the employed polymer was
obtained by direct reaction of ε-caprolactone and
β-alanine in the melt. The monomers proportions
in the final polymer are 90% and 10%,
respectively. The molecular weight is about
44000 g/mol. Formic acid and chloroform were
used as solvent and the prepared biopolymer
solutions were divided in three groups:
biopolymer dissolved in formic acid, biopolymer
dissolved in chloroform and the combination of
biopolymer dissolved in chloroform with pure
PCL (Mn
= 80000 g/mol) dissolved in
chloroform.
Methods
Electrospinning was carried out using a
homemade set-up. All spinning tests were
performed using a 0.3 mm needle with aluminum
foils as collectors. The voltage varied from 10
kV to 30 kV and solution concentrations from 5
to 50 wt%. Scanning Electron Microscopy used
to determine the fibers’ diameter. Mechanical
properties of electrospun nanowebs were
investigated using tensile testing machine (MTS)
[3]. The strips were carefully cut (15x10 mm²),

weighed and finally sandwiched between two
cardboard layers which facilitated the placement
of samples between the machine clamps. Once
the sample was placed between clamps the
cardboard layer was. The elongation rate was 10
mm/min using a load-cell of 10 N. The following
figure shows the testing progress:

distinctive types of breaking that were recorded
and the figure 3 corresponds to the SEM
visualizations of the breaking profiles.
The clear rupture (figure 2.A) relates to a very
dense and entangled nonwoven (figure 3.A), but
the multi-stepped rupture (figure 2.B)
corresponds to the breaking of successive fibrous
layers, which can be observed in the SEM photo
(figure 3.B). These two samples were obtained
from two different spinning times, which result a
noticeable difference in samples’ thickness.
A

B

Figure 1: tensile testing

RESULTS AND DISCUSSION
For solutions of biopolymer dissolved in formic
acid, electrospinning was possible at 50 wt%.,
and nanofibers were produced with obtained
diameters from 117 to 223 nm. The finest
diameters were obtained for flow rate of 0.2
mL/h. For the solution of biopolymer dissolved
in chloroform, electrospinning was possible at a
concentration of 20wt%., and nanofibers (500
nm) were realized with a needle-tip-collector
distance of 10 cm and a flow rate of 0.4 mL/h.
For the solutions of PCL/β-Alanine blended with
pure PCL dissolved in chloroform at 12 wt%.,
electrospinning was possible but microfibers
were obtained. Nanowebs ontained from these
conditions were tough enough to be
mechanically studied by simple tensile test.
For all the recorded stress-strain curves, the
elastic deformation is not very observable;

Figure 2: Stress-strain curves of two tested samples

however, the plastic deformation area is large
and very noticeable. The figure 2 shows two very

Figure 3: SEM visualizations of breaking profiles

CONCLUSIONS
The electrospinning is an effective method to
produce ultrafine fibrous structures PCL/ βAlanine (90/10) polymer using formic acid at
high concentration. This is due to the relatively
low molecular weight of the biopolymer. If the
chloroform is chosen as solvent, nanofibers can
be obtained as well, but at a much lower
concentration. Tensile testing gave us an
encouraging indication of the mechanical
performances of the nonwoven obtained from the
electrospinning of the biopolymer blended with
pure PCL. This demonstrates that these types of
materials can be promising for future medical
applications.
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INTRODUCTION
Carbon fiber production consists of more technological
steps. At first, the so called precursor fibers are
created. These fiber are then heat treated to obtain high
performance carbon fibers. The heat treatment consists
of a moderate temperature stabilization in air followed
by low temperature and high temperature
carbonization in inert atmosphere [1-3].
The world’s carbon fiber manufacturing is mostly
based on polyacrylonitrile (PAN). In the oxidative
stabilization of PAN the linear structured polymer
macromolecules are transformed into a ladder polymer
(Figure 1.). The stabilization process takes time (t) at a
given temperature (T). The nitrile groups are
eliminated and hydrogen atoms are removed. These
reactions can be separated into four different processes
having different activation energies. The first two are
dehydrogenizations, as hydrogen comes off from two
possible, different locations of the macromolecule. The
other reactions are cyclization and formation of
functional groups. Cyclization can be intermolecular,
but at higher temperatures intramolecular cyclization
can also be implemented. Dehydrogenization needs air
and water is condensed. Cyclization can be occurred in
inert atmosphere as well.

Figure 1. Oxidative
macromolecule

stabilization

of

PAN

The applied stabilization temperature (T) is often close
to the decomposition temperature (Td) of the precursor
fiber. Moreover stabilization is an exothermic reaction
therefore it is a big challenge to form the appropriate
chemical structure and meanwhile avoid degradation
of the molecules [1].
Electrospinning is a progressive and popular
technology for producing polymer nanofibers [4].
Although the technology was invented more than 100
years ago, it became especially popular in the last two
decades. By adjusting the processing parameters,
fibers with a diameter of around 100 nm can be
produced in a cost effective way. The nanofibers are
usually generated as a nonwoven web. These
nanofibers have different potential applications such as
filtering
media,
pharmaceutics,
biomedical
applications, nanosensors, reinforcement of composite
materials etc [5-7].

Electrospun nanofibers can also be carbonized the way
like conventional precursor fibers. The difference in
shape, diameter, surface/mass ratio and in intrinsic
structure such as molecular orientation, crystallinity,
etc. should be considered. This leads to different
stabilization parameters.
APPROACH
In this study nanofibers were continuously electrospun
from a PAN material used for carbon fiber
manufacturing.
The powder of PAN was used with N,Ndimethylformamide (DMF) as solvent (acquired from
Aldrich). 12 wt% was dissolved and mixed in
magnetic mixer for 4 hours at 40°C. Electrospinning
was implemented with a novel, patented technology
[8] including a rotating spinneret. The applied voltage
was 55 kV, the distance between the electrode and the
collector was 120 mm and the flow rate was set to
45 ml/h. The traction speed of the substrate material
was 100 mm/min. Collected nanofibers formed a
continuous, approximately 200 mm wide stripe that
could be easily peeled off from the substrate textile.
The morphology of the nanofibers were investigated
by scanning electron microscopy (SEM) and image
analysis.
The nanofibers and microfibers of the same
composition were examined – focusing on the
stabilization of the fibers – by differential scanning
calorimetry (DSC) and the results were compared and
modeled.
RESULTS AND DISCUSSION
Figure 2. shows a scanning electron micrograph of the
PAN nanofiber sample.

Figure 2. SEM micrograph of the nanofiber sample
Nanofibers with an average diameter of 300 nm could
be successfully electrospun with appropriate

morphology (fibers contained no beads or other
defects).
Figure 3 shows the DSC plot of PAN nanofibers in
both air (oxidative) and nitrogen (inert) atmosphere.

Figure 3. DSC curves of PAN nanofibers measured in
air and nitrogen atmospheres, respectively
The shape of the measured curves are similar in case
of microfibers but the temperatures and energies
related to the peaks are altered. The process was
modeled by the decomposition of the curves (Figure 4)
measured in air atmosphere. A Gaussian model was
used for decomposition and the decomposed peaks are
paired with the possible chemical reactions. As
dehydrogenization needs oxygen it could be separated
from the other reactions.

Figure 4. Decomposition of the measured DSC curves
in the case of PAN nanofibers
The energies and temperatures related to different
stabilization mechanisms are determined. The behavior
of classical PAN fibers is compared with the behavior
of PAN nanofibers.
CONCLUSIONS
Different fiber forming and drawing mechanisms can
lead to altered molecular structure that can modify the

stabilization process. Moreover, nanofibers have 3
orders of magnitude higher surface to mass ratio
compared to the microfibers of the same materials.
This can result in different stabilization mechanisms.
The modeling gave a hand to understand the process in
detail. It was experienced that nanofibers need a higher
temperature for cyclization that is very close to the
degradation temperature. The intensity of the measured
DSC curve was also higher for PAN nanofibers than
for microfibers meaning that the exothermic heat
release is faster making the process more difficult to be
controlled. Furthermore the exothermic heat released
by nanofibers during the stabilization is approximately
25% higher than for microfibers.
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ABSTRACT
This article aims with the continual incorporation of
particles by ultrasonic dispergation in situ into
nanofibrous matrix produced by electrospinning
process. The technology is based on usage of
needleless electrospinning method in combination with
ultrasound enhanced sputtering of sub-micro or micro
particles in between nanofibers depositing onto support
material. The main advantage of this technology is in
the process of particle’s incorporation and its
independence on electrospinning process. There is not
any limitation for material of particles which can be
used in this process. Particles are trapped between
fibers and stay uncovered by polymer and therefore
keep its full active properties. These materials is able to
cut with scissors without particle’s falling out. The
scanning electron microscopy images of the final
nanocomposite materials as well as its morphological
analysis such as particle’s distribution are presented.
The falling out of trapped particles has been tested as
well. These materials can be used for drug delivery
systems, controlled scaffold degradation for tissue
engineering and cell proliferation, wound covers as
well as for many special technical applications in
filtration, catalysis or sorption.
INTRODUCTION
Nanofibrous materials can be produced by well-known
needle [1] or needle-less [2,3] electrospinning
processes. Composite materials based on electrospun
nanofibers are generally new approach in the modern
material science. There are several methods for
incorporation of particles [4-8] into the nanofibrous
materials such as electrospinning of dispersed
fullerenes [6] or nanotubes [7,8] in polymeric solution
or core-shell electrospinning [4,5]. But all these
methods are somehow limited.

seen in fig. 2. This technology enables incorporation of
more particles then other methods mentioned above.
Electrospun materials have small inter-fibrous porosity
and therefore can “trap” even submicron particles. The
size of particles plays an important role for choosing
the incorporation process.
Van der Waals forces between particles are rising with
decrease of particle’s diameter and particles tend to
agglomerate [9]. Using of ultrasonic vibrations is
necessary for the dispergation of these clusters [10] and
allow us to create more homogenous material with
better parameters.
MATERIALS AND METHODS
For electrospinning process, the 10% aqueous
polyvinyl alcohol (PVA) solution was prepared by
dissolving the polymer in distilled water for
electrospinning process. PVA Sloviol-R was purchased
from Novacke chemicke zavody, Novaky, Slovakia,
having a predominant molecular weight of 60,000 amu.

4 3
2
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The task for this project was to develop new material
for healing of varicose ulcer which will be able to
arbitrarily cut as well as new materials for filtration and
sorption. Here we report about the method of
incorporation of particles in-between the fibers instead
into fibers.

Fig. 1:
Photography of setup for creation of
nanocomposite materials which consists needleless
spinning electrode (1), belt collector (2), particle
container (3), ultrasound sonotrode (4) and ultrasound
generator (5).

Unlike other methods mentioned above, particles in our
experiment were sputtered by ultrasonic vibrations and
then covered by deposited nanofibers straightly after
it’s falling on the collector. This means, that particles
are trapped in-between the fibers. Technological
schema and real photography of this process can be

There are several technological parameters which have
to be always controlled for different materials. This
technology is pretty robust due to the independency of
both used processes. Electrospinning parameters such
as voltage, humidity, distance between collector and
electrode, concentration and molecular weight of used

polymer etc. were already well described [1,2]. The
ultrasonic sputtering is completely independent on
electrospinning process.
The most difficult problem to solve is the creation of
homogenous distribution of sputtered particles.
Particles were deagglomerated by the 18 cm wide and 1
cm thick duralumin sonotrode produced by Ultratech
Company. Sonic Digital ULC generator produced by
Weber Ulrasonics with power 400W and frequency 20
kHz was used for powering of sonotrode . Sieve shaker
RETCH AS 200 was used for testing of particles
bonding by the fibers.
RESULTS AND DISCUSSION
The produced nanofibrous composite material has
unique properties due to its original structure. Particles
are trapped in-between fibers and remain uncovered by
any polymer. It can therefore keep its characteristics
such as for example high porosity in the case of
particles of active carbon. Inter-fibrous distances of
nanofibrous matrix enable incorporation of even
submicron particles. Another advantage of this
technology is the amount of particles which can be
incorporated into the nanofibrous matrix due to the
independency of both technologies. The average areal
density of nanofibers is 5g.m-2 and areal density of
particles reaches up to 20 g.m-2 with 10 minutes
running process.
Usage of ultrasound proved to be an ideal method for
dispergation of dry particles into the nanofibrous
matrix. Presented technology can be used for many
different combinations of polymeric electrospun
nanofibers and sub-micro or micro particles.

Fig. 2: Scanning electron micrographs of electrospun
nanofibrous material with sputtered particles of active
carbon into the PVA nanofibrous layer.

CONCLUSIONS
This new method for production of precisely designed
nanocomposite materials has been described here. Such
materials can be used for technical applications for
example as filters with catalysts, sorbents, antibacterial
agents, shielding of electromagnetic radiation and so
on. Other very promising applications are in tissue
engineering and regenerative medicine as scaffolds
with well controlled drug delivery systems or as
intelligent wound covers. One of the main advantages
of produced material is the possibility of its cutting by
classical methods (scissors, scalpel, razor blade etc.).
This is why it should be used as a special wound covers
where it is necessary to have precise shape of applied
material as for example varicose ulcer or diabetic foot.
KEYWORDS
needleless electrospinning,
nanocomposites

particles,

ultrasound,
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OBJECTIVE
The present work investigates the effect of elasticity
on limiting fiber diameter using PVA based Boger
fluids having varying degree of elasticity but similar
viscosity.
INTRODUCTION
Electrospinning (ES) is a versatile process used for
the formation of nanofibers. One of the challenges in
ES is to achieve uniform fibers consistently and
reproducibly. This process depends entirely on the
parameters governing it and therefore it becomes
imperative to understand and determine the precise
role of these parameters.
From our previous studies [1], it has been established
that at similar conditions of temperature and relative
humidity, process parameters, such as flow rate,
distance and voltage do not have any significant effect
on fiber diameter while solution properties drastically
affect fiber diameter. Most of the studies have
correlated fiber diameter with viscosity and
concentration [2], neglecting the effect of elasticity.
Also there are no reports that have correlated fiber
diameter with elasticity of the solutions. Since, in
visco-elastic polymers, both viscosity and elasticity
vary in tandem due to common factors influencing
them, independent role of elasticity in limiting fiber
diameter has been investigated in the present study.
EXPERIMENTAL APPROACH
Materials
Low molecular weight poly(vinyl alcohol) (PVA) of
Mw 2000 g/mol (2k-PVA) and 75% hydrolyzed, high
molecular weight PVA of Mw 125000 g/mol (125kPVA) and 88% hydrolyzed.
Methods
PVA based Boger solutions having different levels of
elasticity but with similar viscosity were prepared by
blending small quantity of high molecular weight
PVA (125k-PVA) in various ratios, with high
concentration (~32 wt%) of low molecular weight
PVA (2k-PVA) in DI water. Five Boger solutions
were prepared having concentrations 0, 0.3, 0.7, 1.0
and 1.4 wt% of 125k-PVA with an overall
concentration of about 32 wt%. These solutions were
coded as 32.0%P, 0.3%125k-31.3%P, 0.7%125k-

30.7%P, 1.0%125k-30.0%P and 1.4%125k-29.9%P
(Table I). 2k-PVA solutions of concentrations 30, 32
and 34 wt% were also prepared for comparison. All
the solutions were characterized for their rheological
properties by using rotational rheometer (MCR-302,
Anton Paar, Graz, Austria). Further, solutions were
electrospun and their fiber diameter was evaluated
using FESEM (Quanta-FEI 200, Netherlands).
RESULTS AND DISCUSSION
Rheological properties
Figure 1 shows viscosity curve of the five Boger
solutions showing similar viscosities (η) and
Newtonian behavior for shear rates ranging from 1 s-1
and 100 s-1.

Figure 1. Flow curve showing similar viscosity of all the five PVA
Boger solutions.

Figure 2 shows frequency sweep curve of the five
Boger solutions. Loss modulus (G”) and storage
modulus (G’) increases with increase in angular
frequency (ω). With increasing concentrations of
125k-PVA, G’ curve increases significantly while G”
curve shows no variation. For 2k-PVA solutions both
viscosity and storage modulus increased with increase
in concentration from 30wt% to 34 wt%.
Elasticity is a function of the relaxation time (λ) and
deformation rate of the polymer solution. Relaxation
time (λ) was calculated using the following equation
G’= η λ ω2

(1)

It was observed that as the 125k-PVA content was
increased, λ of the solutions increased from 0.20
milliseconds (ms) to 0.86 ms (Table I), thereby,
increasing the solution elasticity in that order. On the
other hand, λ of 2k-PVA solutions of 30, 32 and 34

wt% were nearly same in the range of 0.17 to 0.24
ms.

chains of 2k-PVA. With the increase in 125k-PVA
content, an un-entangled network of long chains of
125k-PVA associated with 2k-PVA chains, is created
thereby increasing the elasticity of the system.

Figure 2. Frequency sweep curves showing increasing (A) G” and
(B) G’ with increase in 125k-PVA content in PVA solutions.

Electrospinning
SEM images of electrospun nanofibers of the five
Boger solutions (Figure 3), shows increase in the
average fiber diameter from 107±12 nm to 325±20
nm as the 125k-PVA content of the solution was
increased from 0 to 1.4 wt%. Interestingly, fiber
diameter did not have any significant dependence on
concentration for 2k-PVA solutions and were nearly
same (~100±8 nm) for the three solutions (Figure 4).

Figure 5. Graph showing correlation of fiber diameter with λ and η
of the five PVA Boger solutions (a-e).
Table I. Rheological properties of PVA Boger solutions with
different ratios of 125k-PVA and 2k-PVA.
S.
No.

Sample code

a

32.0%P

0

32

b

0.3%125k-31.3%P

0.34

c
d
e

0.7%125k30.7% P
1.0%125k30.0% P
1.4%125k29.9% P

125kPVA
(wt%)

2k-PVA
η
(wt%) (Pa.s)

( at ω ~100 s )

G’

λ
(ms)

1.85

4.09

0.20

31

1.84

6.66

0.35

0.7

30

1.83

8.85

0.48

1.06

29

1.98

12.1

0.61

1.44

28.5

2.0

17.1

0.86

(Pa)

-1

Figure 3: SEM images of electrospun fibers of PVA Boger
solutions (a-e) in increasing order of 125k-PVA content.

CONCLUSIONS
The current study suggests that diameter of the
electrospun fibers is principally governed by the
elastic properties of the spinning polymer solution.

Figure 4: SEM images of electrospun fibers of (a) 30 wt%, (b) 32
wt% and (c) 34 wt% 2k-PVA solutions showing similar diameter.

FUTURE WORK
Many polymer especially natural polymers are nonspinnable due to their rigid structure and lack of
elasticity. Using the concept of Boger fluids these
polymers can be made spinnable by blending very
small amount to high molecular weight polymer with
natural polymers thereby providing sufficient
elasticity for spinning.

The above results indicate that elasticity of the
solutions, and not the viscosity alone, may be playing
a key role in governing the final fiber diameter.
Therefore, correlation between the rheological
properties of the Boger solutions and their fiber
diameter was drawn. Interestingly, it was observed
(Figure 5) that the diameter was independent of
viscosity. The diameter was observed to increase by
~3.2 times while the viscosity remained nearly same
for solutions with increasing 125k-PVA content.
However, diameter (D) increase with increase λ and
could be correlated as
D α 4.1x 105 λ

(2)

This dependence may be attributed to the fact that
addition of 125k-PVA forms a network with polymer
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INTRODUCTION
Electrospinnig is quite a sensitive process with a large
array of variables regardless whether the nozzle based
or the nozzle-less systems are used. Most of them
have been widely studied at the laboratory scale [1]
[2] [3] [4]. Besides the more common and widely
known variables, such as viscosity and conductivity
of the spinning solutions, electric field intensity,
humidity of the process air and other, there are also
some less obvious variables. Properties of the
substrate material start to become important
especially at the large scale, when a nanofiber layer
has to become a part of the composite, where the
nanofibers are deposited directly on the carrier and
used subsequently together in a final product.
Material properties also influence the throughput. A
thorough and extensive research was done over a
large set of various substrate materials in order to
identify, which could be processed in electrospinning
more or less easily.

corresponding values of current were measured. SEM
analysis was used to identify a correlation between
the carrier and the nanofiber layer morphology.
RESULTS AND DISCUSSION
The results indicated that substrate materials and their
properties typically have a heavy impact on the
electrospinning process and may influence especially
the process throughput, the nanofiber layer
macroscopic and microscopic morphology, and the
number of defects in the produced nanofiber layer.
The evaluation of the voltage-current behavior of the
substrate materials exhibited a good correlation
between the measurement results and behavior of the
substrate during the actual electrospinning process.
The method used could overcome the trouble with
missing information about the material composition.
Categorization of substrate materials tested by this
method was verified in large scale industrial
production.

EXPERIMENTAL APPROACH
Materials
Various types of substrate materials were used for the
comparison study. The substrates were chosen from
the following group of materials: cellulose,
polypropylene, polyester, glass fibres, polyamides etc.
in many structures, such as dry-laid, wet-laid,
spunbond, meltblown, and others. Most of them are
commercially available.
The polymers used for preparation of the nanofiber
layers involved PA6, PVDF, TPU and PAN, all of
which are available commercially.
Methods
The proprietary nozzle-less electrospinning process
was used at NanospiderTM large scale industrial
equipment in both 1.0 and 1.6 meter width. All
polymer solutions were based on Elmarco´s
proprietary recipes. A novel approach for evaluation
of the substrate conductivity was used in order to
identify various groups of materials according to their
proneness to reduce throughput and tendency to
reduce the overall quality of the nanofiber layer.
Substrate materials were exposed to a high voltage
field at various voltages in steps and the

Figure 1: Voltage-current behavior of substrate
materials tested (the data set included XX various
substrate materials)
Many of different substrate materials were analyzed
as for their macroscopic morphology and it has been
found out, that some of them show high degree of
influence on the nanofiber layer morphology. The
appearance of nanofibers might in many cases copy a

lot the structure of the substrate materials and amplify
their patterns.

in order to eliminate improper substrate material. A
simple and fast method was used to evaluate the
substrate suitability for electrospinning and a good
correlation to the throughput for various polymers
was confirmed.
Other large scale trials proved that the adhesion
between the nanofiber layer and the carrier is
influenced by the substrate’s surface and flexibility,
by the fiber diameter (or specific surface) and also by
the nanofiber layer thickness.

Figure 2: Nanofiber layer made of XX deposited on
the XX substrate
At the same time we observed better adhesion
between the nanofiber layers with small fiber
diameter and substrate materials with more
homogenous morphology. The higher the substrate’s
specific surface, the larger was the interaction
between the substrate and the nanofiber layer, and the
better was the adhesion (static friction) of the
material. The size of contact area between the
substrate and nanofiber layer proved very important
as well. Some non-reinforced substrates with
individual fibers coming out of the surface have very
small contact area with the nanofiber layer and
therefore low adhesion. In this case it proved well to
coat the materials with some treatment (e.g. singe,
glaze, calendering...etc.) as in general, the best results
were achieved with smooth and reinforced surface.
Lower adhesion to the carrier was found with more
elastic substrate material. The reason is in deferring
degrees of expendability (elasticity) of the materials
in the sandwich. Delamination can occur after
relaxation of substrate, especially with thicker
nanofiber layers. A certain relationship between
adhesion to substrate and weight of nanofiber layer
was also identified. In thick nanofiber layers there are
residual solvents, which cause the contraction of the
layer as they evaporate. In case the contraction forces
are larger than the adhesive forces to the substrate,
and a) the substrate is not firm enough, wrinkles are
formed and the nanofiber layer might become
partially delaminated; b) the substrate is firm and
cannot collapse, a complete delamination of the
nanofiber layer is typical.
CONCLUSIONS
It has been demonstrated, that substrate materials play
an important role in the process of electrospinning. At
industrial scale, unless larger amount of material
should be spoiled, there must be some pre evaluation

Unfortunately, most applications for nanofibers do
not allow for unlimited choice of substrate materials.
Therefore, the future work will be driven by the
necessity to reduce the sensitivity of the
electrospinning process to the substrate material
conductivity and morphology and should focus on
finding better collecting electrode designs to
overcome this issue.
FUTURE WORK
As the substrate material properties might be
considered a negative factor at the upscaling stage in
most application areas and limit customers in their
choice of materials, it is desirable to overcome the
disadvantages by technical measures implemented in
the electrospinning equipment. There are several
approaches considered. Changes in the design of
collecting electrode is believed to be one of the most
promising, while a collecting electrode in the form of
an endless belt with controlled conductivity could be
the preferred approach.
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ABSTRACT
The 4SPIN® desktop laboratory device has been
developed for the deposition of nanomaterials
dedicated not only to medical applications, but
also to other fields such as nanoelectronics,
optics, filtration, etc. The apparatus integrates
various methods to enable the preparation of
nanostructured
materials
according
to
researching demands.
Nine principally different emitters (most of them
are usable in the method called electroblowing)
and four different collectors enable to perform
various types of experiments. This allowed
nanofibrous materials with different microscopic
and macroscopic structures to be successfully
prepared. Almost twenty different solutions
(including hyaluronic acid and its derivatives),
their blends and composites have been processed
so far. It is possible to repeatedly produce
nanomaterials with identical properties by
implementing precisely regulated process
parameters. Its central system simplifies control
and also improves productivity and operator
safety.
The 4SPIN® laboratory device was developed at
Contipro Biotech s.r.o. and seven principles used
were patented. The device has been certified for
electrical safety by CE mark and has been
marketed since January 2013.
INTRODUCTION
Today,
electrospinning
equipment
and
technological solutions as well as electrospun
materials are moving towards commercialization.
Hence there is a higher demand for laboratory
and production devices. Laboratory equipment

must meet the following requirements: i)
multifunctional setup (all-in-one device), ii)
compactness ( limited lab space), iii) accuracy
and reproducibility of the material produced, iv)
safe and easy handling, and v) affordable price
for academia [1]. The 4SPIN® device offers
several benefits that differentiate it from devices
offered by competition.
Generally it can be
used for the electrospinning and electroblowing
methods [2].

Figure 1: Laboratory device 4SPIN® C4S LAB1.

EXPERIMENTAL APPROACH
Materials
The functionality of the device was verified by
spinning a wide range of natural and synthetic
polymers. Only the most important ones are
listed: hyaluronic acid (HA) and its derivatives,
gelatin, collagen, chitosan, polyacrylonitrile
(PAN), polyvinylalcohol (PVA), polyamide (PA

6 and 66), polyethylene oxide (PEO),
polycaprolactone (PCL), polyurethane (PU),
poly
(L-lactic
acid)
(PLLA),
polyvinylpyrrolidone (PVP), and also inorganic
glass. The polymers are dissolved into a solution
in the required concentration by using any of the
following solvents: distilled water, acetic acid,
chloroform,
ethanol,
isopropyl
alcohol,
dimethylformamide or tetrahydrofuran.

The presented results illustrate the preparation of
nanofibrous layers with almost identical
properties.

Methods
Nanofibrous materials were first prepared on the
4SPIN® C4S LAB1 device, then analyzed on a
scanning electron microscope (ZEISS Ultra) and
an in-house developed confocal Raman
spectroscope. All values of the process
parameters were recorded and viewed in real
time on a PC screen. Device settings were saved
and recalled before subsequent depositions.

Automatic regulation of all process parameters
makes it possible to achieve constant material
properties in the fabrication of nanofibers.
Therefore fiber diameter does not change
throughout the sample volume. Reproducible
materials, i.e. products with identical properties,
can be prepared by applying precise regulation of
process parameters (individual procedures can be
saved and used again at any time). Various
fibrous and spherical forms with macroscopic
arrangement can be easily produced.

We have proven the ability of the device to
repeatedly produce nanomaterials with identical
properties by using repetitive production. The
study was carried out in a few steps in order to
obtain the necessary data for evaluation: a)
consistent microscopic properties during the
deposition by measuring average fiber diameters,
b) throughput uniformity by the weight of all
samples, and c) homogeneity of layers by two
processes from the perspective of the distribution
of local weights and chemical composition.
RESULTS AND DISCUSSION
Precisely aligned nanofibers with anisotropic
properties have been collected by advanced
electrospinning, e.g. on static patterned and
rotated collectors. Small spherical structures
have been prepared using the electrospraying
mode. Morphological properties were well
controlled by the electroblowing process
parameters. For example a reduction of fiber
diameter down to 50 % was achieved.
Detailed studies focusing on the stability of the
process were carried out using a solution with
optimal parameters. Fourteen nanofibrous
samples made of a 6% HA/PEO (80:20) solution
dissolved in distilled water were prepared under
the same conditions. The average fiber diameter
of all samples is (154 ± 58) nm. The average
weight is (81 ± 7) mg. Their homogeneity
determined on the basis of local weight is less
than 10 %. The homogeneity of the two
components in the final product is about 2 %.

CONCLUSIONS
The most important features and capabilities of
the new 4SPIN® technologies are presented in
this work. The results show the advantages and
benefits of using our laboratory equipment.

Thanks to its experimental versatility, safety
components, easy handling, intuitive device
control and other benefits the 4SPIN® apparatus
significantly contributes to research progress in
the nanofiber application field.
FUTURE WORK
Although the device is intended and highly
suitable for laboratory experiments, the newly
developed needle-free emitter E5 is able to
achieve high throughput. The results of this new
patented technology will be used to upgrade the
equipment, which will result in a considerably
easier and cheaper transition from the
development of new products to their
production.
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ABSTRACT
The subject of this paper is information on
method of production and technical parameters
of barrier fabrics containing nanofibers
developed and commercialized by Nanovia Ltd.
Barrier fabric providing protection against the
penetration of microorganisms, dust and pollen
particles can be used in the manufacture of face
masks. Barrier fabric to prevent the penetration
of allergens are applicable in various products
of the category of home furnishings.
INTRODUCTION
Laminated textile fabrics featuring a nanofiber
layer bring new functional qualities which
conventional textiles (both woven and
nonwoven) can not offer. In those laminates, we
use the physical qualities of the nanofiber
structure (filtration capability, high porousness,
air and steam permeability). By combining the
nanofiber structure with woven or nonwoven
materials, we achieve the desired parameters,
such as strength, wear resistance, feel, look,
processability into final products.
In this article we can demonstrate the suitability
of lamination technologies to produce materials
fit for various applications. The examples also
demonstrate the option of designing the
structure of laminates according to the way of
their intended use and, also, they show new
ways of applications of nanofibers in textile
laminates.
EXPERIMENTAL APPROACH
Materials
Suggest
a
material
composition
and
manufacturing process of nonwoven textile
nanofibers
laminate
for
filtration
of
microorganisms and fine dust particles (size >
1µm) - quality filtration PM 1,0 and laminate
for filtration of dust particles of size > 2.5 µm quality filtration PM 2,5. Both laminates are

intended for the production
replaceable filters to face masks.

of

pleated

For development, we used the PP nonwoven
fabric based on quality spunbond or spunbond/
meltblown, nanofibrous layer of PVDF or PA
polymer.
Methods
Production of nanofibers was carried out on the
production line NanospiderTM type NS8S1600U.
Production of laminated nanofiber membranes
was performed through the Klieverik
technology.
RESULTS AND DISCUSSION
Material Nanovia AntiVirus SMNF 57 is
laminated textile fabric intended for the
manufacture of filters for face masks - quality
filtration PM 1,0. The laminate allows catching
viruses, bacteria and fine dust particles on
mechanical principles with more than 99.9%
effectiveness. The laminate allows processing
using cutting and folding technologies.
Resulting parameters of laminate Nanovia
AntiVirus SMNF 57 , table I.

Fig. 1. Structure of Nanovia AntiVirus Laminate

filtration or or in the clothing industry and
household textiles.

Nanovia AntiVirus SMNF 57
Physical properties
Area weight
Strenght
Bacterial filtration
efficiency
Viral filtration
efficiency
Filtration efficiency
for particles 1,0 µm
Breathability

Value
60
160
> 99,9

Unit
g/m2
N
%

> 99,9

%

> 99,9

%

44

∆P
(Pa/cm2)
-

Skin irritability
0
Table I. Nanovia AntiVirus Parameters

Material Nanovia Dust Protection was
designed as a material for manufacturing filters
for face masks - quality filtration PM 2,5
intended to filter free flying dust in air.
Resulting parameters of laminate Nanovia Dust
Protection, table II.

Fig. 2. Structure of Nanovia Dust Protection
Laminate

Nanovia Dust protection NW 70
Physical properties
Area weight

Value
75

Unit
g/m2

Strength in longitudinal
200
N
direction
Nanofibers diameter
70 -100
nm
Filtration efficiency for
> 99,99
%
particle 2,5 µm
Skin irritability
0
Table II. Nanovia Dust Protection parameters

CONCLUSIONS
The use of laminating technologies significantly
extends the application scope of nanofiber
materials in traditional industry such as

By combining suitable materials and using the
appropriate lamination technology we can create
materials of unique qualities and a high added
value for the customer.
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OBJECTIVE
In this study, composite nanofibers of
polyacrylonitrile (PAN) and camphorsulphonic
acid (CSA) doped polyaniline (PANI) were
produced by electrospinning method. Different
amount of PANI has been used for the
production of PAN/PANI composite nanofibers.
The effect of the amount of PANI on the surface
morphology, conductivity and thermal properties
of composite nanofibers has been analyzed.
INTRODUCTION
Polyacrylonitrile has many properties such as
form stability, chemical resistance, high
durability, friction resistance, abrasion resistance
and biocompatibility which make it one of the
most important fiber-forming polymers. It is an
ideal material for fabrication into fibers, solid
film membranes or nanofibrous membranes for a
variety of applications [1,2].
Nanofibers of conducting polymers and their
blends with conventional polymers have
attracted great attention due to their special
properties which make them useful in many
potential applications such as electronic devices,
biomedical materials, protective clothing,
filtration media, etc. [3]. Among conducting
polymers, polyaniline (PANI) is the most widely
investigated due to its novel properties and
potential applications [4-6]. Especially, the
discovery of its counter-ion induced solubility
has formed the initial step of preparation of its
blends with insulating polymers [7].
When a literature survey is conducted, it is seen
that there are some studies regarding the
electrospinning of blends of PANI with PEO,
PLA, gelatin, etc. [8-10]; however no studies
were seen about the CSA doped PANI/PAN
composite nanofibers. In this study, composite

nanofibers of camphorsulphonic acid (CSA)
doped polyaniline (PANI) and polyacrylonitrile
(PAN) were produced by electrospinning method
with an attempt to produce conductive
PAN/PANI nanofibers.
EXPERIMENTAL APPROACH
Materials
Polyacrylonitrile (PAN) (Sigma Aldrich,
181315, average Mw:150.000g/mol), polyaniline
(PANI) (Sigma Aldrich, 530689, average
Mw:65.000g/mol), camphorsulfonic acid (CSA)
and dimethylsulfoxide (DMSO) were used as
received.
Methods
The required amount of camphorsulfonic acid
and polyaniline (equivalent molar ratio
PANi:sulfonic acid = 1:2) were added to
dimethylsulfoxide and mixed with magnetic
stirrer at 40˚C, 300 rpm for 2 days. After
filtration with Sartorius Stedim filter paper
(No.389), the required amount of PAN was
added to the PANi/DMSO solution. The
concentration of PAN was kept constant as 7 w%
(with respect to the weight of the solution). The
concentration of PANI was changed as 1, 3 and
5w% with respect to the weight of PAN.
Electrospinning of nanofibers was performed on
a horizontal electrospinning setup with a rotating
collector. Electrospinning solutions were fed
through a capillary tip (diameter = 1.25 mm)
using a syringe of 10 mL. During
electrospinning, the applied voltage was 15 kV,
the distance between the tip and the collector
was 10 cm and the flow rate of the spinning
solution was 1 mL/h.
Characterization
Scanning electron microscopy (SEM; EVO MA
10) was used to obtain SEM images of neat and

composite nanofiber samples. The sample was
sputter coated with gold layer before SEM
analysis. The diameter of 50 randomly selected
nanofiber mats were measured on SEM
photomicrographs and analyzed using Image
Analysis Software. Tensile strength, breaking
elongation and modulus of the webs were
measured using an Instron 3345 Tensile Tester
with a 100 N load cell at a crosshead speed of 20
mm/min. The length and width of the specimens
were 35 mm and 5 mm, respectively. The gage
length was 15 mm, and at least 10 specimens
were tested for each sample. Thermal properties
of nanofibers were evaluated using differential
scanning calorimetry (DSC, TA Q Series DSC
Q10) from 40ºC to 400ºC, at a heating rate of
20ºC/min in nitrogen environment. Conductivity
measurements were performed with Microtest
6370 LCR meter and 4-wire 2-prob system.
RESULTS AND DISCUSSION
All fibers had relatively uniform surfaces. The
neat fibers were randomly oriented while the
orientation of the fibers increased as the PANI
content in the nanofiber structure increased. The
diameter of the fibers increased with the increase
in the PANI content as a result of the increase in
solution concentration.
The breaking strength and the E-modulus values
decreased as PANI content increased. Breaking
elongation increased with the increase in PANI
content. The conductivity increased with the
increase in PANI content.
The conductivity of neat PAN nanofibers is
10-12S/cm [11]. The conductivity of nanofibers
with 1w% PANI was 1,48*10-7 S/cm which
showed that the percolation threshold was below
1%. The conductivity of the nanofibers with
5w% PANI was 10-6 S/cm which is the
semiconductivity range.
CONCLUSIONS
In this study, conductive nanofibers of
polyacrylonitrile (PAN) and camphorsulphonic
acid (CSA) doped polyaniline (PANI) were
successfully produced by electrospinning.
Scanning Electron Microscope (SEM) ensured
the nanofiber formation. PANi addition resulted
in increase in nanofiber diameter. Conductivity
measurements showed that 3w%PANI/PAN
nanofibers had an electrical conductivity of 10-6
S/cm. which is in the semiconductivity range.

FUTURE WORK
In future work, production of nanofibers from
solutions with higher content of PANI will be
studied with the aim of producing more
conductive nanofibers.
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ABSTRACT
Free surface electrospinning of aqueous solutions of
two polymers, polyvinyl alcohol (PVA) and
polyethylene oxide (PEO) are performed using a
wire electrode. The challenges of spinning and
achieving a high-throughput from these solutions are
discussed. A model for productivity rate that was
previously developed for an ethanolic polymer
solution has been successfully applied to the aqueous
systems as well, thereby demonstrating the
robustness of the model. This model emphasizes two
operating regimes, namely, entrainment-limited and
field-limited. The highest productivity occurs at high
applied potential and a relatively low rotation rate,
due to the high viscosity of these solutions.
INTRODUCTION
In recent years, electrospinning has proven to be an
extremely promising technique, enabling researchers
to create excellent materials for various applications,
such as filtration, drug delivery, textiles,
nanocomposites and tissue engineering. However, it
has been difficult to employ the conventional needlebased electrospinning process in industrial settings
because of its typically low production rate of ~0.1-1
g of fiber/hour. To overcome this issue, several “free
surface” or “needleless” electrospinning techniques
have been proposed, in which multiple jetting is
promoted simultaneously from a sufficiently large
area of free liquid surface. One such technique
involves jetting from the liquid droplets that form on
a wire electrode as it exits a bath of liquid with an
entrained liquid coating. This technique was
originally developed by Jirsak et al. [1] at the
Technical University of Liberec. Variations of this
basic technique have been developed and
commercialized by Elmarco Co. (Elmarco, Liberec,
CZ). In our group at MIT, this technique has been
implemented for deeper study, and we have proposed
a model for productivity by this process based on
solutions of polyvinyl pyrrolidone in ethanol. [2]
Here, we extend this technique to aqueous solutions,
both to evaluate the robustness of the model and
because water is highly desirable as a solvent in food
and pharmaceutical industry.

EXPERIMENTAL APPROACH
Materials
Aqueous solutions of polymers such as PVA and
PEO were used in this study. These particular
polymers were chosen because of their extensive use
in both food and pharmaceutical industries. Different
molecular weights and concentrations of these
polymers were tested to find the suitable viscoelastic
properties required for free surface electrospinning.
Methods
In this work, a wire electrode mounted on a rotating
spindle sweeps through a solution bath. As it passes
through the solution surface, the wire entrains a film
of liquid that breaks up into droplets as a result of
surface tension. Upon application of a substantial
voltage to the wire electrode, a strong electric field
forms between the wire and a grounded collector
plate mounted at a distance above the electrode,
resulting in the emission of liquid jets from the
several droplets. These liquid jets dry on their way to
the grounded plate, where they deposit as dry nonwoven polymeric nanofibers.
RESULTS AND DISCUSSION
In this work, aqueous solutions of PVA and PEO
were used as test systems. Several different grades of
both PVA and PEO were tested to find the suitable
properties. To achieve uniform polymeric nanofibers,
the solutions need to contain enough polymer
material so that they are viscoelastic. Also, because
of its low vapor pressure at room temperature, water
can be difficult to remove completely during the
electrospinning process. Hence, it is desirable to
work with a high concentration of polymeric material
in the solution. However, high concentrations
generally imply high viscosity as well. In general,
when the viscosity of a polymer solution is relatively
high, it is difficult to electrospin it from a wire
electrode. The reason for this is a delayed breakup
into droplets of the liquid layer on the wire. To
accommodate this delayed breakup, the rotation rate
of the electrode spindle must be slow enough to
allow sufficient time for the break up to occur. This
ultimately results in a relatively low production rate.

Thus, it is very important to find the right balance
between viscosity and elasticity for these solutions to
achieve good conditions for free surface
electrospinning. In this study, mostly low molecular
weight PVA and PEO were used, along with a
relatively low concentration, to get the best
throughput.
Both PVA and PEO behave as surfactants in aqueous
solutions and hence lower the surface tension of the
solution significantly. Because of both low surface
tension and high viscosity, not only is the breakup
into droplets slower, but also one can observe the
formation of a thin film between the wires of the
spindle, which further complicates the breakup
process. This film formation results in either no
droplet formation on the wire or non-uniform
droplets formation due to a different break up
mechanism from the film. However, this problem
was readily solved by changing the design of the
spindle from one in which the wires are suspended
on a circular wheel to one in which the wires are
suspended on a spoked wheel, such that the
formation of a film between the wires is no longer
supported.
Owing to the high viscosity of the solutions, satellite
droplets were also formed on the wire. Such satellite
droplets did not jet in most of the cases. Relative
humidity was also found to affect the productivity
results. Under low humidity conditions, through-put
is generally higher.
The productivity of these systems were measured
and compared to the values predicted by the
previously reported model.[2] In accord with that
earlier study, two operating regimes were identified
for electrospinning of these aqueous solutions: (1) an
entrainment-limited regime where all of the
entrained liquid is jetted from the wire electrode; and
(2) a field-limited regime where jetting is limited by
the residence time of the wire electrode in the
angular regime where the applied field is sufficient
for jetting to occur. However, compared to the
previous study, the field-limited regime is reached at
a relatively low rotation rate. The early onset of the
field-limited regime is attributed to the slow breakup of the entrained liquid layer into the droplets.
Thus, the highest productivity is achieved at a
relatively low rotation rate compared to the
PVP/ethanol solution. In general, the productivity of
electrospun mat from aqueous PVA solutions

increased until a spindle rotation rate of ~4-5.6 rpm
was reached. This increment in productivity is due to
the increase in the total amount of liquid film
entrained on the wires with increasing rotation speed.
Above ~5.6 rpm, although the amount of liquid
entrained on the wires can be increased with further
increases of rotation rate, the wire does not spend
enough time within the angular regime of sufficient
electric field. To overcome this challenge of early
onset of field-limited regime, smaller diameter wires
were used as electrode. This improves the
productivity by at least 3 times under similar process
conditions, which is due to the higher electric field
generated at the surface of the thinner wire and also a
ready break-up of entrained film into droplets. Also,
aqueous solutions of different combinations of low
molecular weight and high molecular weight
polymers are being tested to improve productivity.
CONCLUSIONS
Aqueous polymer solutions were electropun from a
wire electrode, with significant increase of
productivity over single needle technique. We
applied the previously developed model to account
for the observed productivity for aqueous solutions.
Some common challenges that might be encountered
with this type of solutions are mentioned here, such
as thin film formation between the wires on the
rotating wire spindle and jetting of highly viscous
liquids. These were solved with a simple
modification to the existing spindle. Spindle rotation
rate and relative humidity were observed to impact
productivity significantly and work is in progress to
incorporate these factors into the model. To further
test the robustness of the analytical model, some bicomponent solvent systems will be tested in future.
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INTRODUCTION
Fragrance encapsulation into nanofibers can be
achieved by O/W emulsion electrospinning. [1]
However, the effects of temperature (T) and
relative humidity (RH) on the fiber morphology
and the encapsulation efficiency of the
fragrance remain to be investigated in detail.
The morphology of solution electrospun fibers
morphology changes due to environmental
parameters [2,3]. The influence of emulsion
eletcrospinning conditions on the resulting
fibrous structure was thus studied by
electrospinning poly(vinylalcohol) (PVA) in
water/limonene or PVA in water/hexadecane
(HD).
EXPERIMENTAL APPROACH
Limonene or hexadecane was added drop-wise
to the PVA solution. Emulsions were then
stirred and sonicated and kept under stirring
until used for electrospinning. The emulsion
dynamic viscosity was measured at each
temperature at which the electrospinning would
be performed (8, 16 and 24°C). Electrospinning
was performed in a climatic cabin in which
temperature and relative humidity could be set
and controlled.
Scanning electron microscopy was used to
analyze the fiber morphology. The limonene
encapsulation efficiency was determined by gas
chromatography.
RESULTS AND DISCUSSION
Emulsion Viscosity
As shown in Figure 1, the emulsion viscosity
increased with increasing polymer concentration
and with decreasing T at a given shear rate. The
dispersed phase of the emulsion was of little
influence on the viscosity according to T.

Figure 1. PVA/limonene and PVA/HD emulsion
viscosity according to temperature.

Limonene encapsulation efficiency (EE) and
fiber morphology.

Figure 2. Limonene encapsulation efficiency
according to RH and T while electrospinning for and
PVA 9%/limonene.

Parameters influencing both EE and fiber
morphology were the PVA concentration in the
emulsion, RH and T. Indeed, when 9% PVA
was used, a continuous structure was obtained,
whereas when PVA 6% was used a bead on
string morphology was observed. The EE was
also higher for the higher polymer
concentration,
irrespective
of
the
electrospinning
conditions
chosen.
The
morphology of the nanofibers was thus
predominantly influenced by the composition of
the continuous phase. RH was the second
parameter that showed an influence on the
fibers. For each studied temperature, at high
RH, the fibers appeared collapsed. This is due to
the lower mechanical properties of the highly
hydrated PVA shell. The RH had a significant
influence on the EE – at low humidities the
limonene was encapsulated more efficiently.
Indeed, the hydration of the PVA shell in highly
humid environment decreases its barrier

properties towards
compounds. [4].

gases

and

volatile

Table I. Fiber morphology from electrospun PVA 6%/limonene (6L), PVA 9%/limonene (9L) and PVA 6%/HD
(6HD) emulsions depending on RH and T.

Interestingly enough the decrease of the
temperature had a significant influence on the
encapsulation efficiency of limonene in fibers
generated from concentrated emulsions (9%
PVA in the continuous phase). The decrease of
the encapsulation efficiency with the increase in
temperature is due to the increase of the vapor
pressure of the volatile compound.
CONCLUSIONS
We have shown here the influence of emulsion
formulation and of two environmental
parameters (T and RH) on the morphology and
encapsulation properties of fibers obtained by
emulsion electrospinning. Fibers generated from
concentrated emulsions, at low humidities and
low temperature displayed a cylindrical
morphology and high encapsulation efficiencies
of the model compound limonene. The increase
in humidity had as consequence a decrease in
the encapsulation efficiency and this effect was
more pronounced at high temperatures.
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OBJECTIVES
We aim at the establishment of new
methodology to produce nanofibers.
This
facilitates the advanced nanofibers with surface
modification and core-shell structure.
INTRODUCTION
Nowadays most of nnanofibers are prepared by
electrospinning
(electrospun)
technique,
developed in the 1930s. Almost all studies
concerning nanofiber have employed this dryspinning or melt-spinning method with a high
voltage, and many kinds of polymer nanofibers
including polymer blends are prepared [1]. High
electrostatic field (>10 kV) facilitates the liquid
extension and evaporation of a volatile solvent,
leading to nanofiber preparation. For mass
production, however, a lot of vapored organic
compounds (VOC) have the risk of explosion
under a high voltage. In addition, an extended
melt-spinning fiber containing two separate
phases, “sea” and “islands”, in the cross section,
provide nanofibers by the isolation of “islands”.
This requires a multi-step process to isolate
nanofibers with large heat energy to melt feed
polymers.
We prepared polymer nanoparticles [2],
microspheres [3] and microcapsules [4] using
solvent diffusion method which made it possible
to quickly solidify polymer from the solution by
just dilution operation without any energy. In
particular, a microfluidic device was a promising
tool to prepare monodisperse materials because
of the controlled droplet formation in
microchannel flows. Therefore our procedure is
called as “droplet-to-particle technology”.
Recently, we have extended this technique to
prepare a thin fiber from jet flow, “jet-to-fiber
technology” (Figure 1). In this paper, we exhibit
the first wet-spinning of nanofibers and the
potential for creating advanced nanofibers.

Figure 1. Schematic illustration of microchannel wetspinning of nanofibers.

EXPERIMENTAL APPROACH
Materials
Microfluidic devices were fabricated by Kasen
Nozzle Mfg. Co. Ltd. (Japan). Polymer materials
except for polylactide and the derivatives were
purchased from Wako Pure Chemical Ind., Ltd.
(Japan). Polylactide and polyoxyethylene (PEG)
– polylactide (PLA) block copolymer were
synthesized
with
the
ring-opening
polymerization of lactide, purchased from Purac
(Netherland), with lauryl alcohol and methoxyPEG (MeO-PEG), respectively.
Methods
PEG-PLA was dissolved in ethyl acetate as an
inner phase. It flows with an outer aqueous phase
containing desired surfactant. In the case of
polyacrylonitrile (PAN) and polystylene (PS),
the polymers were dissolved in DMSO and THF,

respectively. These phases were pumped with
syringe pumps. Organic solvent in the inner
phase was diffused into the outer aqueous phase
in a microchannel as seen in Figure 1.
RESULTS AND DISCUSSION
PEG-PLA fiber
As shown in Figure 2, the diameter of PEG-PLA
nanofiber was reduced with increasing the outer
flow rate. When using L-PLA and D-PLA as a
PLA chain, stereocomplex PLA nanofibers,
thermostable PLA, were also prepared. In
addition, we found stereocomplex formation was
available for surface modification of PLA
nanofiber.

Figure 4. SEM images of PS (a) porous and (b)
hollow nanofibers prepared with microchannel wetspinning.

CONCLUSION
We found that nanofibers were obtained from a
jet flow in a microchannel. This nanofiber wetspinning has a great potential to produce
advanced nanofibers.
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Figure 2. SEM images of PEG-PLA nanofibers
prepared with microchannel wet-spinning.

PAN fiber
The wet-spinning of PAN resulted in a ribbonlike fibers (Figure 3). This result showed rapid
solidification of PAN induced such morphology.
PS fiber
In order to form hollow structure, we used
perfluorooctylbromide (PFOB) for phase
separation in a jet flow. Since PFOB did not
solve PLA and PEG-PLA, small PFOB droplets
formed porous structure (Figure 4a) and hollow
structure with the fusion (Figure 4b).

Figure 3. SEM images of PAN nanofibers prepared
with microchannel wet-spinning.
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OBJECTIVE
A recent investigation revealed substantial
weaknesses in existing measuring methods for
short fiber content SFC [1]. The best, but time
consuming method found, is the Suter-Webb
array. As an alternative, the Peyer Almeter is
studied here. The accuracy of the staple fiber
diagram is verified by using geometrically
defined templates.
INTRODUCTION
The Almeter was offered by PEYER during the
1980s with a first generation digital controller.
The original control system is no longer
supported. Further use requires an update and
improvements in accuracy and handling.
The principle is a bundle measurement on an
end-aligned beard, comparable to the SuterWebb array, however without the bias
introduced by weighing samples selected in
length. The beard is prepared on an automatic
combing system, the Fibroliner. The end aligned
beard yields a better accuracy than a nonaligned beard, as used e.g. in the HVI, the
common industrial standard for cotton [1].

Figure 1: End aligned beard of cotton fiber

A unique property of the Almeter is the
calibration by geometrically defined templates.
The pertaining statistical algorithms used in the
evaluation of the raw data are published. The
shape of the template, a flat sheet of Polyamide
material, defines an equivalent fiber beard.

SENSOR AND RAW DATA
The sensing capacitor consists of two
rectangular electrodes 170 x 2 mm with an air
gap of 2.5 mm. The fiber beard is kept in
Polyester foils moving on a power driven sled.
A 10.7 MHz radio frequency voltage drives this
capacitor. A demodulator creates a DC voltage
proportional to the capacitance introduced by
the fiber mass. This voltage is converted to
digital raw data for storage and evaluation.
The resolution of the original Almeter is 12 bit.
A modern 16 bit A/D converter has been
introduced, making 8 readouts per 0.2 mm of
fiber length. The final resolution results in 18
bits. Zero offset drift is compensated on each
scan by linear interpolation.
Finally, two scans, inbound and outbound, are
assembled by aligning the position and
averaging output voltage. The raw data trace is
stored as a primary array. All subsequent steps
in evaluation rely on a copy of this.

Figure 2: Templates. Left to right: Cotton, Synthetic
Staple, Short Fiber, Wool type fiber

NUMERICAL EVALUATION
In a first step, the base point of the fiber beard
(zero length) and the maximum fiber mass
density (100% reference in diagrams) are
established. This maximum in voltage is
checked for being in the range of the sensor. A
50% threshold defines the zero point in length.

The part preceding this zero point is cut off, and
the part from the zero point to the maximum set
to this maximum. This takes care of the slanting
start of the raw data trace caused by the fuzzy
base of the sample beard (see Fig. 1) and the
finite length of the measuring capacitor. The
fiber density signal at this maximum is now
normalized for 100%. Assuming that all fibers
are of equal fineness, this trace of the mass
density along the end aligned beard represents
the cumulative staple diagram on numbers.
In a second step, the length bias is introduced to
get the pertaining distribution corresponding to
the Suter-Webb method. This bias mitigates the
accuracy for short fiber content.
In a third step, a derivative on length of the
cumulative value is calculated, yielding the
histograms. This emphasizes any irregularity, as
shown in Fig. 3. The histogram is useful for
detailed investigation of fiber processing steps.

due to the stepwise combing process of the
Fibroliner, leading to the fuzzy base of the beard
(Fig. 1).
The experience made in such tests with fiber
beards and templates shows that:
- Reproducibility on templates is superior to
reproducibility on real fiber beards.
- The additional error introduced by weight bias
(Sutter-Webb) is negligible only on ML and
UHML. On Short Fiber Content, this bias leads
to poor accuracy.
- The tuft trace is useful only for checking
comparison with the Fibrogram.
- Differences in resulting traces and figures to
other fiber evaluation systems are due to a bias
introduced in the sample preparation (HVI) or
fiber damage (AFIS).
OUTLOOK
By the improvements in accuracy, the Almeter
becomes useful as a calibration tool for other
methods for staple length measurement.
The sample preparation could be much
simplified by running the same measurements
on a non aligned beard. Further work is planned
on this concept, directed at a specific method to
measure Short Fiber Content.

Figure 3: Cotton sample, combed and blended

In a fourth step, an integral over length of the
cumulative value is calculated, yielding the tuft
diagram for comparison with the Fibrogram.
Finally, the characteristic numbers for the staple
distribution are calculated, according to the
existing standards (e.g. Mean Length ML,
Upper Half Mean Length UHML, Uniformity,
Short Fiber Content SFC).
ERROR ANALYSIS
The biggest impact on reproducibility comes
from sample preparation. No fibers may be lost
or damaged in this process. A remaining error is
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ABSTRACT
This paper focuses on the description and
evaluation of warp and weft crimp in jacquard
woven fabrics. For modeling of warp and weft
crimp in jacquard structures we use the
mathematical
formulation
together
with
geometrical characteristics of the fabric structure.
This is done on the basis of definition of the
binding wave in longitudinal and transverse
sections. The theoretical prediction of weft and
warp crimp is compared with real values.
JACQARD WOVEN FARIC STRUCTURE
DESCRIPTION
The necessary information about the balance of
variable forces, deformation of binding points,
stability of the weaving etc. can be deduced from
the description of mutual relations between tension
and geometrical changes in the interlacing of
threads [1, 4]. Large pattern fabrics can be
produced on looms equipped with a particular type
of shedding motion-Jacquard machines.

threads are lifted as well. This is possible because
the jacquard shedding mechanism uses individual
control of warp threads. The lifting and lowering of
single threads in different orders makes it possible
to produce the figures of desirable form and size.
Generally, woven fabric weave (jacquard and
dobby as well) consists from the two types of
interlacing – curved parts and non-interlacing –
float parts. In the weave exists only four structural
models of interlacing. These structural models are:
full interlacing model, partial interlacing model,
double and full float structural interlacing model.

Figure 2: Interlacing structural models

Many attempts have been made in the past to find a
suitable model describing the threads interlacing,
i.e. to express mathematically the shape of the
binding wave in a given thread crossing in the
fabric in the steady state.
Peirce model [1, 3, 8], hyperbolic model, sine
shape and linear shapes are the most used models.

Figure 1: Simulation of the jacquard fabric structure

These are used for designs with several hundreds
(or ever thousands) of warp threads interlacing in
different manners with the same number of weft
threads in pattern. In Jacquard machines not only
are small groups of warp threads lifted, but single

Figure 3: Linear models for description of the binding
wave (A2 – weft distance)

For the modeling of jacquard woven fabric
structure we used one of the simplest linear models.

The shape of the linear model, as we can see,
doesn’t correspond to the real shape of the binding
wave. But the final expression of the length of the
binding wave is comparable to the real value of the
real binding wave. The float part is substituted by
an abscissa, see Figure 2. [8] [9].
EXPERIMENTAL
METHODS
FOR
DEFINITION OF THREADS CRIMP
We can express geometric parameters of the woven
fabric as well as warp and weft crimp on the basis
of:
1) Image analysis − experimental analysis of the
cross section and the length of the binding
wave [5, 7, 8].

Figure 4: Expression of the binding wave from the real
fabric cross section

2) Hand measuring of the removed threads from
the woven fabric – expression of the length
of the warp end weft threads from woven
fabric after weaving process,
3) Analysis of yarn tensile characteristics –
using this method, the yarns with
predetermined length are removed from
woven fabric and clamped between the jaws
of Instron. This is done without any
pretension in the yarn and therefore the yarn
crimp can be measured.
RESULTS AND CONCLUSIONS
Generally, the crimp expresses the difference
between the straightened thread length (length of
threads before interlacing), and sample length
(length of threads after interlacing). Mutual
interlacing of threads creates the waviness of
threads.

