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PREFACE

Technical textiles have attracted more and more attention in recent years. These
high-performance materials are widely used in civil engineering, electrical
engineering and electronics, agriculture, medical and automotive industries in
addition to protective and military clothing.

Developed countries have focused their strategy on technical textiles to carry
forward their competitive advantage and to control technical textiles market and
consequently have held the global technical textiles market.

7t International Technical Textiles Congress is held in Izmir on 10-12 October
2018, where it started with 1%t International Technical Textiles Congress in 2002.
The congress targets to gather all the players of the industry; the experts and the
researchers with the manufacturers, the consumers and the investors from
Turkey and abroad. 7t International Technical Textiles Congress provides the
possibility to share the industrial experiences and scientific investigations, which
have very important contributions to the development of the sector.

We would like to thank to all sponsor companies, to all authors and participants
for their supports. We hope that this international event will also generate an
occasion to create new opportunities.

We are happy to welcome you.

Organizing Committee
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FUTURE OF NATURAL FIBRES, NEW TRENDS IN
THEIR PRODUCTION, PROCESSING AND
APPLICATIONS ESPECIALLY IN SCOPE OF
TECHNICAL TEXTILES AND THEIR COMPETITION
WITH MAN-MADE FIBRES IN XXI. CENTURY

Ryszard KOZLOWSKI

Institute of Natural Fibres and Medical Plants, Poland

Corresponding author: rkscience.biuro@gmail.com

Abstract: The fibrous lignocellulosic raw materials like cotton, jute, kenaf, flax, hemp,
sisal, ramie, abaca, curaua, pineapple, bamboo, coir, and also protein fibres like wool and
silk can be extracted, processed, modified, functionalized and used in production of
textiles: woven, knitted, nonwoven technical and 3D textiles and also used as
reinforcement of more friendly biocomposites. Functionalization and special treatment
such as plasma, corona, enzymatic, liquid ammonia, UV, providing flame retardancy and
protection against bio deterioration contributes to new promising future and properties of
all these fibres. From these fibrous resources it is possible to obtain textiles, and
biopolymers, including food, fodder and fuel (ethanol and buthanol) and also commodity
chemicals like surfactants, lubricants, agro-fine-chemicals by combining knowledge in
scope of chemistry, material engineering, power and heat technologies. Key words:
Natural fibres, functionalization, biopolymers, flame retardancy, biocomposites

1. INTRODUCTION
Fibrous plants were well known to mankind more than 7 000 BC.

The fibrous plants can grow from Northern to Southern arctic circle. Now this is
especially very important fact, that fibrous plants are completely sustainable,
renewable, biodegradable and they recycle the carbon dioxide (COy2).

Different parts of lignocellulosic plants are valuable sources of lignocellulosic
fibres used in textiles and eco-friendly composites, sources of human food,
nutrients, animal feed, agro-fine-chemicals for cosmetics and other area of
application. The natural fibres are classified as follows:

Bast (flax, hemp, jute, kenaf, ramie etc.), and Leaf (sisal, abaca, etc.), Seeds
(cotton, kapok, etc.), and Fruit (coir, African palm, luffa, etc.), Grass (bamboo,

1
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totora), Wood (hardwood and softwood), Animal Fibers (wool, silk, hair etc.),
Mineral Fibers - Asbestos, basalt, volastonite etc.

2. PROPERTIES OF NATURAL FIBRES

Generally natural fibres are miniature composites, formed from a "reinforcement”
of cellulose embedded in a "matrix” of lignin and other polysaccharides e.g.
hemicellulose. Cellulose molecules of lignocellulosic fibre have a hydrophilic
nature due to its hydroxyl group. It is worth to underline, that pectin is a natural
polymer present in plants, and as all natural polymers has biodegradation
properties. Chemically pectin is a polysaccharide composed of a linear chain of
1-4 linked galacturonic acids which is etherified with methanol at 80%.

Natural fibres and derived products have very important properties like: excellent
air permeability, high hygroscopicity, high heat absorption, no release of
substances harmful for health, they not cause allergy effect (connected with
higher histamine level in human blood), as well as safer behaviour in flame and
fire combustion versus man-made fibres.

3. PRODUCTION AND PROCESSING OF NATURAL FIBRES

Global fibre production: 95.6 million tonnes, while the total production of all
natural fibres is expected at the level about 40 million tons/year. The total fiber
production is expected to increase by 3.7% per year by 2025. The per-capita fiber
consumption increased to 10.3 kg / person. Demand for fibre in 2018: 85.3 million
metric tons. Special treatment and functionalization of these fibres like plasma,
corona, mercerization, liquid ammonia, encapsulation, ultrasound (US),
modification with dendrimers, treatment by POMs (polyoxometalates), MOFs
(Metal-organic frameworks), and other provide new promising features and
expected new properties of these fibres and new area of their application.

4. POTENTIAL OF APPLICATION OF NATURAL FIBRES

Natural fibres can be processed for production of woven goods, knitting,
nonwoven, technical and 3D textiles, also as the reinforcement of more friendly
composites. One of the newest development deals with spunlace nonwoven
made from bast fibres e.g. flax. Flax makes it possible to manufacture nonwovens
with exceptional characteristics: extreme tear-resistance, durability and
robustness, at a relatively low production cost. Through their natural elastic (e-)
module, their minimal mass in comparison to carbon and glass fibres, their
vibration dampening features and their UV resistance, flax fibres have many
advantages when compared to synthetic fibres.

Spunlace nonwoven are introduced on the market for making e.g. flax window
shades, fun board, roof construction etc. www.avroline.de, avr
Spec.Issue1/2013avr - Alilgemeiner Vliesstoff-Report 4/2008,
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In case of those hydroentangled nonwoven, bast fibres are completely clean by
removing dust, pectin, waxes and partially chemicellulose. Norafin reports that it
has successfully qualified its 100% flax, lightweight spunlaced nonwovens as the
complementary reinforcement material for surfboard construction via the contact
vacuum moulding composites process. Surfboards employing the material are
now commercially available from French manufacturer Notox Green Wave SAS.

These whole plants and woody parts (shives) and fibres (retted or green
decorticated) can be used for production of special pulp and paper and some
other by-products of these fibrous plants for obtaining the agro-fine-chemicals.
The whole plants, with high yield of lignocellulosic materials (like cotton, jute,
kenaf, flax, hemp, abaca) can be also explored as source of energy by burning
(combusting) or by transforming to bioethanol or biobuthanol.

Some of these bast fibrous plants like flax and hemp could be explored for
reclaiming the soil polluted by heavy metals thanks to their ability to extract
cadmium (Cd), lead (Pb), copper (Cu) and zinc (Zn).

The new emerging method of genetic modification (GM) of fibrous plants provides
promising performance e.g. higher level of cellulose, possibility of creating
polyhydroxy-alcanate (PHA) for example polyhydroxy butyrate — natural polyester
“in statu nascendi”.

Such GM plants are resistant to special herbicides, better resistant to drought
also with controlled level of lignin and pectin. It is being considered to apply GM
to increase the biomass of bast plants as well as for higher oil content in plant
(using Rubisco promotor for gene expression). The idea of novel fibrous plants
containing the nano-fibres is another alternative attracting considerable scientific
attention and making it possible to incorporate phosphate groups into cellulose in
order to obtain modified cellulose with higher thermal resistance.

5. COEXISTENCE AND COMPETITION WITH MAN-MADE FIBRES IN XXI
CENTURY, FUTURE TRENDS

In 21st century the and competition between man-made and natural fibres is
stabilized, especially in area of quality, sustainability and economy of their
production. Natural fibres conduct heat, can be dyed well, resist mildew and have
natural antibacterial properties, block UV and are easy to make them flame
retardant. This makes them ideal for the production of comfortable healthy
clothing that provide UV protection for the body, decrease of oxidative stress and
muscle tension, increase of the level of alpha-globulin thus improving the
wellbeing of users.

The facts mentioned above influence the position of natural fibres and stable the
level of their production thanks to the growing area of their application, not only
in textiles (woven, knitting, non-woven, technical textiles), but also in more eco-
friendly composites, agro-fine-chemicals used in nutrients, pharmaceuticals and
cosmetics as well as reasonable blends with man-made fibres.
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It should be stated that production and application of man-made fibres is also
important — we can observe tremendous development of new multifunctional
man-made fibres.

Bio-silk, especially spider silk, fibres on base of polylactic acid and some other
emerging new fibres for example those based on fibroin and chitin are also very
interesting things in area of natural fibres

The report “European Technology Platform for Sustainable Chemistry — a Vision
for 2025. Industrial Biotechnology and White. A Driver of Sustainable Growth in
Europe” assumed that 30% of raw materials for industry of the textile, biochemical
and chemical industry will be derived from renewable raw materials and biomass
will constitute 30% of energy resources.
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Abstract: Poly (e-caprolactone) (PCL), a member of biodegradable polyesters, has gained
a notable interest as a biomaterial in medical applications such as sutures, drug delivery
systems and scaffolds. As a commercial biomaterial, the main attention is on PCL blends
with biodegradable polymers like polyglycolic acid (PGA), and poly-L-lactide (PLLA).
Numerous studies have applied electrospinning, wet spinning and melt spinning
techniques for processing PCL and its copolymers. However, to the best of our knowledge,
there are no melt-spun PCL fibers on the market. Several research studies have
investigated the production of PCL fibers via melt spinning, which is the most cost-effective
fiber production method. Still, the production parameters and fiber properties so far are
not compatible with large-scale production. Therefore, the aim of our study is to develop
pure PCL melt-spun fibers with an economic process and to improve the properties of
melt-spun PCL filaments.

Since PCL is thermoplastic in nature, melt-spinning under common conditions is feasible.
In this study, PCL monofilaments were produced on a pilot-scale melt-spinning plant. As
a semi-crystalline polymer with extension-thinning behaviour, PCL shows necking (ductile
failure) during drawing in the spinline. This abrupt and drastic decrease in the cross-
sectional area produces oscillations in the filament tension (draw resonance) which
impede melt-spinning. We could overcome this draw instability using a modified drawing
setup that takes the extensibility of this polymer into account. With this setup, stable
drawing of monofilaments was successfully performed. Tensile test results suggest that
PCL can be melt-spun into filaments with decent mechanical properties, with a process
that is applicable to large-scale production.

Key Words: Poly (e-caprolactone), melt spinning, biodegradable fiber

1. INTRODUCTION

The production of fibres from synthetic biopolymers is a niche market in the
application range of biopolymers. Nevertheless, starting in the 21st century, due
to the environmental concerns, there is an increasing interest in the development
of bio-based and biodegradable fibres in the world. Besides, there is also a
special interest on resorbable and biocompatible polymers mainly for medical
applications. The synthetic biopolymer polycaprolactone (PCL) is either prepared
by ring opening polymerization of e-caprolactone using a catalyst (Figure 1) or
the polycondensation of a hydroxycarboxylic acid: 6-hydroxyhexanoic acid [1].
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This biodegradable aliphatic polyester is one of the earliest polymers which first
synthesized in 1934 [2]. As a commercial biomaterial, in order to improve the
degradation rate the main attention is on PCL blends with biodegradable
polymers such as polyglycolic acid (PGA), and poly-L-lactide (PLLA) [3].

Catalyst+Heat
yst Lo [CH: £

E-caprolactone Polycaprolactone

Figure 1. Ring opening polymerization of PCL using a catalyst

PCL has a low melting temperature (Tm=60 °C) which makes it a good candidate
for processing with additives that are thermally sensitive. Numerous studies have
applied electrospinning, wet spinning and melt spinning technique for PCL and
its copolymers [4]. Regarding melt spinning, production parameters and fiber
properties are still not compatible with industrial-scale production. Moreover, the
end-use of PCL is limited to medical applications [5].

The goal of this study is to provide a basis for industrial-scale production of
biodegradable PCL monofilaments using melt spinning method and therefore to
decrease the high production costs and expand the field of PCL application. The
study also aims to characterize these filaments. In consequence, the ultimate
goal of our study is to develop biodegradable polyester fibers with an economic
process and to improve the properties of melt-spun PCL filaments.

2. EXPERIMENTAL PART
2.1. Melt spinning and offline drawing of PCL fibers

PCL polymer Capa™ 6500, the average molecular weight of Mw=50 000 Dalton
and particle size <600 ym was provided by Perstorp/UK. Melt spinning of
undrawn and online drawn PCL filaments was carried out on a pilot-scale melt
spinning plant (Fourné Polymertechnik, Germany) at Empa/St. Gallen. This pilot
plant enables the spinning of fibers with various materials in different cross-
sections.

Following the melt spinning of undrawn fibers, offline drawing of monofilaments
was carried out by a custom-made drawing and winding machine (SSM,
Switzerland).
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2.2. Characterization

Mechanical testing of the filaments was performed with a tensile testing machine
Textechno Statimat ME+. The load-strain behaviour of the filaments was
evaluated with a 100 N load cell in reference to the standard ASTM D 2256 [6].
Filament tests were performed with 50 mm long test samples at a rate of
extension of 100 mm/min.

Thermal properties of the PCL polymer were characterized using differential
scanning calorimetry (DSC) and thermogravimetric analysis (TGA). In DSC,
measurements were performed in nitrogen (N2) atmosphere (40 mL/min) using
standard Al crucibles and the following heating/cooling program: 1st heating from
0°C to 120 °C, followed by a cooling step to -50 °C and then second heating back
to 120 °C. The heating/cooling rate was set to 10 K/min. TGA analysis was
performed with a NETZSCH TG 209F 1 device, under nitrogen (N2) and between
25-600 °C.

Wide-angle x-ray diffraction (WAXD) was applied to determine crystallinity,
crystal sizes and degree of orientation of crystals in the polymer fibers. In this
method, the scattered intensity is plotted as a function of the 26 angle. When x-
rays hit a crystalline sample, they create an interference pattern. Wide-angle x-
ray diffraction (WAXD) patterns were recorded on a Bruker Nanostar U
diffractometer (Bruker AXS, Karlsruhe, Germany) with a Cu Ka radiation A =
1.5419 A and a VANTEC-2000 MikroGap area detection system.

3. RESULTS AND DISCUSSION
3.1. Thermal properties of the PCL polymer

According to DSC results, the melting temperature upon second heating was
determined to be = 58 °C and the crystallization temperature upon cooling = 18
°C (Figure 2). The melting temperature of the polymer coincides with the
datasheet of the manufacturer.

DSC /(mW/mg)
Peak: 18.1 C, 1.124 mW/mg
T exo Area: 57.29 J/g

0.5

0.0

Complex Peak: Complex Peak
Area: -65.2 Jig Area: -79.16 Jig

-0.5

Peak: 57.8 C
-1.01 Area: -65.2 JIg

Peak: 67.0 °C

-40 -20 0 20 40 60 80 100
Temperature /°C

Figure 2. 1% heating, 2™ heating and cooling curves of PCL Capa™ 6506 obtained from DSC data.
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The crystallinity of the polymer was estimated according to the following equation:

% Crystallinity= (AHmeit- AHcc)/ AHiiterature X 100% (7]

in which AHmeit the enthalpy of heating, AHcc the cold crystallization enthalpy and
AHiierature, the enthalpy of heating of an ideal crystal (PCL,139,5 J/g ref [8]. Since
no cold crystallization peak was observed during the measurement, the enthalpy
of this peak was taken to be zero and the crystallinity of the PCL polymer was
estimated to be 47 %.

Thermal degradation of PCL was studied by determining the weight loss of a
sample using TGA. Figure 3 shows the temperature dependence of the PCL
weight loss. The TGA curve displays one main degradation with an inflection point
at 385 °C.

TG /mg

Onset 385.1C, -0.22mg
0 —

-1

2

-61 Restmasse: 0.01 mg (5883 °C

100 200 400 500

300
Temperatur /°C

Figure 3. TGA curve of PCL polymer, heating rate 10 K.min™'

3.2. Fiber melt spinning and drawing of pure PCL monofilaments

Melt spinning is the most commonly used fiber production method for commercial
synthetic fibers. Here, the processing temperature was chosen based on thermal
characterization test results of the polymer and PCL was melted and pressurized
using a single screw extruder with a diameter of 13 mm. Extruder temperatures
were varied between 60-100 °C, whereas spin pack temperatures ranged
between 90-100 °C and godet temperatures between 20-30 °C. The circular
monofilament die had a diameter of 0.5 mm and a capillary length to diameter
ratio of 4. The draw ratio was set to 6, with final winding speeds between 300-
600 m/min. In addition to standard godets, both in the online and offline drawing,
filaments were directed over an additional godet that revolved reversely to the
running direction of the filament in order to impose friction that steadies the
necking point (Figure 4). Four different filaments; undrawn (1319) and drawn with
ratio 6 (1697, 1698 and 1699) were produced whereas the sample 1319D4 was
offline drawn from as-spun 1319 with draw ratio 7. In the production, the take-up



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

speed was altered in order to get finer filaments (1699). A temperature decrease
in the spin pack did not cause a significant difference in the properties of the
filaments (Table 1). Table 1 summarizes the production parameters of the
different spinning and drawing trials performed in this study.

Table 1. Production parameters of PCL monofilaments

Take-up Winder

. Extruder Spin pack Draw
Sample Drawin Speed Speed .
P 9 Temp.(°C) Temp.(°C) (m?min) (mI;min) Ratio
1319 Undrawn 80 100 = 100 100 50 50 1
1319D4 Offline 80 100 100 100 6 42 7
Drawing
1697 DO”"F‘e 60 100 100 100 50 300 6
rawing
1698 DO”"F‘e 60 100 100 90 50 300 6
rawing
Online
1699 Drawing 60 100 100 90 100 600 6

In order to draw the as-spun fiber 1319 fiber (offline draw ratio 7) first and third
godets were held at room temperature whereas the second godet was set to 35.5
°C. A heat chamber was placed between the first and second godet in order to
get a thorough heating of the filament. The filament was directed over that second
godet which revolved reversely to the running direction of the filament (Figure 4).

Heat Chamber 50.5° C

Winder 23°C 355°C 23°C
42.1 m/min 42 m/min 12 m/min 6 m/min

Direction of drawing

Figure 4. Schematic assembly of offline drawing. Red colour shows the winding of the filament on
the godets
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3.3. Mechanical properties of PCL fibres

Mechanical properties of PCL fibers were evaluated in terms of yarn count, diameter
and draw ratio of filaments. The test revealed that the specific stress and strain are
in a range of 27-41 cN/tex and 68-88 %, respectively. Mechanical properties are
evaluated in terms of yarn count, diameter and draw ratio of filaments. The filament
properties are summarized in Table 2.

Table 2. Properties of undrawn, online drawn and offline drawn PCL filaments

b Diameter Specific Elongation
Sample Drawing RDa rt?;va Yarn(t(ég)unt ¢ Stress at Break
(um) (cN/tex) ¢ (%) ©
1319 Undrawn 1 412435 221.9+4.7 | 6.05¢11.7 | 13686.7
Offline
131904 | o 7 6.43+4.0 90.5+6.1 | 41.5+11.4 | 68.5+18.6
Online
1697 Drawing 6 7.65£0.5 93.1#0.9 | 27.4+6.35 | 88.5:5.0
1698 DO”'”.‘e 6 7.65£0.3 87.4+0.7 | 29.3+7.32 | 88.3%8.0
rawing
1699 DO”"r.‘e 6 3.79+1.2 69.741.0 | 31.5¢580 | 72.9+8.5
rawing

a, draw ratio: winding speed divided by take-up speed
b, d and e depict averages and standard deviation of 10 measurement
c, depicts average and standard deviation of 15 readings with an optical microscope

According to tensile measurements, offline drawn PCL 1319D4 has the highest
specific stress (41.5 cN/tex) whereas online drawn PCL 1697 has the lowest (27.4
cN/tex). Specific stress-strain results are given in Figure 5. Sample 1699 which
is the finest filament with a diameter of =70 uym has the highest specific stress
value among online drawn filaments. Elongation at break results suggest that
online drawn 1697 and 1698 have the same elongation due to their similar yarn
counts and diameter. As-spun 1319 fiber (not shown in Figure 5) has the lowest
specific stress, which is due to the low molecular orientation of this fiber. It is well-
known that the molecular orientation increases with increasing draw ratio and
therefore drawn fibers have a higher specific stress.

3.4 WAXD patterns of PCL fibres

PCL is a semi-crystalline polymer. Every crystalline material has a unique WAXD
pattern which represents a fingerprint of its crystal structure. Figure 6 shows the
WAXD patterns of samples 1319 (a) and 1697 (b), the PCL fiber which was drawn
with a draw ratio of 6. The rings in Figure 4a indicate that the PCL crystallites are
randomly oriented. Upon drawing the crystallites orient themselves and clear
diffraction peaks are observed (Figure 4b). The indexing of the peaks to specific
lattice planes is performed by comparing the peak positions with previously
published WAXD data of PCL [9]. The most intense peaks come from the (110)
and the (200) planes with a corresponding d-spacing of 4.145 A and 3.748 A,
respectively.

10
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——1319D4
—m—1697

—4—1698

1699

Specific Stress (cN/tex)

0 10 20 30 40 50 60 70 80 90 100
Elongation (%)

Figure 5. Specific stress-strain curves of PCL filaments. Specific stress vs elongation for four
different PCL melt spun and online drawn fiber yarns. Online draw ratio (DR) =6, Offline draw ratio
(DR) =7

(@) (b)
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Figure 6. WAXD Patterns of as-spun fiber 1319 (a) and fiber 1697 drawn with draw ratio 6 (b)

4. CONCLUSION

Undrawn and drawn PCL monofilaments with decent mechanical properties have
been produced by means of melt spinning. Modification in the drawing system,
by running the filament over the second godet in reverse direction, enabled to
prevent ductile failure of the fiber. It was shown that the PCL polymer was well
processable without thermal degradation. The achieved mechanical properties
revealed that the offline drawn filament had higher specific stress values. WAXD
patterns showed distinct diffraction peaks for the drawn fibers which indicate
oriented crystallites.
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Abstract: Carotenoids, substances giving color to vegetables and fruits, are frequently
used in many fields due to their special properties like being vitamins, being used as
colorants and being antioxidants. However, the application of carotenoids are limited
because of their low stability against light, heat, air, etc., and their low water solubility. In
this study, the main aim is to remove or reduce these restrictions by encapsulating two
carotenoids, lycopene and B-carotene, into cyclodextrins (CDs) and then turn these
cyclodextrin-inclusion complexes (CD-ICs) into nanofibrous web structure via
electrospinning. As a result, it is expected to increase the heat and light stability, increase
water solubility and antioxidant activity of lycopene and B-carotene in nanofibers. In
addition to all these advantages, the use of such functional nanofibrous web with high
surface area will be promising in textile/food/pharmacy/cosmetic.

Keywords: Carotenoids, cyclodextrin inclusion complexes, electrospinning, nanofibers,
antioxidant

1. INTRODUCTION

Carotenoids are naturally occurring fat-soluble pigments found in plants. They
are used as colorants, and furthermore, they are widely used as food
supplements due to their antioxidant activity and health related benefits like
reducing the risk of many chronic and degenerative diseases such as
cardiovascular disease, arthrosclerosis, eye problems, some types of cancer and
developing the immune system [1]. Lycopene, known as antioxidant, and (-
carotene, which is provitamin A and antioxidant, are among the main carotenoids
(Figure 1a.). However, they are highly susceptible to external factors such as
light, heat, air, etc., and they are slightly soluble in water which restrict their
applications.

Cyclodextrins (CDs) are cyclic oligosaccharides produced from enzymatic
conversion of starch [2]. CDs with their truncated cone shape structure are
capable of forming noncovalent host-guest inclusion complexes (IC) with variety
of molecules due to their relatively hydrophobic cavity [3]. CDs consist of either
six  (a-cyclodextrin), seven (B-cyclodextrin) or eight (y-cyclodextrin)
glucopyranose units. These native CDs can be modified by substitution of some
functional groups like hydroxypropyl for some of the hydroxyl groups of the native
CDs to provide enhanced water solubility (Figure 1a.).

13
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Electrospun nanofibers are promising materials used in many applications thanks
to their remarkable properties such as large surface area-to-volume ratio,
nanoporous structure, lightweight and design flexibility. In general,
electrospinning requires polymers with high molecular weight and high
concentration to fabricate nanofibers. Nonetheless, it has been shown that the
fabrication of functional nanofibers from cyclodextrin inclusion complexes (CD-
IC) without using any carrier polymeric matrix [4,5].

In this study, we fabricate electrospun nanofibers from the inclusion complexes
of Lycopene and (-carotene with two modified CDs, hydroxypropyl-3-cyclodextrin
(HPBCD) and hydroxypropyl-y-cyclodextrin (HPyCD). With this study, it is
expected to increase the low water solubility of carotenoids, and reduce their
susceptibility to external factors such as heat and light which severely limit their
applications.

high voltage power supply

Lycopene

Modified CD; syringe pump

R: CH,/H or CH,CHCH,OH

t carotenoids/CD-IC solutions
|
|
|

B-carotene
carotenoids/CD-IC nanofibers

Figure 1. (a) The chemical structure of carotenoids and CD and (b) electrospinning of nanofibers
from carotenoids/CD-IC solution.

2. MATERIAL AND METHOD
2.1. Preparation and electrospinning of IC solutions

For the preparation of carotenoids/CD-ICs solutions, firstly, carotenoids were
dispersed in a solvent system, then, CDs were added. These dispersions were
stirred overnight at room temperature. At the end, the solutions of
carotenoids/CD-ICs were obtained. Then, the solutions of carotenoids/CD-ICs
were electrospun at optimized conditions to obtain carotenoids/CD-ICs
nanofibers by electrospinning.

2.2. Characterization of Carotenoids/CD-IC nanofibers

The complexation mechanism of carotenoids/CD-ICs systems, interaction
energies, structural properties and water solubility are performed by ab initio
computational modeling. Morphological analyses of nanofibers were performed
by scanning electron microscope (SEM). The average fiber diameter (AFD) was
calculated from the SEM image and the diameter of 100 fibers were measured.
The presence of carotenoids in nanofibers were analyzed by proton nuclear
magnetic resonance ("H NMR). Fourier transform infrared spectrometer (FTIR)
was used for structural characterizations of nanofibers. The X-ray diffraction
(XRD) data was taken to see crystalline structures of nanofibers. Differential
scanning calorimetry (DSC) and thermogravimetric analyzer (TGA) were used to

14
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investigate thermal properties of nanofibers. The fast-dissolving character and
water-solubility enhancement were studied.

3. RESULTS AND DISCUSSION

The solutions of carotenoids/CD-ICs were electrospun at optimized parameters
to get bead-free, free-standing nanofibers (Figure 2). The AFD was calculated as
1455585 nm for (-carotene/CD-IC NFs (Figure 2). The presence of
carotenoids in nanofibers were confirmed by 'H-NMR and FTIR. The formation
of ICs were suggested by XRD and DSC data. TGA data showed the change in
thermal stability of carotenoids after CD-IC nanofibers formation. Fast-dissolving
character of nanofibers and water-solubility enhancement of carotenoids was
proved. The characterizations on antioxidant activity and light stability of
nanofibers are performed.

AFD=1455%585 nm

Frequency (%)
&

Diameter range (nm)

Figure 2. (a) The photographs, (b) SEM images and (c) the fiber diameter distribution with average
fiber diameter (AFD) of 3-carotene/CD-IC NFs.

4. CONCLUSION

Fast-dissolving, free-standing carotenoids/CD-ICs nanofibers of lycopene and (3-
carotene were fabricated. By the fabrication of carotenoids/CD-ICs nanofibers,
the use of these carotenoids, which have many useful properties, will be possible
in a more efficient manner in the required fields. In addition, the use of electrospun
nanofibrous webs will gain a new field of application.
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Abstract: Island in the sea type is an important type of microfilament. Since, it allows
producing finer filaments than those of produced by direct spinning technique. In the scope
of this study, the performance properties of single jersey knitted fabrics produced from
island in the sea type microfilament yarns are investigated. For this purpose three knitted
fabric samples are produced as single jersey structure with three different fabric densities
(loose, medium, tight). Air and water vapour permeability properties of these samples are
tested as permeability properties, since this type of fabrics are in the market as high value
added thermally comfortable products. Also bursting strength of the samples is determined
as a basic durability property.

Keywords: island in the sea, microfilament, knitted fabric, air permeability, water vapour
permeability, bursting strength

1. INTRODUCTION

Synthetic fiber industry has been enforced to make developments due to the
increasing performance demand from textile products. One of the most important
developments in synthetic fiber industry, is absolutely producing extremely fine
fibers which are named as microfibers and nanofibers. Until today, there is no
exact definition for microfibers. But common opinion is defining a fiber finer than
1 dtex or 1 denier as microfiber. 1 dtex polyester fiber has a fiber diameter of
approximately 10 um [1]. There are various methods of producing microfibers. All
three conventional spinning methods, namely melt spinning, wet spinning, and
dry spinning can be employed to manufacture microfibers. Although, it is possible
to produce microfibers through conventional melt spinning, to create such fine
filaments requires very strict process controls and a uniformly high quality of
polymer. Ultra-fine fibers are classified into two types: filament type, and staple
type. Recent developments in the field of ultra-fine fibers have focused on the
filament type. In islands in the sea method, a number of continuous very fine
filaments are extruded in a matrix of another polymer. In the spinneret a number
of bi-component sheath-core polymer flows are combined into a single flow and
extruded. The islands in the sea fiber is then quenched and drawn in the usual
way [2]. Island microfibers are obtained after dissolving the sea component. In
the literature there are some studies on optimum parameters to obtain island in
the sea type microfilaments [3-6]. On the other hand, microfibers offer a great
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variety of applications in sportswear owing to their extra softness, full handle,
drape, comfort and easy care properties. One general point that should be
mentioned is that the desired properties (i.e. sophisticated handle, pleasant silky
appearance, leather lookalike, good filtration properties, etc.) are only obtained
when a suitable fabric construction is produced. As well as fineness, the material
combination, cross-section of the elementary filaments and their effect when used
in combinations are extremely important and can offset negative parameters (i.e.
proneness to creasing, somewhat lower absolute tenacity) [2]. In the context of
this study, the permeability properties of knitted fabrics produced from island in
the sea type microfilament yarns are investigated.

2. MATERIAL AND METHODS

In this study, it is aimed to investigate the structural and performance properties
of knitted fabrics produced from island in the sea microfilament yarns. Island in
the sea type microfilament yarns are exposed to alkali treatment to dissolve sea
component and to obtain microfilament island components in yarn structure. In
this study, Teijin brand polyester, island in the sea type microfilament yarn (Figure
1) (Nanofront) is used. The manufacturer twist this yarn with a regular yarn to
obtain durability then the twisted yarn is exposed to alkali treatment by the
manufacturer and sea component is dissolved. So there is no need to additional
wet process for the buyers.

Figure 1. Cross-sectional view of Nanofront yarn from TEIJIN

Before dissolving process linear density of yarn is 56 dtex and 10 filaments in
cross section. After dissolving process yarn linear density is 39 dtex and 8360
filaments in cross section providing 700 nm filament diameter. As mentioned
earlier, the alkali treatment for dissolving the sea component is done by the
manufacturer. The cross sectional SEM view of the yarn is given in Figure 2.
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Figure 2. Cross-sectional SEM views of Nanofront yarn, left 1000X magnification, right 4000X
magnification

Three knitted fabric samples are produced with different levels of fabric density
as loose, medium and tight. Knitted fabric samples are produced as single jersey
structure, by a 3.5” gauge, 22 fein and one feeder sample circular knitting
machine at 20+2 rev/min production speed. Surface views of the fabric samples
are given in Figure 3.

Tight Medium Loose
Figure 3. Surface views of the fabric samples

All fabric samples are conditioned according to TS EN ISO 139 [7] before the
tests and the tests are performed in the standard atmosphere of 20+2°C and
65+4% relative humidity. Fabric mass, thickness, loop density and loop length
properties of samples are determined according to TS EN 12127:1999 [8], TS
7128 EN I1SO 5048:1998 [9], TS EN 14971:2006 [10] and TS EN 14970:2006
[11], respectively. The results are given in Table 1.
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Table 2. Structural properties fabric samples

Thickness, Loop density, Loop length,
mm loops/cm? mm
Loose 0.45 80 4.6
Medium 0.43 99 4.2
Tight 0.42 130 3.8

Then, air permeability, water vapour permeability properties of the samples are
determined. Air permeability test is done according to TS 391 EN ISO 9237:1999
[12] with digital air permeability test device at 100 Pa pressure drop and 20 cm?
test area. The air permeability tests are performed over ten measurements for
each fabric sample. Water vapour permeability test is done according to
evaporative dish method and BS 7209:1990 from three measurement of each
fabric sample [13]. Three test specimens are mounted over the test dishes
containing distilled water at 20+2°C. These dishes are placed on a rotating
turntable. The samples are rotated with turntable for one hour to establish
equilibrium of water vapor pressure gradient across the sample. Then, the mass
of the dishes are determined. The turntable with dishes is then rotated for a further
period of 5 hour. The mass of the dishes is weighed after this period. The weight
difference is found. The water vapor permeability (WVP) in g/m?/day is given by
the equation:

wyp =24 1)

At
Where,

M = loss in mass of the dish over the time period in grams
t = time between successive weighing of the assembly in hours
A = area of the exposed sample, 5.41x103m?2

In order to obtain bursting strength and bursting distension values, the knitted
fabric samples are applied bursting strength test in accordance with TS EN ISO
13938-2 [14]. Truburst pneumatic bursting strength test device is used at 7.3 cm?
test area. The bursting strength and distension are measured. The
measurements are repeated five times from different parts of the samples. After
five bursting measurements are completed, diaphragm correction procedure is
applied. In this procedure, the diaphragm is distended without the presence of
the specimen with the same test area and same rate of increase in volume to
burst the previous specimen tests. Then, the pressure at this distension is noted
as diaphragm pressure and subtracted from the initial pressure values.
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3. RESULTS AND DISCUSSION

In this study, air permeability and water vapor permeability tests are applied to
the sample fabrics for determination of thermal comfort and the results are given
in Figures 4 and 5, respectively. Also, bursting strength test is applied for
assessing the durability and bursting strength and bursting distension results are
given in Figures 6.

Air permeability
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Figure 4. Air permeability of the samples

Water vapor permeability
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Figure 5. Water vapor permeability of the samples

As it is seen from Figures 4 and 5, the samples used in this study have high level
of air permeability. On the other hand, it is seen that as the fabric tightness
increases the air permeability decreases. This is an expected result because the
increase in fabric tightness means increase in fiber material in unit area of the
fabric. By this way total pore structure decreases. During air passage through the
fabric, air passes through the pores between the fibers and between the yarns.
So, the air permeability is expected to decrease as the total porosity of the fabric
decreases. Besides, it should be noted that the decrease in air permeability due
to the fabric tightness is not a considerable change since the air permeability is
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still high. With respect to water vapour permeability, it is seen that all three fabric
samples have good level of water vapor permeability. The lowest value belongs
to the tight samples as 1051 g/m?day. This value means that a sport shirt made
from nearly 1 m? of this fabric will permit 1051 grams of water vapor passage
during one day under 20+2°C and 65+4% relative humidity conditions. Also it
should be considered that this value will increase with higher temperature and
relative humidity owing to higher vapor pressure in real use conditions. Besides,
there is no regular tendency of decrease or increase in water vapor permeability
owing to fabric tightness or in other words total porosity.

Bursting strength and distension
kPa mm
800 - 24
500
400 22
300 +

200 20

18
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E==Bursting strength, kPa
——Bursting distention, mm

Figure 6. Bursting strength and distension

Figure 6 exhibits the bursting strength and distension of the samples used in this
study. As it is seen, the bursting strength of the samples increases with the
increase in fabric tightness regularly. This is an expected result because as the
fabric tightness increases the loop density (loops/cm?) of the fabric increase. This
situation cause more number of loops per unit area that resists the bursting forces
on the sample. So the bursting strength increases. On the other hand, a regular
increase in bursting distension is also observed. This is a positive behavior of
knitted fabric under bursting forces. Since a reverse situation is generally
observed in textile materials as increase in strength generally result in decrease
in elongation. But the samples in this study produced from islands in the sea type
microfilament yarns provide higher bursting strength and distension with the
increase in fabric tightness.

4. CONLUSION

In this study, knitted fabric samples were produced from only one type of
commercially available island in the sea type microfilament yarn. As a result of
air and water vapour permeability tests it is seen that all three fabric types provide
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good air and water vapour permeability providing a good level of thermal comfort.
On the other hand, as an expected result air permeability values of the fabrics
decrease from loose to tight fabric type. But there is no similar trend for water
vapor permeability. Also, bursting strength property was determined as a
durability assessment that a good level of bursting strength was obtained all three
samples. There is a minor increase in bursting strength and bursting distension
of the samples as the fabric tightness increase. Consequently, it is seen that the
knitted fabric samples produced from this yarn can be used as value added
products considering the thermal comfort and durability. On the other hand, for
further studies different properties of these products may be determined such as
surface roughness and wet moisture management. Also, performance properties
of woven fabric samples may be determined for different technical uses. In
addition it may be beneficial to compare commercially available yarns for different
usage areas.
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Abstract : Bio-based polymers have become increasingly important both in the protection
of the environment and in the themes of sustainability. Poly lactic acid (PLA) is an
innovative renewable polymer that incorporates mechanical properties and is inherently
sustainable in biocompatibility with the end result of end use.

The fast crystallization behavior of the PLA polymer gives hard and brittle form, occuring
difficulties in filament yarn spinning and texturising. (unstabil melt , yarn breakages and
filamentations) In this study, PLA filament yarn spinning and texturising processes were
enhanced by R&D trials. 68-300 denier Pre Oriented Yarn (POY) ,Fully Drawn Yarn (FDY)
and Texturising yarns were developed successfully. Phsycial, chemical and thermal
properties were gained by characterization methodes.

Enhanced PLA yarns will be weaved at plain, twill and satin constructions. Tensile and
tear strengh and abrasion tests will be performed for determining fabric characterization
with comparative Polyethylenetaphthalate (PET) fabric.

Key words: PLA, sustainability, spinning, textile, characterization

1. INTRODUCTION

Environmental, economic, and safety challenges have provoked packaging
scientists and producers to partially substitute petrochemical-based polymers
with biodegradable ones. Biopolymers are produced from natural resources and
crude oil.

In comparison to other biopolymers, the production of PLA has numerous
advantages including: (a) production of the lactidemonomer from lactic acid,
which is produced by fermentationof a renewable agricultural source corn; (b)
fixation of significant quantities of carbon dioxide via corn (maize) production by
thecorn plant; (c) significant energy savings; (d) the ability to recycleback to lactic
acid by hydrolysis or alcoholysis; (e) the capability ofproducing hybrid paper-
plastic packaging that is compostable; (f)reduction of landfill volumes; (g)
improvement of the agricultural economy; and (h) the all-important ability to tailor
physical properties through material modifications [1].

Briefly, PLA is based on agricultural (crop growing), biological (fermentation), and
chemical (polymerization) sciences and technologies. It is classified as generally
recognized as safe (GRAS) by the United State Food and Drug Administration
(FDA) and is safe for all food packaging applications. [2]
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PLA is rigid thermoplastic and aliphatic polymers with semi-crystalline or
amorphous structure. It has unique properties as it has both PET and
Polypropylene (PP) polymer characteristics. [1-2] PLA production begins with the
removal of starch from plants such as corn, sugar cane . Starch is then converted
into sugars (such as glucose and dextrose) that can be fermented by enzymatic
hydrolysis. By microorganism fermentation sugar is broken into small fractions
known as lactic acid. Lactic acid is then polycondensated and genareted in PLA
form. [3] Polycondensation is divided into two: direct polycondensation which
produces low molecular weight PLA and ring opening polycondensation which
produces high molecular weight PLA. Figure 1 shows the polymerisation
mechanisms.

O 0]
OH % o}
HO™ Yoo, . T Yo,
H (1) Ho =8
Lactic acid Poly(lactic acid)

Lactide

Figure 1. PLA formation methodes

PLA has unique bio-degradation and bio-compostable properties after use life so
contributes to the natural cycle by making contributions rather than creating waste
after being produced from natural sources. PLA is FDA approved for use in the
food industry and other packaging applications because it is non-volatile and
odorless. It has functional properties such as low flammability and smoke
formation, UV resistance property. Good moisture management, easy drying and
comfort features are other benefits [4].

2. MATERIAL AND METHOD

The PLA polymer to were supplied from the supplier abroad. The thermal
behavior of PLA chip is given in figure 2.

PLA POY filament yarn were produced by melt spinning technology.
Experimental design is started with trials at Spinboy machine. This machine is
the most complex and big spinning machine. The Spinboy machine trials shows
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the spinability of PLA yarn. Also the mechanical properties are satisfactory to be
used in textile applications. Next, trials are continued with commercial spinning
and texturising machines. In this technology firstly chips are dried and cristialized
then melted in extruder and finaly occur in filament yarn form by cooling the
polymer melt and subsequently winding processes. POY yarns were converted
into texturized yarn by heat, drawing and false twisting parameters. Tensile
strength and breaking elongation analyzes were carried out according to DIN EN
ISO 2062 / STATIMAT, evenness (DIN 53817/Uster) and other physical tests
KORTEKS in house methods. Thermal characterization analyzes were
performed with DSC instrument. Enhanced PLA texturized yarns will be turned
into fabric form by weaving process. Plain weave, twill and satin weaving
constructions will be used at fabrics. Tensile strength (ISO 13934-1), breaking
strength (ISO 13937-1), and abrasion test (ISO 12947-1999, 20.000 cycle) will
be carried out with reference PET (Poly Ethylene Teraftalate) fabrics.
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Endset 184,68 °C

Delta cp DIN 0,360 JgA-1KA-1

1,2
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...............................
.............................

Figure 2. DSC graphic of PLA polymer
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Figure 3. Melt Spinning Technology schema [7]
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Figure 4. Texturising Process Technology schema [8]
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3. RESULTS AND DISCUSSION

PLA filament yarn are produced and developed by R&D trials. Starting from 68
denier upto 300 denier POY and FDY Super Bright yarns are produced. The
trials perfomed successfully to ocur commercail PLA yarn product. Mechanical
properties of yarns are stabil and enough to be used in woven and knitted fabrics.

Table 1. PLA POY and FDY pyhsical analyses

Yarn Propert Tenacity Elongation at Uster (%um) S:i:::kav%:tz
perty (cn/dtex) break (%) ° (“;1 )

PLA 150 denier
36 filament 1,93 83 0,89 71
Round POY

PLA 150 denier
36 filament 3,7 30 0,63 9
Round FDY

150 denier 36 filament Texturised yarns are chosen to design fabric construction.
Plain, twill and sateen constructions are applied in weaving process. All fabrics
performed satisfactory performance in warping and weaving process. Tensile
strength (ISO 13934-1), breaking strength (ISO 13937-1), and abrasion test (ISO
12947-1999, 20.000 cycle) will be carried out with reference PET (Poly Ethylene
Teraftalate) fabrics.

Table 1. PLA Fabric Constructions

Sample Yarn .
Code Weft Yarn Warp Yarn Density Construction
150/36 Round Strong
. 150/36 Round Strong .
1 Intermmgled Intermingled Texturised 30/29 Plain weave
Texturised
150/36 Round Strong
2 Intermingled 150/36 Round Strong 30/29 3/2 twill
A Intermingled Texturised
Texturised
150/36 Round Strong
3 Intermingled 150/3.6 Round Strqng 30/29 5 sateen
A Intermingled Texturised
Texturised
150/36 Round Strong
4 Intermingled 150/36 Round Strong 30/29 3/2 twil
. Intermingled Texturised
Texturised
150/36 Round Strong
5 Intermingled Irjtz(:r/:ii ngq%i:ﬁgg d 30/29 5 sateen
Texturised 9
150/36 Round Strong
6 Intermingled |r3t2?r/2i?1 ngé‘r}iigﬁ’s‘g ; 30/29 Plain weave
Texturised 9
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4. CONCLUSION

PLA is a special material from renewable sources that has biodegradation and
biocompostable property after use life. Its features give highlight to its importance
at sustainabiity. In this study Different PLA filament yarns are produced and
physical and thermally characterized. Future works will focus on to developing
new commercial PLA filament yarn types with new R&D trials. In addition
biodegradation and biocompast tests will also be performed.
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Abstract: The term “Industry 4.0” is a subject of intense discussions, especially among
experts in the textile manufacturing sector. On one hand it is seen as a new paradigm
of industrial production in which digital processes, real-time data and cyber-physical
production systems are being deployed to increase quality and overall efficiency. On
the other hand it is decried as a synthetic, made-up technological revolution which
only serves for marketing uses. Whatever attitude we have towards the concepts that
surround the term “Industry 4.0”, we can assume that digital manufacturing
technologies will have a strong impact on the quality of manufacturing processes,
products and the working conditions of the affected employees.

Profound changes are predicted across all industry branches and along entire value
chains. Not least in the textile industry, where an increase of digital transformation is
already becoming increasingly apparent in the production of technologically advanced
technical textiles. Implications of this change are estimated to be far-reaching and
require concepts beyond the technical engineering sphere to understand the
consequences both for industry and society and to provide a sustainable diffusion of
Industry 4.0. In present work an overview will be given over the implementation of
digital manufacturing concepts in the field of technical textiles. The benefits, needs
and requirements for an implementation have to be evaluated from case to case as
the correct “digital strategy differs with regard to the product portfolio and the structure
and philosophy of every company.

Key Words: Digitalization, Industry 4.0, Quality Control 4.0, Implementation,
Requirements

1. INTRODUCTION

According to [1], approximately 120,000 employees were employed in the textile
and clothing industry throughout Germany in 2015. In 1975 there were still about
1.1 million employees working in this industry throughout Germany [2, 3]. The
significant decline in employment figures (see Figure 1) is closely connected to
the structural changes that the industry went through as manufacturing of
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traditional textiles (e.g. home textiles and apparel) was more and more
outsourced to low-wage countries.
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Figure 1. Decline of employment figures from 1975 till 2015 according to the statistical yearbooks of
the Federal Republic of Germany (from 1990 on) as well as the statistical yearbooks of the German
Democratic Republic (before 1990) [1 — 7]

Mostly a focus on technical textiles led to a stabilization of the employment
numbers and a market with a significant growth could be established [8].
Nevertheless a number of manufacturers of traditional textiles still persists.
Reasons for their ability to sustain can be that they include technical textiles in
their pproduct portfolio or that they provide traditional textiles with unique features
(e.g. outstanding quality, flexibility with regard to quickly changing customer
demands and short delivery times). The concepts that are linked to the term
.Industry 4.0” are ment to support the industry to be ,ready for the future” [9].
Hence the textile ,Industry 4.0” should apply to manufacturers of technical textiles
as well as to manufacturers of traditional textiles. Nevertheless ,Industry 4.0” is
still a very abstract term to many stakeholders in the textile industry. Due to their
heterogeneity with regard to production processes and product portfolio as well
as the historically grown infrastructure of production at their sites companies may
not expect to be offered the one digital solution that is suitable to fulfill every
company’s needs. The digital transformation is a process which has to be given
time and which has to be implemented step by step. Therefore a thorough
analysis of an individual company’s manufacturing structure has to be applied, to
ensure that the transformation is carried out according to the companies’
philosophy and values. The transformation can only be successful, if the
employees are open towards the process of change and hence are willing to
participate in the implementation changes.

Present work outlines and discusses an explorative, interdisciplinary research
project analyzing the requirements and potential effects of Industry 4.0 transition
in three traditional German textile clusters. The project team develops a holistic
model for explaining technology-driven impacts on the textile production system
by providing a historical, spatial/network as well as an engineering perspective
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within the conceptual framework. The aim of the project is to provide an increased
level of awareness towards the changes that are to be borne by the textile
industry and the society due to the “digital transformation”. Furthermore, the
applicability of tools is investigated that are intended to support companies in
defining their digital road map and to determine their next steps towards digital
transformation.

Embedded in this interdisciplinary research approach, the working group
Economic Geography concentrates on possible structural changes of Industry 4.0
within the textile value chain and their representation on a regional, national and
global level. The focus of this study is on three traditionally grown and highly
innovative tech textile clusters in Germany: Aachen-Niederrhein, Munsterland-
Ostwestfalen-Lippe and Western Saxony. Stakeholders within the textile value
chain are investigated with regard to their interaction with other regional, national
and international textile and non-textile stakeholders. It is examined how the
interaction between different stakeholders is or will be affected by Industry 4.0
concepts and which barriers can be identified that slow down the establishment
of Industry 4.0 across companies and industries.

Within the presented project the Institute for Economic and Social History and
History of Technology focuses on the importance of tradition. Furthermore it is
investigated to which extent a company that has already lived through one or
more technological revolutions can enhance its readiness with regard to coping
with the digital transformation.

The Institut fir Textiltechnik (ITA) investigates selected companies from a textile
engineering perspective with regard to their ,Digital Roadmap”. Fields of this in-
depth investigation consequently include the manufacturing process and its
organisational infrastructure, the current and target product portfolio as well as
the relevant stakeholders within the manufacturing process. The aim of this
investigation is to determine how companies are currently experiencing the topic
.Industry 4.0”, how they are currently set up with regard to their digital
transformation process and in which field of digitalization they want to put a
stronger focus. As the digital transformation is widely perceived as a rather
abstract technological phenomenon that has to be interpreted by every single
company individually for itself [10] one crucial information for the decision-takers
is to determine what next steps in the implementation of digitalization concepts
will make the most sense to them. Special attention is hence paid to the
implementation requirements that have to be met in order to allow the relevant
stakeholders in the company to participate in the transformation process so that
they can shape the change and are able sustain it.

The results of the above mentioned investigations are in a second phase of the
project considered to build up a basis for the creation of different scenarios
(Figure 2). These scenarios shall describe possible states of the textile industry
due to the impact of the digital transformation in a time-line of 15 years. The
impact of digital transformation is evaluated focusing on various transmission
channels as described in [11]. These transmission channels hence are linked to
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the potential social, technological, economical, political, legislative and
environmental impact of the digital transformation.

From these scenarios suggestions for the industry, politics and economy shall be
derived, to support a most beneficial scenario for the affected stakeholders.

History of technology Economical Geography Textile Technology

Literature/Archive Analysis Company / expert interviews Analysis of manufacturing process
and employees’ perspectives

Development of scenarios

Workshop | — Feedback by participants

Adjustment of scenarios

Workshop Il - Feedback by participants, suggestions for industry,

politics and economy

Figure 2. Project structure

2. METHODOLOGY & EMPIRICAL DESIGN

The in-depth investigation of ITA is based on the use of three tools. These tools
are described in the following.

2.1 Semi-structured interview and digital maturity

The first tool is a semi-structured company interview designed by the working
group Economic Geography, which supports the participants to broaden their
view on digital transformation and to bring this term in connection with their own
company. This interview includes a set of questions dealing with the interviewed
company’s tradition and experience with technological revolutions from the past.
The interview has a further set of questions with a focus on the textile engineering
perspective.

When the focus is put on the textile engineering perspective, the second tool is
used which is an investigation of the current digital state of the company. Hence
questions are asked to determine what has been described by [12] as the
company’s “Industry 4.0 Maturity Index”. This assessment is the basis for the
digital roadmap of the company. It is most important to take the digital maturity
into account as a company with an already well-established digitalization of the
manufacturing process requires a completely different set of action compared to
a company which is just at the beginning of digital transformation.

2.2 Guideline for the implementation of Smart Factory concepts
To determine in detalil, the first steps that are to be taken to bring the company’s
digital transformation forward the third tool is applied. This tool is the “Guideline
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for the implementation of Smart Factory concepts“which has been developed by
ITA’s Arash Rezaey et. al. in the German research project “Smart Factory” of the
“futureTEX” project framework [13]. The Guideline for the implementation of
Smart Factory concepts aims at analyzing the manufacturing process and to
determine the most critical failures that may occur. An excerpt of the guideline is
displayed in Figure 3.

0. Description of requirements

1. Description of the system
+  Phase Model of Production

*  Quality relevant properties

2. Process and Product FMEA -
Determination of P, S, D rates
3. Determination of critical error path

4. Concept for Reduction of P, S, D

(Sensors / Actors): Closed Loop Comparison with Requirements
Quality Control System (Company)

Figure 3. Guideline for the implementation of Smart Factory concepts [14]

The Guideline suggests starting with a description of the company’s
implementation requirements for digitalization concepts from the CEO’s
perspective. These requirements consequently are determined in a discussion
with the company’s management level. This assessment of requirements
includes e.g. a definition of maximum implementation costs and duration as well
as the definition of the project team.

In a further conversation (“1. Description of the system”) in which the company’s
project team participates, the manufacturing process with its organizational
structure and the relevant stakeholders is discussed.

Consequently a product and process FMEA according to [15] is carried out for a
selected article. Hence failures that have occurred in the manufacturing process
are identified. Every failure is evaluated with regard to its criticality. This criticality
is expressed by the risk priority number (RPN). The RPN is a dimensionless size
and it is a function of a selected failure’s probability of occurrence (P), its severity
(S) and its likelihood to be detected (D). Usually the dimensions P, S and D are
assigned values in the range of 1 to 10. The (RPN) is then calculated to
RPN =P x S x D.

In the next step the failures with the highest RPN are (in a discussion with the
project team) tracked throughout the manufacturing process. Hence the critical
failure path is determined as every failure has at least one origin and one
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consequence in the manufacturing process. The origin can be e.g. an irregular
set of processing material characteristics, defect of machine parts, environmental
disturbances or human failure. The consequences may e.g. be reduced product
quality, production stop or in the worst case the injury of employees.

Consequently it is determined how the values of P, S and D of the selected error
can be reduced. Characteristics which indicate the occurrence of a failure e.g.
can be detected via an external sensor system. This would enhance its likelihood
of detection (and thus decrease the value D). Furthermore actuation concepts for
the compensation of severity of failure consequences are identified. In this way a
set of sensor and actuation concepts is established which can be evaluated with
regard to the fulfilment of the pre-stated company’s implementation
requirements.

A suitable concept would then be selected for a validation test. After a successful
validation test the criticality of the selected failure is reduced and the digital
maturity of the company is expected to have increased.

2.3 Requirements for the establishment of an ideal smart factory

As costs induced by failures rise significantly with increasing time till detection, a
goal is to obtain data relevant for product and process quality as early as possible.
The most sophisticated goal is to obtain real-time data which can be used to
predict process instabilities and hence completely prevent the occurrence of
failure. This ideal situation requires the permanent acquisition and automatic
interpretation of data (“Big Data”). Furthermore a precise model of the
interdependencies of material, machine and process data is required to predict
the effect that a deviation of a target input value has on a target output value. This
sophisticated approach is only applicable for manufacturing systems with
thoroughly defined system borders and well understood interdependencies of
material, machine and process data. Hence such a sophisticated approach is
expected to be applicable only to a small number of companies and their
manufacturing processes.

3. IN-DEPTH INVESTIGATION OF INDIVIDUAL COMPANIES

A number of up to 6 companies from the selected regional textile clusters are
investigated with regard to expected benefits, potentials and risks of digital
transformation as well as requirements for a successful implementation of
Industry 4.0 concepts. In the following the first results gathered in the
investigation of the selected participating companies are presented.

3.1 Results of the semi-structured interview and the estimation of the digital
maturity

Whilst carrying out the semi-structured interview which is used for the preparation
of the in-depth analysis a number of insights were obtained:

e The term “Industry 4.0” is widely regarded as a marketing term rather
than a new paradigm of production technology
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e “Industry 4.0” is perceived as a trend that “the whole industry seems to
participate in”

e A number of apparent benefits that the digital transformation offers are
understood

e The inability of implementation of digital concepts is perceived as a risk,
especially as the digital maturity of competitors is unknown

e The companies are concerned about their own “digital maturity” and seek
to determine how digitally mature they are compared to their competitors

e “Industry 4.0” is a very abstract complex of technologies which are
difficult to be understood and brought into a reasonable relation with the
own company

e The questions that the companies are asked during the interview result
in a better understanding of the concepts surrounding “Industry 4.0”

e Digitalization is understood in very different ways

e Out of the complex set of “Industry 4.0” concepts very specific
approaches are regarded beneficial for the company

Hence only by being confronted with questions with regard to Industry 4.0 and
what this term means for the respective company, the understanding of the digital
transformation already is enhanced.

As the companies were introduced to the “Industry 4.0 Maturity Index” the
companies were able to assign their manufacturing process one of the six levels
of digital maturity. It became evident that specific parts of the manufacturing
process had a higher degree of digital maturity than other parts of the process of
the respective company. Consequently, most of the participating companies
already use Enterprise Resource Planning (ERP) software. Nevertheless,
information that stakeholders within the process chain rely on to carry out their
tasks is transferred via paper sheets. This results in inconsistencies in the flow of
information and is hence a significant source of failures.

3.2 Lessons learned by the application of the Guideline for the
implementation of Smart Factory concepts

The participating stakeholders of the respective manufacturing processes had in
a number of cases an insight into how failures in “their” process step affect down-
stream process steps and the product quality. The understanding of the
importance of the failures that occur in the “own” process step could be enhanced
by a digital solution, visualizing origin and effect of typical failures. Such a digital
solution was broadly accepted by the participants.

The implementation requirements of digital concepts will be most challenging with
regard to technology acceptance of the employees. Especially if workers are used
to rely on a system of documentation and transfer of information based on paper
sheets for decades, instructions transferred via ERP systems are not likely to be
implemented. Only if the employees witness the benefits of a digital system (e.g.
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increased handling comfort and availability of relevant information), it will be
accepted.

Stakeholders throughout the manufacturing process wish to obtain real-time data
of up-stream and down-stream process steps. Nevertheless the set of data that
a specific stakeholder is interested in is not comprehensive. ERP software
basically grants this real-time availability of relevant information. Nevertheless
many of the available ERP systems still do not provide the complete sets of data
and interfaces that manufacturers with a wide product portfolio and
heterogeneous machinery ask for. Especially real-time data which should be
directly transferred from machines to the ERP system is not available as the
machine manufacturers do not provide access to their machine data. In other
cases old machinery was not intended to be linked to a software system at all
and hence lacks the necessary interfaces.

The participating companies welcomed the application of the presented guideline
as it in 80% of cases led to the identification of further steps towards digital
transformation. The suggested actions are in every case customized with regard
to the companies needs and its digital maturity.

4. CONCLUSIONS

As the future of production cannot clearly be foreseen, the presented project aims
at giving the affected industry and society an insight of how change will evolve
and how to be prepared. Especially for the manufacturing of technical textiles the
presented project is of significant relevance, as a number of 50 companies (most
of which are active in the field of manufacturing of technical textiles) contributed
to the project. Tools such as the presented Guideline on the implementation of
Smart Factory concepts have shown to reduce the perceived degree of
complexity of Industry 4.0. As stakeholders have the chance to express their own
view on which degree of digitalization is suitable to be implemented in a selected
range of their manufacturing process an important benefit is achieved. The
stakeholders are not only affected by the change, they rather participate in
designing it. Hence the willingness of employees to accept and use the new
digital technologies increases significantly. This is expected to result in a reduced
time for implementation as well as in a persistent positive impact of the
implemented technology on employee satisfaction and hence product and
process quality.
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Abstract: This work attempts to enhance electrical conductivity of polyethylene
teraphtalete fabrics (PET) via ionic liquid modification. The PET fabrics were modified with
methyl-tri-n-butylammonium methyl sulfate in ethanol at 10, 15 and 20% concentrations.
After modifications, surface resistivity and thermal conductivity of the PET fabrics were
measured. Additively, functional groups and surface morphology of the fabrics were
investigated by fourier infrared spectroscopy and scanning electron microscopy,
respectively. Under the lights of the test results, surface resistivity of the PET fabrics
dramatically decreased with ionic liquid modification. In other words, electrically
conductive performance of PET fabrics enhanced by the use of ionic liquid. Thermal
insulation of the PET fabrics enhanced after modification at low concentration of the ionic
liquid. New functional groups were introduced on PET fabric after modification. SEM
photographs confirmed the existence of ionic liquid both in the gaps and on the surface
fabrics and also adhesion to PET.

Keywords: polyethylene teraphlatate, ionic liquid, electrical conductivity, PET

1.INTRODUCTION

Polyethylene teraphtalate (PET) is a most commonly used man made fibers in
textile industry. Great potential as usability in apparel, home and technical textiles
with their superior thermal and mechanical properties, their high electrical
resistance restricted their applications. In accordance with the related literature,
many attemptions were performed to improve conductivity of PET [1-5]. To our
best knowledge, no study was found to investigate the effect of ionic liquid on
conductivity of PET fabrics.

lonic liquids are generally stated as liquids composed of ions. The ionic liquids
which are also determined as molten salts exhibit properties change with
aqueous and organic solvents for chemical processes. lonic liquids are also
known as green solvents and commonly used in chemistry and industry for
chemical stability, ionic conductivity, non-flammability, thermal stability and so on
[6,7]. lonic liquids (ILs) can add value to many chemical processes as well. Many
of ionic liquids are related with its unique character of molten salts at room
temperature which existed as conductive liquids (Vila et al., 2006). 8
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This current study aims to modify polyethylene teraphtalate fabrics with methyl-
tri-n-butylammonium methyl sulphate to enhance conductivity performance. For
this purpose, PET fabrics were modified with methyl-tri-n-butylammonium methyl
sulfate with different concentrations and surface resistivity and thermal
conductivity measurements were handled. Additively, functional groups and
surface morphology of the PET fabrics were observed by fourier transform
infrared spectroscopy and scanning electron microscopy, respectively.

2.MATERIALS AND METHODS

PET knitted fabric was used in this study. The ionic liquid, methyl-tri-n-
butylammonium methyl sulfate, was provided from Sigma-Aldrich Corp.

BIL was dissolved in ethanol in 10, 15, 20 w/v% concentrations and continuously
stirred via magnetic stirrer until totally dissolved. PET fabrics were treated with
the EIL solutions for 5min at ambient temperature and after removing the
excessive solution from the fabric samples, PET fabrics were dried at room
temperature. Table 1 gives sample codes of the PET fabrics.

Table 1. Sample codes of the PET fabrics

Fabric code Concentration
F Untreated
F10 10% ionic liquid treated
F15 15% ionic liquid treated
F20 20% ionic liquid treated

Surface resistivity tests of the PET fabrics were carried out according to ASTM D
257-9 using 6517B/E Keithley Electrometer/High Resistance Meter. Thermal
conductivity performance of the PET fabric samples was determined by using C-
Therm TCI Thermal Conductivity Analyzer. Thermal degradation of the PET
fabrics was determined by thermogravimetric analysis. Thermogravimetric
analysis (TGA) was carried out by Perkin EImer STA 8000 TG/DTA by heating
from room temperature to 700°C by a heating rate of 100C/min under N2
atmosphere to avoid oxidation effects. Surface morphology of the PET fabrics
was optically viewed by using JEOL-JUJM 6060 model scanning electron
microscopy (SEM) operated at 5kV. The samples were coated with gold by
plasma sputtering method.

3. RESULTS AND DISCUSSION

Surface resistivity of the unmodified PET fabrics was obtained to be 7.45x10"!
ohm/sq. After 10, 15 and 20% ionic liquid modification, the surface resistivity of
the PET fabrics noticably decreased to 3.62x108 ohm/sqg, 1.60x10% ohm/sq and
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1.38x10% ohm/sq, respectively. This can be due to the high electrical conductivity
performance of the ionic liquids [9].

Table 2 gives the thermal conductivity and effusivity values of PET fabrics. It is
noticeable that ionic liquid treatment decreased thermal conductivity of the PET
fabrics clearly at low concentrations. However thermal conductivity increased
after 15% concentration. It is probable to reveal that there can be an optimum
point for ionic liquid concentration to enhance thermal insulation of PET fabrics.
Thermal conductivity of the ionic liquids depends on their chemical structure [10].

Table 2. Thermal conductivity and effusivity values of the PET fabrics

Thermal conductivity Thermal effusivity
k (W/mK) (Ws'2/m?K)
F 0.30+0.05 6.71 x 10'4£0.58 x10"4
F10 0.21+£0.03 5.54 x 10'4£0.37 x10"4
F15 0.17£0.01 5.11 x 10'4£0.18 x10"4
F20 0.29+0.05 5.73 x 10'4+0.23 x10"4

TGA data of the PET fabrics are listed in Table 3. TGA was performed to
determine the effect of ionic liquid treatment on thermal stability of the fabrics.
The mass loss at 120°C is due to the dehydration of PET. It is notable that
moisture content of PET fabrics decreased with increasing ionic liquid
concentration. The temperatures at which 10% and 50% mass losses are
occurred decrased after treatments. Therefore, it may be probable to state that
thermal stability of the PET fabrics deteriorated after treatments. This may be due
to the low thermal stability of the ionic liquids.

Table 3. TGA data of the PET fabrics
Mass loss at 120°C T 10% (°C) T 504 (°C) Char yield

(%) (%)
F 0.21 411.99 439.87 18.16
F10 0.79 307.15 427.77 12.37
F15 1.73 302.20 418.74 12.14
F20 1.98 298.17 414.57 10.99

*T 10% (°C) and T 5o (°C) are the temperatures at which 10% and 50% mass losses occurred,
respectively.

The surface morphology of the unmodified and modified PET fabrics was
investigated by means of SEM. Figure 1 presents SEM images of the PET fabrics.
It is observable that there is a coating layer both on the surface and in the gaps
of the fibers. This can reveal that both of the ionic liquids have adhesion on the
PET fabrics. Coating layer gets more prominent with increasing concentration of
the ionic liquid.
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Skv X1, 808

Figure 1. SEM imges of the PET fabrics

*FO: unmodified PET fabric; F1: 10% ionic liquid modification; F1: 15% ionic liquid modification; F1:
20% ionic liquid modification

4.CONCLUSION

In this study, PET fabrics were modified with methyl-tri-n-butylammonium methyl
sulfate with different concentrations to enhance conductivity. Surface resistivity
of the PET fabrics dropped of after ionic liquid measurement. This is related to
the high electrical conductivity of ionic liquid. Concentrations in ionic liquid slightly
affected the surface resistivity. There is an optimum point to enhance thermal
insulation of the PET fabrics. lonic liquid treatment decreased moisture content
and deteriorated of PET fabrics. SEM observations confirmed the existence of
ionic liquid both in the gaps of the fibers and on the surface of the fabric.
Consequently, the ionic liquids can be good alternative to enhance electrical
conductivity of the man-made fibers.
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Abstract: The aim of the study is to investigate electrical conductivity of fabrics coated
with barium titanate and graphene at different concentrations (50 and 100 g/kg). It is
aimed to use coated fabrics for electrical conductivity and electromagnetic shielding
applications. Pre-treated 100% polyester woven fabrics were used as substrat. Barium
titanate (BaTiOs) and graphene which have nano particle sizes were used as coating
materials. Woven fabrics were coated by knife coating technique. The effect of
material type and coating concentrations on electrical resistivity properties were
examined.
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1. INTRODUCTION

Conductive textile surfaces play a major role in the production of products such
as sensors, electromagnetic shielding, dust and bacteria prevention, static
charge discharge [1]. Textiles can gain electrical conductivity with different
methods such as using conductive polymers, conductive yarns or conductive
coatings [2]. Most of the commercially available electromagnetic shielding fabrics
are produced by coating technologies and have very homogeneous and closed
structures thus exhibiting extremely high electromagnetic shielding capabilities

[3].

Barium titanate is an inorganic compound which has the chemical formula ABO3
(BaTiOs) depending on the perovskite family. It is one of the most important ferro
electrical materials studied in large scale. One-dimensional (1D) barium titanate
nano materials such as nano fibers, nano tubes and nano strips attract attention
due to their improvable properties and their potential applications in nano devices
[4].

Graphene, which is composed of carbon atoms, is a two-dimensional material
and has extraordinary properties in terms of mechanical, electrical, thermal and
optical properties [5]. Grafen is a nano material which is the subject of many
application fields and whose usage area is expanding [6]. In the literature, there
are a lot of studies about fiber, yarn and composite structures added barium
titanate and graphene in electrical conductivity and electromagnetic shielding
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applications. However, in the literature, barium titanate has not been found to be
used in fabric coatings.

2. MATERIAL AND METHOD
2.1. Material

Properties of woven fabrics were given in Table 1. Barium titanate (BaTiO3) and
graphene which have nano particle sizes were used as coating materials.
Materials were supplied from Grafen Chemical Industries (Grafen Co.).

Table 1. Properties of woven fabric

Property Warp Weft
Raw material Polyester Polyester
Density (1/cm) 30 18
Fabric structure Plain weave

Table 2. Properties of graphene and barium titanate

Property Graphene Barium Titanate
Particle size (hm) 50-100 100
Purity (%) 96-99 99.9
Surface area (m?/g) 13-15 10-11

2.2 Method

Pre-treated 100 % polyester woven fabrics were coated at 50 and 100 g/kg
concentration rates. Coatings were made according to knife over roll principle and
sharp pointed knife was used. The distance between the knife and fabric were
arranged as 0.5 mm. Samples were dried at 100°C for 10 minutes and they were
fixed at 160°C for 3 minutes on a laboratory type steamer (Rapid H-TS-3). For
each material and concentration group, five pieces of fabric were coated and one
of them was reserved for wet coating weight. Measurements were carried out by
selecting the three most uniform samples among the remaining samples.
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Figure 1: Atagc GK 40 RKL laboratory type coating machine

Thickness measurements of coated fabrics were made according to TS 7128 EN
ISO 5084 standard with James Heal's R & B Cloth thickness tester.

The measurement of the fabric weights (g/m?) was carried out in accordance with
the TS 251 standard.

Surface resistance measurements of coated fabrics were made according to
ASTM D 257 standard with Keithley 8009 Resistivity Test Fixture.
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Figure 2. Keithley 8009 Resistivity Test Fixture
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3. RESULTS AND DISCUSSION
3.1. Physical Test Results

Weight and thickness measurement results of the fabrics coated with graphene
and barium titanate at two different concentrations (50 and 100 g/kg) were given
in Table 3. As the concentration of the filler (the ratio of the solid content in the
paste) increased, the fabric weight and the thickness increased.

Table 3. Fabric weight and thickness results of fabrics

Sample Code | Concentration (g/kg) | Fabric Weight (g/m?) Fabric Thickness (mm)
R4 - 169 0.34
R. - 275.5 0.37
GR 50 50 292.16 0.39
GR 100 100 324.16 0.41
BT 50 50 290 0.39
BT 100 100 341.5 0.49

*R4: Raw fabric *Rj: Coated fabric which has not filler material (graphene, barium titanate)

3.2. Coating Add-on Amounts

Add-on amounts of coated fabrics were given in Table 4. The amount of the
substance transferred to the fabric increased in direct proportion to the increase in
the concentration of the filler.

Table 4. Coating add-on amounts

Sample Code Concentration (g/kg) Coating Add-on
GR 50 50 123.16

GR 100 100 155.16

BT 50 50 121

BT 100 100 172.5

3.3. Electrical Resistivity Test Results

Table 5 shows that surface resistivity results depending on concentration rates.
Increasing with graphene concentration, surface resistivity values decreased. The
highest surface resistivity value (1.36x10° Q/sq ) was obtained at 100 g/kg graphene
concentration rate. Electromagnetic shielding and heating textiles call relatively low
resistivity levels less than 103 Q/sq [7,8], while the materials for electrostatic
dissipative protective clothing should have the performance of around 10° Q/sq [9].
Electrical resistivity of barium titanate coated fabrics was not decreased. They have
nearly same values with reference fabric.
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Table 5. Surface resistivity test results of fabrics

Sample Code Concentration (g/kg) Surface Resistivity (Q/ sq)
R. - 2.61x10°
GR 50 50 5.29x10"
GR 100 100 1.36x10°
BT 50 50 2.1x10°
BT100 100 2.7x10°

*R,: Coated fabric which has not filler material (graphene, barium titanate)

4. CONCLUSIONS

This paper describes nano graphene and nano barium titanate coated fabrics by
knife over roll technique. Thickness, fabric weight (g/m?2), surface resistivity
measurements were performed.

As expected, according to reference fabric (R2), surface resistivity values were
decreased with increased graphene concentration ratios. Graphene coating has
positive effect on electrical conductivity properties. In barium titanate coatings,
some revisions will be tried for better results. In future works, alternative
conductive materials will be studied and electromagnetic shielding effectiveness
of coated fabrics will be measured. Different concentrations and processes will
be studied.
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Abstract: Electrocardiography (ECG) is a non-invasive method to monitor cardiac activity
and can reveal vital information on cardiovascular disorders, including heart rhythm
abnormalities, collectively known as arrhythmias or dysrhythmias. Modern biomedical
systems allow the incorporation of high-performance ambulatory monitoring devices in
commonly used elements such as clothing. These elements are known as wearable
systems and belong to a strategic trend of technological devices that seek the
improvement of the health care promotion. They have enabled continuous wearable
monitoring of several physiological signals at a low cost, easily manufacturability and
comfort. This study was conducted to develop diffirent methods for the fabrication of textile
electrodes and analyse their characteristic features for use as electrocardiography (ECG)
signal sensors. The conductivity of the textile substrate can also be modified by treating
the textile with a polymer, thereby avoiding the use of metallic components in contact with
the skin.

Key Words: ECG, conductive polymer, conductive textile, wearable sensors

1.INTRODUCTION

Continuous health monitoring is an essential tool for accessing vital physiological
functions. In 2012, cardiovascular diseases constituted about 42.8% of all
noncommunicable deaths. One of the most important techniques used for
monitoring physiological function is electrocardiography (ECG) [1].

In the past years, several groups have been working on the development of
conductive textiles with different fabrication approaches, mainly exploiting either
finished textiles, woven or stitched with fine metal wires, or silver coated synthetic
fibers. Compared to the former, the latter achieve better mechanical flexibility but
still suffer the presence of a metallic material in contact with the skin. With the
development of stable and highly conductive polymers, it is now possible to
transform any finished non-conductive yarn into flexible conductors that can be
used, either dry or wet, as a biosensor for electrophysiological signals [2].
Electronically conducting polymers (ECPs) are a new class of conducting
polymers (CPs) with high intrinsic conductivity and p-conjugated structure that
possess the electrical, electronic, magnetic, and optical properties of metals or
semiconductors while retain attractive mechanical properties and processing
advantages of conventional organic polymers [3].
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A new approach to highly conductive textile materials is the use of intrinsically
conductive polymers. An interesting alternative is to create the conductive
polymers by polymerization of monomers on the textile. Methods for in situ
polymerization are well known for polypyrrole (PPy), polyaniline (PANI) and
poly(3,4-ethylene dioxythiophene) (PEDOT). Recently, polymers derived from
alkoxythiophenes like 3,4 ethylenedioxythiophene (EDOT) vyielding poly(3,4-
ethylene dioxythiophene) (PEDOT) find increasing interest [4].

In this study, we present the evaluation of novel wearable textile electrodes based
on woven fabrics treated with conductive monomer 3,4-ethylenedioxythiophene.
The electrical activity of the human heart was sensed by PET-PEDOT conductive
polymeric fabric sensor on a smart garment [5].

2. MATERIAL AND METHOD
2.1 Material

A conductive monomer, Edot (97%), iron(lll) chloride (FeCls) and p-toluensulfonic
acid monohydrate (p-TSA) were used without further purification. All reagents were
supplied from Sigma-Aldrich. Methanol, acetonitrile, acetone and ethanol were
supplied from Merck and were used as received. A scoured and undyed 100%
polyester (PET) woven fabric with a 256 gr/m? was selected.

2.2 Method

In this study,the in situ polymerization mechanism was given in Figure 1. PEDOT
coated PET fabrics were produced by in-situ chemical oxidative polymerization
method. The iron(lll) chloride and p-toluensulfonic acid monohydrate were
mixtured at room temperature with a magnetic stirrer for %2 h in a 50 mL of
acetonitrile. The PET fabric was rinsed in acetone and distilled water to remove
the contaminations of oilresidues and was dried in an oven at 80°C. Then PET
fabric was wetted in acetonitrile which contains dissolved of iron(lll) chloride and
p-toluensulfonic acid monohydrate. The calculated amount of EDOT was added
drop by drop to the acetonitrile-PET solution and mixtured for 3 hours with a
magnetic stirrer. At the end of the polymerization, the PEDOT coated conductive
PET fabric was rinsed with methanol, ethanol and distilled water for 15 minutes
to remove the unpolymerized particles [5].
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Figure 1. The Procedure of in situ chemical polymerization

3. RESULTS AND DISCUSSION
3.1 Analysis

Fourier Transform-Infrared (FT-IR) analysis for PEDOT coated polyester fabrics
was performed using a Perkin Elmer Spectrum One. Scanning electron
microscopy (SEM) analysis was carried out using a ZEISS/EVO LS10. Four point
probe surface resistivity measurement was carried out using a ENTEK
Electronics FPP 510.

3.1.1. FTIR Spectrophotometric Analysis of PET-PEDOT Fabrics

Figure 2 presents the IR spectrum of the uncoated PET fabric and PEDOT coated
PET fabric.

In the absence of PEDOT; a strong absorption band at 1712 cm-' is attributed to
C=0 stretching vibrations of PET. Other absorption peaks of polyester fabrics are
aromatic ring stretching (1408 cm-"), carboxylic ester or anhydride (1338 cm-"),
0O=C-0-C or secondary alcohol (1090 and 1015 cm-'), C=C stretching (969 cm-
1), five substituted H in benzene (871 cm-'), two neighboring H in benzene (847
cm') and heterocyclic aromatic ring stretching (722 cm-1) [5,6].
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Figure 2. Fourier Transform Infrared Spectra of (a) PET Fabric, (b) PET-PEDOT Fabric [5]

In the presence of PET-PEDOT composite fabric, the absorption peak at 1,710
cm-' is usually associated with the doped state of PEDOT. An absorption band
appeared at 1504 cm-! is assigned to asymmetric stretching mode of C = C that
correspond to thiophene rings of PEDOT. Vibrations at 1407 and 1337 cm-" are
attributed to the stretching modes C—C in the thiophene ring. The vibration peaks
of the C—S bond in the thiophene ring can be seen at 970, 871 and 842 cm-'. The
bands at 1235 and 1086 cm™' are assigned to the stretching vibrations of the
ethylenedioxy group [7,8].

So these results showed that the PEDOT formation could be followed by FTIR
measurements in PET-PEDOT composite fabric structures.

3.1.2. Surface Morphology of PET-PEDOT Fabrics
Figure 3 shows the surface morphology of uncoated and (% 0,8 v/v) PEDOT
coated PET fabrics.

s 4

. ; - . [ [T

- . ]
Figure 3. Surface Morphologies of Pristine PET Fabric (a,b,c,d) and PET-(% 0,8 v/v) PEDOT Fabric
(ef.g.h)
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When the uncoated PET fabric had a quite smooth surface, a significant change
on the surface of PET fabric was occurred after PEDOT coating. The
homogeneously distributed PEDOT nanoparticle formations were observed on
the PET-PEDOT fabric structures by scanning electron microscope. The SEM
images of PET-PEDOT composite fabric surface was coated uniformly by
PEDOT layers. The SEM results showed that the in-situ polymerization process
could change the surface morphology of PET fabric effectively and confirmed the
conductive polymeric coatings on fabric surfaces was a remarkable effects that
could be used for modifying the microstructure of the polyester fabrics [5].

3.1.3. Four Point Probe Surface Resistivity Measurement of PET-PEDOT
Fabrics

Figure 4 shows the four-point probe surface resistivity and thickness
measurement of uncoated and PEDOT coated PET fabrics.
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Figure 4. The four point probe surface resistivity and thickness measurement of uncoated and
PEDOT coated PET fabrics.

When the amount of edot used in different ratios increased in PEDOT coated
PET fabrics, the conductivity value increased with their coating thickness, as
shown in Fig.4.

4. CONCLUSION

The aim of this study is to present a conductive polymer-based wearable sensors
to detect the electrical activity of a human heart for electrocardiogram (ECG)
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monitoring. For this purpose a textile based sensor was produced by in-situ
polymerization of 3,4-ethylenedioxythiophene on polyethylene terephthalate
woven fabrics.
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Abstract: In this study, acoustic performance of needle punched and thermal bonded
nonwovens is reported. Nonwoven samples were produced from polyester (PET) fibers
having various cross sections such as hollow, round and hexaflower (with hexagonal petal
shape cross section and hollow cavity) which were blended with a low melt PET (LMPET)
fiber at different ratios i.e., 50/50, 65/35 and 80/20. Areal density values of samples were
selected as 300, 450 and 650 g/m?. After the carding stage, one set of samples was
bonded by needle punching (with 200 punch cm?) while the other set of samples was
thermally bonded. Design points of experiments were set up with Taguchi experimental
design method. Sound absorption coefficients of samples were measured using an
impedance tube equipped with two microphones. Minitab software was used to analyze
the sound absorption ability of the samples and relationships between independent
variables (web bonding method, fiber cross section, blend ratio and areal density) and
dependent varible (sound absorption performance). Results indicated that web bonding
method and areal density independent varibles have significant effects on sound
absorption coefficient values of nonwoven samples. In addition, areal density was found
to be the most effective factor affecting sound absorption coefficients of the samples. It
was concluded that blend ratio and fiber cross section were less effective compared to
web bonding and areal density; therefore these variables were found to be statistically
insignificant on sound absorption performance.

Keywords: nonwoven, sound absorption, acoustic, Taguchi, PET fiber

1. INTRODUCTION

Noise is an undesired, loud sound, which cause discomfort on people in many
ways. Population growth, strict regulations in construction of new buildings,
increased environmental concerns result in a demand for noise control
applications [1]. There are several application areas of acoustic materials in
buildings and construction; transportation; and industry. Most preferred sound
absorbers for noise control applications are nonwoven materials because of their
high porosity as well as short production process and competitive price.

Many studies have been carried out to investigate the sound absorption
properties of textile materials including their physical properties, raw material
properties, production method parameters, or sound absorption measurement
conditions. Kucuk et al. [2] investigated the relationship between physical
parameters and sound absorption performance of natural fiber blended
nonwoven fabrics. They concluded that sound absorption performance improved
as thickness increased and air permeability decreased. Lee et al. [3] examined
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the relationship between the acoustic absorption values of the recycled polyester
nonwovens and the nonwoven process parameters including fiber and web
properties. Ghorbani et al. [4] investigated the effects of variables such as initial
carded web mass, needle penetration depth, punch density, and the frequency
on transmission of sound through PP needle-punched nonwovens. They
concluded that initial carded web mass was the most effective factor affecting
sound transmission through the samples. Tascan and Vaughn [5] produced five
different vertically lapped nonwoven fabrics that were used with three different
fiber shapes (4DG, round and trilobal) and two different fiber deniers (3 and 15
denier). They concluded that the vertically lapped nonwoven fabrics made from
4DG and trilobal fibers had better sound insulation results than nonwoven fabrics
made from round fibers. In another study [6], it was reported that thermally
bonded samples with octolobal PET fiber showed better sound insulation
compared to trilobal and round PET fiber based samples. Suvari et al. [7]
investigated sound absorption properties of spunbonded nonwovens made from
fibrillated islands-in-the-sea bicomponent filaments. They concluded that sound
absorption increased with an increase in the number of islands. It was also shown
that multi-layer 108 islands nonwovens absorbed more acoustic energy at some
frequency ranges compared to a 300 gsm air-though thermal bonded, high loft
nonwoven made from 85% PET and 15% PP with 5 mm thickness. Yang et al.
[8] studied sound absorption and thermal properties as well as the relationship
between these two performances of struto nonwovens with varying thicknesses
and areal density (gsm) values. The results indicated that fabric thickness, fiber
fineness and fabric gsm have a significant positive effect on the sound absorption
performance of struto nonwovens. They also observed that sound absorption had
an insignificant correlation with thermal conductivity, while they were strongly
correlated with thermal resistance.

Only limited recent studies [5,6] have been carried out on the effect of fiber cross
section on the acoustic performance of nonwovens. In this study, the acoustic
performance of nonwoven samples produced from PET fibers having various
cross sections such as hollow, round and hexaflower (with hexagonal petal shape
cross section and hollow cavity) blended with a low melt PET fiber at different
ratios was reported. To the best our knowledge, there is no previous study in the
literature that shows the acoustic performance of a fiber with both hexagonal petal
shape cross sectional and hollow cavity. Moreover, the sound absorption of
samples bonded with needle punching and thermal bonding were compared.
Statistical analyses was performed with a Minitab statistical software to determine
the regression coefficients and coefficient of determination (R-squared). In
additon, an ANOVA analysis was performed to compare the significance level (a)
with probability value (p-value) of chosen parameters in the experimantal design.
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2. MATERIALS AND METHODS
2.1 Materials

In the study, PET fibers having various cross sections as hollow (6 denier), round
(6 denier) and hexaflower (4 denier) were used. A low melt PET fiber (LMPET) (4
denier) with a round cross section was used as a binder. The hollow, round and
LMPET fibers were supplied from Sasa Inc. (Adana/ Turkey) and hexaflower fiber
was supplied from Huvis Inc. (South Korea).

2.2 Design of Experiments

Design of experiments was set up based on a Taguchi experimental design
method. Independent variables were chosen as cross section of fibers, blend
ratios with LMPET, areal density of samples and web bonding method. The levels
of independent variables can be seen in Table 1. A proper Taguchi orthogonal
array, L18 (2*1,3*3), was determined in which the variables; cross section, blend
ratio and areal density had three levels and the variable web bonding had just
two levels. The array which contains variation levels of independent variables can
be seen in Table 2.

Table 1. Independent variables and levels

Independent Variables 1 Lev;ls 3
Cross section Hollow Round Hexaflower
Blend ratio (PET/LM PET) 50/50 65/35 80/20
Areal Density (g/m?) 300 450 650
Web Bonding Needlepunch Thermal X
Table 2. Experimental design Taguchi L18
Sample Web Bonding Fiber Cross Blend Ratio Areal Density
Number Method Section (PET/ LMPET) (g/m?)
1 Needlepunch Hollow 50/50 300
2 Needlepunch Hollow 65/35 450
3 Needlepunch Hollow 80/20 650
4 Needlepunch Round 50/50 300
5 Needlepunch Round 65/35 450
6 Needlepunch Round 80/20 650
7 Needlepunch Hexa 50/50 450
8 Needlepunch Hexa 65/35 650
9 Needlepunch Hexa 80/20 300
10 Thermal Hollow 50/50 650
11 Thermal Hollow 65/35 300
12 Thermal Hollow 80/20 450
13 Thermal Round 50/50 450
14 Thermal Round 65/35 650
15 Thermal Round 80/20 300
16 Thermal Hexa 50/50 650
17 Thermal Hexa 65/35 300
18 Thermal Hexa 80/20 450
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2.3 Sample preparation

According to the selected blend ratios and areal density values, PET fibers
(hollow, round and hexa) and LMPET fiber were weighed and prepared. After
fiber preparation based on design arrays, all samples were opened with a sample
carding machine. After carding stage, according to the experimental design (L18),
samples were needle punched using 200 punches/cm? (for three needling passes
as 50/75/75 punches/cm? with 11/12/6 mm needling depths). Thermal bonded
samples were bonded with a through-air bonding oven at 200° with a 3 m/min
conveyor belt speed and 1800 rpm fan speed. Edges were removed and samples
were sized as A4 paper (0.21m*0.29m) with a cutter machine to obtain more
homogenous nonwoven samples.

2.4 Methods

Sound absorption coefficients were measured with a Bias Engineering TestSENS
impedance tube based on ASTM 1050-12 [9]. This standard method uses an
impedance tube equipped with two microphones, and a digital frequency analyzer
for sound absorption coefficient (SAC) measurement. A sound source is mounted
at one end of the impedance tube, and a sample of the material is placed at the
other end. The sound source generates broadband sound waves which
propagate as plane waves in the tube. The sound waves then hit the sample and
reflect. It is possible to determine the sound absorption coefficient of the material
measuring the sound pressure at two fixed locations and calculating the complex
transfer function using a two-channel digital frequency analyzer. To measure
SAC values, nonwoven samples were cut in circular shapes with 50 mm diameter
to place into impedance tube. Measurements were performed between 100 Hz
and 4000 Hz frequency range. Nine different measurements were performed for
each sample; then average SAC values were calculated.

Minitab statistical software was used to calculate the regression coefficients to
compare the effects of independent variables on dependent variables. ANOVA
analysis was performed for comparing the significance level (a) with probability
value (p-value) of all chosen parameters in the experimental design. Then R-
squared value was investigated to determine the strength of the statistical model
in which SAC was explained as a function of web bonding, cross section, blend
ratio and areal density. SAC measurements were performed between 100 Hz and
4000 Hz frequency range; however, statistical analysis was conducted based on
SAC values at 2000 Hz as a middle frequency because porous materials show
inadequate acoustic performance at low frequencies while they show very good
performance at high frequencies [1].

A 95% confidence interval (a=0.05) was selected for the analysis; therefore, p
values of independent variables were compared with 0.05.

In Taguchi method, analysis was performed based on the ratio of signal to noise
(S/N), which compares the level of a desired signal with the level of background
noise. S/N ratio implies the amount of noise in the output of a specified process.
Three standard S/N equations for classification of the objective function includes
‘larger the better’, ‘smaller the better’, or ‘nominal the best'. In this study, larger

58



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

sound absorption coefficient was desired; therefore, ‘larger is better’ function,
which was shown in Eq 1 was used [10].

S/N =—-101o (l n 1 ) 2

/ 8\ &k=1 /3’13 (2)
where; n is the number of tests, yk, the experimental value of the k" quality
characteristic.

The level of an independent variable with the highest sound and noise S/N ratio
(S/N) implies the optimum level for this variable. Taguchi analysis aims to obtain
the optimum levels of each independent variable. Therefore, S/N ratio values
were also investigated to represent optimum combination of parameters and their
levels.

3. RESULTS AND DISCUSSION

L18 design and corresponded SAC values can be seen in Table 3.

Table 3. SAC values at 2000 Hz

Web Bonding Crosssection Blend Ratio | Areal Density | SAC (@2000Hz)
Needlepunch Hollow 50/50 300 0.15
Needlepunch Hollow 65/35 450 0.29
Needlepunch Hollow 80/20 650 0.36
Needlepunch Round 50/50 300 0.15
Needlepunch Round 65/35 450 0.23
Needlepunch Round 80/20 650 0.31
Needlepunch Hexa 50/50 450 0.28
Needlepunch Hexa 65/35 650 0.35
Needlepunch Hexa 80/20 300 0.26
Thermal Hollow 50/50 650 0,48
Thermal Hollow 65/35 300 0.31
Thermal Hollow 80/20 450 0.33
Thermal Round 50/50 450 0.25
Thermal Round 65/35 650 0.50
Thermal Round 80/20 300 0.36
Thermal Hexa 50/50 650 0.50
Thermal Hexa 65/35 300 0.31
Thermal Hexa 80/20 450 0.33

As seen in ANOVA analysis (Table 4), p-values of web bonding and areal density
variables were less than 0.05. Therefore, web bonding and areal density
variables were statistically significant for SAC values. On the other hand, p-values
of blend ratio and cross section variables were obtained higher than 0.05. Thus,
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blend ratio and cross section variables were statistically insignificant for SAC
values.

Table 5 shows the S/N ratios in association with the selected independent
parameters and their variation levels. Delta value was used as an index, which is
the difference between the highest and the lowest S/N ratios of each variable that
shows the effect of the independent variables on SAC values of the nonwoven
samples. Independent variables were listed based on their delta values as seen
in Table 5. It was observed that areal density was the most important parameter
with the highest delta value (4.595). The second effective variable was the web
bonding with a 3.214 delta value. They were followed by blend ratio variable as
the third and cross section variable as the fourth variable.

Table 4. Analysis of variance for SN ratios

Source DF Seq SS Adj SS Adj MS F P
Web 1 46.479 46.479 46.479 22.71 0.001
Bonding
Cross 2 6.492 6.492 3.246 1.59 0.252
Section
Blend Ratio 2 11.058 11.058 5.529 2.70 0.115
Areal 2 67.513 67.513 33.756 16.50 0.001
Density
Residual 10 20.464 20.464 2.046
Error
Total 17 152.006
Table 5. Response table for signal to noise ratio
Level Web Bonding Cross Section Blend Ratio Areal Density
1 -12.020 -10.454 -11.520 -12.369
2 -8.806 -11.127 -9.906 -11.094
3 -9.657 -9.812 -7.775
Delta 3.214 1.469 1.708 4.595
Rank 2 4 3 1

A regression equation (Eq. 2) was formed based on coefficients obtained from
general regression analysis. Coefficient of determination (R?) and adjusted
coefficient of determination (adj-R?) were obtained as 86.7% and 77.4%,
respectively. These coefficients indicate how well the model fits the data.

SAC= 0.317779 -0.055557*Web Bond Needlepunch’-0.000158*'Cross Section
Hollow’-0.018731*Cross  Section Round’-0.018968*Blend Ratio 5050’+
0.011747*Blend Ratio 6535’-0.062063*'Areal Density 300’-0.036350* Areal
Density 450’ (2)
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Based on the response table (Table 5), the main effects plot was drawn as seen
in Figure 1, showing the main effect of independent variables on the SAC value.
The slope of the plot refers to the effectiveness of an independent variable. In
other words, if a variable’s slope is higher, it implies that it is more effective than
the other independent variables.

3.1. Web Bonding Effect

Thermal bonded nonwoven samples were not compressed; they were bonded
with melting of LMPET fiber by hot air. Needlepunched samples became more
compact because of the punching effect whereas thermal bonded samples were
thicker and bulkier. A bulkier material provides a larger volume for sound waves
to propagate and absorb better compared to compact materials as also shown in
the main effect plot (Figure 1). S/N ratio difference between needlepunch bonding
and thermal bonding method was approximately 3.214; and there is a dramatic
increase in the slope from needlepunch method to thermal bond method. Thus,
thermal bonding method was the optimum level for web bonding independent
variable.

Main Effects Plot for SN ratios
Data Means

Web Bonding Cross Section
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Figure 1. Main effect plot

3.2. Areal Density Effect

As seen in Figure 1, the main effect plot of areal density showed the highest slope
indicating its significance. Increasing the areal density effectively resulted in a
higher number of fibers and, thus, increased the air/fiber boundaries within the
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nonwoven structure [1,4]. This eventually resulted in reduction of sound wave
energy and higher sound absorption coefficient. S/N ratio difference between 300
g/m? and 650 g/m? samples was approximately 4.595; therefore, the slope of
main effect graphic line of areal density was the highest one, which referred to
the most significant independent variable among other variables. Thus, 650g/m?
was the optimum level for areal density independent variable.

3.3. Fiber Cross Section Effect

The denier and cross-section shape directly affect the surface area of a fiber.
Thus, the fiber cross section shape can be a parameter that affects the acoustic
performance of the fiber and the material consequently. Figure 1 indicated that
hollow and hexa PET fiber based nonwoven samples showed better acoustic
performance compared to round PET fiber based nonwoven samples. This can
be the result of having a hollow cavity, which allowed easier sound propagation.
According to Figure 1 and Table 5, S/N ratios of hollow and hexa PET fiber were
close to each other with just a 0.7 S/N ratio difference. This difference may occur
because the hexa PET fiber had larger surface area compared to hollow PET
fiber due to its hexagonal petal cross section shape. However, delta value of the
fiber cross section (1.469) and the slope of cross section effect plot was quite
low, which indicated that the cross-section independent variable was the least
effective on SAC values.

3.4. Blend Ratio Effect

As seen in Figure 1, the increase in the PET fiber weight ratio of the blend affected
the sound absorption positively. When the weight ratio of PET fiber increased
from 50% to 65%, acoustic performance was affected dramatically whereas
increasing the ratio to 80% was not making a remarkable change on acoustic
performance for both needlepunch bonded and thermal bonded samples. On the
other hand, as seen in Figure 1 and Table 5, delta value of blend ratio
independent variable (1.708) and the slope of the plot was rather low, which
implied that the effect of blend ratio was quite low which may even be negligible.

4. CONCLUSION

Sound absorption properties of needle punch bonded and air-through thermal
bonded nonwovens made from PET fibers having various cross sections such as
hollow, round and hexaflower blended with LMPET fibers at different ratios were
investigated. It was shown that areal density had the most significant effect on
the sound absorption coefficient. The second significant independent variable
was found as web bonding method which directly affected the thickness of
nonwoven materials and sound absorption performance consequently.
Increasing PET fiber ratio in nonwoven material affected sound absorption
performance positively; however, this effect was statisticaly insignificant with a
0.115 p-value. It was also found that hexa and hollow PET fiber based materials
had better acoustic performance compared to round PET fiber based materials;
however, this effect was also statistically insignificant with a 0.252 p-value. As a
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result, web bonding method (i.e. thickness and bulkiness of a material) and areal
density together explained sound absorption performance of a nonwoven
material with a 77.4% R? adjusted value. Air-through thermally bonded nonwoven
materials with 650 g/m? areal density value reached to a 0.5 SAC value at 2000
Hz indicating that these samples may be suitable to use for acoustic applications
in the automotive industry.
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Abstract: Nowadays, sitting hours at the offices are increasing because of reason that
the number of jobs based on computer usage in offices increased. Therefore, the
anthropometric suitability and comfort properties of office chairs used in these types
of work are becoming progressively important. For those who sit for a long time, the
tendency to muscle aches are increasing due to the fact that sweating and sweat
which can not be removed from their body. For this reason, anti-allergic and sweat
absorbent/breathable fabrics should be selected to improve the office chairs’ ease of
use and sitting comfort of office workers. In this study, the possibilities of using spacer
fabrics instead of traditional materials on office chairs in terms of textile comfort
features were investigated. For this purpose, the moisture management and air
permeability properties of three types of traditional materials and six types of spacer
fabrics were compared.

Key Words: spacer fabrics, office chairs, moisture management, air permeability, textile
comfort properties

1. INTRODUCTION

There are many components of comfort perception in the human-sitting system.
However, it is important to evaluate the human-sitting system in terms of textile
comfort. When you look at the chair, the first thing that attracts your attention, is
the aesthetic features such as fabric, structure and color. When you first touch
the chair, you feel the surface features. Another important point is the type of
fabric. For those who sit for a long time, the tendency to muscle aches are
increasing due to the fact that sweating and sweat which can not be removed
from their body. For this reason, anti-allergic and sweat absorbent/breathable
fabrics should be selected to improve the office chairs’ ease of use and sitting
comfort of office workers [1].

Padding materials commonly used in chairs are polyurethane based foams [3].
Their thermophysiological properties, compressibility and flexibility properties are
poor, they lose these kinds of their properties over time, their washing and drying
properties are insufficient and they are flammable [2]. Because of such
disadvantages, the ease of use comfort of the user is affected negatively.
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Due to these disadvantages, alternative materials to polyurethane based foams
are becoming important. Warp knit spacer fabrics offer a better option over
polyurethane foam in car seats owing to their advantages such as better recovery
to compression, thermal properties and breathability [4].

Yip and Sun-Pui (2008) were investigated the characteristics of different spacer
fabrics including low-stress mechanical properties, air permeability and thermal
conductivity. It is found that both air permeability and thermal conductivity are
closely related to the fabric density. It is believed that the fabric characteristics of
spacer fabric show a very significant effect on the air permeability, thermal
conductivity and mechanical properties of spacer fabric [5].

Liu and Hu (2011) were investigated the compression properties and air
permeability of twenty weft-knitted spacer fabrics. Spacer fabrics compression
property and air permeability were tested with the Kawabata Evaluation System
for Fabrics (KES-F). Among the different factors affecting the air permeability of
the fabric, such as the knitted structure and the outer and spacer layer
characteristics, it has been found that the fabric structure shows the most
significant effect [6].

Ye, et al. (2007) were investigated the application of warp-knitted spacer fabrics
as cushion in car seats. The results show that, relatively to polyurethane foam,
warp-knitted spacer fabrics demonstrate better recovery to compression, thermal
properties and breathability [7].

Pamuk (2006) were investigated the physical properties of the fabrics used for
automotive seat covers. Some tests such as tensile strength, tear strength,
abrasion resistance, air permeability and UV resistance, which are the mostly
important for automotive seat cover manufacturers, were applied to the fabrics. It
has been found that there is a positive correlation between the air permeability
and the weight of the fabric, even though there is a negative correlation between
the air permeability of the automobile seat upholstery fabrics used in this study
and the fabric thickness [8].

There are studies in the literature investigating the air permeability and / or
thermal properties of spacer fabrics. There are also studies comparing
compression and air permeability properties of polyurethane sponges with spacer
fabrics. Unlike the literature air permeability and moisture management
properties of spacer fabrics and polyurethane sponges were evaluated and
compared in this study.

In this study, the physical properties of spacer fabrics which are tought to have a
low possibility of sweating and which have a high air permeability due to their
porous structure as an alternative to polyurethane foams have been investigated.
Three types of traditional materials and six kinds of spacer fabrics were compared
in terms of their textile comfort properties.

2. MATERIAL AND METHOD

The materials used in the study are gray foam, yellow foam and six different
spacer materials. Figure 1 shows the surface images of the spacer fabrics.
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Spacer material is coded as 1,2,3,4,5 and 6. Table 1 shows the p
materials used in this study.

roperties of the

TABLO 1. MATERIAL PROPERTIES
Material Mesh Density
N Material Properties (courses/wales)
ame
(1/cm)
Yellow
polyurethane | Thickness: 3 cm; Density: 23 kg/m3
foam
Grey
polyurethane | Thickness: 3 cm; Density: 32 kg/m3
foam
Spacer-1 100% polyester warp knitted fabric of both faces open 6.5/2
structure
Spacer-2 100% polyester warp knitted fabric of both faces closed 8/6
structure
y 100% polyester warp knitted fabric of both faces open
Spacer-3 structure 6.25/6
100% polyester warp knitted fabric of one face open and
Spacer-4 other face closed structure 5.5/4
> - -
Spacer-5 100% polyester warp knitted fabric of one face open and 6.25/4
other face closed structure
S - -
Spacer-6 100% polyester warp knitted fabric of both faces closed 7/5
structure
WP
o
. -

=
®L-

. ]

Figure 1. The surface images of the spacer fabrics (from left to right and from to
front-back, 3 front-back, 4 front-back, 5 front-back, 6 front-back)

p to bottom; 1, 2

Moisture management behavior is a vital factor in evaluating thermal and
physiological comfort of functional textiles. spacer fabrics can be used to absorb
a user’s sweat, to reduce the humidity and improve user’s thermal comfort [9].
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All materials are tested to determine air permeability and moisture transmission
properties. Air permeability test is made according to TS 391 EN ISO 9237
“Textiles-Determination of permeability of fabrics to air” standard with Textest FX
3300 Air Permeability Tester Ill. This test was carried out under pressure of 200

Pa with 10 repetitions and using a 20 cm2 apparatus.

Moisture management properties are determined according to AATCC 195
"Liquid Moisture Management Properties of Textile Fabrics" standard with

Moisture Management Tester. This test was carried out with 6 repetitions.

3. RESULTS AND DISCUSSION
Table 2 shows the values of air permeability and moisture management

properties.

Table 2. Results of Moisture Managemet Test Applied to Padding Materials

Moisture Management Properiies Values and
Grades
= p— =19 L p— 1=
W =] 27 =]
% S8 §= ESE | 2%
= s = ol = E =
L 2= e 2 255 L= ]
= 5 = EEw ]
cE | B2 | 2=2E | 552 | S8E
ag =2 23 | 288 | 833
Material Material Properties I'm2/sec | sec Yalsec mim mm/s
Name
Yellow Thickness: 3 cm; Density: 23 | 868 925(3) 261.4613 A1) 0.548 (1)
polyurethane | ka/m3 5
foam
Grey Thickness: 3 cm; Density: 32 | 427 T7.2603 (3} | 699942 15(3) 1.4506 (2)
polyurethane | ka/m3 (4
foam
Spacer-1 100% polyester warp knitted | - 21.4637 24 4065 16.6667 77695 (5)
fabric of both faces open 2) 2 (3
structure
Spacer-2 100% polyester warp knitted | 4332 2231 (5) 25.0325 20({4) 84618 (5)
fabric of both faces closed (2
structure
Spacer-3 100% polyester warp knitted | 3204 2 453 (5) 260712 20({4) 83283 (/)
fabric of both faces open (2]
structure
Spacer-4 100% polyester warp knitted | 7261 1.65131(5) | 421934 20(4) 13.6434
fabric of one face open and (3 (5)
other face closed structure
Spacer-5 100% polyester warp knitted | 6241 26384 (5) | 271501 16,4286 30701 (5)
fabric of one face open and (2] (3
other face closed structure
Spacer-6 100% polyester warp knitted | - 25702105) | 22.0043 20(4) 74354 (5)
fabric of both faces closed (2)
structure
The grades of moisture management properties are taken from the AATCC 195 standard.
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The moisture management properties test results were evaluated according to
the scale in Table 3.

Table 3. The grades of moisture management properties [10]

Grade
Index
1 2 3 4 5
=120 20-119 5-19 3-5 =3
Top
- No wetting |Slow Medium  |Fast Very
Wetting time (sec Fast
=120 20-119 5-19 3-5 =3
Bottom
. . Very
Mo wetling [Slow IMedium Fast Fast
-9 10-29 30-49 [50-100 =100
Top
- Very
U I 5l Medi Fast
Absorption rate (%/sec) Bry slow - \Slow edium as Fast
0-9 10-29 30-49 50-100 =100
Bottom
- Very
Very slow |Slow IMedium Fast Fast
-7 8-12 1317 18-22 =22
Top
. . Very
N tting |Small Medi L
Max wetted radius (mm) 0 wetling \5ma edium  Large Large
-7 812 1317 18-22 =22
Bottom
_ - \Very
Mo wetting |Small Medium Large Large
00-09 [10-19 [20-29 ([30-40 (=40
Top
- Very
i I Sl Medi Fast
Spreading speed (mm/sec) Bry siow | slow edium as Fast
00-09% [1.0-19 |20-29 ([3.0-40 [=40
Bottom
" Very
Very slow |Slow IMedium Fast Fast
=-50 -50-99 100—199 [200- 400 |= 400
One-way transport capability (OWTC)
Poor Fair Good Very good |Excellent]
0.00- 0.19 |0.20 — 0.39 |0.40 — 0.59 (0.60 — 0.80 (= 0.80
COverall Moisture Management Capability (OMMC)
Poor Fair Good Very good |Excellend]

The padding materials’ air permeability values are aligned from the best to the
worst as spacer-4, spacer-5, spacer-2, spacer-3, yellow polyurethane foam and
grey polyurethane foam. Due to the very large pore structure of the spacer-1 and
spacer-6 no values could be recorded by the air permeability tester. According to
the wetting time grading, spacer-1’s grade is 2, yellow and grey polyurethane
foam’s 3 and the other padding materials grade are 5. With regard to the
absorption rate grading, yellow polyurethane foam’s grade is 5, grey polyurethane
foam’s 4, spacer-4’'s 3 and the other padding materials grade are 2. In
accordance with the maximum wetted radius grading, spacer-2, spacer-3,
spacer-4 and spacer-6’s grade are 4, spacer-1, spacer-5 and grey polyurethane
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foam’s 3 and yellow polyurethane foam’s grade is 1. With respect to the spreading
speed grading, yellow polyurethane foam’s grade is 1, grey polyurethane foam’s
2 and the other padding materials grade are 5 (Table 2).

Since the padding materials do not directly contact the body, there will be no fluid
moisture on the surface of the padding material. Therefore, the most important of
these properties are the wetting time and the absorption rate. The padding
materials will absorb the moisture that is transferred to the bottom surface of the
upholstery fabric. As the absorption rate increases, the speed of transfer of the
moisture to the lower surface of the padding material will increase. So, the feeling
of humidity on the surface will be the least. The shorter the wetting time, the
material will absorb liquid more quickly and easily. According to the wetting time
and the absorption rate values, the padding material having the best performance
(having the shortest wetting time and the highest absorption rate) is the spacer-
4. Spacer-4 is followed by spacer-5 and spacer-3.

4. CONCLUSIONS

It has been determined that polyurethane based foams used in office chairs are
weak in terms of air permeability and moisture management properties. On the
contrary, it has been determined that the performance of the spacer fabrics is
good in terms of these properties due to their porous structure. As a result, the
use of spacer fabrics will have positive effects on the textile comfort of office
chairs.
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Abstract: Determination of toxic gases released from materials used in railway products
when they are burned is an important issue as it is vital in a fire. There is a quantitative
method in the standard of EN ISO 45545-2 Annex C by using a smoke chamber and FTIR
sampling system. It is possible to analyze the eight gas components: CO2, CO, HF, HCI,
HBr, HCN, SOz and NOx by using this method. Because the investment and analysis cost
of this system are very high, looking for cheaper analysis methods is required. This
research focuses on the development a cheaper method based on combustion emission
analyzer that can determine COz2, CO, NOx, SO2. After establishing of the new method test
assembly, the power of this system was tested on one upholstery fabric and three different
rubbers. It was observed that this system is useful to determine the toxic gas emissions
from burning materials.

Keywords: Railway vehicles, combustion gases, textile fabrics, portable combustion &
emission analyzer, EN ISO 45545-2 Annex C.

1. INTRODUCTION

Rolling stocks for passenger and goods have a variety of fire risks, dependent on
the type of train, materials used in train construction and operating conditions.
Fire risk analysis is based on the design of fire scenario concept. Design of fire
scenario represents a chronological chain of events from the fire ignition to the
finalization of the evacuation of people on trains. Each event has been described
and evaluated with respect to fire standards. In this respect, European
Community have determined to use EN 45545 standard for fire safety in railway
vehicles. EN 45545 is a harmonic standard for fire safety in the railway systems
and composed of seven parts. According to the standard, the burning behavior
of materials and components are classified for different hazard systems based
on operation and the vehicle design categories in EN 45545-2 part. This standard
include classification, standardization and test/analysis methods for exterior and
interior materials. Standardization of the materials is based on the fire behavior,
toxicity, smoke and energy emission parameters.

Toxicity of materials is measured by using two devices one of them is smoke
chamber for fire materials according to ISO 5659-2. The other is FT-IR
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spectrometry for gas analysis according to EN 45545-2 Annex C. Standardization
of materials based on the toxicity is made with CO2, CO, HBr, HCI, HCN, HF,
NOx, SO2 gases. During this test smoke density parameter is also measured via
the attenuation of a white light beam by the effluent gases/smoke [1-3]. Due to
the high instrument and analysis costs of this system, other techniques which
enable the determination of combustion mechanism and identification of toxic
gaseous products are required. The aim of this study is to reveal the applicability
of a new method that is absolutely cheaper, to determine the combustion
mechanism and toxic gas emissions from railway trim materials by
combustion&emission and TG-FTIR analysis.

2. MATERIAL AND METHOD

In this study one upholstery 100 % polyester velvet fabrics and three different
rubber materials were used. Both types of materials are flammable. Rubber
materials are silicone (VMQ 50/XGR 50-05), NBR (shore A 70) and NR (shore A
60). The fabric was produced by EPENGLE company and rubbers were produced
by LASPAR company. NBR and NR rubbers are sulphur based vulcanized
rubbers.

2.1 Test Assembly

The test assembly consists of two main parts; the combustion chamber (Govmark
Horizontal Burning Chamber) defined in ISO 3795 and portable combustion &
emission analyzer (Testo 350XL). The combustion chamber was chosen
because it simulates the real combustion condition.

Figure 1.a.Test assembly for determining combustion gases. b. Testo portable combustion &
emission analyzer.

2.2 TGA-FTIR Analysis

TGA-FTIR analysis system was chosen to determine the combustion gases of
samples as another gas analysis system. Approximately 5 mg of sample was
heated up to 700°C at a heating rate of 10°C/min under air flow (100ml/min) in
SDT (Q600, TA Instruments). The real time spectra of the evolved gases were
collected by a FTIR, Cary 600 (Agilent Technologies, USA) coupled to SDT with
a heated transfer line. DTG curve and Gram-Schmidt curve obtained by FTIR
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analysis, were superimposed and the time required for the transfer of evolved
gases from SDT to FTIR was calculated for each sample.

3. RESULTS AND DISCUSSION

This research focuses on establishing a new test method as an alternative to EN
45545. The first main result is that the material should be flammable and should
produce combustion gases that could be detected by this analyzer during
burning. Some certain gases (CO2, CO, NOx, SO2) released by the combustion
of flammable materials could be successfully detected quantitatively by portable
combustion & emission analyzer. However it is required to validate this method
by EN 45545 standard test method. After validation this new developed and
cheaper method can be used as an alternative method for EN 45545 standard
method. It can be possible to measure quantitative gas analysis which is defined
in EN 45545 standard by using this new developed analysis method.

By TGA-FTIR system combustion gases of every type of material can be
determine but calibration should be carried out for quantitative determination of
each combustion gas before measurement.

Table 1. Combustion & emission gases results

Chamber

No Types of Materials M:is;';'::"‘ o2 co NO NO2 | NOX | co2 | so2 | Pump |AirTemp.| Temp.