Figure 5: Simulation of the thread before and after
interlacing

We distinguish two type of thread’s position in
jacquard woven structure. The first position of the
interlacing is given: warp over weft (warp overlap)
and weft over warp (weft overlap). The second
position of threads in the fabric is given by the float
part – non-interlacing part of threads. The final
length of warp and weft in the pattern for
calculation of crimp is given as sum of the length in
crossing part (substitution of linear models) and the
length of the float part (substitution by an abscissa).

Figure 5: Simulation of the binding wave in jacquard
fabric structure
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ABSTRACT
The main goal of this study was to investigate the
influence of knitting structure, loop length, tightness
factor, fibre type and yarn properties on the air and
water vapour permeability of single jersey knitted
fabrics. Five different blends of fibres (cotton100%:
cotton50%pes50%,
cotton40%pes60%,
cotton30%:pes70%, pes%100) were used to produce
20 tex yarn count. Each of these yarns was used to
manufacture single jersey knitted fabrics. The knits
were manufactured on a single feeder sample knitting
machine. Fifteen different type single jersey knitted
fabrics were produced with different blend ratio and
three different densities (loose, medium, tight).
INTRODUCTION
One of the most important aspects of clothing is
comfort. Knitted fabrics have been extensively used
in readymade apparel owing to its higher level of
comfort. Clothing designed for leisure sports is worn
not only for aesthetic reasons but also for special
control functions of the human body. Clothing
comfort includes three main considerations: thermophysiological,
sensorial
and
psychological
comfort[1]. Knitting technology has advanced
considerably during the past two decades with the
introduction of various knitted structures, use of new
and modified yarns and design of versatile knitting
equipments. The successful use of the yarns in
knitting depends on yarn characteristics and proper
selection of knitting process parameters[2]. The
effects of various knit structures on the dimensional,
mechanical and comfort properties of knitted fabrics
have been analysed by many researchers.
Bivainyte&Mikucioniene (2011) investigate the
influence of knitting structure parameters and raw
materials on the air and water vapour permeability of
double layered knits used for leisure sports[3].
Mikucioniene, Milasiüte and et.al (2012) the
investigations show that an increase in the loop length
of the fabric investigated increases their permeability
to air, likewise an increase in the linear density of the
yarn permeability to air of knits decreases[4]. Prakash

and Ramakrishnan (2013) presents the thermal
comfort properties of single jersey knitted fabric
structures made from cotton, regenerated bamboo and
cotton-bamboo blended yarns[5]. In order to beter
understand how the fiber blends within a fabric, this
study also presents yarn and loop length were
significantly responsible factor for the knitted fabric
properties, comfort, water vapour permeability and
other properties.
EXPERIMENTAL APPROACH
Materials
Experiments were carried out with cotton and
polyester blend yarns with a 20 tex linear density and
smilar twist level. Such yarns are regularly used in
knitting processes for various textile products. Cotton
is the most widely used natural cellulose fibre and
polyester fibre synthetic fibre is more and more
popular and currently widely used fibre. The fibres
used in the study are given in Table I.
Table I. Characteristics of cotton and polyester
Fibre length Fibre fineness
Fiber
Fibers
(mm)
(dtex)
strength (g/d)
28,2
1,9
3,7
Cotton
Polyester

32

2,22

5,5

Different
blends
of
fibres
(cotton100%,
cotton50%:pes50%,cotton40%:pes60%,cotton30%:pe
s70%, pes100%) were used to produce 20 tex yarn
count. Each of these yarns was used to manufacture
single jersey knitted fabrics. The knits were
manufactured on a single feeder sample knitting
machine.
Methods
All experiments were carried out in a standard
atmosphere 65%RH and 20±20C temperature for
testing according to Standard ISO139 (2002). The
following mechanical and comfort characteristics of
the yarns were determined, yarn count, evenness and
hairiness. The main characteristics of the yarn used
are given in Table II.

Co%100
PES%70/Co
PES%50/Co%
PES%60/Co%
PES %100

9,35
11,31
10,95
11,11
10,88

Hairiness
H

Yarn
types

Uniformit
y U%

Mass
Variation
Of
Coefficien

Table II. Properties of the yarn

11,81
14,39
13,95
14,1
14,4

5,5
5,36
5,37
3,91
2,65

To measure air permeability of the sample fabrics
SDL Atlas Air Permeability tester was used with 100
kPa pressure difference. The air permeability was
investigated according to Standard EN ISO 9237
(1995). Water Vapour Permeability Index results
were obtained from SDL Atlas Water Vapour
Permeability tester. The water vapour permeability
was tested to standard of BS 7209 (1990).
RESULTS AND DISCUSSION
The main goal of this study was to investigate the
influence of fibre blend ratio, yarn properties and loop
length on the air permeability, water vapour
permeability. Air permeability is an important factor
in the comfort of a fabric as it plays a role in
transporting moisture vapour from the skin to the
outside atmosphere. Water vapour permeability is the
ability to transmit vapour from the body. The ability
of clothing to transport water vapour is an important
determinant of physiological comfort.

Co%100

PES%70/
Co %30
PES%50/
Co%50
PES%60/
Co%40
PES
%100

Loose
Medium
Tight
Loose
Medium
Tight
Loose
Medium
Tight
Loose
Medium
Tight
Loose
Medium
Tight

0,51
0,40
0,30
0,50
0,41
0,31
0,50
0,40
0,30
0,52
0,41
0,31
0,50
0,41
0,31

0,89
0,71
0,64
0,80
0,66
0,61
0,86
0,63
0,59
0,87
0,65
0,62
0,79
0,60
0,57

4278
3530
3238
6480
4920
2630
6730
4760
2950
6270
5020
3030
6850
5090
3100

Water
vapour (I)
Permeabilit

Fabric
thicknes
(mm)
Air
permeabilit

Loop
length

Fabric
density

Single
Jersey
Knitted

Table III. Experimental data for the single jersey blended
knitted fabrics.

0,9716
0,9803
1,0012
1,0432
1,0641
1,0721
0,9684
0,9505
1,0030
0,9881
0,9895
1,0575
1,0718
1,0813
1,0928

CONCLUSIONS
It is obvious that an increase in the loop length
increases the permeability to air and comfort of the
wearer. An increase in the thickness of knits
decreases comfort and the possibility of the person
being more comfortable; they cannot function
satisfactorily if they feel uncomfortable or even
worse, become incapacitated due to excessive heat
stress. A good correlation between the air
permeability of the knit and its water vapour
permeability was found. The investigations show that
an increase in the loop length of the fabric
investigated increases their permeability to air,
likewise an increase in the linear density of the yarn
permeability to air of knits decreases.
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OBJECTIVE
At the end of the study the best suitable
combination of denim washing method was
selected according to the abrasion resistance
performance of the sample knitted denim fabrics.
INTRODUCTION
Knitted denim fabrics are the type of knitted
fabrics which have woven denim view. This paper
investigates the abrasion resistance of knitted
denim fabrics after different washing treatments.
The washing treatments include pre-washing,
enzyme-stone washing, bleaching, neutralization,
chemical spray, softening and combinations of few.
In this research abrasion resistance of cotton
knitted denim fabrics were tested with Martindale
abrasion tester with loop breakage assessment
method. At the end of the study the best suitable
combination of denim washing method was
selected according to the abrasion resistance
performance of the sample knitted denim fabrics.
Denim garments have been so popular for years
according to many different people. Although the
reason of this preference for the user is different, it
is apparent that many people have a reason to
select denim garments, like strength, comfort, color
etc. Knitted denim fabrics are produced to utilize
the elasticity, softness and low cost of knitted
fabrics without losing the pattern and color of the
woven denim fabrics [1].
In literature some researchers tried to produce
knitted denim fabrics with many different patterns
but the fabric pattern which resembled woven
denim fabric most was diagonal two -fleece fabric
[1,2]. Rope dyeing method is the most convenient
for dyeing face yarn to indigo color, because with
this method removing indigo dye from the surface
of the fabric by washing is best [3]. Except
dimensional stability and strength property, knitted
denim fabrics have similar properties to woven
denim fabrics [3].
As there were detailed studies about knitted denim
fabrics [1-4], there was no study about the effects
of washing treatments on the abrasion resistance of
the knitted denim fabrics. Abrasion is defined as

the wearing away of any part of the fabric by
rubbing against another surface. Fabrics are
subjected to abrasion during their lifetimes and this
may result in wear, deterioration, damage and a
loss of performance [5]. While the main selecting
reason of denim is durability [6,7], knitted denim
fabrics have to be durable against abrasion force.
The knitted denim fabrics are produced by weft
knitting technique and so, formed a tiny hole may
cause a big problem in the garment [8].
Therefore, in this study it was aimed to analyze the
effects of four different washing treatments on the
abrasion resistance of the knitted denim fabrics
produced by cotton fiber.
Denim users want to use worn viewed denim
clothes. To ensure this view stoning was very
popular method. However this process is dangerous
for the operator so, many other techniques were
developed to have the worn view as seen in Figure
1.

Figure 1. Washed denim jeans
EXPERIMENTAL
Sample knitted fabrics used in this study were
produced by circular knitting machine as diagonal
double fleece pattern. The face yarn of the samples
was Ne 30/1 cotton yarn while the fleecy yarns of
the fabrics were Ne 30/1 and Ne 20/1 cotton yarns.
40 denier elastomeric yarn was used to ensure
elasticity of the fabrics. The yarn properties of the
samples were given in Table 1.
Sample knitted fabrics were exposure to prefixation, cold washing and sanforizing process
respectively. Then the sample knitted fabrics were
washed in accordance with the recipes given in
Table 2.

Table 1. Yarn properties of the sample knitted fabrics
Thin
Thick
U, CVm,
Properties Count
place,
place,
%
%
-50 %/km +50 %/km
Ne
9,2
11,5
0
7
Face yarn
30/1
6
Ne
10,
13,27
0,8
28,3
30/1
5
Fleecy yarns
Ne
8,5
10,82
0
1,7
20/1
9

Neps,
+200 %
/km
36
35
3,3

H
3,8
4
4,1
6
4,4
8

Elongatio
n,
%
5,51

22,63

445,5

5,12

13,45

264,7

6,14

14,35

423,7

Table 2. The process order of the washing treatments applied on the sample knitted fabrics
The Process Order of the Washing Treatments
1
2
3
4
5
Pre-washing
Chemical spray
Softening
1
Pre-washing
Bleaching
Neutralizing
Chemical spray
Softening
2
3

Pre-washing

4

Pre-washing

Stoning
enzyme
Stoning
enzyme

with
with

Chemical
spray
Bleaching

The abrasion resistances of the obtained eight
different sample knitted fabrics were tested with
Martindale Abrasion Tester. After abrasion test a
tiny hole formed on the surface of the knitted fabric
as seen in Figure 2.

Figure 2. The view of the broken stitch on the
sample after abrasion
RESULTS AND DISCUSSION
The results of the test were evaluated with
statistically and graphically. Then the most
convenient washing treatment was chosen. At the
end of the study, the best suitable combination of
denim washing method was selected according to
the abrasion resistance performance of the sample
knitted denim fabrics.
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ABSTRACT

In the present study, antiseptic drug Chlorhexidine
acetate was loaded onto montmorillonite clay and
then incorporated into polyurethane to form
nanofibrous webs prepared by electrospinning. An
emphasis here is on investigating the effect of drug
loading onto the nanoclay vis-à-vis direct drug
loading on the release kinetics of nanofibrous webs.

INTRODUCTION

Recently, electrospinning has generated a lot of
interest in producing nanofibers having diameter less
than one micron [1]. Drug delivery application via
electrospun nanofibers have gained attraction due to
possibility of delivering uniform, large and controlled
doses of pharmaceutical agents at the action site via
high surface area to volume ratio, high porosity and
high flexibility of the light weight nanofibrous system
as compared to conventional drug delivery systems.
Medical grade thermoplastic polyurethane (TPU) has
been selected for preparing nanofibers and also finds
applications in the area of medical devices such as
feeding tubes, vascular grafts and pacemakers.
Chlorhexidine Acetate (CA), cationic antiseptic
acting both as bacteriostatic as well as bactericidal
agent is used for this study. Montmorillonite (Mt)
nanoclay is one of the important members of smectite
family and has been used as a carrier for cationic CA
drug in the TPU nanofibers.
In the present study, the nanofibrous webs containing
CA as pure drug as well as CA intercalated into the
nanoclay were electrospun separately at optimized
process conditions. The electrospun nanofibers
containing drug and drug loaded clay were further
characterized by Scanning electron microscopy
(SEM), X-ray diffraction (XRD). In vitro release of
the drug from the electrospun nanofiber in phosphate
buffer saline (pH 7.4) media at 37°C was investigated
to study the effect of nanoclay on drug release
kinetics [2]. These bioactive nanofibers have the
potential for application in the area of controlled
topical drug delivery particularly useful in wound
dressing applications.

EXPERIMENTAL APPROACH
Materials

Polyether based thermoplastic polyurethane (Mw:
540,615 Dalton) was procured from Bayer Material
Science LLC, Pittsburgh. Montmorillonite (Mt) clay
with cation exchange capacity (CEC) of 1.20
mequiv./g was procured from Southern Clay
Products, Inc. Japan. Chlorhexidine Acetate (CA;
M.W. 625.55; M.P. 156°C) was obtained from
Sigma-Aldrich Co. Ltd. (UK) and used as received.

Methods
Preparation of Electrospun Nanofibrous Mat
Thermoplastic polyurethane solution (10% w/w) was
prepared by dissolving polymer chips in DMF by
using hot plate at 70°C. CA drug and drug loaded clay
i.e. CAMt in concentration of 1% (w/w) of 10% dry
weight of TPU was added to the polymer solution
before electrospinning. Electrospinning set up
(Nanomate IP 607, India) consisting of syringe with a
blunt end metal needle having 0.15 mm inner
diameter, which contains polymer solution loaded
with drug or drug loaded clay. During electrospinning
process, temperature and humidity were maintained in
the range of 22-25°C and 46-50% respectively.
Morphological Analysis
Surface morphology of the nanofibrous webs was
investigated using a Scanning electron microscope
(ZEISS EVO 50) with accelerating voltage 20 kV.
SEM samples were coated with gold prior to the
analysis.
XRD Analysis
X–ray diffraction studies of nanofibrous webs was
carried out on PANalytical X–Ray powder
diffractometer using CuKα radiation of wavelength
1.5418Ǻ, working voltage 40kV and current 30mA.
Scanning was carried out in the 2θ values from 2 to
15° at a scanning rate of 2 °/min for all the samples.
Drug Release Study
Drug release behavior of TPU-CA and TPU-CAMt
nanocomposite fibers was studied in Phosphate buffer
saline solution of pH 7.4. About 20 mg of each
sample was put in different conical flasks containing

buffer and placed at 37±0.1°C to study the drug
release profile. About 2 ml of solution was taken out
at specific interval and the corresponding drug
concentration
was
determined
using
UV
spectrophotometer (Perkin Elmer Lambda 25).

RESULTS AND DISCUSSION
Morphological Analysis
Fig. 1 corresponds to the SEM images of neat and
drug loaded TPU nanofibers. Clearly, round crosssection fibers with smooth surfaces were obtained.
Fig. 1b indicates that the drug is finely incorporated
into the electrospun fibers with average diameter
ranging in between 350-370 nm. SEM images of
nanofibers containing CAMt is shown in Fig. 1c.
Homogeneous distribution of nanofibers with
diameter ranging in between 370-430 nm is obtained.
XRD Analysis
XRD pattern of neat and CA drug loaded TPU web
does not exhibit any characteristic peak shown in Fig.
2. But 1 and 5% CAMt loaded TPU web exhibits two
distinct peaks at the position of 3.82 and 7.43˚ with
interlayer spacing of 23.05 and 11.92A˚ respectively.
The first peak corresponds to successful drug
intercalation into the clay intergallery leading to the
increase in interlayer spacing. On the other hand, the
second one represents a characteristic d001 peak for
crystalline clay mineral. Therefore, it can be
concluded that drug loaded clay has been successfully
incorporated into the electrospun web.
In Vitro Release Studies
The cumulative amount of drug released from the
pure drug and CAMt nanocomposite loaded
nonwoven webs in PBS media of pH 7.4 at 37°C is
shown in Fig. 3. From the figure it is obvious that, a
large amount of pure CA drug release corresponding
to well known burst effect, was observed in the first 5
hrs followed by a slower release thereafter from the
nanofibrous webs. Based on the release profile at pH
7.4, the maximum release of 70% of pure drug was
observed in case of 1% drug loaded nanofiber. But
100% drug release was never attained due to the
equilibrium characteristics of ion exchange reaction.
However in case of CAMt loaded TPU nanofiber,
initial burst release effect is seen to be diminished.
The drug starts releasing after a time lag i.e. for 1%
CAMt loaded nanofiber it takes 60 mins. This kind of
sustained release occurs due to the presence of bulky
and hydrophobic drug cation being immobilized into
the interlayer spacing. The maximum release of drug
from 1% CAMt was observed in the range of 35%
only.

Figure 1: SEM images of (a) Neat TPU and TPU
containing (b) 1% CA and (c) 1% CAMt

Figure 2: Release profile of pure drug CA and CAMt
nanofibrous webs in PBS media

Figure 3: X-ray diffraction pattern of Neat TPU,
TPU-CA and TPU-CAMt nanofibrous web

CONCLUSIONS

Thermoplastic polyurethane nanoweb containing drug
and drug loaded clay have been successfully prepared
by electrospinning. The release profile of nanoweb
containing pure drug indicates burst release but clay
intercalated species exhibited sustained nature.
Moreover, both kinds of release obey Fickian
diffusion mechanism but it transforms from burst to
sustained nature after drug intercalation into the clay
intergallery. Such sustained release is useful in topical
drug delivery as well as wound healing with a long
term activity.
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ABSTRACT
In the present study a unique region of shear reversible
alumina gels has been discovered, where the viscosity
shows a sudden drop by six orders of magnitude on
application of shear stress. The sol to gel transformation
was observed to depend on the composition of the sol
and could be tuned in the range of few seconds to
hours. These gels are suitable for fabricating complex
3-Dimensional structures using advanced technology of
direct write and ink-jet printing.

RESULTS AND DISCUSSION
Alumina sol are usually prepared by using small
concentration of AIP (< 4.7 mol%), with small amount
of acid (< 2.7 mol%) for hydrolysis in large amount of
water. This region was investigated to understand the
effect of composition on gelling behaviour of alumina
sols and a phase diagram was drawn (Figure 1). Based
on the gelling behaviour, the phase diagram was split
into various regions.

KEYWORDS: Alumina, reversible, phase diagram
INTRODUCTION
Reversible gels change their phase with change in the
stimulus like pH, temperature, pressure, electric field,
ionic strength etc. and are also called as stimuli
sensitive or smart gels. The stimuli sensitive gels are in
demand as an ink material for “Direct Ink Writing”
(DIW) which is a novel fabrication method for 3Dimensional structures. Further these structures can act
as scaffold in tissue engineering and as a circuit for the
electronics and optoelectronics applications. The basic
requirement of direct write ink is rapid gelling of gels
as soon as it emerges out of the nozzle. Till now a
coagulation medium is used for gelling the inks in the
environment for shape retention. The use of smart gels
can eliminate the use of coagulants. In the current
study, sol-gel system based on alumina, a bio-inert
material has been explored to make shear reversible
gels. These reversible alumina gels, show fast sol-gel
transformation and are a suitable candidate for making
multilayered structures using DIW technique.
APPROACH
Alumina based sol gel systems were synthesized using
aluminum isopropoxide (AIP) as a precursor through
“Yoldas Process”. The effect of precursor
concentration, acid concentration and temperature on
the gelling behaviour and the rheology of the gels were
investigated. Alumina sol with different rheologies
were synthesized and categorized in a 3-phase diagram.
The structural differences in the sol and gel state of
reversible gels were investigated by Raman and NMR
analysis. Direct write fabrication technique was used
for creating different 3-D structures using reversible
gels.

Figure 1. Phase diagram showing different regions

At very low concentrations of AIP (< 0.84 mol%) and
low concentration of acid (< 1.1 mol%), there is enough
water and acid to convert AIP into stable alumina sol,
which does not show any gelation with time. This
region is shown as Region A. With increase in the acid
concentration of more than 1.03 mol% and AIP of < 2.4
mol%, a viscous liquid is formed, which with time gets
phase separated. This is shown as Region B. However,
when the acid concentration is kept very low marked as
Region C), the mixture is unable to convert to sol and
remains as suspension (i.e. inhomogeneous mixture).
When the concentration of AIP is increased beyond
0.99 mol% with sufficient quantity of acid (> 0.45
mol%) to allow peptization of aluminium hydroxide,
the sols are formed, which have a gelling tendency.
This is shown by Regions D & E. Interestingly, in the
region D, the transformed gel was found to be
reversible to sol with shear. In this small region which
is bound by precursor concentration of 1 mol% to 3.7
mol% and acid concentration 0.45 to 1.16 mol%, the
gels shows a very unique behaviour. The compositions
in this region gel within few seconds to a maximum of
two hours of storage time on standing and reverses to
sol spontaneously on application of shear (shaking).

The sol transforms to gel again on standing. This is
indicated in Figure 1. This sol-gel transformation is
cyclic in nature and is observed to continue without any
change for large number of cycles. The gelling time,
strength and clarity of the reversible gel is a function of
both AIP and nitric acid concentration. Four reversible
gel samples of the composition given in Table 1 were
selected for further investigation.
Table 1. Selected compositions of reversible gels along
with their codes
Sample codes for
Reversible gel
RGelA2N60
RGelA2N63
RGelA2N71
RGelA1N56

Concentration ( mol%)
AIP
HNO3
Water
2.23
0.60
97.17
2.23
0.63
97.14
2.24
0.71
97.05
0.99
0.56
98.45

Figure 3. Cyclic behavior of change in viscosity with time
below and above the critical shear for reversible gel (a)
RGelA2N63 & (b) RGelA2N71

As it is shown in the Figure 2, the gels show a viscosity
in the range of 104 to 105 Pa.s, at low value of shear
stress. On increasing the shear stress beyond a critical
value, a sudden drop in viscosity is observed by about 6
orders of magnitude to a value of ~ 0.1 Pa.s. The value
of critical shear stress changes with the composition of
the gel.

The rheological behaviour of gels on application of
stress with time, confirmed that these alumina gels were
able to retain their respective structures below and
above the critical shear stress. The effect of temperature
on gelling behaviour was also studied. Raman and
NMR analysis indicates that the gel formation in these
compositions is mainly due to the physical association
of the octahedrally coordinated Al structures for all the
reversible alumina sol compositions. Figure 4 shows a
six layered structure of alumina (in wet state) fabricated
using computer controlled robocaster.. After extrusion,
the sol converted into gel quickly without causing any
significant spreading resulting in complex 3D structures
for various end applications.

Figure 2. Variation of viscosity as a function of shear stress
for (a) RGel A2N63 & (b) RGelA2N71

Figure 4. Optical images of direct write structure fabricated
using RGelA2N71

The rheological response of gels with respect to time is
shown in Figure 3. Initially the gels were sheared by
applying shear stress higher than their critical shear
stress (i.e. by shearing the sample at high shear rate of
1000 s-1) for 100 s then applying the shear stress below
their critical shear stress (i.e. by shearing the sample at
very low shear rates of 10-5s-1) for another 1000s.

CONCLUSIONS AND FUTURE WORK
These gels due to their unique rheological behaviour
can be used for making multilayer structures using
direct write technique. The various applications of these
gels in textile, medical and electronic fields will be
explored in future studies.

It was observed that at higher shear rate, the value of
viscosity remained stable at 0.08 Pa.s for the entire
duration of 100 s, however, as soon as the shear rate
was decreased to apply shear stress below the critical
value,the viscosity increased instantaneously to 183
Pa.s and continued to increase with time to >104 Pa.s for
both the gels. This behaviour was found to be cyclic in
nature.
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ABSTRACT
An investigation has been carried out on
carbon/stainless steel/polypropylene hybrid yarn
based woven fabric for its shielding effectiveness in
the frequency range of 300 kHz to 1.5 GHz. It has
been found that, fabric with more interlacing points
(plain weave) showed higher shielding than fabric
with less interlacing points (twill). As the fabric areal
density increases, shielding effectiveness of the fabric
also increases which is due to more metal content and
less porosity of the fabric. The blend of stainless steel
and carbon filaments increased the shielding
effectiveness of the fabric as compared to carbon
filament based fabric. As the frequency of the wave
increases, shielding effectiveness of the fabric also
increases from 45 to 70 dB in the frequency range of
0.3 to 0.7 GHz and decreases up to 60 dB in the
frequency of 1.5 GHz. The higher shielding was
obtained in the resonance frequency of 0.7 GHz. The
number of fabric layers has a significant effect on
shielding effectiveness of fabric. Two layer fabric
showed higher shielding of 95 dB than single layer
fabric which showed shielding of 65 dB. However,
further increase in fabric layers, does not have any
improvement in shielding effect.

selecting stainless steel based fabrics is because of its
high absorption and low reflection of electromagnetic
energy. Many researchers worked on conductive
woven fabrics to study the effects of type of material,
yarn count, number of fabric layers, number of
apertures and thread density on electromagnetic
shielding effectiveness [2-3]. However, few studies
are reported on stainless steel and carbon filaments
incorporated fabrics and effect of fabric parameters
such as effect of weave, fabric density and number of
layers on EMSE [4].

INTRODUCTION
In recent years, concern about electromagnetic (EM)
radiation and electromagnetic compatibility of circuits
has attracted the researcher’s attention in various
technical fields. Electronic system which emits
electromagnetic waves either intentionally or
unintentionally should be covered with shielding
materials more technically ‘shielding enclosures’ in
order to safeguard nearby electronic circuits.
Shielding effectiveness of materials is assessed in dB
which quantifies how much an electromagnetic field
is attenuated. It is the ratio of incident power to
transmitted power by the shielding material (Eq. 1).
 P1 
(1)
SE = 10 log

EXPERIMENTAL APPROACH
Materials
6K Carbon (C) multifilament (6000 filaments per
tow) was used for the study. Polypropylene (PP)
filament having 400 D and stainless steel (SS)
filament yarn of 970 D were used.



 P2 

Where, SE is shielding effectiveness (dB), P1 is the
power of incident wave (V/m) and P2 is power of the
transmitted wave (V/m).
Mostly stainless steel (SS) incorporated fabrics was
studied for shielding applications [1]. The reason for

Even in the reported studies, no much work has been
done on carbon and stainless steel combined woven
fabric and its shielding efficiency in low to high
frequency range. The purpose of including the carbon
and stainless steel is to have higher shielding along
with better mechanical properties of fabric. In
addition, wider range of frequencies can also be
shielded with the help of carbon and stainless steel
filaments based fabric. So a detailed study about
stainless incorporated conductive fabric and
parameters tailoring shielding efficiency needs to be
done in order to use them in shielding enclosures in
electrical and electronic items.

Methods
Direct-twisting machine manufactured and supplied
by M/s AGTEKS Ltd. was used to produce C/PP and
C/SS/PP hybrid yarns. The weaving of conductive
fabric using C/SS/PP hybrid yarn was done using
sample loom supplied by CCI Tech Inc. with different
weft densities. For analyzing the electromagnetic
shielding of conductive fabrics, vector network
analyzer in the frequency range of 300 kHz to 1.5
GHz. The details of fabric produced is given in Table
1.

Table 1. Fabric constructional parameters
Fabric
Range of the values
Parameters
Fabric Picks
10
13
16
density (PPI)
Plain
Twill
Satin
Fabric weave
(1/1)
(1/4)
(1/7)
Number of
fabric layers

1

2

3

RESULTS AND DISCUSSION
Shielding behavior of C/PP fabric and C/SS/PP
fabric in one direction
Figure 1 shows the shielding effectiveness of carbon,
C/SS/PP and PP fabrics in the frequency range of 300
kHz to 1.5 GHz. It has been observed that PP fabric
does not provide any shielding effect against varying
frequency. Fabric made with 100% carbon showed
the shielding of 55-82 dB in this frequency spectrum.
In order to improve the shielding level of fabric,
carbon is blended with stainless steel filament in the
warp way and both directions of fabric. Fabric
containing SS filament only in warp way provides
shielding of 57-85 dB whereas fabric made of carbon
and stainless steel in both the directions provide
higher shielding level of 63-89 dB. So the use of
carbon and stainless steel as hybrid yarn in both the
directions is improving the shielding effectiveness of
the fabric.
Frequency (Hz)

EMSE (dB)

0.00
0.00E+00
-15.00
-30.00

3.00E+08

6.00E+08

9.00E+08

1.20E+09

1.50E+09

Carbon fabric

Effect of number of fabric layers
As the number of fabric layer increases, the shielding
effectiveness increases from 89 to 115 dB in the
frequency range of 300 kHz to 1.5 GHz. This is due
to increase in metal content per unit area and the
thickness of the fabric as the number of layers
increased. Shielding effectiveness of 2 layered fabric
is significantly higher as compared to single layered
fabric. But two and three layered fabrics show similar
shielding effects. So the use of 2 layer fabric can
provide high level shielding effect which is
comparable to shielding provided by 3 layer fabric.
CONCLUSIONS
• Use of C/SS/PP fabric provides complete shielding
of electromagnetic waves predominantly by means
of reflection in the lower frequencies especially 300
kHz to 1.5 GHz.
• In case of woven fabric structure, higher thread
density provides higher shielding which due to
increase in metal content and fabric coverage area.
The plain weave fabric has more shielding effect
than satin and twill weave fabrics. This is due to
increase of interstices of threads and reduced
contact resistance.
• In case of number of fabric layers, 2 layers of fabric
provide complete shielding of EM waves in lower
frequency range.

C/SS fabric
PP fabric

-45.00

yarns provides comparatively lower shielding than
plain fabric, however it helps in grouping of threads
that results in less openness of fabric compared to 4
end float fabric.

C/SS-Warp way

-60.00
-75.00
-90.00

Fig. 1 Shielding effectiveness of carbon, C/SS/PP and PP
fabric in the frequency range of 300 kHz to 1.5 GHz

Effect of pick density
With increasing pick density, shielding effectiveness
increases from 40 to 89 dB. This is due to increased
metal content of the fabric as the pick density
increased. This results in more attenuation of the EM
waves providing higher shielding efficiency. The
same trend was observed for 4/1 twill and 8 end satin
fabrics.
Effect of weave
Plain weave fabric showed better shielding than twill
and satin fabric (i.e) 1 end float is able to provide
better shielding than 4 end and 7 end float fabrics.
This can be due to increased interlacement of warp
and weft threads resulting in reduced contact
resistance. In case of 7 end float, less interlacement of

FUTURE WORK
The shielding efficiency of the fabric at higher
frequency level such as C and X band will be
analyzed and fabric parameters can be to be optimized
to obtain maximum shielding. The mechanical
properties of fabric will be analyzed in fabric and
composite stage.
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EXPERIMENTAL APPROACH
Materials
For experimental study, a wool/polyester (5050%) heavy weighted fabric (315 g/m2) was
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In this study effects of various interlinings that
fused to woolen fabric onto needle heating were
investigated.

1

Composition

Interlinings are used to support, reinforce and
control areas of garments such as collars, hems,
facings and the fronts of jackets and coats. They
can be sewn into garment or attached by fusing.
Interlinings are available in a wide variety of
weights and constructions such as woven,
knitted, or nonwoven [4].

Table 1: Properties of the used interlinings.
Structure

Needle heating damage is the fusing and
melting of synthetic yarns in the fabric caused
by caused by the high needle temperature
arising from between the needle and the fabric
[3].

Methods
Different types of interlinings (Freudenberg
Co.) (Table 1) were fused on woolen fabrics
under 30 N pressure, 15 seconds at 135 oC
(Gygli-Pr8m). Then, fabric samples were
conditioned in 20 ±2 oC, 65% relative humidity
for 24 hours and then were cut in 10 m x 15 cm
dimensions and sewed with a constant speed of
5 stitches/cm. The pyrometer was positioned to
6.5 cm distance from the sewing needle. During
the sewing process, the pyrometer measured the
heat of the needle from 100 different points of
the needle per seconds. Each measurement was
repeated 5 times in order to increase the
accuracy of the test. In order to see the
deformation stemming from the needle, fabric
samples were analyzed in a light microscopy
(Olympus SZ-PT).

Weight
(g/m2)

INTRODUCTION
Sewing needle plays an important role during
the creation of optimum stitch. Sewing needles
help passing the sewing thread through fabric
and formation of loop by keeping the upper
thread [1]. The mechanical energy needed for
the needle penetration through the fabric during
sewing process is changed in the equivalent
amount of thermal energy. It leads to heating of
needle, fabric [2].

used. Sewing needle size of 12 (GROZBECKERT) and Juki DDL 9000A-SS Lock
Stitch Sewing Machine were used for sewing
process. Pyrometer used for temperature
measurement on needle was Optris CT3M.

Interlining
Types

ABSTRACT
In this study, a heavy weighted wool fabric was
fused by five different types of interlinings.
Sewing process was carried out at a constant
speed. During the sewing process, the heating
rate of the needle was measured. The effects of
various interlining types fused to woolen fabric
onto the needle heating were investigated.

100% PES

20

100% PES

25

100% PES

17

100% PES

25

69%Viscose
31% PES

17

RESULTS AND DISCUSSION
Table 2 shows the heating values of the needle
with various interlining types. Accordingly,
fusing the interlining onto the fabric surface
affects the needle heating during the sewing
process by increasing the heat of the needle up
to 36 oC. The heat of the needle was measured
as 112.84 oC on the fabric without interlining,
whilst when using the interlining of type 4, the
heat of the needle reached to the 149 oC. As
shown in Table 1, all interlinings were different
weights and structure. Thus, these interlinings
properties are effective on the heating of the
needle.
Although the interlining types of 3 and 4 are the
same structure, composition and have similar
weight, their mesh values are different. Mesh
value illustrates the adhesive density per cm2.
Type 4 has much more mesh value than type 3.
Thus the heating rate is much higher in type 4
interlining than type 3.
Table 2: Heating values of the needle in terms of
interlining types.

Interlining Types
Without
interlining
1
2
3
4
5

Heating of the Needle
Average
Standard
Heat (oC)
Deviation
112.84

5.9

140.92
140.56
134.88
149
120.28

6.4
5.7
8.4
6.1
1.7

CONCLUSIONS
In this study, five different interlinings were
fused on woolen textile fabrics. Then these
fabrics were sewed with a needle (size 12) at a
constant speed and sewing density. During the
sewing process, a pyrometer was used for the
measurement of the needle heating. Results
showed that, the heating rate of the needle is
affected from the interlining properties such as;
weight, mesh value, composition and structure
of the interlining.
According to the results, the highest heating
value was obtained as 149 oC, when the
interlining type of 4 was used. This result is
stemming from the highest mesh value with
high weight.
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ABSTRACT
Based on the tyrosinase catalytic oxidation, the
crosslinked silk fibroin (SF) membrane was
prepared by means of tape-casting method. The
consumption of the oxygen dissolved in the
reaction bath, UV absorbance of SF solution
and SDS-PAGE were analyzed to prove that the
tyrosine residues of SF were oxidized by
tyrosinase. Comparing with the SF membrane
without crosslinking, the crosslinked membrane
had lower water solubility and higher breaking
strength.
INTRODUCTION
SF membrane is non-toxic, no stimulation and
has good histocompatibility, which is paid more
and more attention as advanced biomedical
materials. However, the membrane made of
pure SF is brittle and easy to dissolve in water,
which can be improved by blending or chemical
crosslinking.
In this study, SF membrane was prepared
without any chemicals except the tyrosinase,
which is capable of oxidizing monophenolic
tyrosine via diphenolic L-dopa to dopaquinone,
which is reactive and can further polymerize,
resulting in a new crosslinking [1]. Both the
water solubility and strength of membrane were
intended to be improved.
EXPERIMENTAL APPROACH
Materials
Mushroom tyrosinase (T3824-50KU) was
purchased from Sigma. Mulberry silk was
purchased from Jiangsu Suhao International
Group Corp.
Methods
Preparation of SF Solution and Membrane
The preparation of SF solution was according to
the published procedure of Kaplan DL [2].
About 15ml SF with certain amount of
tyrosinase was incubation at specific

temperature for certain time, then the solution
was dried under room temperature in an open
polyethylene disc over night.
Characterization of SF Membrane
The reactivity of different amount of tyrosinase
toward SF was investigated by measuring the
consumption of the oxygen dissolved in the SF
solution with MP516 minisensor oxygen meter.
Water solubility of the SF membrane was
determined by shaking the prepared membrane
in water at 37℃ for 24h, and the weight ratio of
membrane-to-water was 1:100. The breaking
strength of the prepared SF membrane was
tested by INSTRON universal material test
machine. The height and phase images of
control, oxidized SF membrane were observed
using VEECO atomic force microscope. The
composition of O1s, C1s, and N1s in SF
membrane was measured by Axis Ultra HAS Xray photoelectron spectroscopy. SDS-PAGE
was carried to qualitatively analyze the
crosslinked proteins.
RESULTS AND DISCUSSION
Oxygen Consumption
The activity of tyrosinase toward SF and the
oxidation reaction could be measured using
consumption of the cosubstrate oxygen. Figure1
shows the dissolved oxygen concentration of SF
solution with different dosage of tyrosinase
during the reaction. At the beginning of the
reaction, the dissolved oxygen was abundant,
and lots of oxygen was consumed for
oxidization. For the following stage, the
oxidization required oxygen and the selfaddition reaction which need no oxygen reached
for an equilibrium state, and then the oxygen
consumption rate became slower. When the
reaction continued to longer time, the oxygen
reduced to zero. It also could be seen that the
higher the tyrosinase dosage was, the faster the
oxidation completed. Therefore the dissolved
oxygen concentration reduced to zero in
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Figure 3: Typical wide-scan XPS spectra of SF
membrane (a: control membrane; b: crosslinked
membrane)
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Effect of Tyrosinase Dosage on Water
Solubility and Strength of Membrane
Figure 2 shows the water solubility and
breaking strength of SF membrane prepared by
different dosage of tyrosinase. As shown in
Figure 2, a gradual decrease of water solubility
and a gradual increase of breaking strength are
observed. When the tyrosinase dosage increased
to 2000U/g, the water solubility reduced to
11.2% and the breaking strength increased to
the maximum (54.5 MPa), while the water
solubility and breaking strength of control
membrane were only 24.1% and 39.8 MPa,
which were much better than the control
membrane.

observed. In 6% gel, it was clearly to see that
the molecular-weight of SF treated by
tyrosinase had the trend of transfer to deeper
colored bands, which was to say the treated
fibroin was gathered to high molecular-weight,
and the control fibroin gathered to low
molecular-weight. In 12% gel, there were no
significant differences between the fibroins. The
results proved that SF was crosslinked by
tyrosinase in molecules.
Intensity(cps)

different time. Through the measurement of
oxygen consumption, the oxidation reaction
could be confirmed.

30
4000

（U/g）

Figure 2: Effect of
tyrosinase dosage on
water solubility and
breaking strength

XPS
The effect of the tyrosinase on the surface
chemistry of the SF membrane was investigated
by XPS, with which the degree of oxidation and
the element composition can be determined
within the information depth of 10nm of the
membrane surface. According to the results
shown in Figure 3, the intensity of O1s appears
a clearly increase on the membrane crosslinked
by tyrosinase. And the C:O atom ratio of control
and crosslinked membrane were 3.40 and 2.56,
respectively. This could be explained as the
result of oxidizing reaction between tyrosine
residue and tyrosinase. The more the SF were
oxidized, the more O1s in SF membrane.
SDS-PAGE
Figure 4 shows gel electrophoresis of SF fibroin
in 6% and 12% gel. It could be verified that
tyrosinase treated SF protein were crosslinked,
and
high-molecular-weight
bands
were
observed, as well as the degradation was

Figure 4: Native PAGE of SF protein crosslinked by
tyrosinase (a: control b-d: crosslinked protein b:
tyrosinase dosage was 1000U/g c:2000U/g
d:4000U/g)

CONCLUSIONS
The results presented in this study indicated that
SF was capable of crosslinked by tyrosinase.
The reaction was confirmed by the
measurement of oxygen consumption, the
Ultraviolet absorbance, XPS and SDS-PAGE.
The result of SF membrane preparation was
helpful to prepare water-resistant SF membrane.
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STATEMENT OF PURPOSE
The aim of this research was the investigation of the effect
of basalt fiber (BF) reinforcement and the presence of a
nanomaterial on the tensile elastic recovery of polyamide
6 (PA 6). For the measurements a relatively simple and
fast cyclic method was applied. The results proved that
both the micro and nanoparticles can increase the elastic
behavior of the PA 6 significantly.
INTRODUCTION
Today, fiber reinforced thermoplastics have become part
of daily life, especially in the field of sport equipment and
vehicle components. These materials are gradually
replacing the thermoset composites because of their mass
production can be solved easier and cheaper. Based on
these facts there is intensive research on these materials
especially on their hybrids with nanoparticles. The main
objective of the investigations is to receive better
knowledge of the structure-mechanical properties
relationship of the developed materials to reveal their
application limits [1-3].
For these composites (conventional and hybrid ones) PA 6
is a prevalent matrix material. There are some recent
investigations on manufacturing hybrid composites but
from a mechanical behavior point of view mainly just their
quasi-static mechanical properties are investigated.
Because of the novelty of these three-phase materials,
their time-dependent properties are not enough deeply
researched, however this knowledge is necessary for a
proper engineering design [2-4].
As the viscoelastic properties of a polymer matrix
composite depend on the applied loads, on every load
level there has to be made a one cycle test to characterize
the instantaneous elastic, the time-dependent viscoelastic
and the time-dependent viscous (or relaxation)
deformation components. This characterization method
could be quite long, therefore the researchers introduced
the rate of elastic recovery. At this cyclic measurement the
tensile load is increased by the cycles but between each
cycle a certain time is applied for the recovery of the timedependent viscoelastic deformations (elastic deformation).
The elastic recovery can be calculated as the rate of the
elastic deformation (sum of instantaneous and timedependent viscoelastic deformation) and the total
deformation. As it is shown in Figure 1 the plastic
deformation is a cumulative parameter since in this case

the reference point is always the zero-point independently
from the value where the current cycle begins [5, 6].

Figure 1. Strain-stress curves for cyclic loading, at
increasing load levels (the blue coloured curve signs a
complete cycle)
APPROACH
In this study cyclic tensile tests were carried out on
polyamide 6 (PA 6) matrix chopped basalt fiber (BF) and
montmorillonite (MMT) co-reinforced composites,
respectively. In case of the hybrid composite the content
of the nanoparticles was 1 wt%. The surface treatment of
montmorillonite and sample preparation were carried out
according to a previous research [7].
Cyclic tensile tests were performed on a Zwick Z020
universal loading machine. The relaxation time was set to
be 30 s and the load was increased by 100 N in each cycle.
The machine was used in force-controlled mode, the up
and the down load speed was set to 100 N/s. Because of
the adjustment of the machine, close to the actual target
force within a cycle an approaching procedure begins of
which original purpose is to avoid the overshot of the
force. This means that in case of thermoplastic polymers
at relative high loads the role of the viscous deformation
becomes more observable. From a tensile tester point of
view it means that it takes more time to achieve the target
force. Based on these considerations the measuring
procedure was set to end when at least 1% additional
elongation was detected close to the maximum force, and
the force still could not achieve the set value. The latter
phenomenon meant that the creeping behavior began to be
dominant, that is far from the elastic-dominant region.

RESULTS AND DISCUSSION
The residual strain measured after the relaxation time
(plastic deformation) was marked as ε30s. Figure 2 shows
The ε30s values as a function of the stress. It is visible that
at basalt fiber reinforced PA 6 higher residual strains
appear at higher stresses. That means the deformation
behavior is closer to the linear than at the neat matrix. It
can also be concluded, that the MMT containing hybrid
showed the best properties. For instance at 60 MPa stress
level its residual strain is still under 0.1%.

CONCLUSIONS
With a relatively simple and fast cyclic method the
structure-mechanical behavior relationship was deeply
analyzed for PA 6 and its fiber and hybrid reinforced
composites. It was found that the fibrous reinforcement
increased the rate of elastic deformation component while
the viscous component was decreased. The presence of the
nanoparticles in the fiber reinforced composite enhanced
these effects.
KEYWORDS
Nanocomposite, hybrid composite, mechanical properties,
elastic recovery
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Figure 2. The residual strain measured after the relaxation
time (30 s) in case of PA 6 and its composites
From the measured total deformations and the respective
residual (plastic) deformation the elastic recovery can be
calculated according to Equation 1.
(1)
The elastic recoveries of the materials are plot in Figure 3.
As it was expected, the elastic recovery decreased faster
for the PA 6 than for composites as a function of the load.
In case of the composites at 40 MPa load level the elastic
recovery is still around 95%. At the composites the
decrement of the elastic recovery is close to linear in a
wide loading range that means the deformation can be
relatively easily calculated.
Figure 3. Elastic recovery of PA 6 and its composites
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ABSTRACT
Fibre reinforced composites used e-glass fibres as
fillers have been widely used in recent years as
structural components in wind turbines because of
their high specific mechanical characteristics. In this
study, woven/glass composites reinforced with vinyl
ester resin are produced with different weight and
structures
for
determining
the
mechanical
performance. The major goal of the research
described in this paper has been study mechanical
performance of composites. These results show that
INTRODUCTION
Textiles serve three basic purposes; decoration,
comfort and safety. More specifically, technical
textiles are used for functional properties rather than
their aesthetic or decorative characteristics. Fibre
reinforced composites used e-glass as fillers have
been widely used in recent years as structural
components in wind turbines because of their high
specific mechanical characteristics [1-4].
Igor and Yusriah are investigated that mechanical
properties of e-glass composites reinforced with
vinyl/ester epoxy. As a results, e-glass composites
provides excellent strength in MD, CD and BD
directions, due to arrangement of the fibers [1,2].
Gündoğan and Woo are analyzed tensile strength of
composite materials used in automotive industry and
railway vehicle in order to determine their mechanical
performance. They reported that woven fabric
thickness and laminates had shown a significant
improvement in both warp and weft directions [3,4].
Bending behavior of reinforcement composites has
been investigated. For this reason, a bending rigidity
test instrument based on the cantilever test principle is
used. The results indicated that composite structure
affected the bending rigidity of the composites [5-8].
EXPERIMENTAL APPROACH
Materials
In this study, woven/glass fabrics reinforced with
vinyl ester resin (Figure 1) are produced with
different weight and structures for determining the
mechanical performance (Table 1).

mechanical performance of composite fabrics are
affected stitching yarn (polyester), fibre orientation,
fabric thickness, fabric weight, fabric structure (plain
and twill) and
direction (Cross Direction-CD,
Machine Direction-MD and Bias Direction-BD).
KEYWORDS: e-glass fabric, vinyl ester,
composites, mechanical performance, polyester
stitching yarn

Figure 1: Chemical structure of vinyl ester resin
Table 1: Technical properties of composites
1
2
3
4
5
6
7
1
2
3
4
5
6
7

Fabric
Structure

Plain

Twill

Weight
(g/m2)
100+300
200+300
300+300
500+300
600+300
800+300
900+300
100+300
200+300
300+300
500+300
600+300
800+300
900+300

Thickness
(mm)
8,17
8,89
9,02
9,10
9,37
9,53
9,94
9,08
9,41
9,68
9,76
9,81
9,91
10,01

Weight
(g/m2)
100+450
200+450
300+450
500+450
600+450
800+450
900+450
100+450
200+450
300+450
500+450
600+450
800+450
900+450

Thickness
(mm)
8,92
9,00
9,08
9,17
9,48
9,83
9,99
9,25
9,43
9,69
9,79
9,98
10,08
10,16

Methods
The mechanical property test is performed using
universal testing machine to determine the tensile
strength. The composite material is tested according
to ASTM D3039.
The aim of the bending behavior test is to determine
experimentally the bending rigidity of fabrics. This
test instrument are used based on the fixed angle
flexometer method made up of a tilted plane making
an angle θ= 41.5º (TS ISO 4604; 2011).

In addition, the e-glass fabrics are examined by an
optical microscope (Leica DM 1000 equipped with
digital image analysis software). Figure 2 shows the
top views of the fabrics.
a.

b.

c.

d.

Figure 2: Sample of composites ( a. 300+300 front, b.
300+300 back, c. 500+450 front, d. 500+450 back)

RESULTS AND DISCUSSION
Tensile tests were carried out machine direction
(MD), cross direction (CD) and bias direction (BD),
respectively. The tests were conducted in three
directions under displacement control at a rate of 100
mm/min. In Figure 3 and 4, the tensile strength and
elongation graphics of the composites tested in this
study are displaced.
Figure 3: Tensile Strength Values (Plain)
Tensile Strength (N)
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Figure 4: Elongation Values (Plain)
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CONCLUSIONS
The results obtained from this study can be
summarized as following: Composite weight,
thickness, structure, fabric direction, stitching yarn,
fiber orientation and reinforced adhesion vinyl ester
resin are most of the factors that play major roles in

determining the mechanical properties of composite
fabrics.
FUTURE WORK
Further studies have to be carried out to ascertain the
mechanical and physical properties of the composites
made of carbon fibers reinforced with epoxy and/or
polyester resin esters.
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OBJECTIVE
The present study aims at understanding the effect
of polymer-solvent system on the dispersion and
reinforcement of anisotropic ZnO nanostructures.
INTRODUCTION
ZnO nanocomposites are of great interest in various
applications such as optoelectronics, photo catalysis
etc. [1]. Several studies have incorporated ZnO
isotropic nanoparticles into films[2] and electrospun
fibres
[3] to
impart
multifunctionalities.
Incorporation of anisotropic nanostructures as
reinforcing agents is likely to improve the
properties of nanocomposite fibers. However, no
report on nanofibers reinforced with anisotropic
ZnO nanostructures such as nanorods is available.
Homogeneous
and
stable
dispersion
of
nanostructures in the polymer-solvent system is
crucial for polymer nanocomposite formation and is
likely to depend on the interaction of nanostructures
with polymer-solvent system. In this study,
feasibility of ZnO nanorods reinforcement in
different polymer systems has been investigated.
APPROACH
The nanosized ZnO rods were synthesized using
hydrothermal non stirred vessel and Zn+2 / OH- ratio
was kept as 1:10.
ZnO rods /polymer composite were prepared with
poly(vinyl alcohol) PVA/H2O system, PVA/ H2O :
dimethyl formamide (DMF) (60:40) and
poly(acrylonitrile) PAN/DMF system. In order to
prepare ZnO/polymer composite, ZnO rods were
dispersed in their respective solvent and mixed with
the required amount of polymer dope to obtain 8%
solid content in case of PVA and 13.2% in PAN.
Effect of polymer-solvent system on the dispersion
stability and spinning behaviour was investigated
using Scanning Electron Microscope (SEM).
Keywords: Fibers, Nanocomposites,
reinforced composites, Electrospinning

Particle

RESULTS AND DISCUSSION
As shown in figure 1a, ZnO rods were found to
have aspect ratio of ~ 14. The ZnO rods show a
typical XRD pattern for high purity wurtzite
hexagonal phase (figure 1b). In PVA/water system,
dispersion of ZnO rods was not uniform and
aggregates of ZnO rods were observed in the
solution. Electrospinning using 10 wt% of ZnO

Figure 1. (a) SEM, (b) XRD of ZnO rods

rods on the wt. of PVA resulted in nanofibers with a
diameter of 185 ± 20 nm. The diameter of
ZnO/PVA composite fibers is lower than the
diameter of PVA nanofibers (270 ± 25 nm). As
shown in Figure 2, only few ZnO rods were found
to be present inside the ZnO/PVA composite fibers.
However, mostly ZnO rods were present as
aggregates indicating that ZnO rods could not be
inserted inside the PVA nanofibers with water as
solvent. This may be because of poor dispersion of
ZnO rods in PVA/water system.

Figure 2. SEM images of electrospun nanofibers using
different systems (a) PVA nanofibers (b) 10 ZnO-PVA/H2O
composite nanofibers.

In, PVA/water-DMF (60:40) system dispersion of
ZnO rods was marginally improved as compared to
PVA/water system. DMF enabled the dispersion of
ZnO rods, however, the dispersion was not stable as
the rods tend to settle down with time.
Electrospinning up to 20 wt% of ZnO rods was
carried out. The diameter of PVA nanofibers
obtained from PVA/DMF-water system was 330 ±
30 nm. Although, similar to PVA/water system,
decrease in the diameter was observed on addition
of ZnO rods 10 wt% (250 ± 40 nm) and 20 wt%
ZnO (210 ± 50 nm). Also, presence of aggregates
was observed on electrospinning of same solution
after 1 day (Figure 3). This suggests that solvent

alone is not enough to enable stable dispersion of
ZnO rods.

of ZnO rods with both polymer and solvent resulted
in dispersed and aligned ZnO rods in PAN/DMF
system.

Figure 5. (i) STEM image of 10 ZnO-PAN/DMF composite
nanofibers (ii) XRD graph of nanofibers obtained from (a) 10
ZnO-PAN/DMF (b) ZnO rods (c) PAN/DMF system.
Figure 3. SEM images of electrospun nanofibers using
different systems (a) 10 ZnO-PVA/H2O-DMF (b) 20 ZnOPVA/H2O-DMF (c) 10 ZnO-PVA/H2O-DMF after 1 day (d)
20 ZnO-PVA/H2O-DMF after 1 day composite nanofibers.

A stable homogeneous dispersion of ZnO rods
could be prepared in PAN/DMF system. In
PAN/DMF system, DMF enabled the dispersion
and PAN is responsible for stability. PAN
nanofibers reinforced with ZnO rods upto 50 wt%
on the weight of polymer could be electrospun.
PAN nanofibers had an average diameter of 260 ±
30 nm. Interestingly, the fiber diameter increased to
732 ± 50 nm and 840 ± 150 nm on addition of 10
and 20 wt% respectively. However, on further
increase of ZnO rod to 30 wt%, the diameter of
nanocomposite fiber was observed to decrease
to541± 100 nm. In case of 50 wt% rods, nanofibers
obtained were non-uniform and the average
diameter was (482 nm ± 100).

Figure 4. SEM images of electrospun nanofibers using
different systems (a) PAN/DMF (b) 10 ZnO-PAN/DMF (c)
20 ZnO-PAN/DMF(c) 50 ZnO-PAN/DMF.

It appears that the interaction of ZnO rods with
polymer chains resulted in increase in diameter upto
20 wt% even when the PAN concentration was
decreased. However, on further addition of ZnO
rods upto 50 wt%, stacking/aggregation of rods
may not allow interaction resulting in somewhat
smaller diameter of the reinforced nanofibers.
The ZnO rods were observed to align preferentially
in the direction of nanofiber axis in the reinforced
PAN nanofibers as shown in Figure 5(i). XRD
shows presence of ZnO rods inside nanofibers.
Raman analysis further confirmed that interaction

The mechanical properties of PAN/DMF and 10
ZnO PAN/DMF fibers were analysed. Addition of
ZnO rods resulted in imrovement in tensile stress as
well as modulus as shown in Table 1.
Sample
PAN
10 ZnO/PAN

Tensile
Stress(MPa)
6.48 (18.4)
9.5(35.6)

Modulus
(MPa)
74.46(20.3)
202.96(41)

CONCLUSION
Nanocomposite fibers of ZnO rods/polymer were
obtained using electrospinning with PVA/H2O
system, PVA/H2O-DMF and PAN/DMF system.
The nanofibers obtained from PVA/water system
had aggregates of ZnO rods due to poor dispersion
of ZnO rods in water. DMF/water system resulted
in improved dispersion. However, the dispersion
was unstable and ZnO rods were observed to settle
with time. On the other hand, the dispersion of ZnO
rods in PAN/DMF was found to be highly stable.
The interaction of ZnO rods with both the polymer
and solvent instrumented into reinforced
composites.
FUTURE WORK
PAN nanofibers are excellent precursors for carbon
fibers and the incorporation of anisotropic ZnO
inside PAN nanofibers may improve the properties
of carbon fibers produced. ZnO is an optically
active material, therefore this combination i.e.
PAN/ZnO composite nanofibers may find
application in optoelectronics, piezoelectric devices
and chemical/biological sensors.
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OBJECTIVES
In this study, carbon nanoparticles made by grinding of
recycled carbon fibers have been used to modify phenolic
precursor to carbon matrix, and thus reduce the porosity
of carbon/carbon (C/C) composites. Experimental work
followed previously published results on filling of
phenolic resin precursors using various nanocarbons
(carbon black, VGCNF, SWCNT, NGP)4-7. Compared to
these materials carbon nanofillers made from recycled
carbon fibers represent a cheap source of nanomaterial
with well-controllable sizes, which is relatively easy to
make. Moreover, industrial use of these materials may
contribute to further research in recycling of carbon fiber
reinforced polymers.
KEYWORDS
C/C composite, porosity, densification, ground carbon
nanoparticles, recycled carbon fibres.
INTRODUCTION
Carbon fiber reinforced carbon (C/C) composites are
favorite materials for applications in extreme
environments (high temperature, physical and/or chemical
attack)1. They offer many of desirable requirements: low
atomic number, good thermo-mechanical properties, high
thermal conductivity, high melting temperature and low
coefficient of thermal expansion. However, there are
aspects in which these materials need to be improved,
such as high porosity development caused by high
temperature transformation of polymeric precursors into
carbon materials. Such porosity significantly affects
particular mechanical and thermal properties of resulting
composites. Most dangerous are delamination cracks,
that can cause decomposition of composite layers,
followed by large cavities, that prevent optimal
distribution of thermo-mechanical load. Therefore,
minimizing of pores development due to heat treatment
of carbon materials is one of the most important
preconditions for the manufacture of industrial carbon
composites. From industrial viewpoint attention is
focused mainly on polymer matrix densification prior to
carbonization of polymer precursors (e.g. phenolic
resins).
One of the earliest method was cyclic impregnation and
re-carbonization of C/C composites3, whose efficiency
was, however, limited to surface pores. Another method is
chemical vapor infiltration (CVI) of
porous C/C
composite structure5. Although the method is relatively
effective, it is also time consuming and very energyintensive. Therefore, it is difficult to apply CVI into the
production of large composite parts.
In recent years, attention focuses on densification of
polymer precursors using various nano- and/or microforms of carbon particles2, such as carbon black, soots,
vapor-grown carbon nanofibers (VGCNF), single-walled

carbon nanotubes (SWCNT), nanographene platelets
(NGP), etc4-7. These fillers serve as carriers of another
crystalline carbon in polymer matrices.
In this study, carbon nanoparticles made from ground
recycled carbon fibers were used as densifier for phenolic
resin precursor. The advantage of these nanoparticles is
both affordability of starting materials (recycled carbon
fibers), and relatively simple production of nanoparticles
with easily controlled size. The main goal was to
determine whether and under what conditions it reduces
the porosity of C/C composites, and what is the impact of
the process on mechanical properties of the material.
EXPERIMENTAL PROCEDURES
Materials
First resole type phenolic resin was syntesized in our
laboratories according to the recipe described in Pilato8.
Carbon nanoparticles were prepared from ground recycled
carbon fibers Torayca T800. The fibers were ground by
planetary micro-mill PULVERISETTE 7 (Fritsh) in dry
condition. The material was run under six cycles of
grinding at speed of 850rpm for 3 minutes time. Particles'
size was checked using scanning electron microscope
Vega Tescan, see Fig. 1.