(%) | (ppm) | (Ppm) | (PPM) | (PPM) (%6) | (ppm) | (I/min) <) <)
1. 19,99 | 57 3 2,1 5 1,23 o 0,91 29,2 49,8
1 Silicone (VMQ 50 / XGR50-05) |2.(+18s) 19,79 | 64 3 1,9 5 1,47 o 0,63 29,2 54
3.(+30s) 19,76 | 65 3 2,3 5 1,5 1 0,37 29,2 55,3
1. 19,86 | 74 58 2,8 61 1,39 18 0,9 29 47,8
2.(+8s) 19,68 | 101 62 3 65 1,6 32 0,27 29 a7,8
2 NBR 70 (N7007) 3.(+25s) 19,56 | 116 75 2,3 77 1,75 31 0,87 29 60,6
4.(+85s) 17,81 | 770 166 5,8 172 | 3,88 | 163 0,9 29,1 113,5
5.(+205s) 18,1 | 912 149 4,7 154 | 3,52 | 194 0,89 29,2 128,3
1 19,92 [ 131 15 1,1 16 1,31 27 0,9 29,4 50
2.(+13s) 19,94 | 143 14 1,1 15 1,29 29 0,89 29,3 50,7
3.(+265) 19,88 | 131 15 0,9 16 1,36 29 0,64 29,5 51,2
4.(+35s) 19,89 | 100 15 0,9 16 1,34 28 0,89 29,5 51,7
1.240s 19,92 | 199 3 1,1 a 1,42 5 0,93 25,7 63,8
2.480s 19,99 | 199 3 1,1 a 1,43 6 0,92 25,5 81,3

3 NR 60

a 100% Polyester (pile part)

After establishing test assembly, fabric and rubber trim materials were tested by
this new method. According to analysis results, combustion gases of fabric mainly
CO and COz2, and trace amount of NOx, SOz gases. The combustion gases of
sulphur based vulcanized rubbers are CO, CO2, NOx and SO2. But the
combustion gases of the silicone rubber are only CO and COz (Table 1).

NO, NO2, NOx and SOz gases from combustion of fabric were related to dyestuff.
SO2 gas from NBR and NR rubbers was associated to the sulphur based
vulcanization agent. NO, NO2 and NOx gases from combustion of NBR rubber
was related to nitrile group of the rubber composition. CO and CO2 gases were
related to carbonyl group in the macromolecule structure of the polymer. By FTIR,
the major gases detected were C0O2(2358/2310 cm-"), CO (2180/2109 cm-') and
H20 (1514 cm-') for NBR70. CO and CO2 were detected or PES100% where DTG
peaks occur (Figure 2).
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Figure 2.a. Results of the thermal analysis. b. Evolved gas analysis

4. CONCLUSION

The new test assembly for determining toxic gases can be used to measure the
toxic gases from combustion of interior and exterior materials in railway vehicles.
The variation of the amount of NO, NOxand SOz gases from four different types
of materials shows that this method can be applicable for measuring toxicity
according to EN 45455-2. SOz and NOx gas concentrations change according to
sulphure and nitrogen content in the materials. Further studies required to
investigate data correlations between the present technique and EN 45455-2.
Detailed results will be presented in future studies.

This study was supported by Bursa Technical University Scientific
Research Projects (Project No: 171N1).
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Abstract: Graphene, with its unique nano scale, is a material that has been
investigated and started to use in various research fields in many areas that carry
many functional features together. Graphene which has two-dimensional, unique in
atomic thickness and strong bond structure gives very good electrical,
electrochemical, optical, thermal and mechanical properties. In this study, pyhsical
tests of 4 different yarns which content poliamid-graphene/cotton and viscon-
graphene/cotton were carried out. Their dyeability has been tested. Absorbancy,
drying rate, UV protection, antibacterial (gram +, gram -), blade cut resistance,
abrasion, pilling, tear strength, breaking strength and air permeability tests were
performed on fabrics woven with these yarns. It has been proved that high
performance products can be used both in terms of handle and physical properties.

Key Words: graphene, high performance fabrics, multifunctional fabrics, UV protection,
blade cut resistance

1. INTRODUCTION

Graphene is the most famous allotrope of carbon, which has a long history of
many applications because it is the lightest, thinnest, hardest and most robust
materials. The graphene, which has the name of the strongest material ever
measured up to now, is a two-dimensional (atom-thickness) carbon allotropic with
a hexagonal honeycomb lattice. Excellent mechanical strength and considerable
flexibility are among the striking features of graphene [1].

Graphene has many special functions such as antibacterial, anti-mite, heat and
cold resistant, cut resistant, anti-static, UV resistant. These functions can be used
in many different fields of textile products such as clothing, knitting, home textiles
and etc [1-5].

2. MATERIAL AND METHOD

Firstly, the purchase of blends with cotton yarns of polyamide-graphene and
viscose-graphene yarns was provided in the properties specified at Table 1. The
structure which the graphene is attached was produced with a technology that
makes graphene covalent bond with various chemical reactions with the aid of
grafene oxide. The functionalization of covalent bonds of graphene provides the
use of the resulting functional fibers in a wide range of applications.
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In Table 1, the yarns specified by 2 and 4 are folded with the 721S, 800S twist
respectively to obtain the appropriate thickness. The dyeability of the obtained
yarns has been tested. The prepared yarns were slashed and woven as 2/2 twill
weave with the same conditions (Table 2).

Woven fabrics were singed, washed at 50 °C, dried at 120 °C dry steam with 30
m/min, fixed in dry steam machine respectively. The finished fabrics were
subjected to absorbancy tests according to AATCC 79 standard, drying rate tests
according to AATCC 201 standard, UV protection tests according to AS/NZS
4399:1996 standard, antibacterial tests (Gram +, Gram-) according to AATCC
100 standard, blade cut resistance tests according to EN-388:2016 standard,
abrasion tests according to ISO 12947-2 standard and pilling tests according to
ISO 12945 — 2 standard, tear stregth -Elmendorf tests according to ISO 13937-1
standard, breaking strength-strip method tests according to ISO 13934-1
standardand air permeability tests according to TS 391 EN ISO 9237 standard.

Table 1. Properties of yarns

Yarn . Yarn . Breaking .
Sample gzmen“fate"al Count .?i':laek('g)g Strength :Eo}::)mgahon (S:;l?:‘e ?(t)h U %
Number (Nm) (cN)
50%polyamide-
1 graphene/ 53 0.80 251.4 13.24 13.52 9.88
50%cotton
50%polyamide-
2 graphene/ 60 0.58 193.3 9.50 12.72 10.82
50%cotton
50%viscose-
3 graphene/ 34 0.43 583.7 7.13 19.26 7.99
50%cotton
50%viscose-
4 graphene/ 80 0.36 217.0 6.03 18.08 10.16
50%cotton
Table 2. Technical properties of sample fabrics
. Warp Yarn Weft Yarn Average
(F:it()i:c Fabric Composition | Count zﬁ?:ber Count ‘I?)v:r::tsit Weigth
(Nm) (Nm) Y | (gim2)
1 50%polyamide- 60/2 72/4 53/1 38,0 210,0
0,
2 graphene/ 50%cotton | ¢, 72/4 60/2 28,0 217.7
3 50%viscose- 80/2 80/4 34/1 27,5 196,7
0,
4 graphene/ 50%cotton 80/2 80/4 80/2 30,0 186.7
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3. RESULTS AND DISCUSSION

The finished fabrics passed the handle and visual controls made in the quality
control department. Physical properties of the fabrics were given at Table 3.

The results of this work showed that the abrasion cycle at break on 1 and 2
numbered fabrics with 50% polyamide-graphene/50% cotton content was higher
than 1.000.000. While 20,000 cycles were enough in the standard, the output was
at an excellent level. Whereas samples with 50% viscose-graphene/50% cotton
showed lower values. It is thought that this result arises because of the viscous
material obtained from short fibers. The images obtained after 1.000.000 are
shown in Figure 1.

It was found that the samples had high performance (as high as 4 times compared
to conventional worsted fabrics) in terms of tear strength and tear strength. In the
tests made on woven fabrics, it was seen that the air permeability values of 50%
polyamide-graphene/ 50% cotton contented fabrics (1 and 2 samples) were better
than 50% viscose-graphene/ 50% cotton fabrics. Pilling and abrasion values were
lower than expected. The reason for this is thought to be the tendency of the
carbon in the structure to be caused by the friction effect. Blade cut resistance
results showed that all samples passed the test with performance level 1.

Table 3.Physical properties of the fabrics

Average of Average of Tear Average of Breaking - .
Fabric Air Strength (kgf) Strength (daN) ':;(')'(')‘3 Abrasion
Code | Permability Warp Weft Warp Weft cycle) Cycle at
(mm/s) Direction | Direction | Direction | Direction break

1 46,4 37337 3190,7 91,00 61,7 3/4,3/4,3 | >1.000.000
2 52,3 3929,0 4073,3 84,33 79,3 3,3,3/4 >1.000.000
3 90,6 4999,7 4544,0 85,00 79,7 3,3/4, 3/4 | 55.000
4 86,8 3380,0 2752,3 88,00 73,7 3/4,3/4, 3/4 | 40.000

Figure 1. The images of the sample 1 and 2 after 1.000.000 cycles
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Table 4. Functional properties of the fabrics

n Solar UV Protective Properties Antibacterial Tests
3 o (Reduction %R)
] @
3 = 23 Q) Gl - 3)
= o X oX| © —
3 £ o s 9| =59F| L, | © 2o
) i) ) < £ SE| 20| ® < o
= © 2 0 <EC mE c EOQL | - £<
2 (4 5 ® >Eo >Ew| 5% 28 S50
e o o - R Sax| 5555 & o© 2o
£ 2 €y cR| a2 2c| 3 5 sSF
1 | No absorption | >60/>60 | 0,35 0,12 754,35 580 | 72,50 90,00
2 | No absorption | >60/>60 | 0,19 0,07 1306,3 475 |89,47 72,72
3 [1,13 >60/>60 | 0,86 0,25 312,8 265 | 90,00 67,50
4 (1,14 >60/>60 | 1,16 0,29 249,05 185 |60,00 72,22

Functional properties of the fabrics such as antibacterial, UV protection,
absorbancy, drying rate were given at Table 4.

Drying rate of the fabrics consisting of 50% polyamide-graphene/50% cotton
could not be tested because they did not absorp water on them at the test which
was maden according to heated plated method. Rapid drying was observed in
samples 3 and 4 consisting of 50% viscose-graphene / 50% cotton. According to
the results of the absorption, all of the fabrics gave values higher than 60
seconds. If the fabrics are to be used for fast drying purposes, hydrophilic
finishing will be required. The UV protection results in Table 4 were evaluated
according to the classification system in Table 5. All the fabrics showed very high
UV protection. 50% polyamide-graphene/50% cotton samples were found to
have 2-3 times higher values than 50% viscose-graphene/50% cotton samples.
Furthermore, it was shown that the obtained fabrics had antibacterial properties
between 60 and 90 against S. aureus bacteria and between 67.5 and 90 against
K. pneumoniae bacteria.

Table 5. Functional properties of the fabrics

UVR Protection Effective UVR .
UPF Range Category Transmision (%) UPF Ratings
1510 24 Good Protection 6,7t04,2 15, 20
2510 39 Very Good Protection | 4,1to 2,6 25, 30, 35
40 to 50, 50+ | Excellent Protection <2,5 40, 45, 50, 50 +

4. CONCLUSIONS

It has been proved that high performance products can be used both in terms of
handle and physical properties. According to the results obtained, it was seen that
the fabrics produced can be used both as suits and uniforms. It is predicted that in
case of high pilling, it can be achieved by improving the finishing conditions.
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The pilling values were seen at the limit values because graphene in the fibers
affected the friction on the fabric surface negatively. If the use of fabrics, such as
trousers, where there is a lot of rubbing is preferred, it will require improvement with
finishing conditions.

All fabrics that exhibited antibacterial properties without application of finish showed
very high UV protection. It is foreseen that these level performances can only be
obtained in coated fabrics, and they can be easily preferred as uniforms. The
abrasion cycle break in fabrics 1 and 2 with 50% polyamide-graphene/50% cotton
content is the reason why two groups of fabrics are preferred due to their higher than
1,000,000 value.

It is clearly seen that the fabrics they can be easily used on surfaces that are exposed
to abrasion resistant to outdoor conditions that require UV protection, especially in
transport upholstery, uniform clothes with various designs.
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Abstract: Mosquitoes are considered one of the deadliest animals in the world. Most

Abstract: Mosquitoes are considered one of the deadliest animals in the world. Most
species are vectors of diseases, such as Malaria, Dengue, Yellow Fever and
Chikungunya, causing millions of deaths every year. The World Health Organization
(WHO) has been highlighting measures for the prevention and control of vector-borne
diseases (VBDs). Itis in this strategy that Smart Inovation presents the Si Repel Mosquito
solutions.

This work aimed to demonstrate the effectiveness and safety of the Si Repel Mosquito
solutions, thus ensuring maximum protection against mosquitoes and therefore reducing
the transmission of these diseases to civilians and the military.

Keywords: Si Repel Mosquito, vector-borne diseases, innovative technology, mosquito
repellency

1. INTRODUCTION

There are many products and technologies designed to prevent bites from
arthropods and to reduce the risk for transmission of vector-borne pathogens.
Indoor residual spraying and long-lasting insecticidal bed nets are the two
most important vector control measures that protect humans from the bite of
carrier mosquitoes. Currently only one class of insecticides — pyrethroids — is
recommended for use in bed nets, but resistance to pyrethroid insecticides
has been increasing over the recent years and now threatens the success of
control programs [1]. Alternatively, we have insect repellents, which do not kill
insects, but keep them away from the target, and this is where the Si Repel
Mosquito solution is effective [2, 3].

Si Repel Mosquito solution uses the active ingredient 3-(N-acetyl-N-butyl)
aminopropionic acid ethyl ester (IR3535), a synthetic insect repellent, whose
structure is related to B-alanine, having as chemical formula C11H21NQOs. This
substance is FDA, EPA and WHO approved [4].

Smart Inovation has a unique and innovative technology, which consists of a
matrix of particles that allows the transport of active substances. This matrix can
bind to various materials giving them new properties and characteristics. Through
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this technology, IR3535 can be fixed to several substrates, products and
materials, producing an extremely effective, nontoxic, odorless, safe and
ecofriendly repellent effect for the prevention of diseases caused by insect bites.

2. MATERIAL AND METHOD

Several samples of fabric were impregnated with Si Repel Mosquito Textile Finish
by padding process, and then cycled to 50, 80 and 100 washes. In the padding
process, 30g of Smart Fix with softener solution and 80g of the Si Repel Mosquito
Textile Finish solution per litre of water, were applied. To determine the
effectiveness % of the samples, they were submitted to the mouse feed method,
in Siri Life India, and IHTM of Lisbon. This test is used to measure the
effectiveness of washed textiles treated with insect repellent active ingredients,
to protect against insect bites. To perform this test, 100 mosquitoes Aedes
aegypti were used. This method was conducted according to the following
guidelines: Documentation issued the European Commission; Technical Notes
for Guidance. Product Type 18- Insecticides, acaricides and products to control
other arthropods and product type 19- repellents and attractants (only concerning
arthropods); USA EPA (USA Environment Protection Agency), EPA Product
performance test guidelines OPPTS 810-3700: insect repellents to be applied on
human skin, July 7, 2010; WHO Guidelines for efficacy testing of mosquito
repellents for human skin (WHO/CDS/NTS/WHOPES/2009.4).

In order to test the Si Repel Mosquito Laundry Additive solution, we proceeded
as follows: 10mL of Si Repel Mosquito Laundry Additive solution for every kg of
textile. To determine the efficacy of the solution, the fabrics were submitted to the
“arm in cage” method, in Siri Life India. “Arm in cage” method is used to evaluate
the ‘fabric samples’ by comparing the number of landings / bites done by
mosquitoes during the 5 minutes exposure on to the forearm of volunteers
wrapped with insecticide impregnated cloth and a cloth without any insecticide
(control) in a cage containing 100 female Aedes aegypti mosquitoes. Forearms
of the volunteers without any fabric were also inserted for 1 minute to check
propensity for biting of the mosquitoes and to use the data to extrapolate number
of bites for 5 minutes exposure. Percentage protection offered by the fabric
sample was calculated based on reduction in number of bites per experiment.

3. RESULTS AND DISCUSSION

No landing or probing was observed on the fabric with 50, 80 and 100 washes,
only on the exposed area of the mouse (table 1). The test concludes that fabric
sample showed excellent mosquito repellency.
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Table 1 - % efficacy of fabrics impregnated with the solution Repel Mosquito Si Textile Finish, after
50, 80 and 100 washes.

Sample type | % Efficacy
On fabric On exposed area
50 wash 100% 89,70%
80 wash 100% 83,82%
100 wash 100% 75%

Another solution was tested, Si Repel Mosquito Laundry Additive, which can be
use in laundry machine or in handwashing. To determine the efficacy of this
solution, the fabrics were submitted to the arm in cage method, in Siri Life India.

Table 2 - % efficacy of fabrics impregnated with the solution Si Repel Mosquito Laundry Additive,
after 20 washes

Treated w/ hand wash softener

Treated w/washing machine softener

Washes

0 wash

10 wash

20 wash

0 wash 10 wash

20 wash

% Efficacy

99,5

98,52

98,06

99,02 98,52

98,06

It was observed that for washing by hand, after 20 washes we still had 98,06%
efficacy, the same value was found in the washing machine (table 2). We believe
that the method of application does not interfere with the effectiveness, since after
20 washes an excellent repellency is obtained.

4. CONCLUSION

It is concluded that the technology invented and commercialized by Smart
Inovation, in these applications and areas, ensures that the release of the active
ingredient is done in a controlled and regular way, ensuring high effectiveness
after several washes and, therefore, better performance and more durability.
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Abstract: There has been an increasing trend in personal protective clothing, however
providing desired handle and comfort properties along with protection and strength
have been the main challenge. In this work high performance and cut-resistant fabrics
were developed including composite worsted yarns with core filaments, while soft
touch of the fabrics was preserved due to wool fibres at the sheath part of the yarns.
In this respect, four types of yarns were produced on ring siro spinning machine and
yarn properties were analysed. Then, eight different fabric samples were woven
including two different fibre blend ratio, two different core filament linear density and
three different dyeing processes, to evaluate the effect of these parameters on blade
cut resistance and other fabric physical properties. The analysis of the results show
that these fabrics have high performance (approximately as high as 3 times compare
to conventional worsted fabrics) and blade cut resistance yet they have soft handle,
therefore can be used for men’s suit without any compromise in user comfort.

Key Words: Blade cut resistance, worsted fabrics, High performance fabrics

1. INTRODUCTION

Protective clothing has an increasing market in textiles and there is a demand for
clothing with cut/stab resistance. A recent survey show that 40% of attacks have
been in main parts of the human body while 60% is on the neck and head [1].
There are various works aiming for development of stab and cut resistant clothing
in this respect, mainly for knitted products [2-4] while works for woven fabrics
seem to be very limited [5]. There are attempts for developing multi-layer knitted
structures as well [6]. Cut resistance of single fibres [7] and high strength yarns
were also studied [8]. However, maintaining soft handle and comfort properties
is the key issue in development of these high performance fabrics. A recent study
presents a comprehensive work on deformable stab-resistant fabrics for body
protective clothing by using triaxial weave fabrics in comparison with other types
of constructions such as plain weave and single jersey knitted fabrics [9].
However, it is difficult to comment on unit weight and comfort properties of
developed fabrics as there was no further detail regarding these. Different from
these works above, we aim to develop high performance and cut-resistant woven
fabrics with light-weight suitable for men’s suiting in worsted sector providing a
soft touch and comfort.
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2. MATERIAL AND METHOD

In this work, composite yarns were produced on ring siro-spinning machine by
using high tenacity polyamide 6.6 filament as the core. Then, by using these
yarns at both weft and warp direction, eight different fabric samples (2/1 twill
weaving construction) were woven including two different sheath blend ratios
(B1:100% wool and B2: 60%wool/40% Polyester), two different core filament
linear density (33 and 50 dtex) and three different dyeing processes (L:loose
stock dyeing, Y: bobbin dyeing and P: piece dyeing) as summarised in Table 1 to
evaluate the effect of these parameters on blade cut resistance of high
performance worsted fabrics produced in this work.

Following fabric production, performance tests were applied to each fabric type.
The fabric samples were conditioned at standard atmospheric conditions for 24
hours before the tests. Physical performance of the fabrics, such as breaking
strength, tear strength, abrasion, seam slippage, pilling and air permeability, were
analysed. All tests were repeated three times. Regarding cut resistance
performance, the fabrics were tested according to EN-388:2016 (Figure 1) as
suggested by a previous work [10] that provides a comparative evaluation of
blade cut resistance between EN-ISO13997 and EN-388:2016.

Table 1. Fabric samples produced in this work

Blend 1 Blend 2 .
(Sheath: 100% wool (Sheattll.otlioe/;\:;?oll40 o
Composite yarn properties Core: HT PA) Core:yHT PA)
N 7612 Nm 80/2
m 750 t/im S
Core filament linear density (dtex) 33 50 33 50
Weft density (ends/dm) 270 270 280 280
Warp density (ends/dm) 285 285 285 285
Loose (fiber) dyed B1L33 B2L33
Dyeing process Yarn (bobbin) dyed B1Y33 B B2Y33 -
Piece (fabric) dyed B1P33 B1P50 B2P33 B2P50

COUP TEST  {iom

Figure 1. Coup test in accordiance with EN 388

84




7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

3. RESULTS AND DISCUSSION
3.1. Analysis of yarn properties

In this part, core filament tenacity properties were analysed first. Following this,
tenacity and breaking elongation of composite yarns produced by ring siro-
spinning were also analysed. These results are given below in Table 2

Table 2. Tenacity and breaking elongation values of yarns

% Breaking

Yarns Tenacity (cN) Elongation
. Average 249,7 24,8
Core Polyamide 6.6 cl: 33 dex 7o oy 3.1 2,4
Filament : c2: 50 diex Average 317,6 22,3
) % CV 5,09 8,6
. 1 Average 395,5 22,6
Compasite | sheath: 100%Wool core ¢ % CV 7.8 12,7
ya;rél(z)m (Blend 1) 2 Average 528,5 27,4
core ¢ % CV 25 03
Composite Sheath: core cl A;ercage 6;02,3 287’43
o, 0, o s s
yarn (Nm | 60%woo0l/40% Polyester Average 6535 26.8
80/2) (Blend 2) core c2 % CV 9 2 0 4
o s s

3.2. Analysis of fabric properties

When we evaluate the overall results summarised in Table 3, it is clearly seen
that the fabrics have high performance and blade cut resistance, therefore they
can be used for suitings as protective clothing in worsted fabric sector. The results
of this work were also analysed considering the effect of three different
parameters on fabric performance, i.e.the effect of core filament linear density,
blend ratio for sheath part of the yarns and dyeing type applied during fabric
production. Regarding the effect of core filament linear density, both fabrics
produced by core filaments with higher linear densities (B1P50 and B2P50) pass
the blade cut resistance test while there was no difference between performance
of these fabrics in terms of cut resistance level. However, the breaking strength,
abrasion resistance and pilling performance of the fabrics with 50 dtex core yarns
were lower in general compare to the fabrics produced by 33 dtex core yarns,
probably due to the less coverage by sheath fibers. When we analyse the effect
of blend ratio, there is a clear increase in performance of fabrics with polyester
fibres due to the contribution of better physical performance of these fibres. The
results regarding the type of dyeing process show that when loose stock dyeing
process was applied, the strength of fabrics improves compare to the fabrics
produced by bobbin dyed yarns.

Fabric breaking strength results were given in Figure 2. When these results were
examined, it is clearly seen that the fabrics that include polyester fibers have
higher breaking strength values as expected. Also, the breaking strength values
of the fabrics in warp direction are higher than values in weft direction.
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Table 3. Physical properties of high performance fabrics

Blend 1 Blend 2
Fabrics B1L3 | B1Y3 | B1P3 | B1P5 | B2L3 | B2Y3 | B2P3 | B2P5
3 3 3 0 3 3 3 0
Weft density 27 27 27 27 28 28 28 28
Breaking Warp 60,7 | 550 | 59,7 | 57,7 | 91,0 | 750 | 86,7 | 84,0
direction
Strength Weft
(daN) direction 56,3 | 48,7 | 57,0 | 46,0 86,3 | 59,0 | 81,0 | 72,3
Warp 207 | 285 | 319 | 427 | 50,0 | 40,9 | 435 | 53,1
Tear direction
Strength (N) | Weft 278 | 267 | 202 | 372 | 468 | 357 | 436 | 50,8
irection
. 43.00 | 40.00 | 43.30 | 39.00 | 70.00 | 86.66 | 70.33 | 73.00
Abrasion (cycle) 0 0 0 0 0 7 3 0
Seam slippage (kgf) >20 >20 >20 >20 >20 >20 >20 >20
Pilling Martindale (2000 4.5 45 5 4.5 4.5 4.5 4.5 4.5
cycle)
Blade cut resistance
performance pass | pass | pass | pass | pass | pass | pass | pass
Air Permability (I/m?/s) 126,0 | 91,0 | 187,0 | 120,0 | 216,3 | 181,7 | 93,8 | 135,3
120
=
:(-5 100
£ 80
]
% 60 B Warp direction Breaking
@ 40 Strength (daN)
© 20 B Weft direction Breaking
(0]
5 ; Strength (daN)

> D D D D DD D
R I IR C N S RO et
IR IR O CHN S L ¢
RS O VA LR 42

Fabric Code

Figure 2. Breaking strength values of high performance fabrics

Tear strength results for developed fabrics were given in Figure 3. When results
were examined, it is clearly seen that the high performance having polyester have
higher tear strength values. The tear strength values of the fabrics with 50 dtex
core yarns were higher than the fabrics with 33 dtex core yarns at the same fiber
blending.
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60
50

40

3 B Warp direction Tear

2 Strength (N)

1 B Weft direction Tear Strength
0

(N)

o

Tear Strength (N)
o

o

> D D D D D D D
> > 32 > > > e >
% Q Q A N\ Q ) 2\

SR SRR SR YR VR R

Fabric Code

Figure 3. Tear strength values of high performance fabrics

Air permability has a significant influence on the moisture and heat transfer
properties of protective clothing, and these results were given in Figure 4. As
seen in Figure 4, the fabrics with 50 dtex core yarns have lower air permeability
than the fabrics with 33 dtex core yarns.

250
200

150
10

0 I I I I ' I I

B1L33 B1P33 B1P50 B1Y33 B2L33 B2P33 B2P50 B2Y33
Fabric Code

o

5

Air Permability (mm/s)
o

Figure 4. Air permability values of high performance fabrics

The results of Martindale abrasion at 9 KPa are expected greater than 20.000 or
equal, and the results of abrasion resistance values of the fabrics have varied
between 38.000-88.000 cycles. Fabric abrasion cycles at break results were
shown in Figure 5. When results wereexamined, it is clearly seen that the fabrics
with polyester fiber have higher abrasion cycles.
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100000
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40000

20000 I I
0

B1L33 B1P33 B1P50 B1Y33 B2L33 B2P33 B2P50 B2Y33
Fabric Code

Abrasion (cycle)

Figure 5. Abrasion cycles at break of high performance fabrics

4. CONCLUSIONS

This work was carried out following demands for protective clothing in light-weight
apparel fabrics in worsted fabric sector. In this regard, four types of composite
yarns were produced on ring siro-spinning system. Then, eight different fabrics
were woven by using these yarns in weft and warp direction and fabric
performance was evaluated in terms of general physical properties as well as
their blade cut resistance, which was the main aim of this work. The results of this
work show that worsted fabrics with high performance (as high as 3 times
compare to conventional worsted fabrics) and blade cut resistance yet soft handle
can be developed suitable for men’s suit without any compromise in user comfort.

The findings also show that linear density of core filament has no effect on cut
resistance performance. On the other hand, there is a clear increase in
performance of fabrics with polyester fibres compare to the fabrics with 100%
wool fibres in sheath part of the yarns. The results also show that when loose
stock dyeing process was applied during fabric production instead of bobbin
dyeing or piece dyeing process, the performance of fabrics improves further.
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Abstract: In this study, we presented a facile, environmentally-friendly and cost-effective
method for the synthesis of silver nanoparticles (AgNPs) using carboxymethyl starch
(CMS). Silver nitrate was reduced on the surface of the polyamide (PA) yarn which allowed
formation of silver nanoparticles. Efficiency of composite yarns loaded with silver
nanoparticles (AgNPs) was studied which were developed by “green process” using
natural reducing agents. Scanning electron microscopy (SEM) studies confirmed the
presence of silver nanoparticles on the composite yarns and electrical conductivity was
changed from 1.206x10°% to 6.120x10°S/cm. The effect of silver nitrate on the
morphological, electrical and spectrophometeric properties was investigated.

Keywords: Silver nanoparticle, polyamide yarn, conductive textile, green chemistry

1.INTRODUCTION

Nowadays special focus on “green chemistry” by researchers is strongly created
as a result of increasing awareness about the environment. Utilization of nontoxic
chemicals, environmentally be solvents and renewable materials are some of the
key issues that merit important consideration in a green synthesis strategy [1].
Silver nanoparticles (AgNPs) are increasingly used in various fields; such as
medical, food, health care, consumer, textiles and industrial purposes, due to
their unique physical and chemical properties. These include optical, electrical,
thermal, high electrical conductivity, and biological properties [2]. Recently,
biologically-mediated synthesis of nanoparticles have been shown to be simple,
cost effective, dependable, and environmentally friendly approaches. Several
studies reported the synthesis of AgNPs using green, cost effective, and
biocompatible methods without the use of toxic chemicals in biological methods.
Compared to chemical methods, biological methods allow for more ease in the
control of shape, size, and distribution of the produced nanoparticles by
optimization of the synthesis methods, including the amount of precursors,
temperature, pH, and the amount of reducing and stabilizing parameters [2]. In
this paper, a texturized multiflament polyamide yarn was used. In situ synthesis
of nano-silver on polyamide yarn has been introduced through a biological
reduction method in order to create a thin layer of silver nanoparticles on
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polyamide yarn. The advantage of this method is preparing of AgNPs without any
organic solvents or other chemical reducing agents.

2. MATERIAL AND METHOD
2.1. Preparation of silver nanoparticles

Initially, the carboxymethyl strach (CMS) solution was stirred by a magnetic stirrer
for 3 h at room temperature. Then, PA multiflament yarn was treated with CMS
solution at 25 °C for 1 h. Meanwhile AgNOs solution was prepared by magnetic
stirrer at 25 °C. AgNOs solution was added dropwise to CMS solution and PA
yarn was treated with that solution at 25 °C for 3 h to obtain a thin silver nanolayer
formation on the fiber surface. The color of the solution turned yellow and dark
brown depending of the concentration of the reduced silver ions. After the
reducing process, the composite PA yarns were rinsed with distilled water and
dried in an oven at 60 °C.

AGNO3 Solution

PAyarm # /
" / NG sl ek

CMS solution 259%-3h Distilad watr-Ethanal

Scheme 1. Preparation of silver loaded PA composite yarn

The effect of process parameters such as AQNOs concentration and time was
investigated and optimum conditions have been determined for these yarns.

Figure 1. Images of pristine yarn (a) and composite yarn (b)

Figure 2 .Silver nitrate solutions (distilled water, 0,5 wt %, 1 wt %, 2 wt %, 4 wt %, 10 wt %)
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2.2. Characterization of silver nanoparticles

The morphological characteristics of AQNPs were determined by a Carl Zeiss Evo
LS10 high resolution scanning electron microscope (SEM). The samples were
gold coated and placed on the aluminum stub and observed under vacuum in
SEM-EDX. The electrical conductivity of composite yarns was measured by four-
point probe technique.

3. RESULTS AND DISCUSSION
3.1. Morphology of Composite Yarns

Figure 3 shows the surface morphology of PA multifilament yarn containing 1%wt
reduced silver nanoparticles. When the uncoated PA yarn has a smooth surface,
a thin coating layer was observed which indicates the formation of AQNPs on the
fiber surface. This is consistent with the previous observations incorporating
nanoparticles into polymeric materials [3,4].

Figure 3. SEM images of pristine PA yarn (a,c) and coated PA yarns with 1% wt AgNPs (b,d)
[Magnification: 1.00KX (a,b), 5.00KX (c,d)]

Figure 4 presents the Energy dispersive X-ray analysis (EDX) results of
multiflament PA composite yarns. According to the SEM-EDX analysis, the
presence of AgNPs with 8.42 at% was measured which confirm the AgNPs
formation on multifilament PA composite yarn structure (Figure 4).
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Figure 4. EDX measurements

3.2. DC Conductivity of Composite Yarns

Electrical conductivity measurements were conducted using the standard four
point probe technique. The system has four probes at equally spaced. A constant
current is passed between the two external probes. Conductivity is measured
using Van der Pauw equation [5,6].

o (S/em)= (In(2)1) /(xdV)

d:Thick V:Volt I: Amper

The electrical conductivity of composite yarns was changed from 1.206x10* to
6.120x10° s/cm. Conductivity of AGQNPs composite samples (0,5 wt %, 1 wt %, 2
wt %, 4 wt %, 10 wt %) was determined as in the table.

Table 1. Conductivity of AQNPs composite samples

YARN % RATE DC
THICKNESS CONDUCTIVITY
0,5 (wt %) 0,603 1 1.206x10°
1 (wt %) 0,617 2,5 2.638x10°
2 (wt %) 0,621 2,9 1.385x10°
4 (wt %) 0,631 3,9 1.900x10°°
10 (wt %) 0,634 4,2 6.120x10°

The effect of silver nitrate concentration on electrical conductivity was
investigated and the electrical conductivity increased with increasing
concentration.

3.3. UV-Vis Measurement Result of Composite Yarns

Analysis UV-vis spectra were recorded on a U-3900 HITACHI UV-vis
spectrophotometer. The UV-vis absortion spectra were measured at room
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temperature by placing the sample in a 1 cm quartz cuvette over wavelength 200-
800 nm.

Absorbance (a.u.)

-2 T T T T T T T T T T
300 400 500 800 700 800

Wavelength (nm)

Figure 5. UV measurement of % 1 AgNP solution

Fig. 5 represents the UV-vis spectral data of % 1 wt AgNP solution, for the
synthesized silver nanoparticles by use of CMS. All the solutions exhibited
characteristic silver surface plasmon resonance (SPR) typically located in
between 280-340 nm. [7].

It seemed that the AgNPs absorbed radiation in the visible regions of 280-340
nm [8,9]. At this concentration of AQNO3, the maximum absorption wavelength
gives rise to a blue shift, meaning a decrease in the particles size [10].

4. CONCLUSION

The silver nanoparticles were successfully synthesized on the PA multifilament
yarn to obtain a conductive functional textile by in situ green synthesis approach.
This strategy is expected to become an effective method for the fabrication of
conductive functional textiles.
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Abstract: Flushable nonwoven wipes have become popular in recent years thanks to
an increase in environmental consciousness of consumers. It is important that
flushable wipes are compatible with water treatment systems. In addition, they should
be biodegradable and dispersible to remove their harmful effects on the environment.
The dispersion of these nonwovens is associated with their wet strengths, which are
needed during the storage and use of wipes, and the increase in the strength might
prevent the dispersibility of webs. Therefore, the aim of this study was to investigate
the mechanical and dispersibility performances of commercially available flushable
wipes. The production system had a significant effect on both the strength and
dispersible properties of the nonwovens. The findings of the study are useful for
understanding the dispersion mechanisms of different flushable nonwovens.

Keywords: dispersibility, extension, flushable wipes, maximum load

1. INTRODUCTION

Flushable wipes are nonwovens that can be broken up into small pieces,
dispersed quickly and transferred from the toilet bowl to sewer systems. They can
be used for different purposes such as moist toilet tissues, baby wipes, and
bathroom cleaning wipes. The flushable wipe market is developing rapidly
because of the ease-of-use of these wipes and the increase in consumers'
environmental perception. The sales are expected to double to $2.7 billion in the
world through 2020 [1].

A truly flushable wipe should not float, should quickly submerge to the bottom of
the toilet bowl and should be removed by the sludge. Moreover, it should
disintegrate under agitation in water, and eventually not damage the sewer
system [2, 3]. Namely, a flushable wipe should be compatible with sewer and
water treatment systems and not lead to any pollution. These can be achieved
using biodegradable and dispersible materials and by selecting appropriate
production techniques and process parameters [2, 4]. Short fiber length is a
significant factor in the dispersibility of nonwovens because the structures made
of conventional staple fibers might not completely break up into the individual
fibers in the water [5]. Zhang et al. [6] reported that as the content and the length-
to-diameter ratio of the Danufil fiber used in wetlace nonwovens increased, their
dispersion performance decreased and the tensile and tearing strengths
increased. Zhang and Jin [7] observed that the basis weight of wetlace
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nonwovens affected the dispersibility performance when the hydroentanglement
pressure sum was above 135 bars.

Flushable wipes should be weak enough to disintegrate in sewer systems. On
the other hand, it is also crucial that they have the adequate wet strength during
storage, converting processes and usage. The improvement in their mechanical
strength might decrease the dispersibility performance of these nonwovens [8].
These properties should be balanced during the production of flushable wipes. In
this study, we aimed to examine the structure, dispersibility and mechanical
properties of various commercially available flushable wipes. The results can help
develop new flushable wipes, which are appropriate for sanitary and other
applications.

2. MATERIAL AND METHODS

Six different commercially available nonwoven wet wipes were used in this study.
Their production systems are wetlaid/hydroentanglement and airlaid/triggerable
binder. While wetlace products consisted of wood pulp and viscose fiber, ion-
triggered airlaid nonwovens were made of wood pulp only. The constructional
parameters of these nonwovens are given in Table 1.

Table 1. The constructional parameters of nonwovens used in the study

Sample Mass per unit Fabric Fabric bulk
p Laying / Bonding area thickness density
code 2 3
(g/m?) (mm) (glcm?)
W1 ) 61.96 (2.11) 0.40 (0.02) 0.156
W2 , dro‘é\ﬁ]‘:gi“’l’e ot 6104 (2.42) 0.40 (0.02) 0.155
W3 y 9 63.00 (1.81) 0.41(0.01) 0.154
A1 Airlaid) 83.09 (4.50) 0.42 (0.02) 0.197
iral
A2 lon-triggered binder 83.15 (4.05) 0.45 (0.01) 0.184
A3 81.44 (2.03) 0.43 (0.02) 0.190

Structural characteristics of the products were determined by using the field
emission scanning electron microscope (FE-SEM) (FEI Teneo, FEI, Inc.,
Hillsboro, OR, USA) at the magnification of 500.

Tensile properties were determined along the machine direction (MD) and cross-
machine direction (CD) of nonwovens according to the ASTM D 5035-11
standard. An Instron tensile tester (Instron 4400R, Norwood, MA, USA) equipped
with a 50 N load cell was used to measure the maximum load and the extension
at this load. The specimen dimensions were 25 x 125 mm?2. The test speed was
25 mm/min, and the gage length was 50 mm. Five specimens were tested in the
dry state and wet states (in-use and post-use). Pre-moistened wipes, which are
in their packages, simulated the in-use condition. Besides, they were soaked into
tap water for 15 minutes to mimic the post-use condition.
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Dispersible properties of the nonwovens were evaluated in compliance with the
UKWIR Flushability Protocol- Sewer disintegration test method (Figure 1) [3].
Three samples were dried at 105°C for 3 hours, and the average dry weight of
each sample was determined. A 2-liter conical flask, which includes 1 liter of tap
water and a wet wipe, was mounted on the orbital shaker at a test speed of 150
rpm for 6 hours. At the end of this test, the content of the flask was poured onto
a perforated plate sieve. A showerhead with a flow rate of 4 I/min was used to
rinse the residuals on the sieve for 1 min, and then they were dried and weighed.
The percentage of the product weight passed through the sieve (PPW) was
based on the equation below, with the dry weight of the retained residuals (DWR)
and control samples (DW). Statistical analyses were conducted with SPSS 22.0
statistical software package (IBM, Armonk, NY, USA).

PPW (%) = [1— (55| x 100 (1)

e Flow rate
il
& @ 4 imin

- 105°C - 3 hours
150 rpm - 6 hours 5.6 mm sieve

Figure 1. Schematic of the sewer disintegration test.

3. RESULTS AND DISCUSSION
3.1 Morphological characteristics

The structure of nonwoven specimens was analyzed with the FE-SEM. SEM
photographs in Figure 2 show the morphology of the wetlace (W1) and airlaid
(A1) products. As can be seen in Figure 2a, the wood pulp and viscose fibers
were interlaced by the hydroentanglement process. Fiber entanglements and
cohesions were observed in the sample structure. The flexural rigidity of the wood
pulp is lower as compared to that of the viscose fibers [6]. Therefore, viscose
fibers could not be entangled as easily as the wood pulps. On the other hand, the
fibers formed U-shape entanglements in order to be interlocked in the structure.
When examining the image of the airlaid sample (Figure 2b), it was determined
that the wood pulps were arranged cross to each other, and any binder particles
were not observed on their surface.
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(b)
Figure 2. SEM images of the (a) W1 and (b) A1 samples.

3.2 Mechanical properties

Maximum load and the extension at maximum load for the nonwovens used in
this study are shown in Figure 3. It was determined that the MD maximum load
of nonwovens, particularly airlaid products (A1-A3), was generally higher as
compared to the CD ones. In addition, as the samples got wet, the measured
maximum loads generally decreased in both directions. While the airlaid
nonwovens had a higher strength in the dry state as compared to wetlace
products (W1-W3), their maximum load values were the lowest under the in-use
and post-use conditions. This may be owing to the triggerable binder, which is
used to hold the fibrous materials together. When the product is submerged in
tap water, the binder becomes water-soluble due to the triggerable polymer in its
structure, and accordingly, the wet strength decreases [9]. The maximum load of
the wetlace nonwovens was slightly reduced when the conditions were changed
from the dry state to the wet state. This decrease might be due to the viscose
fiber strength because the dry strength of viscose fibers is higher than their wet
strength [10]. Also, the reduction in the friction coefficient between fibers in wet
conditions might decrease the strength of the webs [11]. The statistical analyses
showed that the dry-wet condition was a statistically significant factor on the
maximum load measured for these products (p<0.05).

The extension of airlaid samples had almost similar values in both directions.
However, the extension measured for the CD of wetlace nonwovens was higher
than thatin the MD. The reason could be the predominant fiber orientation leading
to the formation of ribbon-like structures extending along the MD of these
nonwovens. Viscose fibers might be separated from the ribbons during the
extension in the CD, and therefore, resulting in relatively higher elongation in the
CD than that observed in the MD [12]. The extension of wetlace products showed
a significant increase in the wet conditions as compared to the dry state (p<0.05).
This is likely owing to the viscose fiber, which has higher wet elongation than the
dry elongation [10]. The extension of airlaid samples slightly decreased from the
dry state to the post-use condition.
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Figure 3. Tensile properties of the nonwovens used in the study. Data are shown as mean values
with error bars indicating "1” standard error

3.3. Dispersible properties

Dispersion is a disintegration process in which the tested product breaks up into
small pieces, which separate from each other and distribute in water [13]. The
disintegration percentages measured for wetlace products were around 18%, and
there was no statistically significant difference among the wetlace nonwovens
used in the study (p<0.05). These values were between 57.4% and 84.1% in the
airlaid products. These nonwovens might be disintegrated quickly under agitation
thanks to the triggerable binder dissolving in water. Also, strong negative
correlations were observed between the disintegration percentage and wet
strength of samples (in-use, R=-0.963; post-use, R=-0.974).

The SEM images of nonwovens were re-taken after the disintegration test (Figure
4) in order to determine their structural changes. As can be seen, the wood pulps
were damaged under agitation in the water. Also, the stacked fibers in the wetlace
sample started to disentangle at the end of the disintegration test. This may be
due to the fiber-fiber and water-fiber frictions and the shear stress caused by
turbulence in the water during this test.
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(b)
Figure 4. SEM images of the (a) W1 and (b) A1 samples after the disintegration test

4. CONCLUSIONS

In this study, the mechanical and dispersible properties of commercially available
flushable nonwovens were investigated. The disintegration of nonwovens was
related mainly to their wet strength, and the increased strength caused a
simultaneous decrease in their disintegration percentage. Moreover, the findings
revealed that the production system used to make the wipes was an effective
factor on these properties. The results will contribute to developing new flushable
products, which are compatible with sewer systems. Further studies will focus on
the biodegradability of flushable nonwovens.
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Abstract: In this study, the effects of raw material and weft density on the performance
properties of the double face woven fabrics, which are used for many different
purposes, were researched. In this concept, double face lightweight woven fabrics
were produced from different raw materials as cotton, Promodal, Tencel and kapok
fibres. Three density levels as tight, medium and loose were used for technical design
of the double face fabric production. Basic structural parameters of the fabrics
systematically produced were tested and some performance properties as breaking
strength, abrasion resistance, air permeability and contact angle were examined.
According to findings, the effect of fibre type in weft yarn and the effect of fabric density
were evaluated.

Key Words: Tencel, Promodal, kapok, double face, lightweight, woven fabric,
performance

1. INTRODUCTION

In parallel with the development of the technology, the existing methods for the
weaving production have been found unsatisfactory, and novel weaving methods
have been researched. Based on fabric construction, woven fabrics provide
different properties which are achieved to satisfy consumer demands for specific
end-use.

At this point, double face woven fabrics are taken attention with their visual
effects, different construction and some important physical properties. Double
face woven fabrics consist of two warp and two weft systems, the first weft and
warp systems produce the upper surface of the fabric and the second weft and
warp systems produce the lower surface. Double face woven fabrics may be
considered under the following heads; the relative proportions and thickness of
the face and backing threads, the origination or the selection of the face and
backing weaves, the construction of the design, the beaming, the drafting and the
contruction of the pegging plan [1]. Thanks to this production technique, different
properties can be given to the different face of the fabric. Double face fabrics
have been used for improving heat insulation in winter garments, preventing
water penetration in rain coats, giving tensile strength in industrial textiles.
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In addition to this, double fabrics are also produced to give different features to
textile garments without increasing to fabric weight excessively. With the use of
double fabrics, it is tried to provide many features to garment in one fabric
structure instead of creating heavy structure with the use of more than one fabric
type. At this point, lightweight fabric structure increases this advantage of double
fabrics with low density. The lightweight double fabric has become more attracted
with advances in textile technology and garment construction.

Many researchers focused on the measurement of some properties of double
face fabrics [2-9]. Although there are many studies on the double layer knitted
fabrics, there are limited published papers which investigate the properties of
double woven fabrics experimentally [10,11]. In this research it is decided to
investigate the possibility of constructing double layer woven fabrics which offer
lightweight structures with good performance properties. Usually double woven
fabrics are used for thicker fabrics with good thermal isolation properties. The
chosen fabric parameters with thin and sustainable yarns enables to produce the
double fabrics suitable for suiting fabrics without any requirement for linings.
Thus, this study aims to design a special construction which is 30-50% lighter
than common suit fabrics, double face, does not sweat and smell with its natural
antibacterial and soft characteristics. In addition to this, it is aimed to produce a
suit fabric which can be used for four seasons, will eliminate the need of lining,
will provide lightness and comfort.

Different fiber types and fabric constructions should be experimented in order to
produce different fabric types while lightening double fabrics. In this research
wool, cotton, cotton/kapok Promodal, Tencel yarns were chosen to achieve the
purposes of the study by using sustainable yarns. Wool fibers have long been
associated with thick and lofty structures with good thermal resistance and may
therefore be used for overcoat clothing [12]. However, wool fibers can be
produced with other light density fibers in fine, lightweight double face weaves
and may be utilized for clothing in different climates. Wool is an all-natural,
renewable fibre, grown on sheep. Good absorbing moisture properties and
reducing sweat on the body reduces the amount of resulting body odour, caused
by sweat and its contact with any bacteria on the skin [13]. As a type of renewable
natural plant fiber, kapok fiber is abundant, biocompatible and biodegradable,
and its full exploration and potential application have received increasing
attention in both academic and industrial fields. Kapok is a natural, cellulosic fiber
which has many unique properties for textile industry. Fiber is as single cell fiber
having very highly extreme hollowness (80-90%) [14]. Short in length, smooth
surface and low density are the properties of this fiber making difficulties in yarn
spinning. So, this fiber generally is used in yarn blends especially with cotton
fibre. Regenerated biodegradable fiber types are introduced to the textile markets
favoring their natural raw material backgrounds. They are produced from
renewable cellulosic plants such as beech trees, pine trees, and bamboo. The
most known regenerated fiber production technologies are viscose rayon—the
first-generation technology, modal—the second-generation technology, and
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lyocell—the third-generation technology [15]. In this reseach, Tencel and
Promodal yarns were chosen as regenerated biodegradable fibers.

2. MATERIAL AND METHOD

Twelve types of double face woven fabrics with three different weft density levels
were designed and produced from four different weft yarns having different fibre
types. Face weft yarns were changed systematically, and the other face and back
warp and weft yarns were kept constant. 100% Wool yarns were utilized for face
warp, while 100% cotton yarns were used for back warp and weft. The basic
properties of the face weft yarns used in the study are given in Table 1.

Table 1. Properties of all yarns used for the production of double face woven fabrics

. Twist Yarn Breaking
Yarn Sample Raw Material Yarn Count (T/m) | Tenacity | Elongation
Code Content °
(cN/tex) (%)
Face warp 100% Wool 2x10tex (Nm 100/2) | 919 9.0 21.40
0, 0,
Face weft 1 85% ?(C’at:)%”k/ 15% | 167 tex(Nm60) | 951 15.7 6.40
Face weft 2 100% Promodal 20 tex (Nm50) 812 23.0 11.04
Face weft 3 100%Tencel 20 tex (Nm50) 810 26.6 9.74
Face weft 4 100% Cotton 20 tex (Nm50) 880 21.0 6.54
Back warp 100% Cotton 2x10tex (Nm 100/2) | 781 26.8 6.50
Back weft 100% Cotton 20 tex (Nm50) 880 21.0 6.54

All fabrics were produced on Dobby weaving by Dornier HTV6/SD machine rapier
picking mechanism at the same machine set up to handle self-stitching double
fabrics. Same weave unit were used for all of the fabrics, and same finishing
routine was applied.

The finishing routine of the fabrics was washing, dyring, softening in foulard,
decatizing and fixing with vacuum from inside to outside of the fabrics and reverse
of this operation. The production plan of the fabrics, which were coded according
to the changing weft yarns, is shown in Table 2. Besides, a sample photograph
of the double face woven fabric can be seen in Figure 1.

B |/ |v |/ ]|v]/ / | V| Face:Plain weave
F X X Back:Plain weave
B v/ X: Face warp is over face weft l%‘
Elx X V: Back warp is over back weft i‘q “
B Slv /vy /v /: Back weft is over face weft #
)
F X X O: Back warp is over back weft { \ CAl
B |/ o / o Face side Back side
F | X X
B F B F B F B

Figure 1. Weave design and a sample photograph of produced double woven fabrics
(face and back side of CK2)
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Table 2. Production plan of lightweight double woven fabrics

Total warp Total weft Mass
Fabric | Fabric | Face Face Back Back density density per unit
no code warp | weft warp weft (thread/cm) (thread/cm) area
1Face:1 Back 1Face:1 (g/cm?)
Back
CK1 85%

! CK2 100% | Cotton/ 100% 100% 40 33 159

2 CK3 Wool 15% Cotton Cotton 40 37 166

3 40 39 170

Kapok

4 PT | 100% | 100% 100% | 100% 40 33 164
5 P2 Wool Promodal Cotton Cotton 40 37 172

6 P3 40 39 177

7 n 100% | 100% 100% 100% 40 33 155

8 I2 Wool Tencel Cotton Cotton 40 37 s

9 T3 40 39 176
10 ct 100% | 100% 100% 100% 40 33 162
" c2 Wool Cotton Cotton Cotton 40 37 m
12 C3 40 39 173

3. RESULTS

Mass per unit area, air permeability, breaking strength, breaking elongation, abrasion
resistance and contact angle were determined to compare the performance
properties of the double woven fabrics. Besides mechanical properties, contact angle
performance was examined to have a better understanding of wetting properties of
the fabrics. Wetting property of the fabrics plays an important role in many industrial
processes, such as oil recovery, dirt-repellence, lubrication, liquid coating, printing
etc., and daily uses, such as water absorbing, sweat transport etc.

Before all other performance tests, fabric handle, mass per unit area and fabric air
permeability values were tested because the customers first check fabric handle and
try to sense fabric weight. Besides, fabric air permeability is one of the critical
properties for a fabric which is produced for the purpose of clothing. In Figure 2, mass
per unit area values were illustrated before and after finishing process. As seen in
Figure 2, increments in mass per unit area values close to 10% were determined
after finishing. The highest increments were obtained for the fabrics having Tencel
and Promodal weft yarns while the lowest was obtained for cotton fabrics.

Air permeability also has a significant influence on the moisture and heat transfer
properties of clothes and is primarily determined by their structures, such as warp
and weft densities, while the fiber types and yarn structures have less influence in
comparison to the other structural proeperties [16]. There are several parameters
affecting air permeability, such as yarns (looseness, twist and count), fabric structure,
cover factor, warp and weft density. For example, an increase in warp and weft
density results in a decrease of pore size in fabrics and then a lower air permeability.
As seen in Figure 3, there is a relation between air permeability and fabric density.
Increments in fabric density values cause decrements in fabric air permeability results
as it is expected. The attractive point is dramatically decreasing air permeability
values after finishing process. After finishing process, air permeability values
decreased by 78% on values ranging from 72% to 83%. This condition once again

106



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

emphasizes the need to make very careful choices in the design phase in such
fabrics, which are considered to be suits.

P 2
250 Mass per unit area (g/m?)
200
100
CKl1 CK2 CK3 P1
| before flnlshlng | after fmnshmg
Figure 2. Change in mass per unit area values before and after finishing process
Fabric air permeability (I/m?/s
1500 P y ( )
1350
1200 -
1050 -
900 -
750 -
600 -
450 -
300 -
150 -
0 -
CK1 CK2 CK3 P1 P2 P3 T1 T2 T3 C1 C2 (3
H before finishing

Figure 3. Change in fabric air permeability values before and after finishing process

Breaking strength and elongation results were given in Figure 4 and Figure 5,
respectively. When results were examined, it is clearly seen that the double fabrics
having Tencel ve Promodal weft yarns on face side have higher breaking strength
and elongation values. In spite of that, double fabrics having cotton and kapok weft
yarns have generally low breaking strength values. The breaking strength values of
the fabrics in warp direction are higher than values in weft direction, while the
elongation values in warp direction are lower than values in weft direction.
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Figure 4. Breaking strength of lightweight double fabrics
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Figure 5. Breaking elongation of lightweight double fabrics

Fabric abrasion results were calculated by using weight loss values after 10.000
abrasion cycles and were illustrated in Figure 6. As seen in Figure 6, the highest
fabric abrasion values were determined for the double fabrics having cotton yarns
on face weft. When the porperties of the yarn used in these fabrics are examined,
the lowest tenacity and breaking elongation values were found for cotton yarns,
and it may be result of this the lowest abrasion resistance values are observed in
double fabrics having cotton weft yarns (C1, C2, C3). On the other hand, the highest
abrasion resistance values are found in the double fabrics having Tencel weft yarns
(T1, T2, T3). Although Tencel fibers have fibrillation degree, the double fabrics having
Tencel produced in this study have shown high abrasion resistance. This finding may
be related with high yarn tenacity values of the Tencel yarns. Low weight loss values
are also observed in double fabrics having cotton/kapok blends on face (CK1, CK2,
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CKa3). Cotton/kapok yarns are not only good in tensile properties compared to other
yarns used in the study, but also have high twist level. It can be said that, better
abrasion resistance values are obtained in these fabrics since the high yarn twist
makes difficult the fiber exit from yarn structure.

Weight loss after 10000 abrasion cycles (%)

CKl1 CK2 CK3 P1 P2 P3 T1 T2 T3 1 C c

Figure 6. Weight loss values (%) of lightweight double fabrics after 10000 abrasion cycles

The contact angle results are shown in Figure 7. The contact angle values of the
fabrics have been found greater than 90° meaning that they have hidrofobic
properties. This result means that wetting of the surface is unfavourable in terms
of moisture management. However, this finding may be valuable in terms of water
and oil repellence properties. Except the double fabrics having Tencel weft yarns,
contact angle values increased with the increments in weft density. Kapok fibre
is well known its water retention properties but in this study, it was used as
cotton/Kapok blended yarn and the amount of fibre in fabric content is less
according to the other fibres. In further studies it is possible to check the effect of
Kapok fibre content on contact angle properties. The contact angles for all fabrics
were similar, although yarns having different sustainable yarns were used for all
the fabrics. The double woven fabrics exhibited unique behaviour when water
was placed on the surface of the fabric, with higher contact angle values.
Especially double fabrics having Tencel weft yarns (T1, T2, T3) have the lowest
contact angle values. Also in other studies in the literature, Tencel fabrics were
found to have high liquid moisture management capacity [16, 17], it can be reason
for the lowest contact angle values of these fabrics in this study.
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Figure 7. Contact angle values (°) of lightweight double fabrics

4. CONCLUSIONS

According to the research objective, four different sustainable yarns were used in
weft direction to produce lightweight and double layer woven fabrics. 3/1 twill and
plain weaves were used for face and back sides respectively. Three different weft
settings were chosen, and warp setting was kept constant. Since only the warp
was kept constant, the effect of weft setting, and the effect of fiber type were
evaluated according to the findings.

The test results have revealed the durability and performance of the designed
double face fabrics having sustainable yarns. Satisfactory high breaking strength
values have been obtained for the test fabrics. Promodal and cotton double
fabrics have shown the highest abrasion values in comparison to the other
fabrics. The contact angles of the fabrics have been found greater than 90°, in
general. These fabrics may be useful for outdoor wearing with their high
repellence abilities. These technical designs can provide pleasing results both for
customers and garment manufacturers because of time and cost consuming
during garment production. Besides using sustainable yarns helps to reduce
environmental impact of production company and it can be accepted as
necessary processess in the research and development of textiles.

For further studies, production and testing the performance of double fabrics
having sustainable yarns in different contents are planned. Especially clothing
comfort of lightweight double structures will be interesting besides examination
of other performance properties.
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Abstract: Inrecent years, sol-gel technique has gained more attention that enable efficient
flame retardant applications on condition of synergistic effect. Within a study it was proved
that the limited oxygen index value of the cotton fabrics can be reached up to the 60% via
sol-gel technology. Although this is an essential improvement, process efficiency of sol-
gel technique needs further developments and improvement options should be evaluated
both in terms of flame retardancy efficiency and sustainable production of flame retardant
textile materials. Preliminary results showed that some opportunities lie in case of
modifications of drying step of fabric. In this perspective, carbon emission of an
improvement option for process efficiency was evaluated to support decision-making
process while evaluating different improvement options.

Keywords: Sol-gel technique, flame retardancy, cotton fabric, carbon emission, process
parameters.

1. INTRODUCTION

In 2016, over 3 million fires occurred and caused to approximately 18,000 deaths
and 58,000 injuries in the worldwide [1]. Today, flame retardancy is an essential
need due to losses of life and property resulting from fires involving polymeric
materials. Textile products used in many places have high risk in terms of causing
or spreading fire, therefore it is vital to impart flame retardant (FR) properties to
them [2].

While the worldwide consumption of flame retardants (FRs) has increased with
the obvious reason [3], concerns regarding toxicity and potential hazards of FRs
have risen and stricter sanctions were needed to be applied by environmental
related authorities. For instance, some halogen containing FRs were banned, and
some others were allowed limited use [4]. Hence, use of halogen free FRs has
become widespread [5]. Among these, phosphorus and nitrogen compounds are
prominent especially for the textile sector. Besides, their synergistic effect has led
to performing lots of practice. The synergistic effect between nitrogen and
phosphorus compounds as already recognized [6-9], however, a wide number of
studies compromised that the phosphorus compounds showed even better flame
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retardancy at the presence of silicon (Si) in addition to the nitrogen [10-15]. One
of the latest studies proved that the sol-gel technique is a proper and effective
method to obtain high FR performance cotton fabrics as they increased the
Limited Oxygen Index (LOI) value of cotton fabric from 18.2% to 60% [16]. In this
perspective, the sol-gel technology is one of the best candidates for improved
flame retardancy effect [17].

On the other hand, environmental impacts caused by production of FR textiles
needs to be controlled and mitigated. Because the application of FRs, somehow
involves toxic chemical procedures and leads to deposition of these harmful
chemicals in the environment. This turn to high CO2 emissions corresponding to
global warming potential (GWP) [3]. Apart from the material usage, environmental
impacts strongly depend on the dynamics of processes such as drying and
fixation conditions due to high-energy consumption [18]. Since, mostly energy
has come from non-renewable sources, it is quite important carrying out any
modification that can decrease the energy consumption.

Today, many sectors are obliged to take responsibility of the consequences of
their industrial activities on human and environment [19]. In this regard, the
methods providing holistic approach such as life cycle analysis (LCA) come to
the fore. LCA is a quantitative indicator for determining the sustainability of
products and production processes [20]. Therefore, LCA is a valuable decision-
making tool [21] for practitioners and decision makers, especially for the ones
that are seeking novel and alternative production methods like sol-gel technique.

2. MATERIAL AND METHOD
2.1 Goal and Scope Definition

The objective of this study is to determine the effect of process modification on
FR performance and quantify the carbon footprint of the FR cotton fabrics. As a
result, it is to reveal effect of the process modification within the comparative
assessment to support decision making process while evaluating different
improvement options.

2.2 Description of Analyzed System

Sol-gel treatment consists of nanosol preparation, nano coating (dip-coating),
drying and fixation processes. In the previous study was done by Aksit et al. [6]
scoured and bleached 100% plain-weave cotton fabrics (120 g/m? weight, 26
picks/cm, 36 ends/cm) were impregnated with prepared nanosol solutions via sol-
gel method according to the procedure described. After impregnation, fabric was
squeezed for approximately 90% pick up rate (IN) at 1.8 bar of nip pressure using
a fulard machine (ATC-F350, Atag, Turkey). After that, the cotton fabrics were
dried at 100°C for 10 min in an incubator (EN 500, Nive, Turkey) and cured at
140°C for 3 min in a laboratory scale stenter (H-TS-3, Rapid, Taiwan),
respectively. Nano coating, drying and fixation processes were carried out three
times which resulted in more energy consumption for FR fabric, but also means
to higher LOI values due to increase in add-on (%). Eventually, this process leads
to increase in carbon footprint as expected [17]. Considering this, in the first part
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we employed abovementioned processes as a single step to reveal the effect of
minimum conditions to the FR efficiency and the carbon emission performance.
In the second part, we applied a modification to aforementioned sol-gel treatment.
For this, while one set of cotton fabrics were exposed the pre-drying process until
loss of moisture by 4% of the initial weight of the fabrics. The pre-drying process
carried out in a laboratory scale stenter at 130°C for 5 minutes. The remaining
processes were kept same except for pick up rate which was determined based
on pressure of squeezing roller. In this comparative assessment in terms of
carbon footprint, we called that the first part of this study is 'sol-gel process' (SG)
and the second part is 'modified sol-gel process' (M-SG).

2.3 Functional Unit and System Boundaries

Functional unit was chosen as the production of 1 kg of FR cotton fabric using
the sol-gel method (SG and M-SG). System boundaries for SG are composed of
4-unit processes which are nanosol preparation, dip-coating (nano coating),
drying and fixation as depicted in Figure 1a. M-SG is composed of 5-unit
processes together with pre-drying process as depicted Figure 1b.

2.4 Inventory Analysis and Assumptions

A part of the inventory data is achieved from a previous study [16] which is
pending for patent, and data for process improvement were obtained from
laboratory experiments. For this reason, substances and the related details were
kept confidential, but they were included in life cycle analysis. The exact
procedure cannot be expressed; however, it was indicated that the guanidine
phosphate monobasic was the main FR and the (3-aminopropyl) triethoxysilane
and (3-glycidyloxypropyl) trimethoxysilane were the epoxysilane precursors in
that sol-gel study. The inputs involved in LCA were calculated according to pick
up rate of each sol-gel process. The excessive nanosol flowing/dropping
throughout the dip-coating process was taken out from the bath and reused. Due
to lack of inventory data related to several chemicals which are specific to sol-gel
process used in nanosol preparation, some assumptions were made. Some
chemicals were not included in impact assessment of presented processes since
use rate is less than 1%.

2.5 Life Cycle Impact Assessment

The LCA was carried out using GaBi 6 (Thinkstep) software and database. The
carbon footprint was calculated using characterization factors developed by
Centre of Environmental Science of Leiden (CML 2001). Impact assessment was
included the Global Warming Potential (GWP 100 years), excl biogenic carbon
[kg CO2-Equivalent].

2.6 Flammability Assessment with LOI Test

With respect to textiles, LOI test is mainly used to identify tendency of textile fabric
sustainability to flame. And it is a simple way to compare the effects of different
FR finishes, varying add-on values or synergism of FR compounds [22].
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3. RESULTS AND DISCUSSION

Results of the sol-gel process (SG) and modified sol-gel process (M-SG) are
given in Figure 2. Figure 2 a, b and ¢ has showed that Impregnated Nanosol (IN
%), Add-on Percent (Add-on %) and Limited Oxygen Index Value (LOlI,
respectively. According to the results, pre-drying process before the dip-coating
has increased loading of FR additive onto the fabrics. It was recognized that
increased available space in the fabric after pre-drying process resulted in higher
quantities of impregnated nanosol from 91% to 107% and add-on from 13.5% to
19.3%. For the same fabric structure, LOI value has increased simultaneously
with the increasing percent add-on however; increase in LOI value was not linear.
Thus, pre-dried samples have higher LOI value due to simple replacement of
water with FR agents present in the nanosol.

P o o e e m m mm m m  w 1
() |
I
| [ Nanosol Preparation ] |
INPUTS
I | I
| = Energy [ Dip-coating ] OUTPUTS |
: ® Chemicals ¢ = Emissions to air |
. |
| = Water [ Drying ] " FRcotton fabric I
| = Untreated cotton fabric ¢ |
| [ Fixation ] |
' [
U —
=== m e e e e ————— == ———— 1
(o] |
I Manosol Preparation I
I v I
| INPUTS [ Pre-Drying ] |
| = Energy ! OUTPUTS |
: = Chemicals [ Dip-coating ] =" Emissions to air :
| = Water ‘ * FRcotton fabric |
| = Untreated cotton fabric [ Drying ] |
I 1 I
I [ Fixation ] |
| |
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Figure 1 System Boundaries for (1a) sol-gel process (SG) and (1b) modified sol-gel process with
pre-drying process (M-SG)
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Figure 2 (a) Amounts of impregnated nanosol, (b) add-on percentages and (c) LOI values

Global warming potential for SG and M-SG processes is given in Figure 3. Global
warming potential for SG and M-SG processes is given in Figure 3. Carbon
footprint of the processes SG and M-SG was found as 0.87 and 1.17 kg CO:
equivalent, respectively. Besides, nanosol preparation, dip-coating, drying, pre-
drying and fixation were also showed separately in the Figure 3 as percentage.
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Figure 3 GWPs of SG and M-SG processes
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This LCA study has revealed that increase in LOI value (%) caused an increase
in GWP by 7% in the case of M-SG process. As seen in Figure 3, carbon
footprints of SG and M-SG processes mainly have arisen from energy dominant
processes such as pre-drying, drying and fixation. The second considerable
contribution to GWP comes up with solvent (ethanol) use in which nanosol
preparation. However, considering change between SG and M-SG processes, it
was found that increasing GWP of pre-dried samples was related to mostly
increasing energy inputs rather than mass of nanosol.

4. CONCLUSION

A simple modification in the sol-gel process by pre-drying within the scope of this
study has led to increase in uptake of FRs to cotton fabrics, which in turn has
enhanced the LOI value from 44.1% to 46.6%. Indeed, based on higher energy
consumption carbon footprint value has also increased due to the additional pre-
drying process in the case of single-layer coating. It is revealed that different
processing options have emerged corresponding to the level of fire protection
and environmental impacts. The best available option should be determined
according to demand for FR specification, considering the sufficient FR
performance and having least global warming potential. Consequently, this study
has drawn attention to an alternative process in terms of efficiency and carbon
emission which were evaluated to support decision-making process.
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Abstract: The biodegradation of fabrics having various types of fibers (Modal, Tencel,
polylactic acid (PLA) and polyethylene teraphtalate (PET)) under the attack of
microorganisms were studied by using soil burial method for two different burial intervals
(Imonth and 4 months. Visual observations, weight losses, Fourier transform infrared
spectroscopy (FTIR) and scanning electron microscopy (SEM) were used to examine the
biodegradation behaviour. The study revealed that the regenerated cellulosic fabric
samples changed physically and chemically even after 1 month. Weight losses of Modal
fabric were close to 90% showing the high degradation whereas Tencel fiber had 60% for
4 months burial interval. Within the synthetic fabrics, only PLA fabric lost its weight. The
degradation behaviour of these different polymers was discussed by the characterization
tests.

Key Words: biodegradation, SEM, FT-IR, PLA, soil burial test

1. INTRODUCTION

Textile wastes can be classified as either pre-consumer or post-consumer waste.
Pre-consumer waste consists of by product materials from the textile, fibre, and
cotton industries that are remanufactured for the automotive, aeronautic, home
building, furniture, mattress, coarse yarn, home furnishings, paper, apparel and
other industries[1]. Post-consumer waste is defined as any type of garment or
household article made from manufactured textiles that the owner no longer
needs and decides to discard. These articles are discarded either because they
are worn out, damaged, outgrown, or have gone out of fashion [1]. The U.S. EPA
estimates that Textile waste occupies nearly 5% of all landfill space [2]. A
discarded textile item may be a reason for environmental pollution. Therefore, the
concept of biodegradation has started to be used widely because of the
increasing efforts to prevent environmental pollution. Biodegradation can be
visualized as the method used by nature to recycle waste and to break down
organic materials into compounds which can be used as nutrients by other
organisms [3]. During biodegradation, numerous microorganisms such as fungi,
bacteria, worms, and many other species have attack on materials.
Biodegradability is considerable for materials particularly utilized in any part of
daily life. Biodegradability behavior of the polymers is depended on some
physical and chemical properties. Hydrophilic character, crystalline and
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amorphous structures, linearity or branching of the polymers, molecular
compositions and chemical bonds are chemical bonds are determinative
elements on biodegradability of the polymeric materials [3, 4]. Due to their
primarily ease of processing, high weathering resistance and strength, the
production and consumption mass of synthetic fibers increase steadily. However,
these fibers exhibit high resistance to microbial degradation. In the related
literature, there are some researches on biodegradation of textile materials such
as cotton, jute, linen, wool, viscose, polyester and recently polylactic acid fibers
[3-13]. In this research, biodegradation of fabrics composed of various different
raw materials (i.e. cellulose based and synthetic) were studied by using soil burial
test. The test fabrics were visually observed after two different soil burial intervals
and the weight losses were calculated. The biodegradation tendency of the
fabrics was examined by Fourier transform infrared spectroscopy and scanning
electron microscopy.

2. MATERIAL AND METHOD
2.1 Materials

In the experimental study, four knitted fabrics having similar structural parameters
(Table 1) and consisting different fibres were used. No finishing and dyeing
treatment were applied to the fabrics before tests.

Table 1. Basic structural parameters of the fabrics

Fabric . Courses Wales Ma'ss per . Fabric
Code Raw Material (lem) (lem) unit area thickness(mm)
(g/m?) (pressure:5g/cm?)

CMD 100% Modal 12.0 8.5 118.9 0.65

CLY 100% Tencel 12.0 8.5 118.2 0.77

PLA 100% Poly (lactic acid) 12.0 9.0 139.6 0.88

PET 100%Polyethylene 12.0 9.0 132.8 0.76

teraphtalate
2.2 Methods

2.2.1 Soil Burial Testing

A test equipment having boxes was prepared for soil burial testing. Two different
burial periods simulating a short and a comparatively longer interval were
selected such as “1 month and 4 months”. The soil burial test carried out in
accordance with 1ISO 11721-1:2001 [10]. The unburied fabric samples of each
fabric were called as control fabrics and were used for comparisons. Three
replicates were conducted for each fabric type for each burial interval. The
temperature and relative humidity in soil were controlled regularly and held
constant during the experiment by spraying with water.
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The test samples were cut in square shape for each fabric type and weighed in a
textile testing laboratory before burying under standard atmosphere conditions.
Figure 1 presents test equipment after burying the fabric samples.

Figure 1. Test equipment after burying the fabric samples

The temperature and relative humidity of the soil were controlled periodically and
kept constant as 25+5°C and higher than 90% during burial intervals. The fabric
samples were removed from soil after 1 month and 4 months intervals. The fabric
samples removed from soil were lightly rinsed with ethanol/water solution for two
times, sieved carefully by using a filter paper, then dried in ambient temperature.
After this stage; weight losses were determined and characterization analyses
were conducted. Table 2 lists the sample codes of the test fabrics.

Table 2. The sample codes of the test fabrics

Fabric Control sample Buried Buried sample
Raw Material (not buried, 0 sample p

Code for 4 month

month) for 1 month

CMD 100% Modal CMDO CMD1 CMD4

CLY 100% Tencel CLYO CLY1 CLY4

PLA 100% Poly (lactic acid) PLAO PLA1 PLA4

PET 100%Polyethylene PETO PET1 PET4

teraphtalate

2.2.2 Determination of Weight Loss After Soil Burial

After rinsing with ethanol and drying in ambient temperature, the test fabrics were
conditioned for 24 hours in a textile testing laboratory having standard
atmosphere conditions. A balance having four digit sensitivity (0.0001g) was used
to weigh the test fabrics. The weights of buried and control fabrics were compared
and weight loss percentage was calculated via following formula to evaluate
biodegradation:

_ W1-—Ww2
Weight loss (%) = TxlOO

where W1 and W2 are corresponded to the initial weight and the weight after
being buried in soil, respectively.

121



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

2.2.3 Morphology Study

The control and buried samples were viewed by JEOL-JJM 6060 model scanning
electron microscope (SEM). SEM images were obtained with an accelerating
voltage of 5 kV and magnification of 500X. The test samples were prepared by
coating gold.

2.2.4 FTIR Analysis

FTIR spectra of the fabric samples were recorded using a Fourier Transform
Infrared Spectrometer (Perkin Elmer Spectrum BX). Each spectrum was
recorded in the range of 600— 4.000cm-1 with a resolution of 2cm-'. Spectra of
the samples were obtained from 25 scans.

3. RESULTS AND DISCUSSION
3.1.Visual observation

Biodegradation of materials such as fibres, films or textiles can be assessed firstly
by their physical appearances. The changes in physical appearances can be
observed by naked eyes. The appearances of fabrics before and after soil
degradation are exhibited in between Figure 2 by photographs and SEM
micrographs. In general, the buried fabrics were evaluated thinner and more
brittle than control fabrics.

SEM images show the changes of the test fabrics. After 4 months burial period,
Modal and Tencel fabrics noticeably degraded and the integrity and structure of
the fabrics are nearly collapsed. The fibre breakages of the Tencel fabrics are
prominent and it is noteworthy that the Modal fibres seem to be inseparable from
the soil after 4 months’ burial period. The significant changes in the cellulosic
fabrics may be due to their hydrophilic character. In case of PET fabric, minor
changes in comparison to the other fibers was observed. This may be due to the
high resistance of these polymers based on its chemical composition. When
photographs of PLA fabrics was examined, it was seen that the fabric sample had
taken water inside of fabric because the line of drawing pencil around the sample
was spread to inner side of sample.

3.2 Weight Loss

Change in weight is a direct way to measure the biodegradability of polymers
[11]. The weight loss of the fabrics after 1 month and 4 months are given in Figure
3. The weight losses for the regenerated cellulosic fibres are higher in comparison
with synthetic fibres as expected. The higher moisture and water uptake in other
words higher hydrophilicity causes more deterioration by means of
biodegradability [11]. The microorganisms in soil caused reduction in weight of
the fabrics. Further, the breakage and deterioration of the samples facilitate the
colonization of the microorganism into the fabric[12]. At the end of 4 months, it is
hard to see Modal fabric particles in soil. PET fiber due to aromatic structure has
excellent physical and mechanical properties compared to aliphatic structures,
but their strong resistance to bacterial or fungal attack results in low degradability
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under the environmental conditions [13]. No weight loss was determined after 4
months burial period in accordance with the findings of Chen et al. When PLA
fibre was examined, although there was a little degradation (1.2% weight loss)
after 4 months burial period, it was clear that biodegradation will not be easy
under soil burial conditions applied in the study. This result is in accordance with
the review of Karamanlioglu [9] explaining that no degradation was determined
by weight loss of the PLA film when it was buried in soil for 120 days at 25°C.

TENCEL FABRIC

Tencel fabric, control sample Tencel fabric, 1 month Tencel fabric, 4 months

PLA fabric, 4 months

PLA fabric, control sample

Figure 2. Photographs and SEM micrographs (X500) of the Tencel and PLA fabrics
for different soil burial intervals
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Figure 3. Weight loss of the fabrics for different soil burial intervals

3.3. FTIR Analysis

FTIR analysis was performed to examine the effect of burial test on chemical
structure of the fabrics. FTIR spectra of the control and buried Tencel, Modal and
PLA fabric samples are presented in Figure 4-6.

Regenerated cellulose fibers (Tencell and Modal) the main peaks at app. 3330
and 2900cm-! absorption bands can be attributed to -OH stretching and C-H
stretching viration of cellulose, respectively [14]. OH of water absorbed from
cellulose is centered at around 1640cm-' [15]. The band at 1370cm is
corresponded to CH bending. The strong absorption peak at 1020cm-! can be
indicative of C-O stretching of cellulose. The smaller peaks at 1200, 1155 and
895 cm™' absorption bands can be assigned to -OH in plane bending, C-O-C
asymmetric stretching and C1 group frequency, respectively [16].

Yo
vl
cLY4

ABSORBANCE |a.u]
) ==
[
3

1350-1300 i

Figure 4. FTIR spectra of the control and buried Tencel fabric samples

FTIR spectra the control and buried PLA fibres are given in Figure 6. The band
located at 1745cm-1 can be corresponded to C=0 stretching. The absorption
peaks detected between 1050-1250cm-1 can be attributed to C-O and C-O-C
stretching vibrations. The symmetric and asymmetric deformational vibrations of
C-H in CH3 groups are exhibited in the ranges between at 1300-1500cm-1 [17].
Although the control and buried PLA samples give resembling FTIR spectra, the
intensities of the functional groups were exposed to change after burial testing.
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Figure 5. FTIR spectra of the control and buried Modal fabric samples
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Figure 6. FTIR spectra of the control and buried PLA fabric samples

4. CONCLUSION

In this study, the biodegradability behaviour of knitted fabrics having similar
structural parameters and consisting common fiber types such as Modal, Tencel,
polylactic acid (PLA) and polyethylene teraphtalate(PET) were studied by soil
burial tests. Three common fiber types and one biodegradable synthetic fiber
(PLA) were compared by evaluating the changes of the fabrics.

Morphological characterization and visual observations indicated that the major
portion of biodegradation can be attributed to the regenerated cellulosic fibers
while synthetic fibers stayed generally undamaged for defined burial periods.
Morphological observations revealed that the cellulosic fibers began to
disintegrate in varying portions whereas the synthetic fibers kept their original
status at the end of 4 months burial period. The biodegradation results of
cellulosic fibers show that it is possible to dispose of these materials by burying
because of their high biodegradation. Biodegradation is important for a
sustainable environment but the production technologies of fibers, amount of
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used chemicals and pollution occurred during fibre production are also important
as much as the level of biodegradation.
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Abstract: In the study, a new method of determination of the in-plane evaporation
resistance of fabrics is described. It is based on a special application of the non-destructive
PERMETEST Skin model, which enables fast determination of the evaporation resistance
of e. g. car seats, furniture, antiballistic vests etc. In the second part of the paper, principle
of water vapour transfer in the plane direction of a fabric is outlined, and first in-plane water
vapour resistance values of selected knitted fabrics were experimentally determined.

Keywords: in-plane water vapour resistance, textiles, measurement

1. INTRODUCTION

In many applications, water vapour evaporated from the human skin cannot
escape directly through the clothing into the environmental air, as the outer fabric
surface is not free, like at sitting on a chair or wearing an impermeable antiballistic
body armour or vest, tightly fixed to the body. Here, water vapour keeps
accumulated on the garment system and stepwise causes the wearing
discomfort. That is why contact fabrics of some recent car seats contain distant
knits, in order to conduct the gaseous moisture out of the seated body by the in-
plane conduction (diffusion) toward the free edge of the seat. Unfortunately, there
is still no measuring method published, which could quantitatively determine the
in-plane evaporation resistance of these porous fabrics [1]. In the study, a new
method of determination of the in-plane evaporation resistance of fabrics is
described and experimentally verified. It is based on a special application of the
non-destructive PERMETEST Skin model. This instrument is displayed on the
Fig.1. On the next Fig. 2 is in the upper position outlined the standard measuring
PERMETEST procedure. Heat power sensor is placed in the middle of the heated
block covered by a wetted porous sheet. The tested sample is placed over this
porous sheet, just above the sensor. Then, water in the porous sheet starts to
evaporate and water vapour passes through the tested fabric. The sensor then
records the total evaporation heat qevap Of the transformed water [2,3]. When
testing the in-plane evaporation resistance of the tested fabric, then the surface
of the tested sample should be covered by a thin circular impermeable foil — see
the bottom figure. Water vapour then needs to find other way to escape, and had
to pass through the in-plane pores in the fabric, until it reaches the edge of the
circular cover. Here, the total evaporation resistance Ret [m2Pa/W] values
determined according to the standard ISO 11092 procedure are much larger then
in case of the direct water vapour diffusion.
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Figure 1. Non- destructive tester of thermal and evaporation resistance of textile fabrics
PERMETEST and its operation display figured on any external computer (see in www.sensora.eu)

Figure 2. Trajectory of the water vapour molecule in case of the through thickness diffusion and in
case of the in-plane diffusion through a fabric

Figure 3. Mean trajectory of the water vapour molecule between the cooling power sensor and the
outside air flow
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2. THEORY OF THE WATER VAPOUR TRANSFER IN THE IN-PLANE
DIRECTION IN A FABRIC

The amount of the water vapour m* transferred in steady state through a fabric
in a skin model by diffusion and convection is proportional to the driving force,
which is the difference of water vapour concentration or (in our case) difference
of partial pressures of water vapour Apwy on both sides of the fabric, and indirectly
proportional to the evaporation resistance Revap s Of the fabric and the evaporation
resistance of the adhered boundary layer Revap,oi, @s follows (E means heat of
evaporation, about 2 500 000 J/kg):

mM* = Apwv / (Revap,f + Revap,bi) Oevap = Apwy E /(Revap, + Revap,bi) (1)

In the case of the in-plane diffusion through a fabric, the in-plane evaporation
resistance Revap,s, in-pt Will be much higher then the Revaps. The level of the the in-
plane evaporation resistance Revap,sin-pt Will depend on the length of the effective
average water vapour (wv) trajectory L* and the effective average section
porosity € of the studied fabric, and it will be indirectly proportional to the
coefficient of water vapour diffusion Dp in the moist air present in the pores, as
follows:

Rpar, sed = L* I(E*-Dp) (2)

The boundary layer) evaporation resistance Revap,bi is given by the equation
Revap,oi = (1/B) (3)

where the parameter B is the convection mass transfer coefficient — see in [4,5].
This coefficient B can be determined by means of the dimensionless Sherwood
Sh, Schmidt Sc and Reynolds Re numbers defined by the next relations (b is the
dimension, v is the viscosity of the humid air):

Sh = B b/D,, B =Sh Dy/v, Sh = 0,664 Re'2.Sc'? (for a flow parallel to a plane),
Re = uD/v (4)

In the PERMETEST instrument, where the velocity u of the air parallel flow
reaches 1 m/s, the Re = 5700, which confirms the presence of the turbulent flow.
As the Schmidt number for air is 0,60, the determined Sherwood number was
39,5. Thus, the reference (100%) cooling flow present in the PERMETEST
instrument under standard conditions and without any sample has the level of
about 1200 W/m?, when considering the uniform distribution of moisture in the
porous plate which in the Skin model simulates the wetted human skin. As in a
human body the sweating coefficient mostly does not exceed 30%, the calculated
cooling flow seems realistic.
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3. EXPERIMENTAL PART

13 woven samples and distant knits consisting of cotton, polypropylene and
polyester with square mass ranging from 0.138 to 0,696 kg/m2. The diameter of
the thin covering aluminium disc was 25 mm, 35 mm and 45 mm. The mean
trajectories of water vapour molecules were 7,5 mm, 12,5 mm and 17,5 mm [6].
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Figure 4. Effect of the water vapour molecules trajectory in woven a fabric No 5 (PES 50%, cotton,
twill, 228 g/m?) on the experimentally determined evaporation resistance
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Figure 5. Effect of the water vapour molecules trajectory in a fabric No 10 (PES Colmax, single
jersey, 138 g/m?) on the experimentally determined evaporation resistance
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Figure 6. Effect of the water vapour molecules trajectory in a fabric No. 13 (Coolmax knit 178 g / m?
and thickness 0,38 mm) on the experimentally determined evaporation resistance
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Figure 8. Example of a new solution of a fabric with an increased in-plane wv transfer consisting of
hollow parallel thin partly perforated tubes, which should serve as a seating cover of a car seat [7]

4. CONCLUSIONS

In the study, a new method of determination of the in-plane evaporation
resistance of textile and other fabrics was described and experimentally verified.
It was based on a special application of the non-destructive PERMETEST Skin
model. From the results follows, that even for very porous and relatively thick
fabric, the in-plane evaporation resistance Revap, inpi Quickly rises with the
increasing distance between the source of sweat and the free edge of the studied
fabric. Thus, the fabrics used for seating, furniture or fabrics partly covered by
impermeable structures should be thick and very porous, in order to conduct
water vapour away of the source of sweat and in this way offer higher
thermophysiological comfort.

However, in this first study, the scope of the presented experiments was quite
limited. Next research on larger amount of samples will follow, in order to receive
the more general results.
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Abstract: Expandable, intermeshed, three-dimensional, porous weft-knitted fabrics

Abstract: Expandable, intermeshed, three dimensional, porous weft-knitted fabrics
manufactured on double-bed knitting machines have numerous technical application
areas (comfortable protective clothing, chemical and flame resistant filter media, and
impact resistant polymer matrix reinforced composite reinforcement); as they are
knitted from high performance fibers such as glass, carbon and aramid. The
performances of these fabrics in technical application areas depend on the fabric
porosity (or fiber volume fraction) that is primarily dictated by the knit pattern
(architecture), and quantified by permeability of the fabric to air. In this study, weft
knitted fabrics with 1x1, 2x2, English, and fisherman rib patterns from 3-ply E-glass
yarn with a nominal single-end yarn count of 133 tex were manufactured. A manual,
flat, double-bed weft knitting machine with a fineness of 5E was used to knit the
fabrics. Thickness, areal density, course-density, wale-density, loop length, and air
permeability of the fabrics were measured. Tuck loops of English and fisherman rib
architectures shortened the fabrics in wale direction that enriched fiber content and
loop density; while lowering loop length. On the other hand; evolution of the knit
architecture from 1x1 rib to 2x2 increased the contraction of the fabrics in course
direction that improved again fiber volume percent, and loop density; while lowering
loop length. Fabrics with higher fiber content and loop density; while shorter loop
length possessed tight and compact structures those are less permeable to air.
Therefore, 2x2 rib fabrics exhibited the lowest air permeability that was linked to their
extreme course-wise contraction after removal from the machine. On the other side,
presence of tuck loops shortened the fabric in wale-wise direction that lowered air
permeability for English and fisherman rib fabric architectures.

Key Words: weft-knitted fabrics, rib fabrics, glass yarn, physical properties, air
permeability

1. INTRODUCTION

Weft knitting is a low-cost, fast, and versatile technique among textile fabrics
manufacturing methods; and fabric structures created by this technique offers
unique properties as compared to other (woven and nonwoven) fabrics.
Interlocked structures of weft knitted fabrics surpass woven and non-woven
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fabrics in view of deformability, stretch ability, and drape ability. Weft knitted
fabrics from high performance fibers find many application areas. Porous 3D
architectures of weft knitted fabrics render them advantageous in comfortable
clothing, filter media, and permeable preform for liquid composite molding [1].

Due to their low-price, high mechanical properties, flame resistance, and
inertness to chemicals; glass fibers find many use areas among technical
applications in the form of unidirectional fiber, random mat, woven, non-woven,
and knitted fabrics. Weft-knitted rib fabrics from glass yarn can protect the bodies
against hazardous chemicals, and flames; filter the hot and dangerous filtrates;
and absorb the impact energy in the form of polymer composite reinforcement
[2]. Additionally, weft knitted rib fabrics produced by double-bed knitting machine
have more voluminous and curl-free-edge structures as compared with single-
bed knitted fabrics that enhance their process ability in multi-layer clothing, filter,
and liquid composite molding applications.

Once the type of raw material and the specification of the knitting machine are
fixed; the most influential process parameters on the structure of weft knitted
fabrics are cam setting and knit pattern. While cam setting determine size and
the shape of the loops; knit architecture locate the position of the different loop
types such as plain, tuck and skip loops within the knit repeat. Previous studies
indicated that knit pattern created significant effect on physical properties and
correspondingly air permeability and bursting strength of weft knitted fabrics [3,
4]. Similarly, the mechanical properties of layered composites from weft knitted
fabrics were also dictated by knit architectures [5].

The aim of this study is to reveal the effect of knit architecture on air permeability
of weft knitted fabrics from glass yarn to increase their use in technical
applications.

2. MATERIAL AND METHOD

We manufactured weft knitted fabrics with 1x1, 2x2, English, and Fisherman rib
patterns from 3-ply E-glass multi-filament yarn with a nominal single-end yarn
count of 133 tex on Brother KH-864 manual, flat weft knitting machine with a
fineness of S5E. Figure 1 shows technical notations, 2D hand-draft drawings,
simulations, and the images taken while the fabrics were on the machine under
tension, on the table in relaxed state. Thickness, areal density, course-density,
wale-density, loop length; and air permeability of the fabrics were measured. Dry
fabric fiber volume percent was calculated by Equation 1 given below where
density of glass fiber was assumed as 2,5 g/cm3. Loop density was calculated as
the product of course and wale densities of the related fabric.

(fabric areal density,g/mz)
2,5

Fiber volume percent, % =

(100*100*(fabrlc thwkness,mm))

10
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Figure 1. Knitted fabric architectures [1]

SDL ATLAS MO021A test device was used to assess air permeability of weft
knitted fabrics according to ASTM D737 [6]. At least 10 measurements per knit
pattern were performed with a test head area of 20 cm? and across a pressure
drop of 200 Pa. Fabric was placed under the arm and pressed down to begin test.
Air was passed through the test area and air flow rate measured once a steady
state air-flow was achieved at 200 Pa pressure drop. Air permeability was
measured in cm3/(cm?xs) unit.

3. RESULTS AND DISCUSSION
3.1. The Effect of Knit Architecture on Physical Properties of Fabrics

Figure 2 and Table 1 illustrated the effects of knit architectures on fabric
thickness, areal density and fiber volume percent. Fabrics with fisherman and 2x2
rib architectures exhibited greater thickness than those with English and 1x1 rib
ones at statistically significant level (a = 0,05). Tuck loops on both sides of the
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fabrics of fisherman ribs shortened the fabric length that increased thickness of
the fabric. Two adjacent face loops followed by two adjacent back loops
periodically in the case of 2x2 rib architectures contracted the fabrics in course
direction that also increased thickness. The same trend was also observed
between knit architecture and fabric areal density. While no statistically significant
differences were observed among the fiber volume percents of English, 2x2, and
fisherman rib architectures; fabric with 1x1 architecture exhibited the lowest fiber
content at statistically significant level that was linked to its loose fabric structure.

Figure 2. The effects on knit architecture on thickness (left), areal density (middle) and fiber volume
percent (right)

Note: The distance between top and bottom ends of each green diamond represent the 95%
confidence interval for each knit architecture level. The height of red box - a quantitative indication of
variation that is similar to standard deviation - is called interquartile range of mean. Comparison circles
(given on the right column) for means those are significantly different either do not intersect, or
intersect slightly.

Table 1. Knit architecture versus thickness, areal density, and fiber volume percent report

Knit pattern n mean sd LL UL

Fisherman rib A 13 1,42 0,03 1,40 1,44

Thickness, 2x2 rib A 16 1,37 0,14 1,30 1,45
mm English rib B 15 1,24 0,02 1,23 1,26
1x1 rib B 16 1,20 0,06 1,17 1,23
Areal Fishermgn rib A 12 | 1941,78 59,18 1904,2 | 1979,4
density 2x2 r|b_ A | B 15 | 1881,99 82,08 1836,5 | 19274
glm? ’ English rib B 16 | 1801,83 161,47 1715,8 | 1887,9
1x1 rib C | 15 | 1426,46 66,99 1389,4 | 1463,6

Fiber English rib A 15 58,41 5,45 55,40 61,43
volume _ 2x2 rib _ A 15 55,10 6,84 51,31 58,88
percent, % Flshermgn rib A 10 54,74 2,05 53,27 56,21
1x1 rib B 15 47,94 3,31 46,11 49,78

Note: Levels not connected by the same capital letter are significantly different (a = 0,05). n: number
of measurements, sd: standard deviation, LL: lower limit, UL: upper limit. Limits are based on 95%
confidence level.

Figure 3 and Table 2 show the effects of knit architecture on loop density and
loop length. 2x2 rib fabrics exhibited the highest loop density followed by
fisherman, English and 1x1 rib fabrics, respectively. No statistically significant
difference was observed between the loop densities of English and 1x1 rib
fabrics. The reverse trend was observed for the association between knit
architecture and loop length. Due to its loose fabric structure; 1x1 rib fabrics
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exhibited the longest loop length. On the other hand; fisherman rib fabrics
exhibited the smallest loop length that improved their compactness. Fabrics with
tuck loops (English and fisherman rib architectures) possessed more loops with
smaller size per unit area where wale-wise contraction enabled to accommodate
more loops per unit area via shortening the length of the loops.

Loop length, m

Loop density, # of loops per cm

<+

O
O

English ib
Knit architecture 005

Fisherman rib 221 English rib i rib

aipais
- Toapk
Knit architecture ﬂ.:;y "

Allpairs
Tukey-Krame

Figure 3. The effects of knit architecture on loop density (left), and loop length (right)

Table 2. Knit architecture versus loop density and loop length report

Knit pattern n mean | sd LL UL
Loop 2x2 rib A 16 | 25,86 | 3,09 | 24,22 | 27,51
density, Fisherman rib B 15 11524 [ 1,21 | 14,57 | 1591
number of English rib C |15 | 1290 [1,02 | 12,33 | 13,46
loops per cm? | 1x1 rib C |16 | 12,32 [ 1,88 | 11,32 | 13,32

1x1 rib A 16 | 2,35 0,17 | 2,26 2,44
Loop length, | English rib A 16 | 2,23 0,13 | 2,17 2,30
mm 2x2 rib B 16 | 1,09 0,12 | 1,03 1,16

Fisherman rib C |15 | 0,79 0,07 | 0,75 0,83

3.2. The Effect of Knit Architecture on Air Permeabilities of Fabrics

Knit pattern affected the air permeability of the fabrics at statistically significant level
(o =0.05). As the knit architectures were varied; clear statistically significant changes
— quantified by fairly low p-values — were observed. While 1x1 rib fabrics exhibited
the highest air permeability; 2x2 rib fabrics showed the lowest air permeability (Figure
4 and Table 3). Due to consecutive formation of two adjacent loops on front, and then
on back needle beds; 2x2 rib fabrics shortened in course direction more than the
other patterns that created tight fabric structure with the higher fiber volume percent,
and loop density that lowered their permeability to air. On the other hand, fabrics with
1x1 rib pattern exhibited the lowest fiber volume percent, and loop density that
created a loose fabric structure with the highest permeability to air. Statistically
significant air permeability decrease from English to fisherman rib architectures
proved that tuck loops lowered air permeability by creating tighter knit architectures.
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Figure 4. The effect of knit architecture on air permeability

Table 3. Knit architecture versus air permeability report

Knit pattern n mean sd LL UL
Ai 1x1 rib A 10 | 437,00 | 27,19 | 417,55 | 456,45
p:;'meability English rib B 11 | 377,54 | 26,56 | 359,70 | 395,39
cm®/(cm?xs) Flshgrman rib C 11 | 256,46 | 14,45 | 246,75 | 266,16
2x2 rib D |12 | 181,42 | 12,82 | 173,27 | 189,56

4. CONCLUSIONS

This study revealed the effect of knit pattern on air permeability of the fabrics from
glass yarn. We measured thickness, areal density, structural parameters (course
density, wale density, and loop length), and air permeability of double-bed weft
knitted rib fabrics from 3-ply E-glass yarn. Due to extreme shortening of the fabric
in course direction; fabrics with 2x2 rib architecture showed the lowest air
permeability that was attributed to its compact structure with higher fiber content
and loop density. Incorporation of tuck loops into the knit architectures also
increased the compactness of the fabric and lowered air permeability. This study
pointed that 2x2 rib pattern or the patterns with tuck stitches should be utilized
where high fiber content or low porosity are requirements such as in composite,
and filter applications, respectively.
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Abstract: A detailed experimental investigation was done to understand the effect of
Biax melt blowing process on the structure and properties of the produced nonwovens.
Process parameters such as polymer flow rate, air pressure were varied for a
commercial meltblown grade polypropylene (PP) using a 38cm wide Biax pilot line,
and the webs were characterized. Air permeability and hydrohead of the nonwovens
were determined according to standard test methods. One-way ANOVA test was used
to analyze the effects of the process parameters on these properties. This study
showed that as the air pressure increased, the air permeability of nonwovens generally
decreased. Moreover, both air temperature and polymer flow rate had statistically
significant effects on barrier properties of the melt blown fabrics.

Keywords: air permeability, hydrohead, melt-blowing, microfibers, polypropylene

1. INTRODUCTION

Melt blowing is a spunlaid process that is used to produce finer fibers, generally
2-5 microns in average fiber diameter [1]. Nonwovens composed of these
microfibers have high surface area per unit weight, high insulation value, self-
bonding ability, and high barrier properties. Due to these desirable properties,
they are widely used to produce high-quality filtration materials, thermal insulation
materials, liquid absorption applications, medical supplies, and clothes [2]. In the
melt blowing process, the extruder melts the thermoplastic resin, and the molten
resin is forced through the special melt-blowing die. The die consists of a row (or
multiple rows) of orifices in which molten resin flows out forming fibers and hot air
jets that thin down fibers. The formed continuous fibers collect as a nhonwoven
web on a moving collector.

The current commercially used melt blowing processes can be categorized as
Exxon and Biax/Schwarz designs according to spinneret used. The Exxon design
is single-row-hole type consisting of holes with two air knives at both sides. The
Biax/Schwarz design, which has multiple-row nozzles, provides a uniform stream
of attenuating gas around each spinning nozzle by centering the nozzles in round
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holes of gas cover plates to achieve an even gas flow around the circumference
of each nozzle [3]. The structure and properties of nonwovens produced by melt
blowing depend on process parameters that affect fiber diameter, which in turn
influences their performance such as permeability, porosity, and absorbency [4].
In the melt blowing process, as well as nozzle designs some parameters such as
polymer flow rate, air pressure, extruder temperature affect the fiber properties
and the properties of nonwovens produced. So, by changing the parameters
during melt processing, it is possible to manufacture nonwovens or microfibers
with desired properties. It is a challenge to investigate the degree of effect of
parameters on the properties of microfiber to produce nonwovens with the
controllable properties.

Maijority of the reported studies have been done on the melt blowing process
used the Exxon type dies, which consist of holes arranged in a linear fashion [5-
7]. There are a limited number of studies using the Biax process that uses multiple
rows of holes in the die and is considered more efficient [8]. Also, whereas the
Biax die offers advantages to the process with relatively lower air consumption,
there is no data available in the literature on the effect of key process conditions
on web structure. The aim of this study is to investigate the effects of process
parameters such as flow rate and air pressure on the final fiber diameter and web
properties.

2. MATERIAL AND METHODS
2.1. Melt Blown Processing

38cm Biax Melt Blown Pilot Line System was used in these experiments. The
spinneret assembled on the line has 720 nozzles with the diameter of 150 pm
(0.006") ID in 4 rows with air curtains. Polypropylene (LG Chem, South Korea),
which has a relative density of 0.9 (20°C) and MFR of 1200g/10min, was used
for melt blowing. During the production, melt flow rate and air pressure were
varied, and other process conditions remained the same.

Table 1. The process parameters of PP melt blown nonwovens produced in the study

preélsrure Frgiév Zone 1 | Zone 2 | Zone 3 Die Clamp tempglr;ture
®s) | i | €O | €Q) | O | o) | (0 0
20, 30,
5,10, 15 | 40, 50, 165 175 190 190 190 170
60

2.2 Web Characterization

The fiber diameter of nonwoven webs was measured for each condition in the
melt blowing process by sizing the fibers in the images taken by Leica DM750P
microscope. Diameters of a total of 100 fibers were measured and averaged.
Basis weight and thickness of nonwovens were measured in accordance with
related standards. The air permeability was measured using TEXTEST FX 3300
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equipment according to ASTM D737-96 standard. The hydrostatic head was
measured in compliance with AATCC 127 by using a TEXTEST FX 3000 tester.

2.3. Statistical Analyses

Raw data were converted by dividing the fabric density for statistical analyses.
The reason for taking into account the fabric density in the analysis is that the
fabric weight and thickness differ for different process parameters due to process
condition interactions, although the plan was to achieve a specific basis weight.
Before the statistical analyses, normal distribution and homogeneity of variance
assumptions were tested to determine the eligibility of data for parametric tests.
One-way ANOVA test was used to analyze the effects of the process parameters
on the measured properties at the 95% confidence level. For non-homogeneous
data, the Brown-Forsythe robust ANOVA test was utilized to evaluate their
effects.

3. RESULTS AND DISCUSSION

This research was conducted to carefully investigate the effects of process
parameters on the structure and properties of nonwoven webs produced using a
Biax die consisting of concentric holes. SEM pictures of two PP nonwoven webs
produced are given in Figure 1. These pictures show typical fiber diameters of
the melt blown webs with expected changes with a difference in process
conditions.

2m

EHT=1500kV  ZoneMag= S00KX (] EHT=1500k/  ZoneMag= S00KX {7

Figure 1. SEM pictures of some nonwovens produced

Figure 2 shows the relationships between the process parameters and structural
properties of PP melt blown nonwoven fabrics. The increase in the air pressure
decreased the fiber diameter in all flow rates. This finding is consistent with the
study of Han et al. [9]. When the air pressure was 5 Psi, a positive linear
relationship between the fiber diameter and flow rate was observed. However,
this relationship changed with the rise of air pressure. Fabric density is associated
with the basis weight and thickness of the nonwovens. The increase in the air
pressure did not have a significant effect on the density of the webs at the flow
rate of 20 and 30 m/min. On the other hand, when the flow rate was beyond the

143



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

40 m/min, the fabric density increased with the rise in the air pressure. Also, web
thickness and basis weight generally showed increases with the increment in the
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Figure 2. Relatioships between the process parameters and structural properties of the nonwovens

The data were grouped based on different combination of process conditions to
be able to understand the effect of a particular variable. The relationship between
process parameters (i.e., air pressure and flow rate) and the air permeability and
hydrohead of the webs are given in Figure 3. As can be seen from Figure 3(a),
as air pressure increased, air permeability generally decreased. Both air pressure
and flow rate had a statistically significant effect on the air permeability of
nonwovens (p<0.05). The findings of post-hoc tests showed that all pressure
groups were different from each other and the flow rate of 60 m/min was
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statistically different from other flow rate groups. Examining the statistical
analyses of the hydrostatic head of nonwovens, it was observed that there was
no significant effect of air pressure on the hydrostatic pressure. On the other
hand, the flow rate had a statistically significant impact on this property (p<0.05).
The results in the flow rate of 20 and 30 m/min were statistically different from the
flow rate groups of 50 and 60 m/min.

Pressure
Pressure

40007 s psi 4007 =150P;i _
W10 psi s P::
15 Psi

3.000 300

2,000

Air permeability {'s)
Hydrostatic pressure (mbar)

1.000

30 40 50
Flow rate (m/min} Flow rate (m/min)

20 30 40 50

Figure 3. The results of the (a) air permeability and (b) hydrostatic pressure of nonwovens
produced in the study. Data are shown as mean values with error bars indicating “1” standard error

4. CONCLUSIONS

The melt blown webs produced had fiber diameters in the ranges between 1.35-
2.66 um. Considering the fact that the Biax process uses a relatively lower
amount of air as compared to the Exxon-type die, the ability to achieve fiber
diameters less than 2 microns was a positive result. In all the cases, with an
increase in process air pressure, fiber diameter decreased, and correspondingly,
there was a tendency to decrease in air permeability of the webs. Hydrohead,
which is another indication of barrier properties of the melt blown webs, were not
affected by process air pressure as much as air permeability according to the
findings of statistical analyses. This study will help to understand the effects of
various process parameters on the structure and performance properties of webs
produced using a meltblown process with multiple rows of concentric holes.

REFERENCES

1. Bhat G.S., Malkan, S.R.: Extruded Continuous Filament Nonwovens: Advances in Scientific
Aspects. 2001. J. App. Pol. Sci. 83(3), 572-585.

2. Bhat G.S., Rong, H.: Biodegradable Nonwovens. In: Blackburn RS (ed) Biodegradable and
Sustainable Fibres. Cambridge: Woodhead Publishing, 2005, pp. 310-343.

145



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

Schwarz, E.C.A.: Apparatus and Process for Uniformly Melt-blowing a Fiber Forming
Thermoplastic Polymer in a Spinnerette Assembly of Multiple Rows of Spinning Orifices. US
Patent 5,476,616.

Yesil, Y., Bhat, G.S.: Porosity and Barrier Properties of Polyethylene Melt Blown Nonwovens.
2016. J. Text. Ins. 1-6. doi: 10.1080/00405000.2016.1218109.

Lee, Y., Wadsworth, L.C.: Effects of Melt-Blowing Process Conditions on Morphological and
Mechanical Properties of Polypropylene Webs. Polymer, 1992, 33 (6), 1200-1209

Yesil, Y., Bhat, G.S.: Structure and Mechanical Properties of Polyethylene Melt Blown
Nonwovens, 2016, Int. J. Cloth. Sci. Tech. 28(6), 780-793

Moore, E.M., Papavassiliou, D.V., Shambaugh, R.L.: Air Velocity, Air Temperature, Fiber
Vibration and Fiber Diameter Measurements on a Practical Meltblowing Die, 2004, Int.
Nonwovens J., Fall, 43-53.

Zhao, R.: Melt Blowing Polyoxymethylene Polymer. 2005. INDA J. Nonwovens Res. Summer
issue, 19-24.

Han, W., Wang, X. Bhat, G.S.: Structure and Air Permeability of Melt Blown Nanofiber Webs. J.
Nanomater. Mol. Nanotechnol. 2013. 2:3.

146



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

12 OCTOBER 2018

ORAL PRESENTATIONS

147



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

FIBER-BASED MATERIALS:
TRENDS AND OPPORTUNITIES

Raul FANGUEIRO

University of Minho, Portugal

Corresponding author: rfangueiro@civil.uminho.pt

1. INTRODUCTION

Application of fibrous materials is now not limited to merely fulfill the basic needs
of human beings (clothing); they also proved as a potential material to improve
other aspects and quality of human life. Huge flexibility in terms of material
selection, dimensions (micro or nano), structure and properties made it possible
to employ fibrous materials in many advanced areas like aerospace industries,
civil engineering, transportation, architecture, sports, medical field and even for
energy harvesting and storage.

2. ADVANCED FIBRE REINFORCED COMPOSITES

The most common form in which fibrous materials have been explored in several
high end applications is their combination with various matrices as fibre reinforced
composites (FRCs). FRCs are being extensively used to design light weight, high
strength and durable structures. The main advantage which FRCs offer is the
possibility to achieve desired properties by combining different materials or
designing different structures. Multi-scale FRCs [1], which can be fabricated by
combining nanomaterials (such as graphene, nanotubes and nanofibers) with
conventional composites, is a new generation of multi-functional composites
(light weight, high strength, tough, good thermal stability, thermally and
electrically conducting, etc.) and, is a potential candidate for aerospace
industries.

3. APPLICATIONS
3.1Civil Engineering

Civil engineering is one of the major areas, where FRCs find widespread
applications for building constructions, reinforcing concrete as replacement of
steel rebars and for retrofitting or reinforcing civil structures to improve their
resistance under severe conditions (blast, earth quake, etc.) [2]. The dream of
developing smart and durable civil structures, capable of sensing their own
damage with subsequent automatic repairing, is appearing to be true with the
advent of self-sensing FRCs.
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3.2 Medical

The application of fibrous materials also extended to the medical fields starting
from health care garments to implantable devices. It became possible to design
sutures, artificial ligaments, tendons, skin, cartilage, bone or joints, artery and
heart valves using fibrous structures. Moreover, fibrous materials and structures
are one of the extensively used scaffolds for tissue engineering applications.

3.3 Energy Harvesting and Storage

The development of highly flexible energy storage and harvesting devices seems
to be possible thorough the use of fibrous structures. The possibility of developing
fibrous structure based super capacitors, electrolytes, thin-film batteries and
organic solar cells have already been explored and this will lead to new directions
towards energy harvesting and storage.

4. NANO AND NATURAL FIBRES

Recently, the interest on nano dimensional fibres (nanofibres) is rapidly growing.
Nanofibres are finding potential applications in diversified areas such as filtration,
medical and biomedical (prostheses, wound dressing, tissue engineering, drug
delivery, etc.), sensors, electrical conductors, etc. Moreover, the use of natural
plant fibres (sisal, jute, flax, hemp, etc. or natural nanofibres such as cellulose,
chitin, chitosan, etc.) is being highly promoted to address the sustainability and
environmental issues.

5. CONCLUSIONS

Due to their wide variety and flexibility, fibrous materials will most possibly be the
materials of the future for numerous advanced and high end applications. In this
context, the Fibrous Materials Research Group (FMRG) at University of Minho is
actively involved in exploring fibrous materials in the mentioned advanced areas
through development of innovative materials and structures, such as braided
composite rods for reinforcement and sensing, masonry reinforcing systems,
multiscale composites, natural fibre composites, artificial ligaments, fibrous
electrolytes and batteries, etc. The results of these various research projects will
presented and discussed.
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Abstract: In this presentation, under the umbrella of sustainability, an overview of two
different research paradigms in El-Shafei’s research group in the College of Textiles at
North Carolina State University will be discussed. These topics span: 1)-sustainable
chemical treatment of cotton for furnishing sustainable and superior dyeability of cotton
using reactive dyes, while completly eliminating the need for salt and alkali coupled with
over 500% increase in dye exhaustion and 300% increase in color yield compared to
conventional dyeing methods, and 2)-developments of halogen-free flame retardants
based on different ratios of phosphorous-nitrogen containing monomers and nubmr of
grafting sites, which achieved self-extinguishing properties when graft polymerized
thermally or via atmospheric plasma on cotton, polyester and polypropylene. Structure-
property relationships will be discussed in details for each topic.

Keywords: sustainability, dyeing, reactive dyes, flame retardancy, halogen-free flame
retardancy, structure-property relationship.

1. INTRODUCTION

In presence of water, cotton fabrics generate negative charges, also known as
zeta potential, on the surface and these charges repel anionic dyes e.g., reactive
and direct dyes. Hence, to overcome cotton’s lack of affinity for reactive or direct
dyes, high concentrations of electrolytes are required. Furthermore, fixation of
reactive dyes on cotton also requires alkali. Cotton’s lack of affinity for reactive
dyes results in high amounts of unfixed dyes on the cotton surface and poor
washfastness. In addition, alkali used during cotton dyeing also produces
hydrolyzed dyes (unreactive). Multiple rinsing and polymeric fixing agents are
employed to remove unfixed dyes and improve washfastness, respectively. The
waste water from cotton dyehouse contains significant amounts of electrolytes,
alkali, dye and fixing agents which are responsible for environmental pollution [1]
in textile mills. A common technique of electrolyte free dyeing is graft
polymerization of cationic monomers into cotton. Due to the ionic interaction
between anionic dye and cationized cotton, dye exhaustion is very high which
also results higher color yield and excellent color fastness properties [2-5]. 3-
chloro-2-hydroxypropyltrimethylammonium chloride (CHPTAC) is one of the most
popular monomer used to cationize cotton. CHPTAC requires strong alkali to form
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EPTAC, which is an epoxy compound and presents occupational hazards.
EPTAC reacts with cotton through a nucleophilic substitution reaction, which
forms a covalent bond with cotton and cationizes it. The second disadvantage of
using CHPTAC to cationize cotton is the presence of alkali during the
cationization process. The alkali hydrolyzes significant amount of EPTAC and
renders it inactive. The cationization process of cotton with CHPTAC is shown
below in Figure 1.
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Figure 1. Cotton cationization using EPTAC.