Fig. 1 Agglomerates of pulverized carbon fibers

Subsequently these particles were added to the phenolic
resin in following concentrations: 0,5wt%, 1wt%, and
2wt%. The viscosity of dispersion was watched within
the mixing process, in concentrations above 2wt% we
observed striking drop in fluidity. Plain weave carbon
fabric (Supplier: Havel Composites) with Toray tow size
of 3k, area density 200g.m-2, and 0,38 mm thickness was
used as reinforcement.
Processing
Sheets of plain weave carbon fabric were impregnated by
prepared dispersions. One ply was impregnated by neat
resin for control of the properties. The resin-saturated
fabrics were dry out for 24 hours in room temperature to
create prepregs. Subsequently four plies of prepregs
were moulded and cured in 125°C for 24 hours. Part of
resulting carbon reinforced polymer matrix (C/P)
composites was subjected to structural analysis and
testing of mechanical properties, part of the samples

undergone the carbonization process at 1000°C in inert
atmosphere.
Characterization
Structural micrographs were used to analyse the
morphology of cured and pyrolysed specimen, and to
evaluate the development of pores and crack in composite
structure. The micrographs were obtained using scanning
electron microscope Vega Tescan, confocal laser
scanning microscope Olympus Lext, and optical scanning
system consisting of Nikon DS5M camera coupled with
Navitar lens. Impact properties of specimen were tested
using Charpy impact tests (Charpy Labtest CHK50J) to
analyse presumed stiffening of matrix filled with
nanocarbons.
RESULTS AND DISCUSSION
Structural analysis
Mictrostructure and morphology of composite specimen
was observed under SEM and CLSM microscopes to
analyse the effect of processing stages in neat, 0,5wt%,
1wt%, 2wt% nanocarbons filled C/P respectively C/C
composites, see Figure 2.

Fig. 3. Analysis of porosity in C/C composites, from top - neat,
0,5wt%, 1wt%, 2wt% of nanofillers

Fig. 4. Resultant values of porosity
Fig. 2. Top line - neat C/P resp. C/C composite; Bottom line 2wt% nanocarbons filled C/P resp.C/C composite

Analysis of porosity
Most dangerous delamination cracks, and large cavities
were observed and measured using optical scanning
system, see Figure 3 and Figure 4.
Charpy impact tests
Impact strength and energy were tested to analyse the
influence of carbon nanofillers on impact resistence of
C/P resp. C/C composites, see Figure 5.
CONCLUSION
Carbon/carbon composites were fabricated using ground
carbon nanofillers for matrix densification. Preliminary
results of experimetal work show the usability of carbon
nanoparticles made from recycled carbon fibers to
densify polymer precursor to carbon matrix, and thus
reduce the porosity of the C/C composite. Micrographs of
C/C composites show growth of significant crystalline
layers around the carbon nanoparticles. Also structural
analysis indicates drop of porosity in filled composites, as
well as the results of impact tests, which could mean
better formation of matrix structure. Yet confirmation of
our assumptions requires more detailed studies on
microstructure, morphology and material properties, as
well as improvements in composite samples fabrication.
This is main challenge for future work.

Fig. 5. Impact strength of C/P composites
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INTRODUCTION
In the field of fiber reinforced high performance
polymer composites still new types of raw
materials and more perfect technologies are
available to produce materials with better and
better mechanical properties. Therefore they are
able to follow the increasing demands of industry.
The application field of the composites is still
widening because of their relatively good
performance-mass ratio. For instance a few years
ago in the aircraft industry appeared airplanes, in
which more than half of the structural components
are made from polymer matrix composites [1, 2].
From a mechanical point of view the high
performance thermoset composite materials can
bear similar loads as steel or other metallic
structural material, but they are more rigid and
brittle. They cannot absorb energy of dynamic
loads like vibrations or impact loads as effectively
as metals. For this reason one of the main
objectives of the development of high performance
composites is to enhance their toughness [2, 3, 4].
There are different techniques to increase the
toughness of a polymer. One of the opportunities is
to create nano-scaled structure in the material. This
method can be achieved by incorporation of
nanoparticles into the material as additives; the
result is classical nanocomposite. Another method
is when immiscible polymers are used (two phases
are present).
Preferably, high energy absorbent thermoset blend
can be prepared if the resins are miscible but the
prepared polymers not, and the phase separation is
hampered. In this case a special construction
awakes where between the phases an interphase is
present in which the properties change gradually.
From the molecular structure point of view it
means that molecular entanglements is created.
Because of the entanglements the polymer chains
become more flexible and during the deformations
the mechanical energy is absorbed. By this way the
toughness of the matrix material can be improved
significantly [3, 4 5, 6].

Delamination is one of the most common failure
mode in case of fiber reinforced laminates. The
nanostructured matrix polymer composite can have
better interlaminar properties. The entanglements
between the phases leads to better phase
interactions therefore the load-transfer between
laminate layers is better. Overall this can manifest
in higher bending properties and improved
resistance against fatigue loads [1, 2, 3, 6].
APPROACH
In this study a hybrid thermoset resin matrix
composite was produced and tested. As matrix
material bisphenol A diglycidyl ether epoxy (EP)
resin (Ipox ER 1010, Ipox Chemicals, Hungary)
with isophorone diamine (Ipox EH 2293, Ipox
Chemicals, Hungary) and modified, 35% styrene
contained vinylester (VE) resin (AME 6000 T 35,
Ashland Italia S.p.A., Italy) with in diisobutyl
dissolved methyl-ethyl ketone peroxide accelerator
(MEKP-LA-3, Peroxide Chemicals, South Africa)
were used. Unidirectional carbon fabric was
applied (Panex 35 FB UD 300, Zoltek Zrt.,
Hungary) as reinforcement.
In the first step of the matrix preparation 1:1
(wt./wt.) rate EP/VE resin mixture was stirred for
ten minutes. Composites were made by simple
hand lay-up method using 6 carbon fabric layers,
where beside the EP/VE matrix, EP and VE matrix
reference composites were also prepared. The
nomination of these composites is EP/VE/CF;
EP/CF and VE/CF. After 24 hours all of laminated
composites were cured at 80°C for 4 hours.
The bending properties were characterized
according to ISO 14125:1999. The bending tests
were carried out on a Zwick Z020 (Germany)
universal testing machine. The test speed was 2
mm/min, the gauge length was 80 mm. The fatigue
properties of the composites were measured with
an Instron 8872 fatigue testing machine in bending
mode, according to the ISO 13003. The test was
carried out in force controlled mode, the load factor
(the ratio of the applied load and the tensile
strength, LF) was 0.85 and 0.95, the stress ratio (R)
was 0.1 and the frequency of the loading method in
all of cases was 5 Hz.

RESULT AND DISCUSSION
The most common load of a fiber reinforced
polymer composite is the bending. Therefore firstly
the bending strengths of the prepared composites
were characterized. The results showed that the
material with mixed resin (EP/VE/CF) has the
highest bending strength among the composites
(Fig. 1). The higher performance can be explained
by the entanglements between the polymers phases
can hamper the crack-propagation therefore the
matrix material can have greater role in the load
distribution that leads to higher strength.

Figure 1: The bending strength of the investigated
composite materials
The fatigue test has a great potential in the
investigation of composites under endurance loads.
This test can model the load-conditions that awake
at a real engineering application. The fatigue tests
were carried out under two different load levels.
The results of the bending fatigue tests showed that
the abided cycle numbers of the mixed resin
composites (EP/VE/CF) were higher compared to
the other investigated composites at both load
levels (Fig. 2 and 3). In case of the lower load level
(LF=0.85) the hybrid composites did not break
until 50000 cycles.

Figure 2: Abided cycle numbers of composites at
bending fatigue load, in case of 0.85 load factor
At higher load level (LF=0.95) in case of the
hybrid system the abided cycle number is higher
not just compared to the reference composites at
the same load rate, but also compared to the
measured values at lower loading rate for the EP or
VE composites.

Figure 3: Abided cycle numbers of composites at
bending fatigue load, in case of 0.95 load factor
CONCLUSIONS
The real positive effects in the mechanical
properties of carbon fiber reinforced hybrid resin
composite were demonstrated. In case of the
EP/VE/CF composites the interlaminar properties
were much better, therefore increased bending
properties were exhibited. The improved load
distributing ability of the matrix was manifested in
the fatigue properties, too.
KEYWORDS
Carbon fiber, polymer composite, fatigue.
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ABSTRACT
Natural fiber composites exhibit low specific
weight, are biodegradable and are easily
available and supplied by nature.
Due to growing concerns of climate change and
greenhouse gas emissions arising from synthetic
materials, these days polymers are being
reinforced with natural fillers so as to produce
materials which can be used in automotive,
building and civil engineering applications. In
this work, Ugandan bark cloth, a natural nonwoven fabric usually obtained from three
species
of
trees:
Ficusnatalensis,
Ficusbrachypoda and Antiaristoxicaria was
used for composite processing by Vacuum
Assisted Resin Transfer Molding (VARTM)
using four plies for each species.
For bark cloth to find applications in building
and civil engineering applications, its thermal
insulation properties have to be characterized. In
this present work for the first time, we present
the thermal conductivity of bark cloth
reinforced epoxy composites from three species.
The obtained results show that Ficus b. had the
highest thermal conductivity followed by Ficus
n. and lastly Antiaris with values 0.224W/mK;
0.206W/mK and 0.182 W/mk respectively.
EXPERIMENTAL APPROACH
Materials
Bark
cloth
from
Ficusnatalensis,
Ficusbrachypoda and Antiaristoxicaria were
obtained from Uganda. Laminating epoxy resin
LG
285
(bisphenol-A-epichlorohydrin,
diglycidylether) and hardener HG 285 (2,2dimethyl-4,4-methylen bisoychlorohexylomin)
were obtained from GRM systems s.r.o, Czech
Republic.

Chemical silicon paste was supplied by
elchemeo.
Methods
The extraction of bark cloth was done by the
hand extraction method as described by
Rwawiire et al., 2013 [1]. Epoxy resin and
hardener were mixed in the ratio of 100:40 and
the mixture was used to prepare bark cloth
composite specimens.
Four bark cloth plies giving rise to specimen
thickness ranging between 2-3mm of the species
were used and VARTM method used for the
preparation of the composites. The samples
were left under vacuum pressure for 72 hours
for complete setting.

Figure 1. (A) Ficusbrachypoda; (B)
Ficusnatalensis and (C) Antiaristoxicaria
Alambeta thermal conductivity measuring
device
[2]
which
measuresthermo
conductivityof specimens up to 8mm was used
under room temperature.
The composites (Figure 1) were grinded using
sandpaper so as to achieve a uniform smooth
surface for thermal conductivity tests. Chemical
silicon paste was used to condition the samples
such that it aides as both a lubricant to prevent
damage to the device’s measuring probes and
also aide in the fastening of the device heating
plate to the samples.

RESULTS AND DISCUSSION
Thermal conductivity (k)
The amount of heat transmitted through a unit
area of the composites was measured as the
thermal conductivity coefficient (k) and it was
observed that the ficus species Ficusbrachypoda
had a higher thermal conductivity among the
measured
specimens
followed
byFicusnatalensis and lastly Antiaristoxicaria

The high thermal conducitivity coefficient is
attributed to partially the epoxy polymer used
whose thermal conductivity is approximately
0.2W/mK.Rwawiire and Tomkova, 2014 [3]
showed that bark cloth from Ficusnatalensis
had a higher thermal conductivity compared to
other natural fibers. Therefore this property
directly benefits the ficus species samples.

Table I: Thermal Insulation properties of bark cloth reinforced epoxy composites
Thermal
Thermal
Thermal
Thermal
Sample
Species
Conductivity
Diffusivity
Absorptivity
Resistance
Thickness
[W/mK]
[m2/s]x10-6
[Ws1/2/m2K]
[m2K/W]
[mm]
0.182
0.083
630
13.8
2.50
Antiaris
toxicaria
0.224
0.089
752
9.5
2.12
Ficus
brachypoda
0.206
0.083
725
14.2
2.93
Ficus
natalensis
CONCLUSIONS
Bark cloth reinforced epoxy composites have
been investigated for their thermal insulation
properties. It’s observed that the composites
have considerable thermal conductivity values
comparable and some cases better than other
natural fibers.
FUTURE WORK
There’s need to increase or lower the thermal
conductivity coefficients of the developed
composites through additional fillers to widen
the application of bark cloth as an engineering
composite reinforcement and also to study the
fire behavior of the composites if they are to
find applications as composite boards.
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OBJECTIVE OR ABSTRACT
In this study, low density polyethylene were
reinforced with cotton 100% plain knitted fabric
wastes (25% weight ratio) by using extrusion
method to utilize the textile wastes. Mechanical
performance of the composites was investigated
by Charpy impact and three point bending tests.
INTRODUCTION
Nowadays, the rapid development of textile
industry and endless demands of people lead to an
increase in textile wastes. There have been
several studies of us about using various textile
wastes in polymeric composites. In one of these
studies, waste cotton fabric reinforcement and
low density polyethylene (LDPE) matrix in two
different volume fractions (7.5% and 15%) were
used to develop a finite element model to
determine their mechanical properties. It was
observed that by increasing the volume fraction
of the reinforcement material, mechanical
properties such as strength has been improved [1].
In another study, waste cotton fabric reinforced
(12.5% and 25% fibers by weight) polymer
matrix composite had been processed by extruder
and reprocessed six times to evaluate repetition
effect of processing on the mechanical and
rheological properties. Results showed that the
tensile strength was increased up to 4th
reprocessing sample while reducing the impact
properties [2]. Also in of these studies, polyester
nonwoven waste in differing forms (cut piece,
fiber and particle) with polypropylene (PP) and
LDPE were used as reinforcement and matrix to
utilize the various nonwoven waste forms as
reinforcement in polymeric composites by
extruder method. Reprocessing was done 4 times
and results indicated that there is a positive effect
of the reprocessing of the particle forms on the
tensile characteristics, especially up to the second
stage [3]. The aim of this study is to design a
functional composite material with fabric wastes
and investigate the effect of both shredding and
granulation processes on the mechanical
properties.

EXPERIMENTAL APPROACH
Materials
In this study, while LDPE was used as matrix
material, 100% cotton plain knitted fabric wastes
were used as reinforcement. Wastes reinforced to
the matrix 25% by weight.
Methods
The waste fabrics were cut approximately in
dimension of 10x10 cm, before feeding to fabric
shredder. Fabric shredder was used to open the
fabric wastes into fiber form to examine the effect
of fiber opening degree on mechanical properties
of composite materials. Shredding operation was
repeated 4 times and samples were packed
separately.
Composites were produced by single screw,
custom made extruder. The composite was cut
into suitable lengths and its pieces were placed in
hydraulic press in order to eliminate the die swell
ratio of LDPE and also to get more compact
surface. The pressed panels’ edges were trimmed
by guillotine scissor. All test specimens were cut
by CNC milling cutter due to the according
standards. After first production cycle, all related
pieces of that line were gathered and broken into
granules by granulator. The specimens were
subjected to impact test by Devotrans Charpy test
machine due to EN ISO 179: 1997[4] and three
point bending test by Shimadzu AG- IS test
machine due to ASTM D790-10 [5].
RESULTS AND DISCUSSION
The Charpy impact test results are listed in Table
I. It is seen from Table I that, 90º test direction
results are higher than 0º direction in shredded
samples without granulation. Although samples 3
and 4 have higher impact strengths than samples
1 and 2 at both directions, there is no distinct
difference between samples 1 and 2 and also
between samples 3 and 4. It can show the
efficiency of shredding process at 3rd and 4th
stages which results in higher occurrence of fibers
at cross sectional area of composite due to higher

Table I. Charpy impact test results.
Sample
Test
Impact
Code
Direction Strength
(90º/0º)
[kj/m2]
90º
94,34
1
0º
84,18
90º
89,16
1G
0º
95,06
90º
93,96
2
0º
79,33
90º
99,18
2G
0º
111,89
90º
130,72
3
0º
119,52
90º
100,68
3G
0º
73,97
90º
122,80
4
0º
109,00
90º
73,89
4G
0º
88,96

Standard
Deviation
[%]
4,89
13,62
7,69
5,14
29,21
18,23
7,16
3,75
9,22
24,82
4,78
12,83
12,91
16,56
19,63
13,55

It is seen that in samples 1G and 2G, improved
impact strength was achieved in comparison with
samples 1 and 2 while it is opposite for samples
3G and 4G. Since the efficiency of shredding
process is low in first and second stage,
granulation process is more effective that leads to
improve the homogeneity of wastes in composite
thus impact strength. On the other hand,
granulation process cause shortening in effective
fiber length for samples 3G and 4G in which
higher opening degree of fabrics were obtained
by shredding process.
It is seen from Figure 1 that the flexural strength
of all granulated samples are higher than the other
samples without granulation. This can be
explained by the ascending homogeneity of the
samples with granulation process. Also when the
test direction is taken into account it is observed
that flexural strength values are higher at 0º
direction due to the horizontal positioning of
fibers at 0º direction which assist more with their
full lengths against to the acting forces. Also it is
observed that the highest flexural strength value
is achieved with the Sample 3G at 0º direction
(13.79 MPa).

Flexural Strength (MPa)

opening degree of fabrics. However, the impact
strength of granulated samples does not act
regularly from 1G to 4G.
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Samples

Figure 1. Comparison of flexural resistance values of
granulated and not granulated samples according to
test direction and form of the reinforcing material.

CONCLUSIONS
The results indicate that, at shredded samples
without granulation, samples 3 and 4 have higher
impact strengths due to the increasing occurrence
of fibers at cross sectional area of composite but
the impact strength of granulated samples does
not act regularly from 1G to 4G. Also it is
occurred that, samples have higher flexural
strengths at 0º direction based on horizontal
positioning of fibers. For future work, to use these
composite structures in outdoor applications,
some other mechanical tests will be performed.
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ABSTRACT
In this study ready-made garment waste cotton
fiber were treated with NaOH and acetic acid
then mixed with ready-made garment waste
polypropylene fibers then polymer composites
were
produced
from
these
treated
cotton/polypropylene blend by using thermoset
polyester resin as matrix. Tensile strength and
charpy impact strength properties of treated
waste cotton/polypropylene fiber blends
reinforced thermoset polyester composites were
investigated.
INTRODUCTION
Each year tons of textile waste is recycled into
new raw materials for the automotive, furniture,
mattress, coarse yarn, home furnishings, paper
and other industries. Used clothes and losses of
textile industries end sooner or later in waste
collection stations, and usually landfilled or
incinerated [1].
The
performance
of
fiber-reinforced
environmentally friendly materials depends on
the interfacial bonding between the fibers and
matrix [2,3]. In order to obtain strong bond
between matrix and reinforcement material of
composite
structures,
surface
of
the
reinforcement material is roughed and cleaned
so mechanical bond is increased. Many
researches have been studied on application of
chemical methods to increase the adhesion
between matrix and reinforcement material.
Sodium hydroxide and acetic acid are the most
popular chemicals of the surface modification of
the plant fiber [4,5].

In this study, cotton and polypropylene fibers
were used as reinforcement material. Cotton
fibers were treated with NaOH and formic acid.
Then treated waste cotton fiber was mixed with
waste
polypropylene
fiber.
Cotton/polypropylene blend ratio was set to 1585%. Then polymer composite was produced by
using treated cotton and polypropylene blend as
reinforcment material. Polyester resin was used
as matrix. Composite materials were produced
by using vacuum infusion method. Finally
charpy impact and tensile strength properties of
the
waste
fibre
(cotton
and
polypropylene)/polyester composites were
investigated. Better results were obtained from
formic acid treated waste fibre/polyester resin
composites.
EXPERIMENTAL APPROACH
Materials
Readymade
garment
waste
cotton/
polypropylene fibers blend were used as
reinforcement material. Waste cotton and
polypropylene fibers were obtained from
readymade garments and processed by Punteks,
Turkey. Thermoset polyester resin was used as
matrix. Polyester resin was obtained from
Poliya Polyester, Turkey.
Methods
Readymade garment waste cotton fibers were
treated with NaOH and formic acid, treatment
procedure is given in Table 1. Cotton fibre was
washed with water to remove the adhering dirt
for 30 min at 20OC in distilled water. They were
dried in an oven for 6 hours at 70O C before
production of the composite. Thermoset
composite structures were produced by using
vacuum infusion method, readymade garment

waste cotton/polypropylene blend was used as
reinforcement material and thermoset polyester
resin was used as matrix. After production of
the composites charpy impact and tensile
strength properties of the composites were
investigated.
Chemicals

Concentration

Temperature
(°C)

Time
(min)

acetic acid treated cotton-polypropylene
fiber/polyester resin composites. Also addition
of untreated and treated cotton fiber as
reinforcing material instead of using waste
polypropylene fiber alone increased the charpy
impact and tensile strength of the composites.

RESULTS AND DISCUSSION

CONCLUSIONS
NaOH and acetic acid treatments of the cotton
fibers were increased the charpy impact and
tensile strength properties of the waste fiber
(cotton-polypropylene) reinforced polyester
composites. Higher charpy impact and tensile
strength properties were obtained from acetic
acid treatment.

Charpy impact strength and tensile strength tests
results
of
the
waste
CottonPolypropylene/Polyester composites are given
in Table 2.
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NaOH

5 g/L

20

30

Formic
Acid

%100

20

30

Composites

Waste polypropylene
fibre / PES composite
Untreated
cottonpolypropylene waste
fibre / PES composite
NaOH treated cottonpolypropylene waste
fibre / PES composite
Formic Acid treated
cotton-polypropylene
waste fibre / PES
composite

Charpy
Impact
Strength
(kJ/m2)
16.8

Tensile
Strength
(MPa)

17.4

24.7

23.7

27.2

27.3

30.5

24.5

According to the Table 2, NaOH and formic
acid treatments of waste cotton fiber increased
the charpy impact and tensile strength properties
of the composites. The reason of that is the
treatment processes cleaned and roughed the
surface of the cotton fiber, so better adhesion
was obtained between the waste fibers and
polyester resin. Higher charpy impact and
tensile strength results were obtained from
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ABSTRACT
This paper introduces the production of
polypropylene (PP) single-polymer-composites
(SPCs) with long fibers by injection molding. The
mechanical properties of PP SPCs were tested,
which were improved obviously than that of
nonreinforced PP. The effects of processing
conditions were discussed by orthogonal analysis.
The optimum processing parameters for tensile,
flexural and impact performance were obtained.
INTRODUCTION
Single-polymer-composites (SPCs), whose matrix
and reinforcement come from the same polymer,
were first prepared by Capiati and Porter [1] in 1975.
The great advantages of SPCs are low density, easy
recyclability and good interfacial bonding compared
with the traditional fiber (glass, carbon, etc)
reinforced polymer composites. With the emphasis
on resource and environment problems, SPCs are
playing an increasingly important role in our daily
life. The existing main methods of preparing SPCs,
such as hot compaction of fibers or tapes [2], film
stacking [3] and co-extrusion [4], are almost limited
to the processing temperature. Besides, the main
disadvantages of these methods include long
preparation cycle and products with simple or small
shapes, which limit the application of SPCs greatly.
Injection molding has a few of advantages such as
high molding speed, a wide choice of thermoplastic
materials, high molding precision, products with
smooth surface and low production costs. However,
the matrix and the reinforcement of SPCs come
from the same polymer, which made the fiber easy
melt when fiber/matrix mixture has been fed into the
heated barrel in the traditional injection molding
process. Therefore, it is necessary to develop new
process to prepare SPCs by injection molding.
In this study, PP SPCs were prepared by injection
molding. Long PP fibers and PP pellets were
selected as the reinforcing phase and matrix
respectively. Thermal properties of PP fibers and PP

powder were tested by differential scanning
calorimetry (DSC). The mechanical properties of PP
SPCs were tested. Finally, the effects of processing
conditions on the mechanical properties were
discussed.
EXPERIMENTAL
Materials
PP granules were supplied by Beijing Yanshan
branch of China Petroleum & Chemical
Corporation, with a density of 0.9g/cm3. Its melt
flow rate is 1.0-3.0g/10min. PP fibers were
supported by Yancheng Shiteng Engineering
Materials Co., Ltd.
Methods
DSC experiments were performed to ascertain the
thermal properties of the PP matrix and fiber.
The PP SPCs were prepared using a screw injection
machine manufactured by GSK CNC. PP granules
were melted in the barrel. PP fibers were sticked on
the inner face of the mold cavity. Then the melt
were injected into the mold through the nozzle
under the certain injection pressure. After holding
phase the material in the mold was cooled and
solidified.
The orthogonal table was used to analysis the effect
of different factors on the properties of PP SPCs.
The important processing parameters were listed in
Table I. In addition, nonreinforced PP samples were
produced under the same conditions.
Table I. Processing Parameters
Injection Injection
No. Pressure Tempreture
(MPa)
(°C)
1
50
210
2
50
220
3
50
230
4
70
210
5
70
220
6
70
230
7
90
210
8
90
220
9
90
230

Holding
Time
(s)
5
15
25
15
25
5
25
5
15

Cooling
Time
(s)
10
20
30
30
10
20
20
30
10

Tensile and flexural tests were carried out on a
universal testing machine under the guidelines of

ASTM D638 and ASTM D790. In addition, impact
strength was measured using an impact testing
machine (XJUD-5.5) under the guidelines of ASTM
D256.

obviously than that of nonreinforced PP. In addition,
the optimum processing conditions were obtained
from orthogonal analysis to obtain the best tensile,
flexual and impact performance.

RESULTS AND DISCUSSION
Thermal Analysis
From the DSC thermogram of PP granules and
fibers, the PP granules begin to melt at 151.40°C,
and the peak melting point is at 166.99°C. The peak
melting point of the fibers is at 166°C, which is
similar with the melting temperature of PP matrix.

Compared with the nonreinforced PP, it is easy to
find that the impact strength of PP SPCs promote
greatly. And the tensile strength and flexural
strength of PP SPCs promote less relatively. It is
because that the fiber bond with the matrix on the
surface of samples, and there are no fibers inside.
The mechanical properties of the interior do not
improve much, which lead to the appearance that
tensile strength and flexural strength of PP SPCs
promote less. Therefore, in a future study, the melt
should flow from both sides of the fibers, which
made the fibers bond with the matrix in the interior
of samples. Alternatively, the short PP fibers can be
selected instead. The short PP fibers and matrix are
injected into the mold together by controlling the
injection temperature. The mechanical properties of
the molding products may improve better.

Mechanical Properties
The tensile strength of PP SPCs reached a maximum
of 31.0MPa which was double that of nonreinforced
PP about No.4 and 22.5% higher than that of
nonreinforced PP about No.9. The result of range
analysis on the tensile tests of PP SPCs suggests that
the tensile strength of PP SPCs is affected seriously
by holding time, injection temperature and injection
pressure. And the optimal processing parameters
can be acquired: injection pressure, injection
temperature, holding time and cooling time are
90MPa, 220°C, 15s and 30s, respectively.
The flexural strength of PP SPCs reaches a
maximum of 46.5MPa which is 11.5% higher than
that of nonreinforced PP under the same conditions.
The result of range analysis on the flexural tests
suggests that the flexural strength of PP SPCs is
affected seriously by injection temperature, cooling
time and holding time. And the optimal processing
parameters can be acquired: injection pressure,
injection temperature, holding time and cooling time
are 70MPa, 210°C, 5s and 10s,respectively.
The impact strength of PP SPCs reaches a maximum
of 12.25KJ/m2 which is about 6 times compared
with that of nonreinforced PP under the same
conditions. The result of range analysis on the
impact tests of PP SPCs suggests that the impact
strength of PP SPCs is affected seriously by
injection pressure, cooling time and holding time.
And the optimal processing parameters can be
acquired: injection pressure, injection temperature,
holding time and cooling time are 70MPa, 210°C,
25s and 30s, respectively.
CONCLUSIONS
PP SPCs reinforced by long PP fibers were prepared
by injection molding successfully. The maximum of
tensile strength, flexural strength and impact
strength reached 31.0MPa, 46.5MPa and
12.25KJ/m2 respectively, which were improved
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INTRODUCTION
Burns injury occurs as a result of thermal energy
transmitted to protective clothing from the thermal
environment. The clothing may be a single layer
coverall or a multilayer construction. Typically the
multilayer system consists of a shell fabric, a
moisture barrier, and a thermal liner which is
primarily designed to provide protection from
thermal hazards. The hazards may be hot liquid
splash, steam, radiant heat, hot surface contact or any
combinations of these thermal exposures. These
hazards transfer thermal energy to the skin and cause
burn injuries. Some of these burns have been
associated with the transmitted energy during
exposure and some have been related to the
discharge of the thermal energy stored after exposure
ends either by compression or a natural discharge.
Therefore, the more understanding about the nature
of the hazards and the mechanism associated with
heat and mass transfer in thermal protective clothing
system will lead textile engineers to develop high
performance textile materials and clothing to provide
better protection for firefighters.
There are a considerable number of studies on the
thermal performance of protective clothing upon
convective and radiant heat and a few on the thermal
stored energy in clothing systems upon low radiant
heat. Mandal et al. explored the behavior of textile
fabrics under different laboratory simulated thermal
exposures [1]. They evaluated the thermal
performance of protective clothing upon various
thermal hazards during exposure and identified the
contributing factors to burn injuries. Song and
Gholamreza
have
investigated
the
fabric
performance upon hot liquid hazards and steam [23]. In their studies, they focused on thermal stored
energy upon hot liquid and steam and developed new
methods for evaluating protective performance [3]. It
was found that the amount of stored thermal energy
released from the fabric systems varies and lowers
the performance of the thermal protective clothing. It
was also ascertained that the iterative method
developed to find the minimum exposure time
(MET) to skin burn injury is not an economic
approach. Therefore, a stored energy model was
developed and it can be used to predict the thermal
behavior of the fabric systems upon thermal
exposures. However, the study on thermal stored

energy upon steam and hot liquid splash, high level
of radiant heat and hot surface contact has been
limited.
In this study, the thermal performance of thermal
protective clothing upon the above hazards were
analyzed and compared. The minimum exposure
time to second degree burn and the stored energy
coefficient were characterized.
EXPERIMENTAL APPROACH
Materials
The fabrics were selected for the study represents the
thermal protective garments typically worn by
firefighters and industrial workers.
Methods
The performance of the fabric system upon hot
surface contact was measured according to the
modified ASTM F 1060 method. The fabric sample
was mounted horizontally on a hot surface plate of
electrolytic copper. The load was insignificant and
sufficient enough to provide complete surface
contact. The temperature of the hot surface was
controlled at 400°C. The fabric systems were also
exposed to steam at 1500C and the generated steam
was impinged upon the fabric sample vertically at a
pressure of 200 kPa. For hot liquid splash test, the
fabrics were exposed to hot water horizontally at a
flow rate of 1000ml/30sec. To measure fabric
protective performance in radiant-heat exposure, a
cone calorimeter test was conducted with a modified
ASTM E 1354 testing approach. Heat was adjusted
to deliver a heat flux of 50kW/m2. The data
acquisition system was recording the calorimeter
output and the programmed software was employed
to obtain the second degree burn times using
Henriques’ burn criteria [4]. In each test, 5 ± 0.5
seconds after exposure had ended, the test specimen
was compressed against the sensor at a pressure of
13.8 ± 0.7 kPa (2.0 ± 0.1 psi). This load could
possibly simulate individuals' regular activities such
as leaning, squatting or sitting (according to ASTM
standard F 2731-10).
Then the minimum exposure time (MET) required to
cause a second degree burn and the stored energy
coefficient which demonstrates the proportion of the
discharged energy in skin burn injury were

calculated employing the developed stored energy
model [3].
RESULTS AND DISCUSSION
The predicted second degree burn time, stored
energy coefficient and minimum exposure time were
calculated with and without compression for the
fabric systems. Among these exposures, the lower
values of the MET for the stored energy with
compression imply that more thermal energy is
discharged when heated clothing is compressed
during the cooling phase. An analysis of the
transmitted energy to the sensors upon these hazards
confirms that the thickest fabric with no air
permeability has displayed superior performance in
resisting heat and mass transfer. However, a huge
amount of discharged energy was developed. This
suggests that fabric air permeability has been
strongly associated with hot liquid and steam
penetration. For heat and flame, normally the fabric
thickness provides a considerable thermal insulation.
However when subsequent compression is applied,
the thermal stored energy within the system can be
discharged to the skin and cause burns. This potential
thermal energy is stored in the fabric during the
exposure, specifically during the exposure of hot
liquid and steam which could be trapped in the
system. It also needs to be highlighted that the
applied compression reduces the trapped air within
each fabrics and between the layers which
subsequently lowers the thermal insulation of the
system. Interestingly, by analyzing the stored energy
coefficients and METs, the best thermal performance
was not provided by the thickest impermeable twolayer fabric system once compression applied upon
various hazards.
In single layer fabric system under compression,
both the impermeable FR cotton and the permeable
Kevlar/PB have a significantly low performance
upon steam and hot liquid respectively (almost like a
bare skin). Upon hot surface contact and radiant heat
exposure, these fabrics exhibit a much better thermal
performance due to the fact that there is no mass
transfer involved in these hazards. However, FR

cotton has a relatively higher amount of stored
energy in its system than Kevlar/PBI due to the fact
that FR cotton has more tendencies to store thermal
energy than conduct it to the skin (thermal
diffusivity).
CONCLUSIONS
The findings demonstrate that the protective
performance of fabric systems varies according to
the characteristics of the fabric system and the type
of thermal exposure. As a result of thermal stored
energy discharge, applied compression of the
clothing after exposure reduces the thermal
performance of the fabric system. Thickness and
permeability of the system are the key factors that
need to be engineered in the protective clothing
system. The understanding of the thermal stored
energy in the fabric system and the associated
discharge after exposure will lead to the development
of more advanced textile materials.
FUTURE WORK
In our future work, more thermal exposures will be
explored and simulated and some relevant methods
and standards in clothing evaluation will be
proposed.
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ABSTRACT
Carbon laminar composites have advantages of
very high specific strength and modulus over
metal alloys. However their through-thickness
thermal conductivity (TTC) is the same order of
matrix resin used (~ 0.2 W/m°K). We report
significant approximately 450 % improvement
in TTC of carbon composites by flocking short
Z-axis carbon fiber together with a conductive
interfacial boundary layer of modified matrix
resin system.
INTRODUCTION
Carbon fiber composites (CFC) were used in
aerospace and transportation structures due to
its high specific modulus and strength compared
to those of metallic alloys. However, unlike
metallic alloys, carbon fiber composites reveal
high in-plane thermal conductivity but poor
TTC. Due to poor TTC of CFCs, proper zdirectional heat dissipation is inadequate for
high heat systems, which is prone to thermal
overload. This poor TTC can be mitigated with
proper enhancing techniques such as the use of
Z-axis flock interface implanted (Fig.1),
modifying epoxy resin systems, carbon black
deposits on inter-laminar interfaces, and
chemical treatment. [1, 2]

Figure1: Inter-laminar z-axis flocking.

EXPERIMENTAL APPROACH
Materials
Carbon Fiber Fabrics (5.7 oz/sq.yd 0.012” thick,
50” wide) were used as received (FibreGlast

Brooksville, OH USA). Matrix resin systems
were formulated from epoxy 2000 and epoxy
cure 2120 (FibreGlast) with conductive
additives: no additives,
2% F-Gnp M25
Graphene (XG-Sciences, Lansing, MI), 0.1% FxGnp C-500 Graphene (XG-Sciences, Lansing,
MI), 0.2% F-xGnp C-500 Graphene (XGSciences, Lansing, MI), 0.4% F-xGnp C-500
Graphene (XG-Sciences, Lansing, MI), and 4%
wt. XC72R Cabot Carbon Black (Chromaflo,
Inc. Ashtabula, OH). Flock fibers used were
HC-600-10M milled to 0.10 mm length and
HC-600-15M milled to 0.15 mm length (Nippon
Carbon, Tokyo Japan).
Methods
Individual flocked layer with various resin
systems formulated with the additives and resin
systems by DC up-flocking techniques. The
enhanced TTC panels were fabricated by hand
layaup ([0/90] x4) and cured platen press at
1000 psi, 80°C for 2hr. These panels were cut to
make specimens for thermal conductivity
(ASTM C518-98) and mechanical property
measurement
RESULTS AND DISCUSSION
Epoxy Resin Casting
To establish baseline of thermal conductivity
enhancement, TCs of various carbon additive
epoxy resin castings were determined and the
results are shown in Fig 2. It can be seen that
there was no dramatic increase in thermal
conductivity. The highest conductivity being
reached was 0.261 W/m-k, by, XG-Science’s
batch of 2% M25 Graphene which had a 16%
increased thermal conductivity over that of
‘neat’ epoxy.

Dry flock panels
Wet flock panels with high flock density yield
very good TTC of panels at very high flock
density, which is not desirable due to increased
thickness of the panel and reduced mechanical
properties. To overcome these shortcomings,
we tried the dry flocking technique and the
results are shown in Fig 4.

Figure 2: Thermal conductivity of epoxy castings
with carbon additives.

Z-axis Thermal Conductivity Improvement
We utilized two flocking techniques: wet and
dry techniques. Wet techniques are very similar
to traditional flocking technique where apply
wet epoxy resin layer upon the carbon fabric as
flock adhesive, while for dry flocked laminar
minimal amount of special epoxy formulation is
sprayed to bind flock fibers and allow maximum
flock/carbon fabric contacts without insulating
epoxy boundary interface for establishing better
thermal contacts.
Wet flock panels
Fig 3 shows the effects of flock fiber density on
the TTC. It can be observed that by increasing
flock fiber density, TTC can be improved from
1.23 W/m°K to 4.38 W/m°K (356%
improvement).

Figure 4: Comparison between flock densities and
dry flocking modes.

Fig 4 reveals that by using dry fabrication
techniques a high thermal conductivity of over 5
W/m-K is attainable (a 400% increase in TTC
compared to control samples). It can be
observed that utilizing the spray fabrication
technique lead to a greater thermal conductivity
compared to using a rolled technique.
CONCLUSIONS
We demonstrate that a 300-400 % increase in
the through-thickness thermal conductivity of
carbon laminar composites by inter-laminar
conductive flock fiber layer.
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Figure 3: TTC of wet flocked composites with
varying flocked densities.

Wet flocking enables the control of flock
density in great extent to improve the TTC, but
it will increase the finished panel thickness and
the epoxy resin interface reduces the direct
thermal contact between flock tip and carbon
fiber in the fabric structure.
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ABSTRACT
Seven models varied by a composition of palm and
back sides of gloves protecting against mechanical
and thermal factors were produced. The main
objective was the usage of aluminized basalt fabrics
to their modeling and assessment. The protective
properties of each glove models were checked
according to appropriate and valid European
standards. The best composition of gloves was
chosen as a result of study.
KEYWORDS: aluminized basalt fabrics, palm and
back-side materials, resistance to mechanical and
thermal factors
OBJECTIVE
The main objective was checking an applicability of
aluminized basalt fabrics for the production of
gloves protecting against mechanical and thermal
factors.
INTRODUCTION
The protective gloves are the most often destroyed
and replaced personal protective means. Therefore,
an optimization of glove construction is still actual
and takes into consideration first of all new
materials, which are characterized by high strength
and barrier properties, a low mass per square meter
and good utility properties at acceptable costs [1].
Using technical textiles and their modifications for
personal protection of workers exposed to different
kinds of risk is crucial and concerns the labor safety
as well as prevention in the workplaces [2]. In this
research Authors used aluminized basalt fabrics for
the protective glove production [3-6].
EXPERIMENTAL APPROACH
Materials
According to assumptions seven glove models
contained in the back side the aluminized basalt
fabrics of mass per square meter from 270 to 420
g/m2. Additional layers in the form of lining or
inserts were chosen basing on measurement results
confirming the appropriate level of protection, utility

comfort of user, and his hand skills during the
manual activity. Materials used in the palm and back
sides of glove models were chosen basing on the
assessment of their protective parameters (against
thermal and mechanical factors).
Methods
Measurement procedures for gloves protecting
against the mechanical factors are presented in the
standard EN 388:2003 [7]. Assessing the resistance
of gloves to thermal factors (heat and/or the fire) the
following analyses were done: the flammability test,
resistance to the contact, convective, radiation heat
as well as the resistance to the small metal splashes
or big amounts of liquid metal [6]. Measurement
procedures for gloves protecting against the thermal
factors are described in the standard EN 407:2004
[8].
RESULTS AND DISCUSSION
Resistance to mechanical factors
Seven glove models were characterized by the
abrasion on the level 200 cycles for the back side of
glove, what assures the first performance level
related to the protection efficiency. Abrasion of palm
part of glove was ranged from 200 cycles for model
2 to 2100 cycles for models 6 & 7.
Cut resistance for the palm side of glove confirmed
the first performance level related to protection
efficiency for models 6 & 7, second performance
level – for models 1 & 4, third performance level –
for model 2 and fourth performance level – for
model 5.
Analysis of tear resistance confirmed the second
performance level for textile assemblies of back side
of glove in the case of models 2, 6 & 7. In the rest of
cases the higher - fourth performance level was
achieved for textile assemblies used in both palm and
back sides of gloves.
The lowest value of puncture resistance for the palm
side of glove on the level 35 N (first performance
level) was registered for the model 5S. Similarly, the
first performance level and values equal to 38 N

were obtained for the back side of gloves in the case
of models 2, 5S, 5N, 6 & 7. The value 135 N and the
third performance level for the palm side of glove
were obtained for the model 2.

Material assemblies allowed for significantly rising
the glove protection efficiency in the case of the
abrasion and cut resistances in comparison to the
single material layer.

Resistance to thermal factors
Resistance to the contact heat at the 100 ºC
confirmed fulfilling the standard requirements for all
elaborated protective glove models. Additionally, for
model 2 there was obtained the fulfilling the
requirements at the higher contact temperature equal
to 250 ºC.

The flammability assessment confirmed the highest fourth performance level for all glove models. The
fulfillment of requirement was achieved for
examined glove models in the case of resistance on
the contact heat at the temperature 100 ºC. For the
higher contact temperature, i.e., 250 ºC the
fulfillment of requirement was achieved only for the
protective glove model 2, containing
the
inflammable nonwoven. It should be pointed out that
the application of aluminized basalt fabrics in the
back side of glove allowed obtaining the highest –
fourth performance level in the case of resistance to
small metal splashes.

Results of radiation heat transfer index RHTI24 for
the particular protective glove models are confined in
the interval 425 to 727 sec., what means the highest
– fourth performance level. It is the result of high
radiation heat resistance for the single aluminized
basalt fabrics, for which the lowest value of RHTI24
was 255 s; whereas the highest one - even 358 s. An
addition of other materials (linings and thermoinsulation inserts) in assemblies improved the
protective parameters.
In the case of convection heat resistance assessment
the following performance levels were obtained: the
second (for the back side of glove in models 1, 2, 6
& 7) to the highest – fourth performance level (for
the palm and back sides of gloves in models 5S and
5N).
In the case of glove flammability the highest-fourth
performance level was obtained for all models. The
values of further burning and further glowing time
were in each case 0 s. The received values confirmed
that the elaborated glove models did not burn, did
not glow, and the material did not drip after the
measurement as well.
Considering the resistance to the small metal
splashes only the textile package used in the palm
side of glove in model 1 confirmed the third
performance level; whereas the rest of textile
assemblies – fourth performance level.
CONCLUSIONS
In the case of tear resistance for all glove models the
highest – fourth performance level was achieved for
the back side containing the aluminized basalt fabric.
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OBJECTIVE
Environmental interest lead researches in the
valorization of local raw material. Some
byproducts like flax tows and short hemp fibers
could be valorized into biobased geotextiles. Per
se, these geotextiles have limited life depending
on the environment. Consequently, their
mechanical performances during their life time
are dependent of the mechanical properties of the
material used for its manufacture. Thus, this
study focused on the influence of accelerated
degradation of flax and hemp yarns, on their
tensile properties.
INTRODUCTION
Several amounts of byproducts from flax and
hemp industry are generated every year in
France. A new valorization of these by product
consists in the production of biobased geotextile.
These geotextiles are particularly interesting
thanks to the renewable resources used for their
manufacture and their limited life.
To predict the geotextile performances under
natural climatic environment attack, a
preliminary study of yarn properties is necessary.
In this sense, the resistance to the degradation of
flax and hemp yarn is investigated and then
linked to the mechanical property changes. The
yarn degradation is conducted by ultrasounds
and enzymatic treatment.
EXPERIMENTAL APPROACH
Materials
Flax and hemp yarns from France were used for
this study, with yarn fineness about 4650 ± 351
tex (from flax tows) and 3890 ± 378 tex (from
short fibers).
Treatments to degradation
Ultrasounds treatment (UL) is used to degrade
cellulose, hemicellulose and lignin [1] fractions

of the fibers. It was conducted for 24 h of
incubation times at 45 KHz, 400W.
The enzymatic treatment (CEL) was conducted
with a cellulase enzyme, in order to reproduce
natural degradation conditions: attacking
cellulose, hemicellulose and lignin fractions of
the fibers. The extraction was conducted at
5U/ml, for 24 h incubation time, pH 8.4, at 37°C.
Tensile properties
Untreated and treated yarns were tested using an
INSTRON tensile tester, to find out the tensile
strength, longitudinal stress and failure strain.
Tests were carried out at the rate of 2mm/min
using a 100 daN load cell up to the breakup and
20 mm initial length.
RESULTS AND DISCUSSION
Effects of ultrasounds
Experimental
investigation
shows
that
ultrasounds treatment extracts mainly the
hemicellulose fraction of flax and hemp fibers
[2]. Considering an individual flax fiber as a
composite with pectin, lignin, hemicellulose and
cellulose combination, the mechanical behavior
of the fiber is depending of the properties of the
main cited elements [3]. Thus, the extraction of
hemicellulose, the polymer responsible of
biodegradation, could be then responsible of a
lack of fiber strength.
Effects of the enzymatic treatment
Expecting the attack of cellulase enzyme on the
fiber polymers (lignin, cellulose, hemicellulose,
pectin) the analysis of Fourier transformed
infrared spectroscopy does not show any main
differences between treated and untreated fibers.
From the optimized extraction process, the
cellulase activity is depending of some
parameters like access to carbohydrates,

enzymatic activity function of the pH (ion
interaction). Another property of the cellulase
enzyme consists in the attack of the amorphous
areas of the polymers, which induces the rise of
the crystalline ratio. Thus, this last property
could affect the extension to break of the yarn,
during the tensile test.
Tensile properties
Mean results of tensile strength and extension to
break are reported in Table 1 (with values of
standard deviation). Tensile tests conducted on
flax and hemp yarn show a global decrease of the
tensile strength of the treated yarns.
Indeed, ultrasounds treatment induces a loss of
tensile strength for both fibers: 31.5% for flax
yarn and 57 % for hemp yarn. By this treatment,
hemp fibers are more degraded than flax. Some
biochemical analyses are conducted to confirm
the direct relationship between hemicellulose
degradation by ultrasounds and loss of tensile
properties of the natural fibres.
Table I. Tensile properties of degraded flax and hemp
yarns
Tensile
Tensile Extension
Treatment
strength strength to break
(cN/tex) loss (%)
(%)
Untreated Flax

10.8±1.0

-

19 ± 5

UL Flax

7.4 ± 1.5

31.5

15 ± 3

CEL Flax

5.8 ± 2.0

46

13 ± 3

Untreated
Hemp

9.1 ± 0.8

-

31 ± 9

UL Hemp

3.9 ± 1.1

57

23 ± 9

CEL Hemp

4.6 ± 1.0

49.5

13 ± 3

Concerning the cellulase enzyme degradation on
the tensile properties, Table 1 highlights the loss
of strain, from 19 to 13% for flax yarn and 31 to
13% for hemp yarn. These results correspond
with a lack of amorphous polymeric fraction of
the treated fibers, thanks to the cellulase enzyme
attack.
The relationship between hemicellulose/pectin
fraction and extension to break function of the

cellulase activity are investigated, based on the
individual fiber structure [4].
For flax and hemp fibers, the loss of tensile
strength and strain confirm the effectiveness of
the fiber degradation by using ultrasounds and
cellulase enzyme. Present results reveal also the
low mechanical performances of hemp yarn
compare to flax. These differences could be
explained by their different types of
hemicellulose and also by their type of cellulose
(crystallinity, geometry of cells…).
CONCLUSIONS
The mechanical characterization showed that
hemp fibers are more sensitive than flax fibers,
under the degradation treatment conditions.
Thus, flax fibers seem to be a better candidate to
manufacture biobased geotextiles. For that
matter, these preliminary tests allow combining
the biochemical fiber properties with their
structural characteristics plus the tensile
properties of yarn made.
FUTURE WORK
To prevent a premature degradation of the yarns
into the geotextile, pretreatments will be
elaborate on the yarns, to slow down their
degradation with the time.
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ABSTRACT
In this study, needle-punched 100% polyester
nonwovens differing in basis weights and fabric
thicknesses were analyzed based on water absorption
capacity and liquid wetting time. The effect of fabric
density on absorbency and wetting behaviors’ were
examined. These nonwoven fabrics aimed to be used
as capillary mineral bags for interior plantation
together with different granule sized pumice. In
application study, the effect of physical properties of
nonwovens and granule sizes of pumice were
investigated based on water consumption.

Preparation of capillary mineral bags and
application study
Nonwoven samples (coded as A, B, C, D) were sewed
from their three sides to obtain 6x8cm bag form.
Constant amount (26g) of pumice from different
granule size groups (2-4mm; 4-6mm; 6-8mm) were
added to bags and sewed their fourth sides. Every
nonwoven samples were combined with all pumice
granule sizes. 2 different pots were prepared for all
combinations including 2 capillary bags placed just
above the roots of plants. 2 plants were left without
capillary bags as control samples.

INTRODUCTION
In our lives, developing technology together with
urbanization create need for nature [1]. Since people
are forced to spend more time indoors, lowmaintenance landscape with water saving solutions
become crucial. Nonwovens based on their porous
structure are preferential for agricultural textiles. On
the other hand water consumption can be reduced by
using minerals such as pumice, perlite and zeolite in
plantation. The use of nonwovens in capillary mats
together with minerals (perlite and zeolite) [2,3]
signifies that raw material and fabric density are
dominant parameters for understanding the behavior
of the structure against to water.

As a plant, Dresena Bicolor was selected owing to its
preference in interior usage. Pots were placed
consecutively at the same distance from the window
in order to benefit from the sunshine equally at
laboratory conditions. Plants were irrigated 100ml of
water when dry sense is perceived touching mould by
hand. Evaluation was realized by visual observation
of plantation and recording water consumption for 30
day.

EXPERIMENTAL APPROACH
Materials
Cross laid, needle punched 100% PET nonwovens
with differing basis weights and thicknesses were
used for capillary bags in this study. Mineral content
of capillary bags were varied based on their differing
granule sizes (2-4mm; 4-6mm; 6-8mm).
Methods
Basis weight (EDANA 40.3-90), fabric thickness
(ISO 9073-2), fabric density, water absorption
capacity (EDANA 10.2-96) and liquid wetting time
(EN-ISO 9073-6) of nonwovens were investigated.
Water absorption capacity of pumice was realized
according to TS 4619.

RESULTS AND DISCUSSION
Sample codes with area weight, thickness and fabric
density measurements of nonwoven fabrics were
given in Table I.
Code
A
B
C
D

Basis weight Thickness Fabric
[g/m²]
[mm]
density
Mean ± SD Mean ± SD [kg/m³]
107.35±0.10 2.03±0.14 52.80
259.76±0.28 3.78±0.11 68.70
271.80±0.23 3.33±0.13 81.63
167.78±0.41 2.02±0.11 82.67

Table I: Physical properties of nonwovens

Since fabric thicknesses change with basis weights,
fabric densities were calculated to give the meaning
further performance analyses. Results in Table I
indicate that sample A has the lowest fabric density
(52.80 kg/m³) among others while sample D has the
highest one (82.67 kg/m³). Thus, entangled fibers are

e
A
B
C
D

WAC [%]
Mean
1015.67
481.54
479.98
448.03

LWT [sec]
Mean ± SD
16.67±2.51
17.82±1.64
18.49±1.40
24.15±2.66

Table II: Water absorption capacity (WAC) and liquid
wetting time (LWT) test results of nonwovens.

It is seen from Table II that, if fabric density
increases, water absorption capacity of the
nonwovens decreases. The highest WAC belongs to
sample A (1015.67%). It can be explained with larger
gaps between fibers in lower fabric densities which
encourages higher water absorbency. LWT test results
are in consistent with WAC test results. Even the
structure is getting tighter; the gaps between fibers
become smaller which limits the liquid wetting time.
For sample A, liquid wetting time is 16.67sec while it
rises up to 24.15sec for sample D.
Granule size of pumice [mm] WAC [%]
2-4
98
4-6
63
6-8
59
Table III: Water absorption capacity of pumice.

Water absorption capacities of pumice with different
granule sizes are listed in Table III. According to the
results, highest WAC (98%) is achieved in 2-4mm
granule sized pumice.
Results for application study
Since Dresena Bicolor does not show considering
growing in short time, no distinct difference was
noted by visual observation of all plants groups.
Application study samples can be seen in Figure 1.

water used in application study was recorded as
900ml which belongs to the sample of highest fabric
density (sample D) filled with big granule sized (48mm) pumice (Figure 2). Therefore, it is clear that
both fabric density and pumice granule size are
effective on water consumption. Sample A with 24mm pumice granule size show the best water saving
among others. Moreover, the increase in pumice
granule size and increase in fabric density results in
higher water consumption amounts.
Water consumption [ml]

more relax in sample A which lead to larger gaps
between fibers.

1000ml water was used to keep the mould moist for
control samples. On the other hand, the maximum

800

2-4mm

600

4-6mm

400
200

0

A

B

C

D

6-8mm

Nonwoven samples

Figure 2: Water consumption amounts based on pumice
granule size and differing fabric density of nonwovens.

CONCLUSIONS
According to the results, sample A with lowest fabric
density shows the highest water absorption capacity.
On the other hand 98% water absorption capacity was
examined in 2-4mm granule sized pumice.
Application study results were found consistent with
performance test results. Capillary bag from sample
A, filled with 2-4mm granule sized pumice seems to
be the best solution for interior plant irrigation based
on its lowest water consumption.
FUTURE WORK
For more objective water consumption measurements,
the moisture of mould must be controlled by humidity
measurement devices. Also the observation time for
application study should be extended.
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ABSTRACT
Atomistic molecular dynamics show that the
stress needed to pull a polyethylene (PE) chain
from its crystal lattice is about 7 GPa. Quantum
mechanical calculations shows that failure due
to CC bonds scission in macroscopic situations
requires stress of at least 12 GPa. These results
thus suggest chain slip to be the strength
determining process for ultrahigh molecular
weight polyethylene (UHMWPE) fibers.
INTRODUCTION
Polymer fibers like the Dyneema® ultrahigh
molecular weight polyethylene (UHMWPE)
offer exceptionally high strength and modulus
at very low weight. The two molecular
mechanisms relevant for polymer fiber strength,
chain pull-out and chain scission, will be
investigated by atomistic molecular dynamics
and quantum mechanical calculations.
CALCULATIONAL DETAILS
For studying chain pull-out the Materials Studio
package of Accelrys Inc. was employed [1] on
99 PE chains packed according to the crystal
lattice. During these simulations the outer
region(s) of chains were kept fixed and the
temperature was controlled by the Nose
algorithm. Chain pull-out of the central chain
from the finite crystalline models was enforced
by applying a stepwise increasing force of 0.005
nN/ps on the outer carbon atom of this chain.
For investigating CC bond scission, the
methodology of Crist [2] was programmed in R.
The QM calculations were performed by means
of the Turbomole package of Cosmologic Inc.
in combination with the OPTIMIZE routine of
Baker and co-workers. These calculations were
carried out at the BP86 level utilizing the
resolution-of-identity technique (RI) and the

standard SV(P) basis sets in combination with a
matching RI auxiliary basis set.
RESULTS AND DISCUSSION
Chain Pullout
Figure 1 shows the displacement of the drag
atom of the central chain versus the applied
force for finite crystalline models of PE
consisting of 99 chains with a molecular weight
of 675, 1349 g/mol and 2695 g/mol (i.e. 48, 96
and 192 carbon atoms long). These force versus
displacement curves reveal a pullout force in the
range of 1.18-1.20 nN for the smallest model
and a somewhat larger pullout force of ca. 1.251.27 nN for the larger models. Apparently, as
the molecular weight of the PE chains exceeds a
critical value between 675 and 1349 g/mol the
pullout force is independent on the molecular
weight.

Figure 1: Displacement of drag atom versus applied
force for crystalline models of PE containing 99
chains of Mn= 675, 1349 and 2695 g/mol.

Our calculated pull-out force is in good
agreement with the pullout forces determined
previously by Kausch and Langbein based on
more simple models for PE [3]. Most
interestingly, this pull-out force corresponds to a

pull-out stress of ca. 7 GPa, suggesting that end
groups should be considered as strength
reducing defects.
Mechanism of Chain Pull-Out
Figure 2 shows the characteristic displacements
along the chain axis for the carbon atoms of the
pullout chain during chain pull-out for various
applied forces.

Figure 2: Displacements of carbon atoms of the pullout chain for various applied forces (indicated in nN
at the bottom).

At low values of the force (< ca. 0.25 nN) the
pull-out chain remains on average trapped in its
minimum energy configuration. As the force
increases a displacement or de-bonding zone
sets in affecting more and more carbons of the
pull-out
chain
and
showing
smaller
displacements as the distance of these carbons
to the CH3 drag atom becomes larger. As the
force approaches the critical value for pullout of
ca. 1.25 nN the displacement of the drag atom
approaches 1/2c, c being the unit cell c-axis,
(=1.27 Å) and the displacement zone involves
ca. 40 carbon atoms. The structure at this
critical displacement of 1/2c for the drag atom
can be regarded as the transition state for chain
pull-out. A further increase in the force results
in pull-out of the chain, a process during which
new de-bonding zones of ca. 40 carbon atoms
gradually appear. The dependence of the pullout force level on intermolecular interactions,
CC bond and CCC bond angle parameters will
be discussed in more detail in the presentation.