Moreover, EPTAC is carcinogenic and epoxy in nature, which presents
environmental hazard [6,7].

All of the aformentioned disadvantages of EPTAC can be eliminated by using our
novel and sustainable chemistry, which does not require alkali to form covalent
bond with cotton and does not hydrolyze.

2. MATERIAL AND METHOD
2.1. Novel and Sustainable Cationization Process

A novel and sustainable cationizaton process, proprietary, was developed and
scaled up for woven cotton fabrics in the pilot plant in the College of textiles at
North Carolina State University.

2.3. Dyeing Procedure:

Dyeing of untreated and treated cotton fabrics with our proprietary chemistry was
carried out. Both untreated and treated cotton fabrics were dyed with AVITERA®
BLACK SE from 2 to 6 wt.% at an increment of 0.5 wt.%. Untreated cotton fabrics
were dyed following the procedure of AVITERA® BLACK SE (HUNTSMAN) 60
°C/ 140 °F method for dark to very deep shades. Untreated fabrics were
immersed in the dyeing bath containing DI water and Glauber’s salt (Na2S0O4) at
27 °C. The temperature was raised at 2.5 °C per min to 60 °C and dyes were
added. Dyeing was continued for 40 min and soda ash was added in two
installments every 20 min.

On the other hand, cotton fabrics trated with our proprietary chemistry were
immersed in the dyeing bath containing only DI water at 27 °C. The temperature
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was raised at 2.5 °C per min to 60 °C and dyes were added. The dyeing cycle
was completed after 2 hr with zero salt and zero alkali.

Dyed fabrics were rinsed in cold water followed by washing with a bath containing
2 g/L of nonionic detergent (Apollo Scour) in DI water at 80 °C for 10 min. Washed
cotton fabrics were padded at 5 bar and 4 m/min to extract the excess water and
dried at 100 °C for 5 min using Firefly conveyor oven.

2.4, Sustainable Flame Retardancy

Different halogen-free flame retardants based on different ratios of phosphorous-
nitrogen containing monomers were developed (Figure 2) and grafted
polymerized on PET, PP or cotton either thermally or using atmospheric glow
discharge plasma [8-10].
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Figure 2. Halogen-free flame retardant monomers achieved
self extinguishing properties on PET, PP and cotton.

3. RESULTS AND DISCUSSION
3.1. Sustainable Dyeing

Color yield of dyed untreated and treated cotton fabrics were compared. Figure
3 shows the color yield of untreated and treated cotton fabrics when they were
dyed with AVITERA® BLACK SE.
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Figure 3. Color yield of AVITERA® BLACK SE on untreated and treated cotton fabrics.
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It is evident from Figure 3 that color yield of the treated cotton fabrics is much
greater than untreated cotton fabrics when dyed with AVITERA® BLACK SE.
Color vyield of dyed untreated and treated cotton fabrics increases with the
increase of dye % shade up to 6%.

3.2. Sustianable Flame Retardants

Out of the six mnonomers devloped, monoers 4 and 6 showed self extiniguishing
properties when graft polymerized thermally or via atmospheric plasma on cotton,
polyester or polypropylene [8-10]. Structure-property relationship will be
discussed in details.

4. CONCLUSION

Grafting of our proprietary chemistry into cotton completely eliminated the
requirement of salt and alkali in the dyeing bath while achieving significantly high
color yield with AVITERA® BLACK SE) than that of cotton fabric treated with
CHPTAC. Treated cotton fabric dyed with our chemistry exhibited comparable
fastness properties including crocking, washing and light when compared to dyed
untreated cotton fabrics. In the case of halogen-free flame retardant monomers,
the P/N ratio, % oxygen and number of grafting sites were the key in the
performance of monomers for self-extinguishing properties. Monomers 4 and 6
showed self-extinguishing properties on PET and PP.

REFERENCES

1. Bradbury, M. J., Collishaw, P. S., & Moorhouse, S. Smart rinsing: A step change in reactive dye
application technology. Journal of the Society of Dyers and Colourists, 2000. 116(5), pp 144-
147.

2. Cai, Y., Pailthorpe, M. T., & David, S. K. A new method for improving the dyeability of cotton
with reactive dyes. Textile Research Journal, 1999, 69(6), pp 440-446.

3. Risti'c, N, & Risti'c, I. Cationic modification of cotton fabrics and reactive dyeing characteristics.
Journal of Engineered Fibers and Fabrics, 2012, Vol. 7, pp 113-121.

4. Kbhatri, A, Peerzada, M. H., Mohsin, M., & White, M. A review on developments in dyeing cotton
fabrics with reactive dyes for reducing effluent pollution. Journal of Cleaner Production, 2015,
Vol. 87, pp 50-57.

5. Kannan, M. S. S., Gobalakrishnan, M., Kumaravel, S., Adicherala. V. T. Influence of
cationization of cotton on reactive dyeing. Journal of Textile and Apparel, Technology and
Management, 2006, 5(2), pp 23-30.

6. Hauser, P. J. and Tabba, A. H. Improving the environmental and economic aspects of cotton
dyeing using a cationised cotton. Coloration Technology, 2001, 117 (5), pp 282-288.

7. Hebeish, A., Hashem, M., Abdel-Rahman, A.; El-Hilw, Z. Improving easy care nonformaldehyde
finishing performance using polycarboxylic acids via precationization of cotton fabric. Journal of
Applied Polymer Science, 2006, 100 (4), pp 2697-2704.

8. Brian Edwards , Stacy Rudolf , Peter Hauser and Ahmed EI-Shafei, Preparation, Polymerization,
and Performance Evaluation of Halogen-Free Radiation Curable Flame Retardant Monomers for
Cotton Substrates, Ind. Eng. Chem. Res., 2015, 54 (2), 577-584, DOI: 10.1021/ie502915t

9. Brian Edwards, Peter Hauser, Ahmed EI-Shafei, Nonflammable Cellulosic Substrates by
Application of Novel Radiation-Curable Flame Retardant Monomers Derived from
Cyclotriphosphazene, 2014, Cellulose, DOI: 10.1007/s10570-014-0497-7.

10. Stay Rudolf, Master Thesis under the direction of Ahmed El-Shafei and Peter Hauser, Durable,
Self extinguishing and Halogen-free Flame Retardants for Nonwovens, 2015, NCSU library.

153



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

BENDING PROPERTIES OF ARAMID/PHENOLIC
CARBON NANOTUBE PREFORM (MWCNTSs)
STRUCTURES

Kadir BILiSIK', Gulhan ERDOGAN', Erdal SAPANCI?,
Nesrin S. KARADUMAN?, Sila GUNGOR?, Gaye KAYA*

" Erciyes University, Department of Textile Engineering, Turkey
2ROKETSAN Industries, Turkey
3 Bozok University, Akdagmadeni Vocational High School, Turkey
4 Kahramanmaras Sutcu Imam University, Department of Textile Engineering, Turkey

Corresponding author: kadirbilisik@gmail.com

Abstract: In this study, the flexural properties of nanostitched and nanoprepreg three
dimensional (3D) para-aramid/phenolic composites were studied. For this reason, four
types of composites were developed. They were called as stitched/nano, stitched,
base/nano and base. Flexure strength and modulus of stitched/nano composites were
slightly improved compared to the base composite due to addition of the stitching yarn and
multiwall carbon nanotubes (MWCNTS). The flexure failure of the base and base/nano
structures involved matrix peeling and large delaminated areas, whereas the stitched and
stitched/nano composites had warp deformation but no visible matrix/fiber damages. In
addition, the delaminated areas were severely restricted. The result showed that
introducing stitching fiber and multiwall carbon nanotubes in the base structure improved
its out-of-plane failure properties as a form of restricted delamination and they acted as a
delamination barrier around the region. Therefore, the stitched/nano p-aramid/phenolic
composites could be considered as a damage tolerance material.

Keywords: Nano-para-aramid fiber, carbon nanotubes, PAN carbon fiber, nanoprepreg,
nanostitching, bending properties

1. INTRODUCTION

Fiber based material were employed in space-aerospace and industrial
applications due to their high thermo-mechanical and damage tolerance
properties’3. However, they suffer from delamination. In order to develop a
delamination free structure, Z-directional preforms were developed by three
dimensional (3D) weaving*, 3D braiding®, and stitching techniques®8. Recently,
nanosphere, single wall or multiwall tubes were employed in fiber composites by
dispersing the nano in the resin®. When nanofibers were used, they were
attached, grown or grafted onto one dimensional fibers or two dimensional (2D)
fabrics0. In another study, 3D composite was considered to have low plane
properties due to Z-fiber in the thickness. The nanosphere, nanotubes or
nanofibers were all randomly distributed in the fabric and they did not provide true
out-of-plane reinforcement to the structure due to their discontinuous form. Fabric
directional fiber ends per cm and the amount of crimp affected the flexural rigidity
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of dry fabric. Multisitched layered preform showed high bending rigidity due to
stitching. It decreased the inter-layer deformation in the thickness direction and
was not easily formed!".

The tensile and flexural properties of a 2D fabric composite were improved by
stitching because of inter-layer stress distributions'213. |t was demonstrated that
crack propagation in the composite was suppressed by an increase in stitching
density'. However, several experimental studies showed that the flexural
strength of stitched E-glass composite was decreased due to stress
concentration'®16,  The flexural strength in unstitched E-glass/polyester
composite was influenced by yarn orientation, composite fiber volume fraction
and preform packing density. It showed mode-I delamination as a form of inter-
layer opening’”. A fiber distortion model was proposed to overcome
heterogeneous fiber volume fraction throughout the composite due to stitching
which affected fiber misalignment during the stitching process'8. Stitching fiber
did not affect the stiffness of the stitched composite’®. However, stitching caused
weak resin-rich regions near the stitching loop section and affected the damage
initiation force?0-22, It was claimed that the flexural strength and modulus of 3D
multiaxis composite were only slightly lower than that of the 3D composite
because of the bias fibers23-24.

In single wall carbon nanotubes (SWCNTs) and multiwall carbon nanotubes
(MWCNTSs), sampling, size, surface area/volume, density, crystallinity and purity
are considered important material parameters?®3°. The modulus of the
nanocomposite decreased because of agglomeration during the consolidation
process?'. Therefore, MWCNTs were functionalized by using silanization to
prevent early stage clustering and it was proven that the functionalization
improved homogeneous dispersion of the nanoparticle3?-33. Another study
showed that the thermo-mechanic properties of the nanocomposite were
enhanced by grafting silane to the CNT due to improved inter-layer bonding and
even dispersion of the nanotubes3+3%. In another study, amine coated SWCNTs
improved the fatigue properties of the carbon/epoxy composite®. In addition, the
inter-layer properties of E-glass composite increased with the use of coated
nanotubes®. A carboxyl-functionalized MWCNTs  (0.1-0.4%)/epoxy
nanocomposite was made and it was demonstrated that its flexural properties
were improved compared to those of the epoxy composite3®. Multiscale
composites improved the flexural properties of the neat composites. This was
because of a better interphase between the amino coated nano particle and the
resin which enhanced the load transfer mechanisms. However, it was found that
the presence of minor clustering adversely influenced the load-carrying
mechanism?®. It was claimed that a naphthalene diimide and
poly(dimethylsiloxane) based dispersant was synthesized to enhance the
agglomeration of the SWCNTSs in the matrix.# It was reported that the bending
modulus of binary nanocomposite showed about a one-third improvement
compared to the neat composite*'. In addition, the carbon fiber surface
characteristics on the bending properties of the composite were also found to be
significant*2. It was reported that nano silicon carbide affected the material
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modulus but its homogeneous dispersion with the coupling agent influenced the
material’s strength*3. However, the tensile strength of the E-glass composite was
reduced by increasing the amount of nano silicon carbide because of the interface
characteristic of the nano-resin region which caused stress concentration4.
Another study showed that the tensile strength-modulus of E-glass/polyester was
improved by increasing the amount of nanosilica#®-46. Also, multistitching and
nanosilica in E-glass composite led to an improvement in the damage
resistance*®-46. Multiwall carbon nanofibers (MWCNFs) were vertically grown on
the fiber or fabric surface with chemical deposition using ethyne (C2Hz) and the
catalyst iron dichloride (FeCl2)*". Spun yarn of MWCNFs (1 mm length, 50 nm
diameter) was drawn from an MWCNT array by using the dry-spinning
technique*. The MWCNF spun yarn was pultruded as a 7-ply cord/epoxy rod. It
was noted that the spun nanocarbon fiber based pultruded epoxy rod had better
tensile strength and modulus compared to the base epoxy, and the dominant
failure mode was nanofiber breakages#?. Hollow halloysite nanotubes (HNT,
nanoclays) were employed as nanocontainer for the protection of the cellulosic
materials.®® In addition, the natural wax/HNT nano composite was introduced to
repair the cellulosic archaeological materials.5" It was also claimed that
renewable polymer/HNTs composite film was made for barrier and delivery
applications.52

A few studies were carried out on nano added stitched structures. The research
was concentrated on the flexural properties of the p-aramid/phenolic composite
which was developed by nano particle and multistitching. The objective of this
study was to develop nanostitched and nanoprepreg p-aramid/phenolic carbon
nanotube (MWCNTSs) composites and to examine the flexural properties of these
structures.

2. MATERIALS AND METHODS
2.1. 3D p-aramid/phenolic nanopreform and nanocomposite

Para-aramid Twaron® plain (1/1) fabric (CT 747, Teijin, JP) and basket (2/2) fabric
(CT736, Teijin, JP) were employed to make the multi-stitched 3D nanopreform.
The p-aramid fabric specification is provided in Table 1. P-aramid fabric was
formed from 336 tex fiber for plain (1/1) weave and 168 tex fiber for basket (2/2)
weave. The warp and filling densities of the plain (1/1) and basket (2/2) p-aramid
fabrics were 62.5 ends per 10 cm and 127 ends per 10 cm, respectively. The p-
aramid fabric unit area weight and thickness were 410 g/m2 and 0.62 mm for both
fabrics, respectively. The directional interlacements of the plain (1/1) and basket
(2/2) fabrics are schematically represented in Fig. 1. The number of
interlacements in the plain and basket fabrics was 56 and 24, respectively, and
their placements in the fabrics were homogeneously distributed. The multiwall
carbon nanotubes (MWCNTSs, Nanothinx, GR) were selected based on better
thermo-mechanical properties and commercial availability. The average sizes of
MWCNTs varied from 15-35 nm in diameter, 10 ym in length and 1-2 nm in wall
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thickness. The tensile strength and modulus of the MWCNTs were 200 GPa and
1 TPa, respectively, as shown in Table 2.

Table 1. Specifications of p-aramid fabric structures.

. . Yarn linear Fabric Fabric . Fabric
Fabric Weave Fabric . . Yarn crimp .
density density area thickness
label type treatment .
weight (%)
(tex) (per 10 cm) (g/m2) (mm)
Warp Weft Warp Weft Warp Weft
Twaron Plain Water
CT® an) repellent 336 336 62.50 62.50 410 5.80 5.90 0.62
747
Twaron
cT® Bazs'get Waltler 168 168 127 127 410 9.40 11.30 0.62
736 (2/2) repellent
A o~
. o
5 Plain 1/1 (56, 56) s} Basket 2/2 (24, 24) o~
= n "
o
E ~ Lo ]
8
~ Ly ]
g
£ ~ Loy ]
~ o«
~ Ly ]
~ «
M~ Lo ]
~ ™
777 7T 7T 7T 7 7 =56 3333333 3=24
' d
Weft direction

Figure 1. Schematic views of interlacement placement in the p-aramid fabrics (plain 1/1, basket 2/2
weaves) and number of yarn interlacements in each fabric direction.

Table 2. Specifications of multiwall carbon nanotubes (MWCNTs)?%,

Particle dimensions
(diameter x length x
wall thickness)

Surface Tensile Tensile Melting

Nanomaterial area Purity Density strength modulus temperature

% lem?® .
(nm x micron x nm) (m*/g) ) (gfem’) (GPa) (TPa) (°C)
Carbon
nanotubes
(MWCNTS, 15-35x 102 x 1-2= >100 297 1.74 200 1.0 3550
Nanothinx,GR)
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Principally, four types of p-aramid structures were developed. These were 1)
base (TPU, TBU), in that TPU was a six layer [(0°/90°)]s p-aramid plain (1/1)
woven, whereas TBU was a six layer p-aramid basket (2/2) woven fabric; 2)
stitched (TP-CS, TP-TS, TB-CS, TB-TS), in that TP-CS and TP-TS were six layer
p-aramid plain (1/1) woven, one-directionally PAN carbon and p-aramid Twaron
CT stitched in the warp (0°), respectively, whereas TB-CS and TB-TS were six
layer basket (2/2) woven, one-directionally carbon and Twaron CT stitched in the
warp (0°) structures, respectively; 3) base/nano (TPU-N, TBU-N) in that TPU-N
and TBU-N were six layer p-aramid plain (1/1) and basket (2/2) woven with added
MWCNTSs, respectively; and 4) stitched/nano (TP-CS-N, TP-TS-N, TB-CS-N, TB-
TS-N). When the MWCNTs were added to all the stitched structures which are
described above, they were considered as stitched/nano structures. One-
directional stitching was manually made on the layered woven structures using
the PAN carbon and p-aramid Twaron CT stitching yarns as shown in Fig. 2(a-
b). The stitching fiber properties are also provided in Table 3.

@

(c) stitching density

/
stitching line (10 mm) / (10 steplmm\)

Figure 2. (a) Para-aramid Twaron CT multistitched 3D nanoprepreg preform (left) and p-
aramid/phenolic MWCNT composite (right) (TB-TS-N); (b) PAN carbon multistitched 3D
nanoprepreg preform (left) and p-aramid/phenolic MWCNT composite (right) (TB-CS-N); (c)
schematic view of p-aramid stitched p-aramid structure (TB-TS); (d) schematic view of carbon
stitched p-aramid structure (TB-CS).

Table 3. Specifications of untwisted stitching yarns

Fiber Fiber Tensile Tensile Elongation Yarn
Fiber type diameter density strength modulus at break linear
density
(um) (g/cm?) (GPa) (GPa) (%) (dtex)
Twaron CT
(Para-aramid fiber, Teijin, JP) 12 1.45 32 15 29 3360
Polyacrylonitrile (PAN) Carbon 6 178 42 240 18 6K

(Carbon fiber, Aksaca, TR)
K': 1000 filaments in the untwisted fiber TOW.

158



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

Stitched/nano multilayer p-aramid woven preforms were consolidated to make
stitched/nano p-aramid composites. Figs. 3 and 4 show the processing steps for
one-directionally stitched p-aramid/phenolic and stitched/nano p-aramid/phenolic
composites, respectively. Initially, phenolic resin (Araldite EPN 1138, Biesterfeld
Spezialchemie GmbH, DE) was put into a vacuum chamber (Metyx composites,
TR) to vacuum under 0.1 MPa pressure (1 bar) for 35 minutes to remove any air
bubbles. Then, the MWCNTSs (0.03125, %wt.,) were added to the phenolic resin.
In order to conduct pre-mixing to prevent possible heterogeneous dispersion and
early agglomeration, they were stirred by a magnetic mixer (Wisestir ®, Witeg,
DE) at 240 rpm for 15 minutes. Immediately after this, the phenolic/carbon
nanotube solution was mixed in an ultrasonic bath (200 watt, 40 KHz,
DAIHAN/WiseClean®, WUC-A03H, KR) at 25°C for 60 minutes. In this way, a
highly homogenized phenolic/nano mixture was obtained. This was further stirred
by a magnetic mixer at 240 rpm for about 15 minutes to improve the
homogenization and agglomeration of the mixture. After that, it was again put into
a vacuum chamber to vacuum under 0.1 MPa pressure for 5 minutes to remove
any remaining air bubbles. At the same time, plain (1/1) and basket (2/2) p-aramid
woven fabrics, polyacrylonitrile (PAN) carbon fiber (6 K, Aksaca, TR) and para-
aramid Twaron CT (3360 dtex, Teijin, JP) yarn were prepared to make the flexure
test plates. We first of all made the p-aramid/phenolic carbon nanotube prepreg
fabrics and yarns, and then they were consolidated for the composite.

The para-aramid fabric was heated at 40° C for 60 minutes to evaporate the
moisture. Next, the matrix was applied to the p-aramid fabric by the hand layup
method under atmospheric conditions. The resulting fabric was then put onto the
shelf of an oven (Binder, DE) to pre-cure at 110 °C for 7 minutes in order to obtain
the prepreg nanopara-aramid fabric. The same procedure was applied to the
carbon and para-aramid stitching yarns to make prepreg yarns. The prepreg
nanop-aramid fabric was layered as a [0°/90°]s sequence. The six layered prepreg
nanop-aramid preform was manually stitched by carbon or p-aramid nano
stitching yarn using an in-house developed apparatus to make the stitched/nano
composite. The density of stitching was 1 step per cm. The space between the
neighboring stitching lines was 1 cm. The stitched prepreg p-aramid/phenolic
carbon nanotube preform was put in a mold, and the mold was then wrapped with
Teflon film (FDM 2100, DuPont, USA) to prevent thermal shock and easy
demolding after curing. The mold was cured using a hot press (Climax, TR) under
0.6 MPa pressure (6 bars) and at 170 "C for 120 minutes. Lastly, the mold was
left in the press to cool until the temperature was gradually decreased to 40 °C
and the stitched p-aramid/phenolic carbon nanotube composite was then
removed from the mold. Some of the composites are shown in Fig. 2 (a-b).

The densities of the stitched/nano carbon composites were found by ASTM
D792-91%, It was designated to find the density (g/cm?) as the sample mass in
air was divided by its volume, whereas relative density was ratio of sample
density divided by water density. The composite volume fraction and void content
were obtained by ASTM D3171-995 and ASTM D2734-91%, respectively. In the
determination of the composite fiber volume fraction, after known the sample
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mass and density, the furnace was heated up to 400°C. Then, the composite
sample was kept almost 5.5 hours to remove the burned matrix. The remaining
residue which contains the p-aramid fiber in the fabric, was then cooled and
weighed. The weight percent of the fiber in the composite was then calculated.
In addition, the void content was also calculated by known parameters such as
matrix and composite densities. After the flexure test, the delaminated areas and
damaged surfaces of the composite sample were analyzed by an optical
microscope (Olympus SZ61, JP equipped with Bs200DOC digital image analysis
software-Bs200DOC, TR).

Dry p-aramid fabric

Moisture l Prepereg
:?pgrggoﬂ‘al P"“*’:Z:;‘:"’:s'" Hand lay-up | | p-aramid fabrics
min. SN p-aramid at
(p-aramid | | at 1 bar 35 min. fabrics 110°C
fabrics) l 7 min.

Hand lay-up

6 layered p-aramid yarn,
—_— Stitching carbon yarn

;:rep:ag 1 step/cm < and

P prepereg stitching

- R
Layered prepreg g yarns
structure l

Stitched/prepereg
preform
Curing at 120 min.
170°C

P-aramid stitched
composite
Stitched pos
composite

(TB-TS)

Figure 3. Processing steps of one-directionally stitched multilayered p-aramid/phenolic woven
prepreg preforms and composites (TB-TS)
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Figure 4. Processing steps of one-directionally stitched multilayered p-aramid/phenolic/carbon
nanotube woven prepreg preforms and composites (TB-TS-N)

2.2. Flexural test

The three point flexural test of all composites was carried out on a Shimadzu AG-
XD 50 (Japan) tester equipped with Trapezium® software with a 5kN loading cell
based on ASTM D790-10%. The bending testing speed was 1.3653 mm/min. The
test dimensions of the sample were 12.7 (width) x 130 (length) mm. The L/d
(support span length/thickness) ratio was 32/1. The flexural load applied to each
sample was the warp (0°, lengthwise). Fig. 5 shows the bending test instrument
and fixture with samples. Equations (1-3) for the flexural strength, modulus and
strain are presented below, respectively®’. The flexural test was conducted at the
standard laboratory atmosphere having a temperature of 23°C+2°C and a relative
humidity of 50%+10%. After the bending load was applied to the samples, they
were examined by an optical microscope (Olympus SZ61, Japan).

_3PL
7 b
_ U'm
® " 4pd’
6Dd

& = 12

where ot is the flexural strength in the outer fibers at midspan (MPa); P is the load
at a given point on the load-deflection curve (N); L is the support span (mm); b is
the width of the beam tested (mm); d is the depth of the beam tested (mm); Eg is

(1)

(2)

3)
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the modulus of elasticity in bending (GPa); m is the slope of the tangent to the
initial straight-line portion of the load-deflection curve; & is the bending strain (%);
D is the maximum displacement of the center of the beam (mm).

(a) _ (b) (c)

Figure 5. (a) Tensile tester with flexural fixture with sample at initial state; (b) base/nano sample
during bending load application (TBU-N); (c) stitched/nano sample during bending load application
(TB-TS-N); (d) compression side failed stitched/nano sample (TB-TS-N); (e) tension side failed
stitched/nano sample (TB-TS-N); (f) failed stitched/nano sample at cross-sections (TB-TS-N, digital
image)

3. RESULTS AND DISCUSSION
3.1. Density and fiber volume fraction results

The density and fiber volume fraction results of the base (TPU, TBU), stitched
(TP-CS, TP-TS, TB-CS, TB-TS), base/nano (TPU-N, TBU-N) and stitched/nano
(TP-CS-N, TP-TS-N, TB-CS-N, TB-TS-N) composites were evaluated. The
densities of the developed structures varied from 1.30-1.33 g/cm? and the
average density was 1.32 g/cm?. The density differences in the structures were
considered to be negligible (1%). The measured total fiber weight fractions (Viw)
of all structures varied from 67.10-73.81% and the average total fiber weight
fraction was 69.84%. The volume fraction differences between the structures
were around 4-6% due to the stitching yarn weight fraction and MWCNT addition
as well as to a minor stitching effect on the preforms. The measured stitching
fiber weight fractions (Vsw) of all stitched and stitched/nano structures varied from
1.47-2.13% and the average stitching fiber weight fraction was 1.81%. The void
contents (weight base, Vc) of all structures varied from 0.71-1.83% (average
1.26%). These results were considered assuming that all structures were made
in defect free processing conditions from preform preparation to consolidation.

On the other hand, the MWCNT addition and dispersion in the phenolic were
analyzed during processing. We started by selecting a 0.5% (weight%) ratio for

162



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

the MWCNTSs as an initial condition. Afterwards, a large agglomeration (about
200-300 microns) of nanotubes was found in the phenolic. Extensive studies were
conducted to reduce the size of the agglomeration of the nanotubes. For this
reason, we decreased the MNCNT ratio to 0.03125% and increased the stirring
time from 60 minutes to 120 minutes in ultrasonic mixing. Therefore, the size of
the agglomeration of carbon nanotubes decreased to 30-80 microns in the
phenolic, as shown in Fig. 6(a). The MWCNT added phenolic was applied to the
sample stitching yarn and fabric. The MWCNTs were evenly dispersed in the
filament direction and intra-filament regions of the stitching yarn and in the
principal directions and yarn crossing regions of the fabric, as shown in Fig. 6(b)
and (c), respectively. Fig. 6(d) shows the MWCNTSs distribution in the filaments
of the fractured nanostitched yarn in the stitched/nano composite

(@) (b)

66.75 microns

[ 825 microns_| 81,37 microns

87.42 microns

76.01 microns

56.65 microns

39.59 microns E —m
100 microns 100 mlcrons >

- filament bundles
(c) (d)

‘aggloﬂieratea .
MWCNTs

MWENTs inmatrixiand
flantent surfaces

* i\ . >

» & A

yarn crossing

R

Figure 6. (a) MWCNT dispersion in phenolic resin; (b) phenolic/MWCNT treated uncured nanoyarn;
(c) phenolic/MWCNT treated uncured nanofabric surface; (d) fractured nanostitched yarn in
stitched/nano composite (TB-TS-N) (Optic photos, magnification x40, x40, x10, respectively; SEM,
magnification x2000).%

3.2. Flexural results

The flexure test results of the base (TPU, TBU), stitched (TP-CS, TP-TS, TB-CS,
TB-TS), base/nano (TPU-N, TBU-N) and stitched/nano (TP-CS-N, TP-TS-N, TB-

163



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

CS-N, TB-TS-N) composites are given in Table 4. The data presented in Table 4
are the average values of flexure strength, strain and modulus for each
composite. Although we claimed that all structure were produced without defect,
they probably microscopically involved a kind of nonlinearities at stitching piercing
region of the nanoprepreg preform especially in the out-of-plane direction,
heterogeneous distribution of the MWCNTs in the preform surface and intra-layer
sections, and minor agglomeration of the MWCNTSs in the matrix and fabric
interlacement regions. Therefore, these partly affect to get reproducible data from
the flexural test. The flexural test results in Table 4 also include the standard
deviation (s) and the coefficient of variation (CV%) where the CVs of the flexural
strength and modulus varied 1.77-9.41% and 1.80-17.12%, respectively. Fig. 7
shows the tensile stress-strain curves of some of the basket (2/2) fabric based
composites. In Fig. 7, the stress-strain curves of the basket p-aramid/phenolic
structure are presented together with its base, nano, carbon and para-aramid
stitched, and stitched/nano forms. The p-aramid stitched and stitched/nano
structures showed higher flexural strength values compared to the base and
base/nano structures. In addition, the stress-strain curves almost follow the same
line beginning from the initial state in the elastic region to the failure points which
did not sharply drop.

66

Stress (MPa)

Strain (%)

Figure 7. Stress-strain curves from flexure test for some of the multistitched carbon/epoxy MCNTs
composites (base TBU; base/nano TBU-N, stitched TB-TS; stitched/nano TB-TS-N)
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Table 4. Average flexural test results of various developed p-aramid/phenolic MWCNT composites

FIex;IraI load  Flexural Flexural strain  Flexural strength  Flexural modulus
Label (Max.) displacement
0,
(N) (mm) (%) (MPa) (GPa)
40.51 3.64
(s=1.98, (s=0.07,
TPU 64.43 8.73 2.09 CV%=4.89) CV%=1.80)
39.01 3.44
(s=0.69, (s=0.18,
TBU 57.90 7.81 1.84 CV%=1.77) CV%=5.11)
38.91 4.21
(s=3.28, (s=0.36,
TP-CS 56.18 6.81 1.59 CV%=8.42) CV%=8.58)
42.78 4.16
(s=3.15, (s=0.71,
TP-TS 53.87 7.73 1.75 CV%=7.35) CV%=17.12)
57.24 4.90
(s=3.77, (s=0.44,
TB-CS 79.59 9.04 2.01 CV%=6.58) CV%=8.92)
57.73 5.25
(s=2.53, (s=0.83,
TB-TS 61.57 8.36 1.80 CV%=4.38) CV%=15.89)
46.12 3.86
(s=1.62, (s=0.34,
TPU-N 64.11 9.43 2.13 CV%=3.51) CV%=8.70)
45.37 3.72
(s=2.83, (s=0.11,
TBU-N 61.69 9.92 2.23 CV%=6.24) CV%=2.98)
40.59 3.79
(s=3.82, (s=0.15,
TP-CS-N 56.59 7.78 1.78 CV%=9.41) CV%=3.95)
35.45 2.85
(s=3.11, (s=0.42,
TP-TS-N 55.65 8.44 2.03 CV%=8.76) CV%=14.69)
45.30 3.65
(s=2.82, (s=0.52,
TB-CS-N 66.40 8.28 1.94 CV%=6.21) CV%=14.35)
60.45 4.87
(s=2.78, (s=0.38,
TB-TS-N 75.54 9.29 2.02 CV%=4.60) CV%=7.85)

“s” represents the standard deviation and “CV%” represents the coefficient of variation.

3.3. Flexural strength

Fig. 8 shows the average flexural strength values of all the developed p-
aramid/phenolic MWCNT composites. As shown in Fig. 8 and Table 4, the flexural
strength of the base (TBU and TPU) composites varied between 39.01-40.51
MPa, whereas the flexural strength of the base/nano (TBU-N and TPU-N)
composites varied between 45.37-46.12 MPa. The flexural strength of the
stitched (TP-CS, TP-TS, TB-CS and TB-TS) composites varied between 38.91-
57.73 MPa, whereas the flexural strength of the stitched/nano (TP-CS-N, TP-TS-
N, TB-CS-N and TB-TS-N) composites varied between 35.45-60.45 MPa. The
bending strength of the p-aramid stitched/nano basket 2/2 (TB-TS-N) composite
was 4.50% higher for stitched (TB-TS) and 35.47% for base (TBU) composites,
whereas the flexural strength of the PAN carbon stitched/nano basket 2/2 (TB-
CS-N) was 20.86 % lower for stitched (TB-CS) and 13.89 % higher for base (TBU)
composites. The p-aramid nanostitched composite (TB-TS-N) showed better
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performance (25.06%) compared to the PAN carbon nanostitched one (CT-CS-
N), whereas the p-aramid stitched structure (CT-TS) demonstrated only a slightly
better performance (0.90%) compared to the stitched (CT-CS) composite. In
addition, the flexural strength of the base/nano (TBU-N) composite was 14.02%
higher than that of the base (TBU) composite. It was realized that stitching and
the addition of MWCNTSs slightly increased the bending strength of all the stitched
and stitched/nano composites. The stitching fiber type also slightly affects the
flexural strength of the stitched and stitched/nano composites. Also, we obtained
a similar result from the p-aramid plain 1/1 composites.

70

Flexural strength (MPa)

TP-CS | TP-TS | TB-CS | TB-TS | TPU-N | TBU-N |TP-CS-N|TP-TS-N|TB-CS-N|TB-TS-N

Stitched/Nano

Composite structures
Figure 8. Flexural strength of various developed p-aramid/phenolic MWCNT composites

3.4. Flexural strain

Fig. 9 shows the average flexural strain of all the developed p-aramid/phenolic
MWCNT structures. In Fig. 9 and Table 4, the flexure strain of the base (TBU and
TPU) composites varied between 1.84-2.09%, whereas the flexure strain of the
base/nano (TBU-N and TPU-N) composites varied between 2.13-2.23%. The
flexure strain of the stitched (TP-CS, TP-TS, TB-CS and TB-TS) composites
varied between 1.59-2.01%, whereas the flexure strain of the stitched/nano (TP-
CS-N, TP-TS-N, TB-CS-N and TB-TS-N) composites varied between 1.78-
2.03%. The flexure strain of the p-aramid stitched/nano basket 2/2 (TB-TS-N)
composite was 10.90% higher than for the stitched (TB-TS) and 8.91% higher
than for the base (TBU) composites, whereas the flexure strain of the PAN carbon
stitched/nano basket 2/2 (TB-CS-N) was 3.48% lower than for the stitched (TB-
CS) and 5.15% higher than for the base (TBU) composites. The p-aramid
nanostitched structure (TB-TS-N) showed better performance (3.96%) compared
to the PAN carbon nanostitched composite (TB-CS-N), whereas the p-aramid
stitched structure (TB-CS) demonstrated better performance (10.44%) compared
to the stitched (TB-TS) structure. In addition, the flexure strain of the base/nano
(TBU-N) composite was 17.49% higher than that of the base (TBU) composite. It
was realized that stitching and the addition of MWCNTSs only slightly increased
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the bending strain of all the stitched and stitched/nano composites. The stitching
fiber type also slightly affects the bending strain of the stitched and stitched/nano
composites. On the other hand, we did not obtain a consistent result from any the
p-aramid plain 1/1 composites.

3.0

2.5 4

2.0 -

Flexural strain (%)
[4,]

TPU TBU | TP-CS | TP-TS | TB-CS | TB-TS | TPU-N | TBU-N [TP-CS-N|TP-TS-N|TB-CS-N|TB-TS-N

Base Stitched Nano Stitched/Nano
Composite structures

Figure 9. Flexure strains of various developed p-aramid/phenolic MWCNT composites

3.5. Flexural modulus

Fig. 10 shows the average flexural modulus values of all the developed p-
aramid/phenolic MWCNT structures. In Fig. 10 and Table 4, the flexural modulus
of the base (TBU and TPU) composites varied between 3.44-3.64 GPa, whereas
the flexural modulus of the base/nano (TBU-N and TPU-N) composites varied
between 3.72-3.86 GPa. The flexural modulus of the stitched (TP-CS, TP-TS,
TB-CS and TB-TS) composites varied between 4.16-5.25 GPa, whereas the
flexural modulus of the stitched/nano (TP-CS-N, TP-TS-N, TB-CS-N and TB-TS-
N) composites varied between 2.85-4.87 GPa. The flexural modulus of the p-
aramid stitched/nano basket 2/2 (TB-TS-N) composite was slightly (7.24%) lower
than for the stitched (TB-TS) composite and 29.36% higher than for the base
(TBU) composite, whereas the flexural modulus of the PAN carbon stitched/nano
basket 2/2 (TB-CS-N) was 25.51% lower than for the stitched (TB-CS) composite
and 5.75% higher than for the base (TBU) composite. The p-aramid nanostitched
structure (TB-TS-N) showed better performance (25.05%) compared to the PAN
carbon nanostitched composites (CT-CS-N), whereas the p-aramid stitched
structure (TB-TS) demonstrated slightly better performance (6.67%) compared to
the stitched (TB-CS) composite. In addition, the flexural modulus of the
base/nano (TBU-N) composite was 7.53% higher than that of the base (TBU)
composite. It was found that stitching and the addition of MWCNTSs slightly
affected the bending modulus of all the stitched and stitched/nano composites.
The bending modulus was also somewhat affected by the stitching yarn type. In
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contrast, we did not obtain a consistent result from any of the p-aramid plain 1/1
structures.

Flexural modulus (GPa)

TPU TBU TP-CS | TP-TS | TB-CS | TB-TS | TPU-N | TBU-N [TP-CS-N|TP-TS-N |TB-CS-N|TB-TS-N

Base Stitched Nano Stitched/Nano

Composite structures

Figure 10. Flexure modulus of various developed p-aramid/phenolic MWCNT composites

3.6. Failure after flexural test results

The flexure failure of some base (TBU), base/nano (TBU-N), stitched (TB-TS)
and stitched /nano (TB-TS-N and TB-CS-N) composites are presented in Figs.
11-13. The damaged areas created by bending load for each sample were barely
visible. Therefore, we did not measure the damaged areas. Some of the bending
failures of the base (TBU) and base/nano (TBU-N) composites are shown in Fig.
11 (a-f). The tension side of the base (TBU) and base/nano (TBU-N) structures
had outward lateral multiple warp directional bending and local matrix peeling but
no visible fiber breakage was observed (Fig. 11(c and f)). The compression side
of the base (TBU) and base/nano (TBU-N) structure had inward warp directional
bending and lateral matrix peeling but no visible fiber failure was observed (Fig.
11 (a and d)). In the cross-section of the TBU, a delaminated layer near the top
surface was observed, whereas various local angular delaminated areas near the
mid-surface line were found (Fig. 11 (b and e)).

Some of the bending failures of stitched (TB-TS) and stitched/nano (TB-TS-N)
composites are shown in Fig. 12 (a-f). The tension side of the stitched (TB-TS)
and stitched/nano (TB-TS-N) structures had outward lateral deformation on the
warp but no visible matrix/fiber damage was observed (Fig. 12(c and f)). The
compression side of the stitched (TB-TS) and stitched/nano (TB-TS-N) structure
had an inwardly dented area around the stitching lines but no matrix/fiber damage
was identified (Fig. 12 (a and d)). In the cross-section of the TB-TS composite,
minor delaminated layers around the mid-plane of the structure were observed.
Some local angular delaminated areas between the mid-plane line and top
surface were found (Fig. 12 (b and e)). The results of bending failure showed that
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all the developed p-aramid/phenolic structures were flexible and we did not find
any brittle fiber breakages. Stitching and MWCNT addition to the base structure
made it a delamination restricted material.
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Flgure 11 Warp dlrectlonal erxure failure in various multistitched 3D p-: aramld/phenollc MWCNT
composites. (a) base top face (TBU); (b) base cross-section (TBU); (c) base bottom face (TBU); (d)
base/nano top face (TBU-N); (e) base/nano cross-section (TBU-N) and (f) base/nano bottom face

(TBU-N) (optical microscope, magnification x6.7)
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Figure 12. Warp directional flexure failure in various multistitched 3D p-aramid/phenolic MWCNT
composites. (a) Stitched top face (TB-TS); (b) stitched cross-section (TB-TS); (c) stitched bottom face
(TB-TS); (d) stitched/nano top face (TB-TS-N); (e) stitched/nano cross-section (TB-TS-N) and (f)
stitched/nano bottom face (TB-TS-N) (optical microscope, magnification x6.7).

One of the bending failures of the PAN carbon stitched/nano (TB-CS-N)
composite is shown in Fig. 13 (a-c). The tension side of the stitched/nano
structure had a deformed area around strained stitching line (Fig. 13 (c)).
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However, the compression side of the TB-CS-N had a dented area around the
stitching step (Fig. 13 (a)). In the cross-section, a minor delaminated area was
restricted by stitching where the stitched fiber acted as a delamination barrier
around the region (Fig. 13 (b)).

(a) (b) (c)

1 [N " %] gpmy carbon stitching path | FERY .y ol B3
% T : - R 0 after bending failure ! ¢ act Y i

Figur 13. Warp directional flexure failure in PAN carbon nanostitched paramid/phenolic MWCN‘T
composites. (a) stitched/nano top face (TB-CS-N); (b) stitched/nano cross-section (TB-CS-N); (c)
stitched/nano bottom face (TB-CS-N) (optical microscope, magnification x6.7)

4. CONCLUSIONS

Stitched/nano p-aramid/phenolic composites were developed and their bending
properties were studied. The flexure failure of the developed composites was also
analyzed. Stitching and multiwall carbon nanotube addition to the base structures
slightly increased the flexure strength, modulus and strain of all the stitched and
stitched/nano composites. However, we did not generally obtain consistent
results in any of the stitched, nano and stitched/nano composites, in particular
plain 1/1 pattern fabric composites. It was also found that the type of stitching
fiber slightly affected the flexural properties of the p-aramid/phenolic composites.

The flexural failure in the tension side of the base and base/nano structures was
observed as matrix peeling and there were no visible fiber breakages and large
delaminated areas near the top surface and mid-plane line, whereas the stitched
and stitched/nano composites had warp deformation and no visible matrix/fiber
damages and the delaminated areas were severely restricted and minor crack
propagation was observed. The flexure failure in the compression side of the
base and base/nano structures was lateral warp bending, lateral matrix peeling
and almost no visible fiber damages, whereas the stitched and stitched/nano
composites had a lateral small dented region and no visible matrix/fiber
breakages. The results showed that the addition of stitching fiber and multiwall
carbon nanotubes in the base structure improved the out-of-plane failure
properties as a form of restricted delamination and they acted as a delamination
barrier around the region. Stitched or stitched/nano p-aramid/phenolic composite
could be considered as a damage tolerance material.
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Abstract: PVA fiber was produced 50 years ago as Japan’s first organic fiber and
since that time have been used in various applications. Especially since 1980s, it was
used to reinforce cement based materials. PVA fibers have higher durability and
modulus of elasticity than other organic fibers. Since PVA fibers have high bending
strength and modulus of elasticity, they show multiple cracking behavior. PVA fibers
show good fiber matrix adherence. Textile materials are used in cementitious
composites for strengthening and producing new thin structural elements.

In this research, direct tension tests of in-soluble PVA plain weave technical textiles
were performed. From the direct tension tests tensile strength, maksimum elongation
and elastic modulus of PVA textile were obtained. PVA textile reinforced cementitious
composites were prepared using 4 layers of textiles and polymer modified cement
mortar. 4 point bending test were performed on cementitious composite samples. First
crack load and first crack deflection, maksimum load and deflection at maximum load,
maksimum deflection values were obtained from 4 point bending tests.

Cementitious composites cast with 4 layer of PVA textiles performed superior
mechanical properties. Plain weave textile reinforced composites made very high
deflection and reached high flexural load. Observed cracks, during testing, were very
thin and distance between cracks were very small. After releasing the load final
deflection of the samples was measured. Final deflections were smaller than
maximum deflections. Deflection recovery was seen in all samples.

Key Words: PVA, textile, mortar, cementitious composite, bending test

1. INTRODUCTION

Textile reinforced cementitious composite is a new development in construction
materials industry with superior tensile strength and high ductility [1]. They have
been widely as building material for more than 10 years [3]. Textile reinforced
cementitious composites are applied in various fields such as integrated
formworks, the strenghtening of existing structures, permanent formworks [3-5].
These composites have two different components: matrix and textile material.
Matrix materials consist of cementitous mortar with maximum grain size <2.0 mm
[6].

Textile material is manufactured by knitting or weaving from natural or non-natural
fiber yarns. Most commonly used textiles in cementitious composites are AR-
Glass, Bazalt, PVA (Polyvinil Alcohol), PBO, Polietilen , Polipropilen, Carbon and
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Aramid. However, Carbon and PBO textiles are very expensive. Recent
advances in textile manufacturing for construction systems have introduced new
opportunities. Woven fabric reinforced composites have been recognized as
more competitive than unidirectional composites. This is due to their stability and
deformation characteristics that result from coupling of reinforcement in
transverse and longitudinal directions, in the load direction.

The matrices used for producing TRCC generally meet specific requirements
regarding production processes, mechanical properties of the composite and
durability of the reinforcement material. In most cases a small maximum grain
size (<2 mm) is used so these matrix systems are called fine grained concrete.
Regarding matrix composition, the essential necessity is to get full penetration
into technical textiles in order to get great bonding. Production techniques, like
lamination and pultrusion, requires plastic consistencies. The matrix design will
always be the best adjustment between all requirements regarding fresh,
mechanical and durability aspects as well as economic aspects for industrial
production of TRCC elements.

Textile reinforced cementitious composites were produced using a new and
patented technique called PPR (Pull pour and roll). Researchers designed a
uniqgue machine to produce high-performance textile reinforced cementitious
composites. In this technique textiles are pulled first, the matrix material is poured
onto the textiles and composite material is rolled onto the desired formwork. After
demolding the formworks; rectangular, circular, square hollow elements or flat
facade elements can be produced.

In this research, textile reinforced cementitious composites were cast using
polymer modified matrix mortar and four layers of PVA textile. Before casting
direct tension test procedure was applied to textiles according to EN ISO 13934-
1 [7] to obtain mechanical properties of textile material. Flexural tests were
performed on cementitious composites under four point bending. LVDT’s were
located while doing four point tests to determine midspan deflections and
deflection recovery.

2. MATERIALS AND METHODS
2.1. PVA Textile and Cement Mortar

PVA textile is produced with insoluable PVA fibers and has plain weave. Direct
tension test was applied to PVA textile material. 3 samples used for direct tension
tests. Test results obtained from the experiment are are given in Table 1, also
PVA textile material is shown in Figure 1. Direct tension test set up is shown in
Figure 2.
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Figure 1. PVA Textile Material

Figure 2. Direct Tension of PVA textile

Table 1. Properties of PVA textile taken from manufacturer’s technical data sheet

PVA TEXTILE
Fibre Weave Thickness Weight in Number of Tensile Max. Max.
(mm) unit area Filaments Strength Elongation Elongation
(a/m?) (N/25mm) Warp (%) Weft (%)
Imeouablel  Plain | 0.23:0.03 15048 200 900 13.8 144

Cement mortar was prepared using 0.25 mm silica sand, cement, silica fume, fly
ash, defoamer and superplasticizer. Redispersible polymer powder was added to
the mixture at %5 level compared to binder weigth. Water/binder ratio was 0.32.
After preparing each mixture, fresh mixes were cast into 4x4x16 cm rectangular
molds. Compressive strength and flexural strength of hardened mortar was
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determined on 7" and 28 " day from experiments. Mixture composition is given
in Table 2.

Table 2. Mixture composition of cement mortar

Material % Composition
Cement 31
(CEM142.5R)
Silica Fume 4.5
Fly Ash 12.5
Silica Sand
(dmax<0.25mm) 50.8
Superplasticizer 0.8
Defoamer 0.4
TOTAL 100

2.2 Casting of Textile Reinforced Cementitious Composites

Textile reinforced cementitious composite samples were prepared by using a new
developed PPR (Pull pour roll) technique and PPR machine. Within this
technique, textiles are pulled first, the matrix material is poured onto the textiles
and composite material is rolled onto the desired formwork. After demolding
formworks; rectangular, circular, square hollow elements or flat facade elements
can be produced. 4 layers of PVA textile material were used in the composite
samples.

2.3. 4 point bending test of Textile Reinforced Cementitious Composites

Mechanical performance of produced composite samples was investigated using
flexural test. There is no world-wide recommended standard and sample
dimensions for textile cementitious composites in this test. Therefore, samples
were cast and then cut using diamond-tipped blade to specific dimensions same
as the sample dimensions in a previous study [8]. They were 80x400x13 mm
(widthx length x thickness). Composite samples were tested on the MTS
machine. Two LVDTs were used to determine deflection of midpoints. Load-
deflection curves were obtained in 4 point bending tests. Effective span length
was 300 mm. Four point bending test set up is shown in Figure 3.

Figure 3. Four point bending test set up.
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3. RESULTS and DISCUSSION
3.1 Results of Cement mortar tests

Three-point flexural test results obtained from three 40x40x160 mm mortar samples
in each matrix mixture series are given in Table 3. Also, the compressive strength of
40x40x40 mm mortar samples also given in Table 3. Flexural and compressive
strength were obtained from average of three mortar samples.

Table 3. Compressive and flexural strength of cement mortar

Flexural Strength MPa
7" Day 7.3

28 Day 13.7
Compressive Strength MPa
7" Day 45.8

28" Day 74.2

Based on the flexural test results, it can be concluded that flexural strength of cement
mortar was higher than conventional mortars through polymer modification.

3.3 Results of Direct tension tests of textile material

The mechanical properties PVA plain weave textile is given in the technical data
sheet by the manufacturer company. Researcher wanted to compare these
values and identify whether they are the same or distinct from each other. As it is
seen from the results, the values obtained from direct tension tests within this
study and the values given in the material’s technical data sheet are s.

Table 4. Direct tension test results of PVA textile

. Maximum| Maximum Elastic
Textile Sample | Width) Length Lo Strength | Elongation Modulus
Number | (mm) (mm) (mm) (MPa) (mm) (MPa)

1 43 17.5 278 103.1 9.1 907.8

PVA 2 55 17.5 287 88.5 10.6 914.2
3 55 17.5 300 119.8 11.7 1336.5

Average 104.0 10.5 1052.8

3.3 Results of Bending tests of composite material

In four point bending test, first crack load indicates the matrix cracking load. The
first part of the Load-Deflection curve where the matrix reached its cracking load
was the Region 1. After first crack composite sample passed the 2. Region. In
the 2. Region formation of cracks occur in the composite sample. After reaching
maximum load, the load has decrased slightly but deflection has continued to
increase. Deflection recovery was seen at the end of the experiment after the
sample was broken. Despite reaching service load, composite sample
maintained its integrity. Almost matrix itself unable to deflect, maximum deflection
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values of the composite sample was very high. This is the success of PVA textile
and weaving type.

PVA

= [y
o [0}
o o

Strength (MPa)
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o

0,05 0,1 0,15
Strain (mm/mm)

Figure 4. Stress strain diagram of direct tension test

Figure 5. : Textile reinforced composite sample after bending test

Table 4. Four point bending test results of composites

Deflection

Load at | Deflection] Maximum| Deflection| Maximum

Sample | Sample| first crack at first Load at Deflection| Recovery

Code | Number (N) crack (N) Maximum (mm) (mm)
(mm) load (mm)

1 143.2 0.39 294.3 27.5 78.0 18.0
2 247.0 0.54 321.6 22.6 71.5 20.5
PVA 3 211.2 0.51 355.0 43.9 74.5 215
4Layer 4 136.7 0.69 259.3 38.5 74.6 24.6
Average| 184.5 0.53 307.6 33.1 74.7 21.2
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Figure 6. : Load deflection diagram of composite samples in bending test

4. CONCLUSIONS

Textile reinforced cementitious composites cast with mortar and in soluable PVA
textile achieved high flexural properties. Since cementitious materials doesn’t
have high tensile capacity, using textile materials in cementitious composite is
very effective. Adhesion between textile material and mortar has an important
effect on mechanical properties. Composite samples prepared with plain weave
textiles showed delemination behaviour and breaking occurs. PVA reinforced
composite samples showed ductile behaviour because PVA textile material is
ductile itself.
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Abstract: Delamination is a common problem in many fiber reinforced composite
applications. Electrospun nanofiber veils can be used as interleaves of laminates for
a potential solution of this problem.

In this study, mechanical properties of polyester resin —woven glass fibers composites
interleaved by polyacrylonitrile (PAN) electrospun nanofiber veils are investigated to
enhance the interlaminar toughness characteristics. The composite samples are
produced from seventeen layers of glass fabric reinforced by PAN nanofiber veils with
polyester resin via vacuum infusion method.

Flexural properties and Charpy impact properties of the composite samples are tested.
According to the test results, electrospun nanofiber veils improved flexural strength of
composite samples about 15%. However, no significant difference between absorbed
impact energy of nano reinforced and conventional composite samples was observed.

Key Words: Composite, interlaminar toughening, mechanical properties, glass fiber,
electrospinning

1. INTRODUCTION

Fiber reinforced polymer composites have many advantages such as high
stiffness and strength with low specific weight and commonly used in many areas
especially automotive, aerospace, and ship-building. However, delamination
strength and fracture toughness remain important problems in fiber reinforced
composites [1, 2].

Enhancement delamination resistance of fiber reinforced composites means
higher damage resistance, performance and in-service life. Hence, different
methods have been applied to enhance delamination resistance of these
materials such as modifying the matrix resin, braiding technique, interleaving of
laminates [3-5].

Interleaving of composite laminates with electrospun nanofiber veils is a suitable
method to mitigate delamination. Nanofiber veils can be added directly between
plies or plies can be coated with electruspun nanofibers easily. Also, Nanofibers
have unique characteristics such as small diameters, high porosity, and high
specific surface area. Moreover, electrospinning method has advantageous
properties such as low cost, repeatability, simplicity, and continuous nanofiber
production [5].
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Although the use of nanofiber veils has many advantages compared to traditional
toughening methods, the studies are still limited. Several polymeric nanofiber
veils have been investigated, e.g. polysulfone (PSU), poly(e-caprolactone) (PCL),
polyamides (PA), poly(vinylidene fluoride) (PVDF), polyacrylonitrile (PAN),
polyamide-imide (PAIl), poly(styrene-co-glycidyl methacrylate) P(St-coGMA), and
polyvinyl butyral (PVB) [6-12].

In this study electrospun PAN nanofiber veils are used to improve delamination
performance of the woven glass fiber-polyester resin composites.

2. MATERIAL AND METHOD
2.1. Materials

PAN polymer (Mw 150,000) was gently supplied from AKSA Acrylic. DMF was
purchased from Sigma Aldrich. 12 wt% of PAN/DMF solution was prepared by
stirring magnetically for 3 hours at a temperature of 90 °C.

E-glass woven fabric (plain weave, 300 g/m2, 198 tex warp and weft yarns) was
used as the composite reinforcement. Unsaturated polyester (CE 92 N8, Cam
Elyaf Inc., Turkey) was used as resin material. Methyl ethyl ketone peroxide and
cobalt naphtanate were used as initiator and an accelerator, respectively.

2.2 Nanofiber production

The electrospinning setup consists of two high voltage power supplies (+50 kV
and -50 kV), a syringe infusion pump, and a plate collector as indicated before
(Figure1) [13]. The electrospinning apparatus is in a closed cabin. The nanofibers
are collected on the aluminum foil. All air bubbles are purged prior to
electrospinning. Applied voltage, tip-collector distance, solution flow rate, and
needle diameter are selected as 35 kV, 15 cm, 0.5 mLh™', and 0.7 mm,
respectively, to obtain steady-state formation. Ambient temperature and relative
humidity are kept constant as 20 °C and 50%.

Six layers of glass fabric samples were directly coated with PAN nanofiber veils
in this electrospinning set up for 25 minutes for the top three interlayers and
bottom three interlayers of nano reinforced composite sample.

Figure 1. The electrospinning set up
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2.3. Composite Production

Seventeen-layer virgin and nanofiber interleaved laminates were produced via
vacuum assisted resin infusion (VARI) process [14]. Schematic representations
of these two samples are given in Figure 2. Conventional composite sample was
produced without using of PAN nanofiber veils. Nano reinforced composite
sample was produced using of top and bottom three interlayers of PAN nanofiber
veils. In this sample, no nanofiber veils were used for the other interlayers.

Glass fabric

17
layers

/Nanofiberveil /

(a) (b)

Figure 2. Schematic representation of composite samples:(a) Conventional composite without
nanofiber veils, (b) Nano reinforced composite with top and bottom three interlayers of nanofiber
veils

2.4. Test Methods

Before electrospinning, viscosity, conductivity, and surface tension of the solution
are determined by Brookfield DV-III viscometer, Orion 4 star conductivity meter,
and KSV CAM 101 surface tension meter, respectively.

The morphological appearances of the nanofibers are analyzed by using a
scanning electron microscope after coating with an ion sputter. Imaged image
analysis program is used for measurement of diameters of electrospun PAN
nanofiber veils.

Tripoint bending test is applied according to ASTM D790. Impact test of
composites is performed according 1ISO 179-1 with unnotched samples and
flatwise direction.

3. RESULT AND DISCUSSION

Viscosity, conductivity, and surface tension of the PAN/DMF solution are determined
as 812 mPas, 66.8 mS/cm and 39.24 mN/m, respectively. SEM image of electrospun
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PAN nanofibers is given in Figure 3. Average diameter of PAN nanofibers are
determined as 257 nm = 32 nm.

20KV, 'X4,000 . 5pm

GANfEP

Figure 3.: SEM microgram of electrospun PAN nanofibers

Three point bending test and Charpy impact tests were applied for the two composite
samples (nano reinforced composite and conventional composite) to evaluate
delamination strength of the samples. Flexural and Charpy impact test results are

given in Table 1.

Table 1. Flexural and Charpy impact test results

Sample type Max. flexural stress Elongation at max. Absorbed impact
(MPa) flexural stress (%) energy (J)
Conventional 206,54 1,37 6,58
composite
Nano re_lnforced 24474 1,63 6.65
composite
Percent Difference 15,61% 18,98% 1,13%
%0 /‘:’:\_‘—-
<,:," afot
20 . | —
Em = ==
» S
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180
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Figure 4. The effect of electrospun nanofiber reinforcement on flexural strength
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According to Table 1, interleaving by electrospun PAN nanofiber veils improved
flexural strength of the glass fiber reinforced composite about 15%. Adding nanofiber
veils three top interlayers and three bottom interlayers improved flexural stress at
statistically significant level (Figure 4, Table 2).

Table 2. The effect of electrospun nanofiber reinforcement on flexural strength

Property Cam setting Mean SD LL UL p-value
Max flexural Nano reinforced 244,74 10,11 232,19 257,30 00073
stress, MPa Conventional 206,54 25,61 174,75 238,34 ’

Note: SD: standard deviation, LL: lower limit, UL: upper limit. Limits are based on 95% confidence
level. Significance level, a, was determined as 0,05. p-values were based on one-sided hypothesis
testing. p-values less than 0,05 were colored in red and show statistical significance.

On the other hand, adding nanofiber veils did not improve or change absorbed
impact energy of the composite samples significantly (Figure 5, Table 3).

85

8

o

-

o
o

Absorbed impact energy,

F

o
o

Conventional Nano All Pairs
P Tukey-Krame
rocess type 005

Figure 5. The effect of electrospun nanofiber reinforcement on absorbed impact energy

Table 3. The effect of electrospun nanofiber reinforcement on absorbed impact energy

Property Cam setting Mean SD LL UL p-value
Absorbed Nano reinforced 6,65 1,11 4,89 8,42 0.4537
impact energy, J  Conventional 6,58 0,54 5,71 7,44 ’

4. CONCLUSIONS

In this study, mechanical properties of polyester resin - woven glass fiber
composites interleaved by polyacrylonitrile (PAN) electrospun nanofiber veils are
investigated to improve delamination properties of composites. PAN nanofiber
veils are added between top three interlayers and bottom three interlayers of
glass woven plain fabrics and fiber reinforced composite samples are produced
by using polyester resin with vacuum assisted resin infusion (VARI) process.
Among 17 layers of glass woven fabric only top and bottom three interlayers are
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coated with PAN nanofiber veils. According to the test results, electrospun
nanofiber veils improve flexural strength of composite samples about 15%. This
is directly related to the delamination strength of composite samples. On the other
hand, there is no significant difference between absorbed impact energy of
electrospun veil reinforced and conventional composite samples.
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Abstract: Polyphenylene sulfide (PPS) is a high temperature thermoplastic, which has a
semi crystalline chemical structure. PPS has many applications due to its high mechanical
performance, high thermal stability, magnificent chemical resistance, magnificent flame
retardancy, and satisfying electrical properties. In this study, processing parameters of
glass fiber reinforced PPS composites were examined by applying an experimental design
and response surface methodology. A lab scale automated fiber placement machine was
used for production, and the effects of temperature, pressure and speed on the
performance of GF/PPS composites were observed. The optimum process conditions in
which the maximum performance can be obtained by considering both the shear strength
and the impact strength were found as 456 °C heater temperature, 0.3 MPa roller pressure
and 50.4 mm/min processing speed.

Keywords: polyphenylene sulfide, mechanical properties, process optimization,
automated fiber placement, experimental design

1. INTRODUCTION

Polyphenylene sulfide, also known as PPS, is a semi-crystalline polymer included
in the polysulfide class. The glass transition temperature of PPS is 357 K (85 °C)
and the melting temperature is 558 K (285 °C). PPS is mainly used as high
performance thermoplastic by reinforcing it with glass fiber or mineral fillers. The
reinforced PPS exhibits excellent mechanical properties, high thermal stability,
magnificent chemical resistance, magnificent flame retardancy, satisfying
electrical-electronic properties and moulding precision [1-4]. Because of its low
viscosity PPS can be loaded with fillers and reinforcement materials at high rates.
Due to its self-flame retardant nature, PPS is ideal for high-temperature electrical
applications [5]. It is used for automobile components (for example, air intake
systems, pumps, valves, gaskets, exhaust gas recirculation systems), electrical
and electronic components (for example, plugs and multiple connectors, bobbins,
relays, switches, encapsulation of electronic components and etc.), and
mechanical and precision engineering parts. The use of manufacturing methods
such as automatic fiber placement (AFP) and automated tape laying (ATL) has
become widespread to reduce material losses and human error in the production
of reinforced composite materials. AFP technology is a suitable method for the
production of large and complex structures, reducing material loss [6]. In this
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study, glass fiber (GF) reinforced PPS composites were produced by a lab scale
AFP system, and the optimum process conditions were investigated by applying
Box-Behnken experimental design [7] and response surface plots, which visualize
the effects of two factors on the response while the third factor is kept constant at
a certain level, generally at central point [8,9].

2. MATERIALS AND METHOD

A lab scale automated fiber placement machine that includes of a hot-gas heater
was used to produce GF/PPS composites from 5 mm towpregs purchased from
Celanese. Experimental design model was utilized for determination of the
process parameters effects on the performance of GF/ PPS composites. In order
to optimize the main factors of the automated fiber placement (AFP) process, a
3-factor, 3 level Box-Behnken model with 15 experiments was applied.

3. RESULTS AND DISCUSSION

A third degree polynomial model approach was applied to the test results and the
model equations were obtained according to the interlaminar shear strength (R1)
and impact strength (R2). The regression coefficients of the polynomial fit are
0.9999 and 0.9986, for R1 and R2 respectively.

The response surface graphics and the model equations were examined, and it
was observed that process speed has the greatest effect on the impact strength;
also interaction effects of temperature play a major role in impact strength. The
interaction effect of pressure on shear strength is higher than temperature and
process speed. Although the direct effect of temperature appears to be lower than
the other two factors, the interaction effect of temperature factor is high. According
to the test results, the optimum process conditions in which the maximum
performance can be obtained by considering both the shear strength and the
impact strength were found as 456 °C heater temperature, 0.3 MPa roller
pressure and 50.4 mm/min processing speed.

4. CONCLUSION

A lab scale automated fiber placement machine was used to produce GF/PPS
composites. In order to optimize the main factors of the automated fiber
placement (AFP) process, a 3-factor, 3-level Box Behnken model with 15
experiments was applied. The effects of temperature, pressure and speed on the
performance of GF/PPS composites were observed by response surface
graphics and model equations. The optimum process conditions in which the
maximum performance can be obtained by considering both the shear strength
and the impact strength were found as 456 °C, 0.3 MPa and 50.4 mm/min.
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Abstract: This study discusses the possibility of fabrication of antibacterial textile
nanocomposite by in situ synthesis of Cu-based nanoparticles on cotton fabric modified
with oxalic acid. The change in chemical structure of the cotton fibres was assessed by
FTIR spectroscopy. The presence of Cu-based nanoparticles on the cotton fabric was
proved by SEM, EDX and AAS analyses. Chemical composition of the fabricated Cu-
based nanoparticles was evaluated by XPS analysis. Antibacterial activity of the textile
nanocomposite was tested against Gram-negative bacterium E. coli and Gram-positive
bacterium S. aureus.

On the basis of the XPS measurements, it was suggested that synthetized nanoparticles
consisted of metallic Cu/Cu20 and Cu2CO3(OH).. Fabricated nanocomposite provided
maximum reduction of both bacterial strains and controlled release of Cu?*-ions in
physiological saline solution which are necessary precondition for infection prevention.

Keywords: cotton, Cu-based nanoparticles, oxalic acid, antibacterial activity

1. INTRODUCTION

Recent breakthrough in nanotechnologies strongly affected a research in the field
of medical, hygiene and protective textiles. Many efforts have been made to
fabricate antimicrobial textile materials with immobilized metal (Ag, Cu) and metal
oxide (TiOz, ZnO, CuO, Cu20) nanoparticles (NPs) or their mixtures and to learn
more on the mechanism of their action [1-3]. Keeping in mind that copper in
various forms (ionic, copper oxides, copper complexes) is active against
numerous bacterial strains as well as that precursor salts of copper are much
cheaper than those of silver [4], the possible exploitation of Cu, CuO and Cu20
NPs for imparting the antibacterial protection to cotton fabrics lately became the
focus of many research groups worldwide [5-6]. Although dip-coating method
from the Cu-based NPs colloid/dispersion is an option, the most common method
for cotton fabric impregnation with Cu-based NPs relies on in situ synthesis which
includes three steps: the introduction of carboxyl groups to cotton fibers, the
adsorption of Cu?*-ions from salt solution and the reduction with adequate
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reducing agent. In our study, desired carboxyl groups were provided by
modification of cotton fabric with dicarboxylic oxalic acid prior to adsorption of
Cu?*-ions from CuSO4aqueous solution. In situ synthesis of Cu-based NPs was
carried out by reduction of Cu?*-ions with sodium borohydride in alkaline solution.
Antibacterial activity of fabricated textile nanocomposite was tested against
Gram-negative bacterium E. coli and Gram-positive bacterium S. aureus.

2. MATERIALS AND METHODS
2.1. Modification of cotton fabric

Desized and bleached cotton (Co) woven fabric (117.5 g/m?2, 27 picks/cm, 52
ends/cm, thickness of 0.26 mm) was used as a substrate. Co fabrics were
cleaned in the bath containing 0.1% nonionic washing agent Felosan RG-N
(Bezema) at liquor-to-fabric ratio of 50:1. After 15 min of washing at 50 °C, the
fabric was rinsed first with warm water (50 °C) and then thoroughly with cold
water. The samples were dried at room temperature.

Modification of Co fabric with oxalic acid was conducted by immersion of 0.50 g
of the sample in 20 mL of the acid aqueous solution (10 w/v %) in the presence
of 2.06 g of the catalyst sodium hypophosphite (SHP) for one hour. After drying
at 80°C for 3 min the sample was cured at 170°C for 3 min. The sample was then
rinsed in distilled water and dried at room temperature. 0.50 g of the Co fabric
modified in described manner (Co+0OX) was soaked in 25 mL of 10 mM solution
of CuSO4 (pH=4.63) for 2 h. In order to eliminate the excessive Cu?*-ions, the
sample was rinsed three times with deionized water. 0.050 g of NaBH4 was
dissolved in 25 mL of 0.1 mM NaOH solution and the sample was immediately
dipped into the solution where the reduction process took place in the following
30 min at room temperature. The sample (Co+OX+Cu) was thoroughly rinsed
with deionized water and left to dry at room temperature.

2.2. Methods

FTIR spectra of the control Co and Co+OX fabrics were recorded in the ATR
mode using a Nicolet 6700 FTIR Spectrometer (Thermo Scientific) at 2 cm-!
resolution, in the wavenumber range 500-4000 cm-'.

Determination of carboxyl content in the Co+OX fabric was based on the calcium
acetate method described by Kumar and Yang and modified by Praskalo et al [7-
8].

The morphology of the control and Co+OX+Cu fibers was analysed by field
emission scanning electron microscopy (FESEM, Tescan Mira3 FEG). The
samples were coated with a thin layer of Au prior to analysis. Energy-dispersive
X-Ray spectroscopy (EDX) of the fibers was performed using a JEOL JSM 5800
SEM with a SiLi X-Ray detector (Oxford Link Isis series 300, UK).

The amounts of adsorbed Cu?*-ions on the Co+OX fabric from CuSO4 solution
was calculated on the basis of the concentration of residual Cu?*-ions in the
solution which was measured using a Spectra AA 55 B (Varian) atomic absorption
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spectrometer (AAS). AAS was also used for the measurement of the total Cu
content in the Co fabric after reduction process. Dry impregnated Co fabric was
dissloved in the 1:1 HNOs solution. Additionaly, AAS was conducted for the
assessment of the Cu?*-ions release from samples into physiological saline
solution.

X-ray photoelectron spectroscopy (XPS) measurements were performed in order
to evaluate the chemistry variations of the control Co and Co+OX+Cu fabrics.
The XPS analysis was performed using a K-Alpha spectrometer (Thermo
Scientific, UK) utilizing a monochromated Al Ka (hv = 1486.6 eV) X-ray source.
The system base pressure was less than 5:10-° mbar, however the pressure in
the chamber during analysis was 2:107 mbar due to use of the charge
neutralization system which employs a combination of low energy electrons and
low energy argon ions to compensate for the loss of photoelectrons from an
insulating sample. First, point analysis was conducted on all samples to
determine their chemical composition. Maps were then acquired of the
Co+OX+Cu sample to determine the average composition of the surface.

The antibacterial activity of the Co fabrics was tested against Gram-negative
bacteria E. coli ATCC 25922 and Gram-positive bacteria S. aureus ATCC 25923
using a standard test method for determination of the antimicrobial activity of
immobilized antimicrobial agents under dynamic contact conditions ASTM E
2149-01 (2001). The percentage of bacterial reduction (R, %) was calculated by
the following equation:

R = Co -C -100

0

where Co (CFU — colony forming units) is the number of bacteria colonies on the
control fabric and C (CFU) is the number of bacteria colonies on the fabric with
NPs.

Cu?*-ions release was tested by immersing 0.25 g of the impregnated fabrics in
25 mL of physiological saline solution (9 g/L NaCl) at 37 °C in static conditions.
The concentration of released Cu?*-ions was measured after 1, 3, 6 and 24 hours
by Spectra AA 55 B (Varian) atomic absorption spectrometer.

3. RESULTS AND DISCUSSION

The intention of this study was to exploit the oxalic acid for establishing the ester
bonds between its carboxyl groups and hydroxyl groups of cellulose, leaving the
free carboxyl groups as potential sites for adsorption of Cu2*-ions from solution.
The modification of Co fabric with oxalic acid resulted in the appearance of the
band at 1740 cm' in the FTIR spectrum which confirmed the introduction of C=0
groups originating from the oxalic acid (Fig. 1). In order to quantify the total
content of free carboxyl groups in the Co+OX sample titrimetric measurements
were conducted. One gram of Co+OX fabric contained 218+49 [Imol of free
carboxyl groups. A comparison of these results with our previous results where
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tricarboxylic citric and tetracarboxylic 1,2,3,4-butanetetracarboxylic acids have
been used [9-10] reveals that the number of free carboxyl groups on the Co fibers
increases with a number of carboxyl groups in applied polycarboxylic acid. AAS
measurement showed that Cu?*-ions uptake after 2 hours long adsorption in
aqueous solution of CuSO4 was 173129 [Imol/g of Co+OX fabric. This is in line
with previous observation i.e. larger uptake of Cu?*-ions was obtained with
mentioned acids since the larger the number of free carboxyl groups, the larger
the uptake of Cu?*-ions. Finally, the total Cu content in Co fabric modified with
oxalic acid and impregnated with Cu-based NPs (Co+OX+Cu) after reduction of
adsorbed Cu?*-ions was 104+14 mol/g.
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Figure 1. FTIR spectra of the Co and the Co+OX fabrics

The efficient reduction of Cu?*-ions and formation of Cu-based NPs was
confirmed by SEM, EDX and XPS analyses. Uniform distribution of Cu-based
nanoparticles across the surface of Co fibre and characteristic peaks in EDX
spectrum corresponding to Cu can be seen in Fig. 2.
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Figure 2. SEM image and EDX spectrum of the Co+OX+Cu fabric
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To get insight into the oxidation state of the copper in synthesized NPs a single
points on the surface of the Co+OX+Cu sample were analyzed by XPS. A high
resolution scans of the Co+OX+Cu sample were accomplished in the C1s, O1s
and Cu2p regions and they are shown in Fig. 3a, 3b and 3c, respectively.
Deconvolution of the C1s spectrum of the Co+OX+Cu sample revealed the
presence of three components that are assigned to C-O-, O-C-O and C-O-C
groups of cellulose. Additional peak corresponding to C-C/C-H groups is
attributed to residual waxes. The O1s spectrum was deconvoluted into two
components attributed to organic O1s from cellulose and copper oxides.
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Figure 3. XPS high resolution spectra of the Co+OX+Cu fabric in the C1s, O1s, and Cu2p regions

The analysis of the Cu2p spectrum implied that Cu-based NPs were likely present
as a mixture of different forms of copper on the Co fabrics. The deconvolution of
the Cu2p high resolution XPS spectrum indicated the presence of Cu/Cu20.
Obviously, the Cu2p spectrum comprises of the shakeup satellites which are
absent in the case of pure Cu or Cu20 [11]. In fact, the shakeup satellites are
characteristic of materials possessing a d° configuration like in a Cu?* [12]. Unlike
in the case of madification of Co fabrics with citric acid or BTCA where CuO was
detected [10], in current case likely Cu2CO3(OH)2 has been formed during the
drying of fabric in the air and further storage. Such finding is not unexpected as
Cu(OH)2 can be naturally stabilized by combining with CuCOs to form the azurite
(2CuCO0O3-Cu(OH)z2) or malachite (CuCOs-Cu(OH)z2) [13]. In addition, it was not
possible to distinguish metallic Cu from the formed Cu20 form due to their
spectral overlap. The difference in binding energies of the Cu2ps/2 signal for these
two forms is only 0.1 eV (932.6 and 932.7 eV for Cu and Cuz20, respectively).
Taking into account the color change of the sample after reduction process from
dark brown to greenish it can be assumed that initial metal form of copper was
transformed into other forms due to oxidation in the air. This is in line with
literature data.

The Co+OX+Cu sample was also mapped and fitted to determine the atomic
concentrations across its surface and to detect the evenness of the surface. The
results of the mapping of O1s, C1s and Cu2p signals are demonstrated in Fig. 4.
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Though the intensity of Cu2p signal varies over the same sample, the mapping
showed relatively uniform distribution of Cu-based structures across the surface

of the sample.
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Figure 4. XPS maps of C1s, O1s and CuZ2p signals for the Co+OX+Cu fabric
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The presence of Cu-based NPs on the Co fabrics provided maximum reduction
of bacteria colonies (99.9 %) in the case of both tested strains (Table 1). It is
important to stress that the control Co fabric and the Co+OX fabric did not show
any antibacterial activity. The mechanism of antibacterial action of Cu-based NPs
is still not well understood. Antimicrobial action of Cu-based NPs is often ascribed
to Cu?*-ions release in aquatic medium in the presence of oxygen [11]. Therefore,
we analyzed the release of Cu2*-ions from the Co+OX+Cu in physiological saline
solution within 24 h. Fig. 5 clearly reveals that controlled release of Cu?*-ions
occurred which is necessary precondition for infection prevention.

Table 2. Antibacterial activity of the Co fabric impregnated with Cu-based NPs

Number of Number of
Sample pactertal R (%) bacterial R (%)
(CFU) colonies (CFU)
E. coli S. aureus
Control Co 3.5x10° 2.6x10*
Co+OX+Cu <10 99.9 <10 99.9
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Figure 5. Cu?*-ions release from the Co+OX+Cu fabric into physiological saline solution
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4. CONCLUSIONS

Modification of cotton fabrics with oxalic acid provided the free carboxyl groups
that enhanced the uptake of Cu?*-ions. The reduction of adsorbed Cu?*-ions
resulted in the formation of Cu-based nanoparticles which were detected by
FESEM analysis. Although the presence of copper was confirmed by EDX and
AAS analyses, XPS analysis revealed that nanoparticles existed as a mixture of
Cu/Cu20 and Cu2CO3(OH)2. The amounts of fabricated nanoparticles on the
fabric were sufficient to secure 99.9% reduction of Gram-negative bacteria E. coli
and Gram-positive bacteria S. aureus. Excellent antibacterial activity and
controlled release of Cu?*-ions into physiological saline solution makes the
fabricated textile nanocomposite a viable candidate for medical application.
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Abstract: In this study, textile based absorbent systems are developed to use in cyst
hydatid operations caused by a parasitic infection in the liver and lung, especially in
endemic regions where animal husbandry is common. The product is designed to prevent
possible contamination caused by cystoma perforation in the abdominal cavity during the
operation performed for cystoma removal, which will cause the formation of new cysts,
and to absorb and trap the liquid to be spread into the abdominal cavity, quickly. It is aimed
that the textile-based absorbent product to be designed will have a high absorbance
capacity in accordance with the operation period and show a rapid absorption
characteristic. Therefore, hydrogels are produced from sodium alginate solutions by ionic
crosslinking. In order to enhance fluid handling capacity, super absorbent polymers were
loaded to non-woven based hydrogels. Physical features (mass, thickness), absorbency
characteristics and bonding properties (FT-IR) of textile based absorbent systems are
examined.

Keywords: Sodium alginate, hydrogel, super absorbent polymers, absorbency properties,
medical textile

1. INTRODUCTION

Although the primary duty of textile products is to protect people from
environmental conditions, today textile products have gained an important place
in medicine. With the developing technology, textiles can be use as materials in
many different products, ranging from bandages to surgical gowns and artificial
organs to vascular grafts. It is possible to use medical textiles in healthcare and
hygiene products, extracorporeal devices, implantable materials, and non-
implantable materials [1, 2].

Alginate is an anionic polysaccharide derived from brown seaweed, such as
Laminiaria digitata and L. hyperboria. It comprises linear copolymers a-L-
guluronic acid and [(-D-mannuronic acid.The ratio of these copolymers
determines the flexibility of the resulting cross-linked gels.Alginic acid dressings
has been found to improve the rate of wound healingand cellular efficacy, such
as hemostasis, adhesion and cell proliferation [3, 4].Sodium alginate can be
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converted into a gel structure called the "egg box", when the sodium ion is
replaced by a divalent ion such as calcium [5].

Superabsorbent polymers (SAPs) which consist of cross-linked hydrophilic
structures containing anionic water-holding groups such as carboxylic acids are
produced from acrylic acid (AA), its salts and acrylamide, mainly due to economic
reasons, via solution polymerization or reverse-suspension polymerization
techniques. The absorbency and swelling capacity of the polymer depends on
the type and degree of cross-linker. SAPs with high swelling and absorption
capacities are generally cross-linked at lower density whereas highly cross-link
SAPs have lower absorption and swelling capacity These polymers, which have
high absorption and swelling capacity, are used in water-absorbing application
such as feminine hygiene products and diapers [6, 7, 8, 9].

2. MATERIALS AND METHODS
2.1. Preparation of Textile Based Absorbent Systems

In order to obtain the textile based absorbent systems, first of all optimum sodium
alginate solution (1%, 2% and 4%) was prepared. Texture profile analysis (TPA)
and rheological properties was examined to determine optimum sodium alginate
concentration. Textile based absorbent systems was produced by two-step
dipping process. In the first step, optimum sodium alginate solution with/without
sodium acrylate based super absorbent polymersapplied to 100% viscose non-
woven surfaces by dip-coating method. Then in the second step, the coated fabric
was dipped into 0.05 M CaClz solution for gelling.

Solubility, homogeneity, gelation properties and gel formation time of solutions
prepared with sodium alginate at 20°C, were evaluated visuallyafter casting and
drying.

2.2. Physical Properties

The mass (g/m?) and thickness (mm) of the fabrics were determined in
accordance with TS EN 12127 and TS EN ISO 9073-2. The thickness was
determined using OMS BX1tester. The averages of five specimens were
calculated.

2.3. Fluid Handling and Comfort Properties

Fluid handling capacity was determined according to free swell absorptive
capacity, and absorption rate (s) in a specific solution containing NaCl and CaClz.
Free swell absorptive capacities were determined by TS EN 13726-1. The
comfort properties were evaluated according to air permeability and water vapor
permeability tests.Air permeability test was performed at TEXTEST FX 3300 Air
Permeability Tester Ill in accordance with WSP 070.1.R3.Water vapor
permeability test was performed at SDL ATLAS M261 according to BS 7209:
1990.Vertical wicking test is applied to specimens cut into 15mm width and
100mm length and immersed into the solution vertically up to 10mm length and
vertical wicking results were in mm after 60 seconds [10]. Rate of absorption is
was evaluated with taking fully absorption time after 20 drops of specific solution
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containing NaCl and CaCl: dropped onto the dressing materials. Three
specimens were prepared for each test and mean values are calculated.

2.4. Chemical Properties

The specimens were suspended in distilledwater at a ratio of 1:100 (w/v) and kept
at 20°C. The pH was measured by HANNA HI 221 after 15 min, which is designed
according to operation time- The bonding between fibers and hydrogel was
evaluated by Fourier Transform Infrared Spectroscopy (FT-IR).

3. RESULTS AND DISCUSSION

Sodium alginate solutions were casted on the petri dishes and dried at two
different drying conditions (20°C: RT and 37°C: OD) to examine gel/film formation
(Figure 1). The visual evaluation showed that 1% (w/v) sodium alginate solution
was homogeneous but have very low viscosity, whereas 4% (w/v) solution has
fragile and non-homogenous structure in the gel form. It was visually observed
that the gels of 2% (w / v) sodium alginate gave the best result.The effects of
drying at 37°C were darkening in color and fragility. When evaluated in terms of
both casting and gel structure, studies were continued with 2% (w/v) sodium
alginate solution dried at 20° C.

1% SA - OD 2% SA-0D 4% SA - 0D
Figure 1. Sodium alginate film formation
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The solution of sodium alginate (%2) was prepared and acrylic based SAPs were
added to that solution. The solutions containing SAPs at different rates (0.05%,
0.1% and 0.2% (w/v)) were applied to viscose non-woven by dip coating
technique. Fabrics were immersed ina second solution composed of CaClz right
after toprovide gelation. The fabrics were named as H (%2 sodium alginate), H-
SF-1(0.01% SAP), H-SF-2 (0.1% SAP) and H-SF-3 (0.2% SAP).

Mass and thickness properties of dressings results were evaluated of hydrogel
applied (H) and 0.05% (H-SF-1), 0.1% (H-SF-2) and 0.2% (H-SF-3) (w/v) super
absorbent polymer containing hydrogel applied fabrics (Figure 2). When the
results were examined, it was seen that the masses and thicknesses of the
dressing materials increased due to the increasing amount of polymer.

Mass Thickness
1,2
70
60 1
50 0,8
E 40 £ 06
% 30 £
2 0,4
10 0,2
0 0
Unt. H  H-SF-1 H-SF-2 H-SF-3 Unt. H  H-SF-1 H-SF-2 H-SF-3

Figure 2. Mass and thickness properties of dressing materials

The air permeability and water vapor permeability of the non-woven surfaces
were examined (Figure 3). Both air permeability and water vaporpermeability
values were decrease with the hydrogel application and increase of SAP content,
as expected. It also thought that the porous structure might be swollen and closed
due to wet application conditions.

Air Permeability Water Vapor Permeability
300 —
800
250 700 —
w
~ 200 % 600 — B N
S 150 = 500 B B B e
- E 400 e I e b |
£ 100 % 300 —i1 11111
0 200 —t—11—F 1—
100 ——
0 0 -
Unt. H  H-SF-1 H-SF-2 H-SF-3 H H-SF-1 H-SF-2 H-SF-3

Figure 3. Air permeability and water vapor permeability properties
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In Figure 4, fluid handling capacities and vertical wicking properties are
presented. The fluid handling capacities of the samples were increased
moderately with increasing SAP concentration. Vertical wicking results were
examined, and it was determined that all the dressings were showed good
capillary rising properties due to hydrophile nature of supporting viscose non-
woven surface. With hydrogel formation and addition SAPs to the non-woven
dressings, capillary rising values decreased slightly. The reason of that might
cause from a rapid absorption of sodium alginate hydrogel and SAPs presented
on the surface and prohibiting the water rising vertically during the one-minute
test period. Therefore, dressings showed lower capillary rising features [10].

Fluid Handling Vertical Wicking

4,8

4,6

gperg

4,4

4,2

H H-SF-1 H-SF-2 H-SF-3

Figure 4. Fluid handling and vertical wicking properties

Absorption rates and pH values were determined of the dressings designed to
use in operations, like cyst hydatid removal, that requiring rapid medical
intervention (Table 1). Rate of absorption test showed that all the dressings have
rapid absorption features. A piece of dressing was put into a distilled water (1:100
w/v) and pH was measured after 15 minutes. The results showed that solutions
of all the dressings were in neutral pH range. Therefore, it would not affect
adversely the operation medium.

Table 1. pH values and absorption rates of dressing materials

Untreated H H-SF-1 H-SF-2 H-SF-3
Rate of <0s <0s <0s <0s <0s
Absorption
pH 8.22 7.06 7.56 7.5 7.43

FT-IR spectra (Figure 5) pointed to the hydroxyl groups on the non-woven fabric
surface with the -OH peaks observed in wave lengths of 3000-3200 cm-'. This
shows the presence of moisture in the structure. It is thought that the increased
depth on the hydroxyl-band is depend on the amount of super absorbent polymer.
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Therefore, it may indicate that the super absorbent polymers are adhered in the
sodium alginate hydrogel structure.

°%T

Uiitréated
Fabric

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0
oM-1

Figure 5. FT-IR Spectra of dressing materials

4. CONCLUSION

In this work, it is aimed to create textile-based hydrogel structures containing
superabsorbent with sodium alginate, a natural polymer known to be
biocompatible. Sodium alginate is odorless, biocompatible, cost-friendly and has
high fluid handling capacity, therefore it is a suitable polymer for the developed
product. When the results are evaluated, it is thought that products with rapid and
high swelling properties have potential to use immediate operations as a tampon.
In the later stages of the study, in-vitro cytotoxicity and cell proliferation properties
will be examined.
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Abstract :In the present study, it was aimed to produce antibacterial fabrics through using
the residual water of synthesis of nanoparticles by hydrothermal process. For this purpose,
zinc oxide and silver nanoparticles and zinc oxide/silver composite nanoparticles were
synthesized with hydrothermal method at 98 °C during 120 minutes. After the process time,
the synthesized nanoparticles were filtered from the process waters. The residual process
waters were applied to the fabrics both padding and exhaust methods. In order to evaluate
the results, the antibacterial activities of the fabrics and process waters were examined. In
addition, the process waters were also investigated via TEM analysis. The results showed
that whole process waters had quite high antibacterial activities and the activities changed
depending on the synthesized nanoparticles. Furthermore, it was possible to save
antibacterial activity to the textiles with the process water of the hydrothermal synthesis
and the fabrics gained high antibacterial activity.

Key words: Antibacterial, nanoparticle, hydrothermal process, zinc oxide, silver

1. INTRODUCTION

Bacterial infectious diseases are serious health problem that has drawn the public
interest in worldwide as a human health danger, that causes to economic and
social complications [1]. Those bacteria were found everywhere, and also on the
textile fabric surfaces. The textile materials carry microorganisms such as
pathogenic bacteria, odor-generating bacteria and fungi due to the adhesion of
these organisms on the fabric surface [2-5]. Because of the health problems, the
textile materials are wanted to be produced as having antibacterial activities and
therefore numerous studies have been carried out. Development of new and
effective antimicrobial agents have greatest importance [6]. Recently, nano-sized
antibacterial materials draw great interest because of their effectiveness.
Especially, ZnO nanoparticles have been investigated in many studies due to
being a multifunctional material and non-toxic to human body [1,3].

There are many methods to produce ZnO nanoparticles. The most adopted
fabrication methods include thermal evaporation, hydrothermal synthesis, sol-gel
technique, simple thermal sublimation, self-combustion, polymerized complex
method, vapor-liquid—solid technique, double-jet precipitation, and solution
synthesis [1,3,7]. Among these methods, the hydrothermal method is promising
for producing ideal material with special morphology due to the simple, fast, less
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expensive, low growth temperature, high yield and controllable process
conditions [3].

Although there are a lot of studies about hydrothermal method in the literature,
none of them has investigated the antibacterial activity of its process water. For
this reason, in the present study, we researched the possibilities of saving
antibacterial activity to the textiles through using the residual water of the
hydrothermal synthesis of the ZnO, Ag, and ZnO/Ag nanoparticles.

2. MATERIAL AND METHOD
2.1. Material

In this experimental study, zinc nitrate hexahydrate, zinc acetate, silver nitrate,
silver acetate, hexamethylenetetramine (HMTA) and ethanol purchased from
MERC were used for hydrothermal synthesis of ZnO, Ag, and ZnO/Ag
nanoparticles. In the application studies, the pretreated 100% cotton plain weave
fabric (warp 30/1 combed yarn-50 thread/cm; weft 20/1 combed yarn-22 thread
/cm), laboratory type fulard for padding method, and laboratory type HT dyeing
machine for exhaust method were used. The distilled water was also used in the
processes.

2.2. Method

In order to obtain the process waters of the hydrothermal method, ZnO, Ag, and
ZnO/Ag nanoparticles were synthesized at 98° C during 120 minutes. In any
methods, 0.01 M zinc salt, 0.01 M silver salt, 0.01 M HMTA, and 200 ml distilled
water-200 ml ethanol were used. After the process time, the synthesized
nanoparticles were filtered and the residual waters were used in the applications
without diluting according to experimental plan given in Table 1. The residual
process waters were also coded as 1W-8W, since same waters were used both
in the padding and exhaust processes.

Table 1. The experimental plan of the application studies

Experimental Zinc Salt Silver Salt HMTA | Application Method

umber
1-9 Zinc nitrate - v Exhaust- Padding |
2-10 Zinc acetate - v Exhaust- Padding |
3-11 Zinc nitrate Silver acetate v Exhaust- Padding
4-12 Zinc nitrate Silver nitrate v Exhaust- Padding |
5-13 Zinc acetate Silver acetate v Exhaust- Padding
6-14 Zinc acetate Silver nitrate v Exhaust- Padding |
7-15 - Silver acetate v Exhaust- Padding
8-16 - Silver nitrate v Exhaust- Padding |

-: Absence v Presence

The exhaust method was carried out at 40° C during 30 minutes with liquor ratio
of 1:10 in HT dyeing machine while the fabrics were squeezed up to 80% pick up
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in the padding method. After the applications, the fabric samples were dried at
the room temperature.

After the applications, the antibacterial activities of the fabric samples were
measured against E.Coli and S. Aureus bacteria with ASTM 2149-01 Standard.
In addition, the antibacterial activities of the process waters used in the
applications were examined via agar diffusion plate test against E.Coli bacteria
and TEM analyses were also carried out to the waters.

3. RESULTS AND DISCUSSION
3.1. The Antibacterial Activities and TEM Results of the Process Waters

The inhibition zones of the process waters investigated with agar diffusion plate
test were given in Table 2.

Table 2. The antibacterial activity results of the process water

Process water Inhibition zone (mm)
1w 13
2w 13
3w 26
4w 33
5W 25
6W 32
W 36
8w 36

When the inhibition zones were evaluated, the results were given as resistance
(212), intermediate (13-15) and susceptible (=16) according to the CLSI (Clinical
and Laboratory Standards Institute) recommendations [8]. Table 2 showed that
all of the process waters had high inhibition zones against E. coli bacteria and all
of the results were higher than resistance limit. Thus, it could be possible to say
that all of the process waters had antibacterial activities. When the Table 2 was
investigated in detail, it could be seen that the inhibition zones had been changed
depending on the combination of the salts used in the experimental. The highest
antibacterial activities were achieved when the silver salts were used alone, while
the lowest ones were obtained when zinc salts used alone. The results indicated
that the salts used in the hydrothermal processes were crucial for the antibacterial
activities of the process waters.

The TEM images of the process waters were given in Figure 1.
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(9) (h)
Figure 1. TEM images of the process waters a.1W, b.2W, c.3W, d.4W, e.5W, f.6W, g.7W, h.8W

Figure 1 demonstrated that there were Zn, Ag or Zn/Ag nanoparticles having
smaller than 200 nm dimensions in the process waters which were not be able to
be filtered. It was thought that the antibacterial activities of the process waters
resulted from those nanoparticles in the waters.

3.2. The Antibacterial Activities of the Fabric Samples

The antibacterial activity results of the fabric samples applied to the process
waters with exhaust process and padding method were given in Table 3 and
Table 4, respectively.
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Table 3. The antibacterial activity results of the fabric samples applied with exhaust method

E.Coli S.Aureus
Number Number of
Sample | Number of of Number of bacteria
Code initial bacteria Reduction initial fter 4 Reduction
bacteria/ml* after 4 bacteria/ml* h arter %
* ours/ml
hours/ml
1 4.4 0 % 100 5.0 0 % 100
2 3.6 0 % 100 2.8 0 % 100
3 3.8 0 % 100 2.6 0 % 100
4 5.0 0 % 100 3.2 0 % 100
5 4.9 0 % 100 2.0 0 % 100
6 2.6 0 % 100 3.0 0 % 100
7 6.2 0 % 100 4.0 0 % 100
8 5.8 0 % 100 4.5 0 % 100
*1.000.000

Table 4. The antibacterial activity results of the fabric samples applied with padding method

E.Coli S.Aureus
Sample | Number of Numbel: of Number of Numbel: of
Code initial bacteria | poguction | initial bacteria | pojuction
bacteria/ml* after 4 bacteria/ml* after 4
hours/ml* hours/ml*
9 6.1 0 % 100 4.1 0 % 100
10 3.5 0 % 100 4.0 0 % 100
11 7.4 0 % 100 2.6 0 % 100
12 4.0 0 % 100 1.9 0 % 100
13 2.0 0 % 100 3.5 0 % 100
14 4.0 0 %100 2.9 0 %100
15 5.5 0 % 100 6.0 0 % 100
16 2.9 0 % 100 4.6 0 % 100
*1.000.000

When Table 3 and Table 4 were focused, it could be seen that all of the bacteria
in the medium had killed after 4 hours for whole samples and the samples had
gained 100% antibacterial activity against both E.Coli and S.Aureus after the
applications with the process water. In addition, the methods of which the
applications were carried out (padding or exhaust) did not affect the antibacterial
activity results. Therefore, it could be possible to say that the determined
application conditions were quite acceptable for applying the process waters
having high antibacterial activity to the fabrics. Besides, it was possible to save
antibacterial activity to the textiles through using the process water of the
nanoparticle synthesis by hydrothermal method.

4. CONCLUSION

In the present study, the possibility of saving antibacterial activity to the textiles
via using the process water of the hydrothermal synthesis were investigated. For
this reason, ZnO, Ag, and ZnO/Ag nanoparticles were synthesized and the they
were filtered. After the filtration, the residual process waters were used in order
to save antibacterial activity to textile fabrics. The process waters were applied
through padding and exhaust methods at the determined process conditions.
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After the treatments, the antibacterial activities of the process waters and the
fabric samples applied process waters were investigated. In addition, the TEM
images of the waters were taken for researching the particles in the waters. The
findings showed that the process waters had high antibacterial activities and there
were the smallest nanoparticles which were not be able to be filtered in the
waters. Besides, the results demonstrated that it was possible to save
antibacterial activity to the textile surfaces with the process water of the synthesis
of nanoparticles by hydrothermal method and the determined process conditions
in this study provided quite high antibacterial activity to the fabric samples.
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Abstract: Filament woven fabrics are widely used for the end uses such as
parachutes, sails, wind-proof clothes, sleeping bags, tents, filters and surgical textiles.
For these application areas, fabrics woven from microfilament yarns serve advantage
as good barrier effect owing to low level of porosity in the yarn structure. Air
permeability measurement is a widely used assessment for determination of barrier
effect and is strongly related with the porosity of the fabric. On the other hand, image
processing is a very effective technique for determination of the total porosity of
filament woven fabrics which is composed of porosity between the yarns and between
the filaments. Since, the porosity is determined by the light transmission. In this study,
polyester filament woven fabrics were produced with 1/4 satin weave structure, with
four different weft sett and using five different filament linear density in weft yarn. By
this way 20 woven fabrics are obtained. It is intended to use image processing
techniques to obtain porosity values of the fabric samples and then the regression
analysis were used to predict the air permeability value of fabrics by using porosity,
thickness and fabric mass parameters.

Key Words: air permeability, microfilament, woven fabric, image processing, filament
linear density

1. INTRODUCTION

Producing microfilaments (fibers have linear density below 1 dtex) are considered
as an important development in the synthetic fiber technology world, due to their
high performance and their very compact structure as a result of the existence of
the small pores between yarns and between the fibers of yarns. Fabrics which
are produced from microfilaments have a good barrier property. In addition, the
microfilaments provide light weight and durability. For these reasons, we can use
high density woven fabrics produced from microfilament yarns as surgical gowns,
parachutes, sails, wind proof clothes and tents, etc. [1].

Surgical gowns should provide us a barrier effect against the infection source and
also should give us a comfortable sensation. Bacteria and viruses are considered
as micro-organisms which are in charge of spreading the illnesses [2]. Another
important parameter to demonstrate effective barrier function and ease of use is
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the pore morphology of textile structures. High density woven fabrics produced
from microfilament yarns are suitable for providing a good barrier effect among
their small pores between filaments preventing micro-organism passage. The
factors which affect the barrier function are: the surface structure of the fabrics,
the number and the size of the continues pores through the fabrics, where the
pores of the fabric appear between yarns and between the filaments of the yarns

[3].

Surgical gown fabric should provive extremely low air permeability for a high level
of barrier effectiviness. In general, air permeability relays on the substance of
constitutional yarns and structural parameters of the fabric known as fabric
geometry. Air permeability is affected by the pore characteristics of the fabric that
is function of fabric geometry.

In the literature there are many studies focused on the influence of woven fabric
construction on their porosity and air permeability [5-18]. Among these studies,
some of them focused on determination of porosity by image processing
techniques. Previous investigations have been conducted to relieve the
evaluation of the barrier effect on surgical gowns, as well as on its relaxation
properties. For this reasons it is necessary to known the influences of the fabric’s
constructional parameters, such as the linear density of the filament yarns, type
of weave and fabric density on the pore structure. These studies show the pore
structure of commercially available woven fabrics by using the image processing
technique viewing the fabric cross-sections with different constructions. These
studies were predicted to facilitate the usage of suitable choice with filament
fineness, yarns and fabric weave parameters which improved barrier
performance [15-18]. But, in the literature there is a lack of information about
determination of porosity of high density woven fabrics and correlation between
porosity and air permeability. Apart from the literature, in this study it is aimed to
study the porosity of high density woven fabrics produced from microfilament
yarns for a usage area of surgical gowns. For this aim, polyester flament woven
fabrics were produced with 1/4 satin weave structure, with four different weft sett
and using five different filament linear density in weft yarn. By this way 20 woven
fabrics are obtained. It is intended to use image processing techniques to obtain
porosity values of the fabric samples and then the regression analysis were used
to predict the air permeability value of fabrics by using porosity, thickness and
fabric mass parameters.

2. MATERIALS AND METHOD

The air permeability of a fabric is defined as the amount of air passed over a
surface under a certain pressure difference in a unit time. The value of the air
permeability determines significantly the end-use performance of the fabrics [4].

In this study, polyester filament woven fabrics were used, it was aimed to
investigate the effects of filament linear density and weft sett on porosity and air
permeability properties of them.
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The chosen filament linear densities in weft direction were polyester
microfilament textured yarns of 110 dtex with 0.33, 0.57 and 0.76 dtex filament
linear densities and conventional polyester textured yarns of 110 dtex with 1.14
and 3.05 dtex filament linear densities. On the other hand, for warp yarn 83 dtex
polyester yarn with 1.14 dtex filament linear density was used.

Figure 1. Cross-sectional SEM views of weft yarns with (a) 0.33 dtex, (b) 0.57 dtex, (c) 0.76 dtex,
(d) 1.14 dtex, (e) 3.05 dtex filament linear density with 1720 times magnification

It can be inferred from Figure 1 that the higher filament linear density means
having lower number of filaments in yarn cross section. The texturizing process
was applied to the yarns in order to increase the bulkiness of the yarns. After this
process, it seen from SEM views that the cross section geometry of the filaments
changed from round shape to the cornered one due to the applied heat and
mechanical forces. In order to investigate the influence of filament fineness on
fabric performance, the yarn samples were used for woven fabric production with
the same weave type of 4/1 Satin. Each fabric sample was woven with four
different weft setts; 43 wefts/cm, 45 wefts/cm, 47 wefts/cm and 49 wefts/cm. Our
20 woven fabric samples were produced with warp sett of 85 warps/cm. Thermal
fixation process was applied to samples at 195°C with 25m/min process speed.
Structural properties namely, weft sett, fabric weight, fabric thickness and yarn
crimp of sample fabrics were determined according to TS 250 EN 1049-2 (1996),
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TS EN 12127(1999), TS 7128 EN ISO 5084 (1998) and TS 254(1989),
respectively. Structural properties of the sample fabrics are given in Table 1.

Table 1. Structural properties of sample fabrics

fi Weft yarn Weft sett, | Fabric weight, !:abrlc Weft Warp

ilament linear 2 thickness, . o . o

density, dtex wefts/cm g/m mm crimp, % | crimp, %
0.33 43 130 0.22 6 5
0.57 43 130 0.22 6 5
0.76 43 128 0.22 6 5
1.14 43 129 0.22 6 5
3.05 43 129 0.23 6 5
0.33 45 133 0.23 6 5
0.57 45 133 0.22 6 5
0.76 45 132 0.22 6 5
1.14 45 131 0.22 6 5
3.05 45 132 0.23 6 5
0.33 47 136 0.23 6 5
0.57 47 136 0.22 6 5
0.76 47 134 0.23 6 5
1.14 47 132 0.23 6 5
3.05 47 133 0.23 6 5
0.33 49 138 0.23 6 5
0.57 49 140 0.23 6 5
0.76 49 138 0.23 6 5
1.14 49 139 0.22 6 5
3.05 49 136 0.23 6 5

To get knowledge about barrier effectiveness of polyester filament woven fabrics
and analyze them to reveal the effects of filament fineness and weft sett, air
permeability test was conducted. All fabric samples were conditioned according
to TS EN ISO 139 (2008) before the tests and the tests were performed in the
standard atmosphere of 20+2°C and 65+4% relative humidity. Air permeability
was determined according TS 391 EN ISO 9237 (1999) with ten measurements
from each sample, by a digital air permeability test device at 200 Pa pressure
drop and 20 cm? test area.

The porosity is one of the most important parameter that affects the air
permeability behavior of the fabrics [20]. So, the porosity properties of the fabric
samples were determined to deduce the relationship between air permeability
and porosity. In this study, image processing technique was used to measure the
porosity values. Some different approaches were offered for porosity
measurement with image processing method [15-18]. Generally there are two
different lightening systems; the back lightening and the front one in the literature
[21]. For this study, the back lightening system was used and was installed under
the fabric samples. The camera was placed on the top of sample so that the
amount of light intensity that passes through the fabric structure could be
detected. The image processing method is based on measurement of the light
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intensity transmitted through the fabric structure. The pixel values of the image
frame are assigned according to the light transmission level so that pore regions
are seen bright while the regions covered by fibers are seen dark. In this study,
the porosity of the fabric samples was determined by using image processing
algorithm. The image frames were acquired by using a digital microscope
camera. Ten image frames were acquired from different place of each sample in
order to obtain an average porosity value. So, totally 200 sample image frames
were processed. The porosity ratio is determined as average of ten
measurements of each sample. The image frames get in RGB format were
convert to 8 bit gray level images. The image frames were applied the low pass
Gaussian filter. The Gaussian filter makes the image frame smoother and
removes certain types of noise [11]. The filtered image is then applied binarization
process. Each pixel of the image frame is converted to black or white color
according to being below or above threshold level. The threshold level is
calculated by using Otsu method [12]. If the pixel value of the image frame is
below threshold level, the gray level value of that pixel is allocated as “0”.
Otherwise, it is set as “1”. The pixel value “1” corresponds to white and “0”
corresponds to black. In the binary image frame, the white regions indicate the
pores and the black regions indicate the fibers. In order to clear the area of pores,
morphological operations; opening and erosion are applied in sequence. Opening
is a morphological operation of erosion followed by dilation with the same
structuring element. The opening operation removes small, isolated objects from
the foreground of an image, place them in the background. It smoothes the
contour of a binary object, breaks the narrow joining regions and eliminates the
thin protrusions. In the erosion operation, the center pixel of the structuring
element is placed on each foreground pixel value 1. If any of the neighborhood
pixels are background pixels value 0, then the foreground pixel is switched to
background. Finally, the pore areas (white regions) of the binary are labeled as
seen in Figure 2. The porosity value of the sample was calculated as the
percentage of white regions to whole image frame size.

3. RESULTS AND DISCUSSION
3.1 Porosity Results

The general accepted knowledge about the relationship between the porosity and
fabric density is that when weft or warp setts of fabric structure increases, the
yarns get closer to each other and so the porosity of the fabric decreases. But
these results are obtained with the fabric types with low or medium density.
Theoretical or experimental porosity measurement methods are not valid for high
density fabrics which are woven from microfilament yarns. Since, there is high
number of filaments in yarn cross-section with microfilaments than conventional
filaments. Microfilaments occupy higher area and provide less spaces between
each other. The higher compactness and small pores between fibers and yarns
in the high density fabric structure leads to lower liquid or gas flow and less light
transmittance. Therefore, it is very difficult to study on the porosity measurement
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of high density microfilament fabrics. The porosity values of the samples obtained
by image processing technique is given in Figure 3. As given in Figure 3, there
is no significant change between the porosity values of the fabric samples with
0.33 and 0.57 dtex filaments at different weft sett values. It is considered that the
lower filament linear density in yarn cross-section cause very small pores in fabric
structure and this situation compensates the effect of weft sett change on fabric
porosity. When the filament linear density is increased to 0.76 dtex, the porosity
difference is observed in accordance with weft sett change. The effect of the weft
sett on fabric porosity can be evaluated for the samples with 1.14 and 3.05 dtex
filament linear density. However, there is no regular relationship between different
weft sett values. Except for the fabrics which produced with 0.33, 0.57 and 0,76
dtex microfilament yarns, the effect of weft sett was obviously seen on the fabrics
which produced with 1.14 and 3.05 dtex microfilament yarns. After the filament
fineness of 0.76 dtex, for each weft sett the porosity values of the fabric increases
when the filament linear density increases.

)
& ptb | o

(b) 8 bit Gray level imgge
J l *
‘2”‘ i |
i Lo
b ' 1ob

,I ' 4 ; '{ {l
T i
(c) Binary image (d) Pore labeled image

Figure 2. Porosity algorithm application
3.2 Air Permeability Results

The target of this study is to find out the effects of filament linear density on air
permeability of microfilament (0.33 dtex, 0.57 dtex and 0.76 dtex) and
conventional filament (1.14 dtex and 3.05 dtex) ranges. In addition, this issue was
stated by satin structure by applying different weft setts. In this study, to get
reliable samples we obtained our 20 woven fabrics systematically.
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Figure 3. Porosity of satin fabric

It is clear from Figure 4 that the weft sett values cause an obvious decrease of
air permeability as a result of that, the lower weft sett provide higher air
permeability. On the other hand, the higher filament linear density results in
higher air permeability. As mentioned above, as the filament becomes coarser,
air permeability becomes higher because more spaces in the cross section are
obtained. On the other hand, air permeability gets decreased with finer filaments
because there is less space within the yarns.
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Figure 4. Air permeability of samples
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For statistical analyses SPSS 21.0 statistical package program was used. For
this issue correlation analyses were applied to air permeability, porosity, fabric
weight and fabric thickness. The results are given in Table 2. According to
correlation analysis, it is seen that there is a strong and positive correlation (r =
0.877) between fabric porosity and air permeability, at 1% significance level. In
the view of thickness effect, it can also be said that there is a low and positive
correlation (r = 0.377) between fabric thickness and air permeability. The analysis
indicates low and positive correlation between fabric thickness and air
permeability. The correlation between the fabric weight and air permeability is
determined as low and the relationship is negative (r=-0.314). That means when
the fabric weight increases, the air permeability of fabric decreases.

Table 2. Correlation analysis between air permeability and fabric structural features

Porosity Air_ ] I_=abric Fa!)ric
permebility thickness weight
Pearson
. Correlation 1 0.877" 0.377 -0.314
Porosity Sig. (2-tailed) 0.000 0.102 0.177
N 20 20 20 20
Pearson
Air Correlation 0.877" 1 0.283 -0.391
permebility Sig. (2-tailed) 0.000 0.226 0.088
N 20 20 20 20
Pearson
Fabric Correlation 0.377 0.283 1 0.378
thickness Sig. (2-tailed) 0.102 0.226 0.100
N 20 20 20 20
Pearson
Fabric Correlation -0.314 -0.391 0.378 1
weight Sig. (2-tailed) 0.177 0.088 0.100
N 20 20 20 20
**. Correlation is significant at the 0.01 level (2-tailed).
b. Cannot be computed because at least one of the variables is constant.

Table 3. Multiple linear regression analysis for fabric structural features affecting air permeability

Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
1 (Constant) -605.069 160.449 -3.771 0.002
Porosity 82.850 14.966 0.820 5.536 0.000
Fabricthickness 112.567 588.941 0.029 0.191 0.851
Fabricweight -.804 0.824 -0.145 -0.977 0.343

a. Dependent Variable: AirPermebility

According to linear regression analysis (Table 3), the regression equation is
obtained as below. When the fabric structural parameters; fabric weight,
thickness and porosity are evaluated together in multiple linear regression
analysis in terms of effect on the air permeability performance, it can be
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concluded that the porosity has the most significant effect. The effect of the
thickness on air permeability performance is obviously less than porosity. The
fabric weight has negative effect on air permeability performance of fabric
samples.

The regression analysis was used to predict the air permeability value of fabrics
by using porosity, thickness and fabric mass. Obtained regression equation is
given below.

mm
Air permeability (T) = —605.069 + 82.850 porosity + 112.567 thickness — 0.804 fabric mass

4. CONCLUSION

Microfilament fabrics are exposed to various environmental conditions according
to their usage area. Barrier effect parameter which is crucial for surgical gowns
produced from high density microfilament fabrics is the uppermost characteristic.
Since this characteristic property defines the ability of protecting the user from
various bacteria and microorganisms. Pore morphology of textile structure is a
very important parameter for high density fabrics.

There is a strong relationship between air permeability and porosity. We clearly
observed that filament linear density and weft sett of fabrics have considerable
effects on air permeability of fabrics. Higher porosity in fabric structure provides
an easier passage of air through the fabric and air permeability increase. In other
words, higher barrier effect or lower air permeability is possible with lower porosity
which can be obtained by low amount of pores between the yarns and also
between the filaments in yarn structure.

According to the results of our study, image processing is a very effective
technique for determination of the total porosity of filament woven fabrics which
is composed of porosity between the yarns and between the filaments.
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Abstract: In this study, chenille weft yarns having different pile materials (PET having
different counts, viloft/PET and acrylic) were used for denim fabric to enhance its
insulation, thermal feelings and moisture management properties for end uses such as
sports and work activities in cold environments. Moisture management performances of
the inner sides of fabrics covered with pile structure consisting of different materials were
investigated and results were put forward about the material and structure of the functional
denim fabrics. According to the results, MMT measurements gave quite high variations for
fabrics having a rough surface. Synthetic and cellulosic based materials (PET, viloft and
acrylic) had different performances in pile form of a woven fabric from their performances
within knitted and woven fabrics because of the different fabric geometry. Denim fabric
including PET/viloft pile have good moisture management parameters according to their
liquid absorption and transfer capabilities among the selected materials for functional
denim fabrics.