CC Bond Scission
Based on the simple model of coupled Morse
oscillators by Crist [2] it will be shown that, for
a uniformly stretched chain, the “danger region”
for bond rupture (i.e. single chain lifetimes less
than 106 s) corresponds to elastic strains in
excess of 6 % and local elastic forces greater
than 40 % of the critical force for CC bond
scission for an unstrained CC bond [2]. Since
the latter is in the order of 5.6 (BP86-RI/SV(P)
level) – 6.3 (simple Morse potential) nN it can
be concluded that failure as a result of CC bond
scission requires local elastic forces of least ca.
2.2 nN. This is significantly larger than the
required force for chain pull-out. These results
suggest that the ultimate experimental strength
of UHMWPE fibers is limited by chain slip and
not by CC bond fracture.
CONCLUSIONS
Based on atomistic molecular dynamics
simulations it has been shown that the force
needed to pull a PE chain out of its crystal
lattice is ca. 1.3 nN. The mechanism of pull-out
involves a characteristic de-bonding zone of
only ca. 40 C-atoms. For PE chains containing
more than ca. 40 C-atoms the pull-out force will
consequently not increase with increasing Mn.
The calculated pull-out force corresponds to a
stress of ca. 7 GPa. This value is in excellent
agreement with the ultimate strength of a
UHMWPE fiber at zero concentration of chain
ends. This suggests that chain ends should be
regarded as strength reducing defects. CC bond
scission has been shown to be very unlikely at a
pull-out force of ca. 1.3 nN.
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ABSTRACT
Using the method of matched asymptotic
expansions, the problem of the capillary rise of
a meniscus on the complex shaped fibers was
reduced to a nonlinear problem of determination
of a minimal surface. This surface has to satisfy
a special boundary condition at infinity. The
proposed formulation allows one to interpret the
meniscus problem as a problem of flow of a
fictitious non-Newtonian fluid through a porous
medium. As an example, the shape of a
meniscus on a fiber of an oval cross-section was
analyzed. It was discovered that the contact line
may form singularities even if the fiber has a
smooth profile: this statement was illustrated
with an oval fiber profile having infinite
curvature at two end points.
Analyzing the local behavior of the solutions to
the Laplace equation of capillarity near the
sharp edge, we classified the cases when the
meniscus cannot be smooth. A 2D phase
diagram in terms of the V-angle and the
meniscus contact angle was constructed. This
diagram allows one to separate the solutions
with smooth and non-smooth menisci.
In order to probe and interpret the wetting
properties of nanofiber yarns, a modification of
the original Cassie-Baxter model of apparent
contact angle was developed. The model
includes the effect of fiber tilt: on the surface of
tilted fiber the contact line describes an
elliptical arc rather than circular. With this new
interpretation of the capillary rise experiments
we studied the wetting properties of nanofiber
yarns made of cellulose acetate (CA),
poly(methyl methacrylate) (PMMA), and their

blends. Wetting properties of nanofiber yarns
were compared with those of the films.
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OBJECTIVE

The main aim of this contribution is evaluation of
flex fatigue of fibers based on the device measuring
number of repeated bending cycles till break. The
distribution of mean number of cycles till break is
modeled by three parameter Weibull distribution.
The side emitting optical fibers with different
diameter are tested.

INTRODUCTION

A classical review of fatigue in textile fibers is
published e.g. in paper [1]. The imposed loadings are
usually tensile, torsional and tension-compression.
The behavior of fibers under repetitive bending was
investigated by various authors (review is published
in work [2]). The flex fatigue of fibers based on the
original device measuring number of repeated
bending cycles till break is investigated in this work.

FLEX FATIGUE EVALUATION

For measurement of fibers flex fatigue the special
Flexometer device was constructed. Basic result is
numbers of repeated bending cycles of fibers till
break FC. Fiber is fixed in upper movable clamp and
guided through slot of diameter 0.2 till 3 mm. Upper
clamp should be adjusted to the selected maximum
bending angle from 0 till 140° (see. fig. 1).

driven by electrical drive with adjustable frequency
of bending per minute. For analysis of FC data it is
necessary to know their distribution. The
computationally assisted exploratory data analysis
methods including techniques used here are
described in the book [3]. The estimation of proper
distribution of FC can be realized by using of socalled quantile-quantile (Q-Q) plot. Classical Q - Q
plot is based on comparison of empirical quantile
function Q(Pi) ? FC(i) with chosen theoretical
quantile function QT(Pi). The probability estimator
Pi = i/(n+1) and so-called order statistics FC(1) <
FC(2) < ... < FC(N) (which are the sample values
arranged in the increasing order) are used. It was
found that for flex fatigue of polymeric fibers three
parameter Weibull distribution is useful [6].
Distribution function of this distribution has simple
form
  FC − A C 
F(FC ) =
1 − exp  − 
 
  B  

Here A is lowest number of repeated bending cycles
till break, B is scale parameter and C is shape
parameter. For quick and rough parameter estimates
of three parameter Weibull models the moment
based method can be used. The main idea of this
method is very simple. Based on the selected 3
sample moments and corresponding theoretical
moments for number of repeated bending cycles till
break the 3 nonlinear equations can be created. Their
complexity is based on the suitable selection of
moments [3].
Cran [4] used this technique for estimation of the
parameters in three parameter Weibull distribution.
Shape parameter C can be estimated from relation

C =

Figure 1: Device for flex fatigue measurements.
On the free end of fiber (adjustable in range 8-27
mm) the defined load is mounted. Upper clamp is

(1)

ln (2)
ln (m 1 - m 2 ) - ln (m 2 - m 4 )

(2)

For estimation of the lower limiting strength A is
valid
2
m1 m4 - m2
A =
(3)
m1 + m4 - 2 m2

and estimate of scale parameter B is in the form

m1 - A
B =
Γ (1 + 1/C)

(4)

where Γ(x) is Gamma function. In these relations mr
are special, so-called Weibull sample moments
defined as

mr =

N-1

∑ (1 - i/N) [ FC
r

(i+1)

i=0

- FC (i) ]

(5)

For i = 0 is formally FC(0) = 0. This very simple
technique can be used for the rough estimation of A
in three parameter Weibull models. The Q-Q plot is
then simply constructed for three parameter Weibull
distribution. After rearrangements the linear form
y = a x + b in Q-Q plot occurs. Here:

RESULTS AND DISCUSSION

The approximate estimators of Weibull distribution
parameters calculated from eqns (2)-(4) are given in
the tab. 1.
Table 1: Parameters of Weibull distribution.
Diameter
A
B
C
[mm]
[cycles]
[cycles] [-]
0.2
1028
3887.9
3.21
0.3
1377.3
6314.3
0.93
0.4
455.5
599.3
1.093
1
16.12
80.65
2.1
1.2
30.69
13.32
1.1
1.5
2.12
4.52
1.81
The typical Q-Q plot for Hypoff (diameter of 1 mm)
is shown in the fig. 2.
Corrected Weibull 3 QQ plot
4

3

y = ln[-ln(1-pi)], x = ln (FC(i) ) - A),
a = C and b = - ln(B) C

2

1

1

E ( FC ) = A + B Γ 1 + 
 C

0
Y

In this case it is necessary to know estimator of
lowest number of repeated bending cycles till break
A calculated from eqn (3). The mean fiber strength
E(FC) and corresponding standard deviation SD(FC)
are computed from equations

-1

-2

y = 1.95*x - 8.57
-3

-4

-5

(6)

2

2.5

3

3.5

4
X

4.5

5

5.5

6

Figure 2: Q-Q Plot for Hypoff 1 mm.

1

where Γ(.) is gamma function.

It is visible that the higher fiber diameter causes
decrease of lowest number of repeated bending
cycles till break A and corresponding scale parameter
B. It is clearly visible that the flex fatigue parameters
are sensitive on the POF diameter. At higher
diameters it is the number of bending to the break
very low.

EXPERIMENTAL APPROACH
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2
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(7)

Polymer optical fibers “Hypoff” with diameters d =
0.2, 0.3, 0.4 1, 1.2 and 1.5 mm were used for
measurement. The flex fatigue was characterized by
the number of repeated bending cycles till break FC
[cycles]. Measurement was realized on the modified
Flexometer device (see chap. 3). For evaluation of
POF flex fatigue the following conditions were
selected: frequency of bending - 116 [min-1], free end
load - 5 [g], fiber length - 8 [mm], maximum
bending angle - [140°]
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OBJECTIVE
The aim of this work is to analyze the feasibility of
incorporating natural fiber composites in semistructural applications for automotive interiors with
regards to its technical performance. The effect of
fiber and textile structure on the mechanical properties of the composites is investigated.
INTRODUCTION
The automotive industry in Europe had a turnover of
256 Billion Euro in the year 2012 with 742.199 employees. [1] Currently, an average automobile has up
to 20 kg of textile materials. Due to their physical
properties, low cost, good flammability properties
glass fibers play a significant role in the textile materials used in automobiles. However, replacing glass
fibers by natural fibers as reinforcements in a composite has shown to decrease the global warming potential by 57 % (lower CO2 emissions), energy use by
77 % and the weight by 7 %. The approach towards
incorporation of natural fibers in the automotive textile sector currently deals with easy replacement of
glass fibers with natural fibers for the development of
the so called bio-composites. By 2020 the consumption of natural fibers in the automotive industry is
expected to grow up to 120,000 tons (from
19,000 tons in 2005). [2] To reach these targets, natural fibers must overcome their technical challenges
and fulfill the stringent performance requirements by
the automotive industry. The aim of this study is to
investigate the effect of fiber and textile structure on
the mechanical properties of the composites.
EXPERIMENTAL APPROACH
Materials & Methods
Bio-composites were produced with blended
nonwovens made from natural fiber and thermoplastic
matrices which were pressed into composite structures. The effect of the fiber properties and the
nonwoven properties on the properties of the composites was studied. The properties of the biocomposites were benchmarked against standard composites used for automotive interior applications.

Two different natural fibers viz. flax and hemp were
opened and blended with thermoplastic matrix fibers
viz. polylactic acid (PLA) and polypropylene (PP) on
the CVT opener with three gradual opening rollers.
For the fiber laying two technologies were chosen viz.
the aerodynamic web laying and mechanical carding.
Fiber webs with isotropic orientation were produced
with the aerodynamic web forming process on the airlaying machine at ITA. Fiber webs with unidirectional orientation were produced with a mechanical web
formation process on the lab-scale card at ITA. To
provide dimensional stability to the nonwoven structure, they were consolidated with the lab-scale needle
punching machine at ITA. The nonwovens were further pressed into composites with the compression
molding system at ITA.
Table I. Characterization methods for the developed
nonwovens and composites
Parameter

Norm

Nonwoven Areal weight

ISO 9073-1

Nonwoven Thickness

DIN-EN-ISO
9073-2

Nonwoven Tensile
Strength
Nonwoven Air Permeability
Composite Tensile
Strength
Composites 3-point
Bending

DIN-EN-29073-3
DIN-EN-ISO
9237
DIN-EN-ISO527-4
DIN EN ISO
14125

The key parameters of the nonwovens and composites
and the norms used for characterizing them are summarized in table I. The samples were conditioned for
24 hours before testing in a lab which is maintained
under DIN EN ISO 139 testing condition norms.
RESULTS AND DISCUSSION
The tensile strength of the nonwovens developed is
shown in Figure 1. The carded nonwovens exhibit
higher mechanical properties in the machine direction
(0°) than in the cross direction (90°) while the airlay
nonwovens exhibit similar properties in both directions. Furthermore, it can be seen that the nonwovens

Specific Tensile Strength T [N/kg/m²]
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0

With regard to the feasibility of incorporation of the
composites for applications in automotive interiors,
most of the combinations satisfy the criteria by OEMs
of a tensile strength of 30 MPa and a tensile and
bending modulus of 2 GPa.
Bending Modulus B [GPa]

with PP fibers show significantly higher strengths as
compared to those with PLA fibers.
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Fig 1. Specific tensile strength of the nonwovens
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Fig 2. Tensile strength of the composites
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Fig 3. Tensile modulus of the composites
The tensile strength, tensile modulus and bending
modulus of the composites are shown in Figures 2, 3
and 4. The trends seen for the composites and the
nonwovens are different. The natural fiber and PLA
composites exhibit superior tensile strength, tensile
and bending modulus to their natural fiber and PP
counterparts. Furthermore, the significance of orientation of the composites decreases from nonwovens to
composites. The trends exhibited by the tensile
strength, tensile modulus and bending modulus are
similar to one another.

Fig 4. Bending modulus of the composites
CONCLUSIONS
In this work bio-composites made from 100 % renewable raw materials were developed. It was shown
the bio-composites developed had a feasibility to be
incorporated in automotive interiors with regards to
their mechanical performance. It was seen that the
choice of matrix material had a strong influence on
the performance of the composites with the PLA
composites exhibiting better properties compared to
the PP composites. The type of bast fiber did not have
a significant influence in the mechanical properties of
the composites.
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INTRODUCTION
Noise generated by fabric-to-fabric friction can be in some
circumstances considered as a factor that might impact the
quality of textile products. In our research, a system has
been developed to simulate the motion of human arm
during walking or running in order to register the friction
sound generated and to extract acoustic imprints of fabrics.
This can help developing “silent” sport cloths, clothes for
hunting for instance, as well as military clothes.
EXPERIMENTAL APPROACH
Materials and methods
To reproduce real conditions of sound generated by fabric
to fabric friction, films of upper-half of human volunteers
wearing garments equipped with specific sensors have been
recorded. Applied pressure, velocity and trajectories have
been used on textile samples of fabrics using the motion
simulator. A microphone Brüel & Kjaer ½ inch type (4190)
is attached to the height-adjustable support for detecting
friction noise of fabric specimen, this microphone is a short
distance from the sample (1cm). The sound recording is
performed thanks to a Sony recorder type (PCM-M10)
connected to a Brüel & Kjaer type (2606 amplifier). The
microphone has been calibrated at 515 mV/Pa. Mechanical
parts of motionsimulator, recorder and amplifier parts were
placed outside an anechoic booth [1]. The attenuation
measurement of the anechoic booth was made in a
reverberant chamber. The duration of a recording is 20 s
with a sampling frequency of 96 kHz. The sound is
processed by Audacity® software and sequences of a few
seconds (0.5s to 1s) are considered.
In order to extract sound imprints of fabrics, and ultimately
monitor and control the quality of textile, advanced signal
processing methods on the sound generated have been
used.
The recordings realized with textile contain the friction
noise as well as the background noise of the device. This
background noise can be annoying for the frequency
analysis and is a low frequency noise inferior to 100 Hz.
We wish to determine the frequency domain of the noise
friction which listener can perceive. We thus suggest

filtering the signal by a weighting A filter. This filter will
allow to reduce the background noise of the device and to
amplify the perceptible range of the ear.
The filtered sound signals have then been processed
through classical FFT treatment or/and a Stockwell
Transform. The FFT allowed us to estimate the third octave
band from 20 Hz to 20 kHz and obtain noise level in dBA.
Our main objective is to extract relevant features from
time-frequency domain to characterize and classify textile
signals.
The Stockwell Transform (S-transform)
Most real signals are non-stationary where the frequency
can vary with time. The classic Fourier transform analyzes
the frequency content of the signal without any time
information. It stresses the importance of time-frequency
transforms designed to detect the frequency changes of the
signal over time. Moreover, it allows extracting relevant
features to classify signal signatures. The S-transform can
be considered as a hybrid between the Short Time
Frequency Transform (STFT) and the wavelet transform
[2]. It can be viewed as a frequency dependent STFT or a
phase corrected wavelet transform. It has gained popularity
in the signal processing community because of its easy
interpretation. Classically the S-transform uses a Gaussian
window, whose standard deviation varies over frequency.
Whatever the analyzed signal, the width of the Gaussian
window will decrease as the frequency increases. This
produces a higher frequency resolution at lower
frequencies and a higher time resolution at lower
frequencies.
The S-transform has been shown high performance in
classification and feature extraction problems applied on
non-stationary signals, such as heart sounds, power quality
signals, EEG signals etc.
RESULTS AND DISCUSSION
The results obtained for 2 samples of cotton fabric are
presented. The samples were conditioned 24 hours before
being tested; tests were performed in standard atmosphere

for textile testing (65±4% Relative Humidity and 20±2°C).
The characteristics of samples are presented in Table I.
Sample
Woven structure
Ends/cm
Picks/cm
Fabric weight (g/cm)
Table I: Samples characteristics

1
Plain
85
37
106.7

2
Satin
36
24
125

Cotton fabrics with plain weave are noisier than those with
satin weave. The spectra shape and acoustic signature
change with weaving pattern.
First analysis with S-transform (Figure 2) applied on two
sounds form forward-backward movement show the
modulation of the frequencies over time and shifts due to
acceleration and deceleration. Furthermore the content of
the signal is also dependent to the nature of the tissue.

Table II presents the recording and processing of the 2
samples.
Plain weave

1/3 octave

Recording

Satin weave

FFT

Figure 2: The Stockwell transform applied on two different textile
signals.

Table II: Recording and processing of the 2 samples.

The objective is to estimate frequency range of textile
signals, in order to verify that the perceived friction noises
are different. The spectral density of the filtered signal is
estimated on 4 round trips of the noise. The frequency
range corresponds to the intersection of the spectral density
is the line which was fixed spectral maximum of the
density less 10 dB. Figure 1 represents the frequency range
for 14 different textile signals.
frequency range for different textil signals
14
12

NuNumber of textile

10
8
6
4
2
0
1000

10000
Frequency [Hz]

Figure 1: Frequency range for 14 different textiles

On this figure, the black dot corresponds to the frequency
position of the spectral maximum of the density. This
figure shows that the frequency ranges are different, can be
wide band as for textile 6 and to narrow band as the textile
9. We were able to notice also similarity between textile
signals as between textile 7 and the textile 11.

Due to the large frequency bandwidth of these signals
(900-15000 Hz), the use of non-redundantly versions of Stransform will makes time computation more efficient. For
that, many algorithms and methods have been proposed in
the literature and can be explored [3,4].
CONCLUSIONS
First results clearly show that the perceived friction noises
are different and perceptible by ear.These promising results
will be developed on several different acquired sounds and
correlated to the user feelings.
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ABSTRACT
Waste cotton fibers were used to produce
activated carbon (AC) via chemical activiation
method with phosphoris acid. The effect of
different operational parameters on the
adsorption capacity and yield of activated carbon
fibers was studied by Taguchi experimental
design. The activated carbon fiber produced
under optimized conditions was characterized by
pore structure analysis, scanning electron
microcoscropy (SEM), Fourier transform
infrared spectroscopy (FTIR), and Iodine
adsoprtion test. The obtained results showed that
the produced activated carbon has developed
porous structures, fibrous shape, large number of
oxygen functional groups, and acidic nature.
NTRODUCTION
In spite of the technical evolution of different
machinery in production line of cotton textiles,
waste cotton fibers as by products are generated
in different units i.e. cleaning, opening, carding,
combing, drawing and spinning. On the other
side, rapid development and higher production
capacity of cotton textile industries resulted in
higher output of waste cotton fibers. Hence, in
the context of economic issues and
environmental protection, there is much interest
in developing recycling processes to produce
valuable products from waste cotton fibers. One
effective use of waste textile fibers biomass is
production of activated carbon (AC) by
thermochemical conversion [1-3].
In this research waste cotton fibers were used as
raw material for producing activated carbon. In
order to provide sufficient information about the
effective utilization of the sample, its physical
and chemical properties were characterised by
different methods.

EXPERIMENTAL APPROACH
Materials
Waste cotton fibers, were collected from a textile
mill, and used for preparing the activated carbon
fibers. The fibers were washed with a nonionic
surfactant (1 g/l Irgasol NA, provided by Ciba
Co) for 1 hour, rinsed by distilled water and then
oven dried at 105oC for 3 hours. Phosphoric acid
was from Merck with 85% purity. Other
chemicals also were analytical grades from
Merck.
Methods
At first, waste cotton fibers were impregnated
with aqueous H3PO4 and allowed to absorb the
phosphoric acid overnight. Then, the soaked
waste cotton fibers were placed in a
programmable electrical furnace with a
controlled rate of temperature rising until
activation temperature and kept at this
temperature until the end of the activation
process. Finally, the product was cooled in the
furnace and washed with hot distilled water until
the pH of filtrate reached to 6–7. The produced
activated carbon was characterized by Brunauer
Emmett Teller (BET), scanning electron
microscopy (SEM), Fourier transform infrared
spectroscopy (FTIR), and Iodine number tests.
RESULTS AND DISCUSSION
Analysis of nitrogen adsorption and desorption
The analysis of the nitrogen adsorption and
desorption of the produced activated carbon is
shown in Fig. 1 According to the IUPAC
classification, the isotherm belong to type I
isotherms, showing a significant increase in the
adsorption at low P/P0 values (<0.1), a broad
knee and a plateau that is nearly or quite
horizontal to the P/Po axis. The adsorption
isotherm of the activated carbon indicates
microporosity
that
extends
to
narrow
mesoporosity at intermediate relative pressures.

Scanning electron microscope (SEM)
The SEM photographs (Fig. 3) demonstrate
broken fibers with wrinkled surface morphology
and reduced diameter. It can be said that the
severity of the activation conditions aided by
catalytic effect of phosphoric acid results in
disintegration of the fibers.

Figure 1: Adsorption–desorption isotherms of N2 at
−196 ◦C on the prepared AC.

FTIR Analysis
The FTIR absorbance spectra in the range of
500–4000 cm-1 for the Activated carbon is
shown in Fig.2
Figure: 3 SEM images of produced activated cotton
fibers, bar length: 100µm (a) activated cotton fiber,
bar length: 5 µm (b).

Figure 2: The FTIR spectrum of the produced AC
from waste cotton fiber at optimum condition.

Among the different functional groups, the band
centered at 1560 cm-1 may be associated to C=O
stretching from quinone and conjugated groups
as diketone, keto-ester, and keto-enol, while the
C= O stretching due to carboxylic groups is
observed at 1703 cm-1. The broad band between
900 and 1300 cm-1 has a maximum at 1088.49
(cm-1), which may be ascribed to the P–O
symmetrical vibration in a chain of P–O–P
(polyphosphate). Generally the absorption in this
region is the characteristic for phosphorus and
phosphor carbonaceous compounds.

CONCLUSIONS
The produced activated carbon was found to
have large number of oxygen functional groups
and weakly acidic nature. The Langmuir specific
surface area, BET specific surface area (SBET),
Iodine number, pore volume and yield of the
optimized activated carbon fiber
were
determined to be 1101 m2g-1, 694m2g-1, 1018.54
and 43.65
mg g-1 and 0.3577 cm3 g-1
respectively. The produced activated carbon with
microporous structure, high density, excellent
iodine adsorption and low ash content can be
suitable for industrial sorption processes.
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ABSTRACT
This study investigates the utility of
microencapsulation techniques for antibacterial
finish on cotton fabrics via Aloe vera gel.
INTRODUCTION
Microencapsulation is a process in which a
coating surrounds droplets in various phases to
give
many
finishing
properties
like
antimicrobial / antibacterial property, fragrance,
insect repellence, flame proof and else onto
textile surfaces. The microencapsules can
introduce not only mentioned important new
qualities to garments and fabrics but also
enhanced stability and controlled release of
active compounds [1]. This study investigates
the antibacterial finish efficiency of the Aloe
vera (L.) Burm. (Syn: Aloe barbadenis Miller)
leaves gel when applied onto the 100% woven
cotton fabric in the form of microencapsulation.
The Aloe vera plant has been known and used
for centuries for its curative, therapeutic, health,
beauty, medicinal and skin care properties [2 –
4]. The most commonly used type of Aloe vera
is Aloe barbadensis Miller and belongs to the
Liliaceae family, of which there are about 360
species [4 – 6]. Aloe vera leaf contains three
chemically and physically distinct substances:
the outer leaf including the vascular bundles, the
middle layer of latex which is the bitter yellow
sap and inner leaf, colorless gel [2, 4, 7]. The
gel contains 75 potentially active constituents:
vitamins, enzymes, minerals, sugars, lignin,
saponins, salicylic acids, and amino acids [6, 8].

The major ingredient in the gel of Aloe is water,
making up 99.3% of its content. The remaining
0.7% of solid is divided amongst 200 different
constituents, notably polysaccharides, enzymes,
sterols, prostaglandins, fatty acid, amino acids,
and a wide variety of vitamins and minerals [5,
7, 9, 10]. Many of the medicinal effects of Aloe
vera leaf extracts have been attributed to one of
these molecules, a polysaccharide found in the
inner leaf parenchymatous tissue stimulates the
immune system giving antimicrobial effect to
the plant and possess antibacterial, antiviral,
antifungal, antioxidant, angiogenic, immune
system
modulator,
antidiabetic,
antihypertensive,
cathartics,
analgesic,
antiinflammatory, wound healing, antihepatitis,
antigastric ulcer, and antineoplastic activities [2,
8, 11, 12]. Widespread antimicrobial use causes
significant increases in resistance of bacteria.
Due to the inefficacy of the frequently used
antimicrobials, the new antibacterial agents are
needed to be found. Medicinal plants that are
commonly used may be good sources for safe
and effective antibacterial agents [13]. It has
been known that Aloe vera is also a good
antibacterial agent against a multitude of
bacteria. Crude extract of Aloe vera leaf had
antibacterial effects against clinically isolated
bacterial pathogens [12].
EXPERIMENTAL APPROACH
Materials
The Aloe vera gel used in this study was
obtained
from
alive
leaves
and

microencapsulated by two different techniques:
widely known simple coacervation and novel
microfluidic techniques, latter of which had no
textile reference to the best of our knowledge.
Methods
The microencapsules in the solutions were
observed
by
optical
microscopy
and
characterized by TGA, DSC and particle size
and distribution analysis. The antibacterial
performance and some textile-related properties
like tensile property, abrasion resistances, color
fastness to crocking and water-vapour
permeability assessments of treated samples
were carried out in accordance with relevant
standards to make detailed comparison between
those microencapsulation techniques. The
abstract may be less than two pages, but should
fully describe the contents of your oral
presentation/poster, and follow these formatting
details.
RESULTS
The results revealed that Aloe vera gel could be
successfully microencapsulated and used for
textile applications by microfluidic technique.
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OBJECTIVE
The objective of this work has been to
experimentally identify the role played by the
compressive properties of melt-spun filaments
such as Young’s modulus and yield strain on the
observed bending recovery of said fibrous
materials.
INTRODUCTION
Melt-spun filaments are generally described as
semi-crystalline materials with tensile properties
that are directly proportional to their degree of
crystallinity. For this reason, high crystallinities
are normally desirable. Nevertheless, there are
situations in which a balance of different types of
fiber properties is preferred over the
maximization of one particular property. One of
such cases is the bending recovery of a filament.
Filament resiliency is a material characteristic
that depends on both the axial tensile and
compressive behavior of the synthetic filament.
Given that polymer filaments are anisotropic
materials which typically show reduced
performance under compression with respect to
their tensile behavior [1], the bending behavior
of a filament will be to a large extent a function
of its compressive response. For this reason, it
has been the purpose of this work to establish an
experimental technique to quantify the
compressive response of different melt-spun
filaments which will allow to elucidate the
relationship between compressive properties and
bending recovery in melt-spun filaments.
EXPERIMENTAL APPROACH
Single filament micro-compression tests have
been performed using a micro-indenter having a
flat punch with a diameter of 200 μm in order to
apply a uniform axial compressive load on the
fiber specimens which have a diameter of 70-90
μm (Fig. 1). The preparation of fiber specimens
suitable for axial compression has been based on
a specimen preparation technique which allows
to generate fiber specimens with a free length

which is suitable for a single fiber axial microcompression test [1].

Figure 1: Experimental setup for the single fiber
micro-compression test.

RESULTS AND DISCUSSION
Typical stress-strain curves in axial compression
for polyethylene terephthalate (PET), polyamide
66 (PA66), co-polyamide (CoPA) and cycloolefin polymer (COP) monofilaments are shown
in Fig. 2.

Figure 2. Stress-strain curves in axial compression for
different melt-spun monofilaments.

The tested specimens do not follow Euler’s
buckling behavior and therefore the axial
compressive moduli values reported in Fig. 3
were determined directly from the stress-strain

curves. Fig. 3 shows that the compressive
modulus value of PET is almost 30% higher than
the value observed for PA66, and about 50%
higher than in the case of the amorphous CoPA
and COP polymers. PET filaments are known to
have a higher stiffness in comparison to other
polymer textile fibers [2]. One of the main
parameters affecting the compressive properties
of polymer fibers is their ability to form lateral
intermolecular interactions [1], which in most
cases consist of secondary type of bonding. In
the case of PET, the aromatic rings tend to stack
regularly in the crystalline domains, giving place
to secondary bonding by aromatic ring
association [2]. In contrast, the flexible aliphatic
polymer chain structure of PA66 results in
reduced stiffness values with respect to PET.
Nevertheless, the fact that PA66 is able to
establish intermolecular hydrogen bonds (the
strongest type of secondary bonding) between
amide groups of adjacent polymer chains [3]
allows the filament to achieve a compressive
modulus value that is 30% smaller than PET,
while the tensile modulus of the PA66 filament
is 70% lower than PET. Inversely, the
amorphous COP and CoPA polymers are
inherently designed to hinder the development of
the molecular order needed, among other things,
to achieve high modulus values.

Figure 3. Axial compressive modulus for different
melt-spun filaments.

Based on the analysis of the flexural response of
a fiber with different modulus in tension and
compression previously reported [4], a
quantification
of
the
maximum
axial
compressive strain applied to a monofilament
with a bending recovery test has been performed.
For the amorphous filaments (CoPA and COP),
the maximum applied compressive strain during
bending lays well within the region of elastic
deformation, which correlates well with the good
bending recovery observed for both filaments. In
the case of the semi-crystalline PA66 filament,

the maximum applied compressive strain is
located at the region of the stress-strain curve
where the deformation begins to transition from
elastic to plastic, a lot closer to the compressive
yield strain than in the case of the amorphous
filaments. Lastly, for the PET semi-crystalline
filaments, the maximum applied compressive
strain is already in the region of plastic
deformation, which explains the reduced bending
recovery values observed for this material.
CONCLUSIONS
From the present analysis it can be generalized
that the bending recovery of polymer filaments
depends on the combination of two factors. The
first factor is the ratio of compressive to tensile
modulus, which defines the maximum axial
compressive strain applied to the filament by a
given bending deformation. The second factor is
the axial compressive yield strain of the material.
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ABSTRACT
Thermal insulation properties are very important
from the point of view of thermal comfort of
clothing users. In the frame of presented work
the Thermo Labo II has been used for testing the
cotton woven fabrics of different weave. The
Thermo Labo II measures the thermal
conductivity, maximum heat flow density, and
Heat Keeping Property. Heat Keeping Property
is measured in different conditions: at dry and
wet state, without and with a distance between
the sample and measuring plate as well as at
different velocity of air movement: 0.3 m/s and
1.0 m/s. In the paper, the influence of fabric
structure on the Heat Keeping Property at
different measuring conditions has been
analysed.
OBJECTIVE
The aim of investigations was to analyze values
of the Heat Keeping Property of the woven
fabrics
characterized be different structure
measured in different measuring conditions.
INTRODUCTION
Thermal insulation properties of textile materials
can be measured by different measuring devices.
The most popular are: “skin model”, Alambeta
and Permetest [1, 2]. In the presented work the
Thermo Labo II has been applied to measure
woven fabrics [3]. The Thermo Labo II evaluates
the warm/cool feeling by measuring the
maximum heat flow qmax, constant thermal
conductivity λ and Heat Keeping Property called
also Insulation Value [3]. Measurement of the
Heat Keeping Property can be performed at
different conditions: dry contact method, wet
contact method, dry spaced method, wet space
method, at wind velocity 0.3 ms-1 and 1.0 ms-1.
The possibility of measurement in different
conditions is very important from the point of
view of the assurance of human being thermal
comfort. The clothing is applied in different and

changeable climatic conditions. Moreover, the
conditions of the environment influence
significantly thermal insulation properties of
clothing.
EXPERIMENTAL APPROACH
Materials
The cotton woven fabrics of different weaves
have been investigated. They were fabrics made
of the 50 tex warp yarn at warp density 32 per
cm and weft density – 11 per cm. Two kinds of
yarn have been applied as a weft: 100 tex and 60
tex. The basic parameters of investigated fabrics
are presented in Table I.
Table I. Basic characteristics of investigated fabrics
Mass per
Weft
square
Thickness
No.
Weave
yarn
meter
mm
tex
g/m2
1. Plain
100
292
0.67
2. Plain
60
240
0.61
3. Twill 3/1 S
100
292
0.78
4. Twill 3/1 S
60
238
0.70
5. Twill 2/1 S
100
287
0.79
6. Twill 2/1 S
60
238
0.73
Rep R 2/2
7.
100
284
0.83
(2)
Rep R 2/2
8.
60
237
0.74
(2)
Rep R1/1
9.
100
293
0.65
(0,1,0)
Rep R1/1
10.
60
242
0.58
(0,1,0)
Hopsack 2/2
11.
100
287
0.79
(0,2,0)
Hopsack 2/2
12.
60
234
0.72
(0,2,0)

Methods
Measurement of the Heat Keeping Property has
been performed by means of the Thermo Labo II.
Measurements have been done in normal
climatic conditions: 20 °C ±2 and RH 65 % ±5.
For each sample 5 repetitions have been carried
out in each measurement conditions.

In the contact method the measured sample
adjoins the measuring plate, in space method
there is a small distance of 5 mm between the
sample and plate.
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Figure 2: Heat Keeping Property of the woven
fabrics: W – wet method, D – dry method, C – contact
method, S – space method, 1.0 and 0.3 – air velocity
in m/s

In the wet space method at the wind velocity 1.0
m/s and 0.3 m/s the influence of weave on the
Heat Keeping Property is insignificant.
In all cases the Heat Keeping Property at the
wind velocity 1.0 m/s is higher than at the wind
velocity 0.3 m/s measured at the same relative
humidity and distance between the sample and
measuring plate.
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30
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RESULTS AND DISCUSSION
The values of the Heat Keeping Property of
investigated woven fabrics varied significantly
from 17.30 % to 69.95 %. The value of the Heat
Keeping Property depends on the method of
measurement. The highest values have been
observed in the wet method at air velocity 1m/s
and the distance between the sample and
measuring plate. The lowest values of the Heat
Keeping Property occurred in the dry state at
wind velocity 0.3 m/s and contact between the
sample and measuring plate (fig.1).

100 tex
35

WC0.3

DC1.0

DC0.3

Figure 1: Heat Keeping Property of the woven
fabrics: W – wet method, D – dry method, C – contact
method, S – space method, 1.0 and 0.3 – air velocity
in m/s

The Heat Keeping Property depends also on the
fabric weave and linear density of weft. In some
cases the fabrics of the weft yarn 60 tex are
characterized by higher value of the Heat
Keeping Property than fabrics of the same weave
made of the weft yarn 100 tex. In other cases the
opposite relationship has been observed. We did
not state any univocal tendency in the relation
between the linear density of weft yarn and Heat
Keeping Property.
The influence of weave on the Heat Keeping
Property has been observed mostly in a dry
contact method at wind velocity 1.0 m/s and 0.3
m/s. In the dry contact method and the wind
velocity 0.3 m/s the highest values of the Heat
Keeping Property occurred for fabrics of plain
and twill 3/1 S weave (fig. 2).

CONCLUSIONS
Obtained results confirmed that there is a lot of
factors influencing the Heat Keeping Property of
the woven fabrics. There are also interactions
between the factors influencing the heat
exchange trough the thermal barrier created by
the fabric.
FUTURE WORK
Further work is aimed at investigation of
interactions between the main factors influencing
the Heat Keeping Property: conditions of
measurement, the fabric weave and tightness of
the fabric structure.
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ABSTRACT
The solvent properties of N-methyl pyrolidone
(N-PD) and 2- pyrolidone (2-PD) toward
stereoregular polyacrylonitrile (PAN) were studied
from a point of view of steric effect of CH3 group in
a ring-structure. Dissolution temperature (Tsol) was a
good measure of this parameter. The Tsol of these
solvents was 63oC and 134oC, respectively. The
presence of CH3 group caused a decrease of Tsol,
which suggests that CH3 group enhanced the
dissolution power. This makes a clear contrast with
the results of DMF (N,N-dimethyl formamide) and
DMAc (N,N-dimethly acetamide). The Tsol of these
liquids was 25oC and 62oC. The CH3 group increased
the Tsol value, suggesting the reduction of the
dissolution power. Thus, two quite opposite effects
were observed. The mechanism was considered
based on Raman carbonyl (νC= O) shift. One
possibility is indicated that N-methyl structure
embedded in a ring structure plays a significant role
as a powerful electron reservoir through the
enhancement of intermolecular interaction rather
than purely geometrical unfavorable steric effect of
CH3 group.
INTRODUCTION
PAN can be used as a starting material of carbon
fiber. PAN fiber is generally prepared by wet
spinning from conc. solution, since it has no melting
temperature (Tm) [1]. Selection of solvent is
important not only from the cost but also from the
high performance of the fiber. That is, in a good
solvent, polymer chain is extended, whereas in a
poor solvent, it is rather contracted. Although there
is no theory of polymer dissolution, Morawetz
reported in his excellent professional book [2], some
kinds of ring containing solvents have a good
solubility toward PAN. We took up 2-PD and N-PD,
and their solvent properties were investigated from
such a point of view.
RERSULTS AND DISCUSSION
Isotactic PAN powder didn’t dissolve in these
solvents at RT. However, when the temperature was
increased, dissolution took place [3]. The Tsol was

determined as a cross-over point between two lines
in the turbidity data (Fig. 1). Tsol of these liquids was
63oC and 134oC, respectively. The presence of CH3
group enhanced the dissolution power. This made a
clear contrast with the results of DMF and DMAc.
The Tsol of these was 25oC and 62oC, respectively [4].
The CH3 group caused an increase of Tsol, suggesting
the weakening of the dissolution power. Thus, two
quite opposite effects were observed.

FIGURE 1. Configulational entropy in Tsol of PAN
[1]

Fig. 1 Turbidity-temperature curve of PAN
The above mechanism was considered based on
Raman carbonyl band (Fig. 2). In 2-PD, there was
a broad band, which appears to be overlapping of
two components. In contrast, in N-PD, only one peak
was observed, and higher frequency shift is apparent.
However, in the case of DMF and DMAc, lower
frequency shift has been obtained [4].

(~6cm-1). In 2-PD, nitriles caused a similar plus shift
(~9cm-1), but H2O did no shift (~0cm-1). Thus, the
former showed response from both dipole-dipole and
hydrogen bonding, whereas the latter did only one
from dipole-dipole. Hardness of 2-PD can be
explained in terms of it.
From systematic Tsol data such as inverse plots (Fig.
3), we can obtain two empirical parameters, slope
and intersect. Based on these parameters, we can
prepare Dissolution Power Map of Solvents toward
PAN. This fascinating topic is discussed in detail.

Fig. 2 Raman spectra and carbonyl band shift
How to explain the results is important. We consider
that such an effect should be understood from a
pointof view of wholly structural environmental
aspect. That is, CH3 group on a ring structure should
be understood as “ a part of N-methyl structural
unit.” This idea is analogous to the difference of
isolated double bond and conjugated double bond in
Physical Organic Chemistry. Namely, N-methyl
group embedded in a ring-structure plays a
significant role as a powerful electron reservoir and
exerting strong electron denoting effect on the
solvent
through
the
enhancement
of
intermolecular-interaction between polymer and the
solvents.
The softness of N-PD as a strong dipolar aprotic
solvent is clearly seen by the external addition effect
on the carbonyl band. When organic nitriles were
added, C= O band shifted to a higher frequency
(~4cm-1), whereas H2O did lower frequency shift

Fig. 3 Inverse plots of Tsol vs. isoticity, (mm)-1
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OBJECTIVE
Our goal is to develop an upscalable meltspinning process to produce high-strength
Poly(3-hydroxybutyrate) (PHB) fibers, which so
far couldn't be established. Previous findings
suggest that native PHB requests additives to
become an engineering plastic. Primary
crystallization has to be fast enough for PHB to
withstand drawing forces occuring in meltspinning. Secondary crystallization, that
develops large spherulitic structures, has to be
hindered to prevent brittleness, poor mechanical
performance and conglutination of as-spun fibers
[1].
INTRODUCTION
The use of inherently biodegradable polymers is
a possibility to reduce the amount of plastic
waste that cannot be assimilated by
microorganisms. PHB is a thermoplastic
polyester produced by bacteria as intracellular
carbon and energy storage compound [2]. As
such the polyester is sustainable, biocompatible
and truly biodegradable by enzymatic activity,
without forming toxic by-products [3]. Its
relatively simple biosynthesis process leads to
reasonable production costs [4], which makes
PHB an attractive substitute for conventional
petrochemical plastics.
Being a thermoplastic polymer, PHB has the
potential for a fast production of filaments via
melt-spinning [5], which is the most efficient
process to produce fibers [6]. However, rapid
thermal degradation at temperatures just above
the melting temperature, low crystallization rate
due to a low density of crystallization nuclei, and
brittleness of native PHB render it difficult to
process [7].
The inherent brittleness of native PHB can be
overcome by adding plasticizers that improve
processability and mechanical properties [8]. The

addition of a plasticizer decreases the glass
transition temperature Tg and the melting
temperature Tm, allowing the processing at lower
temperature, which can diminish thermal
degradation during extrusion [9].
The nucleation step in the crystalline growth
process is associated with the presence of
inhomogeneities and foreign particles in the melt
[10]. Residual nuclei of PHB can act as inherent
nucleating agents (self-seeding) [11]. Additional
agents may be required to increase crystallization
rate of PHB, and to decrease the maximum
dimension of spherulites [12]. For PHB one of
the best nucleating agents known is boron nitride
[13].
EXPERIMENTAL APPROACH
Aiming to render PHB melt-spinnable, we
investigated PHB with and without additives. On
one hand we worked with the polymer powders
extracted from the bacteria, native as well as
with Tri n-butyl citrate (TBC) as plasticizer and
boron nitride (BN) as nucleating agent. On the
other hand we processed pellets extruded from
the native polymer powder, again with and
without TBC as plasticizer and BN as nucleating
agent. In order to achieve fibers with long-term
stability (i.e. no secondary crystallization), we
modified the draw-off unit of our pilot meltspinning plant, enabling a take-up of the fiber
after solidification, but before crystallization.
Fiber melt-spinning was carried out on Empa's
custom-made pilot melt-spinning plant. The
analytical tools applied included differential
scanning calorimetry (DSC), gel permeation
chromatography (GPC), rotational rheometry,
and wide angle X-ray diffraction (WAXD).
RESULTS AND DISCUSSION
With rotational rheometry and GPC we could
show the detrimental effect of extrusion on

molecular weight, and thus on processability and
tensile strength of as-spun fibers. By adding
TBC, the extrusion temperature could be
reduced, which resulted in smaller degradation.
DSC revealed that the plasticizer also hinders
secondary crystallization.

Figure 1: WAXD patterns of PHB fibers melt-spun
with the unmodified (top) and the modified (bottom)
draw-off unit. The spots indicate a high orientation of
the crystalline lamellae (bottom), whereas arcs are
evidence of low-oriented crystals (top).

We modified the draw-off unit of our pilot meltspinning plant so as to achieve fibers dominated
by longitudinally oriented lamellae rather than
spherulitic structures. This modified unit enabled
a complete primary crystallization of the fibers
during drawing, leading to PHB fibers with
highly oriented crystalline morphology (Fig. 1,
bottom) and acceptable mechanical properties.
WAXD results of drawn fibers suggest that not
only an oriented crystalline phase, but also a
highly oriented amorphous phase develops.

CONCLUSIONS
Native PHB needs additives to become meltspinnable. It needs to crystallize fast enough to
withstand drawing forces (primary crystallization
induced by nucleating agents). BN as nucleating
agent is temperature-stable but susceptible to
agglomeration, thus there is a demand for
alternative nucleating agents. Secondary
crystallization has to be hindered to prevent
brittleness/conglutination, which can be achieved
with plasticizers. TBC can reduce the extrusion
temperature, resulting in less polymer
degradation, i.e., less reduction of the mean
molar mass.
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OBJECTIVE
A simple, environmentally friendly method was
developed to produce thermoset fibers. The
process is based on simultaneous extrusion and
photopolymerization of acrylate and other
monomers and oligomers. Fibers having many
different chemical and mechanical properties
were produced. Only commercial raw materials
were used, making this production process
extremely attractive for the industrial
manufacturing of thermoset fibers.
INTRODUCTION
Ultraviolet
(UV)
curing
or
UV
photopolymerization is a well-known industrial
process used primarily in the coating industry to
coat any substrate. In this process, one or several
monomers and/or oligomers are mixed with a
photoinitiator and other coating additives and
then polymerized using UV light. Different types
of monomers can be polymerized using UV
light, such as acrylates, epoxy, thiol-enes and so
on [1]. Photopolymerization occurs almost
instantly (much less than one second), making
the UV curing process a very efficient industrial
process. When a large number of multifunctional
monomers are present, after polymerization, such
monomer mixtures are transformed into a
thermoset
(crosslinked)
polymer.
The
photopolymerization process is performed at
room temperature, making it highly energy
efficient. Monomer mixtures may contain an
organic solvent, water or be solvent-less.
Solvent-less monomer mixtures are particularly
attractive because they produce no volatile
organic compound (VOC) emissions. Today,
more than 400 commercial monomers and
oligomers are available commercially. Such
breadth enables coatings to be formed that cover
a wide spectrum of different properties, such as
hydrophilic/hydrophobic
characteristics,

softness/hardness, stiffness/elasticity and so on.
The vast range and flexibility of the types of
properties that can be generated using a
photopolymerization process has expanded the
technology’s usage to other applications, such as
3-D printing and stereolithography. Many
complex three-dimensional objects can be
printed using these methods. [2]
There are many methods of polymer fiber
production. Initially, the polymer being spun
must be converted into a fluid state. When
possible, the polymer can simply be melted (melt
spinning process),
which
involves an
energy-intensive process. In dry and wet
spinning, polymers are solubilized in different
solvents. The resulting solvents must be removed
in some way, making such processes highly
pollutant and environmentally unfriendly. [3] In
all mentioned fiber-production processes,
polymers should be synthesized using an
additional process.
The goal of our research was to prepare fibers
directly from monomers, without the use of
solvents (even without water), without heating,
while using a highly energy-efficient process.
Fiber production using photopolymerizations is
an example of such a method. [4]
EXPERIMENTAL APPROACH
Monomers and oligomers were purchased from
Sartomer (France) and photoinitiators from
Lambson (UK). Different mixtures of monomers
with photoinitiators were prepared (see Table 1),
and were extruded using a spinning pilot
machine equipped with two Fusion UV lamps,
6000 kW each. After exiting, the UV region fiber
was picked up by a capstan and winder. The
structure of the spinning pilot is described in
reference [4]. Depending on the type of spinneret

used, hollow, multilayer structures with different
cross-section shapes could be obtained. Fiber
was obtained as a monofilament using a
production speed between 5−25 meters/second
(see Figure 1).

molecules as well as biomolecules, such as
enzymes, to be incorporated.

Table 1: Composition of Fibers Before Polymerization
#
1
2
3

Monomer
Monomer
(70%)
Monomer
(50%)
Monomer
(70%)

I
II
III

Monomer
Oligomer
I
(30%)
Oligomer II
(50%)
Oligomer III
(30%)

PI
PI-819
(2 phr)
PI-819
(1.5 phr)
PI-819
(1 phr)

Tg
40oC
80oC
190oC

Figure 2: Examples of Different Fibers

Figure 1: Light-guide Properties of a Single Fiber Produced
Using Photopolymerization Technology

RESULTS AND DISCUSSION
Thermoset (crosslinked) acrylic fibers with
different diameters were prepared, based on the
spinneret diameter and fiber tension (see
Figure 2). Due to the thermosetic nature of the
fibers, no melting point was observed. Thermal
stability of the fibers is above 350 0C.
Crosslinking density of the polymers is
dependent on the amount of multifunctional
acrylates in the formulation. Monomer
formulations only contained multifunctional
acrylates. As a result, fibers with very high
crosslinking density were obtained. Any new
combination of monomers/oligomers resulted in
fibers with new properties. Some monomer
combinations produced fibers with different
surface chemical groups, such as carboxyl,
amino, thiol and so on. Based on
surface-functionalized fibers, different medical
biosensors were prepared. Other monomer
combinations produced swelling as well as
soluble fibers. The production of polymer optical
fibers (POFs) is possible using this technology.
Production of fibers at room temperature enables
fibers with different temperature-sensitive

CONCLUSIONS
A simple, economical, environmentally friendly
method was developed for manufacturing
thermoset fibers. Fibers are produced directly
from monomers using a photopolymerization
method, without the need to pre-prepare
polymers. Given the volume of commercial
monomers that currently exists, a vast number of
potential combinations is possible that can result
in the production of a wide-ranging variety of
fiber properties.
FUTURE WORK
To date, approximately 3,000 different thermoset
fibers have been produced by the authors. Future
work will focus on hollow fibers, core-shell
fibers, fibers with different shapes, fibers with
different diameters and non-woven fabrics.
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ABSTRACT
In this study, microencapsulated n-eicosane with
poly(methylmethacrylate-co-2-hydroxy
ethyl
methacrylate) p(MMA-co-HEMA) shell as
composite thermal energy storage material was
prepared using emulsion polymerization method.
Microcapsules were produced for usage as an
additive in textiles to develop thermal comfort
property. In the composite thermal energy storage
material, n-eicosane was used as the core and
poly(methylmethacrylate-co-2-hydroxy
ethyl
methacrylate) acted as the shell material which
provided better adherence or functional surface to
textile materials by physical interactions or
chemical
bonds
respectively.
Fourier
transformation infrared spectroscope (FT-IR) and
polarized light microscope analysis were used to
determine chemical structure and microstructure
of microencapsulated n-eicosane. The thermal
properties and thermal stability were investigated
by a differential scanning calorimeter (DSC) and a
thermogravimetric analyzer (TGA). The mean
particle size and size distribution was tested by a
particle sizer instrument. The FT-IR results
showed that n-eicosane was encapsulated in the
shell successfully. The DSC results indicated that
the microencapsulated n-eicosane solidifies at
34.6-35.3 °C with a latent heat of 68.1-93.0 J/g
and melts at 34.8-35.6 °C with a latent heat of
75.9-97.0 J/g. The TGA results presented that the
p(MMA-co-HEMA) shells can improve the
thermal stability of the microencapsulated neicosane as composite thermal energy storage
material.
INTRODUCTION
A phase change material (PCM) is capable of
absorbing or releasing great amount of latent heat
during phase transitions between solid–solid or
solid–liquid phases over a narrow temperature

range [1]. Phase change materials are widely used
in many areas including solar energy solutions,
construction, thermoregulation textiles, food and
blood transport, and other. Textile fabrics are
usually modified with microencapsulated paraffin
waxes those whose phase transition occurs within
the temperature range of 18–37◦C (n-Octadecane,
n-Hexadecane, n-Nonadecane, n-Eicosane) [2,3].
EXPERIMENTAL APPROACH
Materials
Methylmethacrylate (MMA) (Merck) and 2hydroxy ethyl methacrylate (HEMA) (Fluka) were
used as shell forming monomers. N-eicosane (Alfa
Aesar) was used as thermal energy storage
material. Triton X100 were purchased from Merck
Company
and
used
as
emulsifier.
Tertbutylhydroperoxide purchased from Merck
Company was used as initiator. Ferrous sulfate
heptahydrate, ammonium persulfate, and sodium
thiosulfate (Sigma Aldrich) were also of analytical
grade and used without further purification.
Methods
Different masses of HEMA (for 1, 5, and 10%
HEMA content, respectively), 100 g MMA, 100 g
paraffin wax, 20 g ethylene glycol dimethacrylate
(EGDM) as cross-linker and 10 g Triton X100
were added into 400 mL distilled water. The
solution was continuously stirred at a rate of
10000 rpm during 30 minutes by a homogenizer at
50◦C under nitrogen atmosphere. Finally,
monomers and n-eicosane were uniformly
dispersed in an aqueous solution to form a stable
O/W emulsion. Then 1 g ammonium persulfate
and 8 ml freshly prepared ferrosulfate solution
were added to initiate addition polymerization
reaction between MMA and HEMA monomers
and reaction medium was heated up to 80 °C. It
was stirred using a mechanical stirring at a speed

of 500 rpm. After five hours, the colloidal
emulsion was concentrated by casting water. The
precipitate was washed using deionized water
several times and dried under vacuum at 40 °C.
The microcapsules were characterised using
polarized light microscope, FT-IR, particle sizer,
DSC and TGA instruments. The compositions of
microcapsules are listed in Table 1.

HEMA)/n-eicosane microcapsules have spherical
and smooth shape.

Table 1: The compositions of the microcapsules.
Samples
Composition
MPCM1
MMA + 1% HEMA
MPCM2
MMA + 5% HEMA
MPCM3
MMA + 10 % HEMA

RESULTS AND DISCUSSION
In order to analyze chemical structure of
microcapsules, FT-IR spectroscopy analysis was
carried out. The FT-IR spectra of the MPCM1,
MPCM2 and MPCM3 are shown in Fig. 1. Fig. 1a
shows the spectrum of HEMA. The peak at 3426
cm-1 represents O-H stretch and H-bonded and it
appears at 3426-3563 cm-1 in spectra of all
microcapsules. This O-H group is a reactive group
that forms physical interaction or chemical bonds
by reactive group of fibers. The absorption peaks
at 1639 cm-1 and 1637 cm-1 in spectra of MMA
and HEMA corresponds to the C= C stretching.
They are invisible in the spectra of microcapsules
because of polymerization. The peaks at 29152923 cm-1 in the spectra of microcapsules are
characteristic C-H stretching peaks of n-eicosane
that proves the presence of n-eicosane in
microcapsule structure. According to the DSC
results the n-eicosane in MPCM1, MPCM2 and
MPCM3 microcapsules melts at 35.1, 34.8 and
35.6 ◦C with a latent heat of 88.5, 75.9 and 97.0
J/g, and solidifies at 34.8, 34.6 and 35.3 ◦C with a
latent heat of -79.9, -68.1 and -93.0 J/g,
respectively. TGA analysis indicated that the
microencapsulated n-eicosane samples are durable
up to high temperatures followed by three steps

degradation. P(MMA-co-HEMA)/n-eicosane
microcapsules degraded in three steps. The
degradation of n-eicosane started at 110 °C in
MPCM while shell degraded in two steps
about 225 - 275°C and 275 - 430°C. Particle

size measurements shows that the sizes of
MPCM1-MPCM3 have very narrow distributions
with average particle sizes of 16.89 µm, 17.38 µm
and 15.84 µm, respectively. Surface morphology
of obtained microcapsules was studied by a
polarized light microscope. The p(MMA-co-

Fig. 1: FT-IR spectra of the (a) HEMA (b) MMA (c) neicosane (d) MPCM1 (e) MPCM2 (f) MPCM3.

CONCLUSIONS
The preparation and thermal properties of the
microencapsulated n-eicosane with p(MMA-coHEMA) shell are presented. The p(MMA-coHEMA) shells have functional OH group on the
surface of microcapsules for providing adherence
or functional surface of the microencapsulated
paraffin wax. The melting latent heats of MPCM
were determined as of 88.5, 75.9 and 97.0 J/g
respectively, by DSC analysis. Based on the
results, it can be concluded that the
microencapsulated n-eicosane with p(MMA-coHEMA) shell have considerable potential as new
additive in textiles for developing thermal
comfort.
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ABSTRACT
Conducting textiles of polypropylene and
polyamide were prepared by in situ chemical
oxidative polymerization of pyrrole on the textiles
surface. To improve adhesion of the conducting
layer to the textile, a pyrrole-functionalized silane
(SP) was synthesized and bonded onto the surface
before polypyrrole formation. The study of the
influence of SP concentration on both, the fastness
of the conducting layer after the washing process,
and stability of the surface electrical conductivity
of the prepared samples was investigated.
INTRODUCTION
The need of electrically conductive fibres and
textiles has increased in recent years, because of
applications as antistatic materials, materials for
electromagnetic shielding [1], etc. The deposition
of conducting polymer layers on a textile surface is
relatively simple and there are many publications
dealing with this procedure. Problematic is the
stability and compactness of conducting layer after
washing.
In this contribution we report the modification of
polypropylene (PP) and polyamide (PA) fabrics
with conducting polypyrrole (PPy), at which, for
improving the stability of conducting layer, a
pyrrole-functionalized silane, 1-(3-(triethoxysilyl)
propylamino) -3- (1H-pyrrole-1-yl)propan-2-ol
(SP) was bounded to textile surface. For the study
of surface composition, electrical properties and
stability of prepared textiles after washing various
experimental methods as SEM, XPS, FTIR, sheet
resistance measurement etc. were used.

EXPERIMENTAL APPROACH
Materials
Polypropylene (PP, surface mass (ms) = 0.02
g/cm2) and polyamide (surface mass (ms) = 0.025 g
cm–2) 0.01 g/cm2) textiles were supplied by
Chemitex Žilina (Slovakia). Pyrrole monomer from
Merck-Schuchardt (Germany), was polymerized by
means of an oxidant, ferric chloride (FeCl3,
Lachema, Czech Republic). The molar ratio,
[FeCl3]/[pyrrole], was 2.3.
Methods
Polymerization of pyrrole on textile surface
The textiles were impregnated with 0.2, 0.6, and 1
wt.% of SP in CHCl3 solution (based on the weight
of textile) and, after evaporation of CHCl3, were
left for 48 h in a 5 wt.% aqueous solution of
NH4OH to hydrolyse completely the alkoxy groups
of the silane. After silanization textiles were
immersed in an aqueous solution containing pyrrole
monomer for 30 min. Then an aqueous solution of
the oxidant (FeCl3) was added for initiating of the
polymerization.
Sheet resistance of modified textiles
For measurement of the electrical properties of the
textiles, 1.5 cm×3 cm strips, with the symmetry
axes parallel with the fibres, were cut and electrical
contacts were made by pressing four parallel
golden wires perpendicularly to the length of the
strip. The sheet resistance of the modified textile
before and after washing was measured by the fourcontact method.

RESULTS AND DISCUSSION
Chemical oxidative polymerization of pyrrole on
polypropylene and polyamide textile surface
without and with pretreatment by pyrrolefunctionalized triethoxysilane was studied. In the
first step conductive textiles were prepared without
pretreatment by SP, coated only with PPy.
Monomer amounts for coating textile was 10, 15,
20, and 25 wt.% based on the weight of textile. PPy
conducting layer was not sufficiently bonded to the
textile surface and it peeled off after washing.
When the textile surface is pre-treated using sol–
gel coatings with SP, it was possible to create a
mechanically stable layer. The sol–gel coating
needed active groups on the surface (-OH, -NH,
etc.) which can be created by applying a plasma
treatment, as we recently reported using
polypropylene and viscose textiles [2]. In the case
of PA, plasma treatment was not necessary because
amide and carboxyl-ending groups are present on
the PA surface. In the second approach SP was
grafted onto the surface of the fabrics by reaction
of its hydrolysed alkoxy groups with the hydroxyl
groups of the textile. The textiles were impregnated
with 0.2, 0.6, and 1 wt.% of SP in and in the next
step pyrrole amounts 10, 15, 20, and 25 wt.% was
added and polymerized. The main factor
influencing the sheet resistance is the thickness of
the PPy layer. The sheet resistance of the textile
composites decreases with the increase of PPy
content. The lowest sheet resistance for untreated
PA textiles, 110 Ω per square was measured for
freshly prepared samples.
The surface conductivity of the modified textile
was measured after standard washing procedures.
The best stability was found for the sample pretreated with 1.0 wt.% SP where the maximum
increase in sheet resistance after washing the
sample was from 1000 Ω per square to 3 400 Ω per
square [3].
The stability of the electrical properties of PP/PPy
and PA/PPy obtained after pre-treatment of textiles

by the method described in this paper favours these
materials for application as antistatic textiles.
CONCLUSIONS
Textile surfaces of polypropylene and polyamide
textiles were modified by conducting polypyrrole
layer. To improve adhesion to the textile, a small
amount (up to 1 wt. %) of pyrrole-functionalized
silane was bonded onto the surface before
formation of conducting PPy layer. The Py
monomer was polymerized on the surface of the
fabrics after the addition of the oxidant. The sheet
resistance of the modified PA is directly related to
the PPy amount used for modification. In both
cases, for polyamide as well as for polypropylene
textiles, the presence of SP improved the
modification with PPy and consequently also the
fastness of conducting layers.
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ABSTRACT
Using a flexible “double network” concept, we
manufactured highly stretchable hydrogels from
physically cross-linked polysaccharides and
covalently cross-linked polyacrylates by easy
solution
polymerization.
Their
high
stretchability enables further processing the
hydrogel strands into absorbent fibers with high
tenacity. Resultant dry fibers still preserve their
shape memory and recover upon wetting or
even in moisture.
INTRODUCTION
Hydrogel is comparable to rubber in molecular
structure study, but weaker than rubber in
practical applications. Polyurethane elastomer
has been manufactured into attractive fibers for
textile applications. Such attractive fibers have
not been made from hydrogels so far. A few
absorbent fibers have been manufactured and
commercialized, such as Oasis and Lanseal-F.
However, their applications are very limited due
to their poor toughness in wet state. They cannot
sustain fiber continuity under stress and stretch.
In recent years, some novel hydrogels have been
reported with high stretch over 10 times [1].
Being interested in developing novel fibers, we
were searching for suitable tough hydrogels that
can be further processed into durable fibers.
Using a flexible “double network” model [2],
we succeeded in creating highly stretchable
hydrogels composed of polysuccharides and
polyacrylates, and further processed them into
shape memory fibers.
EXPERIMENTAL APPROACH
Materials
Two types of carrageenans were supplied by
Sigma-Aldrich Co.: Iota-carrageenan (IC,
containing 3.5% kappa-carrageenan, 4.48 wt%
K+, 2.68 wt% Ca2+) and kappa-carrageenan
(KC, containing 3% λ-carrageenan, 14.57 wt%
K+, 5.50 wt% Ca2+). All other materials were
also purchased from Sigma-Aldrich Co. and
used as received.

Methods
Designated amounts of carrageenan and
acrylamide (AAm) were dissolved in deionized
water of 70°C under continuous magnetic
stirring for 30 min. Then, designated amounts of
initiator potassium peroxydisulfate (KPS) and
cross-linker
N,N-methylenebisacrylamide
(MBAA) were added under stirring. After that,
the mixture solution was filled into plastic tubes
of predefined diameters and tightly sealed to
prevent the water from evaporation. The sealed
dish was put in an oven of 70 °C to initiate
polymerization for 6 hrs, then stored at 25°C
before further treatments or tests.
Tensile and compression tests were performed
on the Instron 4411 testing machine with a
suitable load cell. The tension rates for
hydrogels and dry fibers were 50 and 10
mm/min, respectively. The hydrogel specimen
dimensions were 2.5 mm in thickness and 8 mm
in width, and the distance between the two
clamps is 10 mm.
RESULTS AND DISCUSSION
According to the optimized recipe, the DN gel
IC/PAAm was prepared into strands. As
illustrated in Figure 1, the DN gel strand is
highly tough and stretchable over 24 times.
Even after being heated up to 70 oC, it is still
extendable nearly 17 times. The high
stretchability of such gels allows significant
orientation of polymer chains that counts
essentially for a fiber’s tinacity. This property
inspired us to convert the wet gel strands into
dry and stiff fibers.
The hydrogel strand is transparent under
microscope observation (Figure 2). When it was
stretched to 20 x and slowly dried at 25 oC, the
transparency was retained, although the polymer
chains have been highly orientated. The
resultant fiber is still flexible, ready to be wound
and knotted. Upon being immersed into water, it
may return to original hydrogel strand within a
few minutes.

The obtained dry and stiff fiber was assessed on
its sensitivity to moisture (Figure 3). The
absolutely dry fiber shows a strength as high as
270 MPa (2.20 cN/dTex) with a stable size.
When it is conditioned at a RH of 56%, its
tensile strength decreases to 131 MPa, still with
a stable dimension. While the environmental
RH increases up to 80%, the gel fiber shows a
significantly decrement in strength to 14 MPa
together with an obvious shrink, behaving a
shape memory of the original DN gel. At this
RH condition, the gel shrink leaves a residual
strain of 3 times. Upon restretching, the shrank
gel fiber was still extendable up to 21 times. In
comparison with elastic PU fibers available in
market, our DN gel fiber is tougher, and has an
atractive shape-memory property.

Figure 3. Tensile property of dried gel fiber in
different moistures.

CONCLUSIONS
In summary, we successfully prepared supertough hydrogel fibers and further converted
them into dry and stiff fibers of smart shape
memory function. The fracture energy of
hydrogel fiber was up to 9503 J/m2. And the
tenacity of dry fiber was as high as 2.20
cN/dTex. It is even higher than that of common
viscose fibers. This dry gel fiber also smartly
responds to moisture change, and behaves
highly elastic like commercial PU fibers.
FUTURE WORK
Further research will be carried out on its
applications in actuators and smart textiles.

Figure 1. Tensile property of hydrogel fibers at
different temperatures.
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ABSTRACT
The purpose of this research is to improve the
mechanical properties of Nylon-6 multifilament
yarn using hIB process. This is the first time that
this technique is used on Nylon to produce high
performance multifilament yarn. Commercial
ability, simplicity, and cost-effectiveness [4] are
some of important features of such eco-friendly
method. Also, the low draw ratio (DR=1.38) and
the low Nylon Mw used in this study are other
considerable aspects which increase the
practicality of HIB for industrial application of
Nylon-6 yarns.
INTRODUCTION
Nylon is known as the second most important
man made polymer after polyester [1]. The most
important application of nylons is as fibers,
which account for nearly 90% of the global
production of all nylons [2]. Nylon-6 is one of
the principal polyamides used for industrial
production of resins and fibers. High tenacity,
high elasticity, good adhesion to rubber, and
resistance to abrasion and chemicals make
Nylon-6 filament attractive for various technical
applications such as tire cords, surgical sutures,
friction bearing, cloths, threads, ropes and nets
[2,3]. In order to provide Nylon fibers for such
end uses, the fibers need to have both appropriate
properties and low prices to yield comparative
advantages over other products.
EXPERIMENTAL APPROACH
Materials
Ultramide B24 N 02 with density of 1.13 g/cm3
and relative viscosity of 2.43±0.03 (1% [m/v] in
96% [m/m] sulfuric acid) was used as the low
molecular weight (Mw) nylon-6 chip in this
study. The viscosity-average molecular weight
was estimated from a nylon-6 fiber study [1] to
be less than 25,000 D. The polymer chips were
vacuum dried at 105°C for 8 hours before use.
Alex James machine equipped with 8-hole

spinneret with exit diameter of 0.3 mm was used
for melt extrusion and spinning. The extrusion
temperature was set at 260°, and the take up
speed was fixed around 3000 m/min. After melt
spinning, the as spun treated and untreated
filaments were stretched at draw ratio (DR) of
1.38 by using a modified Instron tensile testing
machine equipped with 60 cm long heating tube.
The draw temperature and the draw speed were
set to 167°C and 50 mm/min respectively.
Methods
Denier measurement and tensile testing were
performed on the individual nylon-6 filaments.
The denier was measured using a Vibromat ME
tester. Tenacity, modulus and elongation at break
were determined using an MTS Q-test/5
universal testing machine according to ASTM
D3822. A 5 pound load cell, a gauge length of
25.4 mm, and a constant cross-head speed of 15
mm/min were used for the tensile testing of all
samples. In order to evaluate the mechanical
characteristics of the filaments, Test Works 4EM
V4.11B software was used. An average of
twenty
individual
denier
and
tensile
determinations was reported for each sample.
Microstructure and morphology of the filaments
were examined by using field emission scanning
electron microscope (SEM). Both plane and
cross section views of the fibers were observed
by the microscope. For examination of the cross
section; the filaments were fractured after
immersing in liquid nitrogen. All samples were
coated by a layer of Au/Pd with an accelerating
potential of 0.5-30 keV to improve the
conductivity of the samples and the quality of the
SEM images.
Wide angle X-ray diffraction (WAXD)
Measurements were performed to examine
crystallinity, crystal type and crystal size of the
fibers. The data were collected by Rigaku Smart

RESULTS AND DISCUSSION
Methodology
What is isothermal bath technique? Horizontal
isothermal bath (HIB) is a modified melt
spinning process in which an eco-friendly liquid
bath is used horizontally between spinneret and
take up roller. The liquid temperature is about
20-30ºC higher than Tg of the polymer.

Figure 1. Schematic picture of horizontal isothermal
bath (HIB) method.
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CONCLUSIONS
The results clearly showed the efficacy of the
eco-friendly isothermal bath method in
improving the mechanical properties of Nylon-6
multifilament yarn. In fact, with a very low
draw ratio of 1.38:
• The yarn tenacity and modulus increased
significantly up to 119.7 % and 109.1 %
respectively, and elongation at break decreased
up to 32.5 %;
• The overall molecular orientation of the HIB
Nylon-6 yarn increased up to 28.6%;
• The crystal structure in the fiber was
transformed
from
γ-form
to
more
thermodynamically stable α -form.
The method favors the formation of more
crystals, and fibrillar structure and increases the
number of tie molecules in the inter-crystalline
region
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INTRODUCTION
The production of man-made fibers has
significantly increased over the last decade in
response to the growing needs of textile
industries, and represents at least 68% of total
fiber production.
The wet-spinning process allows the production
of synthetic fibers by solidification of a viscous
polymer solution extruded through a spinneret
into a coagulation bath. The solidification is
brought about by a countercurrent diffusion
between the solvent contained in the forming
filament and the non-solvent from the
coagulation bath [1]. The coagulation firstly
occurs on the surface of the filament, creating a
skin/core structure which will slow down the
diffusion process. Controlling the coagulation
kinetic is a key factor for ensuring a
homogeneous final product with optimal
properties. The other steps that are essential for
the wet-spinning process are: injection, drawing,
and finally drying systems [2].
The aim of this work is to develop an automatic
experimental device, currently not available on
the market, to study the influence of spinning
parameters on the properties of final
monofilaments having a large diameter around
1mm.
EXPERIMENTAL APPROACH
Development of the experimental device
Like every automated system, the wet-spinning
machine consists of two basic parts: an operative
part which enables the different steps needed for
the transformation of the raw material into
monofilaments and a controlling part which
ensures the coordination of those steps. To fulfil
the requirements imposed by the wet-spinning
process and ensure the quality of the
monofilaments, the production process is
controlled with a Programmable Logic
Controller (PLC, Modicon M340, Schneider
Electric) [3], as described in Figure 1.

Kinetic of coagulation can be therefore
controlled by adapting the injection flow and the
drawing ratio applied in the coagulation bath,
defined with regard to the rotational speed of the
first cylinder of the drawing system.
A drawing system is needed to improve the
mechanical properties of the monofilaments.
Each axis of the two drawing rollers is moved by
a brushless servo motor, associated to a Lexium
32 servo motion drive (Schneider Electric)
connected by a CanOpen network, and controlled
with the PLC.
The last step consists of drying the obtained
monofilament to increase its homogeneity and
properties. The adjustable parameters are the
temperature and the residence time in the drying
chamber, which depends on the rotational speed
of the coil.
A dialog between the operator and the machine
is possible due to a communication interface
(XBT-GT 5330, Schneider Electric), connected
to the PLC by an Ethernet Network. It allows
sending instructions and receiving informations
about the production conditions.

Figure 1: Control structure of the wet-spinning
machine developed

Validation of the experimental device
The performances of the wet-spinning machine
developed have been tested by spinning alginate
monofilaments. Different spinning conditions
have been investigated and the obtained
monofilaments have been characterized.
Such filaments are spun by extruding an aqueous
solution of sodium alginate into an aqueous
calcium chloride coagulation bath. To find the
optimum spinning conditions to obtain the
mechanical properties needed for weaving
process, different concentrations of alginate
solution and calcium chloride have been
prepared. The diameter of the spinneret and the
drawing ration applied are two others
controllable factors. Hence, the experimental
conditions selected are listed in Table I below.
Table I: Experimental conditions of spinning process

Alginate sodium concentration (g/L)
Calcium chloride concentration (g/L)
Spinneret diameter (mm)
Drawing ratio (%)

1,6
15
1,2
20

RESULTS
Physical and mechanical characterizations of the
monofilaments obtained according to the
experimental conditions mentioned above, have
been conducted.
The SEM pictures show an almost smooth
surface with a semi-circular cross section (Figure
2). It is important to point out that such
morphological characteristics are quite difficult
to obtain for wet-spun monofilaments.
Tensile tests have also been carried out for
mechanical investigations, and show a good
repeatability and satisfying properties to use the
obtained monofilaments in textile applications,
as matrix to encapsulate an active substance in
medical field for example.

Figure 2: SEM picture of wet-spun alginate
monofilament

CONCLUSIONS
The wet-spinning machine developed in this
study meets the user’s needs for producing
continuous polymeric monofilaments. By
implementing a programmable logic controller,
spinning parameters can be changed during a
production, as a result of the synchronization of
the different axes. Such a feature allows easy and
flexible operations to study the spinnability of a
wide range of polymer solution.
As a pilot project, this robust experimental
device provides two important possibilities:
studying the influence of the spinning parameters
on the properties of the final monofilaments and
simulating an industrial fiber production.
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ABSTRACT
Application of textile waste for development of
some value added product has been thought of in
this work. Textile fabric waste is collected from
various sources. These waste materials are
garnetted, so as to produce loose fibrous material.
Composites of various specifications are developed
to examine their application in several end uses.
These composite materials are characterized for
their mechanical and thermal behavior in order to
find out the response against tensile loading, impact
force and thermal loading. The effects of moisture
absorption on mechanical properties of these
composites are investigated. As the percentage of
PP fibres is increased in the web, mechanical
performance of the composite material is improved
in general. The exposure of composite material to
high humidity condition has not shown any
significant change in their mechanical behavior. 3D
woven fabric reinforced composite produced by
using garneted fibre yarn and virgin cotton OE yarn
didn’t exhibit any significant difference in the
mechanical and thermal behavior of composite.
The results confirmed that textile waste material
can be safely used as reinforcing structure in
composite manufacturing.
INTRODUCTION
In recent years, increased emphasis has been given
to developing recycling technique for industrial
waste product, with the goal of protecting the
environment. Synthetic fibre doesn’t decompose in
environment and creates hazardous problem for
living organisms. In order to make a sustainable
ecosystem, it is necessary to develop effective
utilization of all sorts of wastes [1]. Structural
composite applications require high stiffness,
strength and fatigue resistance that can be achieved
by reinforcement with fibrous structures. The 2D
laminates have a disadvantage of relatively lower
mechanical properties through the thickness
direction because of absence of fibre orientation in
‘z’ direction. Thus, in order to overcome the

shortcomings of 2D laminates the 3D woven
composites have been developed. But the use of
these materials is not yet widespread due to lower
maturity of manufacturing process being used to
produce the preforms and the understanding of
process control required to design such materials.
In view of above discussion, the current work aims
to convert textile waste into appropriate
reinforcement structures so that they can be used as
composite preforms. The research further aims to
develop variety of composite materials keeping in
mind different end use applications. In particular,
much attention has been focused on development
of fibre-reinforced composites with superior
mechanical properties. In order to fulfill this basic
objective, the current work is aimed at
manufacturing
fibrous
structure
reinforced
composites from waste fabric & explores the
possibility of using alternate materials that can be
used in composites [2,3].
EXPERIMENTAL APPROACH
Materials
Waste fabric was opened into fibrous form by
garneting technique. This waste was blended with
different proportions of virgin polypropylene (PP)
fibre. The PP fibres used have fineness 2.5 denier,
staple length 45 mm, average tensile strength 29.2
MPa and Young’s modulus 806.3 MPa. Cuttinggarneting-carding processes were used to convert
the cotton textile waste, from fabric to fibrous
form.
Methods
Garneting is the process by which materials such as
threads, rags, and woven fabric scrapsare opened
up and recycled to fluffy, fibrous condition, similar
to the original raw fibre.
RESULTS AND DISCUSSION
Impact Testing
Behavior of composite materials in response to low
velocity impact loading has practical significance

in many real world situations such as tool drops
and impact damage. Due to diversified application
of the fibrous composite materials, a major research
sector is focused on the understanding the impact
behavior. The test method used is according to
ASTM3763.

Figure 1: Impact resistance of green composite from
textile waste

DMA Results
The polymer resin exhibits a temperature
dependency of viscoelastic properties resulting in
initial increase and then decrease of storage
modulus. Storage moduli of composite structures
with different fibrous composition is compared.
Storage modulus relates to the stiffness of
composite structures. It is visible that higher
proportion of PP fibre in the composition results in
higher storage modulus or stiffness.

Figure 2: Storage modulus of green composites from
textile waste

CONCLUSIONS
Mechanical and thermal behavior of cotton/PP
fibrous web based, as well as woven fabric based
green composites have been studied to find out the
response against tensile, impact and thermal
loading. As the percentage of PP fibre in the
nonwoven web is increased, the breaking strength
of composite increases. Higher areal mass of
cotton/PP blended fibrous web results in better
mechanical performance of composites reinforced
from these webs. Higher storage modulus is
observed with increased PP fibre percentage in the
composite. The exposure of these composite
materials to high humidity conditions did not show
any significant change in their mechanical
behavior. Woven fabric reinforced composites
produced by using garneted fibre yarns and virgin
cotton OE yarns don’t exhibit any significant
difference in the mechanical and thermal behavior.
Low velocity impact results also show no
significant difference between woven composites
from garnetted fibre yarns and virgin cotton OE
yarns. The results are analyzed for statistical
significance and no difference is observed at 95%
confidence limits. Thus, it is confirmed that textile
waste materials from various sources such as
spinning plants, synthetic fibre plants and garment
waste can be safely used in reinforcement structure
for manufacturing recycled green composites.
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OBJECTIVE
The main aim of this work is prediction of real
illumination length of side emitting optical fibers
from dependence of experimental illumination
intensity on distance from light source. The linear
piecewise function (LLF2 model) consists from two
straight line parts was used for modeling of
experimental data. The real illumination length is then
predicted from requirement of sufficient illumination
intensity on the fiber end.
INTRODUCTION
When transmitting light rays are passing through
optical fiber, attenuation occurs [1]. It mainly depends
on its wavelength, fiber type, fiber structure (i.e.
crystallinity and orientation, impurities and dopants,
the distance from the source, and also on the outer
geometric shape (micro-bends, macro-bends, surface
damage).
Attenuation as relative decrease of illumination
intensity is for standard end emitting optical fibers
undesirable. For side-emitting optical fibers is
attenuation necessary and mean attenuation rate
should ideally be constant.
The real illumination length of side emitting optical
fibers is defined as distance from light source at
which prescribed attenuation or light intensity occurs.

[14], but generally may be a nonlinear function of the
length L. In the case when αL = const. it follows from
equations (1) and (2), see [2]
P2 = P1 10 −αL L /10

(3)

The real illumination length Lp is the length of the
side-emitting optical fiber, in which it can be
realistically used. At the end of this length is
illuminated power PLp still sufficient. For the
purposes of this work were selected attenuation α p =
20 and 30 dB. The real illumination length of the
optical fiber can be calculated from Eq. (4).
Lp =

10
log( P1 / PLp )
αp

(4)

EXPERIMENTAL APPROACH
Polymeric side emitting optical fibers “Grace”
(produced by company Grace POF Co., Ltd. China)
with diameter 0.25 mm was used for measurement of
illuminating intensity in straight state. The fiber end
connected with light energy source was prepared by
cutting with heated wire and then by polishing with
diamond powder. Illumination system with light
emitting diode (LED) was created and used as light
source for side emitting optical fibers. Illumination
intensity of source was 43.9 Wm-2.

REAL ILLUMINATION LENGTH
The real illumination length can be predicted from
dependence of attenuation on the distance from light
source.Attenuation coefficient α in decibel [dB] is
usually defined as logarithm of ratio between two
powers on the input P1 and on the output P2

α = 10 log( P1 / P2 )

(1)

The Eq. (1) implies that a change in power ratio by
one order is corresponding to attenuation change of
10 dB. The mean attenuation rate αL is defined as the
ratio of attenuation coefficient and the distance
between measuring powers P1 a P2.

=
α L α=
/L

10
log( P1 / P2 )
L

(2)

The unit of the mean attenuation rate is dB per unit
length. The mean attenuation rate is ideally constant

Figure 1: On-line device for measurement of
illumination intensity in straight state. 1: light sensor;
2: step driver; 3: control unit; 4: measuring channel;
5: output rolls; 6: input rolls
A special device shown in Fig.2 was constructed for
measurement of illumination intensity of POF in
straight state. This on-line computer controlled device
is composed from light sensor, step driver, control
unit, measuring channel and input/ output rolls. Mean

Methods
Experimental values of illumination intensity for
optical fiber „Grace-standard “having diameter 0,25
mm are shown in Fig.2.
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Figure 2: Illumination intensity as function of
distance from source
Theoretical illumination intensity can be calculated.
by rearrangement of Eq. (3) into form
P(L ) = P(0) 10 −αL L /10

(5)

where P(L) is mean value of illumination intensity at
the distance from source L, P(0) is mean illumination
intensity on the fiber input and αL is mean attenuation
rate. The least square methods was used for
estimation of model parameters. The model curve is
shown in fig. 2 as gray curve. The relative bad fit is
clearly visible. Black piecewise solid line in Fig.2 is
so called LLF2 model: It is linear piecewise function
consist from two different sections created by straight
lines. This model is based on the assumption that in
short distances from light source there are some no
uniformity in side emission due to accommodation to
aperture and critical angle. In second phase the
illumination intensity is slowly decreasing with
distance from source L (system is accommodated).
Local slopes of LLF2 are in fact sensitivity
coefficients a1, a2. Corrected illumination intensity on
the fiber input is Pc(0). LLF2 model is described by
equation
P(L )= Pc (0) + a1 L + a2 (L − Lc )+

(6)

where function ( x )+ = 0 if x is negative and if x is
positive, function ( x )+ = x. Lc is distance of transition
between first and second phase. By using of special
linear regression [3] parameters of LLF2 were found:
Input intensity Pc(0) = 9 10-12 [W mm-2]
First straight line slope a1 = -1.64 10-14 [W mm-2]
Second straight line slope a2= 1.44 10-14 [W mm-2]
Distance Lc = 359.9 [mm]

The real illumination length Lp is then derived from
eqn. (6)
Lp =

(10

( −α p /10)

)

− 1 + a1 Lc / Pc (0)

a1 / Pc (0) + a2 / Pc (0)

The calculated real illumination lengths of the optical
fiber as function of attenuation αp are shown in Fig.4
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Figure 3: Real illumination length of optical fiber
calculated for attenuation from 10 to 20 dB
RESULTS AND DISCUSSION
It was found that dependence of illumination intensity
on distance from source L is not well described by
simple power model (5) with constant mean
attenuation rate αL, see Fig.2. It is suitable to divide
this dependence to two phases, first represents no
uniformity in side emission due to accommodation to
aperture and critical angle and second with slow
decline of mean attenuation rate i.e. LLF2 model.
By using of LLF2 is possible calculated distance of
transition Lc between first and second phase. From
LLF2 it is simple to calculate real illumination length
Lp of optical fiber.
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ABSTRACT
The aim of the study is to investigate the seam
strength of ultrasonically welded polyester spunbond
nonwovens. In this study, polyester spunbond
nonwoven fabrics with different areal weights were
ultrasonically welded by changing process parameters
such as vibration amplitude (%) and welding pressure.
The welded samples were tested according to the
standard test method for seam strength and
experimental data obtained from tests were
statistically evaluated.
INTRODUCTION
Ultrasonic welding is an advanced technique for
joining synthetic fabric blends to produce continuous
and impermeable seams. In this process, vibrating
ultrasonic horn generates high frequency mechanical
vibrations which comprise frictional heat at interface
of materials. Hence, frictional heat provides sufficient
temperature to melt the materials and bond them
together with effect of pressure [1]. The process
parameters that influence ultrasonic welding quality
are amplitude of vibrations, the pressure applied to
hold the materials together, welding time (function of
through-put speed) and welding area [2].These
variables should be adjusted according to the fiber
constituting the fabric, the features of fabric and
application area.
Spunbond nonwovens are produced by combining
filament spinning process with web formation process
in continuous line [3]. As they include thermoplastic
fibers, applying ultrasonic welding to join these kind
of fabrics instead of traditional seaming process is
more convenient. Therefore, ultrasonic welding is
widely preferred for joining spunbond nonwovens
used for baby diapers, famine hygiene products,
surgical gowns, masks, sterile packaging, and
filtration due to impermeable properties. Despite
wide-spread applications of ultrasonic welding
method for textile and spunbond fabrics, it was
observed that there are few studies which handle
ultrasonic welding and the effects of process
parameters on seam properties of ultrasonically
welded fabrics. Most of the previous studies focused
on ultrasonic welding of woven fabrics [1, 4-5] and
thermal bonding of nonwovens with ultrasonic waves
as production method [2, 6]. The study concerned

with ultrasonic welding of spunbond nonwovens took
one process parameter as variable [7]. In the present
study, seam strength of polyester spunbond
nonwovens with different areal weights were
investigated by applying different vibration
amplitudes and pressures during ultrasonic welding
process. The optimum process parameters were
obtained for each fabric areal weight.

EXPERIMENTAL APPROACH
Materials

Polyester spunbond nonwovens with areal weight of
50, 75 and 100g/m2 were provided from Mogul
Tekstil Sanayi ve Ticaret Ltd Şti. The fiber linear
density of the samples were approximately 2,5-3dtex
and all the samples were point bonded.
Methods
Pfaff 8310-003 Ultrasonic seaming machine was used
to conduct welding process. The samples were joined
at different vibration amplitudes as follows; 50%
(10kHz), 63% (12.6kHz) and 80% (16kHz).
Moreover, welding pressure was varied as 0.5, 1,
1.5bar, respectively. Anvil wheel design, through-put
speed (26dm/dk) and distance between anvil wheel
and horn (0.35mm) were kept constant during
ultrasonic seaming. The seam strength of the samples
ultrasonically welded in different conditions were
determined according to EN-ISO:13935-1 test
standard for machine and cross direction. The data
derived from tests were statistically analyzed.
RESULTS AND DISCUSSION
As seen from summarized ANOVA tables (Table I),
the effect of chosen parameters on seam strength in
both machine and cross direction are significant. The
effect of fabric areal weight and vibration amplitude
is higher compared to welding pressure.
The strength of all the samples without welding
process was decreased after application of ultrasonic
welding process. The strength loss in cross direction
was lower compared to machine direction. This is
attributed to the higher number of fibers oriented in
machine direction where ultrasonic seam is
constituted for cross direction samples.

Table I. Summarized ANOVA table for seam strength
Seam Strength in Machine Direction
Seam Strength in Cross Direction
Sum of
F
Sum of
F
Source
Squares Value Prb > F
Source
Squares Value Prb > F
Model
13064.9 92.2
< 0.0001 Model
13053.1
173.6
< 0.0001
W
9706.0
342.4 < 0.0001 W
9894.9
658.0
< 0.0001
A
2179.8
76.9
< 0.0001 A
1523.3
101.3
< 0.0001
P
362.5
12.8
0.0018
P
442.6
29.4
< 0.0001
A2
177.1
6.3
0.0208
P2
204.1
13.6
0.0015
P2
721.5
25.5
< 0.0001 WP
74.8
4.9
0.0373
Residual 595.3
Residual 300.8
Cor
Cor
13660.2
13353.9
Total
Total
2
W: Fabric areal weight (g/m ), A: Vibration Amplitude (%), P: Pressure (bar)

Since the number of fibers in cross section was higher
for fabrics with higher areal weights, the seam
strength of these fabrics were higher than that of
fabrics with lower areal weights.
An increment was observed in the seam strength of
samples for both machine and cross direction with
increasing vibration amplitude. With the increase in
vibration amplitude the heat generated to melt the
fibers also increases which causes better bonding.
It was determined that an increase in welding pressure
caused an increase in seam strength until 1 bar
pressure. Further increase in welding pressure
resulted in a decrease in seam strength for all samples
in both directions except higher areal weight samples
(75 and 100g/m2) welded with higher amplitudes
(63% and 80%) in cross direction (Figure 1).

Figure 1. The effect of pressure on seam strength in
cross direction for 63% vibration amplitude
Welding pressure provides contact between fabric and
horn to transmit vibrations and also weld the melted
surfaces [1]. Excessive pressure may damage fibers
and reduce seam strength of the fabric. Furthermore,
higher pressure may cause complete melting of fibers
and re-orientation in polymer chain resulting in lower
seam strength. Because of higher number of fibers
oriented in machine direction, the seam strength of
higher areal weight samples welded with higher
amplitudes in cross section continued to increase when
welding pressure is continued to increase (Figure 1).

CONCLUSION
The influence of vibration amplitude and welding
pressure during ultrasonic seaming of polyester
spunbond nonwovens were investigated. The
optimum process conditions to achieve highest seam
strengths for different fabric areal weights were
determined.
FUTURE WORK
For further studies seam strength of nonwovens
produced by other methods may be evaluated and raw
material of the nonwovens may be changed. In this
study one kind of anvil wheel design was used during
ultrasonic welding process but further other anvil
wheel designs can be considered. The effect of
welding speed, distance between anvil wheel and horn
on seam strength may be investigated.
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The thermal properties of nonwoven thermal
wraps treated with aerogel were studied in this
work. The SEM images were taken to compare
the physical structure of the aerogel treated
fabrics. Specific thermal properties like
conductivity, resistance and effusivity were
measured using C-Therm TCi thermal
conductivity analyzer. Heat transfer caused by
convection through the thermal wraps was
measured by particle image velocimetry (PIV)
technique, which allows obtaining information
about the current distribution of velocities in
two-dimensional array in a flowing fluid. Vector
and scalar maps of the fluid flow caused by
thermal convection, above the textile sample
were studied for different temperature gradients.
These tests were conducted to understand
thermodynamic behavior of nonwoven fabrics
treated with amorphous silica aerogel. The
results of the experiments were statistically
analyzed and found to be significant.
INTRODUCTION
Aerogel, with its nanoporous structure and low
density, is very much suitable to be used as
super insulating material. Heat transfer
phenomena in silica aerogel are closely
associated with its complex nano-porous
structure [1]. Thermal insulation properties are
determined by the physical as well as structural
parameters of fabrics. Nonwoven fabrics are
important components for good thermal
insulation of the body from the surroundings
and have both space and weight savings. The
important constructional parameters are (1)
thickness (2) weight per unit area and (3)
packing fraction, which is the ratio between the
bulk density of nonwoven fabric samples and of
the same sample if it was made up wholly from
fibres [2]. In winter clothing, the role of the
middle layer is to protect the human body
against chilling conditions. The thermal

characteristics of these standard thermal
insulation materials are not commonly known
[3]. The research reported here discusses the
influence of aerogel on the thermal
conductivity, resistance and effusivity at
extremely low temperatures. Vector and scalar
maps of the fluid flow caused by thermal
convection above the textile sample were
studied and characterized using particle image
velocimetry for different temperature gradients.
EXPERIMENTAL APPROACH
Materials
In this study, nonwoven thermal wraps treated
with amorphous silica aerogel were used, as
they are most suitable for application in textile
materials. The thermal wraps were chosen in
three different thicknesses. Sample 1 (3.5mm),
Sample 2 (6.2 mm), Sample 3 (6.6 mm).
Methods
Thermal conductivity analyzer
The C-Therm (Tci) thermal conductivity
analyzer allows determining accurate values for
thermal conductivity and thermal effusivity of
aerogel treated nonwoven material at sub zero
temperatures
without
extensive
sample
preparation or damage to the sample.
Particle image velocimetry
The PIV measurement technique allows
obtaining information about the distribution of
velocity currents in two-dimensional array in a
flowing fluid. The motion of the fluid is
visualized by the seeding particles that are
usually added to the flow. The system displays
and analyzes the particles movement in selected
planar light cut. Conveniently placed light plane
is generated with a powerful laser and optical
system component. The position of particles in
the plane of light section are recorded by some
device sensitive to light, such as photographic
film or a CCD camera detector. Evaluation thus

recorded is based on the fundamental equation
expressing relationship between speed, distance
and time, where distance represents the
displacement of particles entrained in the fluid
flowing in a defined time interval between two
laser pulses.
RESULTS AND DISCUSSION
Thermal resistance
The thermal resistance increases as the fabric
thickness increases for all the three different
fabric densities. In addition, open-cell structure
has higher thermal resistance than closed-cell
constructions. This is explained by relatively
higher fabric thickness and open-cell structure
of nonwoven fabrics treated with aerogel. These
structures can entrap more air within the nano
pores of the aerogel and thus cause higher
thermal resistance.

Figure 1: Thermal resistance at freezing temperatures

PIV Results
Vector and scalar maps of the fluid flow
developed by thermal convection above the
textile sample were plotted for different
temperature gradients. The vector maps are
colored to highlight the acceleration zones. The
scalar maps were put in one scaling and could
be compared. Scalar maps are used to display
the on-screen multiple data derived from the
velocity fields. The x and y axes scales in
vector & scalar maps illustrate the magnitude
and direction of the out-of-plane velocity
component. Vorticity contours for the
instantaneous flow structure is a vector field that
gives a microscopic measure of the rotation at
any point in the fluid.

Figure 2: Vector map of heat convection

Figure 3: Scalar map of heat convection

CONCLUSIONS
These charts describe the behavior at different
temperature gradients (between the textile
sample and temperature of neighborhood). The
fluid flow motion accelerates according to the
increasing temperature gradient. This velocity
profile is taken 25mm above the free surface of
the textile sample. The maximum velocity is
reached with temperature gradient of 51.00C.
The construction of the testing chamber didn’t
allow observing the situation just above the
surface of textile sample due the reflections.
These results are very important for setting the
boundary condition of numerical simulation,
describing the behavior of textile samples in the
subzero temperature condition as well as for
simulation of heat transfer through the porous
media.
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OBJECTIVE
The presentation will give an introduction to the
processability of high performance polymers by
melt blown technique or centrifugal spinning to
generate a nonwoven. Additionally the effects of a
post treatment are shown.
INTRODUCTION
For more than one decade many different
developments and manufacturing methods dealt
with finest fiber nonwovens. Besides the interest
for use as filtration media there are a lot of other
applications such as battery separators, separators
for fuel cell, protective gear and some more. In
view of these end-use applications the material
components such as heat resistance or stress and
strain stability becomes more significance, with a
constant demand to purity of fibers, defined pore
size and homogeneity of nonwoven. Therefore the
need of high performance polymers is imperative.
While the simple manufacturing of finest fibers by
melt blown technique is novel state of the art for
standard polymers, high performance polymers set
different limits to the processability in terms of
reaching finest fibers.
Moreover there are some polymers, which cannot
melt processed, but can be dissolved. To handle
these soluble, high performance polymers with an
acceptable production rate, centrifuge spinning
technology was developed.
Besides the manufacturing of finest fibers from
high performance polymers, the adhesion of
nonwovens becomes the more critical the finer the
fibers will be. Finest fibers stick not as good as
coarse fibers, due to the faster cooling-down. Thus
the connection between each fiber is less strong
and the nonwoven-strength becomes minor. A
subsequent stabilization is necessary.
To manufacture a finest fiber nonwoven by melt
blown or centrifuge spinning, on ITV in

Denkendorf both techniques are available. Melt
blown plant in labor-size for basic research, a pilot
plant with 500mm working width for industryrelated development and a 1m pilot plant for
centrifuge spinning is on-hand.
For subsequent stabilization a water jet plant has
been installed, which is a novelty for finest fibers.
DEFINITIONS
Usually fibers smaller 1 µm are called
“nanofibers”. Here the term “nano“ is not properly
defined. “Nano“ means structures below 100 nm.
As usually there is a wide scattering in fiber or
particle size; at least 50% of the “nano” objects of
an entity should have at least one dimension
smaller than 100 nm. With respect to the very most
cases where the majority of the fibers are larger
than 100 nm we propose the use of the term “finest
fibers” to fill the gap (0.1 – 5 µm) between
microfibers and real nanofibers. A given fiber
diameter should refer to the median. To inform on
the scattering one may give the data for the 25%
and the 75% quartile respectively.
EXPERIMENTAL APPROACH
Materials
High performance polymers are superior to
technical polymers due to their special heat or
chemical resistance and their outstanding
mechanical properties.
In our particular case we use polyether ether ketone
(PEEK) and polyphenylene sulfide (PPS) for melt
blown processing. Besides their heat-resistance
both polymers are semi-crystalline. Hence they can
be appointed above glass-temperature without a
loss of properties. Further their chemicalresistances are good as well.
Methods & statement of the problem
The technique of melt blown is well known. In
combination with high performance polymers the
obvious challenges are stress of machinery

components due to high process temperatures, the
demand to get a uniform distribution of
temperature at the spinning beam and a short
residence time of polymer. To avoid consequent
shots or an imbalanced mass over width, we further
developed the spinning beam as well as the
thermal- and pressure measurements. Moreover we
improved the process parameters and modified the
process design [1].

about 50 N/5cm in MD and 38N/5cm in CD, but
more important a strain-ability of 150% in both
directions.

A considerable problem with finest fibers is their
poor cohesion and adhesion to the substrate. To
improve the adhesion we use water jet
entanglement or thermal bonding by calendering.
RESULTS AND DISCUSSION
Finest fiber webs out of high performance
polymers in melt blown have been produced from
polyether ether ketone and polyphenylene sulfide.

Figure 2: Force-strain graph in cross direction for PPS.
Comparison of thermal and water jet stabilization.

Figure 3: Chemical resistance of PPS against acids and
basic solutions.

Figure 1: Fiber diameter analyses of PPS, with and
without a subsequent treatment.

As shown in Figure 1, a subsequent treatment in
combination with an adaption of all process
parameters to the demand can lead to much defined
fiber diameter frequency. More precisely, the trials
with PPS afford mean fiber diameter of about
0.9µm and with PEEK of about 1.8µm.
Moreover the shrinkage of the nonwoven webs
could be almost completely avoided using a
subsequent treatment, except for very low basis
weight of nonwoven.
The basis force-stability of melt blown web is quite
minor (≈0.5-1 N/5cm). Stabilization can be
efficiently improved both by thermal treatment as
with water jet entanglement. As shown in Figure 2
thermal treatment leads to an embrittlement of
nonwoven whereby the ability of deformation gets
lost. Water jet entanglement reveals for PPS
attraction significant improvement in strength to

The chemical resistance of PPS, as shown in Figure
3, is very high. The testing includes hydrochloric
acid (HCl), sulphuric acid (H2SO4), phosphoric
acid (H3PO4), nitric acid (HNO3) and potassium
hydroxide solution (KOH), each at temperatures of
40˚C and 80˚C. No matter if low or mean
concentrations of mentioned chemicals, the
attraction of PPS remains almost equivalent. Just
the middle-concentrated nitric acid (30%) at 80˚C
eliminates the strength of PPS-web.
CONCLUSIONS
The project shows that it is possible to produce
finest fiber webs with different technologies out of
high performance polymers, like PPS or PEEK and
stabilize them by water jet entanglement to reach
technical relevance.
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OBJECTIVE
Submerged flat-sheet membranes (SMFM) are a
solution for waste water treatment. Yet, due to
high production costs of conventional membrane
sheets, this technology still has potential for improvement. Fine fiber nonwovens from commodity polymers (e.g. PP) can be competitive with
conventional membranes due to their porous
structure and comparably low costs. Two potential measures are presented to achieve porous
structures suitable for SMFMs. The first step is
to decrease the pore size by compaction via calendering. The second step is the deposition of
melt-electrospun layers submicron fibers onto a
nonwoven substrate. The results demonstrate that
there is a technological and economic opportunity for this approach.
INTRODUCTION
The basic principle of SMFMs is shown in Figure 1. Generally, a stack of membrane packages
is submerged into the slurry and the clarified
water is drawn out of each module box. Membrane sheets with a pore size below 4 µm separate particles from the water via microfiltration.
SMFMs can be integrated into existing water
plants. Moreover, they can be used in mobile

Figure 1: Schematic of a submerged membrane
package with flat-sheet modules

devices, e.g. on cruising ships or in military
camps. By producing clarified water out of slur-

ry, the environmental stress can be significantly
reduced [1]. Yet, SMFMs are not well established due to the comparably high cost of conventional membrane sheets.
This challenge can be met using nonwovens as
membrane sheets. Microfiber nonwovens exhibit
a pore size structure in the upper micron range
above 10 µm. Therefore, they are not suitable for
microfiltration purposes. Hence, in a first step
the pore size distribution is reduced with a calendar stack. It is expected that compaction and
deformation of the thermoplastic fibers will result in pores in the lower micron range. In a second step nonwoven laminates are investigated.
Layers of submicron fibers via meltelectrospinning are deposited onto the microfiber
nonwoven prior to the calendaring. It has been
reported that finer fibers result in smaller pores
[2]. Effect of the compaction and fine fibers is
investigated via microscopy, air permeability and
pore size measurements and compared to conventional membranes.
EXPERIMENTAL APPROACH
Materials
Benchmark properties (e.g. mean pore size) were
measured on a conventional flat-sheet membrane
for comparison. A commercial polypropylene
(PP) microfiber meltblown nonwoven with
20 g/m2 is used for calandering trials. Additionally, a layer of 1.5 g/m2 melt-electrospun PP
fibers is deposited on these microfiber
nonwovens with a device described previously
[3]. A calendar stack from Kannegiesser Garment & TextileTechnologies GmbH & Co., Vlotho (D) is used for compaction and consolidation
of the nonwovens. Subsequently, microscopic
images and measurements of air permeability
mean pore size are conducted.
Methods
Air permeability is measured following DIN EN
ISO 9237 with a FX 3300 LabAir IV from
TexTest Instruments AG, Schwerzenbach (CH)
[4]. All measurements are conducted with an air

pressure of 200 Pas on a sample cross-section of
20 cm2. Mean pore size is determined with a
Porolux 1000, IB-FT GmbH, Berlin (D), based
on the principle of capillary-flow porometry.
Porefil from Benelux Scientific BVBA, Eke (B),
with a surface tension of 16 mN/m is used as
wetting agent.
RESULTS AND DISCUSSION
Microscopic images of calendered microfiber
meltblown and nonwoven laminates revealed,
that the fibrous structure is not destructed by
calandering. Air permeability measurements
indicated the compaction of the nonwoven structure. With increased temperature [°C] and line
pressure [N/mm] the air permeability is reduced.
These findings are consistent with the pore size
measurements (Figure 2).

Figure 2: Reduction of mean pore size of microfiber
meltblown nonwovens via calendering

Hence, it can be concluded that calendering reduces the pore size in thermoplastic nonwoven.
Compaction of the nonwoven structure narrows
the inter-fibrous pore structure.
Interestingly, the nonwoven laminates with electrospun layers exhibit the same properties as
“pure” microfiber meltblown sheets (Table I).
Microscopic images of the laminate surface indicate that melt-electrospun fibers have a bimodal
diameter distribution. Fibers with micron and
submicron diameters can be observed in the electrospun layer. Possibly the bimodal fiber distribution may equalize the effects of the submicron
fibers. The amount of these finer fibers is not
sufficient to form a dense, narrow network. Further reduction and uniformization of the fiber

diameter is mandatory to achieve pore structures
for microfiltration.
Nevertheless, the results demonstrate that the
pore size of thermoplastic nonwoven can be reduced well below 10 µm. Moreover, the air permeability is above the values of conventional
membranes (Table 3). Hence, these structures
can be operated with higher water throughput
than conventional membrane modules. This can
lead to an increase efficiency of the water treatment plant.
Table I: Comparison of conventional membrane
properties and calendered nonwovens
Membrane
type

Mean pore size Air permeability [mm/s]
[µm]

Conventional

3-4

2

Microfiber
meltblown

6-8

30

Nonwoven
laminate

6-8

30

CONCLUSIONS
The mean pore size of thermoplastic nonwovens
can be reduced into the range of conventional
membranes. The process of melt-electrospinning
has to be further improved to produce uniform
submicron fibers. The comparably low production costs of thermoplastic nonwovens justify the
effort for further technological improvement of
the process technology. SMFMs can be equipped
with fine fiber nonwovens in the near future and
lead to a broader accessibility of this water
treatment technology
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ABSTRACT

Maximum hairiness is defined as the number of fiber ends
with or above a certain length in the outmost layer of ringspun yarn with a unit length. A statistical model of
maximum hairiness is developed with considering yarn
twist and fiber properties by means of kernel estimation of
fiber length distribution. The relationships of yarn
maximum hairiness with factors involved are simulated by
employing MATLAB. Besides, this model is verified by
experimental results.

INTRODUCTION

ξ ( N Φ ) = λ ∫ dXdF ( L ) , dF ( L ) = f ( L ) dL

(1)

SΦ

where region SΦ refers to the distribution region that the
point (X, L) of a fiber being located in a specific position in
a unit yarn; λ is the intensity of Stationary Process; F(L)
and f(L) are the accumulative function and the probability
density function of fiber length distribution, respectively.
By adjusting fiber length, fiber cross-section, and the
number of fibers in yarn cross-section with the
consideration of yarn twist on the basis of Equation (1),
and introducing a hairiness contribution factor h0, which is
actually the proportion of the number of fiber ends
contributing to and potentially contributing to yarn hairs
and the number of fiber ends in yarn cross-section, the
number of fiber ends have potentials to become hairiness
with the length of Le and longer in unit yarn segment,
namely maximum hairiness, is calculated as follows[4],

Hairiness, actually including fiber ends, loops and wild
fibers, is known as an unfavorable property of yarns in
most circumstances, because excessive long hairs on yarn
surface will result in severe yarn breakage, high fabric
pilling tendency, undesirable fabric appearance, etc.
Generally, loops and wild fibers are too small in ring spun
yarns to be considered. Fiber ends in the yarn outmost layer
may already be hairs or have potentials to protrude from
m
2ni
(2)
the yarn body to become hairs or stay in the yarn body. The =
ξ ( N H ≥ L ) h0 ∑
( ∆ − Le cos βi ) 1 − F ( Le )
L
cos
βi
i =1
number of these fiber ends in a unit yarn length is thus
defined as the maximum number of yarn hairs. In other
words, not all these potential fiber ends will contribute to where,
the measured yarn hairiness as some of them may be


smoothly secured or tangled with adjacent fibers, even with
1 + tan 2 β
π dN yδ  2
−d
excessive mechanical abrasion in subsequent processes.


π N yδ
(3)


This important concept has not been well defined in many
h0 =
2
1 + tan β
of the previous theoretical studies [1-3], but was proposed
by Huang and Tao [4]. Based on Brown and Ly’s [3]
equations related to fiber ends, the model to predict yarn where m is the total number of layers in yarn cross-section;
maximum hairiness is generated, and the relationships of ni is the number of fibers in the i-th layer; βi is the twist
maximum hairiness with fiber and yarn properties involved angle of fibers in the i-th layer; Δ is the length of the unit
yarn segment; d is the fiber diameter; Ny is metric yarn
will be accordingly simulated .
count; δ is yarn density.
e

MODELING

According to Huang and Tao’s study [4], an idealized yarn
structure with straight, incompressible, parallel aligning
fibers is assumed. The vertical projection of the left-hand
fiber end on yarn axis (X) is supposed to follow uniform
distribution, and be independent of fiber length (L). The
number of fibers meeting certain property (Φ) is assumed
to follow Stationary Point Process.
Based on the above assumptions, one fiber in yarn body
can be denoted with a coordinate (X, L). The expectation of
the number of fibers with certain property can be calculated
from the following formula [3]:

SIMULATION

To investigate the effect of fiber and yarn properties on
maximum hairiness, the relationships of fiber length,
number of fibers in yarn cross-section, fiber diameter, yarn
count etc. with yarn maximum hairiness with the length of
1mm and longer were simulated by means of MATLAB,
which is shown in Figure 1(a) and (b).

It is obviously shown in Figure 2 that the newly developed
hairiness model could not only provide more accurate
prediction of ring-spun yarn hairiness, but also correlate the
theoretical values with hair length, which has not been
considered in the previous models. With regard to more
detailed analysis on this comparison, please refer to our
previous work [4].
(a) combined effect of fiber length and number of fibers
on yarn maximum hairiness

(b) combined effect of fiber diameter and yarn count on
the maximum hairiness
Figure 1: Simulation of relationships of yarn maximum
hairiness with yarn or fiber properties

VERIFICATION

Wool fibers with the Haunter length of 58.7mm and mean
diameter of 19.5 microns have been used to spin 24Nm
ring spun yarns with 7 levels of twist factors on Zinser451.
The theoretical values related to hairiness or fiber ends
were calculated from several models to be compared with
the measured number of yarn hairs, including Barella’s
models with or without twist correction[1][2], Brown and
Ly’s model for fiber ends without twist correction[3], and
the newly improved model[4], respectively.

Figure 2: Comparison of theoretical values calculated from
different models related to fiber ends or yarn hairs with the
measured values (“B_Ntwist” and “B_twist” mean Barel’s
model for fibers in the outmost surface of yarns without
and with twist correction, respectively; “BL-Ntwist”
means Brown and Ly’s model for total fiber ends without
twist correction; “P-FE” and “P_MH1” means the present
model for total fiber ends with twist correction and for
maximum hairiness with 1mm and longer with twist
correction, respectively; “T_H1” means the measured
hairiness with the length of 1mm and longer.)

CONCLUSIONS

Maximum hairiness has been proposed and defined as the
number of fiber ends in the surface layer of ring yarns. The
relationships of maximum hairiness with fiber and yarn
properties involved in the new theoretical model developed
on the basis of Brown and Ly’s equations have been
simulated accordingly, which shows that yarn hairiness
increase with the decrease of fiber length, fiber diameter
and yarn count (Nm). By comparison with other theoretical
models and experimental hairiness, the proposed model has
been confirmed as a more accurate and comprehensive
prediction of the number of yarn hairs.

FUTURE WORK

The effect of factors involved in the present model on
maximum hairiness will be more thoroughly studied and
simulated. Yarns with different yarn count and fibers in
different lengths and diameters will be spun to verify the
simulated relationships of yarn or fiber properties with
hairs. Besides, considering the analogy of maximum
hairiness to yarn limit evenness, a hairiness index similar to
the index of irregularity will be generated and studied.
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ABSTRACT
This article is focused on investigation and
description of nanofibrous scaffolds production using
purely mechanic drawing technique. Due to various
parameters, influencing the process, the technique is
conducted by machine, called “Micromanipulator” to
maintain constant conditions. Hand-made scaffolds
had been tested for the cells growth (adhesion,
viability and proliferation) and geometrical qualities,
such as diameter and evenness of fibers. Results
were satisfactory for the first growth tests, although
only machine-made scaffolds can be used in fine
research.
INTRODUCTION
There are numerous tissue types in a human body,
some of them are in ordered pattern. To create an
artificial substitution, we have to prescribe order of
new cells, growing in designated place. That have
been made possible using prefabricated scaffold with
certain structure, copying planned pattern. So far our
team focused only at planar structures of fibers, laid
in parallel manner. To achieve this order, a special
nanofibers production method had to be applied –
drawing. To create nanofibers layer with a pattern,
hand production had been used first.
EXPERIMENTAL APPROACH
Scaffold fabrication
Materials: We used Sigma-Aldrich polycaprolaptone
(C6H10O2)n (Mw 70.000-90.000). 24% solution had
been prepared with 7:3 mixture of chloroform and
ethanol.
Methods: Hand drawing method had been used at
first. That lead to proof of concept and basis for
mechanical drawing application. The motion
program of micromanipulator consisted of
parabolical interpolation with S-curve acceleration
and deceleration profile (500 ms and 1500 ms). Top
speed of drawing element was 0,08 m/s. Creating
one fiber at one time, it took approximately 2 hours
to create 9 scaffold specimen for in-vitro testing.
Drawing technique: polymer solution forms a
droplet, placed on a workbench (fig 1). The droplet is
eroded with drawing element, which retracts from it,
pulling a bridge of material. The bridge stretches,
solidifies, and finally forms a single fiber, which is
accurately positioned. If the parameters are correct,

the fiber diameter is of hundreds of nanometers.
Repeating this process will give us a planned
structure.

Fig 1: Drawing technique.
Visualization and quantification of fiber
alignment
Three types of scaffolds were prepared, differing in
number of directional layers. One (str1), two (str2),
and three (str3) directions. Fibers are of variable
diameter, altering from 300 nm to 5 μm. One and
two directions may be seen in fig 2.

A

B

-

Fig 2: SEM of Machine based PCL scaffolds,
magnification 600x (A, single direction, and B, two
directions).
Cellular interactions
In-vitro culture of mouse fibroblasts: Mouse
fibroblasts (3T3) were maintained in Dulbecco´s
Modified Eagles Medium (DMEM, Lonza) with 10%
(v/v) fetal bovine serum (FBS, Lonza) and 1%
penicilin/streptomycin/amfotericin B (Lonza). Cells
were maintained in a incubator (37 °C/5% CO2).
Medium was changed 3 times a week. The 2nd
passage culture was used for experiments.
Sample preparation: samples of drawing method
prepared structures (str1,2,3) were prepared as fibers
fixed within the supporting ring (fig 3). The ring fits
to 12-well tissue culture plate and allows easy
manipulation of the sample as well as avoiding the
collapse of the scaffold structure. The rings were
prepared by machining from PMMA (Titan-

multiplast). Immobilized structures were sterilized
(70% Et-OH, 30min).

A

B

-

Fig 3: Single direction fibers fixed within the
supporting ring.
MTT assay for 3T3 cell proliferation: 3T3 cells were
seeded (3*103 cells per sample) on scaffolds placed
in 12-well Tissue culture plates (TCP). Cell
proliferation was monitored after 14, 21 and 28 days
by MTT assay.
Microscopy analysis for 3T3 cell proliferation (SEM
and fluorescence):
After 14, 21 and 28 days of cell seeding, the cellcultured scaffolds were processed for SEM: the
scaffolds were fixed by 2.5% glutaraldehyde and
dehydrated with upgrading concentrations of Et-OH
(60%, 70%, 80%, 90% and 100%). Samples were
analysed by scanning electron microscope (Tescan,
VEGA3 SB easy probe).
Fluorescence microscopy: The cells were fixed in
frozen methanol for 15 minutes, washed in PBS and
stained with propidium iodide for 15 minutes in the
dark. Then the layers were washed in PBS and
analyzed using fluorescence microscope (NICON
Eclipse Ti-E).
RESULTS AND DISCUSSION
1) Three types of structures were prepared by
drawing method;
2) The system for testing of structures prepared by
drawing method was developed;
3) The microscopy analysis (fig 4) as well as MTT
tests (data not shown) prove the hand-made
nanofibrous structures are capable of supporting
cellular attachment and proliferation during in vitro
culture. Cells have clearly potential to fill the gaps
between the fibers. However more denser structure
with smaller gaps and thinner fibers (machine based)
is supposed to be even more appropriate for the
possible TE applications.

Fig 4: SEM of 3T3 cells seeded on PCL scaffold
after 14 days of cultivation (A, str. 3, magnification
200x) and 21 days (B, str. 2, magnification 1000x).
FUTURE WORK
The drawing technique had been known for
centuries, but our team focuses on its innovation and
application. It had been developed to the state,
where we have choice of materials (PVA, PVB, PCL,
PS, …) and geometrical qualities of single
nanofibers, precisely laid in designated place.
Our goal is to broaden list of usable materials and
vastly increase productivity of the technique. Part of
our research is also to be able to sufficiently
precisely predetermine diameter of fibers.
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OBJECTIVE
Leverage
slit-surface,
core-sheath
electrospinning technology to manufacture novel
fibrous hydrogels with tunable hydration and
mechanical properties.
INTRODUCTION
Hydrogels are three-dimensional networks of
hydrophilic polymers that have potential
applications in the medical field as tissue
engineering scaffolds, delivery vehicles for drugs
and growth factors, and wound healing materials
[1]. For wound healing, hydrogels are popular
candidates as dressing materials because of their
high swelling capacity; this allows them to
absorb wound exudate and maintain a moist
environment for healing to occur. However,
typical hydrogels require tradeoffs between
mechanical properties and water absorption,
which can impair their effectiveness as wound
dressing materials [2]. To mitigate this tradeoff,
we have identified core-sheath electrospinning as
a novel way to produce composite hydrogel
fibers consisting of a mechanically strong,
hydrophobic polyurethane (PU) core material
surrounded by a swellable, hydrophilic PU
sheath. Here, we report on the formulation and
design space of our novel hydrogel material
fibers fabricated using our high-throughput slitsurface core-sheath electrospinning technology.
EXPERIMENTAL APPROACH
The high-throughput electrospinning fixture
consists of two triangular shaped nozzles that are
aligned to a single vertical plane to form a slitsurface. Operation of the slit has been described
in detail elsewhere [3]. The sheath material
system consisted of a hydrophilic PU while the
core material system consisted of a hydrophobic
PU. Flow rates were varied to alter the material
composition of electrospun fibers. The collected
sheets of material were dried in an oven at 60°C
overnight to remove residual solvent.