Keywords: denim fabric, chenille yarn, moisture management.

1. INTRODUCTION

Denim is a durable warp faced twill or satin fabric which can be considered among
the most popular fabrics for clothing. It has been preferred by people at any age,
social/professional group and country because of its style and comfort properties.
Denim garments have a long history that it was first used by Italian sailors in
1600’s and after 1930’s, it has become very popular among young people and it
became a symbol of rebel with the help of media and films [1]. Its usage has
always an increase trend and it is thought that different designs, appearances
and colors obtained by various washing and fading processes support the
mentioned trend after 1990’s. Different finishing techniques are applied to create
the approved worn look and apart from the fashion appeal; thermal, pressure [2]
and skin sensorial comfort properties [3] are now becoming more important for
denim garment users

Because of the great demand for denim comfort besides aesthetic properties,
there are many attempts to enhance thermal comfort of denim fabrics. Cooler
sensations, insufficient insulation and liquid transfer during summer and winter
uses are the thermal comfort problems of denim sourced from its material and
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fabric structure. The most established way to develop denim garments with better
thermal comfort is to manufacture denim with different fiber contents which are
lighter in weight, can dry rapidly and provide a warm feeling to wearers under
cold and humid conditions [4]. Cotton can be engineered to transfer moisture or
can be blended with lycra, polyester, lyocell, wool, silk, flax, hemp, etc. for
developing special types of denim. Moisture management finishes are other
solutions to enhance drying periods by increasing transfer capability and reducing
absorption capacity of the fabric [3]. Moisture management is crucial for both
summer and winter uses but in the worst winter conditions, for a warm feeling,
dryness is the first condition. For this, the clothing must transport the body
moisture away from the skin, keep dry and warm air close to the body [5]. Effects
of different materials (cotton, polyester and core spun lycra weft), structural
parameters and finishing/washing treatments on thermal feeling of denim fabrics
and some thermal comfort parameters (air permeability, thermal conductivity,
absorptivity, moisture vapor permeability, moisture management and drying rate)
were investigated in different studies [6-8].

Chenille yarn is generally used in home textiles applications and as far as we
know, there are no studies investigating effects of chenille yarn on clothing
thermal comfort, mainly insulation. This study reports moisture management
(MMT) results of a wider project investigating thermal comfort performance of
denim fabrics modified by chenille yarn including different pile materials as warp.
The produced fabrics were intended to be used for cold environments as sports
or protective clothing.

2. MATERIAL AND METHOD
2.1. Production of Chenille Yarn Filled Denim Fabrics

Different denim fabrics including chenille yarns having identical core yarns (Ne
40 compact cotton) and pile yarns of different materials (polyester having different
counts, viloft/polyester [PET] and acrylic), were woven on a Picanol GT-Max
projectile weaving machine. Final count of chenille yarns is Nm 9, twist number
is 850 Tpm and pile length is 1 mm. An elastic commingling (EC) yarn (78 dtex
elastane and 200D/72F polyester) was also used as weft yarn besides chenille
yarns. Microscopic images of the chenille yarns obtained with an Olympus SZ61
stereo microscope, weight and thickness values of the fabrics can be seen in
Table 1. The warp and weft densities were 35 ends/cm and 22 pics/cm in turn.
The weave construction was selected according to the target appearance that,
chenille yarn can be seen from the inner side of the fabric (given in last column
of Table 1). Fabric samples were exposed to a basic finishing process including
rinse washing.
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Table 1. Physical properties of chenille yarns and produced denim fabrics

Fabric Fabric
X . Weave Structure/
. Weight | Thickness . L . R
Code Pile Yarn (g/m?) (mm) Microscopic images Fabric photos in
[S.D.] [S.D.] trousers form
100d/36F
D36PET PET | 39953 o
Filament [1.82] [1.6] 10 [ X | X | X | X |chenille
9 [ X X X | X |EC
81X X | X|X EC
100d/96F 71X X | X | X |Chenille
6B X X | X X _|EC
D9GPET PET | 31733 .98 s I x D] x [ x Je
Filament [1.79] [1.4] 4% x % | X |chenille
3| X X XX EC
2 | X X | X | X |EC
1 [ XX hzchenills
Ne 30 1 2 3 5
DVIL/PET 50/50% 3[?2:73]5 [11'441]
Viloft/PET : )
Ne 40/1 403.91 1.48
DACRY Acrylic [2.5] [1.5]

2.2. Physical and MMT Measurements

Weight and thickness tests were carried out according to TS 251 and ASTM D
1777 with 5 g/cm2 pressure by James Heal R&B Cloth Thickness Tester (James
Heal Corp., UK) respectively. Moisture Management Tester (MMT) (SDL Atlas
Textile Testing Solutions Co.) tests were conducted on the inner sides of the
fabrics including pile structure according to AATCC 195-2012 [9]. Variation of the
MMT parameters were quite high because of the heterogeneous surface energy
of the fabric covered with pile, therefore, test replications were more than
necessary for the standard. Wetting time, absorption rate and spreading speed
parameters giving consistent results were selected for investigation. IBM SPSS
Statistics 21 was used for variance analyses of the results.

3. RESULTS AND DISCUSSION

Thickness values of the denim fabric including different chenille yarns ranged
between 1.38-1.57 mm having statistically significant differences (p< 0.05).
According to statistical analysis results, while 100d/36F PET filament including
fabric (D36PET) have statistically identical thickness values with fabric including
acrylic (DACRY) (p > 0.05), their thickness values are significantly higher than
other fabrics including finer polyester (D96PET) and polyester/viloft blend
(DVIL/PET) as chenille pile material.

According to MMT results, denim fabrics including PET or PET/viloft pile yarns
(D36PET, D96PET, DVIL/PET) have statistically identical wetting time values
(Figure 1). Fabric including acrylic pile (DACRY) had significantly (p<0.05) higher
wetting time values. Cellulosic component of DVIL/PET and PET filament count
(D36PET and D96PET) did not have any influence on absorption behavior as a
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pile material of the denim fabric. It is thought that, acrylic pile decreased surface
energy of the fabric and had a poor performance in liquid absorption.
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Figure 1. Wetting time (top) results of denim fabrics including different chenille yarn pile materials
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Figure 2. Absorption rate (top) results of denim fabrics including different chenille yarn pile materials

According to absorption rate results, denim fabrics having PET pile (D36PET and
D96PET) had significantly lower results and other fabrics have statistically
identical and higher transfer capabilities within the fabric. The better transfer
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performance of PET, especially fibers having lower counts, could not be observed
as pile form. Besides its lower absorption capacity, DACRY fabric transferred
liquid sufficiently but performance of DVIL/PET is more consistent that its both
absorption and transfer performances are acceptable.

Spreading speed values are better for D96PET and DVIL/PET fabrics including
finer PET and PET /viloft blend in turn and the only significant statistical difference
is between DACRYL and D96PET which has the highest spreading speed.
DVIL/PET had also better performance in spreading the liquid faster than the
other fabrics including different pile materials. This performance enables larger
fabric area where the liquid is transferred, hence, quicker drying periods.
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Figure 3. Spreading speed (top) results of denim fabrics including different chenille yarn
pile materials

4. CONCLUSION

Chenille yarns including different pile materials were used as weft yarns of denim
fabric to enhance its thermal comfort parameters in cold environments. MMT
results show that PET/viloft giving acceptable liquid absorption and transfer
parameters can be suggested for pile material of chenille yarn used for denim
fabrics. It can be concluded that, besides functionality for insulation and thermal
feelings, pile materials of chenille yarns may play a role in sweat transfer from the
body for enabling thermal comfort. For sufficient moisture management
performance, chenille yarns should include cellulosic components within their pile
structures to remove liquid from the body. Such kind of material and fabric
geometry modifications may enhance thermal comfort, hence, end use areas of
denim products.
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Abstract: The aim of this work is to examine the single-bath dyeability of nylon/cotton
blends which are used in sportive textiles in order to reduce water consumption and thus
waste water consumption at the same time within the clean production concept of textile.
For this purpose, 50%/50 Nylon/Cotton blend fabrics containing elastane were dyed in two
separate baths using the conventional 2 bath method using 1:2 metal complex / reactive
dye combination. The color and fastness properties of the samples were then compared
to those dyed according to the single-bath method. The results show that water
consumption can be reduced by about 1/3 when Nylon/Cotton blend fabrics are dyed
according to the single bath method and the total dyeing time can be shortened by about
9%.

Key words: Nylon/Cotton, sportive textile, dyeing, color, fastness, single bath dyeing

1. INTRODUCTION

Mixture refers to the population possibilities that can be formed by many fiber
polymers that differ in their physical or chemical properties [1]. Mixtures may be
needed for a variety of reasons. Blends have become a key word to meet the
increasing demands of consumers in order to optimize the clothing comfort and
at the same time to bring innovative trends to the fashion industry [2]. Nylon /
Cotton blends are fabrics produced on a very large scale. While the nylon part of
the nylon / cotton blend provides quick drying and form stability properties, the
cotton part adds value to the fabric in terms of sweat and water absorbency and
attitude. It is necessary to take into account that dyeing technology of dye
technicians is a complex subject [3, 4]. PA / CO blends are used in the fields of
shirts, light suit fabrics and dress fabrics, sportswear containing PA in warp, CV
in weft, CO-based and PA pile upholstery woven fabrics and so on. [5]. The aim
of this work is to examine the single-bath dyeability of nylon/cotton blends in order
to reduce water consumption and thus waste water consumption at the same time
within the clean production concept of textile. For this aim, 50%/50 Nylon/Cotton
blend fabrics containing elastane were dyed in two separate baths using the
conventional 2 bath method using 1:2 metal complex / reactive dye combination.
The color and fastness properties of the samples were then compared to those
dyed according to the single-bath method.
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2. MATERIAL AND METHOD

50% / 50% Nylon / Cotton knitted fabric (produced from 150 denier Nylon yarn
and Ne 24/1 cotton yarn containng 40 denier elastane) ready for dyeing (pre-
treated with caustic-peroxide) was used in experiments. Experiments were
carried out using 1: 2 metal complex dye for the nylon component, reactive dye
for the cotton component. The experiments were carried out with the single bath
two step dyeing method with reference to the conventional method of two bath
dyeings, Dyeing methods are explained below in detail.

Two bath dyeing: First cotton was dyed with reactive dye and then nylon part
was dyed with 1: 2 metal complex dye. For this, dyeing was started with liquor
containing 0.4 g/L sequestering agent and 1.5 g/L anti-creasing agent at 40°C,
then reactive dye dosage was carried out. Afterwards within 15 minutes salt (50
g/L) was dosed. Temperature was raised to 80°C and after 10 min. of migration,
it was decreased to 60°C. After 5 min. the soda dosage was made in 2 portions
within 50 minutes. It was continued for 45 min. and then liquor was drained.
Afterwards the following washing steps were applied: over rinsing (at 50°C for 5
min.) = neutralization with acid (at 50°C for 6 min.) - soaping (0.4 g/L) (at 90°C
for 8 min.) = soaping (0.4 g/L) (at 80°C for 8 min.)=> rinsing (at 60°C for 6 min.)
- cold rinsing (for 6 min.)

In the second step, dyeing was started with liquor containing 1 g/L levelling agent
at 40°C and after 5 minutes 1:2 metal complex dye dosage was carried out within
10 min., after processing at this temperature for 5 min., temperature was raised
(1°C/min.) to 98°C. After dyeing at this temperature for 20 min. temperature was
decreased (1°C/min.) to 75°C. 1 g/L acid donor was added and after 5 min. the
temperature was raised (1°C/min.) to 110°C. Dyeing was continued for 45 min.
and then temperature was decreased (1°C/min.) to 75°C and the liquor was
drained. Afterwards the following washing steps were applied: over rinsing (at
40°C for 10 min.) - rinsing (at 40°C for 10 min.) = aftertreatment (for this aim it
was started with liquor containing 2% fixing agent and acetic acid (pH 4.5) at
40°C, then temperature was raised to 75°C and fabric was treated for 20 min.)

Single-bath two-step dyeing: After the cotton part is dyed, the temperature of
the dyebath was decreased to 40°C and the pH of the liquor was adjusted to 7
with acetic acid. Then the nylon part was dyed and it was passed on to
aftertreatments. over rinse (5 min. at 50°C) - soaping (0.4 g/L) (5 min. at 90°C)
- soaping (0.4 g/L) (5 min. at 80°C) -> rinsing (5 min. at 60°C) -> rinsing (10 min.
at 40°C) > aftertreatment (for this aim it was started with liquor containing 2%
fixing agent and acetic acid (pH 4.5) at 40°C, then temperature was raised to
75°C and fabric was treated for 20 min.)

v' Color measurements: CIE L*a*b* color values and reflectance (R%) values
of dyed samples were measured with spectrophotometer (D 65/10°) and color
yields (K/S) of dyed samples were calculated by Kubelka Munk equation:
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K/S = (1-R)?/2R
R=Reflectance value in maximum absorption wave length (nm)
K=Absorption coefficient

S=Scattering coefficient

v’ Fastness tests: Washing (at 60°C) and rubbing (dry and wet) fastness values
of dyed samples were assessed according to ISO 105 C06 and ISO 105-X12
standards respectively.

3. RESULTS AND DISCUSSIONS

Table 1 shows the color measurement results of the fabric samples which were
dyed according to the conventional two bath dyeing and the newly developed
single bath two-step dyeing method.

Table 1. CIEL*a*b* and color yield (K/S) values of fabrics dyed with two bath and single bath dyeing

methods
Color Dyeing L* a* b* c h KIS
Two bath 47,23 47,38 7,44 47,96 351,08 5,66
Fuchsia Sti)g%']e 48,85 4330 -570 43,67 35251 4,53
Two bath 42,98 51,08 2533 57,83 2597 14,59
Red Sti)’;%']e 41,75 50,23 2325 5535 2484 1469

When Table 1 is examined, it is seen that there is no significant difference in h
values that refers to color hue between the samples dyed with one and two baths,
that is, the colors are the same. Furthermore, when the c values expressing the
chroma are taken into consideration, it can be said that the color saturation of the
samples dyed with two bath method is slightly lower than that of the samples
dyed with single bath dyeing method.

On the other hand, the a * values of samples dyed with single baths are smaller,
ie the nuances of the two bath dyeings are redder. When we evaluate from the
point of color yield, it is seen that there is not a significant difference between
single and two bath dyeings in red color. In case of the fuchsia color, it can be
said that the single bath dyeings are lighter. However, it should be noted that the
two bath dyeings were made in mill conditions and the single baths are made in
laboratory scale. It is possible to say that the differences are not important if it is
taken into account that these kind of color differences are already encountered
between the laboratory and the mill scale dyeings.

Washing and rubbing fastness values of dyed samples are given Table 2.
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Table 2. Washing and rubbing fastness values of fabrics dyed with two bath and single bath dyeing

methods
Color Dyeing Washing Rubbing
CA CO PA PES PAN WO Dry Wet
Fuchsia  Two bath 5 4-5 4-5 5 5 5 4-5 4
Single bath 5 4-5 4 5 5 5 4-5 4
Red Two bath 4-5 4 3-4 5 5 5 4-5 4
Single bath ~ 4-5 4 3 5 5 5 4-5 3-4

When fastness values of single bath dyeings are evaluated, it can be said that
washing and rubbing fastness values are generally the same or half points lower
than those of two bath dyeings. However, it can be said that the fastness values
obtained in single bath dyeings are very good in general.

4. CONCLUSION

As a result of the study, 50% / 50% Nylon / Cotton blended fabrics containing
elastane can be dyed as a single bath instead of two bath method using 1: 2
metal complex / reactive dye combination. When the color and fastness
properties of the samples are examined, it can be said that the single-bath
dyeings do not make a significant difference compared to the two-bath dyeings.
In the case of single-bath dyeing, it is saved from one dye-bath. Furthermore
washing processes of cotton and nylon are combined. Thus, instead of totally 9
steps of washing procedure (6 for cotton and 3 for nylon), a washing process
consisting of 6 steps are carried out, by the way it is saved from 3 washing baths.
As a result total bath number is decreased from 11 to 7 and water consumption
is reduced approximately by about 1/3. On the other hand, the total dyeing time
including dyeing, washing and aftertreatments, is 550 minutes in the two bath
dyeing method. When it is done with single-bath dyeing, it decreases to 500
minutes. This situation shows that 9% savings in time will be achieved.

In the light of these results, it can be said that the single-bath dyeing of 50% / 50
Nylon / Cotton blend fabrics containing elastane is promising in order to reduce
water consumption and thus waste water and also to decrease dyeing time. It is
worth noting, however, that it may be possible to make more precise judgments
after working on a larger number of colors and in production-scale experiments.
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Abstract: The basic construction of spacer fabrics is formed of two textile layers held by

Abstract: To produce different kinds of orthopedic support materials, neoprene and
polyurethane foam laminated knitted fabrics have been traditionally used. These
flexible foams have impact resistance properties, but they are not comfortable enough
and might cause problems for the consumer.

In addition to these foam structures, three dimensional spacer fabrics having comfort
properties can be used for production of medical textiles. The basic construction of
spacer fabrics is formed of two textile layers held by spacer threads in a defined
spacing. Thanks to spacer fabric is highly breathable, thus creating a moisture free
environment, which reduces the chances of skin maceration. These lead to an
increased level of comfort when compared to materials like foam, neoprene and
laminate fabrics.

The moisture vapor transfer of textile is important in comfort properties in conditions
that involve sweating. The moisture transfer properties of clothing materials contribute
to determining the thermal and sensorial comfort of garments. In this study, the
influence of spacer fabric and neoprene laminated knitted fabric structures on air (TS
391 EN ISO 9237) and water vapor permeability (ISO 11092) and moisture
management properties were measured, and the results were discussed.

Key Words: 3-D spacer fabric, neoprene, thermal comfort properties, moisture
management characteristics

1. INTRODUCTION

Spacer fabric is a three-dimensional knitted fabric consisting of two separate
knitted substrates which are joined together or kept apart by spacer yarns. There
are two types of spacer fabrics: warp knitted spacer fabric and weft-knitted spacer
fabric. The first type is knitted on a rib raschel machine having two needle bars,
while the second is knitted on a double jersey circular machine having a rotatable
needle cylinder and needle dial.

The basic construction of three dimensional spacer fabrics is formed of two textile
layers held by spacer threads in a defined spacing. This structure provides
tortuous spaces which let heat and moisture to be transferred through the fabric
with air easily. These characteristics of the spacer fabrics make them suitable for
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medical purpose such as beds, supporting pillows, bandages, shoes, operation
tables and so on [2].

One of the textile properties that has steadily gained importance among
increasingly well-informed consumers is the breathability of the material, because
this property seems to be directly linked to comfort of functional fabric materials
[3]. To be comfortable and to maintain the state of comfort, cushioning material
must be designed to allow the body’s heat balance to be maintained under a wide
range of environmental conditions and body activity.

The main problem associated with thermal comfort is the incompatibility between
the requirement of heat conservation during low metabolic activity and heat
dissipation at high energy level. Air permeability being a biophysical feature of
textiles, determines the ability of the air flow through the fabric. Airflow through
textiles is mainly affected by the pore characteristics of fabrics [4]. The pore
characteristics of the fabric are mainly determined by their structure and density
[5]. Water vapor permeability determines breathability of the cushion material, i.e.
the ability to transmit vapor away from the body. The mechanism involved in
water vapor transmission through fabric from the body to the outer surface is by
diffusion and absorption—desorption method. The ability of fabric to transport
water vapor is an important determinant of physiological comfort [6].

In case of orthopedis support structures, the thermo-physiological properties may
be very specific requirements because these properties make the users feel
comfortable. Generally, neoprene and polyurethane foam laminated knitted
fabrics are used for different kinds of orthopedic materials. Thanks to spacer
fabric is highly breathable, thus creating a moisture free environment, which in
turn reduces the chances of skin maceration. These lead to an increased level of
comfort when compared to materials such as foam, neoprene and laminate
fabrics. Spacer fabrics are regarded as environmentally friendly textile materials
(unlike polyurethane foam), since they can be recycled [1].

The heat and moisture vapor transport capability of fabrics, produced by human
body, with high water vapor permeability is one of the most important factors
allowing the human body to provide cooling due to evaporation [7]. Air
permeability has a great influence on comfort because an air permeable material
is also vapor or liquid permeable. A very porous or open structure will allow wind
penetration through the material, resulting in the body cooling and also presents
difficulties in maintaining product [4].

The moisture vapor transfer of textile is important in comfort properties especially
in conditions that involve sweating. The moisture transfer properties of clothing
materials contribute to determining the thermal and sensorial comfort of garments
made from them. In fact, an important purpose for clothing designers is keeping
the skin dry after physical activity by rapid transport of liquid perspiration away
from the skin, because of the role of humidity next to the skin in determining
comfort levels [7].
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2. MATERIAL AND METHOD
2.1. Materials

In the experimental study, three warp spacer knitted fabrics consisting polyester
fibres having similar structural parameters (Table 1) were used. The fabric
characteristics of interest include the fabric density, spacer yarn type, thickness
of the spacer fabric, spacer yarn diameter and arrangement. All the experiments
were carried out under standard conditions at 20 0C and 65% relative humidity.
No finishing and dyeing treatment were applied to the fabrics before tests.

Table 1. Warp Knitted Spacer Fabrics Characteristics

Areal Fabric Course | Wales . Tensile | Elongation
Sample | mass | thickness (per (per Com(ﬁl';eas)smn Strength at Break
(g/m?) (mm) cm) cm) (N) (%)
Spacer
Fabric | 349.67 417 12.5 9 14.87 316.67 84.79
1
Spacer
Fabric 319 4 11.5 9 15.02 347.70 99.43
2
Spacer
Fabric | 324.67 4.30 18.5 10 13.74 267.52 134.38
3

Generally, the velour fabrics are laminated to neoprene to provide the hook and
loop structure in the orthopedic support materials. To achieve this structure, %86
polyamide-%14 elasthane 220 g/m? velour fabric was laminated to spacer fabric
and neoprene with the thickness of 4 mm in this study.

2.2. Methods

In this study, the influence of different spacer fabrics and neoprene laminated
knitted fabric structures on comfort properties such as air and water vapor
permeability, moisture management properties and thermal behaviour of spacer
fabric were measured and the results of these parameters will be discussed. For
determination of these comfort properties and characteristics of three different
warp knitted spacer fabrics and one neoprene laminated knitted fabric were
experimented.

The fabric characteristics of interest include fabric density, spacer yarn type,
thickness of the spacer fabric, spacer yarn diameter and arrangement. All the
experiments were carried out under standard atmospheric conditions at 20 °C
and 65% relative humidity. The air permeability of the samples was studied with
the Airtronic 3240C air permeability tester device according to TS 391 EN ISO
9237 [7]. Its principle is depending on the measurement of the air flow passing
through the fabric at certain pressure gradient. Thermal resistance and water
vapor resistance properties were measured on Atlas Sweating Guarded Hotplate,
which works on similar skin model principle, as stated in ISO 11092 [4,8].
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2.2.1 Thickness Test

The thickness of spacer fabrics were measured using digital thickness gauge
according to DIN EN ISO 5084. Essentially the determination of fabric thickness
consists of the precise measurement of the distance between two plain parallel
plates when they are separated by the cloth, a known arbitrary pressure between
the plates being applied and maintained. It is convenient to regard one of the two
plates as the pressure foot and the other as anvil. The thickness tester has such
two parallel plates. The upper plate serves as a collar and supports for the
additional load which produce pressure.

2.2.2 Air Permeability Test

Air permeability of fabric samples were measured using Airtronic 3240C air
permeability tester according to TS 391 EN ISO 9237. The principle of air
permeability is depending on the measurement of the air flow passing through
the fabric at certain pressure gradient. The measurements were done in
controlled laboratory conditions. Ten specimens were tested for each sample and
the average value was reported. All measurement were experimented on the 200
Pa and 20 cm2 measurement area.

Figure 1. Airtronic 3240C Air Permeability Tester

2.2.3 Water Vapor Permeability Test

Thermal resistance and water vapor resistance properties were measured on
Atlas Sweating Guarded Hotplate according to ISO 11092. This device
comprising has the ability to simulate the possible body condition comprising a
controlled environmental chamber, sweating guarded hot plate, and data
acquisition system. The instrument used for the experiments is shown
schematically in Figure 2. The sweating guarded hot plate was placed in a
chamber with ambient conditions of 25°C, and 65% relative humidity (RH). This
guarded hot plate comprised of different components including a 37°C hot plate
as a heat source, a water container, a piece of animal skin for simulating human
skin and the sensors for humidity and temperature determination. One side of the
sample faces the sweating skin but not in contact, whereas the other side is
exposed to the controlled environment. Five humidity and temperature sensors
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were located above and below the sample. The driving forces for the movement
of moisture vapor are the temperature and vapor gradients maintained between
the points where the moisture vapor emerges from the simulated skin (37°C, 90%
RH) and the ambient environment controlled at 25°C and 65% RH.

Foam Foam

Hotplate —

RH & T vs. Time fo——
Data acquisition

Figure 2. Schematic design of the instrument for measurement of moisture transfer

2.2.4 Moisture Management Test

The liquid moisture transport capabilities of the fabrics were measured the SDL
Moisture Management Tester (MMT) according to AATCC 195 standard. This
test is used to measure the liquid management properties of any technical fabric
with great precision such us every parameter related the wicking behaviour
instead of only vertical wicking test behaviour by traditional wicking test.

Sweat gland \

Upper sensor—._

Coppery ring

Fabric

N e
Lower sensor—/ A

Figure 3. Schematic diagram of the instrument for moisture transfer tester

3. RESULTS AND DISCUSSION

According to the air permeability results Sample 2 were selected to laminate with
velour fabric due to superior features which are compression, elongation and tensile
strength.
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The air permeability of the velour laminated spacer fabric and velour laminated
neoprene fabric structures are shown in Table 3.

Table 3. The Air Permeability Results of Velour Laminated Spacer and Neoprene

Sample Air permeability (I/dm?min)
Velour Laminated Spacer Fabric 2124.50
Velour Laminated Neoprene 0

The thermal resistance and water vapor resistance properties of the velour
laminated spacer fabric and velour laminated neoprene fabric structures are
shown in Table 4.

Table 4. The Thermal Resistance And Water Vapor Resistance Properties Results of Velour
Laminated Spacer and Neoprene

Sample RET (m2.Pa/W) RCT (m2.K/W)
Velour Laminated Spacer Fabric 10.78 0,0528
Velour Laminated Neoprene 11.83 0,0587

The moisture management properties of the velour laminated spacer fabric and
velour laminated neoprene fabric structures are shown in Table 5.

Table 5. The Moisture Managemet Results of Velour Laminated Spacer and Neoprene

Sample OMMC
Velour Laminated Spacer Fabric 0,30
Velour Laminated Neoprene 0.11

An analysis of Table 3 and Tablo 4 shows that velour laminated spacer sample
has the lowest air resistance and thermal conductivity, while velour laminated
neoprene sample has the highest values for thermal conductivity and it has no air
permeability.

Table 5 indicates the moisture management properties of velour laminated
spacer and neoprene fabrics. According to OMMC results, velour laminated
neoprene has lower moisture management properties than velour laminated
spacer fabric for the production of orthopedic support material.

4. CONCLUSIONS

In conclusion, this study performs a quantitative investigation of various fabric
characteristics, such as air permeability, thermal and mechanical properties of
warp knitted spacer fabrics and neoprene laminated knitted fabrics. It is found
that both air permeability and thermal properties are related to the fabric
characteristics.
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After an analysis on the structure characteristics and knitting process, three
different spacer fabrics were produced on a warp knitting machine. Comfort
properties, such as air permeability, and thermal resistance were evaluated and
compared with velour laminated selected spacer fabric and velour laminated
neoprene structure. The results have shown that developed spacer fabric have
better properties than neoprene foam structure. The spacer fabric also have very
good air permeability and lower heat resistance, so that they can offer much
better comfort than neoprene.

In addition, the results show that spacer fabric have a capability to transport the
moisture and water vapor produced by sweating can be easily and quickly
transferred from close to the skin to the outer surface of spacer fabrics to keep
the skin dry and they give excellent wear comfort to wearer. In addition, because
of undesirable comfort characteristics of neoprene structure, moisture transport
and air permeability of neoprene integrated knitted fabric results show a very low
value.
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Abstract: Transcutaneous electrical nerve stimulation (TENS) is defined as the
application of electrical current to the skin for pain control by the American Physical
Therapy Association (APTA). The TENS treatment is extensively preferred since it is safe,
not expensive and has no side effects when compared to drug therapy. TENS therapy is
applied using clinical or portable type TENS devices and TENS electrodes. However,
conventional electrodes are not hygienic because they are not washable and their sticky
structure makes patients uncomfortable. Furthermore, they are not suitable to be
integrated into a smart garment. In this study, a knee pad with integrated electrodes and
textile transmission lines have been designed and developed to be used for TENS therapy.
Electrical resistance values of textile electrodes and transmission lines which is integrated
into the knee pad was measured. The developed knee pad was connected to a
commercially available TENS device and electrical current transmission on subjects was
tested. Furthermore, washing tests were conducted on knee pad.

Keywords: electronic textiles, smart garment, conductive yarns, conductive materials.

1. INTRODUCTION

Transcutaneous electrical nerve stimulation (TENS), one of the electrical pain
treatments, is defined as the application of electrical current to the skin for pain
control by the American Physical Therapy Association (APTA) [1]. In TENS
treatment, all or some of the sensory, motor, sensory-motor-nociceptive nerve
fibers are stimulated using electrodes to influence the neuro-hormonal, neuro-
physiological and cognitive system. Thus, the central system is affected as much
as the peripheral system and thereby the pain is reduced. TENS treatments are
based on different action mechanisms however the most commonly used one is
the “Gate Control Theory” which was introduced by Melzack and Wall in 1965 [2].
According to this theory, substantia gelatinosa acts a gate control system that
modulates the synaptic transmission of nerve impulses from peripheral fibers to
central cells. A schematic diagram of the gate control theory in pain mechanisms
is given in Figure 1 [3].

The fundamental indications of TENS treatment are acute and chronic pain
syndromes. It is known that TENS therapy, which was tested and still being
tested by many researchers, is used in cases such as rheumatoid arthritis,
osteoarthritis, low back pain, neck pain, neuropathic pain, labor pain,
dysmenorrhea, after multiple rib fractures and so on [2]. The effect of TENS
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treatment varies depending on the source of the pain, the pain threshold of the
individual, the electrode location, the intensity of stimulation and the electrical
characteristics of the stimulation applied [4]. The TENS treatment is extensively
preferred since it is safe, not expensive and has no side effects when compared
to drug therapy [5].

CENTRAL
CONTROL

GATE CONTROL SYSTEM

- ACTION |
SYSTEM

INPUT

Figure 1. A schematic diagram of the gate control theory in pain mechanisms: L, the large-diameter
fibers; S, the small-diameter fibers; SG, substantia gelatinosa; T, transmission cells; +, excitation; -,
inhibition [3]

TENS therapy is applied using clinical or portable type TENS devices and TENS
electrodes. Metal plate electrodes covered by fabric tissue, carbon electrodes,
and self-adhesive hydrogel electrodes are used as TENS electrodes up to this
point [6]. The performance of these electrodes is very good. However, they are
not hygienic because they are not washable and their sticky structure makes
patients uncomfortable [7]. Furthermore, they are not suitable to be integrated
into a smart garment. For these reasons, many researches about textile
electrodes is performing by researchers from all over the world recently.

Most of the studies on textile electrodes focused on physiological monitoring and
ECG, EMG and EEG measurements [8, 9, 10, 11, 12, 13, 14, 15]. However, some
of them concentrate on other fields such as electrical stimulation [16, 17, 18, 19,
20, 21]. Studies on electrical stimulation have not only been limited by electrodes,
electrotherapy garments were also studied, too. When papers about
electrotherapy garments were examined, it is seen that in some studies only
commercial electrodes were tried to be incorporated into the garments, while
structures with fully integrated textile electrodes were developed in others.

Prochazka et al. (1997) developed a functional electrical stimulation (FES) glove
that improves hand function in people with spinal cord injury. The glove has
conductive areas which contact self-adhesive electrodes previously placed on the
skin. Signals from a sensor in the glove detect voluntary wrist movement and
control FES of muscles [22]. Lee et al. (2009) designed a smart wear with built-
in thermotherapy and TENS device for relief of dysmenorrhea. They used a
silicon stimulating pad [23]. Nisar et al. (2016) developed a rechargeable
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therapeutic wearable for the prevention of pressure ulcers. The wearable consists
of an embedded electrical stimulation device and skin adhesive electrodes and
delivers electrical stimulation to the pressured points in gluteal muscles [24].
Keller et al. (2006) presented a transcutaneous electrical stimulation (TES)
system consisted of a garment sleeve holding 60 textile embedded electrode
pads and other electronic equipment. Developed system allows dynamic real-
time adjustments of the electrode size and location for multiple regions on a single
garment [25]. Li et al. (2010) designed and developed an intelligent garment with
TENS function based on intarsia knitting technique. Silver conductive yarn was
knitted into the garment to be used as electrodes and conducting wires [7]. Kim
and Cho (2013) developed an e-textile-based smart glove with embedded textile
electrodes. One side of the electrodes is a conductive snap which was used to
combine with one end of a transmission line [17]. Goncu Berk (2018) presented
the design process of a wearable pain management system with embroidered
textile electrodes [26].

In this study, a knee pad with integrated electrodes and textile transmission lines
have been designed and developed to be used for TENS therapy. Optimum
electrode connections and electrode locations on knee pad have been
investigated. Electrical resistance values of textile electrodes and transmission
lines which is integrated into the knee pad was measured. The developed knee
pad was connected to a commercially available TENS device and electrical
current transmission on subjects was tested. Furthermore, washing tests were
conducted on knee pad and washing effect on textile electrodes and transmission
lines were examined.

2. MATERIAL AND METHOD
2.1. Sample Production

Knee pad is produced from two layers of a laminated fabric. Electrodes and
transmission lines were machine embroidered on one layer. The second fabric
layer was used for providing a more aesthetical look. In this way, the sides of the
electrodes which are not in contact with the skin and the transmission lines were
concealed between two fabric layers. An empty area with 5 cm in diameter was
formed on the patella to be used as a reference point for patients. The fabric
layers were assembled using piping. Front and back views of knee pad can be
seen in Figure 2.

(a) (b)
Figure 2. (a) Front and (b) back views of knee pad
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Totally four textile electrodes were embroidered on the knee pad. Electrode
locations were chosen according to expert opinions and previous studies about
this subject. In TENS therapy, three different electrode localization methods are
determined. The first one is to position the electrode on pain region or its
surrounding. The second one is to position the electrode on dermatome regions
which are related to pain and the last one is to position the electrode on some
special points on human body like acupuncture or trigger points [2]. Based on this
localization methods, patella was chosen as the center of knee pad and
electrodes were positioned on lower and upper corners. Electrodes, in size of 5
cm x 5 cm, and transmission lines, in sizes of 16 cm x 0.5 cm and 3 cm x 0.5 cm,
were directly machine embroidered on the fabric with Tajima TFGN embroidery
machine. For a better conductivity, conductive yarns were preferred as both top
thread and bobbin thread. A technical drawing of knee pad is presented in Figure
3.

transmission
T lines

textile
electrode

‘\
N textile

electrode
0]

/;r textile textile “77-“’"’77—».,4_
‘/ electrode; electrode \,
I:\ “ o j

Figure 3. Technical drawing of knee pad

Two different conductive yarns (X-Silver and X-Static) were used for the
production of conductive parts. Overlapped high-density patterns were used for
the production of electrode regions and transmission lines based on previous
studies [27, 28]. Transmission lines and electrodes were embroidered at once to
prevent disconnections between electrodes and TENS device. Female banana
plug connectors were used by being fastened to the one end of textile
transmission lines. Connectors were 2.54 cm in diameter, noncorrosive, and
commercially available products. Totally 2 knee pad samples were produced and
tested.

2.1. Testing of Samples

Since one of the main aims of this study is to develop an integrated and washable
product, washing tests were applied to the knee pads for ten times. Washing tests
were carried out using 4 g/lt household detergents at 30°C main washing
temperature in a domestic washing machine with reference to TS 5720 EN I1ISO
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6330-2002 6A standard. After washing processes, samples were dried flat at
room temperatures.

In order to evaluate the performance of textile electrodes and textile transmission
lines, two different tests were applied. Firstly, electrical resistance values were
measured before washing and after 1st, 5t and 10t washing cycles with a Thurlby
1503 digital multimeter. Before the measurements, knee pad samples were
conditioned for 24 hours in laboratory conditions with a relative humidity of 20 +
2 °C and 65 £ 2%. Then, knee pad samples were connected to a Stimtec 2 model
commercially available TENS device and current transmission were tested
subjectively. Subjective trials were performed on 3 subjects (2 females, 1 male)
which vary in ages from 28 to 52, from 165 to 187 cm in length and from 60 to 88
kg in body weight. Volunteers do not have any health problems. Subjective trials
were repeated before washing and after 1st, 51 and 10t washings.

3. RESULTS AND DISCUSSION

The measured resistance values were evaluated with IBM SPSS Statistics 22
software and presented in Figure 4 and Figure 5 for knee pads produced using
X-Silver and X-Static yarn, respectively. Electrical resistance values of electrodes
and transmission lines were measured together and entitled as electrode number.

Knee pad produced using X-Silver yarn

Washing cycle

[l before_washing
10,007 IE after_1st_washing
O] after_St_washing
1] after_10th_washing

8,00

6,00

4,00

Mean electrical resistance values (Q)

2,00

0,00~

one two three four

Electrode number

Figure 4. Electrical resistance measurement results of knee pad produced using X-Silver yarn
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Knee pad produced using X-Static yarn

‘Washing cycle
Il before_washing
[ after_1st_washing
[l after_5t_washing
L] after_10th_washing

30,004

20,00

10,00

Mean electrical resistance values ()

0,00

one two three four

Electrode number

Figure 5. Electrical resistance measurement results of knee pad produced using X-Static yarn

When Figure 4 and Figure 5 were examined, it is seen that electrical resistance
values of first and fourth electrodes are quite smaller when compared to second
and third electrodes for both knee pads. The reason is that the first and fourth
electrodes are located at the upper part of the knee pad and has shorter
transmission lines, while other electrodes are located at the lower part and has
longer transmission lines. All electrodes have same dimensions and theoretically
have same electrical resistance values. Under these circumstances, it can be
said that the difference between electrodes arise from the length of the
transmission lines. Increase in the length of transmission lines causes increase
of electrical resistance values. When the figures are evaluated separately, it is
observed that the electrical resistance values for the knee pad produced using X-
Static yarn are higher especially for electrodes with longer transmission lines.

When Figure 4 and Figure 5 were taken into consideration in the way of electrical
resistance values before and after washing, it is observed that washing cycles
give similar results for both knee pads. After washing processes, the electrical
resistance values of electrodes and transmission lines are slightly increased. This
increase is followed by an increasing trend in direct proportion to the washing
processes. It is concluded that after washing processes, the increase of electrical
resistance values of longer lines is bigger than shorter lines. The increase of
resistivity is caused by the deformed transmission lines effected by number of
washings. However, it can be said that the change of electrical resistivity is not
significant with increased number of washing.

In addition to electrical resistance measurements, subjective tests were also
performed on the developed knee pads. The knee pads were connected to the
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StimTec brand TENS device and experiments were carried out while subjects
were in standing and sitting positions. Subjective trials were repeated before
washing and after 1st, 5" and 10™ washings. Mean current transmission results
of subjective trials were presented in Table 1 and Table 2, general results were
presented in Figure 6.

Table 1. Mean current transmission results of knee pad using X-Silver yarn

Sitting position Standing position
Upper Lower Upper Lower
electrodes electrodes electrodes electrodes
Before washing 4,8 mA 5,2mA 3,2mA 3,6 mA
After 15t washing 3,8 mA 5,0 mA 3,2 mA 5,0 mA
After 5" washing 6,0 mA 2,8 mA 2,8 mA 4,2 mA
After 10'" washing 6,8 mA 3,8 mA 4,0 mA 3,4 mA

Table 2. Mean current transmission results of knee pad using X-Static yarn

Sitting position Standing position
Upper Lower Upper Lower
electrodes electrodes electrodes electrodes
Before washing 3,2mA 3,2mA 4,2 mA 4,0 mA
After 1%t washing 3,0 mA 3,2mA 2,6 mA 2,6 mA
After 5" washing 2,2 mA 3,2 mA 2,8 mA 2,6 mA
After 10t washing 3,0 mA 3,8 mA 2,2 mA 2,6 MA
Knee Pad Type position
Knee pad produced using Knee pad produced using =;"§2§ing
X-Silver yarn X-Static yarn
7,00
< 6,00+
E
v
S
g 500 I
T
o
g 4,00 ]
[
: I
2 B )
3,00 i
s ] l
2,00
Beflore Aﬂelr 1s‘tAﬂe: Sth Afller Beflore Aﬂelr1s1 Aﬂe: Sth Af;er
washing washing washing  10th washing washing washing 10th
‘washing washing

Washing Cycle

Figure 6. Subjective trial results of knee pads

243



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

4. CONLCUSION

In this paper, knee pads with integrated textile electrodes and textile transmission
lines have been designed and produced for use in TENS therapy and
effectiveness of the knee pads have been investigated by preliminary tests.
These preliminary tests were washing test, electrical resistance measurement
and subjective trials. In preliminary work cables were used for electrical
transmission, however, cables were broken especially after washing processes.
In this study, textile transmission lines and banana plug connectors were used to
solve this problem and products that are more resistant to washing processes
were developed.

When electrical resistance measurements were taken into consideration, it is
observed that different yarns cause different electrical resistance values. In our
example, electrodes and transmission lines of knee pad produced using X-Static
yarn have higher electrical resistance values than knee pad produced using X-
Silver yarn. Washing cycles give similar results for both knee pads. After washing
processes, the electrical resistance values of electrodes and transmission lines
are slightly increased.

In trials with TENS device and designed knee pads on the subjects, it is noted
that subjects had electrical stimulation from knee pads. Also, according to these
subjects’ feedback there is not any discomfort feeling.

In consequence of first trials, it is concluded that produced knee pads can be
used for pain relief and it is planned to test the effectiveness of knee pads on
knee osteoarthritis patients after taking ethical committee permission.
Furthermore, in this study, only the effect of 10 washing cycles to electrical
resistance values was examined. In further studies, it is planned to investigate
the effect of more washing cycles and laundry processes.
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Abstract: In this study, the vegetable oils were ozonized and then used as a core
material for the PVA Poly (vinyl alcohol) microcapsules. PVA microcapsules
containing ozonized oils were transferred onto textile surfaces for gaining antibacterial
activity. With this aim, the Gas Chromatography (GC), the Scanning Electron
Microscope (SEM), Fourier Transform Infrared Spectroscopy (FTIR), optical
microscope and antibacterial activity test against to E. coli and S. aureus were
employed for characterization both ozonized oils and textile surfaces loaded PVA
microcapsules. According to data from characterization tests, it was seen that
ozonized vegetable oils showed antibacterial activity.

Key Words: Ozonized oil, microencapsulation, pva, antibacterial activity, textile surface

1. INTRODUCTION

The ozone (Os) has been known as one of the best bactericidal, antiviral and
antifungal agents and it has been used to treat many illnesses such as cellulite,
burnt, ulcer, chronic wounds, immune system illnesses [1,2]. The beneficial
effects of O3 wound healing could be thanks to decreasing bacterial infection,
increasing oxygen tension from O3 exposure in the wound area [3]. The vegetable
oils containing 97-98 % triglycerides have many compositions of saturated and
unsaturated fatty acids depending on their specific structures [1,4]. The reaction
between ozone and vegetable oils occur C=C double bounds in the unsaturated
fatty acids. With this reaction, several oxygenated compounds come to exist such
as hydroperoxides, ozonides, aldehydes, peroxides, diperoxides and
polyperoxides [4]. Antibacterial, antifungal and antiviral properties of the oils are
obtained by the ozonation process and these properties are interested in
cosmetic and pharmaceutical industries. [5]. The microencapsulation is a caging
method that liquid or solid particles, which are located small droplets, are
hindered in a thin film. The microencapsulation is formed by many methods such
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as in-situ polymerization, interfacial polymerization, coacervation, spray drying
etc. [6].

In this study, the vegetable oils were ozonized and then used as a core material
for the PVA Poly (vinyl alcohol) microcapsules. The PVA microcapsules
containing ozonized oils were transferred onto textile surfaces for gaining
antibacterial activity by coating method. With this aim, GC, SEM, FTIR, optical
microscope and antibacterial activity test against to E. coli and S. aureus were
employed for characterization both ozonized oils and textile surfaces loaded PVA
microcapsules.

2. OBTAINING ANTIBACTERIAL TEXTILE SURFACES
2.1. Ozonotaion of Vegetable Oils

The olive oil, the common st john's wort oil were ozonized by the ozone generator,
which generates 25g ozone gas in an hour. Each oil sample (100 ml) were
ozonized for two hours to improve anti-bacterial activity of them.

2.2 Microencapsulation of Ozonated Oils

In the microencapsulation process, the Poly (vinyl alcohol), PVA which is
Mw:63,000 and 88% hydrolysis degree, was used as a shell material, while raw
and ozonated oils were used as core materials. The oil containing microcapsules
were prepared by coacervation/crosslinking method which consist of three steps:
() dispersion of the oil phase into PVA solution with the aid of a high-speed stirrer,
(1) addition of the phase inducer such as sodium sulphate and (lll) cross-linking
of the coacervated membrane with a cross-linking agent [7]. 5% PVA solution
(%w/v) were used and shell: core ratio was determined as 1:2. Besides, for the
phase inducing, 20% (w/v) sodium sulphate solution was prepared.

2.3. Transferring of PVA Microcapsules Containing Vegetable Oils

The obtained PVA microcapsules containing vegetable and ozonated vegetables
oils were transferred by knife on air coating application onto 100% viscose
hydrophilic non-woven textile surfaces.

2.4. Tests and Analyses

During this study, from ozonation process to medical textile surfaces, a set of
tests were employed. GC (Gas Chromotography) analysis was employed to
determine amount of unsaturated fatty acids in oils before and after ozonation
process, FTIR (Fourier Transform Infrared Spectroscopy) analysis was employed
to observe the difference of the peaks having oils before and after ozonation
process. SEM (Scanning Electrone Microscopy) images were taken for seeing
microcapsules on the fabric after coating process and anti-bacterial activity test
was done against to E. coli and S. aureus to evaluate antibacterial activity of the
oils before and after ozonation process and the fabrics loaded microcapsules
containing oils.
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3. RESULTS AND DISCUSSIONS

It is no doubt that mono and polyunsaturated fatty acids in the oils tend to vanish
after ozonizing process. The GC analysis were done for observing of the
decrease of the unsaturated fatty acids amount in these ozonized oils. The
amount of the oleic acid and linoleic acid in the olive oil sharply decreased after
ozonation process. In additional, the percentage changes of the unsaturated fatty
acid in these oils were given in Table 1.

Table 1. Unsaturated fatty acid amount of the olive oil before and after ozonation process

Oil type Oleic acid (%) Linoleic acid | Total (%)
(%)

Olive oil 71.263 10.835 82,098

Ozonated olive ol 0,849 1,684 2,533

Common st john's wort oil 75,282 7,874 83,156

Ozonated common st john's wort oil | 1,499 0,137 1,636

It was explicitly seen that FT-IR data of the ozonized oils supported GC analysis
of the ozonated olive oil and common st john's wort oil. In comparison with the
raw oils, FT-IR analyses showed that =C-H stretching (ca. 3000 cm-") of the mono
and polyunsaturated fatty acid faded away while C-O stretching (ca.1100 cm-') of
the ozonides came to exist (Figure 1). 1t could be said that vegetable oils were
exposed to ozone gas sufficiently.

N (e a o oot b
JI i B | | P ! | h
' \ ‘ AT l‘ Ll y
‘ | 1 \ £
l“ SRV I I
|
e Y I ¢ '- ey [_ A d
|| Vo i b .
| i . | | fl, ™
| | | W - | | ) L l“f‘n
i | 4 L4 | ‘ Ly f+7
“ | II e | || J ot
‘u | I i |
-'-] ] I | “T

Figure 1. FTIR data of the vegetable oils a. olive oil, b. ozonated olive oil, c. common st john's wort
oil, d. ozonated common st john's wort oil
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On considering antibacterial activity of the raw olive oil, the common st john's wort
oil and ozonized oils, 1t was seen that antibacterial activity of the oils increased
after ozonizing process of the raw oils. It was obviously seen that ozonized oils
showed much more antibacterial activity then the raw ones (Table.2).

Table 2. Anti-bacterial activity of the the vegetable oils a. olive oil, b. ozonated olive oil, c. common
st john's wort oil, d. ozonated common st john's wort oil

Sample Zone Diameter (mm)
E. Coli S. aureus
Olive Oil 76 80
Ozonated olive oil 90 90
Common st john's wort oil 88 86
Ozonated common st john's wort oil 147 89

=\ \

Figure 3. SEM images of the non-woven textile surfaces containing a. olive oil, b. ozonated olive oil,
c. common st john's wort oil, d. ozonated common st john's wort oil microcapsule and hydrogel
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Optical microscope images of the raw olive oil showed that microencapsulation
process was successful (Figure 2). After transferring of the PVA microcapsules
containing vegetable oils onto non-woven textile surfaces by coating method,
SEM images showed that existence of the vegetable oil onto textile surfaces both
microcapsule shape and coated by PVA (Figure 3).

FTIR analyses of the non-woven textile surfaces indicated that along with
existence of specific peaks of PVA (=1085 -1150 cm" which indicates C-O-C
bound), it was obviously observed specific FTIR peaks of raw and the ozonated
oils, which were =1100 cm-1, =1742 cm-1, were disappeared after successful
microencapsulation process by coacervation (Figure 4).
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Figure 4. FTIR spectrum of the non-woven textile surfaces containing a. olive oil, b. ozonated olive
oil, c. common st john's wort oil, d. ozonated common st john's wort oil microcapsule e. untreated
non-woven textile surface f. neat PVA powder

According to ASTM E 2149-01, Antibacterial activity test on the non-woven textile
surfaces loaded PVA microcapsules containing vegetable oils indicated that
these textile surfaces have antibacterial activity against to S. aureus and E. coli.
Moreover, S. aureus was vulnerable to both raw and ozonized oils. In addition,
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reduction of bacteria proliferation on fabric loaded ozonized oils were better than
raw oils.

Table 3. Anti-bacterial activity of the non-woven textile surfaces coated PVA microcapsules with
vegetable oils

Sample % Change on bacteria proliferation (24h)
E. coli S. aureus
Untreated non-woven textile surface +307,77 +113
Olive oil -55,18 -100
Ozonated olive ol -85,12 -100
Common st john's wort oil -62.14 -100
Ozonated common st john's wort oil -93,59 -100

4. CONCLUSIONS

In the scope of this study, upon considering GC, FTIR and antibacterial activity
test of both raw and ozonized oils, it was seen that olive and the common st john's
wort oil were ozonized accomplishly. Besides, after ozonation process of these
oils, they were trapped into PVA by coacervation method. PVA microcapsules
were transferred onto non-woven textile surfaces by coating method. In addition,
SEM images showed that entrapped vegetable oils into PVA were found onto
textile surfaces as microcapsules. Antibacterial activity test indicated that
antibacterial activity of the vegetable oils was increased after ozonation process
of these oils. Moreover, non-woven textile surfaces containing ozonized oils
microcapsules and coating showed antibacterial activity better than untreated
vegetable oils by ozone gas. It was thought that textile surfaces loaded ozonized
oil could be used for wound care.
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Abstract: In this study, an air laid nonwoven composite composed of three layers to
be used as liquid acquisition core material in sanitary napkins is developed. This study
investigates the effects of using different ratios of SAP particles in different layers and
layer thicknesses on liquid acquisition time and liquid acquisition capacities of
composite core material. In addition, the effect of the thermal calendaring on liquid
acquisition performance is also examined. As a result of the study, a new air laid
sanitary napkin liquid acquisition core material is developed with the thermal
modification of the surface and the optimization of the SAP quantities at different
layers. In this new material, the liquid acquisition time and thickness are decreased
without decreasing the liquid acquisition capacity.

Key Words: Sanitary pad, absorbent core, nonwoven, technical textiles, airlaid

1. INTRODUCTION

The term air laid nonwoven refers to a manufacturing technology that produces
a web from short fibers, most often softwood pulp. While the principal fiber used
to produce air laid nonwovens is fluff pulp other natural and synthetic fibers can
be used [1].

Absorbent layers in sanitary napkins are mostly composed of three layers. The
uppermost layer is liquid acquisition layer, the middle layer is preferably a liquid
storage layer comprising Super Absorbent Polymer (SAP) particles and a
subsequent liquid dispersant layer. Important parameters which determine the
performance of liquid acquisition core material are liquid acquisition time, liquid
acquisition capacity and thickness.

In the literature, there are very limited studies on the properties and performance
of the absorbent layers in sanitary napkins [2, 3]. Waksmundzki et al. [2] claimed
that using two or more superabsorbent polymer having different absorbing
properties at different layers of the air laid not only improved absorbency of the
core layer but also decreased rewet and the time for overall absorption. Conio
and Mantovani [3] pointed out that multi-layer structures comprising super
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absorbent polymer in between cellulosic fiber layer can enhance wicking action,
thereby increasing the absorption rate.

In this study, we investigated the influences of using different ratios of SAP
particles in different layers and layer thicknesses on acquisition time and liquid
acquisition capacities of composite core material.

2. MATERIALS AND METHODS

Air laid nonwoven composite fabric samples for the absorbent core material of
feminine sanitary napkin were produced using Oerlikon Neumag air laid
nonwoven manufacturing line (see Fig. 1). Tissue paper, wood pulp, polyacrylate
based super absorbent polymer (SAP), latex and PP/PE bicomponent fiber were
used in the formation of air laid nonwoven composites. List of the applied tests
and their standards are given in Table 1.

e T =

Figure 1. Oerlikon Neumag air laid nonwoven manufacturing line

Table 1. List of the applied tests and their standards

Test Name Standard No
Mass per Unit Area NWSP 130.1 RO (15)
Nonwoven Thickness NWSP 120.6 RO (15)
Breaking Force and EIongTthecz?‘:;)Nonwoven Materials (Strip NWSP 110.4 RO (15)
Three Standard Test Methods for Nonwoven Absorption NWSP 010.1 RO (15)
Coverstock Wetback for Nonwovens ISO 9073-14: 2006
Repeated Liquid Strike-Through Time for Nonwovens ISO 9073-13: 2006
Determination of Liquid Strike-Through Time (Simulated Urine) ISO 9073-8: 1995

for Nonwovens
Superabsorbent Materials — Polyacrylate Superabsorbent
Powders — Gravimetric Determination of Fluid Retention NWSP 243.0 R2 (15)
Capacity in Saline Solution After Centrifugation

3. RESULTS AND DISCUSSION

The most critical parameters of the absorbent core used in feminine hygiene are
liquid absorbency capacity and rate (i.e. 3rd liquid absorbency time) using both
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water and artificial blood as test fluid, retention and thickness. Thickness is
important for the producers and consumers due to comfort properties.

In all samples, air laid core samples with basis weight of 200 gsm (g/m?) and
SAP ratio of 30 % were manufactured. The SAP particles were used only on the
Layer-1 (under paper tissue) and Layer-2 with different ratios. Without changing
the SAP ratio between layers, a decrease of thickness around 15-20 %
decreased the retention ratio and increased the 3rd liquid absorbency time with
water.

However, the change of the 3rd liquid absorbency time with artificial blood and
absorbency capacity was ignorable. When the SAP ratio in Layer-2 increases,
the retention ratio increases since the wetback of the liquid is prevented due to
the SAP particles in Layer-2. In addition, the 3rd liquid absorbency time with water
and artificial blood decreases as the SAP particles in Layer-2 increases. On the
other hand, the absorbency capacity decreases since this parameter is strongly
affected by the SAP particle rate in Layer-1.

These results show that, the thickness and the rates of SAP particles in each
layer determine the liquid absorbency capacity of Air laid core materials in
feminine hygiene.