Characterization of the samples consisted of
mechanical (tensile and shrinkage) and hydration
tests. The wet tensile strength of the material was
determined by cutting the meshes into dog-bone
shapes, hydrating samples in phosphate buffered
saline (PBS), and performing tensile testing
using an Instron at a pull rate of 50 mm/min.
Swelling was characterized by immersing 5x5
cm samples in PBS buffer and allowing excess
water to drip off prior to weighing. Swelling was
calculated as: (wet weight – dry weight) / dry
weight. Shrinkage was calculated based on area
changes between the dry and wet states. Two
commercially available hydrogel dressing were
characterized in the same manner and compared
to our materials.
RESULTS AND DISCUSSION
The hydrophilic:hydrophobic PU composition of
the core-sheath fibers was modulated by varying
the flow rates of the sheath and core solutions.
Using our slit-surface technology, we were able
to achieve total volumetric flow rates
approaching 1 L/h in the fabrication of these
materials. Four formulations were tested, all
resulting in successful electrospinning that
produced quality fibers of about two microns in
diameter (Figure 1) (Note: A separate
experiment using tracer material in the core

Formulation A

Formulation B

Formulation C

Formulation D

10 µm

Figure 1. Scanning electron micrographs of the
different hydrogel formulations.
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Figure 2. Wet tensile strength of polyurethane
hydrogel formulations (A-D) relative to two
commercially available wound dressing materials.

Figure 4. Swelling properties of polyurethane
hydrogel formulations (A-D) relative to two
commercially available wound dressing materials.

solution confirmed the formation of distinct
core-sheath cone-jets at the conditions tested).
Characterization of the four formulations
revealed that ratio of the two polyurethanes can
be used to tailor mechanical strength, swelling
and shrinkage. Formulations B, C and D provide
both high strength and acceptable shrinkage,
while preserving swelling properties. Taken
together, these data provide a formulation space
to design fibrous hydrogel materials with
specific hydration and mechanical properties.
The performance of our polyurethane based
hydrogel materials was compared to two
commercially-available cellulose-based fiber
wound dressings – Aquacel® and Durafiber®.
All four formulations developed in this study
exhibited significantly higher mechanical
strength than the commercial dressings – up to
200-fold higher (Figure 2). Three of the
formulations exhibited similar or better
shrinkage ability (Figure 3). And importantly,
swelling performance was not compromised as a

result of these significant mechanical
improvements; as shown in Figure 4,
Formulations A and B had equivalent swelling
capacity as the commercial dressings. The data
shows that our technology provides flexibility in
producing hydrogel materials with tunable
properties.
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Figure 3. Shrinkage of polyurethane hydrogel
formulations (A-D) relative to two commercially
available wound dressing materials.

CONCLUSIONS
High-throughput,
slit-surface,
core-sheath
electrospinning was used to manufacture novel
polyurethane hydrogel materials with tunable
properties. We have optimized the performance
of this material across tensile strength, shrinkage,
and swelling by varying the sheath to core ratio
of the polyurethane materials. These materials
show potential as a wound dressing.
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OBJECTIVE
Producing a branched poly(L-lactide) (PLA)
using a solution-based polymerization method
instead of the commonly used bulk melting
polymerization to control the reaction kinetics
and to avoid the degradation of the monomer.
INTRODUCTION
Poly (L-lactide) is a biocompatible and
bioresorbable polyester that is widely used in
biomedical applications [1] as a homopolymer or
in a mix with other polymers. Unlike the polycondensation reactions of the lactic acid, ring
opening polymerization (ROP) of lactide
monomers is preferred in producing linear PLA
as it provides more control over the reaction and
leads to a high molecular weight of the PLA.
Solution reactions are mainly applied for the
production of linear PLA at low temperatures [2]
while bulk polymerization is commonly used
with branched PLA. The reason that solution
polymerization is not used for most PLA
branched architectures is the low solubility of the
initiators. These initiators are usually highly
polar, have high melting points, and do not easily
dissolve in common solvents together with
lactide monomer and polymers [3].
On the other hand, three problems are typically
encountered with bulk polymerization of
branched PLA; firstly, the reacting monomer,
initiator, and catalyst as well as the produced
polymer will exist in the bulk and the polymer
might be soluble in the monomer. Therefore, the
viscosity of the reaction mixture increases as
more polymer is produced which makes it
difficult to remove traces of the nonreacted
components after polymerization due to
diffusion limitations [4]. Secondly, the reaction
rates in bulk polymerization are not easily

controlled because of the heat of polymerization
and the development of hot spots that may lead
to the autoacceleration effect [4]. Thirdly, the
currently
reported
systems
for
bulk
polymerization of branched PLA apply
temperatures in the ranges between 130 ˚C and
180 ˚C, where the later temperature is used more
frequent in the literature. These temperatures
may not be suitable for processing lactide
monomer which evaporates at these relatively
high temperatures since the boiling point of the
monomer is around 140 ˚C.
This work introduces a solution-based method
for polymerizing the branched PLA and to deal
with the lack of solubility of the polyol initiator
(pentaerythritol) in a common solvent with the
other reactants (monomer, and catalyst).
EXPERIMENTAL APPROACH
Materials
(3S)-cis-3,6-dimethyl-1,4-dioxane-2,5-dione (Llactide monomer) with a purity of 98%, 4(dimethylamino)pyridine (DMAP catalyst) with
a purity of ≥99%, 2,2-bis(hydroxymethyl) 1,3propanediol (pentaerythritol) were ordered from
Sigma-Aldrich Co. Dimethylformamide (DMF)
was purchased from Fisher Scientific and used as
a solvent during the synthesis of the branched
polymers.
Methods
The L-lactide monomer was dissolved in DMF
with the catalyst and the pentaerythritol initiator
in a well-sealed rounded-bottom flask. The
reaction took place at a constant temperature (60
˚C) in an oil-bath. The DMF was dried from
water residues by mixing with anhydrous sodium
sulfate and 3Å molecular sieves at least 24 hours
before use. Samples of different catalyst and

monomer ratios were produced according to the
reaction schematically illustrated in Figure 1.

and 17). The absence of peaks in the chemical
shift region between δ = 3 and 4 indicates the
absence of the hydroxyl groups at the ends of the
pentaerythritol [5] which could imply the growth
of a chain arm at each end and the formation of a
branched PLA.

Figure 1. Schematic representation for the branched
polymer synthesis

Figure 2. 1H NMR spectrum for a branched PLA
sample (400MHz, CHLOROFORM-d) δ = 4.96 5.26 (7H, m, M03), 2.31 (2H, br. s., M02), 1.36 - 1.64
(23H, m, M01)

RESULTS AND DISCUSSION
The branched PLA samples were synthesized
according to the core-first approach which
allows a control of the structure and the length
for each arm more than the arm-first approach. In
this approach, linear PLA chains are joined
together with a proper coupling agent or
terminator that reacts with the functionalized end
groups of the linear chains for creating branched
polymers.

CONCLUSIONS
Samples of branched PLA were produced using
solution-based ring opening polymerization with
the use of an organocatalyst. DMF was found to
be able to dissolve pentaerythritol initiator at
temperatures above 50 ˚C which provided the
medium for the solution-based-polymerization of
the branched PLA.

Different solvents were applied to dissolve the
reactants, especially those solvents that are
known to dissolve the lactide monomer; however
pentaerythritol (the initiator) was hard to
dissolve due to its high polarity and the strong
attractive hydrogen bonds between its molecules.
Dimethylformamide (DMF) was found to be able
to dissolve pentaerythritol at temperatures above
50 ˚C as well as to dissolve the other reactants to
allow a homogenous solution for the reaction. To
verify the progress of the reaction, the chemical
composition of the reactants as well as the
produced samples were analyzed using 1H NMR.
The 1H NMR spectrum of a branched PLA
sample is shown in Figure 2 with the M01
multiplet at δ ≈ 1.57 ppm corresponding to the
methyl pendent groups (numbers 3 and 15 shown
on the structure), the broad singlet M2 at δ ≈
2.31 ppm corresponding to the hydroxyl end
groups [5], and the M3 multiplet at δ ≈ 5.17
ppm corresponding to the hydrogen atoms
attached to the alpha carbons (numbers 2 and 12
illustrated on the structure). The signal at δ ≈
4.36 ppm corresponds to the methylene groups in
the pentaerythritol (assigned numbers 10, 10a, 8,
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ABSTRACT
In our paper we present a new methodology of
apparel engineering for medical application.
Partnership project “BIOAKOD” intends to
propose apparel solutions for elderly people
with a dermatological skin defect. This purpose
requires a particular method of conception of
garment because of the additional functionality
expected in the clothing. It means that proposed
clothing need cover a human body in aesthetic
way and give a comfort of use it, but also should
bring an adding value in health caring of people
with dermatosis (psoriasis).
INTRODUCTION
In the frame of BIOAKOD project the new
apparel concept for old women with some skin
diseases and dysfunctions is designed. Different
kinds of herbs contained in the microcapsules
will cover the textile fabric (woven or knitted)
made of cotton and/or flax raw materials. The
microcapsules under the special conditions will
release appropriate herbs causing in this way the
adding of treatment (curing) process. The
designed for this purpose clothing should be:
from one side-tight to assure the contact of the
skin with the microcapsules and not too tight to
assure the appropriate utility comfort of users.
Therefore, the 3D scanner TC2 will be applied
to personalize and facilitate the apparel
construction.
EXPERIMENTAL APPROACH
New technologies such as 3D human body
scanner and software for virtual simulation of
clothing, representing the “fit” of a garment on a
mannequin in a virtual 3D space, can produce
increased efficiency and speed of the process of
the clothing production while allowing for the
implementation of personalized pattern of
garment [1]. 3D Scanner is a tool accelerating

receives anthropometric data of the human
body. Using the scanner will avoid errors
resulting from the measurements by different
people
or
errors
arising
from
bad
(“accidentally”) write data or incorrect
identification of anthropometric points. The
scanning process also allows immediate and
accurate dimensioning of the human body
presenting the results of measurements as
numerically or volumetrically (3D volume) –
the key point for the definition of garment
pattern forms. Processing the scanned image
using the appropriate technology allows creating
numerical avatar of consumer profiles
corresponding to him dimensions following the
trend of buying clothes without leaving home
and performed on the ideals of Mass
Customization - using virtual “fitting clothes.”
Virtual simulation of clothing allows disclosure
of any defects in design, and verification of
drape and fit of the product to the silhouette of
the virtual human body, and even approval of
correctness virtually “sewn” clothing. [2, 3]
Software of this type allows generating
parametric mannequins or entering the number
of avatars created as a result of the scanning
process. It is an interesting alternative for
people with disabilities, with specific
anatomical defects or dysfunction, for which the
recommended and required a “tailor-made” to
achieve an appropriate level of matching
clothing that is designed to treat skin disorders
and for people who prefer to shop on the
Internet.
Methods
The adopted methodology describes a research
project on the implementation of personalized
clothing for women, taking into account the
morphology of the silhouette of a customer
moving independently, with anatomical defects

or dysfunction of the body. The proposed
approach to the problem is to ensure the
correctness of the implementation of the
structure matched to the specific recipient, and
also aims to propose a strategy for the
implementation of clothes manufacturability
taking into account the manufacturing process
in industrial conditions through the use of
appropriate solutions
RESULTS AND DISCUSSION
Plan a research project to develop a system for
the design of clothing tailored to the individual
needs of patients:

Personalization

3D Scanning the selected
user
Develop a collection of
women's garment

Development of patterns of
women's clothing, taking
into account the individual
characteristics of the user
morphology
Verification of pattern
clothing design
Implementation of
prototype garments

Figure 1: Procedure of personalization process

FUTURE WORK
Products developed in the project will provide a
new BIOAKOD quality clothing market
intended
for
people
suffering
from
dermatological diseases, disabilities and seniors.
With data from Eurostat (European Statistical
Data Support) that increases the average age of
European society. It is anticipated that the
percentage of the population aged over 65 years
compared to the entire European population will
increase from 17.1% in 2008 to 30% in 2060,
which means quantifying the increase in the
number of elderly people in Europe during this
period by about 67 million - from 84.6 million
in 2008 to 151.5 million seniors in 2060. It is
expected that in 2020 about 25% of the
European population will be accounted for the
elderly and disabled [4].
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ABSTRACT
The web of electrospun nanofibres usually
consists of different diameter nanofibres. The
diameter can vary from less than 100 nm to
1500 nm and the distribution of nanofibres
diameter usually is not normal. Distribution can
not be described as log normal distribution
because it does not have physical sense –
process does not depend on the time. The
describing of distribution as compound
distribution from few normal distributions in
this work has been proposed. The evaluation of
diameter of nanofibres by average value and
modal values of each normal distribution in this
work is proposed also.
INTRODUCTION
Electrospining is the process when the fibres are
manufactured by electrostatic forces between
two electrodes. The diameters of these
nanofibres usually vary between 10 and 1000
nm and depend on polymer characteristics,
technological and environment parameters.
Herewith, the web of electrospun nanofibres
usually consists from nanofibres of different
diameters. The reasons of such phenomena by
various authors are explained in different ways
—some of them states that nanofibres in the
distance from Taylor cone till other electrode do
not separated finally, herewith such phenomena
can be explained that nanofibres stick on the
web when they reach the web do not finally
dried (the solvent do not evaporate completely).
In this presentation we presented our
investigations of last few years, some results of
which has been published earlier in various
journals [1-3]. The goal of this work is to show
possibilities to evaluate web from nanofibres by
mathematical criteria and to describe nanofibres
distribution by well known mathematical
distribution—compound distribution from few
normal distributions [4].

EXPERIMENTAL APPROACH
The different types of polymers have been used
for investigations – polyvinilalcohol, polyamide
6 and polyamide 6.6. The web of nanofibres
was formed by electrospinning equipment
“NanospiderTM” (Elmarco, Chech Republic).
The analysis of nanofibres diameters has been
observed by Scanning Electron Microscopy
(SEM) SEM-FEI Quanta 200 (Netherlands) and
the diameter of each nanofibre from every SEM
image has been measured with computer
program Lucia 5.
RESULTS AND DISCUSSION
The analysis of SEM images show that all kinds
of webs from nanofibres (despite kind of
polymer) consist from nanofibres of different
diameters (see Figure 1).

Figure 1: SEM images of PA6.6 web

The similar view it is possible observed for all
others images of investigated materials – web
consist from nanofibres of different diameters.
In the next stage of investigations the
distribution of nanofibres diameter has been
analysed for all kind of polymers. The typical
view of distribution is presented in Figure 2.

Figure 1: Distribution of polyvinilalcohol
nanofibres diameter

The distributions of nanofibres from others
polymers obtained a similar view – few peaks of
distribution is possible to note.
At the next step of investigations total
distribution has been divided in few parts
accordance number of peaks of each distribution
(in the case presented in Figure 2 in three
distributions). Each separate distribution has
been calculated as normal distribution and each
other distribution has been calculated without
values of previous distribution. At the next step
the compound distribution has been calculated
as the sum of all distributions. As it is seen from
Figure 2 the shape of compound distribution is
very sophisticated but very close to empirical
values – coefficient of determination is
measurable high - R2 = 0.804.
The quality of web of distribution is proposed to
evaluate by average diameter and modal
diameters of each normal distributions with
percentage value, i.e., how many measurements
are belong this distribution.

CONCLUSIONS
It is not correct to compare average values of
webs from nanofibres when distributions of
them are different. The distribution of
nanofibres diameter can be divided into few
normal distributions. The modal value and the
percentage quantity of measurements of each
normal distribution together with average value
of diameter of all measurements are proposed
for web of nanofibres structure estimation. In
this case it is possible to compare different
investigations when diameters of nanofibres
distributed differently.
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INTRODUCTION
The synthetic fibres are well-known for their
high extensibility, dimensional stability, abrasion
resistance, crease recovery, and relatively low
moisture absorbency [1]. Improving the fabrics’
functional characteristics by integration of
nanoparticles (TiO2, silica, iron oxide, zinc
oxide, silver etc.) has become an attractive
research field providing new insights for
scientists to develop high-added value products,
i.e. textiles for protection, medical and sport
activities, technical textiles, etc. TiO2 has been
widely utilised for the functionalization of textile
materials on account of its excellent optical
properties, superior thermal stability, long-term
lifetime, lack of toxicity, and relatively low-cost
[2]. To minimize their photocatalytic activity,
TiO2 nanoparticles need to be surface coated
with an inert material, such as SiO2, Al2O3,
CeO2, MgO, ZrO2, Y2O3, and their mixtures.
EXPERIMENTAL PART
PA fabric
Experiments were carried-out using an
industrially-bleached
twill-weave
100%
polyamide fabric (PA) with a mass/unit area of
111 g/m2, warp density of 45 threads/cm and
weft density of 36 threads/cm.
Dyeing and TiO2 application procedure
PA was treated according to the one-bath
exhaustion procedure in a Turby (W. Mathis)
apparatus at temperature 98°C for 60 min. The
initial bath contained 0.5 % of acid dye
(Bemacid Red RSW - Bezeme) and 9% of
individual nanoTiO2 colloidal dispersion
(meaning ca. 0.3% of pure TiO2), 0.5% of
Keriolan A2N, 1 mL/L of Meropan OFS.
Three colloidal dispersions of TiO2 core-shell
nanoparticles were used diverse in the shell
particles, i.e. TiO2-3% SiO2, TiO2-3% Al2O3 and
TiO2-1% SiO2/ 3% Al2O3. According to the
producer information (Cinkarna Celje, Slovenia),

all dispersions in the form of paste contained
rutile crystalline nano-sized TiO2 and
approximately 20% of a solid material, and are
produced by a sulphate synthesis process.
UV irradiation
Samples (6x8 cm) were exposed to an artificial
UV source for up to 24 hours to evaluate
possible fabric discolouration on account of the
excessive photo-catalytic behaviour of TiO2. A
photo-reactor (Luzchem) consisting of 6
combined overhead lamps (3 UVA and 3 UVB)
was used for the photo-decomposition test. The
stabilities of the applied dyes towards UVprovoked fading in the presence or absence of
TiO2 dispersions were followed by CIE colour
measurements.
Analytical methods
The SEM-image of dyed/nanoTiO2 treated PES
was taken on a scanning electron microscope
Zeiss Gemini Supra 35 VP (Zeiss). CIE colour
measurements were achieved within a spectral
range of 400-700 nm wavelengths by a two-ray
Spectraflash SF600 Plus spectrophotometer
(Datacolor) under a standard illuminant D65
(LAV/Spec. Incl.). The CIE total colour
differences (dE*) between samples were
calculated from the coordinate differences in all
three directions of the colour space, i.e.
brightness L*, red/green axis a*, yellow/blue
axis b*.
RESULTS AND DISCUSSION
The SEM images of dyed/TiO2-treated PA
samples are shown in Figure 1.
Table I. depicts the results of CIE colour
measurement as well as calculated colour
strength (K/S values), colour differences
between reference (dyed) sample and dyed/TiO2
treated samples.

a

or incompatibility between colloidal dispersions
and the employed auxiliaries, on account of the
opposite charges.

b

The total colour differences (dE*) versus time of
the UV light exposure are gathered in Figure 1.

dE*

c

Figure 1. SEM images of PA fabric using 0.5% of dye
and 9% of: (a) TiO2-3% SiO2; (b) TiO2-3% Al2O3; (c)
TiO2-1% SiO2/3% Al2O3.
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SEM image revealed the presence of TiO2
nanoparticles on the surface of PA.

Figure 2. Total colour differences (dE*) of dyed
(reference) and dyed/TiO2 treated samples as a
function of irradiation time.

Table I. CIE colour values and differences, and K/S
values of dyed (D) and dyed/TiO2 treated samples

It could be deduced from the curves presented in
Figure 2 that the total colour differences (dE*)
increased with increasing time of UV irradiation,
irrespective of the dye-bath composition.
Applied core-shell nanoparticles had a positive
influence on the retardation of the oxidative dyefading under UV light.

Sample
D
D + 3%SiO2
D + 3%Al2O3
D + 1%SiO2/
3% Al2O3
Sample
D
D + 3%SiO2
D + 3%Al2O3
D + 1%SiO2/
3% Al2O3

L*
48.34
49.75
51.16
50.45

CIE values
a*
54.50
54.10
53.79
53.97

CIE differ.
dL*
dE*
1.42
2.83
2.11

4.03
4.10
2.99

b*
18.34
14.58
15.46
16.29

K/S
8.93
7.53
7.03
7.42

It is evident from Table I that from amongst the
three TiO2 colloidal dispersions used in
combination with red acid dye, the more
significant changes in colour on b* axis and the
lowest differences in brightness (dL*) occurred
when TiO2-3% SiO2 core-shell nanoparticles
were used. Moreover, the total colour differences
(dE*) are extremely high. Generally, all samples
treated with nanoparticles were brighter, greener
and more yellow compared to the reference,
irrespectively of the shell type. b* was obviously
the most influential parameter for the raised total
colour differences. The paler depths of shade
(lower K/S values) determined on dyed/TiO2upgraded samples could be elucidated in terms of
interactions between nanoparticles and acid dye

CONCLUSIONS
From the colour measurement data it could be
concluded that the presence of TiO2 core-shell
nanoparticles had a notable effect on the colour
characteristic of the PA fabric regarding the shell
type. Superior total differences of all the
samples, i.e. dyed and dyed/TiO2 treated, were
occurred during 24 hours of UV irradiation
exposure.
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INTRODUCTION
Polyester (PES) is an exceedingly hydrophobic
(non-polar) synthetic fibre in character, certainly
in comparison with natural fibres [1]. Therefore,
it is less desirable material in many textile
applications, i.e. sportswear, under garment, and
bedding. Herein, changing the water absorption
properties and imparting the fabrics’ functional
characteristics through both, the plasma
modification and integration of nanoparticles
(TiO2) has become an attractive research field
providing new insights for scientist to develop
high-added value products. Despite good UVshielding properties of TiO2, it is also exhibits
strong photochatalytic behaviour when absorbing
UV ray; thus, inert shell of silica should be
coated onto TiO2 core.

cold water, and finally, dried at ambient
temperature.

EXPERIMENTAL PART
PES fabric
Trials were conducted on an industriallybleached plane-weave 100% PES fabric with a
mass/unit area of 163 g/m2, warp density of 20
threads/cm and weft density of 17 threads/cm,
and fineness of 36.6 tex.

The UVA and UVB fabrics’ transmissions were
measured according to Australian/NewZealand
standard AS/NZS 4399:1996, using a solarscreen
50 spectrophotometer (Varian), and the level of
fabric’s UV protection is expressed by the
ultraviolet protection factor (UPF).

Plasma pre-treatment
PES was treated in oxygen plasma for 15, 30, 60
and 240 s. The plasma reactor was a cylindrical
Pyrex glass tube with diameter 27 cm, creating
plasma by an inductively coupled radio
frequency generator with a nominal maximum
power of 5 kW at frequency 27 MHz the power
used was about 800 W.
TiO2 application
Plasma modified samples were treated by TiO2SiO2 nanoparticles in order to enhance UV
protection
ability.
TiO2 dispersion
in
concentration of 9% was applied according to
exhaustion procedure using liquor ratio of 1:20
in a Turby (W. Mathis) apparatus with medium
bath circulation at temperature 130°C for 60 min.
Thereafter, samples were rinsed in warm and

Analytical methods
The SEM-image of plasma/nanoTiO2 treated
PES was taken on a scanning electron
microscope Zeiss Gemini Supra 35 VP (Zeiss).
Hydrophilic properties of PES were determined
by capillary rise method by the Tensiometer
Krüss K12 apparatus. Detailed description of
measuring procedure has been gathered in [2].

Briefly, the weight increase (m) during liquid
penetration due to capillary effect as a
function of time (t) was measured. The

contact angle was calculated from the initial
slope of the function m2 = f(t) according to the
modified Washburn equation [2].

RESULTS AND DISCUSSION
The scanning electron micrograph of PES
sample treated with plasma and 9% of TiO2-SiO2
colloidal dispersion is shown in Figure 1.

Figure 1. SEM image of plasma/TiO2-treated PES
SEM image revealed the presence of TiO2
nanoparticles on the surface of PES

Table I. Capillary rise method parameters of plasma
and plasma/TiO2-SiO2 treated samples
Sample

Mass2 (g2)

Untreated
Plasma treated
15 s
30 s
60 s
240 s
Plasma + TiO2
15 s + TiO2
30 s + TiO2
60 s + TiO2
240 s + TiO2
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

Time of
reaching
equalib. (s)
443

Mass of
liquid
uptake (g)
0.3273

Water
contact
angle (°)
112.2

10.4
10.2
9.1
6.4

0.3777
0.4039
0.4252
0.4349

63.9
45.6
38.7
35.3

40.5
38.3
33.1
32.0

0.3245
0.3273
0.3313
0.3291

68.4
64.3
52.5
49.1
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Figure 2. Square mass data at first 10 s of water rise
on plasma-treated PES at different exposure time

From Table I it could be noticed that plasma
treated samples reached a plateau (max. water
adsorption) after 6.4, 9.1, 10.2 and 10.4 s,
presenting faster water adsorption compared to
plasma/TiO2 modified samples that reached the
equilibrium after 32, 33.1, 38.3 and 40.5 s, and
rather faster than untreated sample (443 s).
Moreover, the amounts of liquid uptake in
equilibrium, which represent absorbency
capacities, are also higher on treated samples in
comparison to reference. On the other hand, the
calculated average values of water contact angle
significantly diminished for treated samples,
depending on plasma exposure time and TiO2
application. The lower the water contact angle,
the higher the hydrophilicity of the PES fabric.

80
70
60
50

UPF

Table I. depicts the results of hydrophilic
properties determination and Figure 3 calculated
UPF values of untreated, plasma treated and
plasma/TiO2 treated samples. Only selected
results of water rise versus time were graphically
presented on Figure 2.

40
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plasma +
TiO2

20
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Figure 3. UPF values of plasma and plasma/TiO2
treated PES at different exposure time

In contrast with the wettability results (Table I),
UPF values increased on samples treated with
combination of plasma and TiO2-SiO2
nanoparticles (Figure 3) in comparison with
plasma treated samples, defining excellent
protective properties against harmful UV
radiation.
CONCLUSIONS
In this research, the superhydrophilic/UV
protective PES fabric was successfully fabricated
by the combination of plasma gas and
application of TiO2 nanoparticles. Modified
samples were reached maximal water adsorption
at shorter times as well as better lower contact
angles compared to reference sample. Although,
the calculated UPFs of all the plasma/TiO2modified PES samples are lower than the value
55 (declared as UPF 50+), the gained results
confirm the fabric protection against harmful
solar UV radiation.
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ABSTRACT
Knitted denim fabrics are the type of knitted
fabrics which have woven denim view. This paper
investigates the pilling behavior of the knitted
denim fabrics which were produced by different
fleecy yarns. Since knitted denim fabrics are the
type of diagonal two-fleeced knitted fabrics, there
are two groups of yarns as face and fleecy. In this
type of fabric, fleecy yarns make floats so in the
inner side of the fabric the ratio of fleecy yarns is
more than that of face yarns. In this study, pilling
behavior during determined intervals of eighteen
different knitted denim fabrics were compared each
other. The aim of the study is to measure the pilling
of plain knitted fabric which is produced by indigodyed cotton fabric and then to compare the results
to the knitted denim fabrics whose face yarn is the
same as this plain knitted fabric and each other.
Key Words: knitted denim fabric, denim washing,
abrasion resistance, two-fleece knitted fabric
OBJECTIVE
The primary objective of this study is to determine
the effect of fleecy yarns on the pilling behavior of
the sample knitted denim fabrics.
INTRODUCTION
Denim garments have been so popular for years
according to many different people. Although the
reason of this preference for the user is different, it
is apparent that many people have a reason to
select denim garments, like strength, comfort, color
etc. Knitted denim fabrics are produced to utilize
the elasticity, softness and low cost of knitted
fabrics without losing the pattern and the color of
the woven denim fabrics [1].
In literature some researchers tried to produce
knitted denim fabrics with many different patterns
but the fabric pattern which resembled woven
denim fabric most was diagonal two -fleece fabric
[1,2]. Rope dyeing method is the most convenient
for dyeing face yarn to indigo color, because with
this method removing indigo dye from the surface
of the fabric by washing is best [2]. Except
dimensional stability and strength property, knitted

denim fabrics have similar properties to woven
denim fabrics [3].
Pilling is a phenomenon of the fiber movement or
the slipping out of the yarns, which is usually
happening on the fabric surface during abrasion
and wear. The development of pilling could be
divided into four stages: fuzz formation,
entanglement, growth and wear-off. The formation
of fuzz and pills suspended on the fabric surface
could affect the fabric aesthetics and its ultimate
acceptance by customers [4]. If a garment has a
pilled surface, nobody wants to use it although it is
new. Pilling increases by abrasion then therefore
by using and by laundering. Since knitted denim
fabrics are used to produce casual clothes, pilling is
a quite important property which affects the
preferability of them.
In general the pilling affinity of knitted fabrics is
high; however the knitted denim fabrics are the
type of two-fleece weft knitted fabric and the
pilling tendency of this type is lower than the
single jersey fabrics. Pilling property of the fabrics
is affected by the fiber properties, yarn count, yarn
hairiness, yarn strength, fabric construction,
tightness and treatments [5,6]. Since there were
two different yarns inside knitted denim fabrics,
the pilling behaviors of the fabric are affected by
the properties of both yarns. Although the ratio of
face yarn is more than that of fleecy yarn on the
surface, the hairiness tendency of fleecy yarn
affects the pilling behavior of the fabric.
EXPERIMENTAL
In this study eighteen double fleece plated fabrics
were produced. Used yarn type of the face (ground)
yarn of all fabrics was the same. This yarn was 100
% cotton, Ne 30/1, indigo rope dyed and ring spun.
Used yarn types of the fleecy (inlay) yarn which
was designed to be in touch with the human skin
were different from each other. The counts of the
yarns were varied either Ne 30/1 or Ne 20/1 to see
the effect of fleecy yarn’s count on the pilling
behavior of sample knitted denim fabrics. The raw
materials of the fleecy yarns varied as cotton,
modal, viscose, polyester, tencel, bamboo,
polyester-cotton blend (65-35), polyester-viscose

blend (65-35) and cotton-modal blend (65-35).
They were vortex spun and used as gray. In sample
knitted fabrics 40 denier elastomeric yarn was used
to ensure the elasticity of the fabrics. After knitting

process pre-fixation, cold washing and sanforizing
treatments were applied to the sample fabrics
respectively [1].

RESULTS AND DISCUSSION
The pilling level of sample knitted fabrics were
tested by Martindale tester by the cycles intervals
125, 500, 1000, 2000, 5000 and 7000 with three
specimen. The pilling of each sample was decided

in accordance with the photographic standard
pilling scales by three operators. While the pilling
results of sample knitted denim fabrics were given
in Table 1.

Table 1. Pilling levels of sample knitted denim fabrics with determined intervals

Fleecy yarns with the
count Ne 20/1

Fleecy yarns with the
count Ne 30/1

Sample Knitted Fabrics
Yarns
Bamboo
Tencel
Modal
Cotton
Polyester
Viscose
(65/35)Polyester/Cotton
(65/35) Modal/Cotton
(65/35)Polyester/Viscose
Bamboo
Tencel
Modal
Cotton
Polyester
Viscose
(65/35)Polyester/Cotton
(65/35) Modal/Cotton
(65/35)Polyester/Viscose

Cycles of pilling test
125
5
5
5
4-5
4-5
5
5
5
5
5
5
4-5
5
5
5
5
5
5

500
4-5
4-5
4-5
4-5
4-5
5
5
5
4-5
4
4-5
4-5
4-5
4-5
4
4-5
4-5
4-5

When the Table 1 was observed, it was seen that
with the increase pilling cycle, the pilling
resistance of all fabrics deteriorated. After 500
cycles the pilling resistances of the fabrics knitted
by Ne 30/1 yarns were better than those of the
fabrics knitted by Ne 20/1 yarns. After 2000 cycles
deterioration continues but the levels were close to
the levels seen after 7000 cycles. It was clear that
after 7000 cycles all the sample knitted fabrics
illustrate high pilling resistances.
CONCLUSION
When the pilling test results and fleecy yarn
properties were obtained together carefully, it was
concluded that the reason of the higher resistances
of the fabrics which formed by polyester and
blended fleecy yarns is the lower hairiness values
of these yarns. Due to this difference is not very
high, all the sample knitted fabrics were convenient
to use according to the pilling resistance values of
them.
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ABSTRACT
In this study, the influence of area of rigid
element integrated into the knitted orthopaedic
support on support generated compression was
investigated. The main goal of this paper was to
investigate influence of rigid element surface
area on knitted orthopedic support elasticity. It
was found that compression of the support
increases depending on the area of a rigid
element in a knitted support and the rate of
influence of rigid area on compression properties
increases by increasing the elongation value.
INTRODUCTION
Depending on the construction and field of
indication, medical supports exert a fixing,
guiding, supporting or compressing action on the
corresponding body part. Orthopedic supports
are available in different degrees of compression
and are classified corresponding to the
pathology. According to the German Standard
RAL–GZ–387/1:2008 light compression class is
1 (18÷21 mmHg) or 2 (23÷32 mmHg), strong
compression class is 3 (34÷46 mmHg) or 4 (>49
mmHg). Compression class depends on the
trauma character and intensity. Elastic supports
are available in many forms. One way is the
shaped knitting on flat or circular knitting
machines. The benefits of flat knitting lie in the
anatomical shapes, which guarantee perfect
fitting, supporting and compressing effect due to
the stretch construction. The integration of
viscous-elastic profiles or pads serves for
stabilization, support and massage effects [1,2].
Usually researches analyze compression of
stockings and do not analyze the influence of
non-textile parts used in the knitted orthopaedic
support. The main goal of this research was to
investigate influence of the rigid element surface
area on the knitted orthopaedic support
compression.

EXPERIMENTAL APPROACH
Materials
The experimental samples were knitted on the
flat double needle-bed knitting machine CMS
340TC-L (STOLL, Germany) in jacquard-laid-in
pattern with elastomeric weft threads (Fig.1).
Main characteristics of the used yarns are given
in Table I.
Table I. Characteristics of yarns.
Yarn type

Fibre

Linear
density of
yarn (tex)

Basic

polyamide 6.6 (PA)
polyurethane (PU)
covered with PA 6.6
PU covered
with PA and
viscose

7.6
31
4.4 x 2
22.7
11
14.3

Basic
Laid-in

Figure 1. Pattern of investigated knitted fabric

Methods
The tensile behavior of tested knitted fabrics has
been evaluated using universal testing machine
ZWICK/Z005. Knitted samples were tested with
10, 20, 30, 40, 50 % fixed extension. In the
middle of the knitted sample surface was sewn
square rigid element to investigate the influence
of rigid element area on knit elasticity. Samples
were tested in four groups: A0 without rigid
element; A1 - rigid element occupies 1.9% of
total support area; A2 - rigid element occupies
4.3% of total support area; A3 - rigid element
occupies 7.6% of total support area.

Compression generated by the support was
determined according to Laplace formula:

P=

2 ⋅π ⋅ F
,
S

(1)

where P is a pressure in Pa, F is the force in the
knitted support in N, S is the area in m2.

Tensile force F, N

RESULTS AND DISCUSSION
The results presented in Fig.2 demonstrate that
regardless of selected elongation value, lowest
tensile force is obtained by stretching of A0
samples (without the rigid element), and the max
tensile force is obtained by stretching of sample
A3 (with the largest relative area of rigid
element). The rigid part linear changes tensile
force of total knitted sample, i.e. reduces
elasticity of the total product. Influence of the
rigid area in the knitted support on its tensile
properties increases by increasing of elongation
value.
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Figure 2. Dependence of tensile force value on
elongation (in course direction) ( - A0, - A1; A2; - A3)

Influence of the rigid element area and
elongation of knitted support on pressure value is
presented in Table II. The results demonstrate
that generated pressure depends on rigid element
area when elongation of knitted support has a
fixed value. For higher difference between
circumferences of limb and knitted support the
value of rigid element area has higher influence
on support generated pressure.

Table II. Dependence of support pressure (in hPa) on
area of rigid element and fixed value of extension
Relative
area of
rigid
element
0%

10 %

20 %

30 %

40 %

50 %

27.62

39.42

49.03

57.67

65.72

1.9 %

29.02

41.66

52.21

61.8

71.54

4.3 %

29.23

42.21

52.63

62.27

71.86

7.6 %

30.47

43.78

54.38

64.94

74.75

Elongation

When area of the rigid element is small (eg.
element of fasteners) or support will be used
with low deformation, there is not necessary to
assess the influence of rigid area on the
compression of knitted support. However, when
the area of rigid element is high (eg. fixers of
knees or elbows) or the support will be used with
high deformation, the presented influences must
be taken in to account at the time of designing of
support properties.
CONCLUSIONS
Influence of the knitted support elongation on its
tensile depends on the area of rigid element in
the support. The rigid element increases the
pressure of the support. Rate of the influence of
rigid area on compression properties increases by
increasing the elongation value. When the area
of rigid element is high or the support will be
used with high deformation, the influences of
rigid element area must be evaluated at the time
of designing of support properties.
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OBJECTIVE
CMC is a hydrophylic polymer with huge potential in
medical applications. An increasingly common
application is the use of silver nanoparticles for
antimicrobial coatings, wound dressings, and biomedical
devices. This study presents a preparation of special
structures containing nanoparitcles of silver in a
polymeric matrix, which is able to absorb an extreme
quantity of water. During the reaction of silver ions with
CMC, a slightly soluble silver salt of CMC is formed;
that is why it is necessary to add AgNO3 slowly with
vigorous stirring. The reducing agent in this case is the
COOH group in CMC. Alternatively, UV radiation can
be used to prepare metallic silver. The resulting
nanoparticles of silver are mechanically fixed the in mass
of CMC. CMC is then stabilised by heating, which leads
to crosslinking between CMC and the partial loss of
carboxylic groups. The prepared structure will then used
for special medical applications. The antibacterial
properties of the prepared samples were tested by a
standard test of antibacterial activity on Staphylococus
aureus and Escherichia Coli.
KEYWORDS
Carboxymethylcellulose, silver, nanoparticles, swelling
INTRODUCTION
Carboxymethyl cellulose (CMC) is a notable polymer
produced by a reaction of cellulose with chloroacetic
acid. CMC is a cellulose derivative, which is sensitive to
pH and ionic strength of the solution and also it can
easily swells. [1][2] It is used primarily because it has
high viscosity, is non-toxic, non-allergenic and has low
price compared to other polysaccharides, CMC is used in
many different ways. [3] Due to the range of applications
in which silver is important, better control of its
properties would have profound economic implications.
It is now well-established that, by shrinking the size of a
solid particle to the nanometer scale, one can alter its
chemical, electrical, mechanical and optical properties.
[4] Several methods have been used and described in the
past to prepare silver nanoparticles, including chemical
reduction of silver ions in aqueous solutions [5–7],
thermal decomposition in organic solvents, chemical and
photoreduction in reverse micelles [8], and radiation
chemical reduction [9].
EXPERIMENTAL
CMC The sodium salt of CMC was used in the powder
form (CMC-Na+-molecular weight 250 000, degree of
substitution 0.7). The salt was dissolved in water to
achieve a concentration of 20g.L-1. The solution was
stirred by the laboratory overhead stirrer RZR 2051
control 1 gear stage stirrer for about 15 minutes and left
for a day so that the solution was homogenised and CMC

was completely dissolved. CMC is soluble in water, and
therefore it was neccessary to stabilize it. Due to the
assumption of its use in medicine, it was judged better to
avoid the use of chemical crosslinking. Thermal fixation
was used instead. It is based on the crosslinking of ester
groups in CMC and removal of the carboxymethyl
groups from CMC. Crystals of AgNO3 were dissolved in
water to achieve a concentration of 2g.L-1. The same
amount of both of the above mentioned solutions were
mixed together to achieve a concentration of 10 g.L-1of
CMC and 1 g.L-1 of silver nitrate in the final solution.
The final solution was stirred again for about 30 minutes.
Nonwoven fabrics: PES thin – area density 32 g.m-2,
thickness 1 mm; PES thick – area density 94 g.m-2,
thickness 4 mm. The solution of CMC with silver nitrate
was applied to textile materials by the padding technique.
All samples were then placed into a heated box where
they were dried at 105°C and then fixed at 180°C or at
200°C for 5-30 minutes.
RESULTS AND DISCUSSION
At a higher temperature of fixation the CMC layer with
Ag is created, which is, the CMC layer on thin fabric is
almost negligible and on thick fabric is not very uniform.
It appears that higher temperature leads to the
accumulation of CMC on the fabric surface (see figures 1
– 4).

Fig. 1: PES thin samples of nonwoven fabric (left)
untreated (right) treated and dried at 105°C for 15 minutes

Fig. 2: PES thin samples of nonwoven fabric treated, dried
and fixed (left) at 180°C for 15 minutes (right) at 200°C for
15 minutes

Fig. 3: PES thick samples of nonwoven fabric (left)
untreated (right) treated and dried at 105°C for 25 minutes

Fig. 4: PES thick samples of nonwoven fabric treated, dried
and fixed (left) at 180°C for 15 minutes (right) at 200°C for
Fig. 7: Permeability of samples treated with a solution of
15 minutes
CMC and silver nitrate
The EDS analysis shows that silver nanoparticles are
dispersed in the CMC in the form of very small particles
A qualitative evaluation revealed the occurrence of halo
or ions in the cellulose matrix. There is a correlation
zones. Quantitative evaluation revealed a super
between temperature and a visible darkening of tested
antibacterial effect for all samples tested. It can be
samples. The final product contains low soluble silver in
concluded that all prepared samples have an excellent
the form of nanoparticles and low soluble silver salt of
effect for both tested bacterial strains (see figure 8).
CMC. The amount of silver contained in the samples is
shown in figure 5.

Fig. 5: The EDS spectrum of sample of nonwoven fabric
(left) PES thin (right) PES thick, treated, dried and fixed at
200°C for 15 minutes
TEM analysis demonstrated that the samples actually
contain silver nanoparticles. By measuring one hundred
particles, the average particle size was determined to be
4.55 nm. The particles are non-aggregated and have a
spherical shape, which can be seen in figure 6.

Fig. 8: Samples of PES thin fabric dried at 105°C tested
by AATCC Test Method 147 (left) E.C. (right) S.A.
CONCLUSIONS
In this paper was presented a new method of thermal
fixation for CMC; it also proposed and proved a method
of preparation of nanoparticles in the gel structure. The
resulting material has a high permeability in the dry state,
a high capacity to absorb and retain water, and has an
extremely high antibacterial effect. The abovementioned
properties make this final product appropriate for use in
technical and biological applications.
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ABSTRACT
The wicking behavior has been used as an
important and effective index for investigating
the heat and moisture comfort, therefore, the
wicking behavior of cotton fabric in warp and
weft direction was studied.
INTRODUCTION
It’s been generally accepted that moisture
transport in textiles is one of the critical
factors affecting physiological comfort.
According to the Lucas-Washburn equation[1,
2], which was used to describe the capillary
behaviors in cylindrical tubes. And the
capillary penetration rate depends on the
properties of the liquid such as surface tension,
viscosity, density, and geometry of the
capillary spaces. This equation has been
widely applied to evaluate the wicking
behavior in porous materials, yarns and
fabrics[3]. And some theoretical work for
analyzing the wicking properties in textiles
were focusing on four forces which are
capillary force, gravity, viscous drag, and
inertia [3, 4]. But the wicking of liquid into
fabrics is more complicated than that due to
the nature and structure of fabrics, the
difficulty of determining the effective radius
of the capillary tube, and the effective contact
angle[3]. Thus, in order to investigate more
detail information about wicking behavior in
fabrics, the wicking property of cotton fabric
was studied in terms of wicking height,
wicking rate, wicking weight, and the durative
wicking height after fabrics leaving from
water.
EXPERIMENTAL
Cotton fabric whose specification is given in
table 1 was put into a thermotank for 24h at
80°C, after then the temperature of thermotank
was set to 20°C. After cooling, the dry relaxed
cotton fabric was used for testing. The sample
is vertically and partially immersed into a
liquid reservoir, the wicking height and the

weight of fabrics before and after wicking
were recorded both in warp and weft direction.
The sample size was 3cm×10cm, the
temperature of water was 15°C, and the
immersion depth of fabric into water was
0.5cm, and then recorded the experimental
data by two methods as follows:
(1) Recorded the wicking height, weight of
fabric and time at each 1cm interval.
(2) Took the fabrics out of water when the
wicking height came to 0.5cm, 1cm, 2cm
and 3cm, respectively, and then recorded the
final durative wicking height.
Each group of samples were tested ten times,
the average value was evaluated.
Table I: The specification of cotton fabric

Yarn
diameter
(mm)
0.103±0.007

Areal
density
(gsm)
108±1

Tightness
Warp
Weft
(/10cm)
(/10cm)
255±5
551±8

Thickness
(mm)
0.32±0.01

RESULTS AND DISCUSSIONS
The relationship between wicking height
and wicking time
The experimental results from this work
demonstrated that the wicking height square
had a positive and high correlation with time
both in warp direction and in weft direction.
That means the Lucas-Washburn equation is
suitable for evaluating the wicking property of
fabrics due to the compact structure of weave
fabric and the swelling property of cotton
fiber.

Figure 1: The wicking height square vs. time in
warp and weft directions

The rate of wicking in different directions
The rate of wicking was obtained by using
equation 𝑣𝑤 = 𝑠/𝑡 , where vw represents the
speed of water moving in fabrics, s is the
height of water moving, and t is time. The
wicking rates of cotton fabric in warp and weft
directions are shown in figure 2. The wicking
rates at each 1cm interval declined as the
increase of height. It means that the water
moved faster in the part which was closer to
the reservoir. Besides, the wicking rate in weft
direction is higher than in warp direction,
especially at the beginning.

Weight increment vs. time
Even the rate of wicking in weft direction was
a little faster than in warp direction, but the
weight increment corresponding to time was
almost the same in the first 2 minutes. That
means the water absorbing capacity of cotton
fabric in warp and weft direction did not have
a significant difference.

Figure 4: Weight increment vs. time in warp and
weft directions

Figure 2: The rate of wicking vs. height in warp
and weft directions

The weight increment vs. wicking height
Obviously, the weight increment increased as
the increase of wicking height both in weft
and warp directions. And the weight increment
at each 1cm interval decreased as the increase
of wicking height, which means the weight
increment gradient at each 1cm interval
became smaller. Meanwhile, the weight
increments in weft direction and in warp
direction had a small difference and alternate
domination (figure 3).

Figure 3: Weight increment vs. wicking height in
warp and weft directions

CONCLUSIONS
(1) the Lucas-Washburn equation is suitable
for evaluating the wicking behavior of weave
cotton fabrics, and the wicking height square
had a positive and high correlation with time
both in warp direction and in weft direction;
(2) the wicking rate in weft direction is higher
than in warp direction, especially at the
beginning of wicking process; (3) the weight
increment of fabric was proportional to the
wicking height; (4) the amount of absorbed
water in fabrics didn’t have a significant
difference in weft and warp direction. (5) the
concentration difference of water in fabric
could be one more parameter which can
influence the wicking property of textiles.
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ABSTRACT
Poly(vinylidene fluoride) (PVDF) nanofiberbased membranes with high porosity, large
electrolyte solution uptake, and adequate
mechanical properties for using as lithium-ion
battery
separators
was
prepared
by
electrospinning. The physical properties and
dimensional stability of the electrospun PVDF
membranes can be improved by thermal
treatment. Results showed after the thermal
treatment, there has appeared ever-increasing
tensile strength and elongation of the PVDF
membranes. And the crystal structures of PVDF
fibers were greatly improved.
INTRODUCTION
Poly(vinylidene fluoride) (PVDF) and its
copolymer have been widely studied for
applications in rechargeable batteries[1]. It has
been reported that increasing the pore size in the
PVDF matrix can help to enhance the ionic
conductivity and thus improve cell rate
capability. Polymer electrolytes have been
obtained both by the standard casting procedure,
and by the absorption/extraction method. In this
paper, a PVDF nanofibrous membrane was
prepared by electrospinning. The membrane
was thermally treated to improve the physical
and mechanical property. The effect of
temperature on diameter and crystalline of
electrospun PVDF fibers was researched.

Methods
A control amount of PVDF powder was
dissolved in the mixture with the weight ratio
3:20 (PVDF: mixture). The mixture was
magnetically stirred at 60℃ for 2 hours in an
electromagnetism stirrer, stirring speed from
950 to 1200 rounds/min. The mixture was
dropped into in a 10-ml syringe which was
mounted in a syringe pump. The tip-tocollection distance was 15cm. The flow rate was
1ml/h and the applied voltage was 15KV. All
electrospinning processes were carried out at the
room temperature (25ºC) and 55% relative
humidity in a vertical spinning configuration.
The electrospun nanofibrous membrane was
thermally treated at 160 ºC for 2h.
RESULTS AND DISCUSSION
Figure 1 showed SEM pictures of the
electrospun PVDF membranes before and after
thermal treatment. The results illustrated the
electrospun PVDF membranes after thermal
treatment have more even distribution of
nanofiber than the untreated PVDF membranes.
And Fig.2 illustrated the crystal peaks of PVDF
nanofibrous membranes obtained by thermal
treatment were sharpened which proved that the
degree of crystallinity of the PVDF was
obviously increased by thermal treatment.

EXPERIMENTAL APPROACH
Materials
PVDF with a molecular weight of 107,000g/mol
was supplied by Dongguan kumho plastic
Material co., LTD. N,N_-dimethylformamide
(DMF) and acetone were obtained from
commercial source. And the mixture of N,N_dimethylformamide and acetone with the weight
ratio 8:2 was used as solvent.
(a) before thermal treatment

Table I: Tensile properties of PVDF nanofibrous
membranes
Temperature(
25
160

(b) after thermal treatment
Figure 1: SEM images of PVDF fiber
membranes
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Figure 2: XRD patterns of PVDF membranes
prepared before and after heat treatment.

Table I showed the tensile strength and
elongation-at-break values of PVDF membranes
before and after thermal treatment. It was seen
that thermal treatment increased the tensile
strength and elongation-at-break. That means
the tensile properties of PVDF nanofibers were
improved by thermal treatment.

℃

Tensile
strength(MPa)
3.49
8.92

Elongation(%)
15.4
27.5

CONCLUSIONS
In order to improve the mechanical properties,
the PVDF membranes were thermally treated at
160°C for 2h. The tensile strength and
elongation-at-break of the thermally treated
PVDF membranes were higher than those of the
untreated membranes. The improved physical
properties were explained with the enhanced
crystallinity [2]. These results showed that the
thermally treated PVDF membranes are
promising separator candidate for lithium-ion
batteries.
ACKNOWLEDGMENTS
The work is supported financially by PAPD (A
Project Funded by the Priority Academic
Program Development of Jiangsu Higher
Education Institutions), Jiangsu Provincial
Natural Science Foundation of China (Grant No.
BK20131175), and Natural Science Foundation
of the Jiangsu Higher Education Institutions of
China (Grant No. 12KJB130002).
REFERENCES
[1] S.S. Sekhon, H.P. Singh. Ionic conductivity
of PVdF-based polymer gel electrolytes. Solid
State Ionics, 152 (2002), pp. 169-174.
[2] S.S. Choi, S.G. Lee, C.W. Joo, S.S. Im, S.H.
Kim. Formation of interﬁber bonding in
electrospun poly(etherimide) nanoﬁber web.
Journal of Materials Science, 39, (2004), pp.
1511-1513.

Constant Online Apparatus to Investigate Filtration
Yan Wang, Jakub Wiener, Guocheng Zhu, Juan Huang
Technical University of Liberec, Faculty of Textile Engineering, Department of Textile Materials,
Liberec, Czech Republic
yan.wang@tul.cz
KEYWORDS: Filtration; Constant; On-line; Apparatus; Membrane
ABSTRACT
An apparatus for achieving continual dead-end
filtration process was prepared and introduced in
order to investigate the filtration properties of
membrane more flexibly and efficiently. This
apparatus mainly included a system connected
UV-VIS variable wavelength detector, a single
piston pump with flow rate 0.01-9.99ml/min
under the standard configuration, and a high
pressure filter which used for supporting and
fixing filter membrane between pipes without air
leaking. Containers were used for influent and
effluent. All the parts of this testing apparatus
were connected with pipes to make a circuit.
INTRODUCTION
Membrane filtration often offers many
advantages over other separation techniques,
such as relatively low energy use, a small
footprint, and low capital investment.[1] The
filter medium is “any material that, under the
operating conditions of the filter, is permeable to
one or more components of a mixture, solution
or suspension, and is impermeable to the
remaining components”[2]. Textiles, woven or
non-woven, are probably the most common
industrial filter medium.
Many methods are available to measure the
adsorption property of filter medias, and some
basic factors need to be taken into consideration
for testing device, (1) Pressure drop versus flow
rate relationships of the filter containing the
medium; (2) Retention efficiency, absolute filter
rating and dirt holding capacity; (3) Chemical
compatibility of the filter materials with the
process flow, including the amount and
composition of extractable components from the
filter. And some important test methods were
widely used in many areas, such as
pharmaceutical filters, filters for hydraulic flow
power, and porometry [3,4].
In this work, an online detected filtration process
which improved the testing efficiency and

extended the testing range was proposed and
introduced for dyes adsorption.
EXPERIMENTAL APPARATUS AND THE
METHOD OF INVESTIGATION
A continual apparatus was proposed in order to
improve the former testing apparatus. This
apparatus mainly included an online UV-VIS
variable wavelength detector in the range of 190
-600nm and a noise level ±0.5×10-5AU, a single
piston pump whose flow rate can be adjusted
from 0.01 to 9.99ml/min under the standard
configuration, and a high pressure filter holder
was used to support filter membrane. Two
containers were used for containing original
solution and treated solution which went through
filter membrane. And all the parts of this testing
apparatus were connected with pipes to make a
circuit (as shown in figure 1).

a

b

Figure 1: Assembled apparatus for continual
filtration study: a) Structure of the apparatus: 1beaker with wastewater, 2-single piston pump, 3membrane, 4-membrane cell, 5- UV-VIS variable
wavelength detector; b) Picture of the assembled
apparatus.

The pump provided the applied force/pressure/
flow flux on filter media, and the applied force/
pressure/flow flux can be adjusted according to

30
25

Voltage (mV)

the flow rate of pump. Meanwhile, the fatigue
property of filter media in long time duration can
be observed due to the continual testing circuit,
and the performance of filter media can be
observed in a long period. Besides, the
performance of filter media can be studied in a
fluctuating flow rate/pressure by adjusting the
pump power.
The following equation was used in the
calculation of the new concentration of the liquor
after filtration. Equation 1 was used to calculate
the concentration after filtration:

At
A0

(1)

Where CL is concentration of the filtrate; CL0 is
the original concentration of before filtration; At
is absorbance of the filtrate; A0 is original
absorbance of the dye solution before filtration.
For the change in mass, the following equation
can be applied:
∆m = m0 − mL
(2)
Where Δm is change in mass (mg); m0 is original
mass before filtration; mL is mass after filtration
which equals to CL* V.
The accumulated mass (AM) is the sum of the
mass of dye accumulated in the membrane
throughout the filtration as showed in equation 3.
n

1, 2,3, , n
AM n =
∑ ∆mn , n =

(3)

1

CHOSEN EXAMPLE OF THE RESULTS
AND ANALYSIS
The results of mass adsorption of Polyamide 6
nanofibrous membrane in our former study from
this apparatus are shown in figure 2. For the
online detected testing apparatus, it is easy to get
concentration and observe its changes, which is
helpful for investigating the dynamic sorption
properties. The flow rate was 3.00ml/min while
the setting wavelength was 598nm.
CONCLUSIONS
Some conclusions can be got based on this work.
The continual apparatus for filtration can meet
the testing standard, and can provide online
information, fatigue property and usage lifetime
of fibrous membrane. Moreover, this apparatus
improved the efficiency of testing.
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Figure 2: Testing result of Polyamide 6 nanofibrous
membrane for filtrating dyestuff Acid Blue 41: a)
Direct results from system of UV-VIS variable
wavelength detector; b) Curve of accumulated mass
of dye adsorbed by unit mass of membrane.
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OBJECTIVE
Compared with synthetic dyes, natural dyes
composition is mostly known to be more ecofriendly, biodegradable, low toxic, and noncarcinogenic. In order to explore the possibility
of natural turmeric yellow dyes dyeing on silk,
the dyeing properties of turmeric yellow on silk
were investigated.

adjusted with the buffer solution composed of
acetic acid and sodium acetate, and liquor ratio
was 50:1. Then silk fiber was immersed in the
dye-bath and put into the infrared dyeing test
machine. Dyeing was started at the room
temperature and the temperature was raised by
1.5℃/min to 95℃ and hold for 60min. Then the
dyed fibers were removed, washed and dried.
The absorbance of the residual liquid was tested
by a TU-1810 ultraviolet spectrophotometer, the
dye uptake of turmeric yellow on silk fiber
could be calculated by Eq.1:

INTRODUCTION
People have been using natural dyes for
thousand years, but the natural dyes are
gradually expelled from the market because the
synthetic dyes give variety colors and great
fastness. However, recent studies show that
some synthetic dyes are allergic or even
carcinogenic to human beings, let alone the
severe environmental problems caused by the
dyeing process. Recently, there has been revival
of the growing interest on the application of
natural dyes on textiles due to worldwide
environmental consciousness [1].

where A0 is the absorbance of the initial dye
solution, A1 is the absorbance of the residual dye
solution.

Turmeric yellow is a kind of natural pigments
extracted from turmeric rhizome. It’s one of the
most famous and brightest natural dyes, and
well known for its anti-carcinogenic, antiinflammatory, anti-cancer properties in medical
area [2]. Turmeric yellow appears bright yellow
in acid and reddish brown in alkali solution.
Turmeric yellow pigment is a mixture of
curcumin,
demethoxycurcumin
and
bisdemethoxycurcumin. Figure 1 shows the
general structure.

Colour measurement
Colorimetric data (L*, a*, b*, h*) and relative
color strength (K/S λmax value) of the dyed
fabrics with natural dyes were measured by a
UltaScan Pro Computer Color Matching System
(Hunter Lab. Ltd. USA), using illuminant D65
and 10° standard observer. An average result of
three measurements was recorded.

R1
HO

O
CH=CH

C

R2

O
CH2

C

CH=CH

OH

Figure 1: Structure of turmeric yellow
R1=R2=OCH3, Curcumin;
R1=H, R2=OCH3, Demethoxycurcumin;
R1=R2=H, Bisdemethoxycurcumin

EXPERIMENTAL APPROACH
Dyeing Methods
The dye-bath containing 2.5%(o.w.f.) turmeric
yellow was prepared, while the pH value was

E = (1 −

A1
) × 100%
A0

(1)

With other conditions unchanged, the singlefactor in turmeric yellow dyeing silk fiber was
tested, such as the pH of dye-bath, the
temperature and the turmeric yellow
concentration.

RESULTS AND DISCUSSION
Effect of dye-bath pH value
Figure 2 and Table1 show that the pH values of
the dye bath have considerable effect on the
dyeability of silk fabrics with turmeric yellow
dye under specified conditions. It was observed
that the maximum absorption wavelengths of
turmeric yellow dye dyed silk were about 430
nm，the maximum K/S value (3.63) of the dyed
fabric were attained at pH 3.6. When pH value
was 3, the K/S value was lower than pH 3.6,
which was due to the lower solubility of

turmeric yellow dye. When the pH was higher
than 3.6, with the increase of pH, the K/S value
of silk dyed decreased gradually. The effect of
dye bath pH on K/S value can be attributed to
the influence of dyebath pH on dye structure
and silk fibers.

2% to 12%(o.w.f.), meanwhile, the dye uptake
decreased slightly. The result showed that the
dye uptake of turmeric yellow on silk was quite
big and the building-up of turmeric yellow on
silk was good.

As is shown in Table 1, the h* value of dyed
fabric has no significant change with varying of
dyebath pH value, apart from pH = 9.0. When
pH = 9.0, the h*(hue) decreased and a* changed
to positive value, it is indicated that the dyed
silk fabric showed red-yellow shade.
Figure 3: Influences of dyeing temperature on K/S
value of dyed silk, pH=3.6, 60min

Figure 2: The K/S value curves of dyed silk at
difference pH value ( 70 ℃ , 60min. ◆ , pH= 3.0;
□,pH=3.6; △,pH=4.5; ○,pH=7.0; ◇, pH=9.0)
Table 1: Colorimetric data at difference pH
pH
L*
a*
b*
h*
3.0
88.75
-7.88
68.04
96.61
3.6
84.81
-5.36
60.65
95.05
4.5
85.31
-5.69
62.37
95.21
7.0
84.71
-4.13
45.12
95.23
9.0
82.47
1.80
17.57
84.16

Effect of dyeing temperature
The effect of temperature on the dyeability of
silk with the turmeric yellow was conducted at
different temperatures (55℃、65℃、75℃、85
℃ and 95℃), stated by the K/S value of dyed
silk. As shown in Figure 3.
The K/S values of dyed silk increased
significantly as the dyeing temperature
increased from 55℃ to 95℃. Generally, the
increase in dye-uptake can be explained by both
the increasing solubility of natural dyes and the
swelling of silk fibers with the increasing
temperature. The results showed that 85℃ to 95
℃ was suitable for Turmeric Yellow dye.
Effect of dye concentration
As can be seen from Figure 4, the K/S value of
the dyed silk increased significantly when the
concentration of turmeric yellow ranged from

Figure 4: The influence of dye concentration on K/S
value of dyed silk ( pH=3.6, 85℃, 60min)

CONCLUSIONS
The appropriate dyeing process of turmeric
yellow on silk was started at the room
temperature, raised to 95℃, and continued for
60min under pH 3.6. The dye uptake of turmeric
yellow on silk was quite big and the building-up
of turmeric yellow on silk was good.
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OBJECTIVE
Forcespinning of different poly-ε-caprolactone
solutions on different types of machines for
forcespinning.
INTRODUCTION
Forcespinning technology can be used for
production of fibres from polymer solutions or
melts. Polycaprolactone is biocompatible and
biodegradible material for use in tissue
engeneering. Centrifugal spinning offers more
bulky nanofibrous materials with high porosity.
This is very important mainly for cells
proliferation and adhesion through all scaffold
volume.

spinning was carried out on various types of
machines. At Technical University of Liberec,
there was used a self-made machine for needleless centrifugal spinning, shown in Figure 1. In
Pardam Ltd., fibres were produced on Fiberlab
and Cyclone Fiber Engine 1.1 (FibeRio, USA).
Images of produced fibres were taken on the
SEM (Phenom) and fibers diameters were
measured by using software for image analysis
(Lucia G; LIM Ltd. CR). Basic statistics were
used for evaluation of results.

EXPERIMENTAL APPROACH
Materials
Poly-ε-caprolactone (Sigma Aldrich) with diffe rent molecular weights (Mn = 14,000; 42,500;
45,000; 80,000; Mw = 70,000 - 90,000) were
used. Poly-ε-caprolactone can be dissolved in
various types of solvents. For the experiment
different solvents were used:
Chloroform (Penta): ethanol (9:1); acetone
(Penta); acetone: ethanol (8:2), (7:3);
tetrahydrofuran (Lachner): ethanol (9:1);
dichlormethance (Lachner).

Figure 1: Scheme of Laboratory needle-less device
for centrifugal spinning at Technical University of
Liberec.

Several experiments with different polymer
soulutions were performed and was found that
the most suitable polymer solution for
centrifugal spinning was 12 wt.% poly-εcaprolactone in chloroform:ethanol (9:1) with
molecular weight of poly-ε-caprolactone Mn =
80,000. In the following text, further
experiments with 12wt.% poly-ε-caprolactone
solution will be described.

RESULTS AND DISCUSSION
In the experiment, 12% of weight poly-εcaprolactone solution in chloroform:ethanol (9:1)
was spun at the rounds 6000 rpm on different
types of machines for centrifugal spinning
(needle-less laboratory machine at Technical
University of Liberec; Fiberlab L1000, Cyclone
Fiber Engine 1.1 in Pardam Ltd.). Fiber
diameters are shown in the Figure 2. The highest
mean value of fiber diameters was found in
forcespun fibers on needle-less device for
centrifugal spinning, the mean value was 842,31
nm.

Methods

Forcespinning technology was used for
production of fibres from different polymer
solutions

of

polycaprolactone.

Centrifugal

Furthermore, it was found that the addition of
one part by weight of formic acid or acetic acid
to solvents chloroform and ethanol, leads to
reduction of fiber diameters as it is shown in the
Figure 3. SEM images of fibres are shown in the
Figures 4 and 5.

Cyclone FE 1.1. On the right, fibers from needle-less
device for centrifugal spinning. Forcespinning was
carried out at the same rounds (6000 rpm) in both
cases. Scale bar represents 60µm.
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Figure 2: A mean value of fibers [nm] with their
standard deviations from centifigugal spinning of
12% PCL on different types of machines.
Device 1: Needle-less laboratory device,
Device 2: Fiberlab,
Device 3: Cyclone Fiber Engine 1.1.
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Figure 3: A mean value of fibers [nm] with its
standard deviation from centrifugal spinning of
12wt.% PCL in different solvents on needle-less
machine for centrifugal spinning:
Sample 1: chloroform:ethanol (9:1),
Sample 2: chloroform:ethanol:formic acid (8:1:1),
Sample 3: chloroform:ethanol:acetic acid (8:1:1).

Figure 4: SEM images of 12% PCL fibers didsolved
in chloroform:ethanol (9:1). On the left, fibers from

Figure 5: SEM images of 12wt.% PCL fibers
dissolved in chloroform:ethanol:acid (8:1:1). On the
left, formic acid. On the right, acetic acid. Using of
acid reduces fiber diameters and increases effect of
beading formation. Scale bar represents 60µm.

CONCLUSIONS
Poly-ε-caprolactone dissolved in chloroform:
ethanol (9:1) appeared the best solvents for
centrifugal spinning. We were able to produce
fibres in dimensions below one micrometer. We
compared three different types of devices for
centrifugal spinning: needle-less laboratory
device (Technical University of Liberec; CR) to
Fiberlab; and Cyclone Fiber Engine 1.1 (Fiberio,
USA). We found that diameters of fibers from
each device are similar but the presence of
defects in the form of polymer droplets is greater
on needle-less device. Also we found that when
we add one part of acid by weight, we reduced
diameters of fibers and their standard deviations
weren´t so great.
FUTURE WORK
Forcespun nanofibres will be used for cell
growing. A proliferation and adhesion of cells in
forcespun fibres in scaffold will be observed.
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OBJECTIVE
Introduction to combination of 3D printing and
electrospinning technology with more open nanofibrous
structure based on special patterning. Focusing on knee
cartilage tissue engineering.
INTRODUCTION
Tissue engineering represents currently one of the most
perspective directions of regenerative medicine.
Nowadays, there is an evidence of a novel development
explosion of new biodegradable and biocompatible
polymer materials for construction of scaffolds and
tissue carriers. Basic principles of intercellular
molecular communication were searched and found.
These principles are necessary for creation of tissue
with natural morphologies. Also new materials, which
facilitate a manipulation with proliferated cellular
tissue, are being searched. In advanced countries a huge
research capacity is inputted into regenerative medicine
area today. Very important breakthrough in tissue
engineering was a beginning of scaffold usage. Cells
are placed on the scaffold and start to intergrowth
through it. Scaffolds are therefore porous twodimensional and three-dimensional systems, which
allow growth of tissues. If a biodegradable scaffold is
used, it will be dissolved in a mass of cells and only
anew accrued tissue rests. Principles of tissue
engineering require biocompatible scaffold materials,
which allow to cells to proliferate and adhere on their
surface. Very important is also cell liberty to
differentiate and migrate in these materials.
Scaffold idea is following: a very good
biocompatibility, a sufficient-required speech of
biodegradation, a full-biodegradation and a following
removal from organism by metabolism [1, 2], a treedimensional structure with open and communicating
pores, absolutely controllable physical and chemical
surface properties [3], a facilitation of nutrients and
waste matters moving between cells, corresponding
mechanical properties in vivo [4, 5] and an easy
sterilization [6].
Medication of knee cartilage damages using scaffolds is
not an absolute innovation today; a number of scientific
studies refer to this subject. Most of these works fetch
up with testing “in vitro” and do not continue with tests
“in vivo”, which are important for implementation of
clinical tests. Natural and synthetic biomaterials are
used for scaffold production. Different types of 3-D

porous scaffolds which are fundamental for cartilage
implants and helping the cartilage to reach a spatial
structure, are increasingly investigating. The most part
of studies use natural biomaterials based on a
hyaluronic acid fibrogen and collagen. These materials
occur in cartilage by nature. Synthetic biodegradable
polymers such as poly(glycolic acid) (PGA), poly(lactic
acid) (PLA) and their copolymers (PLGA) are used
more frequently than ever [7]. According to the
structure of scaffolds can be divided into fibrous and
non-fibrous. Nanofibrous scaffolds have also a steady
place in research of scaffolds for knee cartilage
implants. Although it is not easy to create a naturally
open porous structure with controllable porosity,
combination of electrospun nanofibrous materials and
3D printing are gaining on popularity. The combination
offers inside of such scaffolds small fiber diameters for
good cell adhesion and controllable porosity and
mechanical properties. Simple combination of
electrospun nanofibrous materials and 3D printing have
already presented several publications [8, 9]. The
presenting contribution introduces combination of 3D
printing and patterned electrospun nanofibrous layers.
The improvement of cell proliferation is supposed here.
MATERIALS AND METHODS
Poly-ε-caprolactone (PCL) having an average
molecular weight of 42,500 [Mn], by Sigma Aldrich
Inc. desolved in chloroform/ethanol mixture (9:1 by
weight) is mixed for 24 hours at a magnetic stirrer. The
polymer concentration in the solution was 15 wt%.
The method of patterned nanofibrous layer was
produced by usage of NanospiderTM and special
patterned wire collector as we already described in [10].
The hexagonal laid structure produced by 3D printing
was realized by Object500 Connex. The machine can
combine more than 100 types of polymer materials and
up to 14 different materials in a single job. The polymer
used for PolyJet was bio-compatible photopolymer
(MED 610) which is a rigid medical material. It
features high dimensional stability and colorless
transparency. Bio-compatible material has five medical
approvals including cytotoxicity, genotoxicity, delayed
type hypersensitivity, irritation and USP plastic class
VI.
RESULTS AND DISCUSSION
The materials were prepared for in-vitro and in-vivo
testing. There we produced circular samples with

diameter of 1cm and thickness about 5mm. The optimal
surface area of nanofibers and bonding method of 3D
printing structures and nanofibrous layers up to 5mm
thickness was found. The regular combination of 3D
printed layers and patterned nanofibrous layer was used
for all samples.

proliferation into bigger depth, which is a general
problem in knee cartilage tissue engineering. The
contribution shows possibility of combination of only
simple electrospun nanofibrous layer and combination
of 3D printing and patterned electrospun nanofibrous
layer. According our first results the structural and
mechanical properties of such scaffolds are sufficient
for subsequent in-vitro and in-vivo tests.
FUTURE WORK
The samples based on lower molecular weight
polycaprolactone are prepared for in-vitro testing and
results will be presented on the poster as a part of the
contribution. In-vivo tests are going to follow.
KEYWORDS
Scaffold,
polycaprolactone,
electrospinning.

Fig. 1: Photo of PCL patterned electrospun layer.

3D

printing,
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Fig. 2: Macro top-view onto prepared scaffold
combining PCL electrospun nanofibrous layer and 3D
printing. Scale bar 2mm and 500µm.
The detail structural analysis is going to be presented
by several scanning electrone images representing topview and also cross-section of the composite scaffold.
CONCLUSIONS
The production of materials based on 3D printing and
electrospinning is very interesting in means of cell
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ABSTRACT
Although the use of shape memory materials in
textiles have been widely studied [1], the textile
application of thin wires made from NickelTitanium shape memory alloys remains almost
unexplored [2]. There are mainly two reasons
for that. First, metallic materials are in general
considered for many reasons as not appropriate
for textiles. Second, the use of nickel-titanium
(often called nitinol) wires /NiTi wires/ in
textiles requires both the textile expertise as
well as know-how in metallurgy and
thermomechanical properties of NiTi wires in
order to employ these materials in the most
efficient and smartest way. However, as we
believe these materials might bring brand new
functionalities and higher performance into
textiles, we have investigated in more
systematic way how the properties of NiTi wires
are transferred onto textile structures integrating
those wires. In this work, we first introduce
thermomechanical properties of NiTi wires
intended for use in textiles. Second, we discuss
possible functionalities these wires might
provide in textiles. Third, we deal with
experimental approaches one has to adopt when
studying textiles integrating NiTi wires. Finally,
we show several examples of textiles with NiTi
wires and their thermomechanical properties.
INTRODUCTION
Nickel-titanium microwires
Thin NiTi wires with diameters in the range of
100 μm are nowadays commercially available
[3]. The wires show outstanding structural
properties – i) high strength (2 GPa); ii) high
yield stress for plasticity (1.7 GPa), as well as
temperature dependent functional properties – i)
superelasticity i.e. high recoverable strains
(~8%) comparable to common textile fibres; ii)
shape memory effect i.e. recoverable
shape/strain upon heating; iii) high mechanical
damping capacity; iv) temperature dependent
stiffness (see [4] for detail about NiTi wires).

Their use is nowadays limited to medical field
for production of braided or knitted stents being
a special type of tubular textiles.
What NiTi microwires may bring to textiles?
Combining properties of NiTi wires with textile
structures might give rise to NiTi textiles with
the following properties – i) strong, yet
stretchable textiles; ii) textiles with temperature
driven stiffness/profile/shape/anisotropy; iii)
textiles with high damping capacity.
INVESTIGATION OF NITI TEXTILES
Experimental methods
As NiTi textiles target mostly special
thermomechanical properties (see above), we
identify their multiaxial termomechanical
responses using the following methods: i)
uniaxial/biaxial termomechanical tensile testing;
ii) bulge thermomechanical testing. Note that
temperature is controlled using optical furnace.
Manufactured NiTi textiles
We investigated three basic types of planar
textiles structures – i) woven; ii) warp knitted;
iii) weft knitted (see Fig. 2). The manufacture of
NiTi textiles basically consists of two steps.
First, the textiles are made from NiTi wires
being in so called as drawn state i.e. the wire
received after cold drawing with microstructure
heavily plastically deformed, hence, not
showing typical functional properties mentioned
above. Then, the textiles are heat treated in
stretched state. The heat treatment has two
effects – i) recovery of NiTi wires
microstructure
inducing
the
functional
properties in the material; ii) relaxation of
stresses in textile structures induced by the
textile processing.
NiTi textile responses
We investigated uniaxial as well as multiaxial
thermomechanical responses of manufactured
NiTi textiles. Note that here we present only

selected results due to lack of space. The textiles
were manufactured from so called superelastic
100 μm NiTi wires. The tensile response of such
a wire at two temperatures is presented in Fig 1.
Fig. 2 summarizes uniaxial tensile responses at
room temperature. Clearly, the woven NiTi
textile inherits the tensile response of NiTi
wires, whereas the knitted samples display
behavior rather common to conventional knitted
textiles. Responses of the knitted samples are
clearly influenced by decrimping; therefore,
bending of NiTi wires is the prevailing
deformation mechanism. Hence, the tensile
behavior of NiTi wires is not directly projected
onto the weft knitted samples responses.

Temperature sensitive multiaxial behavior of
weft knitted NiTi textiles is presented in Fig. 3,
showing the pressure dependence of the stroke
of the pole of bulged textile with under-laid low
stiffness polymer membrane at three different
temperatures. Again, bulge responses feature
decrimping behavior that is, however,
temperature dependent, which is in agreement
with the temperature dependent behavior of
NiTi wires (see Fig. 1).

Fig. 3: Temperature sensitive responses of the weft
knitted NiTi textile upon bulging.
Fig. 1: Tensile behavior of superelastic NiTi wires
of diameter 100 μm at two temperatures.

CONCLUSIONS
We manufactured textiles from thin NiTi wires
and
investigated
their
multiaxial
thermomechanical behavior. We showed that
woven textiles inherit the tensile behavior of
NiTi wires whereas the responses of knitted
textiles feature decrimping character common to
standard textiles. Nevertheless, the temperature
sensitivity of the behavior indirectly proves that
the functional behavior of NiTi wires is
involved in the textiles' responses.
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ABSTRACT
Back lighting, i.e. light transmitted through a textile
sample, is demonstrated to efficiently image water
wicking in fabrics. This technique is more efficient
than front lighting or the use of colorant, usually
added to enhance contrast of colorless liquids. A
vertical wicking test using this technique shows that,
for three common fabrics, a power law model for
capillary flow may be adequate to describe wicking
kinetics.

Methods
The setup for the back lighting imaging can be seen in
figure 1. The upper end of the sample is fixed and, to
reduce movements during imaging, a weight (21 g) is
attached to its lower end. The LED illumination is set
to the maximum value for both the front and back
lighting experiments, and is positioned at
approximately 6 cm from the sample. The exposure
time and focus of the camera is adjusted for each
sample in dry state.

INTRODUCTION
Wicking of liquid in textiles is commonly visualized
by adding colorant to the colorless liquid [1–5]. This
technique allows a better contrast to identify the
wetted areas. However, although some studies have
shown that colorants do not affect the liquid behavior
in specific experiments [2], such innocuity is not
guaranteed for any pair of liquid and fabric. The use
of back lighting, instead of front lighting, provides an
alternative to identify wetted areas without the use of
any colorant. We demonstrate such capacity by
analyzing the vertical wicking rate of different fabrics
using the back lighting technique.

After imaging the dry fabric, a water container is
elevated until approximately 10 mm of the fabric is
under water. The acquisition is started manually when
the water level is close to the camera field of view.
The camera is set to 30 images per second and records
during approximately 230 seconds.
The samples are then dried for at least 24 hours and
the experiment is repeated using front lighting.
For comparison an uptake experiment is also realized
where the mass of the samples is constantly
monitored using a precision balance.

EXPERIMENTAL APPROACH
Samples
A cotton plain jersey knit, a polyester interlock knit
and a polyester woven fabric were chosen as test
samples, given their widespread use. The fabrics were
cut into 2.5 x 10 cm2 stripes. For the knitted fabrics,
two samples were made, one for wicking in the course
direction and one in the wale direction. Deionized
water was used as liquid.
Equipment
The image acquisition is realized with a Videal
MotionXtra NX7-S2 camera, of 1920 x 1080 pixel
resolution and maximum rate of 5000 frames per
second. The lens used is a Navitar 12x zoom lens with
a 0.75x lens attachment. The final spatial resolution of
the setup is 16.8 µm, for a 32.3 x 18.2 mm2 field of
view and 2.5 mm depth of field.
The illumination is provided by a Schott LED Light
Source LLS with white light (6000K) and 275 lm
light output. The camera control and image
acquisition is realized with IDT Motion Studio 2.11
software.

Figure 1: Setup for the back lighting experiments
IMAGE ANALYSIS
Image analysis is performed using ImageJ (Fiji
package), with the help of Python scripts, to define
the region of interest, subtract the images from the dry
image and enhance the contrast. MATLAB is then
used to identify the water front to provide the
relationship between time and height during uptake.

Using this technique, the vertical wicking behavior of
three fabrics of different structures and yarn
composition is found to follow a power law.

Figure 2: Comparison of front and back lighting of
cotton knit during uptake in course direction. Left
column: front lighting. Right column: back lighting.
Top row: original image. Bottom row: after
subtraction from dry images. Scale bars = 5 mm.
RESULTS AND DISCUSSION
As shown in figure 2, by using back lighting (right
column), the image quality is greatly enhanced when
compared with front lighting ones (left column).
There was no difficulty in identifying the water front.
We then plot the water front height and the uptaken
water mass versus time, in a log-log plot, see figure 3.
We find that the water front height ℎ follows a power
law of time 𝑡, see equation (1).

ℎ = 𝐴𝑡 𝑏

(1)

For example, cotton knit in the course direction shows
a wicking coefficient 𝐴 = 9.05 and an exponent
𝑏 = 0.29, using the height results, and of 0.26 using
the mass results. The similar slopes confirm the
validity of the experimental back lighting technique.
The exponent found is lower than the one predicted
by the Lucas-Washburn model (0.5) [6, 7]. However,
cotton is an hygroscopic material and the theoretical
model assumes no moisture entering the fibers.
The parameters found differ for each fiber type and
structure.
CONCLUSIONS
The back lighting technique appears to be a viable
alternative for wicking imaging without the use of
colorants. It also results in a higher illumination for
the camera, enabling shorter exposure times, i.e.,
higher time resolution.

Figure 3: Graph of logarithm of height and mass of
uptaken water vs. logarithm of time, during water
uptake in cotton knit sample in the course direction.
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OBJECTIVE
The absorption of lower-frequency when the
incident wavelength is larger sound is problematic
with fibrous material made up of coarser fibers. In
that case, highly efficient sound absorption
materials from much finer fibers must be
developed. Electrospun nanofibrous membranes
are also a novel subject to analyze their acoustic
characteristic although studies on acoustic
properties of conventional textile materials started
in nineties. Nanofibrous membranes can improve
acoustic insulation products by increasing the
sound absorption coefficient, reducing material
thickness, and decreasing material weight offering
a competitive advantage. The purpose of this study
is to analyze the effect of fiber diameter on
acoustic behavior of nanofibrous membranes.
INTRODUCTION
Highly efficient sound absorption materials derived
from finer fibers are required to absorb lower
frequency sound. There are relatively few reports
[1-6] on the acoustic properties of nanofibrous
membranes. Sound absorbents based on nanofibers
can have a higher absorption factor compared to
traditional absorbents especially in lower
frequencies. The aim of this study was to discuss
the sound absorption performance of nanofibrous
resonant membranes having different fiber
diameters which were produced from PVA solution
using a needleless electrospinning process. The
sound absorption properties of those membranes
were comparatively discussed. Furthermore, the
effect of the air gap between the nanofibrous
membrane and a rigid wall on the sound absorption
coefficient was also analyzed.
EXPERIMENTAL APPROACH
Material
For nanofibrous membrane production: The water
solution of polyvinyl alcohol (PVA) (Mw= 80,000100,000 g/mol) was employed for the preparation
of the solution. Glyoxal and phosphoric acid were
added as crosslinking agents. The content of
glyoxal (40% w/w) to PVA was 6% v/v and the

content of phosphoric acid (85% w/w) to PVA was
3% v/v. The solution containing PVA, distilled
water, glyoxal, and phosphoric acid was vigorously
stirred at room temperature. PVA solution was
prepared with the concentration of 12.8% v/v and
by decreasing only the water content in the solution
14% v/v PVA solution was also prepared.
Membrane Production
For the production of PVA nanofibrous
membranes, roller electrospinning method was
employed [7]. The process parameters were set as
shown in table 1 below:
Table I: Process parameters for PVA12.8
production.
Roller length (mm)
Roller diameter (mm)
Roller angular velocity (rpm)
Distance between electrodes (mm)
Source voltage (kV)
Relative humidity (%)
Temperature (0C)

membrane

145
20
2
120
50
34
19

In an attempt to increase the fiber diameter, the
other resonant membrane was produced from a
PVA solution having a concentration of 14% by
keeping the process parameters presented in Table
I constant. Studies on PVA nanofibers also
indicated that fiber diameter shows an increase
with increase in polymer concentration [8, 9].
Characterization
The surface and structure of the membrane and the
diameter of the electrospun PVA fibers were
determined using a Carl Zeiss Ultra Plus Field
Emission scanning electron microscopy (SEM).
The average fiber diameter was calculated from the
SEM images using image analysis software (NIS
Elements BR 3.2).
Methods
Two-microphone Impedance Measurement Tube
Type 4206 was used to measure the absorption
coefficient in the frequency ranges 50Hz to

6.4kHz. The test was made according to standard
ASTM E1050–08.
RESULTS AND DISCUSSION
The average fiber diameter of
nanofibrous
membrane PVA12.8 was found to be 210±40nm and
PVA14 300±40nm.

(a)
( b)
Figure 1: SEM images of a) PVA12.8 and b) PVA14
nanofibrous membranes.
The following graphs (Fig. 2) show the sound
absorption properties of PVA14 and PVA12.8
nanofibrous membranes having different fiber
diameters and same mass per unit area (5g/m2) for
different air gap settings. As can be seen in the
figure, the sound absorption coefficients were
improved when finer fibers were used. On the
other hand, the occurance of the first peak during
the sound absorption coefficient measurements
followed a decreasing tendency with the increase
in fiber diameter. The graphs also showed that the
sound absorption coefficients increased with
increasing the air gap between the membrane and
the rigid wall from 5mm to 15mm.

(a)

(b)

(c)

(d)

Figure 2: Measured sound absorption coefficient (α)
of PVA12.8 and PVA14 nanofibrous membranes as a
function of sound frequency f a) without air gap b)
5mm air gap c) 10mm air gap d) 15mm air gap.

CONCLUSION
Resonant absorption provides good sound
absorption at lower-frequencies. The sound
absorption behavior of the nanofibrous membranes
increased when the fiber diameter was decreased
and when the air gap between the sample and a
rigid wall was increased.

FUTURE WORK
A study on the sound transmission loss of these
membranes having different fiber diameters is
planned to be conducted as future work.
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OBJECTIVE
The development objective was to produce Polymer
Optical Fibers (POFs) with high-temperature stability
and a wide spectrum of mechanical properties. Fibers
should have a wide range of glass transition
temperature values and utilize a one-step,
environmentally
friendly,
cost-effective
manufacturing process.
INTRODUCTION
Optical fibers are used to transmit light as well as
information that is embedded within the fibers. The
key guiding principle is that there is total internal
reflection at the interface between the core and the
cladding (which has a lower refractive index), which
thereby confines the propagating light beam within
the core. Losses due to scattering and absorption limit
the distance at which light can be transmitted. Silica is
the material of choice for long-distance transmission.
However, silica optical fibers are expensive and
brittle. Their cores, which have diameters of less than
50 microns, make it difficult to create connections.
Plastic/polymeric optical fibers (POFs) compete with
silica fibers for short-distance transmission (for
example, in local area networks, the automotive
industry, sensors and so on). Because of their
flexibility, larger core diameter and ease of
connection, POFs offer a distinct advantage. POFs are
often referred to as consumer optical fibers, because
the fiber and its associated optical links, connectors,
and
installation
are
all
inexpensive.
Polymethylmethacrylate, or PMMA, is one of the
most frequently used core materials. However, its
thermal stability is poor and its losses are higher than
those obtained with silica, thereby limiting its
application to shorter distances. In the high-speed
home networking arena, there is increased interest in
utilizing POF as a possible option for next-generation,
Gigabits-per-second links inside the home. [1]
Intellisiv has developed a unique method for
producing polymer thermoset fibers using an
environmentally
friendly
process
at
room
temperature. The technology is based on fiber
spinning and the simultaneous polymerization of

monomers using a photopolymerization reaction.
Production requires no solvents (not even water) and
no post-processing temperature treatment. This
patent-pending technology enables the production of
fibers with a wide variety of properties, such as
rigidity, flexibility, water swelling capability, water
solubility, hydrophobic characteristics and more. [2]
In the automotive market, Intellisiv has extended its
POF fiber spinning technology for in-car
communication. Today, it is increasingly common to
find as many as 20 electronic devices within a single
automobile, including radios, navigation systems,
Bluetooth interfaces, TV tuners and so on. In
addition, the number of sensors in a typical vehicle
can exceed 100. Increasingly, vehicle manufacturers
are seeking to use POFs to connect a wide array of
in-car electrical devices and sensors.
The benefits of POFs when compared to copper wire
are clear: lower weight and easier usage and
installation, without the need for electromagnetic
shielding (which is particularly important in hybrid
and electrical cars). POFs are the ideal, low-cost
option, as the fiber itself and its associated
components can be provided at a fraction of the cost
of pure silica optical fibers or copper-wiring
solutions.
EXPERIMENTAL APPROACH
Acrylate monomers and oligomers were purchased
from Sartomer (France) and photoinitiators from
Lambson (UK). Before use, monomers were purified
using an alumina column, in order to remove
stabilizers. Different mixtures of monomers with
photoinitiators were prepared (see I). They were
extruded in a clean room under an inert atmosphere,
using a spinning pilot machine equipped with three
Fusion UV lamps, 6000 kW each. After curing, the
UV region fiber was picked up by a capstan and
winder. The schematic structure of the spinning pilot
is described in reference [2]. Depending on the type
of spinneret used, hollow, multilayer structures with
different cross-section shapes could be obtained.
Fiber was obtained as a monofilament using a
production speed between 5−25 meters/second (see
Figure 1).

Table 1: Composition of Intellisiv POFs
#

Monomer

Monomer

PI

Tg

2

Monomer I

Monomer II

3 phr

80oC

3

Monomer I

Oligomer I

2 phr

> 250oC

RESULTS AND DISCUSSION
Thermoset (crosslinked) monofilaments with
diameters between 500 and 1,000 microns were
prepared (see Figure 1). Fibers with these diameters
are typically used for multimode POFs.
Figure 2: Featureless DSC Fiber Curve
The ability of Intellisiv’s POFs to work in hot
environments is crucial, as thermal events (softening,
melting, Tg and so on) can result in dimensional
changes of the fiber that negatively affect its ability to
pass light. Due to the crosslinked structure of these
POFs, their chemical stability is very high and they do
not swell when submerged in hydrocarbon solvents,
such as PMMA. Attenuation measurements suggest
that attenuation values below 1,400 dB/km are
possible, even for fibers without cladding.

Figure 1: SEM Image of Intellisiv Fiber − Fiber
Diameter of 700 Microns
Attenuated Total Reflectance-Fourier Transform
Infrared (ATR-FTIR) spectroscopy was used to verify
the amount of unreacted acrylate groups. Despite their
large diameter, fibers with a high degree of
polymerization (> 90%) could be produced at any
depth.
Thermogravimetric analysis (TGA) of
Intellisiv POFs indicates that decomposition of the
fibers only begins at temperatures of 3500C or higher
(see Figure 2). At 150 0C, weight loss is 0.315 % and
at 200 0C it is 0.356%. Many of Intellisiv's fibers have
Tg above 200 0C with no melting point, only
decomposition (see Figure 2).

CONCLUSIONS
A simple, economical, environmentally friendly,
thermally stable method was developed for
manufacturing thermoset POFs. Fibers are produced
directly from monomers using a photopolymerization
method, without the need to pre-prepare polymers.
The thermal and chemical stability of these POFs are
excellent, making them especially suitable for
communication purposes in demanding environments,
such as in-vehicle communication, in-flight
entertainment systems and sensor systems.
FUTURE WORK
To date, several hundred different POFs have been
produced by the authors. Future work will focus on
the production of POFs with cladding and
gradient-refractive-index POFs, as well as decreasing
attenuation values.
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INTRODUCTION
Drug delivery systems have numerous advantages
compared with conventional dosage forms[1]. With
the revival of the electrospinning technology in the
past few years, many researchers have reported the
actually application of nanofibers in drug release.
Hydrophilic drugs are common used in drug
delivery systems, and the uniform and stable
emulsion systems must be prepared before the
electrospinning process in order to disperse
hydrophilic drugs into hydrophilic polymer matrix.
As we studied before, electrospinning parameter
and the solution composition will influence the
final fiber formation and the aqueous phase
structure[2]. In this paper, hydrophilic tetracycline
hydrochloride(Tet) was used as the model drug,
biocompatible and biodegradable PLGA was used
as polymer matrix, influence of different voltage on
fiber morphology and in-vitro release behaviors of
drug-loaded nanofiber mats were studied.
EXPERIMENTAL
Materials
PLGA(Mw=50kDa,LA/GA=70/30) was purchased
from E-sun Bio-engineering High-tech. Ltd.,
Tetracycline hydrochloride(Tet) was purchased
from Aladdin Chemistry Co., Ltd, Chloroform was
purchased from Sinopharm Chemical Reagent Co.,
Ltd,
N,N-dimethylformamide(DMF)
was
purchased from Jiangsu Qiang Sheng functional
chemical Co.,Ltd., phosphate buffered saline(PBS,
pH= 6.8) was made in lab according to Chinese
Pharmacopoeia(2010). All of the other chemicals
were analytical-reagent grade and were used
without further purification.
Preparation of Solutions and Electrospinning
PLGA solution with drug concentrations of 5% and
8% (w/w) were prepared by mixing solvents of
chloroform and dimethylformamide (DMF) with
mixing ratio of 3:1(v/v) were prepared and

nanofiber mates was prepared by electrospun
process at different voltage. The feeding rate was
0.4 mL/h, the receive distance was18cm , and all
experiments were carried out at room temperature
and relative humidity of 45-55%.
Characterizations
Morphologies of nanofiber mats were observed
using scanning electron microscope (SEM;
Nano430) and average fiber diameter and diameter
distribution were determined by using Image J
software. The release investigation was carried out
under sink conditions according to reference [3],
keeping drug concentration below its solubility
limit.
RESULTS AND DISCUSSION
Voltage influenced the fiber diameter as shown in
Figure 1.

Figure 1: Diameter of Tet-loaded electrospun PLGA
nanofiber mats prepared at different voltage.

Fibers’ diameter increased with voltages varying
from 16 kV to 24kV as shown in Figure 1, because
the small molecule drug Tet increased the
conductivity of solutions [4].
All drug release behaviors showed a relatively fast
release at the beginning and then leveled off as

shown in Figure 2. The higher the Tet content in
the fiber, the higher the percentage of drug released.
From Figure 3, we can conclude drug-loaded
efficiency changed with the voltage, but not
evidently, and all were above 70%. High voltage
didn’t favor high drug-loaded efficiency.

Figure 2: Influence of theoretic drug-loaded content on
drug release behavior.
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Figure 3: Influence of voltage on drug-loaded efficiency.
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Figure 4: Tet release profiles of electrospun PLGA
nanofiber mats prepared at different voltage.

The release profiles of Tet from fiber mats showed
a diffusion-controlled mechanism with three
sequential stages as shown in Figure 4[5]. In the
first stage (the first 1 h), Tet diffused out from the
fiber mats in a relative fast rate.
Then interior Tet diffused out and more and more
Tet molecules entering the buffer solution [6].
After 10 h (the third stage), the rates became slow

down. Moreover, the release rate of Tet increased
with increasing voltage in electrospinning and the
slopes of the plots depend on the Tet content in
fiber mats.
CONCLUSIONS
Tet loaded PLGA nanofibrous mats were prepared
by electrospinning at different voltage . Its
morphology was examined by SEM, and its drug
release profile in PBS(pH 6.8) was recorded and
analyzed. Results showed that the diameter of
nanofiber mats varied from 250 nm to 380 nm and
they were smooth and uniform, and the diameter
distribution increased significantly with the
diameter of fibers. The release rate of Tet from the
fiber mats was dependent on the initial Tet
concentration and voltage in electrospinning. The
release process consisted of three stages that were
all diffusion-controlled. Drug-loaded efficiency of
the nanofiber mats increased firstly and then
decreased slightly as electrospinning voltage
increased.
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ABSTRACT
In this study, difunctional epoxyacrylate UVlight sensitive oligomers have been synthesized
at various carboxyl/epoxide ratios and
characterized by Fourier transform infrared
spectroscopy (FTIR), acid value, epoxy
equivalent weight (EEW) measurements. These
oligomers were coated onto the plasma treated
and untreated polyester cord fabrics and then
cured by UV light. The effects of
carboxyl/epoxide ratio and plasma treatment
have been investigated by using scanning
electron microscopy (SEM) and optical
microscopy images.
INTRODUCTION
UV-curing is a photochemical process of
instantly “curing”,“drying” and “hardning” inks,
coatings or adhesives using high-intensity UV
light. UV curable formulation consists of three
major components. These are; reactive
oligomers, reactive diluents and photoinitiators.
Epoxy, polyester, urethane and silicone based
acrylates are mostly used as oligomers in
experimental studies. In UV-curing process, the
coating layer instantly hardens within seconds or
minutes. UV-curable systems do not contain
VOC, therefore does not cause any
environmental problems. The thickness of the
wet coatings remain the same during the
hardening process. The process is very cost
effective as it does not contain any solvent.
By changing the stoichiometric equivalents of
the epoxide and acid groups, it is possible to
obtain mono- or bis-acrylate terminated
epoxyacrylates. In a mono-acrylate terminated
epoxyacrylate oligomer, one end of the oligomer
having reactive double bond allows to the UVcuring whilst the other end having epoxide

groups allows to thermal curing process. This
type of epoxyacrylate is called “dual-curable”
oligomer [1-6].
EXPERIMENTAL APPROACH
Materials
Polyester based cord fabrics (360 g/m2, 12
warp/cm, 5 weft/cm) were used for the
experiment. An epoxy resin (EPIKOTE Resin
162) based upon diglycidyl ether of bisphenol-A
with an epoxy equivalent weight (EEW) of 167171 g equiv.-1, acrylic acid (AA), triphenyl
phosphine (TPP), crystal violet, tetraethyl
ammonium bromide, methyl ethyl ketone
(MEK),
perchloric
acid,
hydroquinone,
potassium hydroxide (KOH), phenol phthalein,
ethanol, acetic acid, were all purchased from
Sigma-Aldrich and used as received in synthesis
of epoxyacrylate oligomer, determination of acid
value and EEW. Dipropylene glycol diacrylate
(DPGDA) was used as reactive diluents as well
as cross linking agent. Irgacure-184 was used as
photoinitiator. OSRAM Ultra-Vitalux 300 W UV
lamp was used as UV light source.
Methods
Fourier transform infrared (FTIR; Perkin Elmer
Spectrum, 100 ATR-FTIR) spectroscopy,
scanning electron microscopy (SEM; JEOL Ltd,
JSM-5910LV) and optical microscopy (Olympus
BX51M equipped with Image Pro Plus Version
6.1.0.346) were used during characterization.
Diener PICO, RF plasma device (Diener
Electronic GmbH+ Co. KG, Germany) was used
as plasma treatment equipment for the polyester
cord fabrics.
Epoxyacrylate oligomers were synthesized
according to the previously mentioned study [1],
in various acid/epoxide ratious (Table 1).

Oligomer synthesis process was carried out in a
three necked 100 mL round-bottomed flask, in 2
h at 100 oC, 2 h at 120 oC.
Table I: Sample codes and experimental conditions.

Samples
EA 25
EA 50
EA 75
EA 100

Molar Ratios (mole)
AA
Epoxy
0.5
1
1
1
1.5
1
2
1

RESULTS AND DISCUSSION
Figure 1 shows the synthesized EA oligomers
and pure epoxy FTIR spectra respectively.
Accordingly, a new peak at 1720 cm-1 belongs to
the ester bonds were formed after EA formation.
The intensity of this peak was increased
whenever acrylic acid molar amount increases.

b

Figure 2: Optical microscopy images of EA 100
coating (a) on un-treated, (b) plasma-treated polyester
cord fabrics.

CONCLUSIONS
According to the results, FTIR spectra proved
the formation of epoxyacrylate oligomer, optical
microscopy images (Fig. 2) showed that a better
coating layer without any air bubble was
obtained on plasma-treated fabrics.
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OBJECTIVE OF THE STUDY
The most common understanding for the use of
clothing in hot and dry climates such as in desert
regions is that a white or bright outer fabric
would reflect the solar radiation more compared
to a black or dark fabric and therefore cause
better comfort and protection. However, in case
of some nomadic tribes of equatorial deserts, it
has been observed that members wear clothing
with black or dark coloured fabrics on the outer
side. Since the dressing conventions in these
regions have evolved over a long time, there
must be some reason of such anomaly. The
objective of this study is to investigate the reason
of this anomaly and to establish theoretically and
experimentally the heat and mass transfer
behaviour of clothing in hot and dry climate and
the effect of fabric colour on comfort and
protection.
INTRODUCTION
One of the major cause of thermal discomfort in
very hot and dry climate such as in desert region
is intense solar radiation and very high air
temperature. The mean solar flux in such regions
may become as high as 1000 W/m2 and air
temperature may be between 35°C to 50°C.
Clothing used in such regions must have a
functional aspect of protecting from exposure to
direct solar radiation and also to keep the skin
temperature within comfortable or at least
bearable values. It has generally been observed
that people use white or bright coloured outer
surface in such climates. Studies have revealed
that the colour of clothing has significant
influence on the heat transfer through clothing
[1, 2]. Clark and Cena, for example, reported the
reflectivity values of 0.7 and 0.25 for cotton
fabrics having white and black colours
respectively, and their experiments indicated that
under a net radiation flux of 780 W/m2, the

white cloth would pass about one third of the
heat flux than a black cloth. A higher net
radiation will only make such difference even
bigger. Contradictory to this, surprisingly, it is
observed that members of some tribes of North
Africa wear black or dark-coloured outer
garments quite regularly. It has also been
reported that the colour of clothing does not
affect the skin temperature under such conditions
[3]. However, a more rigorous experimental and
theoretical investigation on this peculiar feature
is required to obtain useful inputs for a better
design of clothing under such climatic
conditions. The present study attempts to do this
and the preliminary findings are reported here.
THEORETICAL ANALYSIS
The idea in this case is that there will be profuse
sweating on the skin surface in such hot
conditions and heat flow originated due to
radiative heating of the outer cloth will be
negated to some extent by the evaporative
cooling. In this case, since the outer garment is
typically a long draped one, considering a small
gap between the skin and the garment will act as
a chimney and there will be considerable
convective flow upward within this space due to
the stack effect. Appropriate equations for heat
and mass transfer considering radiation and such
stack effect are formed. The effect of the
reflectivity of the fabrics used as outer garments
was then theoretically analyzed using numerical
simulation considering a simplified model.
EXPERIMENTAL APPROACH
Materials
The outer garment was represented by four
different fabric samples: two 100% cotton
canvas fabric one white and other black coloured
and two weft knitted fabrics made from 98%
polyester & 2% elastane, one white and other

black coloured. A 100% polyamide nanofibre
nonwoven thin fabric was used as skin by putting
it in close contact with the convective vertical
wall which contained a heat flux sensor.

Measurement with wet nonwoven skin
2
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Figure 1: Schematic diagram of experimental
set-up
Methods
Thermal and vapour permeability properties of
the fabric samples were characterized with the
instruments ALAMBETA and PERMETEST
manufactured by the Czech SENSORA company
[4] which are used in many European countries.
Air permeability of the fabrics was measured
using FX3300. A special experimental set-up
was prepared for simulation of the combined
radiation-convection
heat
transfer
and
convective-evaporative cooling during mass
transfer. A schematic diagram of the
experimental system is shown in Figure 1. The
sweating skin is introduced by soaking the thin
nonwoven fabric in contact with the vertical skin
simulator with water. The test fabric was then
put vertically between the simulated skin and the
light bulb emitting simulated solar radiation at a
variable distance from the skin. This horizontal
gap between the skin and the fabric was changed
at five different levels. The same experiment was
repeated with all the different fabric materials
described above to see the effect of material and
colour on the resultant heat flow at skin.
RESULTS AND DISCUSSION
A negative heat flow was recorded with all gap
sizes between 10 and 28 mm and for all the four
fabric samples irrespective of the colour and in
fact, the black polyester knitted fabric gave
maximum cooling effect as shown in Figure 2.

Figure 2: Heat flow below skin with different
gaps and fabric colours
CONCLUSIONS
The combined radiation, convection, evaporation
was simulated physically using a thin polyamide
nonwoven fabric as artificial skin and a halogen
bulb as radiation source. The situation under
intense radiation and when air temperature is as
high as skin temperature was experimentally [5]
and theoretically studied. Mathematical model
was developed and numerical simulation
performed. The results indicate that contrary to
expectations, black coloured fabrics can also be
used effectively with cooling comfort.
FUTURE WORK
The possibility of optimization of the gap and the
effect of fabric layers, for example an
undergarment and an outer garment will be
studied in future. A complete design algorithm
with relevant design variables as input
parameters for optimum design of clothing
assembly for such hot dry climate will be
developed.
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ABSTRACT
Cylindrical needleless spinning electrode allows
increasing
the
productivity
of
coaxial
electrospinning, what meets the recent effort. This
contribution refers about a new design of needleless
spinning electrode for mass production of core/shell
fibers that is about one order higher comparing with
a single needle method. An advantage of a circular
construction of the cylindrical needleless spinning
electrode is electrospinning process without a
negatively lost of electric energy by spark
discharges.
KEYWORDS
Needleless coaxial electrospinning,
nanofibers, corona discharges

technological process. Briefly said, much energy is
lost in the process and electrospinning may fail.
This work deals with a new modification of the
weir spinner. The modification increases
productivity of needleless core/shell process thanks
to the suppression of spark discharges. The idea
was to eliminate of a loss of electric energy caused
by sharp edges. The smooth surface of the new
cylindrical coaxial spinning electrode does not have
sharp edges.

a
core/shell

INTRODUCTION
Needleless coaxial electrospinning is a technology
for production of core-shell nanofibers from a
polymeric two-layer using strong electric field. The
needleless variant of electrospinning has been
introduced by Yarin and Zussman in 2003, when
they used a ferromagnetic suspension to
electrospun a polymer solution [1]. The idea of
coaxial electrospinning was firstly patented by J.F.
Cooley in February 1902 [2]. The equipment for
production of core/shell nanofibers from a free
surface of polymeric two-layer, invented by us, is
called “weir spinner” and has been patented in 2009
[3]. The principle of this spinner is the overflow of
the polymeric two-layer through the blade of a
spinning electrode. This technology allows creating
numerous polymer jets from a free liquid surface of
a polymeric two-layer.

Figure 1: Corona discharges (a) and spark
discharges (b) during electrospinning process
realized using the Weir spinner. Corona discharges
observed on a cylindrical needleless coaxial
spinning electrode (c). Ultraviolet light spots in the
figure determine the position of Taylor’s cones.
Photographs are obtained using CoroCam I, Uvirco
Technologies.

Weir spinner is susceptible to creation of spark
discharges caused by its edges, vide (Figure 1b).
Electrospinning process is accompanied by corona
discharges (Figure 1). Corona discharges are
generated by highly charged polymeric jet roots,
so-called Taylor’s cones [4]. Sometimes, the corona
discharge converts into spark discharge. This is
unsuitable for electrospinning process, since the
discharge drains away energy from the

APPROACH
The cylindrical coaxial needleless spinning
electrode used in our experiment is depicted in
Figure 2. This spinning electrode consists of three
chambers. Two lateral chambers are supplied by a
shell polymer solution, while the inner chamber
feeds the spinneret with a core solution. A bicomponent polymeric ring is created along an
orifice of this spinning electrode.

b

c

Poly(vinyl alcohol) solution was used for our
experiment. The cylindrical spinning electrode was
connected to a plus pole of a high voltage source.
The spinneret was located 130 mm below a
negatively charged collector. The Scheme of the
experimental setup is shown in Figure 2b. Taylor
cones were formed on the top of the shell layer
after the HV source was switched on.
Electrospinning process starts with achieving the
critical value of the electric field strength Ec [5].

a

b

Figure 2: The cylindrical needleless coaxial
spinning electrode (a) and the scheme of the
needleless coaxial experimental setup based on the
cylindrical spinning electrode (b).
Coaxial electrospinning process was observed and
recorded by a special coro-camera Corocam 1,
Uvirco Technologies. The coro-camera is able to
detect corona discharges during electrospinning
process. The record is shown in Figure 1c.

RESULTS
The novel cylindrical needleless spinning electrode
with a smooth, nearly constant surface curvature of
its working area allows running electrospinning
without energy loss caused by spark discharges
from sharp edges. Spark discharges were not
observed around the orifice of our spinner. Another
advantage of the cylindrical spinning electrode is a
reduction of polymer solution slumping from the
spinner.
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ABOUT NANOPROGRES
NANOPROGRES, z.s.p.o. is an interest group of
corporate bodies – companies, academic institutions
and R&D institutions – founded to provide a
collaborative platform for innovation in the areas of
nanotechnology and biomedicine. The group is
characterized as a cluster. Nanoprogres aims to boost
the competitiveness of its members by conducting a set
of research projects leading to the development and
preparation of technological procedures, products and
services involving core/shell nanofibers targeting
application areas such as regenerative medicine, and
textile and pharmaceutical industries.
INTRODUCTION
A unique technology which allows production of
composite nanofibers with core/shell structure is
described in this article. Core/shell nanofibers are bicomponent nanofibers produced by a special
technology known as coaxial electrospinning [1].
Coaxial electrospinning is a unique technique recently
developed to incorporate drugs and bioactive agents in
composite nanoﬁbers with a core/shell structure [2].
This technology allows production of nanofibers with
various chemical and physical properties. With
application of core/shell nanoﬁbers, the unstable
biological agents can be protected from harsh
environments, deliver the bioactive molecules or drugs
in a sustained way, and functionalize the surface of the
nanostructures without affecting the core material [3].
Coaxial electrospinning can be used to produce porous
core/shell nanofibres by selecting a suitable solvent
system. The porous nanofibers may be used in diverse
applications given their larger specific surface area in
comparision to the standard smooth nanofibers [4]. In
this article, effect of shell porosity on various flow rates
of core and shell polymers was observed.
APPROACH
Firstly, polycaprolactone (PCL) was dissolved in
tetrahydrofuran (THF) and dimethylsulfoxide (DMSO)
with volume ratio 7:3 to obtain 16 wt% polymer
solution. This polymer solution was used as a shell
polymer. Secondly, PCL was dissolved in chloroform
and ethanol with volume ratio 9:1 to obtain 10 wt%
polymer solution. This solution was used as the core
polymer. Electrospinning device (shown in Fig. 1)

developed for Nanoprogres by the Technical University
of Liberec was used for fabrication of the nanofibrous
material.
A high voltage of 25 kV was applied when the polymer
solution was drawn into the ﬁbers and collected on a
collector at a distance of 14 cm from the coaxial needle
tip. The flow rate of core and shell polymer was
changed in volume ratios 50/10, 80/10, 80/20 and 80/50
ml/h.

Figure 1: A unique electrospinning device suitable for
laboratory- to semi-industrial-scale production.
RESULTS AND DISCUSSION
It was determined that the morphology of porous
core/shell nanofibers is influenced by the flow rate of
core polymer. SEM images in Fig. 2 show porous and
non-porous morphology of core/shell nanofibers. Flow
rate of the core polymer influenced the density of pores
on the surface of the core/shell nanofibers. Pores were
observed on the core/shell nanofibers, wherein the core
polymer was fed at 10 ml/h and shell polymer 50 – 80
ml/h. When the flow rate of the core polymer increased
to 20ml/h, only few pores appeared on the surface of
the core/shell nanofibers. A greater volume of core
polymer solution decreased the rate of evaporation of
the solvents from nanofibers and it noticeably slowed
down the process of solidification of nanofibers. Pores
on the surface of the core/shell nanofibers didn’t form
due to the slow evaporation of solvents in case of ﬂow
rate of shell/core polymer 80/50 ml/h.

(a)

(b)

(c)
(d)
Figure 2: Characterizations of electrospun nanoﬁbers.
SEM (5.000 x) morphology of coaxial nanofibers with
various flow rate ml/h (a) ﬂow rate of shell/core 50/10,
(b) ﬂow rate of shell/core 80/10, (c) ﬂow rate of shell/
core 80/20, (d) ﬂow rate of shell/core 80/50 ml/h.
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STATEMENT OF PURPOSE
The main goal of the research was to investigate
residual deformation of basalt fiber and graphene
reinforced composites at different load levels with a
simple cyclic test method.
INTRODUCTION
In case of the engineering application it is important to
create light-weighted materials with excellent
mechanical properties. By the weight reduction the
energy consumption can be reduced effectively. To
achieve the high performance beside the low weight on
reliable producing costs polymer composites can be
used. These materials are consist of tough matrix and
high-strength fibers. Application of nanoparticles in
these composites can lead to high performance that can
result in additional weight reduction possibilities.
Graphene is one of the last discovered nanoparticles
which was invented by two Russian researchers in
2006. It is a single layer of carbon atoms packed
densely in a honeycomb crystal lattice. It has great
thermal- and electrical conductivity and has superior
mechanical properties. However physical properties of
graphene-like structures are explored deeply, their
application as reinforcement in polymer composites is
still under intensive research [1, 2].
Milani et al [3] used graphene created form expanded
graphite to make composites. These particles were
incorporated into polypropylene via in situ
polymerization. In the composites the graphene
content was varied between 0.5 wt% and 20 wt%. The
results of X-ray diffraction studies demonstrated that
by increasing the graphene content the dispersion is
less proper, there are more graphene aggregates. This
tendency reflected in in the mechanical properties, too.
The tensile strength of composites reached the
maximum 28 MPa at 4,8 wt.% graphene content,
further nanoparticle addition lead to lower strength
values.
Rafiq et al [4] used nylon 12 as a matrix material.
They functionalized the graphene before the composite
production. Composites were created in internal mixer
at 210°C, with 0.1, 0.3, 0.6, 1.0 wt.% graphene
contents. Ultimate tensile strength of composites
increased to 43 MPa at 1 wt% graphene content,

further addition of nanoparticles drastically decreased
the strength.
Preparation of hybrid composites could be a feasible
solution to break up the aggregates of nanoparticles.
The presence of common fiber in the polymer melt can
increase the apparent viscosity that can help to achieve
better nanoparticle dispersion. This effect was proven
for montmorillonite and basalt fiber containing
polyamide 6 composite by cyclic tensile test [5].
In this study hybrid composites were produced with
graphene and basalt fiber reinforcement. The goal was
to enhance the dispersion of the nanoparticles therefore
achieve better mechanical performance.
MATERIALS AND METHODES
For matrix material Schulamid 6 MV 13 type
polyamide 6 (PA 6) from A. Schulman GmbH
(Germany) was used. For micron-sized reinforcement
basalt fiber (BCS KV12; Kamenny Vek Ltd, Russia)
was applied. Graphene xGnP® Graphene Nanoplatelets
- Grade H (GnP) supplied by XG Sciences, Inc. (USA)
were used as nano-sized reinforcement. A Labtech
Scientific twin screw extruder (L/D= 44; D= 26 mm)
was used for continuous melt mixing. The screw speed
was 12 1/min and the extrusion temperature was
240C°. For the composites 30 wt% BF and 0.5 and 1.0
wt.% graphene were used, respectively. The dried PA
6 granulates (80°C; 4 hours) were mechanically mixed
with the reinforcing materials then extruded and
granulated. Dumbbell type specimens (4 x 10 mm of
cross section) were injection moulded on an Aurburg
Allrounder Advance 370S 700-290 injection molding
machine.
Before the mechanical tests, the specimens were
conditioned under 50% relative humidity and 20°C for
48 h. Tensile tests were performed on a Zwick Z020
universal testing machine according to EN ISO 527.
The load was increased in every cycle by 100 N. The
up and down load speed was 100 N/s, in forcecontrolled mode. After down load 30 s relaxation time
was applied in each cycle. The measuring procedure
was set to be end when close to the maximum force at
least 1 % additional elongation awaked and after it the
force still could not achieve the previously set value.
RESULTS AND DISCUSSION
The results of the tensile tests showed that the presence
of 0.5 wt.% graphene nanoparticle did not change the

tensile strength significantly (Table I.). At 1.0 wt.%
particle content of nanoparticle the tensile strength
decreased. On the other hand the presence of
nanoparticles increased the Young’s modulus in both
cases.
Tensile strength
[MPa]

Young's modulus
[MPa]

PA 6/30BF

99.0 ± 0.3

4419 ± 154

PA 6//30BF0.50GnP

99.9 ± 0.2

4902 ± 124

PA 6/30BF/1.00GnP

94.0 ± 0.6

4858 ± 2

Materials

Table I. Mechanical properties of polyamide 6 matrix
hybridcomposites (BF – Basalt fiber, GnP – Graphene
nanoparticle)

The main goal of this research was to study the
deformation components of hybrid composits, focused
mainly on the residual deformation component and the
elastic deformation (sum of instantaneous and
viscoelastic deformations) of the materials.

Fig. 1. Effect of the graphene content to the residual
deformation during cyclic test after 30 s relaxation time

In case of hybrid composites it was found that there is
a moderate decrement is the residual deformations in
case of 0.5 wt.% containing hybrid but at 1 wt.% GnP
content showed higher redisual deformations at each
load levels. (Fig. 1.).

Fig. 2. Increments of residual deformation in each cycle after
30 s relaxation time

The increment of residual deformations in each cycle
(Δε30) were also calculated (Fig. 2.). It is revealed that
0.5 wt.% GnP content can have greater influence on
the properties at higher load levels.
CONCLUSIONS
The presence of 0.5 wt.% graphene did not change the
tensile strength significantly, but the Young’s modulus
increased. At 1.0 wt.% graphene content the
mechanical properties were less favorable. Similar
effects occurred in case of the cyclic investigations:
the presence of 0.5 wt.% nanoparticle could slightly
decrease the residual deformation. Overall it can be
concluded that the presence of basalt fibers can only
help in the dispersion of nanoparticles at low
nanoparticle contents.
KEYWORDS
nylon 6, graphene, basalt fiber, hybrid composite
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ABSTRACT
Mechanical tensile failure is significant for
naked plastic optical fiber (POF) used as raw
material for light design in textiles. Strength
distribution is attributed to the pre-existing flaws
in fiber volume and on fiber surface, components
of core and cladding and interface properties.
Mechanical properties of POF based on PMMA
were carried out by Instron-4411 tester with
different fiber length. The values of original
modulus, deformation and ultimate tensile
strength of POF were calculated and compared.
Weibull distribution was applied for estimation
of strength distribution and elastic-plastic
behavior of POF.
INTRODUCTION
Naked plastic optical fibers (POFs) exhibit a
broad strength distribution due to severe flaws
on surface, non-uniform quality of filaments,
components of core and cladding, and interface
properties between them. As we know, it is
difficult to produce smaller diameter POFs
during manufacturing processes, which leads to a
greater number of imperfections, resulting in
higher attenuation for end product. For special
light design in textiles, it is important to
understand the mechanical properties (such as
tensile strength, flexibility and fatigue behavior)
for POF used as the raw material (floats, warps,
wefts, etc.). Previous work has pointed out that
there are significant gauge-length and strain-rate
dependences on fiber strength [1-3] following a
statistical distribution. Dissimilar modifications
improve the behavior of classical Weibull
distribution for fiber strength [4-5].
This contribution is mainly investigated the
effects of fiber length on fiber tensile strength of
poly(methyl methacrylate) (PMMA) POFs and
reported the statistical distribution of fiber tensile
strength by fiber tensile testing. The strain-stress
experiments of POFs were proceeded to evaluate
basic characterizations with the Instron-4411
tester. The distance between two holders was

designed as 50, 75, 100, 150, 200, 300 mm, and
the testing speed was 200 mm/min. Each sample
was tested for at least 20 times.
RESULTS AND DISCUSSION
Experimental results of tensile tests are presented
in figure 1, with the increase of fiber length, the
strength drops slightly and strain decreases

Figure 1: Effect of fiber length on strength,
strain and modulus of POF

markedly while the modulus increases. The trend
in strength might be explained by the weakestlink theory. The surface flaws occurring with a
statistical nature increase with larger surface area,
which leads to lower strength. The crosshead
speed for all fibers with six lengths is the same,
which means the extension rate for each fiber

Figure 2: SEM of failure of POF

keeps constant, as a result, longer fiber will
initiate lower strain rate as expected. The results
of fiber modulus are surprising because it is

contrary to the widely accepted assumption that
the material modulus is intrinsic property and
should be a constant. In present work, it seems
that the longer the POF, the higher the fiber
modulus, the same tendency about the
mechanical properties was found in [2]. Longer
fiber appears to possess more stiffness. It might
reveal that the increases in both strength and
strain with smaller fiber length are attributed to
the accumulation of each point in POF, or
distributed over the whole mass of POF.
Modulus is changed as a result of different
increases in strength and strain.

shift parameter A is the lower limit of strength.
The scale and shape parameters can be obtained
from the fitting equation based on 1mm
reference fiber length. The variance of mean
fiber strength can be predicted, as shown in
Figure 4.
CONCLUSIONS
It is significant to investigate the effects of fiber
length on strength, strain and modulus. Strength
and strain decline with the increase of fiber
length. Modulus may be dependent on strength
and strain, rather than keep constant during fiber
testing. The effects of fiber length indicate the
probably visco-plastic property and interface
properties between core and cladding, which are
needed to be investigated deeply and in detail in
the future work.
Weibull distribution can be a good model for
investigation of statistical distribution of fiber
strength. Mean fiber strength can be predicted by
Weibull distribution with parameters related to
fiber length.

Figure 3: Weibull strength distribution with
three parameters for POF

The experimental and theoretical results in figure
3 show that it is almost coherent for the strength
distribution for POFs with different lengths.
Weibull strength distribution can have a good fit
for most of our experimental data, but still some
fitting results are not perfect enough.
Three-parameter Weibull distribution can be not
only used to estimate the strength scatter, but
also to predict the strength with fiber length. The

Figure 4: Dependence of fiber length on
mean fiber strength
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ABSTRACT
In this research two polyester corespun thread with
different amount of silicon lubricant are tested for
sewing needle heat and tensile properties. The
experiments are performed on industrial lockstitch
machine at different speeds ranging from 1000
r/min to 4000 r/min .It is observed that needle heat
decreases linearly with the increase of lubricant
amount but the tensile properties of sewing thread
decreases significantly when the lubricant amount
is more than 5%.It is concluded from our research
that 3-4% lubricant amount is optimum for
polyester corespun thread for better tensile strength
and decreasing needle heat during sewing process.
INTRODUCTION
During high speed sewing the sewing thread is
subjected to friction, heat, pressure torsion and
bending. These forces act on the thread repeatedly,
and tensile properties of thread decrease
substantially [1]. Thread has to pass through the
needle eye, fabric and bobbin case mechanism
50−80 times before becoming part of the seam [2].
Local abrasion and cutting of the needle thread can
occur due to rubbing at the top of the needle eye
[3]. In an early research work, Crow and
Chamberlain [3] reported that there is up to 60%
reduction in thread strength after sewing. Later, a
number of researchers observed that there could be
30–40% strength reduction in the cotton thread
after sewing and various reasons assigned included
structural damage, dynamic and thermal loading
[4].

• Lockstitch machine (Brother Company, DD7100905)
• Thermocouple by Omega (K type 5SC-TT-(K)36-(36)) for the inserted method
• Omega -wireless device and receiver (MWTC-DK-868)
• Needles (Groz-Becker 100/16) R- type
• PET-corespun thread 40 tex and 80 tex
• Denim fabric 2/1, twill 100% cotton,257 g/m2
Methods
In this research sewing process is performed at
speeds of 1000 r/m to 4000 r/min , needle heat is
measured by inserted thermocouple method and
thread tensile properties of sewing thread is
measured before and after the sewing process
.Sewing threads with different amount of lubricants
are obtained from company AMANN.
RESULTS AND DISCUSSION
Results shows that needle temperature decreases
with the increase of lubrication amount.Fig 1 shows
that needle temperature is measured after 15
seconds of sewing process with different
percentage of lubricant amount for 40 tex
polyester-polyester corespun thread at different
speeds of sewing. There is a significant decrease of
needle temperature with the increase of lubricant
amount.

Lubrication is the famous technique of decreasing
friction of sewing thread, which eventually
decreases the needle temperature.In this research
different amounts of lubricant amount is applied to
observe the needle heat and tensile properties of
sewing thread.
EXPERIMENTAL APPROACH
Materials
Material and equipment used for this research are
listed below:

Figure 1. Needle temperature at different speeds of
sewing

Figure 2 shows the tensile properties of sewing
thread with different amounts of lubricants.

CONCLUSION
It is concluded from our research that needle
temperature decreases with the increase in lubricant
amount, at 7% lubrication amount sewing thread
shows minimum friction coefficient and needle
heat. The tensile properties of sewing thread
decrease when lubrication amount is more than 5
%, which might be due to the lubricant penetration
inside the yarn and causing fiber to fiber slippage.

Figure 2. Effect of lubricant amount on tensile strength
of sewing thread

Tensile strength of sewing thread decreases linearly
with the increase of lubricant amount, as with the
increase of lubricant amount the lubricant
penetrates inside the yarn and decreases the fiber to
fiber friction, which makes the fiber grip weaker
with other fiber due to slippage.
Figure 3 shows the sewing thread image without
lubricant and figure 4 shows the image with 4%
lubricant amount, it is visible that the lubricant is
more concentrated on the surface of yarn with
particles of lubricant spread at different yarn parts.

Figure 3. Sewing thread without lubricant

Figure 4. Sewing thread with 4% lubricant

FUTURE WORK
The research will be continued with different types
of sewing thread and lubricants.
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ABSTRACT
Wool nanoparticles were embedded in
chitosan/gelatin composite films and their
physiochemical and mechanical properties were
evaluated. The obtained results showed that
incorporation of wool nanoparticles into
chitosan/gelatin composite led to a reduction in
tensile strength, swelling, water uptake and
dissolution degree of the films. In vitro
degradation test revealed that the nanocomposite
had a lower degradation rate than that of
chitosan/gelatin composite.
INTRODUCTION
Biodegradable films, which have attracted much
attention in recent years as prospective substitute
for synthetic polymers, are generally made from
biopolymers such as proteins, polysaccharides,
lipids, or their blends. Among these biopolymers,
chitosan and gelatin have received a great deal of
interest due to their biocompatibility, low
toxicity, and biodegradability [1,2]. Wool, a
biopolymer obtained from the fleece of sheep, is
basically composed of the fibrous protein, keratin,
which has intrinsic biological activity and
biocompatibility. There has been considerable
interest in ﬁnding new applications of wool
keratin through development of new products
such as ﬁlms, gels and powders. Since the protein
powder could keep the original properties of the
material without destroying the microstructure, it
has been widely applied in modern industries
[3,4]. In this study, wool nanoparticles, which
were produced by enzymatic hydrolysis followed
by ultrasonic treatment, were incorporated in
chitosan/gelatin composite films and their
physiochemical and mechanical properties were
investigated.

EXPERIMENTAL APPROACH
Wool nanoparticles were produced from waste
wool fibers by enzymatic hydrolysis followed by
ultrasonic treatment as it was reported previously
[5]. Two per cent (w/v) of chitosan (medium
molecular weight, Sigma-Aldrich) and gelatin
(Merck) solution was prepared separately by
dissolving in 1% acetic acid and deionized water,
respectively, until homogenization. Glycerol
(Merck) was added to each solution as a
hydrophilic plasticizer at a concentration of 25%
(based on polymers dry weight). Gelatin solution
with or without wool nanoparticles (0.1, 0.3, &
0.5%) was added drop-wise to the chitosan
solution at CH:G=1:1 ratio by weight, the acidity
of the resulting mixture was adjusted to pH= 5.5
with 1 M NaOH, then stirred for 2 h at 50 ºC,
followed by casting and evaporation at room
temperature. The produced films were then
characterized by SEM and their mechanical
properties, stability, biodegradation, swelling and
wettability were evaluated.
RESULTS AND DISCUSSION
The surface micrograph of chitosan/gelatin
composite film in Figure 1 reveals clean, uniform,
dense, and homogenous appearance. As for
nanoparticles-embedded
composite,
wool
nanoparticles are rather uniformly distributed in
the composite. However, some aggregates of the
nanoparticles are observed as the amount of
particles increase.

biodegradation. In addition, composite films
containing nanoparticles were more stable than
the control and the highest stability achieved for
0.3% wool nanoparticles-embedded composite.

(a)

(b)

(c)

(d)

Figure 1: SEM images of chitosan/gelatin composite
films containing (a) 0%, (b) 0.1%, (c) 0.3%, and (d)
0.5% wool nanoparticles.

The results of swelling ratio as well as water
uptake of the films in phosphate buffer saline
(PBS, pH= 7) and deionized water, respectively,
after 24 hours at room temperature showed that
nanoparticles-embedded composites had lower
swelling and water absorption comparing to the
chitosan/gelatin composite film. Besides, films
containing nanoparticles showed lower solubility
comparing to the blank membrane. In other
words, the hydrophilicity of these films was
reduced by addition of the nanoparticles and
minimum solubility achieved by incorporation of
0.3% wool nanoparticles. It was also observed
that with the addition of nanoparticles, tensile
strength and elongation of the blended films
decreased, particularly at high nanoparticle
content (0.5%), which is probably due to its
irregular microstructure and the aggregation of
nanoparticles.
As for biodegradation, lower degradation (weight
loss in PBS containing lysozyme) occurred for
the
nanoparticles-embedded
composites
comparing to the chitosan/gelatin film,
particularly for the one with 0.3% wool
nanoparticles. In fact, the loaded nanoparticles
can play as a hindrance for enzymatic hydrolysis
of the film and as a result restrict its

CONCLUSIONS
Wool nanoparticles, which were produced by
enzymatic hydrolysis followed by ultrasonic
treatment, were incorporated in chitosan/gelatin
composite to investigate their impact on the
properties of the composite films. SEM images
showed
that
the
nanoparticles-embedded
composites had irregular, rough and compact
microstructure. The obtained results revealed that
minimum water uptake, swelling, solubility, and
biodegradation occurred in composite containing
0.3% wool nanoparticles comparing with the
other composites. Mechanical properties also
decreased in the produced nanocomposites due to
the destruction of molecular integrity. It was
found that this reduction intensified with
increasing nanoparticles percentage in the
composites.
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INTRODUCTION
This article is focused on a creation of
biodegradable structure that will combine
meltblown fibers with nanofibers. Meltblown
technology is very usable technology. Their
products are used in many technical, hygiene and
medical applications. Meltblown textiles can be
found in filtration media, sorption pads, diapers,
breathing masks and others. For meltblown fibers a
high fineness is typical. A diameter of standard
meltblown fibers may be near to 2 μm. Thickness
of meltblown layer can be up to 10 milimeters.
Also modified meltblown that can produce
nanofibers was developed [1]. The polypropylene,
polyethylen, polyester and polyamide belong to
group suitable polymers used for a production
maltblown.
Generally it can be said that
meltblown is very productive and effective
technology.
Nanofibers belong to novel promising type of
nonwovens. But suitable applications are still
found. That is why there are not massively used
and their production is rather in a laboratory scale.
One of an interesting application is tissue
engineering, where nanofibers can serve as a
supporting layer, so called scaffold. This scaffold
ensures efficient growing of cells, required
geometrical shape and especially higher thickness
of cell structure. But for some applications is not
nanofiber scaffold suitable, especially due to their
insufficient mechanical properties. If the scaffold
structure is produced as combination of micro and
nanofibers then resulting properties can be usable.
After cell seeding a biocomposite is created.
APPROACH
For production of said material the combination of
electrospun nanofibers and meltblown fibers is
considered. For suitable properties of the scaffold
the biodegradability is required. Polymers
mentioned above are not biodegradable that is why
suitable polymer for this purpose was found. As
suitable polymer a polycaprolactone was
determined. For trials three polymers with different

molecular weight were chosen. Best results
exhibits sample whose properties are put in Table I.
Producer
Molecular weight
(Mn)
Melting temperature
Melt index

VAKO Aldrich
40.000 – 50.000 (Av.
45.000)
56 – 64°C
1.8 g/10 min (80 °C, 44
psi)
Table I: Properties of used polymer
For production of metblown a laboratory
meltblown device J and M Company was used.
This device allows usage of a small amount of
polymer. Also the productivity is closer to
electrospinning process.
RESULTS AND DISCUSSION
Based on trials the conditions for setting of
meltblown device for applied polymer was found.
In Table II are put temperatures of individual parts
of device and blowing air. The screw chamber has
three heating sections (Zone 1 – 3). Also part
between a die and screw is heated. A pressure set
for blowing air ranged between 69 – 82,7 kPa (10 –
12 psi).
Temperatures

Screw zone
1
2
3

°C

80

Jet
Flang
e
170

12
15
0
0
°F
17 25
30 340
6
0
0
Table II: Temperature set of melblown device

Di
e
17
0
34
0

Prepared layers of PCL meltblown was observed
using microsope. Pictures of fibers are put in
Figure 1.

Air
230
230

molecular weight reduction. It is very important,
because molecular weight strongly affects the time
of degradation. Thus it can be assumed that applied
temperatures can control also degradation time
through molecular weight changing.
CONCLUSIONS
In the article the possibility of preparation of PCL
meltblown in laboratory scale was shown. From
results is evident that preparation of PCL
meltblown is able. Fibers in the layer exhibit higher
diameter, but it will be reduced by the optimized
process conditions.
FUTURE WORK
After reduction of fiber diameter the combination
of electrospunn nanofibers with meltblown will be
provided and samples for in-vivo test are prepared.
The possibility of this combination was already
verified in previous years.

Fig. 1: Pictures of meltblown structure 100x, 500x
and 5000x magnified
From pictures can be seen that fiber structure
hasn’t any defects. Measured diameter of fibers
was 11,07 ± 1,19 μm. This diameter is higher
compare to common meltblown. It may be caused
by lower meltflow index or higher molecular
weight. A viscosity decreasing, which is for
meltblown process required, was achieved with
higher temperatures. These conditions can lead to a
.

Also study of temperature and other process
parameters on molecular weight of the polymer
will be done.
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ABSTRACT
In this study, a heavy weighted polyethylene
(PE) fabric was sewed by three sewing needles
in different numbers. Sewing process was
carried out at a constant speed. During the
sewing process, the heating rate of the needle
was measured. The effects of different needle
numbers onto the needle heating were
investigated. Additionally, the deformation onto
the fabric surface stemming from the needle
penetration was searched via a light microscopy.
INTRODUCTION
Sewing process must be performed by machine
needles. Features, shapes, sizes, and proper
installation of the needles directly affect the
quality of sewing [1]. Sewing needle plays an
important role during the creation of optimum
stitch. Sewing needles help passing the sewing
thread through fabric and formation of loop by
keeping the upper thread [2].

Methods
Fabric samples were conditioned in 20 ±2 oC,
65% relative humidity for 24 hours and then
were cut in 10 m x 15 cm dimensions and sewed
with a constant speed of 5 stitches/cm. The
pyrometer was positioned to 6.5 cm distance
from the sewing needle. During the sewing
process, the pyrometer measured the heat of the
needle from 100 different points of the needle
per seconds. Each measurement was repeated 5
times in order to increase the accuracy of the
test. In order to see the deformation stemming
from the needle, fabric samples were analyzed
in a light microscopy (Olympus SZ-PT).
RESULTS AND DISCUSSION
Figure 1 shows the deformation on fabric
surfaces occurred after sewing process.
Accordingly, the most deformation was
observed on the sewing count of Nm 100/16
SES needle type.

There are over 100 different types of industrial
sewing needle in the market. These have
different lengths, thicknesses, shapes and points.
Typical industrial sewing needle consists of 15
parameters. These are; needle shape, point,
number, eye etc. Each of these parameters
affects heating of the needle at different degrees
[3-5].
EXPERIMENTAL APPROACH
Materials
For experimental study, a PE woven laminated
fabric (155 g/m2) was used. Sewing needle
numbers of 12, 14, 16 (GROZ-BECKERT) and
Juki DDL 9000A-SS Lock Stitch Sewing
Machine were used for sewing process.
Pyrometer used for temperature measurement
on needle was Optris CT3M.

a. Nm 80/12 FFG/SES

the heat of the sewing needle during the sewing
process. Then the light microscopy images
proved that whenever the size of the needle
increases the deformation on the fabric surface
(needle hole) increases. According to the
microscopy images, the needle of Nm 80/12
showed the least deformation thus it is the most
suitable needle size for this kind of laminated
fabrics.

b. Nm 90/14 FFG/SES

c. Nm 100/16 SES

Figure 1: The images of needle deformation with
different needle counts on fabric surface.

CONCLUSIONS
In this study, polyethylene fabrics were sewed
by three different sewing needles in different
sizes. During the sewing process, the sewing
needle heating was measured by a pyrometer
device. Results showed that needle sizes affect
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ABSTRACT
In recent years, developing, production and usage of
Core-Spun yarns in the textile industry have reached an
important point. In essence, soft or hard (such as
elastane or filament) in the surroundings of a material
to take place and staple it (dashed) as a result of two
different structures and properties of the material of the
fibers wrapped by combining yarns can result with a
completely new structure and functional yarn. These
yarns (yarns stretched component/ multi-component)
can be produced by using elastane (Lycra®, Creora®,
Dorlastan®,
Glospun®,
etc.).
Polybutylene
terephthalate (PBT) and T400®. In this study, the
intended core-spun multicomponent (dual-core) yarns,
both in the center and / or higher core (core) can be
produced and fabric performance determination by
using materials.
KEYWORDS: Core-Spun yarns, dual-core, stretch
denim fabrics, testing
INTRODUCTION
In this study, 78 dtex elastane in all trials. Elastan
drafting changes between 150% (1,5) and 450% (4,5).
Trial wefts are made of cotton and in center of the yarn
they have materials mentioned below:
• Soft core: Elastane( spandex) 78 dtex that all seven
weft has this material
• Hard core: Polyester 83 dtex, 36 filaments
All of these five weft yarn produced definitely same
cotton blend, with 4,5 alfa on same ring machine.
After the yarns produced standard yarn test methods
carried out.
In means of producing woven fabric with these wefts, it
is chosen a very common denim construction.
Properties of warp yarn, loom, weave, weft density
(picks per cm) is explained below:
Warp yarn
Number of ends
Reed Number
Loom width
Weave
Picks per cm

: 10/1 Ne Ring, indigo dyed
: 4320
: 60/4 (24 ends/cm)
: 180 cm
: Dimi 3/1 Z (right hand)
: 20 picks/cm

With the weaving machine dornier with rapier
mechanism, they all woven one after another. Finishing
proses 18 be caustification with poly acrylic finishing

and sanforizing applied. All of trials tested with
standard denim testing methods.
RESULTS AND DISCUSSION
Dry woven fabrics width, washed fabrics width and
shrinkage percentage on weft direction is measured.
These values can be very widely one fabric to another
on stretch denim fabrics. Despite dry weight and
washed weight is very close values on rigid fabrics,
stretch fabrics weights differs because of elasticity and
other properties. In fact each test result is related within
another property of fabric. Especially width, shrinkage,
weight both dry and washed, elasticity and growth
variables has a cause and effect relationship between
each other. In the Table I, there are width and weight
test results.
Table I. Weft description, width, washed width, dry
weight and washed weight of the five woven fabric
trials
weft
washe shrinkage
washed
widt
percentage weight
weft
d
weight
h
(Oz/yd²)
draft
width after
(Oz/yd²)
(cm)
washing
(cm)
(%)
140,
1,5
139,5 1,6
10,0
10
8
2

137

129

4,6

10,1

10,7

2.5

134

122

6,8

10,2

11,2

3

130,
6

118,2

9,8

10,4

11,6

3.5

128

115,6

10,6

10,5

11,8

126,
114,4 11,1
10,7
12,1
5
126,
4,5
113,4 10,5
10,8
12,1
2
The graphic of fabric width, washed width and weft
shrinkage variation of woven fabrics made by selected
trial wefts is given below in Figure 1.
4

drafting, 2 and 4 drafting going stable.
Elasticity/growth values are showing the relationship
between growth and the elasticity.
While the growth elasticity of an undesirable trait often
requested feature the elasticity is very low due to the
low value-ups in terms of both cost and feature requests
insufficient to meet. In this case suitable for both high
flexibility and elasticity in terms of elasticity / growth is
the highest in the region at 3.5 and 4 can be considered
as the optimum range shooting range.

Figure 1. Width, washed width, and weft shrinkage
percentage of trials
After washing, these results explain the higher drafting
of 78 dtex elastane, weft direction of fabrics relatively
higher weft shrinkage value. And with 78 dtex elastane
weft fabric has the widest washed width value at 1,5
draft The other samples widths are very similar.
Elasticity and growth values determined in different
ways. Growth (2 hours) data gives more reliable result
for end user. Elasticity value is usually wanted higher
but growth must be low. Growth values of weft trials
chart given below with Figure 2.

Figure 2. Weft – growth (30 sec.) , growth ( 2 hours)
change
As can be seen in the statements of elasticity and
growth elasticity is rising up to 4 drafting on a regular
basis. However, after 4 drafting elasticity values do not
change. Growth in value of 1.5 is relatively low while

CONCLUSIONS
In between of fabric weight and washed weight, 78 dtex
elastane weft fabric with 10,4 oz/yd² weight and 11,8
oz/yd² washed weight is lighter than the other trials
because of less elasticity degree. Weft content did not
effect on tear strength and tensile strength on warp
direction. Weft tear strength of 78 dtex elastane weft
fabric is weaker. Weft tensile strength of 78 dtex
elastane weft fabric is also less than the other trials.
Multicomponent dual core weft fabrics are generally
have more strength on weft direction.
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INTRODUCTION
NFPA (National Fire Protection Association)
reported that more than 30,000 firefighter burn
injuries occur every year in USA [1]. The majority of
these injuries happen due to inadequate performance
of firefighters’ thermal protective clothing. The
performance of thermal protective clothing varies
upon the types of thermal exposures faced by
firefighters [2]. It became evident that firefighters
have to kneel down or crawl on the floor for
extinguishing fire and/or rescuing fire victims; in this
situation, their clothed body parts (knees, elbows)
may immerse in hot-water and can compress with the
floor [3]. This hot-water immersion and compression
can cause burn injuries for firefighters.

EXPERIMENTAL APPROACH
Materials
Generally, three layered structure of fabrics are used
in assembly for firefighters’ protective clothing.
These fabrics are shell fabric, moisture barrier, and
thermal liner. In this study, shell fabrics, moisture
barriers, and thermal liners with different structural
features were selected. By assembling these fabrics,
nine different types of single, double, and triple
layered fabric systems were developed. The physical
properties of these fabric systems (air permeability,
thickness, weight, and thermal resistance) were
measured using the ASTM (American Society for
Testing and Materials) standards (D737, D1777,
D3776, and D1518).

Recently, a few researchers evaluated the
performances of thermal protective fabrics under hotwater immersion and compression [4, 5]. Mandal and
Song (2014a) developed a new protocol to
characterize thermal protective fabrics under hotwater immersion and compression [4]. In another
study, Mandal and Song (2014b) evaluated the
thermal protective performances of fabrics used in
firefighters’ clothing under hot-water immersion and
compression [5]. Although these studies [4, 5]
focused on the thermal protective performances of
fabrics, they were carried out at a particular watertemperature (85ºC) and compression pressure (8psi).
Thus, these studies cannot fully shed a light on effect
of different parameters on the performance.

Methods
Three specimens (305mm × 305mm) for each of the
above developed fabric system were prepared. These
specimens were preconditioned for 24 hours at
21±1°C and 65±2% relative humidity for testing in
dry condition. Then, these specimens were subjected
to hot-water immersion and compression for the 120
seconds for testing at different water-temperatures
(75ºC, 85ºC, and 95ºC) and compression pressures
(2psi, 4psi, and 8psi). From these testing, thermal
protective performances of the fabric specimens were
measured in terms of time required to generate 2nd
degree burns on human skin. The mean deviations of
2nd degree burn times were maintained within ± 2.5%
for statistical data analysis using the significance test
(at P-value < 0.05), 95% confidence interval test (+
or - interval), and t-test (+ or - T-stat value).

Present study aims to characterize the performance
of thermal protective fabrics under hot-water
immersion and compression. For this, thermal
protective performances of fabrics are measured
under the hot-water immersion and compression at
different water-temperatures and compression
pressures. Through statistical analysis, impact of
fabric
properties,
water-temperatures,
and
compression pressures on the performances are
analyzed and summarized. This study will help in
developing a new thermal protective fabric that can
provide better protection from hot-water immersion
and compression.

RESULTS AND DISCUSSION
This study shows that the thermal protective
performance is closely associated with fabric
properties. It is evident through the significance test
and t-test that air permeability of a fabric can
appreciably
affect
the
thermal
protective
performance and a negative association exists
between the air permeability and performance [4, 5].
Q=

− KA( Pb − Pa )
µL

(1)

According to Darcy’s law [Equation 1, where Q =
the total discharge of mass per unit time (m3/s), K =
fabrics’ permeability (m2), A = cross sectional area
of mass flow, Pa = pressure of the hot-water before
passing through fabrics, Pb = pressure of the hotwater after passing through fabrics, μ = viscosity,
and L = fabrics’ thickness], a fabric with high air
permeability can allow a lot of mass (hot-water)
transfer through its structure; this hot-water
transferred can cause burn injuries on wearers’
bodies. As an air-impermeable fabric may not allow
the mass transfer through its structure, it is obvious
that the thermal protective performance of an airimpermeable fabric is higher than that of an airpermeable fabric. Additionally, an air-impermeable
fabric with high thickness can trap more dead air
within its structure; eventually, this type of system
provides high thermal resistance and performance.
Along with the fabric properties, the constructional
features of the fabric systems do affect the thermal
protective performance. Interestingly, thermal
protective performances of two triple layered fabric
systems with same properties can be different if the
placement of moisture barrier is different in these
fabric systems. A fabric system with moisture barrier
in the outer layer (directly facing the exposure)
results in higher performance than a fabric system
with moisture barrier in the inner layer.
Furthermore, it is evident that water-temperatures
and compression pressures have a significant effect
on the thermal protective performances. The thermal
protective performance of a fabric system decreases
at high water-temperatures and compression
pressures. This is because the movement of water
molecules is very dynamic at the high temperatures
in comparison to the low temperatures. Due to this
movement, the mass transfer can easily occur
through the fabric systems towards wearers’ bodies
and can cause burns to wearers. Moreover, the
conductive heat transfer predominates through a
fabric system during the compression. With
compression, the trapped dead air within fabric
systems tremendously decreases, which ultimately
causes more heat transfer and lowers the
performance. This compression also lowers the
surface roughness of the fabric system resulting in
low trapped boundary air layers on the surface. This
situation lowers the thermal protective performance
of fabric systems. It has also been observed that the
differences in performances at different watertemperatures and compression pressures are not
significant for the single layered fabric systems;
however, these differences exhibit significantly for

the triple layered fabric systems. This may happen
because changes in thermo-physical properties of the
triple layered fabric systems at different watertemperatures and compression pressures can be more
significant in comparison to the single layered fabric
systems.
CONCLUSIONS
Based on this study, it can be concluded that fabric
properties and constructional features are important
for achieving better thermal protective performance
under hot-water immersion and compression. The
thermal protective performance can be enhanced by
decreasing the air permeability of a fabric in a fabric
system. It is suggested that a fabric system with high
compression can lower the protective performance.
Furthermore, a triple layered fabric system is more
vulnerable to the changes of water-temperatures and
compression pressures than a single layered fabric
system. This study will help in engineering a thermal
protective fabric and/or clothing for better
occupational safety and health of firefighters.
FUTURE WORK
A model will be developed for predicting the
performance by employing its various crucial
parameters. This numerical model can help to predict
the performance of thermal protective fabrics and
associated heat and mass transfer mechanism.
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INTRODUCTION
The high electrical conductivity, excellent
stability, synthetic accessibility, and variability
of polypyrrole (PPY) preparation methods can
explain the broad application potential of this
material. Number of applications have been
reported recently as fuel cells, sensors, batteries,
capacitors, and corrosion protection [1]. The
chemical oxidative polymerisation of pyrrole
(PY) is the most frequently used synthesis of
PPY. On the other hand, the poor mechanical
properties of PPY constitute the limit of its
commercial applications. New composite
materials, based on various inorganic or organic
substrates coated with a thin PPY layer, have
recently been developed. These composites
combined the good physical and chemical
properties of the individual components. PPY
thin layer deposition on the textile fibre was
tested for an absorption of microwave radiation
and electromagnetic interference shielding
static electric charge dispersion, and also for gas
or strain sensors [2].
EXPERIMENTAL APPROACH
Materials
For experiment, 100% PET plain weave fabric,
surface density 62.5 g/m2, the count of warp 45
threads per centimeter, the count of weft 25
threads per centimeter, the thickness 0.18 mm,
was used. The fabric was already in production
adjusted matting using TiO2, and diameters of
warp´s and weft´s monofilaments were
aproximatly 20 micrometers while circular
cross-section of monofilaments was not perfect.
Pyrrole (purity>98 %) monomer from SigmaAldrich was purified by distillation under
reduced pressure and stored at 4°C prior to use.
An oxidant, iron(III) chloride was supplied by
(Merck), Sodium methanolate, and methyl-

magnesiumjodide 0,1 M in ether were prepared
according to known procedures. Dipyrrylmethane and BODIPY used has been prepared
for different project in our laboratory[3].
Methods
Two point head for measurement of surface
resistivity was developed in VÚTS Liberec, a.s.,
Czech Republic), FTIR spektrometer Nicolet
iN-10 MX (Thermo Scientific)
for IR
measurement, XRF spektrometer ElvaX II
(PerkinElmer) for fluorescence measurement,
SEM pictures was done on Phenom G2, for
elemental analyses the Perkin Elmer CHN
analyzer was used..
RESULTS AND DISCUSSION
Conducting textiles based on polyethyleneglycol-terephthalate (PET) and polypyrrole
(PPY) were prepared by in situ oxidative
chemical polymerization of pyrrole (PY) on the
surface of PET textile using FeCl3 as oxidant.
The influence of several factors as polyester
fabrics pre-treatment, the monomer amount and
polymerisation conditions on formation of the
conducting PPY layer, its conductivity,
morphology, and stability was studied. Pyrrole
polymerization was subsequently applied to the
chemically pre-treated textile surface. It was
found that some solvolytic (NaOH in watermethanol, or NaOCH3 in methanol) and
nucleophilic (Grignard reagent) pre-treatment
resulted in much better surface of PPY layer.
High adhesion and at the same time the surfaces
with enhanced conductivity were obtained.
Several substituted pyrroles have been prepared
and tested in copolymer preparation. The most
interesting results have been obatined with
dipyrrolyl-methane and BODIPY (well known

dyes). The polymers formed from them are
shown below (Formulae 1).

Formulae 1: Structures of co-polymers prepared

The composition (m,n) of thus obtained copolymers has been found to be very different
going from 1 : 10 to 1 : 1. Based on these
findings the coating of PET have been
performed that should furnish much thicker
PPY layer.
The quality of layers obtained has been studied
by SEM as well as resistivity measurement. The
quality of PPY coating is clearly visible on
following figure 1. The fabric coated without
any pre-treatment is shown on the first picture
followed by sample pre-treated by Grignard
reagent.

Figure 1: The role of PET pre-treatment.

The resistivity has been found to depend
strongly on the thickness of PET/PPY coated
surface layer. Three samples of PET pre-treated
with Grignard Reagents and then coated with
layers of different thickness are shown on the
following Figure 2. The surface resistivity is
lower by almost 3 orders of magnitude.

Figure 2: Surface resistivity of Grignard reagents
pre-treated, PPY coated samples.

It was also found that the quality of PPY surface
layers can be assessed by TGA analysis. The

reaction mechanisms accompanying the
PET surface pre-treatment will be discussed
in details.
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ABSTRACT
In this study ready-made garment waste cotton
fiber were treated with NaOH and acetic acid
then mixed with ready-made garment waste
polyamide fiber and polymer composites were
produced from these treated cotton/polyamide
blend fibers by using thermoset polyester resin
as matrix. Then flexural properties of the treated
cotton/polyamide waste fiber blend thermoset
polyester composites were investigated.
INTRODUCTION
Each year tons of textile waste is recycled into
new raw materials for the automotive, furniture,
mattress, coarse yarn, home furnishings, paper
and other industries. Used clothes and losses of
textile industries end sooner or later in waste
collection stations, and usually landfilled or
incinerated [1].
The
performance
of
fiber-reinforced
environmentally friendly materials depends on
the interfacial bonding between the fibers and
matrix [2,3]. In order to obtain strong bond
between matrix and reinforcement material of
composite
structures,
surface
of
the
reinforcement material is roughed and cleaned
so mechanical bond is increased. Many
researches have been studied on application of
chemical methods to increase the adhesion
between matrix and reinforcement material.
Sodium hydroxide and acetic acid are the most
popular chemicals of the surface modification of
the plant fiber [4,5].
In this study, cotton and polyamide fibers were
used as reinforcement material. Cotton fibers
were treated with NaOH and formic acid. Then
treated waste cotton fiber was mixed with waste

polyamide fiber. Cotton / polyamide blend ratio
was set to 15-85%. Then polymer composite
was produced by using treated cotton and
polyamide blend as reinforcement material.
Polyester resin was used as matrix. Composite
materials were produced by using vacuum
infusion method. Finally flexural strength
properties of the waste fiber (cotton and
polyamide) / polyester composites were
investigated. Better results were obtained from
formic acid treated waste fiber/polyester resin
composites.
EXPERIMENTAL APPROACH
Materials
Readymade garment waste cotton / polyamide
fibers blend were used as reinforcement
material. Waste cotton and polyamide fibers
were obtained from readymade garments and
processed by Punteks, Turkey. Thermoset
polyester resin was used as matrix. Polyester
resin was obtained from Poliya Polyester,
Turkey.
Methods
Readymade garment waste cotton fibers were
treated with NaOH and formic acid, treatment
procedure is given in Table 1. Cotton fibre was
washed with water to remove the adhering dirt
for 30 min at 20OC in distilled water. They were
dried in an oven for 6 hours at 70O C before
production of the composite. Thermoset
composite structures were produced by using
vacuum infusion method, readymade garment
waste cotton/polyamide blend was used as
reinforcement material and thermoset polyester
resin was used as matrix. After production of
the composites flexural strength properties of
the composites were investigated.

Chemicals

Concentration

Temperature
(°C)

Time
(min)

NaOH

5 g/L

20

30

Formic
Acid

%100

20

30

RESULTS AND DISCUSSION
Flexural strength test results of the waste
Cotton-Polyamide / Polyester composites are
given in Table 2.
Composites
Untreated cotton - polyamide
waste fiber / PES composite
NaOH treated cotton- polyamide
waste fiber / PES composite
Formic acid treated cotton polyamide waste fiber / PES
composite

Flexural
Strength
(MPa)
30.6
34.4
36.1

According to the Table 2, NaOH and formic
acid treatments of waste cotton fiber increased
the flexural strength properties of the
composites. The reason of that is the treatment
processes cleaned and roughed the surface of
the cotton fiber, so better adhesion was obtained
between the waste fibers and polyester resin.
Higher flexural strength results were obtained
from acetic acid treated cotton-polyamide
fiber/polyester resin composites.
CONCLUSIONS
NaOH and acetic acid treatments of the cotton
fibers were increased the flexural strength

properties of the waste fiber (cotton-polyamide)
reinforced polyester composites. Higher flexural
strength properties were obtained from acetic
acid treatment.
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ABSTRACT
Internet became a transformation process not only
for companies but also consumers within the
marketing
in
consequence
of
developing
continuously and rapidly, having more and more
users and evolution of technology. Besides, it
provided
two-way
communication
between
companies and consumers. The aim of the study is to
analyze the level of which Turkish ready to wear
companies use internet and effect of online selling on
sales amount, profit and costs of the companies.
INTRODUCTION
Internet within its own functioning created a new
business area, a new business culture and a new set
of rules [1]. The date on which internet appeared as a
business device is 1995 [2]. E-commerce which
shows important growth in the world started to be
applied first in Turkey in 1999 [3].The companies
which operate online become faster, more productive
and less costly than the ones which operate by using
conventional methods in business. In these
companies, from supply process to post selling
process, all processes are integrated. Besides, they
start to consider consumers’ expectations [1]. In the
studies conducted by Utkun and Atılgan, it is stated
that the ready to wear companies which sell their
products by means of internet popularize their brands
and keep their places in business area [4].
E-business and e-commerce offer companies new
business alternatives. On the other hand, while
efficiency increases by means of digitalization, costs
decrease. Since changes started to affect consumers,
their needs and expectations of the consumers
become different and digital consumers who are hard
to satisfy, expect to be enriched [5].
EXPERIMENTAL APPROACH
In the study, the research model which was designed
to designate characteristic of a certain group was
used [6]. Target population of the study consists of
50 apparel companies, designated by Istanbul
Chamber of Commerce., selling their products both
by online and at their department stores. The
measurement by Baykulu was taken into
consideration; higher level of sampling was reached
than designated level of sampling [7] and 20 apparel
companies were reached. In the first chapter, general
information about the companies was acquired. In

the second chapter of the study, answers given to the
study containing 20 questions aiming at the
companies were received by means of meeting and
e-mail. The data obtained from the survey were
analyzed by using SPSS statistical pack program.
They were interpreted by presenting percentage,
frequency, average and standard deviation values of
the data.
According to data obtained from the survey it can be
seen that 50% of the companies was founded
between the years of 1965-1988. 91% of the
companies has been in service on the internet for 0-3
years. %90.9 of them has place to stock up their
products that they intent to sell, 45,5% of them
provides 40-50% of their sales by means of own
websites, 45.4% of them provides 40-50% of their
sales by means of other websites.
RESULTS AND DISCUSSION
In this chapter of the study, findings belonging to the
data which are obtained from the survey are
introduced.
Percentage of the companies’ amount of sales by
means of internet in their total amount of sales is;
9,1% of them has between 0,35% and 0,40%; 9,1%
of them has between 0,67% and 0,70%, 18,1% of
them has between 1% and 1,20%, 54,5% of them
has between 2% and 2,50%, 9,1% of them has 30%.
31.8% of the companies everyday, 18.2 %of the
companies 2-3 times a day, %18.2 of the companies
4-5 times a day, %22.7 of them once a week, 9.1% of
them once a month updates their websites. 27.3% of
the companies has visitors counter in their websites.
86.5% of the companies has 40000-100000 monthly
visitors 13.6% of them has 100000-1750000 monthly
visitors. 41% of them has 20-50, 50% of them has
100-150 and 9% of them has 5000-6000 daily orders
from consumers using their websites.
81.8% of the companies designates their delivery
time as 1-4 days; %18.2 of them designates it as 5-7
days. 9.1% of the companies provides online
support. Companies figure out that to be successful
in creating new strategies for e-commerce activities
related to wear products by considering gender is
100 % necessary. %100 of the companies uses their
own websites for their brands.

Similarly, it come into picture that companies use
social media at the rate of 95.5%, e-mail at the rate
of %90.9, written media at the rate of %50,
television at the rate of the %40.9, billboards at the
rate of %26.4, visual marketing at the rate of %22.7,
exposition at the rate of % 13.6.
Success rating of the e-marketing strategies reveals
that websites have the highest success rating, social
media has average success rating, search engines
have low success rating and viral marketing has the
lowest success rating according to companies which
attend the survey. The companies which attend the
survey chose Facebook and Twitter as two websites
with their %100 success rate which have the highest
usage in social media. According to use in social
media, %50 of the companies rates blogs number
one, %40.9 of them rates Foursquare and Instagram
penultimate.
%77.3 of them prefers marketing their brands by
using internet to address to larger mass, 72.7 % of
them uses it as an advertisement device, 99% of
them uses it to increase their profits 63.6% of them
uses it to become more known, 100% of them uses it
to be able to compete with others in the same league,
%27 of them uses it due to sectorial pressure that
they are on, %22.7 of them uses it to communicate
with consumers without necessitating any
intermediaries.
After they started to advertise their products by using
internet, %40.9 of them provides increase in their
sales at the rate of %3-10, 36.3% of them provides
increase at the rate of 20-30, %22.7 of them provides
increase at the rate of %35-40. %100 of the
companies states that sales costs are lower by means
of internet. %81.2 of them agrees %81.2 of them
disagrees with the statement having palace on the
internet increases their sales from department stores.
18% of them state that there are not any changes
with sales from their department stores after started
to online sales. On the contrary, %81.8 of them point
out that it causes increase in their sales from stores. It
can be concluded that %27.3 of the consumers whom
companies encounter don’t know what they want,
%27.3 of them prefers wrong products, %81.8 of
them has problems with returning the product, %63.
6 of them wants to return products that they use after
they buy, %54.5 of them wants to return products
which are out of returning time.
CONCLUSION
The results of the study show that companies’ using
internet provides competitive advantages for them.
Accordingly, it increases sales, they bear less costs

and can advertise more easily. Finally, having place
on the internet increases sales at the stores. It can be
concluded that in accordance to these data obtained
from the survey, internet has many advantages for
the companies who use it effectively.
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ABSTRACT
Non-thermal atmospheric plasma was used for
surface modification of raw cotton and linen
fabrics. Changes in hydrophilicity of the fiber
surface were measured as a function of parameters
of the atmospheric plasma pretreatment.
Wettability of the fabrics was characterized by
water drop test and water contact angles.
Wickability by thin layer wicking test was also
measured and the surface energy of the fibers was
calculated. Changes in the chemical composition of
the fiber surface were detected by X-ray
photoelectron spectroscopy (XPS) and infrared
spectroscopy (FT-IR ATR). The effect of plasma
pretreatment on the morphology of the fiber surface
was evaluated by atomic force microscopy (AFM)
and scanning electron microscopy (SEM).
Furthermore, the effectiveness of the subsequently
applied enzyme reactions was also evaluated.
INTRODUCTION
Recently, a number of shorter studies and
comprehensive reviews have been published
regarding the effects of plasma treatment on the
surface properties of natural and synthetic fibers,
yarns and fabrics. By using non-thermal plasma
treatment, the surface layers of the fibrous
substrates can be activated and modified without
alteration of the bulk characteristics [1].
In raw cotton fabrics, the warp yarns are covered
by mostly a starch containing sizing agent to
improve the weaving efficiency. The weft yarns,
however, do not contain any starch size and their
surface characteristics are determined solely by the
constituents (such as waxes, pectins, etc.) located in
the outer surface layers of the cotton elementary
fibers [2].
Linen is a multicellular fiber derived from the stem
of the flax plant. It consists of long elementary

fibers (approx. 2-5 cm) with a diameter of 10-25
µm, which are 'glued' together by pectin into
bundles. The waxy outer layer makes the fibers
hydrophobic [3].
It is well known that plasma treatment is effective
on the surface up to the depth of about 200 nm [4]
and can affect the removal of both the sizing agent
and waxy surface layer. Furthermore, plasma
pretreatment can increase the efficiency of the
enzyme-aided textile processes by accelerating the
enzyme action [5]. In this paper, besides
characterizing the changes in surface properties of
raw cotton and linen by a couple of simple tests and
powerful techniques as a function of time of cold
plasma treatment, the enhancement in accessibility
of enzymes to polymers located on the surface of
the fibers was also characterized.
EXPERIMENTAL APPROACH
Materials
Raw cotton and linen fabrics, plain-weave, with
fabric weight per unit area of 153 and 250 g/m2,
respectively, were selected for the experiments.
Methods
Non-thermal plasma treatment was performed in
ambient air by diffuse coplanar surface barrier
discharge type equipment (Manufacturer: Roplass
s.r.o., Brno, Czech Republic). Both sides of the
fabric samples were treated, applying a power of
300 W and treatment times of 30, 90 and 180 s.
Wettability of the plasma treated fabrics was
characterized by water drop test. Wickability was
evaluated by the thin-layer wicking experiments.
X-ray photoelectron spectroscopy (XPS) was done
by a Kratos XSAM 800 spectrometer. Surface
morphology of the fabrics was characterized by a
DI Nanoscope Dimension 3100 AFM and a JEOL

5500 LV scanning electron microscope (SEM).
Infrared spectroscopy (ATR FT-IR) was carried out
applying a Tensor 27 (Bruker) spectrophotometer
with a diamond ATR cell (Bruker Platinum ATR).
Color measurement was performed by using a
Hunterlab Color QUEST (D65/10◦) colorimeter.
The ageing of the effects created by plasma was
evaluated by measuring some of the surface
properties in the period of 0-14 days. Surface
accessibility of the raw cotton fabric to the amylase
and cellulase enzymes before and after the plasma
treatment was evaluated by measuring the reducing
sugars liberated during the enzymatic hydrolysis.
RESULTS AND DISCUSSION
Linen
All of the applied analytical methods revealed
differences in properties of the raw and the plasma
treated fabrics and they all can measure also the
differences as a function of time of the plasma
treatment. In general, air-plasma treatment leads to
a significant increase in hydrophilicity and to a
slight but perceptible change in color of the fabrics.
Plasma treatment creates new surfaces where the
O/C ratio measured by XPS is significantly higher
than that of the original raw fiber. The O/C ratio
increased steadily with increasing the duration of
the plasma treatment. This can be explained by
mainly the destruction of the waxy surface layer
and creation of polar groups by plasma-aided
oxidation as well as exposure of pectin and other
polymer components. Results obtained by FT-IR
ATR technique indicated the exposure of pectin,
which became more detectable on the surface with
increasing the duration of the plasma treatment.
Some of the properties such as wettability,
wickability and color were tested to evaluate the
ageing of the effects created by plasma treatment.
Most of the results demonstrated the stability of the
changes induced by plasma.
Cotton
In combination with the XPS, ATR FT-IR and
AFM results, it can be concluded that air plasma

treatment modified the chemical composition and
morphology of the fiber surface. Plasma slightly
destroyed and oxidized the starch size on the
surface of warp yarns and partially removed the
thin and perfectly hydrophobic waxy coverage of
the cotton fibers in the weft yarns, resulting in a
more hydrophilic fabric with a significantly shorter
wetting time and lower water contact angle. Plasma
etching of the surface was accompanied by creation
of deep “pits”, which contributed to both the partial
removal of starch size from the warp yarns and the
exposure of polymers such as pectin and cellulose
located under the waxy outer layer of the fibers in
weft yarns. Air-plasma significantly increased

the accessibility of polymers (i.e. respective
substrates) in the fibers surface to the enzymes
and resulted in an enhanced solubilization.
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OBJECTIVE
The study of physical property of silk blend
with cotton fabrics by pilling resistance lab test
according to ASTM standard method.

RESULTS AND DISCUSSION
The results of the different of weaving pattern in
pilling resistance as follow in figure 1.

INTRODUCTION
Natural Fiber are the most popular now,
according to customer behavior and customer
need. Furthermore, both of Cotton and Thai silk
are natural famous fiber in Thailand because
they are proper with the weather. Cotton's major
advantages are low cost, comfort (moisture
regain is about 8.5%), good durability, and ease
of dyeing and laundering[1]. silk is still an
important luxury fiber. It is the secretory
product of the larval stage of many moth
varieties[2]. I want to research about pilling
resistance of Thai silk blend with cotton. The
research is measured by ASTM standard
method. The result finds the level of ASTM
standard about 4.5 for plain weave and Figure
weave, 4.33 for Twill weave by using Thai silk
as warp yarns, cotton as weft yarn.
EXPERIMENTAL APPROACH
Materials
1. Thai silk yarns number 20/22
2. Cotton yarns number M/C120/2
Methods
1. Prepare Thai silk yarn and cotton yarn for
weaving.
2. The weaving of Plain weave, Twill weave
and Figured weave from Thai silk blend with
cotton by using Thai silk as warp yarns, cotton
as weft yarn by hand loom
3. Testing of pilling resistance with ASTM
D3512-82 standard method by Nu-martindale
abrasion and pilling tester.

Figure 1: Pilling resistance of Thai silk blend
with cotton
In Figure 1 Showed the result both of the plain
weave and figure weave nearly the same level
are 4.5 and the Twill weave is 4.33 which are
good pilling resistance for textiles
CONCLUSIONS
Plain weave and Figure weave by using Thai
silk as warp yarns, cotton as weft yarn are
proper to weaving textile and they are good
surface to make clothing, home textiles and
accessories because they get the high level
about pilling assistance.

ACKNOWLEDGMENT
To express my sincere gratitude to the Faculty
of Home Economics, Rajamangala University
of Technology Thanyaburi for supporting the
testing, Assist Prof. Sakorn Chonsakorn,
Mr.Rattanaphol Mongkholrattanasit and Miss
Supanicha Srivorratpaisan for advice and
support throughout the period of this research.

REFERENCES
[1], [2] Block, Dr.Ira. Natural Fiber. Retrieve
January
29,
2014,
from
http://www.accessscience.com/content/naturalfiber/444700.

Color Prediction of Woven Structure for Digital
Jacquard Fabrics: Model Evaluation
Chae Youngjoo, Xin H. John, Hua Tao
Institute of Textiles and Clothing, The Hong Kong Polytechnic University, Hong Kong
fchae@hanmail.net; john.xin@polyu.edu.hk; tao.hua@polyu.edu.hk
KEYWORDS: Digital jacquard, color appearance, color prediction, color mixing model
INTRODUCTION
Jacquard weaving provides the opportunity for
designing an enormous number of color and
intricate patterning effects that are beyond the
scope of dobby and other weaving techniques. In
particular, the color appearance design becomes
the core of jacquard fabric design. The overall
color appearance is achieved from a series of
different colored yarns, interlaced in complex
ways and varying proportions. The current
industry practice for producing jacquard fabrics
uses CAD systems that enable designers to see a
simulation of the final color appearance on the
display monitor. This process is based on the
color mixing recipes, which predict the
combined weave-color effect, accumulated in the
systems. Even though, previous recipes have
obviously reduced the need for physical
sampling prior to production, they often predict
colors differently from the actual colors. To
minimize error in color prediction, the systems
requires more accurate recipes. In this work, the
color gamut of woven fabrics based on the
CMYK color mode (subtractive color mixing
mode using cyan, magenta, and yellow colors as
the primaries in printing applications), which
was reported in a reference regarding the color
design for colorful digital jacquards [1], was
investigated first. Then, based on the measured
colorimetric data, color mixing models
previously developed but evaluated mainly for
colored fibers were evaluated to suggest the most
accurate model in color prediction of jacquard
fabrics, thereby increasing manufacturing
efficiency by eliminating the repetitive physical
sampling.
METHODOLOGY
Samples
84 jacquard woven fabrics were constructed
using a LX3202 Staubli jacquard machine.
White yarns were used for warp for all samples,
and cyan, magenta, and yellow yarns were used
for weft by varying the proportion of each color.

Four different weaves, including two 1/4 sateens
and two 1/4 broken-twills, were used. The yarns
were made of polyester, and the yarn diameter
and fabric density were 0.125mm and 47x40/cm.
Instrumental Color Measurement
The spectral reflectance values of yarn and fabric
samples (R%) were measured using a Datacolor
650 spectrophotometer with the following
specifications:
large
aperture,
specular
component included, and 100% UV included.
The colorimetric data in terms of CIE
(International Commission on Illumination)
tristimulus values X, Y, Z, and the CIE L*, a*, b*,
C*, h° values based on illuminant D65 and 10˚
standard observer were calculated on the basis of
the measurements.
Color Prediction
The final color attributes of fabric samples were
predicted from the colors of the yarns used based
on six color mixing models described as follows:
1. log K/S model [2]:
log(K/S)mix = ∑ Ci ∙ log(K/S)i

(1)

2. modified S-N model [3]:

𝑓[R(λ)mix ] = ∑ Ci · 𝑓[R(λ)i ]

(2)

where,

𝑓[R(λ)] =

1000[1 − R(λ)]
(3)
(0.12λ + 42.75)[R(λ) − 0.01] + 0.01

3. W-O model [4]:
R(λ)mix = R(λ)iCi x ··· x R(λ)nCn

(4)

4. D-G model [5]:
L∗ mix = ∑ ci · L∗ i
a∗ mix = ∑ ci · a∗ i
∗

b

mix

∗

= ∑ ci · b

i

(5)
(6)
(7)

5. basic Neugebauer model [6]:
Xmix = ∑ ci · Xi
Ymix = ∑ ci · Yi

(8)
(9)

Zmix = ∑ ci · Zi

(10)

R(λ)mix = ∑ Ci · R(λ)i

(11)

final colors of jacquard woven fabrics used as it
produced the least color difference between the
measured and the predicted colors with the
average error value of approximately equaling to
8.0 ΔECMC(2:1).

6. spectral Y-N model [7]:

where subscript i refers to each yarn color used, c
value is the proportion of the relevant color on
the fabric surface, K/S is the K/S value, R(λ) is
the spectral reflectance at wavelength λ (the
value ranging between 0.0 and 1.0), L*, a*, b*
are the CIE lightness, redness-greenness,
blueness-yellowness values, and X, Y, Z are the
tristimulus values.
RESULTS AND DISCUSSION
Color Gamut
On the basis of the obtained colorimetric values
through the instrumental color measurement,
yarn and fabric samples were distributed in
CIELAB color space as shown in Figure 1. It
was found that the measured color ranges of
simple 1/4 sateens and broken twills based on
CMYK color mode were approximately
52.34~87.92 in L*, -23.33~60.28 in a*, and 36.71~79.80 in b*. The color gamut can be
extended by varying the yarn diameter, fabric
density, number of layers, weave repeat, number
and position of interlacing points, etc.

Figure 1: Distribution of yarn and fabric samples in
three-dimensional CIELAB color space

Model Evaluation
The six color mixing models selected for the
prediction of fabric colors with their accuracies
were evaluated by the color difference, ΔECMC(2:1),
between measured and predicted colors. Figure
2 shows the average ΔECMC(2:1) of six models for
84 fabric samples. It was found that W-O model
was the most accurate model in prediction of the

Figure 2: ΔECMC(2:1) between measured and predicted
colors

CONCLUSION
This work contributes to the increased
manufacturing efficiency by predicting colors of
the fabrics woven from colored yarns using
digital jacquard machine. It would also assist
jacquard fabric designers in the creation of the
desired color appearance of the fabrics.
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OBJECTIVE
Thermogravimetric
properties
of
an
electromagnetic absorbing plain knitted
structure composed of aramıd /polypropylene
/copper blended yarn is investigated in this
study. The composite structure is fabricated by
weft knitting technique on a 7 gauge flat
knitting machine and the composite form is
fabricated under a hot press. The polypropylene
fibers in the yarn melted under heath and
composed the matrix phase. Finally, a knitted
fabric reinforced composite is developed that
has 15 dB EMS (Electromagnetic Shielding)
value in the frequency range of 27-500 Mhz and
good thermogravimetric properties.
INTRODUCTION
Conductive fabrics and their composites are still
in great interest in the electromagnetic
interference (EMI) shielding research area due
to their interesting physical and thermal
properties. There is an increasing need to limit
the EMI with the well development of wireless
communications, electrical and electronic
devices. [1-5]
Most of the shielding materials consist of
metals. Scientific literature indicates that fiberfiled plastics, coated plastics, conductive
laminates, composites, some fabrics and fabric
reinforced composites have been developed to
replace metals for many applications, which
have advantages such as light weight, physical
flexibility and good electrical properties. [6,7]
EXPERIMENTAL APPROACH
Materials
Aramid/polypropylene/copper blended yarn is
formed by a yarn-folding machine. Plain knitted
structure is produced by a 7G flat knitting
machine and the composite form is developed
by a hot laboratory press. So plain knitted fabric
reinforced composites that have 15 dB EM
shielding effectiveness in the frequency range of

27-500 Mhz and 1.5 mm thickness are
developed. The microstructure of the composite
is shown in Figure 1. The yarn properties used
in the knitted fabric are summarized in Table.1.
Table.1. Yarn Properties in Plain Knitted Structure

Yarn Properties in Plain Knitted Structure
Aramid yarn
PP yarn
Copper wire
17/1 Nm
300/72 denier
0.15 mm
Methods
The composites are tested in thermal
gravimetric analyzer (TGA) and differensial
thermal analyzer (DTA) up to 6000C.
RESULTS AND DISCUSSION
As seen in Figure. 2, the composite structure has
decomposed at two stages. Fist decomposition is
occurred at 290-4780C and the second
decomposition is occurred at 478-5850C. %15.5
mass loss is observed after the first
decomposition and %11.5 mass loss is observed
after the second decomposition. So that total
loss in mass is obtained %26.5. The
decomposed material in the composite was
polypropylene. The polypropylene yarn melted
and vaporized after 2900C and this situation
explains the mass loss in the composite
material.
The copper wire and the aramid yarns didn’t
decompose during heating until 6000C.

Figure 1: Photomicrograph of composite by SEM
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Figure 2: TGA and DTA graphics of plain knitted composite

CONCLUSIONS
A fabric reinforced composite material is
developed in this study. The composite material
that has 15 dB EM shielding value in the
frequency range of 27-500 Mhz showed good
thermal properties. In TGA analysis the material
didn’t decompose until 2900C .This means PP
fibers are melted at 160-1640C which is the
melting degree of polypropylene but didn’t
vaporized until 2900C so that any mass loss
didn’t occure up to this temperature. After
2900C, two stage decomposition is occurred and
total loss in mass is obtained as %26.5. The
composite developed in this study is suitable for
many electromagnetic shielding applications
due to its thermal properties.
FUTURE WORK
Two or multi-layered composites are planning
to be developed in future studies.
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