4. CONCLUSIONS

In this study, we have developed a novel air laid sanitary napkin liquid acquisition
core material and achieved lower liquid acquisition time and thickness without
comprising the liquid acquisition capacity in the final product. We also revealed
that the liquid absorbency capacity of air laid core materials in feminine hygiene
product can be determined by adjusting the thickness and the rates of SAP
particles in each layer of the core structure.
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Abstract: 3D printing and digital manufacturing technologies are expected to change the
future of fashion industry by creating alternatives for the existing production and consumption
patterns. In addition to bringing ease to small-scale productions and DIY projects, 3D printing
technology defines a common manufacturing method that will facilitate the co-production of
different industries and design disciplines. Considering this advantage, this study
investigates how 3D printing technologies can be integrated with illuminative fashion
applications with the help of electronics. Following a short review of related examples in this
field, the paper presents the design process of a garment prototype. In this prototype, 3D
printed surfaces were combined with optical fibers, which can change color by the user
controlled software application.

Keywords: 3D printing technologies, fashion, innovation, future trends, digital manufacturing

1. INTRODUCTION

3D printing and digital manufacturing technologies are revolutionizing fashion
industry by introducing a new production model which affects all the phases of
supply chain starting from material sourcing to design, manufacturing, inventory,
warehousing and distribution. This system reduces production costs by eliminating
some steps in the supply chain; and diminishes waste by replacing traditional
(subtractive) production methods that generate textile cut-offs, with an alternative
method (additive) using only the necessary amount of material for the production
[1,2]. 3D printing technology takes further attention in the field of sustainable
fashion by offering durable and self-mending materials, which extend the product’s
life-span; and eco-friendly materials which bring less harm to the environment [1,3].
The technology is also compatible with current marketing trends, such as online
shopping and mass customization, since designers can work with digital files
enabling them to make customized and quick design variations [1]. Although 3D
printing technology already provides many advantages for the companies seeking
for innovation, it is still new and needs further explorations for fashion applications.

Within this context, we aimed to develop the design process of a 3D printed
garment integrated with optical fibers. The first part of this paper introduces the
design research phase. A short review of 3D printed fashion applications are
included, which are produced with various manufacturing methods such as
selective laser sintering (SLS), stereolithography (SL), polyjet, and fused deposition
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modeling (FDM). Following this, research for printing techniques and design
development phases were conducted.

2. DESIGN RESEARCH

3D printing technology has begun to be used in the fashion industry in the last
decade, and enabled designers to take the advantage of digital design methods for
the creation of more complex garment structures which cannot be produced with
textiles. Dutch designer Iris van Herpen became one of the first fashion designers
who experimented this technology. In SS 2011 “Crystallization” RTW collection,
she integrated selective laser sintering (SLS) method in collaboration with architect
Daniel Widrig and MGX Company [4]. Since that year, Herpen teamed up with
renowned professionals including Julia Koerner, Neri Oxman [5], Niccolo Casas [6]
and Philip Beesley [7] for 3D printed projects. Especially the cape and skirt
ensemble that she designed with Neri Oxman, became one of the early and the
most successful examples produced with polyjet technology. An example from this
SS 2013 “Voltage” haute couture collection is given in Figure 1 [1, 5]. Also, fall 2013
“Wilderness Embodied” haute couture collection included a dress made of semi-
transparent pieces. These bone-like structures were produced with Mammoth’s
stereolithography (SL) printers using liquid resin, and coated with silicon to achieve
a soft and flexible look [1, 8].

In addition to fashion designers, the technology inspired artists and architects who
want to create wearable structures. The first fully articulated 3D printed dress was
designed in 2013 with the collaborations of architect Francis Bitonti and designer
Michael Schmidt for Dita Von Teese. The long futuristic black gown was
manufactured with selective laser sintering (SLS) method [9].

Noa Raviv and Danit Peleg integrated 3D printing technology to their graduate
collections. In “Hardcopy” collection, Raviv used Objet Connex multi-material 3D
printer to construct voluminous pieces creating optical illusion (Figure 2) [10]; and
Peleg’s “Liberty Leading the People” collection was produced with Witbox FDM
desktop 3D printers, by using FilaFlex material and became the first 3D printed
collection produced at home environment (Figure 3) [11].

Figure 1 (Left): The cape and skirt ensemble designed with the collaborations of Iris van Herpen and
Neri Oxman. Figure 2 (Center): An outfit from Noa Raviv’'s “Hardcopy” collection. Figure 3 (Right): An
outfit from Danit Peleg’s “Liberty Leading the People” collection.
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3. MATERIALS AND METHODS

For design development of the prototype, we conducted extensive research on four
3D printing methods including stereolithography (SL), selective laser sintering
(SLS), fused deposition modeling (FDM), and polyjet, which are frequently used in
fashion applications.

SL printers include a tank filled with UV-sensitive liquid resin. UV lasers selectively
hardens the material in the tank where the structure is built starting from bottom
layer to top. The technique which is suitable for the creation of sculpture-like
structures, is preferred for high-end finishes. However, it requires raft removal and
sanding which increase production time, and reduce product quality. The printers
work with liquid resin, which is an expensive material with limited color option [1],
[12]. SLS printers selectively sinter polymer powders in a powder bed where the
form is constructed layer by layer from bottom to top. The technique enables the
production of delicate, yet strong forms with a wide range of materials such as
plastic, glass, metal and ceramics. It does not produce support rafts, therefore it
eliminates the additional manual task of raft removal, and requires less sanding.
Despite all these advantages, the quality of the structure produced with SLS is
lower compared to SL [1], [13]. FDM is a frequently used method because of its
affordability. As material, FDM printers uses thermoplastic polymers which are
available in filament form. In addition to polylactic acid (PLA) and acrylonitrile
butadiene styrene (ABS) which are frequently used, the companies offer special
filaments made of wax, metals, woods and ceramics. Especially flexible filament
options are much preferred by fashion designers who would like to create delicate
structures. However, since the filaments are heated during the printing process, the
temperature changes can result in visible seam lines. Also it produces rafts that
need to be removed after printing [1].Polyjet technology provides a significant
advantage for fashion designers who want to print wearable structures using
multiple materials. Photopolymer resin is used as material, which selectively drop
on building platform. The technique is also preferred for its high speed and high-
quality surface finish [1].

Among these methods, FDM was preferred for the prototype development since it
is already an available facility in the university, therefore provides practicality and
cost efficiency. As material, PLA, ABS and eFlex filaments were preferred as
frequently used materials for this type of printers. Methods of integrating light
elements (LEDs and optical fibers), 3D printed surface thicknesses, dimensions of
single units to be printed in the 3D printer, pattern design of these single units and
their connections were some of the investigation issues in order to finalize the
designs. We also experimented how 3D printed surfaces can be combined to
create a garment form. For example, different joint options were designed and
tested on the samples in relation to the body. Attachable/detachable elements
(collar, cuff etc.) were developed as accessories for practical purposes and are
suggested as design solutions for combining fashion and technology. Another
significant stage in the process was the integration of appropriate software in order
to support light control by the user and communication with other smart objects.
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4. RESULTS

The design development project achieved its primary targets by integrating 3D
printed surfaces with optical fibers and LEDs on a wearable structure. On the
prototype, the integration of 3D printed units were created with the use of
interlocking parts. With the available FDM 3D printer in the university, maximum
possible printing dimensions were 20 cm x 20 cm. This was a limiting factor for the
design of single 3D printed units. Figures 4 and 5 illustrate the 3D drawing of one
of these units.

On these test pieces, different joint alternatives were applied based on the
characteristics of materials. One joint option was more appropriate with flexible
material, such as eFlex filament (Figure 7 and 8), whereas another joint design
could work for both flexible (softer) and harder materials, such as standard ABS or
PLA (Figure 4 and 5). This latter joint includes tunnels as seen in Figure 5, where
optical fibers are lined up to support connection points. This is accepted as an
innovative approach since optical fibers are used not only as connections (joints),
but also for decorating 3D printed units. These optical fibers are illuminated with
LEDs hidden in 3D printed structures.

Before garment construction phase, these design units were printed to determine
the most appropriate size / thickness. By using FDM method, alternative design
units were produced in thickness ranging between 0.3 - 3.5 mm with PLA, ABS and
eFlex filaments. These units were combined with interlocking parts giving the
surfaces a puzzle-like structure. This structure enabled the integration of
attachable/detachable design components and brought an advantage for users
who want to wear the garment in different forms, and who prefer to use some pieces
as accessories on regular garments.

The project received positive feedback at the initial demonstration, where the
design alternatives are introduced to the audience in the University'. Based on
collected experiences, alternative printing methods such as stereolithography will
be tried as a follow up of this research, which is a much-preferred method in fashion
applications for its high end finishes.

Figure 4 (Left): One of the units modeled with 3D modeling software. Figure 5 (Center Left): A tunnel
system designed for the integration of units and transition of optical fibers. Figure 6 (Right): 3D printed
version of the tunnel system
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Figure 7 and 8 (Left and Center): A joint system which is applicable for units printed with eFlex.
Figure 9 (Right): 3D printed version of the joint system

5. CONCLUSIONS

3D printing technology has already been used by many designers in fashion
collections. This technology which is constantly updated with the development of
new printers and materials, is expected to be used more frequently in the fashion
industry. This project contributes to the field, by adding smart features to a 3D
printed garment with the help of electronics and software applications. The project
is also connected to the most recent innovations of the Internet of things (I0T),
which is a driving source for Industry 4.0. In addition to luxurious couture 3D printed
dresses, it is expected that such digital manufacturing technologies will provide
customizable and ready-made clothing in an affordable way.
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Abstract: Virtual Reality is a technology that gives the user the experience of being
surrounded by a computer-generated environment. With the recent upcoming of affordable
VR technology a boom can be seen in a variety of areas. The fast paced progress made
in this technology makes it important to also think of ways to connect it with fashion design.
Possibilities to transfer the designing process into a virtual environment using drawing
applications like Tilt Brush already exist. By placing a digital dummy puppet into the virtual
environment the designer is able to intuitively paint clothes onto it. The created designs
can then be exported and directly transferred to other 3D software packages for further
processing or turned into plastic print-outs by a 3D printer. Transferring the whole
prototyping process of clothes into a virtual environment will make it more intuitive, flexible
and time saving.

Key Words: Virtual Reality, Immersion, Textile, Fabric, Fashion, Design

1. INTRODUCTION

Computer technology, used in the field of fashion design, ensures fast and error-
free production. This means designing and creating production reports in a digital
environment without using paper, pencil, dyestuff, etc.. At the same time, for
example in weaving fabrics, production reports can be transferred via computer
directly to the weaving machines which then turn the designs into fabrics .
Computer technology allows us to apply different patterns, models, colors etc.
onto the designs very quickly. Limitless numbers of color variations or completely
new patterns can be generated from one single existing pattern without effort.
Quickly accomplished calculations can be sent online to the weaving or printing
machines. After selecting the fabrics for the garment, molds can be prepared.
Even the entire garment creation process can be produced in a digital
environment, using computer aided design (CAD) and computer aided
manufacturing (CAM). The invention of digital cameras has accelerated this
process even further. By using a digital camera combined with a computer, in the
scope of digital design and production, for example, a photograph can turned into
a pattern which can then be directly printed, woven, knitted or embroidered.
Animation, the way the design looks on the podium as well as body fit and mobility
of the 3D virtual garment design, dressed onto the previously scanned and
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imported body model, can be viewed in real time (For detailed information look
at: Magnenat-Thalmann, Nadia, 2010).

The emergence of broadly available, affordable high-quality virtual reality (VR)
technology, however, brings a whole new perspective to the designing process.
But before getting closer into the subject it is important to clarify the terminology:

Virtual Reality is a term that is being used for quite a variety of things. For the
sake of clarity a more specific definition of how the term will be used in the
following is needed. Steve Bryson suggests following definition: “Virtual Reality is
the use of computer technology to create the effect of an interactive three-
dimensional world in which the objects have a sense of spatial Presence”
(Bryson, 2013, p. 4).

In other words, the user finds him/herself surrounded by an artificial, computer
generated, three-dimensional environment, which is achieved in most cases by
replacing the sense of vision with a head-mounted display (HMD), and the sense
of sound with headphones. In turn, the term HMD refers to a type of equipment,
that strapped to the head of the user places small computer displays directly in
front of his/her eyes.

Since the introduction of consumer VR headsets, like the Oculus Rift or the HTC
Vive, a constant development of new applications can be observed in a great
variety of different areas. Beside the gaming and entertainment industry we see
uses in engineering, education or medicine. It is therefore reasonable to assume
that VR will play a big part in the field of designing. Fabric and garment design
will surely not stand back in this progress.

Creating designs and patterns in VR can offer interesting possibilities. By
immersing themselves into a virtual environment designers are able to examine
and interact with the design as if it had materialized in front of them. Not being
bound to a two dimensional surface, like paper or a graphics tablet, a whole new
experience arises by drawing directly onto 3D space (figure 1).

Figure 1. Interaction with Google’s Tilt Brush application &

Instead of having to look at a screen the user finds him/herself in a virtual
surrounding and can design, assuming the whole space as if it was the fabric or
garment itself. Unlike handling a conventional computer user interface the use of
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tools is much more intuitive because the designer is basically holding them in
his/her own hands. Feeling a part of the garment the designer can transfer all
emotions and thoughts into the design. Designing in a virtual environment
combines the hands-on-feeling of working in a traditional tailor workshop with all
the advantages and flexibility a computer aided system brings to the process
(figure 2). Therefore, through the use of virtual reality technology very different
designs can be created in much shorter time and later directly be transferred to
production machines. In the light of this information the aim of the paper is to
show examples of works done in fabric and garment design with the use of virtual
reality technology until now, to explain and demonstrate how textile and garment
designs can be created in a virtual reality environment, and to predict how
development and innovation in the field can be achieved.

Figure 2. By use of a virtual draping dummy the design can be drawn directly onto it °

2. MATERIAL AND METHOD

The setup for this attempt requires a head-mounted display (HMD) and two VR
hand controllers. For this setup the Oculus Rift HMD is used in combination with
Oculus Touch controllers (Figure 3). Two sensors placed diagonally in front of the
user track the position of the headset and the controllers and send this data to
the software, making sure that the movement the user does in the physical space
is transferred to the virtual environment. The controller feature more or less the
same buttons a regular gamepad does. But in combination with the position and
rotation tracking they become representations of the user’s hands in the virtual

- ey

Figure 3. : Oculus HMD, Position Tracking Sensor and Hand Controllers °
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In order for the Oculus Rift HMD to display high quality images with great detail
smoothly, it has to be connected to a powerful gaming computer via cables. The
PC used in the setup features an 8GB graphics card, an Intel i7 Processor with a
speed of 3.60GHz and 16GB of RAM memory. This computer is used both to run
the VR equipment and to process all the data, that is peripheral to the designing
process.

For the actual designing in virtual reality Google’s Tilt Brush software is being
used. The tools featured in the application are quite similar to those of any simple
computer-based drawing program, with a few additions. The main difference,
however is, that the users find themselves in a virtual environment, by using the
hand controllers is able to draw lines directly into the air and can then walk around
the drawings to look at them from any desired angle. The simple user interface
makes it possible to intuitively change parameters like bush style, brush size, line
color or line opacity. The user can scale up or down the drawn as he/she desires.
One of the available environments features the 3D model of a regular draping
dummy (Figure 4). But any kind of 3D model can be imported into the program
(figure 4).

Figure 4. View through VR headset. Custom 3D models can be imported ’

For the designing process the user moves freely around the draping dummy,
intuitively drawing the clothing onto it (figure 5). This can be done in a very rough
a sketchy manner but by scaling up the the drawings also very detailed designs
can be created. At any point the design can be exported as a 3D model and
further modified in any kind of 3D application or even sent to a 3D printer to create
a 3D plastic print-out of it.

Along with commonly used body scanners and the development of standards in
fashion, every passing day new advances in digital garment modeling and
simulation applications are being introduced to the fashion industry. Both 2D and
3D CAD / CAM systems are broadly used. 2D CAD systems allow the creation of
two-dimensional molds of the designed garment. Using a 3D CAD system, the
molded parts can then be placed according to earlier taken body measurements
or onto a digital human avatar created through body scanning (Vitali & Rizzi,
2018, pp. 131-135). This digital workflow makes it possible to rehearse virtual
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clothing on an individual. Thanks to the 3D imagery, the fit on the body and the
way the fabric falls can be observed. These methods are common practice in the
clothing sector today. The concept communicated here, with the use of virtual
reality, however, combines the designing of the garment, the creation of 2D
molds, the rehearsal and control of the clothing’s fit on the individual and by doing
so makes improvement of the garment development process, a decrease of time
and cost and the attaining of results in shorter time foreseeable.

—lkCm

v
’
) Tilt Brush

Figure 5. Use of VR headset and hand controllers (left). Finished design (right) [performer S.
Kozbekgi Ayranpinar]

3. DISCUSSION

As can be understood from the information above, with VR technology it is
possible to design fabrics and clothes as well as make quick changes to them in
a virtual 3D environment, send them to other programs or print them out using a
3D printer.
VR drawing applications like Google’s Tilt Brush are great tools, especially for
sketching out ideas, however, they are limited and designed to be intuitive and
easy to use. The next step has to be to design tools created with the fashion and
fabric designer in mind. With the right applications a full integration of virtual
reality into the design and production process is thinkable and will quite possibly
open doors for completely new workflows and areas of application. If VR can be
used for designing clothes or patterns then it will also be possible to design the
characteristics of different fabric structures like texture, the volumetric structure
depending on production technology and material characteristics, like woven,
knitted or non-woven surfaces. Production reports of the fabric designs can be
prepared and then transferred directly to the production machine online.

There are two approaches towards clothing design. Designing clothes according
to the fabric or designing the fabric according to the apparel model. Ensuring that
the desired effect of the fabric texture or pattern is achieved when applied to the
designed clothes is what makes a successful design.

265



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

The designing of clothes is a long process including work steps like the production
of the fabric, draping, cutting, sewing or fitting the clothes on the costumer. It
requires the right use of time and immediate action. Transferring that process to
a virtual environment will make it much more flexible and lead to results in much
shorter time.

Additionally, more than one textile and fashion designer could work together on
the same virtual design at the same time without having to be present at the same
physical location.Developing new software will make it possible to transform
three-dimensional fashion designs prepared in a virtual environment into two
dimensional garment molds. The design created on the virtual draping dummy
can be divided into mold sections on the same draping dummy making it possible
to directly obtain the necessary parts. This way, extracting a mold for each section
of the clothing and rehearsing each module separately is not necessary anymore.
Thus, it is possible to obtain the clothing molds fitting the body in much shorter
time. At this point, the production can directly be started without needing a sample
garment.

Another possible scenario for the employment of VR technology into the
production process is in creating highly customized clothing. Customers could
send 3D scans of their own body online to the tailor, which could be done from
their home. The 3D scanned body model is than placed into a virtual working
environment, where the tailor, wearing a VR headset and VR hand controls, takes
the measurements (Vitali, A., & Rizzi, C. (2017)). The designing process can start
at the same time by drawing and fitting the garment directly onto the customers
body. For feedback the customer can be invited into the virtual environment
online to discuss the design without having to be in the same physical space with
the designer.

After the design process is finished the virtual environment can be turned into a
professional photo studio. By placing spotlights and adjusting the background as
well as camera settings, professional pictures of the design can be taken, even
before the production process has started. Within the same application a finished
three dimensional design could then be transformed into two dimensional
garment molds. The design created on the scanned 3D model of the customer’s
body can be divided into the mold sections needed for the production for the
garment. The garment molds are then directly transferred to the production
machines which output the finished product. So almost like regularly ordering
clothes online Virtual Reality could open up the possibility to shop for custom
created clothes without having to leave their home.

Additionally, it is important to note that VR technology is still pretty much at the
beginning of its possibilities. The technology has been available to the broad
public only for a little more than two years and it has continued being in a state of
constant development since. For example powerful, untethered headsets are
starting to be released enabling the user to move around in the virtual
environment more freely, without having to worry about cables. In the close future
VR gloves and suits will make the feeling of being part of the virtual world much
more vivid and will make it possible to feel virtual objects. It will be possible to
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touch surfaces and feel its textures and thereby feel different fabrics. Around the
globe engineers, designers and artists are keen to discover the possibilities of the
medium, where many of the rules are still to be written. Also in the field of fashion
and fabric design it is of important to stay curious, keep the eyes open for new
developments and an open mind.

4. CONCLUSIONS

When designing in a virtual environment the designer has the possibility to easily
try out different textures, patterns, colors and shapes and is able to examine the
results in real time. This new dimension to the designing process will reflect in the
products and will leave an innovative visual impact. Being immersed into this
three-dimensional environment creates a whole new experience for designers
and is sure to inspire new approaches to the creative process.

Virtual Reality (VR) is an important development for the conceptual design
process, which allows designers to visualize their imagined designs as real-life
appearances, rather than present them as two-dimensional sketches. 3D
garment design will make it possible to adjust clothing so it fits regular sized
customers as well as those who have the potential to not fit the norm. It will enable
to make designs directly on uploaded human avatars given the desired
measurements. Designing in a virtual environment, by simulating the effect of the
garment on the human body replace repeatedly manual changes on the life model
as is common practice in a traditional designing process. But the most important
advantages that this system brings to product development are the need for less
samples, faster prototyping and easier decision-making.

Making fabric and garment designs in a virtual environment can be an effective
way of bringing clear results in tailoring molds according to the individual’s
ergonomics and body type. It is fair to consider that better results in creating
molds especially for drop size and anatomical defects like scoliosis (Hong, Y.,
Bruniaux, P., Zeng, X., Liu, K., Curteza, A., & Chen, Y., 2018, p. 35-45), hip
protrusion, rounded shoulders can be achieved.

Through virtual reality taking measurements and rehearsal process by a
professional can lead to healthy result even over long distances. Designer and
Customer don’t have to find themselves at the same place. In this case, the
designer will be able to evaluate body type, body size and anatomical structure
in the virtual environment and make accurate determinations and measurements.
Instead of verbalizing the results, he/she may present the results to the customer
visually.

The three-dimensional garment design created in the virtual environment can,
again, be transformed into two-dimensional garment molds. The appropriately
partitioned garment mold pieces can be obtained from the same draping dummy
on which it was designed. This way the process of extracting every module of the
garment individually to rehearse it can be abolished and it will be possible to
obtain plainly fitting garment molds.
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Abstract: There are many different products in technical textiles according to various
application areas. Waterproof fabrics have widespread use among these products that
show functional features in this field. In seaming of waterproof products, conventional
seaming methods can be used if the stitched part is covered with adhesive tape to close
the holes formed by needle. In our study, both conventional seams and conventional
seams sealed with adhesive tape were compared before and after washing process in
terms of bending properties using different fabrics. The results were evaluated statistically
in terms of fabric type, seam type and washing process. It is determined that the bending
length values are higher in the fabrics sealed with adhesive tape than those the fabrics
only sewn with conventional seaming and the difference is statistically significant. In the
study, the effects of sealing process on the other parameters were evaluated.

Key Words: Bending property, adhesive tape, conventional seam, sealing, waterproof
fabric

1. INTRODUCTION

There are many products that have functional properties in technical textiles.
Among these products, waterproof textile products have a lot of usage areas. The
holes formed during the conventional sewing process of waterproofing products
are undesirable. This is why alternative seaming methods are preferred for
sewing waterproof fabrics. In cases where alternative seaming methods are not
available, these products are sewn by conventional seaming methods, and then
the stitched area is covered with the adhesive tape to close the needle holes
formed during conventional seaming [1-4]. The effects of this extra process on
the stitched area and how it affects the stitch characteristics have a great
importance. From this point of view; the effect of the adhesive tape process on
bending property, which is closely related to fabric stiffness, must be taken into
consideration. The increase in bending rigidity means that the fabric has a stiffer
handle [5]. This study is important to determine how this process which applied
to maintain the waterproofing property affects the fabric stiffness and whether it
is statistically significant.

There are some studies on adhesive tape. In these studies, it has been
demonstrated that how adhesive tape processing affects the fabric properties
such as seam strength [6, 7], thickness [7], tear strength [8], water permeability
[7, 8] and stiffness [7, 9]. Among these studies investigating the stiffness of
adhesive sealed seams [7, 9], there are comparisons with only ultrasonic seam
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stiffness but no conventional seam stiffness. Our study aims to compare
conventional seams and conventional seams sealed with adhesive tape in terms
of bending property by using woven fabrics coated with polyurethane membrane
which are used as blouson. Bending property of the sewn fabrics was compared
before and after washing process and the results were evaluated statistically.

2. MATERIAL AND METHOD

In this study, polyurethane membrane coated woven fabrics which have
waterproofing property were used. The fabrics were in plain and twill structures
with two different weights. Fabric samples were prepared along the warp
directions. Conventional seam process was performed to woven fabrics by using
Brother S-7200C-403 electronic lock stitch sewing machine. Stitch density was
2.6 stitches/cm. Teksmak 7705 seam sealing machine was used to seal
polyurethane adhesive tape having 2 cm width. Six types of sewn fabrics were
gained. The properties of fabrics and the seams are characterized in Table 1.

Table 1. Properties of the fabrics and seam parameters

Fabric | Weaving Weight in Thickness Raw material Seam tvpe
code | structure | grams (g/m?) (mm) yP
F4 Plain 105 0.366 Polyester Conventional seam
. Conventional seam
F4 Plain 105 0.366 Polyester sealed with adhesive tape
F, Plain 170 0.432 Polyester Conventional seam
. Conventional seam
F, Plain 170 0.432 Polyester sealed with adhesive tape
Fs3 Twill 170 0.540 Polyester Conventional seam
. Conventional seam
F3 Twill 170 0.540 Polyester sealed with-adhesive tape

Figure 1. Fabrics sewn with conventional seam
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The images of the fabrics sewn with conventional seam and the fabrics sewn with
conventional seam and sealed with adhesive tape are given in Figure 1 and
Figure 2, respectively.

Figure 2. Fabrics sewn with conventional seam and sealed with adhesive tape

All of the sewn fabrics were washed at 30°C with synthetic washing programme
without prewashing according to TS EN I1SO 6330:2012 test standard [10]. 4 g/l
ECE non-phosphate reference detergent without optical brightening agent was
used for washing processes. Washing process was repeated for five times.

Bending tests were performed to fabrics before and after washing processes with
the instrument designed for bending rigidity test method according to TS
1409:1973 [11]. Five samples were prepared from each sewn fabric having
dimensions 2.5x15 cm. The samples were conditioned for 24 hours in standard
atmospheric conditions (temperature 20+2 °C and relative humidity 65+2%). The
conditioned samples were then tested for both faces and both sides. Twenty
falling length values were read on the instrument and the average of these twenty
values was divided into two to obtain the bending length value for each sewn
fabric type. Bending rigidity is formulated in TS 1409:1973 as follows:

G=0.1WC¢C?

where:

X= Falling length (cm)

C= X/2 =Bending length (cm)

W= Fabric mass per unit area (g/m?2)
G= Bending rigidity (mg.cm)

In the standard TS 1409:1973, bending rigidity is calculated according to above
equation for a single layer fabric without any seam. However we used two-layered
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sewn fabrics in our study so we have compared the fabrics in terms of bending
length values. Test results were evaluated statistically considering fabric type,
seam type and washing process.

3. RESULTS AND DISCUSSION

Bending length values of the fabrics sewn with conventional seam and the fabrics
sewn with conventional seam and sealed with adhesive tape before and after
washing processes are given in Table 2 and Graph 1.

Table 2. Bending length values of the sewn fabrics before and after washing processes (cm).

Fabric Code Conventional Seam Conventional Seam and Adhesive Tape
Before Washing | After Washing | Before Washing After Washing
F1 3,03 2,92 3,47 3,22
F2 3,28 3,2 3,96 4,29
F3 3,72 3,62 4,03 3,75
— 5 -
52
a 3
22
31
w0 ( m Before Washing
[=
g F1 F2 F3|F1 F2 F3 W After Washing
@ Conventional | Conventional
Seam Seam and
Adhesive
Tape

Graph 1. Bending length values of the sewn fabrics before and after washing processes (cm)

As a result; our study demonstrated that the bending length values of the fabrics
sewn with conventional seam and sealed with adhesive tape are higher than the
fabrics only sewn with conventional seam (Table 2 and Graph 1). The difference
is found to be statistically significant. It is also clear from the results that the
bending length values decreased with reducing weight in grams and thickness.
The difference between F1 fabric with the other fabrics is statistically significant
according to multiple comparisons. On the other hand, these values are higher in
twill structure than in plain structure at equivalent weight in grams except for
fabrics sealed with adhesive tape after washing processes. In addition, generally
the bending length values decreased after washing processes for both
conventional seams and conventional seams sealed with adhesive tape.
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Table 3 shows that the effects of the fabric type and seam type on the bending
length values are statistically significant. On the other hand, the effects of
washing process on the bending length values are statistically insignificant (Table
3).

Table 3. The analysis of variance table for bending length values of the sewn fabrics

Variable Factor F Significance
Fabric type 20,987 ,000*
Bending length Seam type 30,567 ,000*
Washing process ,537 467

*:Statistically significant for a =0.05.

4. CONCLUSION

In this study, conventional seaming and adhesive tape sealing were performed
to polyester woven fabrics coated with polyurethane membrane which are used
as blouson. The effect of seams sealed with adhesive tape and fabric structure
on bending property were investigated considering fabric type and seam type
before and after washing processes. Consequently, our study demonstrated that;

e The bending length values of the fabrics sewn with conventional seam
and then sealed with adhesive tape are higher than the fabrics only sewn
with conventional seam. The difference between them is statistically
significant.

e The bending length values decreased with reducing weight in grams and
thickness. The difference between the fabrics is statistically significant.

e The bending length values are generally higher in twill structure than in
plain structure at equivalent weight in grams.

e Generally; the bending length values decreased after washing processes
for both conventional seams and sealed with adhesive tape ones. But the
effects of washing process on the bending length values are statistically
insignificant.

Where alternative seaming methods are not available, sealing adhesive tape
process is preferred in order to preserve the waterproofing properties of
waterproof fabrics after conventional seaming process. When the results of the
study are examined; it was determined that this method has an increasing effect
on the bending property which is important in terms of stiffness of fabric, and the
difference between them is statistically significant. It is thought that this process
can be used to keep the waterproofing properties of products which are
considered as not a disadvantage by increasing the fabric stiffness. It should be
kept in mind that sealing adhesive tape process is an additional process to
conventional seaming and this method should be compared in terms of
investment costs with alternative seaming methods which provide a
waterproofing effect by a single process.
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Abstract: The cost of making apparel fabrics for garment manufacturing is very high
because of their conventional manufacturing processes and new methods/processes are
being constantly developed for making fabrics by unconventional methods. With the
advancements in technology and the availability of the innovative fibres, durable
nonwoven fabrics by using the hydroentanglement process that can compete with the
woven fabrics in terms of their aesthetic and tensile properties are being developed. In the
work reported here, the hydroentangled nonwoven fabrics were developed through a
hybrid nonwoven manufacturing processes by using fibrillated Tencel® and bi-component
(sheath/core) polyethylene/polyester (PE/PET) fibres, in which the initial nonwoven fabrics
were prepared by the needle-punching method followed by hydroentanglement process
carried out at optimal pressures of 50 to 250bars. The prepared fabrics were characterised
according to the British Standards (BS 3356:1990, BS 9237:1995, BS 13934-1:1999) and
the attained results were compared with those for a standard plain-weave cotton, polyester
woven fabric and commercially available nonwoven fabric (Evolon®). The developed
hydroentangled fabrics showed better drape properties owing to their flexural rigidity of
252 mg.cm in the MD, while the corresponding commercial hydroentangled fabric
displayed a value of 1340 mg.cm in the MD. Tensile strength of the developed
hydroentangled fabrics showed an approximately 200% increase than the commercial
hydroentangled fabrics. Similarly, the developed hydroentangled fabrics showed higher
properties in term of air permeability, such as the developed hydroentangled fabric
exhibited 448 mm/sec and Evolon fabric exhibited 69 mm/sec at 100 Pa pressure. Thus
for apparel fabrics, the work combining the existing methods of nonwoven production,
provides additional benefits in terms of cost, time and also helps in reducing the carbon
footprint for the apparel fabric manufacture.

Keywords: hydroentanglement; nonwoven apparel; durable nonwovens; Tencel®;
Evolon®

1. INTRODUCTION

Traditionally, it is being assumed that garments are made through woven and
knitted fabrics. Because of their acceptable aesthetical and mechanical
properties, these conventional methods of making fabrics for garments, captured
a big market. From the literature review, it was found that there was very limited
penetration of nonwoven fabrics in outerwear owing to their inherent limitations
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in term of strength, appearance and workability. In 1960, for the first time
nonwoven fabric was developed as an outer wear, but could not succeed came
as outer fabric but could not success because of its limitations. Nonwoven fabrics
are thus being used as supporting materials in garment manufacturing industry,
such as garment lining, insulation, and fusing etc. Recently, there has been a
great deal of interest in the area of research and innovation activities in nonwoven
fabrics for apparel applications, such as Evolon (Evolon.com) and Miratech.
Traditionally, it was assumed that nonwoven fabrics can only perform in wipes,
scaffolds, geo textiles, filters and disposable articles (Luki, 2004) and only 1
percent of nonwoven fabrics are utilised in apparel sector (Lee, 2006). Now,
because of the new advancements in the nonwoven technologies, especially in
the hydroentanglement process, the applications of hydroentangled nonwoven
fabrics have diversified into many fields and apparel fabrics application is one of
them. The key area of research is to develop the nonwoven fabrics that can
withstand the external forces in the use and provide comfort to the wearer in terms
of softness, moisture management, appearance and also exhibit enough strength
that can withstand the laundry process (Vaibhav, 2012) etc.

Nonwoven fabrics are made directly from the fibres without making any yarn and
without the use of weaving or knitting processes. A nonwoven fabric is defined
by INDA as follows: “Sheet or web structure bonded together by entangling fibres
or filament, by various mechanical, thermal and/or chemical processes. These
are made directly from the separate fibres or from molten plastic or plastic film”.
The unique advantage of the nonwoven fabric manufacture is that it is a
continuously linked process, in which at the first stage raw materials (fibres) are
converted into webs via the carding process and at the second stage these
fibrous webs are bonded into finished products. The first nonwoven apparel fabric
was the disposable paper clothing that was launched in early 1966 by an
American company Scott Paper, however, the fabric could not capture any
significant part of the apparel market because of its ill fit and uncomfortable
nature. In the same era, Mars Manufacturing Company invented different types
of nonwoven dresses that were used as evening wear and wedding gowns.
However, these all-paper-clothing were short-lived and became obsolete in 1968
(Andrew, 2008). The breakthrough in the nonwoven apparel fabrics came in
1970, when DuPont invented the hydroentanglement technique for the nonwoven
fabrics, known as spunlace technology (Andrew, 2008). This new technique gave
a competitive edge to nonwovens, as the nonwoven fabrics produced by the
hydroentanglement process possessed much superior aesthetical properties
than the conventional nonwovens. The company also developed the foam
bonded spunlaced fabric (polyester spunlaced fabric), wherein 30% soft acrylic
latex was used to strengthen the spunlaced fabric that withstood five laundering
cycles (Zheng, 2003).

In this study, functional hydroentangled fabrics have been developed through a
hybrid process of needling and hydroentanglement, by utilising innovative Tencel
and bi-component sheath/core (PE/PET) staple fibres. The resultant fabrics,
when compared against the industry standard commercially available Evolon®
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and woven plain-weave cotton/polyester fabric exhibited acceptable test values
related to the aesthetical and mechanical properties of the garments such as
flexural rigidity, air permeability and tensile strength etc. The resultant fabrics can
be used in different applications such as in the hospital for patients’ uniforms.
Owing to its comfortability, it can be used in the processing industry as uniforms
such as in the meat industry, printing industry and in the chemical industry.
Further research work is being carried out in order to enhance the quality of the
fabrics especially in relation to laundering and washing.

2. EXPERIMENTAL
2.1. Materials

The fabrics were produced in collaboration with the Nonwovens Research
Institute, University of Leeds by utilising two different types of fibres: Tencel® and
bi-component sheath/core (PE/PET) staple fibres. Tencel® fibres were 1.4 dtex,
38mm in length with a smooth surface, while the PE/PET bi-component fibres
were 2.2 dtex and 40mm in length with a crimped surface. The required amount
of each fibre was separately weighed and initially hand blended in preparation of
the next process. These hand-mixed fibres were manually opened into small tufts
and further mixed in order to obtain a smooth web. After manually opening the
fibres, the fibres were then carded through the pilot carding machine and a
parallel-laid web produced was used in the next process. Before going into the
hydroentanglement process, the carded web was lightly needled by using 8mm
penetration and 100 strokes per min, after which the needled substrate was rolled
and packed for the next process of hydroentanglement.

2.2. Hydroentanglement process

The needled fibrous webs were uniformly hydroentangled by using pilot
hydroentanglement system, as illustrated in Figure 1.

High Pressure

?Q)li?f H —
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ﬁa
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O

Figure 1. Action View of Hydroentanglement Process
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Before going under the high pressure area of the hydroentanglement process,
the fibrous web was pre—wetted to minimise the dispersion ratio of the fibres in
high pressure zone. After pre-wetting, the material is passed through the high
water pressure jet head for bonding of the fibres as shown in Figure 1. The
Fabrics were prepared at varying hydroentanglement pressures of 100 and 125
bars with two passes, at the line speed of 3m/min. The orifice of jet strip was
150um and the density of the jet orifice was 5.56/cm. All the fabrics were
manufactured from the same web with 1205 gm- nominal weight. It was
observed that for these specific blends, at lower pressures (50-75 bars), the fibres
were not consolidated to the required level, which negatively affected the
mechanical properties by reducing the tensile strength of the obtained fabric. On
the other hand, at higher pressures (150-250 bars), the fibres were easily
dispersed and consequently very limited number of fibres per unit area of the
fabric was observed, which reduced the GSM as well as the tensile properties to
below the acceptable values. The two hydroentangled nonwoven fabrics denoted
as fabric 1 and fabric 2, were prepared at 100 and 125 bars, respectively, at the
same constituent levels of 70% Tencel and 30% PE/PET bicomponent fibres. The
properties of developed fabrics are shown in Table 1.

Table 1. Details & characteristics of the hydroentangled nonwoven fabrics prepared in this study

. Area . Bulk
Fabric Hydroentanglement Contents Density Thickness Density
Number Pressure (bars) (gm?) (mm) gem?)
Tencel
(70%) and 0.15 +
Fabric 1 100 Sheath core | 150+ 2.5 0.99 +0.05 0 01‘
PE/PET '
(30%)
Tencel
(70%) and 017 +
Fabric 2 125 Sheath core | 145+ 2.5 0.88 £ 0.05 0 01‘
PE/PET '
(30%)

2.3. Mechanical and aesthetical testing

The prepared fabrics were tested according to the British Standards (BS 3356:
1990, BS 9073-6: 2003, BS 13934-1: 1999) in order to determine their
mechanical and aesthetical properties. For flexural rigidity, Shirley flexometer
apparatus was used, where a 25 +1 mm x 1001 mm strips were cut and the
flexural rigidity values were determined according to the standard procedures.
The tensile tests were performed by the Instron apparatus according to the
appropriate standard methods. The cross-head speed was 200mmz+1/min and
the fabric size was 200+1 x 50+1 mm. Three specimens of each fabric were
tested. The wicking test was performed by strip test method and absorption test
was carried out by dipping (10 cm x10 cm) fabric specimens into water for 20min
at 20° C and 65+2 relative humidity.
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The results obtained were then compared with the commercially available
nonwoven fabric “Evolon” and with the reference fabric of a plain weave of woven
fabric to ascertain the suitability of our developed fabrics for use as apparel
fabrics.

3. RESULTS AND DISCUSSION
3.1. Dimensional properties

The results presented in Figure 2 show that fabrics 1 and 2, produced at 100 and
125 bars hydro pressure had thickness values of 0.99+0.05 mm and 0.88+ 0.05
mm, respectively. This indicates that when the hydroentanglement pressure was
increased, a small reduction in the fabric thickness was observed due to a higher
compaction and alignment of the fibres, which is expected to influence the tensile
properties and bending rigidity of the produced fabric. In a study by Zheng et al
(2003), it was shown that by increasing the specific energy (hydro pressure), the
fabric area density decreased due to the fabric stretching caused by the impact
of the water jets.

1,2
O
£ 1
c
o 0,8
ko)
= 0,6
@
< 04
c
S 0,2 # Thickness (mm)
wv
@ 0
§ Fabricl  Fabric 2 Evolon Woven
= 100 Pk

Fabrics

Figure 2. Thickness and Bulk density of developed fabrics 1 (100 bars) and 2 (125 bars)

Moreover, it was observed that both the fabrics exhibited almost very similar bulk
density values, which is an indication that the number of fibres per unit area in
these fabrics were similar to each other. When compared to the values for the
commercial nonwoven fabric and a typical woven fabric, these comparative
results clearly show that the dimensional properties such as thicknesses of the
hydroentangled nonwoven fabrics (1 and 2) were higher, because fabric 1
exhibited 0.99 + 0.05 mm and fabric 2 exhibited 0.88 £ 0.05 mm thickness and
Evolon and woven fabrics showed 0.43 and 0.50 mm thickness values
respectively. The bulk densities of both fabrics were lower than Evolon® and
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woven fabrics. Woven and Evolon fabrics’ higher bulk density values were
because of their compact structures as shown in Table 2.

Table 2. Details of reference fabrics

Area Thickness Bulk
Fabrics Processes Contents Density (mm) Density

(gm?) (gem*)
Evolon® Hydroentanglement | PET and PA 140 0.43 0.32
Woven Plain weave Cotten and 144 0.50 0.29

3.2. Flexural rigidity

The flexural rigidity of the fabrics is a pivotal property for apparel applications.
The fabric stiffness is related to its inherent properties, such as fibre material and
the structure itself of the fabric (Mehmet, 2008). The flexural rigidity results in the
machine (MD) and cross (CD) directions for the fabrics produced during this
resarch are presented in Figure 3.
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Figure 3. Flexural Rigidity comparison of developed fabrics 1 and 2 with Evolon 100PK and Woven
fabric

It was observed that the flexural rigidity values for the nonwoven fabrics prepared
in this study were much lower than the commercial nonwoven fabrics (Evolon®)
in both the MD and CD. Furthermore, these values were very similar to those
observed for the woven fabric (Figure 4). These results clearly show that the
flexural behaviour of fabrics 1 and 2 was very similar to that of the woven fabric
and it can be further enhanced through the finishing processes.

The bending rigidity of the fabrics depends on the movement of the fibres within
the fabric structure. It seems that the Evolon fabrics exhibit higher bending rigidity
as the fibres are highly intertwined with its neighbouring fibres due to the nature
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of the spun-laid process and the inherent fine filaments of the bi-component
PAG/PET “island in the sea” filament structure. Additionally, due to the high
hydroentanglement pressure, the fine filaments form a tight structure with little or
no space for fibore movement to occur within the fabric. On the other hand, the
prepared fabrics showed lower flexural rigidity as compared to the commercial
nonwoven fabric due to the more open structure of these experimental nonwoven
fabrics. In their study, Smith et al (2003) have reported that if the fibres are able
to act independently in the fabric structure, a reduction in the flexural rigidity of
the fabric is observed. Hence, it is evident that bending rigidity does not depend
on the thickness of the fabric and rather is directly proportional to the movement
of the fibres within the structure of the fabric. Evolon® exhibited higher flexural
rigidity in both the machine and cross directions, even though it had a lower
thickness value. On the other hand, the developed hydroentangled nonwoven
fabrics exhibited lower flexural rigidity in the machine and cross directions, as
compared with the Evolon, while showing higher thickness values than the
Evolon® fabric. Woven fabric had similar thickness as compared with the
Evolon® but exhibited much lower values’ of flexural rigidity in the machine and
cross direction. Ancutiene et al (2010), found in their studies that the fabric
structure has a more significant effect on the flexural rigidity of the fabric. Emin et
al (2008) too have endorsed this principle that the fabric parameters affect the
stiffness of the fabric.

Figure 4 represents the microscopic images of the three different types of fabrics
studied during the course of the work.

Developed nonwoven sample Evolon® Woven fabric sample

Figure 4. Microscopic Views of (a) developed hydroentangled, (b) Evolon® and (c) woven

These images show that the nonwoven fabrics developed in this study and the
woven fabric have similar open structures and the fibres appear to be better
aligned than the commercially available Evolon, wherein the fibres appear to be
randomly placed. (Komori, 1997) found that the arrangement of the fibres in the
fabric structure has a major influence on the mechanical properties of the fabric.
Thus, the experimental nonwoven and woven fabrics exhibit similar flexural
behaviour and have significantly lower flexural rigidity values as compared to the
commercial nonwoven fabric. In the developed hydroentangled fabrics, the fibres
are largely aligned in a single direction and the open spaces between the fibres
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can lead to the lowering of the flexural rigidity. Similar results have been obtained
by (Bahari, 2015) and (Smith, 2003), wherein it was observed that the fibre’s
independent movement within the fabric structure led to a lower fabric flexural
rigidity.

3.3. Absorption and wicking tests

The moisture transportation in a fabric determines its cooling effect and thus
provides comfort to the wearer. The wear comfort of clothing is continually gaining
importance owing to the consumer demand and therefore considerable efforts
have been made to study the wicking characteristics of apparel fabrics
(Berrfelder, 2013). During exercise or working conditions, the human body
produces sweat and if it does not evaporate from the skin to the atmosphere,
because of the clothing, then the wearer feels uncomfortable and this may give
rise to a loss in working efficiency of the wearer. Therefore moisture management
by the fabric is very important in order to optimise the wearer’s comfort. The fibre
types (natural or synthetic), blending ratio of fibres, the fabric structure and fabric
characteristics (densities of yarns, thickness) etc. are the parameters that affect
the moisture management and the thermal properties of the fabrics (Hassan,
2012).

The prepared nonwoven and woven fabrics were characterised for their
absorption and wicking properties and the results are presented in Table 3 and
illustrated in Figure 5.

Table 3. Absorption and wicking properties of nonwoven fabrics

Fabrics Area Density Absorption Wicking (g.cm)
gm? gg™” MD CcD
Fabric 1 150 6.78 9.61 9.26
Fabric 2 145 4.96 12.44 8.21
Evolon® 140 0.7 1.4 0.6
Woven 144 1.5 1.4 0.6
10 Water besween the nbris

oo
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2
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< Fabric 1 Fabric 2 Evolon 100 PK Woven
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Figure 5. Absorption properties of nonwoven fabrics
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The results show that the experimental fabrics 1 and 2 exhibit better absorption
and wicking behaviour than Evolon 100PK and the woven fabric. The absorption
value of fabric 1 was ~78% higher than the woven fabric and about 90% higher
than Evolon® 100PK. Similarly, fabric 2 exhibited 70% and 86% higher
absorption values than woven and Evolon® fabrics, respectively. This enhanced
absorption is mainly due to the fact that the experimental nonwoven fabrics have
a more porous structure and the fibres are well oriented within the fabric structure.
Moreover, owing to the Tencel fibres’ hygroscopic nature, it absorbs the water
molecules readily, thus providing higher absorption values. Furthermore, the
Tencel® fibres used have a higher wet and dry strength than the other cellulosic
fibres, viscose fibres show 22-26 cN/tex tenacity in dry state and 10-15 cN/tex in
wet state and on the other hand Tencel fibres show 34-38 cN/tex and 38-42
cN/tex in dry and wet states respectively and have higher moisture regain
properties than the polyamide and polyester fibres used in the commercial
nonwoven fabric (Evolon). Additionally, the fibril structure of Tencel fibres
provides superior capillary action within the fabric structure (Firgo, 2006). Woven
fabric displayed restricted absorption properties owing to its fabric structure,
wherein, due to the high number of crimps per unit area, along with the highly
twisted yarns, did not allow the fibres to act as capillaries, unlike the exhibited
properties of the nonwoven fabrics.

The results presented in Table 3 also show that the wicking values obtained for
fabrics 1 and 2 were considerably higher than the woven fabric and Evolon 100PK
nonwoven fabrics, both in the MD and CD. The wicking properties mainly depend
on the fibre fineness and the fabric structure. Fabric 1 and 2 showed 9.61 and
12.44 g.cm wicking values in MD where as Evolon and woven exhibited wicking
values of 1.4 and 1.4 g.cm in MD. The higher wicking values of the developed
fabrics were because of the Tencel fibres consist of countless hydrophilic and
crystalline nano fibrils which act as tubes and absorb the water through the
capillary action between the fibrils (Firgo, 2006). On the other hand, Evolon,
composed of polyester and polyamide fibres, show lower absorption, as the
synthetic fibres like polyester are hydrophobic in nature. The fibre orientation also
contributes in the absorption values of the fabric, Miller, 2000 has studied the
pore size effects on the capillary behaviour of the material. For the developed
hydroentangled fabrics, the smaller pore size along with the higher capillary
action from Tencel fibres led to the enhanced wicking properties, as compared to
the other fabrics.

3.4. Tensile properties

The tensile properties of fabrics 1 and 2 in MD and CD are shown in Figure 6 (a,
b), respectively.

The results show that the tensile strength of fabrics 1 and 2 are higher than the
Evolon 100 PK and woven fabric in MD (Figure 6a). It also appears that the tensile
behaviour of the fabrics 1 and 2 is significantly different from both the woven and
the commercial nonwoven fabrics. As mentioned earlier, the developed fabrics
were prepared at 100 and 125 bars, respectively. In their study Cannoly, 1993,
have observed that an increase in the hydroentanglement pressure results in an
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increase in the tensile strength due to the higher degree of entanglement of the
fibres. The tensile strength also depends on other factors, such as the fibre and
web properties. As discussed previously by Ghassemieh, 2001, to prepare a
hydroentangled fabric, a sufficient amount of energy is essential to get an optimal
product with suitable dispersion and sufficient tensile strength, which itself
depends on the web making parameters and fibre properties such as modulus,
stiffness, length and friction between the fibres. Mao 2000, found in his research
that less stiff fibres consumed less energy for attaining the maximum fibre
entanglement within the fabric structure. Moreover, because of the staple fibres
in the developed fabrics, during hydroentanglement process, more fibres were
twisted around with surrounding fibres, because of the rebound of the water after
hitting the plate underneath the web, resulted in intensive entangling behaviour
of the fibres that caused the higher tensile strength of the developed fabrics as
compared with other fabrics. The experimental nonwoven fabrics have breaking
extension values that are similar to the Evolon fabrics, however their failure
mechanism is quite different as these fabrics tend to yield before they fail. Due to
its rigid structure, the woven fabric exhibited higher modulus and lower breaking
extension values as compared to the nonwoven fabrics.
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Figure 6. Tensile tests of nonwoven fabrics in MD and CD

The tensile properties of the various fabrics in CD are illustrated in Figure 6b. The
results show that the ultimate strength values of these experimental nonwovens
are slightly lower than the woven fabric but higher than Evolon 100PK. The
breaking extension values of all the nonwovens are in excess of 80% and these
are considerably higher than the woven fabric. The Evolon fabric is composed of
continuous filaments of bi-component Island in the sea that can impart higher
strength to the fabric, whereas the woven fabric is composed of twisted yarns

284



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

with a compact weave that give additional strength to the fabric. On the other
hand, fabrics 1 and 2 are composed of fine staple fibres and the fibres were
aligned in machine direction so because of less number of fibres in the cross
direction region, the developed fabric exhibited lower tensile strength in CD.
Evolon fabric is also based on synthetic fibres and is produced by using split able
bi-component fibres which are finer in diameter than those used for preparation
of the experimental fabrics and are therefore able to entangle more intensely in
the fabric structure and also the filaments were in different directions that caused
higher tensile strength in CD than the developed fabrics as shown in Figure 7.

(B.b)

4. CONCLUSIONS

In this study, an attempt has been made to develop nonwoven fabrics that are
suitable for apparel applications. A hybrid nonwoven approach has been adopted
where the fibres are first converted into a parallel-laid web followed by
needlepunching of the web. The needlepunched fabric is then subjected to the
hydroentanglement process at optimal values of 100 and 125 bars. The results
demonstrate that the nonwoven fabrics produced in our study have superior
moisture management properties such as developed fabric gave 6.78 g/g values
of absorption and Evolon and woven gave 0.7 and 1.5 g/g, respectively. The
bending flexural rigidity characteristics of the developed fabrics were also lower
than the Evolon fabrics, wherein the developed fabrics exhibited 252 mg.cm in
MD while the Evolon fabrics showed a value of 1347 mg.cm in MD. The tensile
properties of the experimental nonwoven fabrics are higher than the commercially
available nonwoven fabrics, especially the breaking extension values. The
developed fabric exhibited a value of 0.07 N/tex in MD and Evolon exhibited value
of 0.02 N/tex in MD. The tensile strength of the woven fabric is somewhat higher
in CD than the nonwoven fabrics, but the bending rigidity values are very similar

285



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

to the experimental nonwovens. The absorption and wicking properties of the
developed fabrics were higher than the Evolon and woven fabric in both the
machine and cross directions because of the hygroscopic and fibril structure of
the Tencel fibres. The developed fabric exhibited an absorption value of 6.78 g/g
and Evolon fabric exhibited 0.7 g/g absorption value. This prove that the
developed fabrics quickly absorb the sweat from the body and because of their
strong wicking action, the sweat disperses in the fabric structure that assists in
the evaporation into the environment. The wicking values of developed fabric
fabrics were 9.61 and 12.44 g.cm and the wicking values of Evolon and woven
fabrics were 1.4 and 1.4 g.cm, respectively. It is strongly believed that with further
optimisation of the hybrid process parameters and the fabric finishing techniques,
nonwoven textile structures can be developed that are suitable for many apparel
applications, including patients’ uniforms, uniforms for processing industries,
outer wear etc.
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Abstract: There are many different methods used in the industry to improve the
antifelting and shrinkproof properties of woven wool fabrics. In the study, Layer by
Layer (LBL) method which is one of the most effective and new methods was applied
on woven wool fabrics by using nano polyurethane. After the application on suit
fabrics, relaxation and felting shrinkage, breaking and tear strength, alkali solubility
tests were performed. It is ensured that the relaxation and felting shrinkage values are
within £ 3%. It has been observed that soft handle fabrics are obtained after coating
without any negative effect on the fabric key. In addition, SEM-EDX analysis was
performed to examine the surface properties of the fabrics and to perform elementary
analyses, and FTIR-ATR analysis was performed to determine bond characterization
of the resulting films.

Key Words: washable woven wool fabrics, LBL method, felting shrinkage, relaxation
shrinkage, nano polyurethane

1. INTRODUCTION

During production or use, the effect of temperature, mechanical effect, alkali or
acid solutions and fleece on the wool fibers are intertwined with each other to
gray out the resulting woolen fabric. The felting garments lose air permeability,
soft and airy grip, and the fabric becomes hard and thick in a period of time that
has not changed in size. The woolen fabrics can not be washed and the cleaning
is done with organic solvents. In terms of ease of maintenance, the ability to wash
woolen fabrics on the machine has always been a demand feature. In order to
increase the washability of woven wool fabrics, many methods such as removing,
adding and combining methods are used in the industry. Even though different
methods are used to improve the antifelting and shrinkproof properties of woven
wool fabrics in the industry, desired values (< 3%) can not be obtained as a
result of felting shrinkage test even if good values are obtained in size change as
a result of relaxation shrinkage test using more than one method. Another
drawback is that a hard handle is achieved. Extra processes have to be applied
in order to soften the fabric. These additional operations result in extra cost for
both energy and chemical and labor costs. With the studies made, nano
polyurethane (PU) is used to achieve a felting shrinkage value of + 3% in suit and
uniform fabrics with multi-layer coating method. It has been found that the nano
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polyurethane based multilayer coating has soft handle fabrics that do not have a
negative effect on the fabric [1,2]. There are many applications in the literature
which are made by textile coating with multi layer coating method. Chen and his
colleagues conducted a multi-layered construction on a cotton surface with a self-
repairing ability, which was a flammable feature in 2015 [3]. Ahmed and Emam
worked on multi-layer coating of nano silver for high performance cotton fabric in
2016 [4]. Truong-Phuoc et al. have worked on multilayer photocatalytic devices
for textile products that have become self-cleaning with sunlight in 2016 [5].
Junthip et al. have studied the coating of textile products for extended drug
release by  multi-layer  coating  with two  oppositely loaded
cyclodextrinpolyelectrodes in 2016 [6]. Tian et al. have worked on the ultraviolet
protective cotton fabric obtained by self-assembled graphene oxide and chitosan
method and electrostatic multi-layer coating method in 2016 [7]. Ugur et al.
worked on the multilayer coating system of antibacterial inclusion complexes in
2016 [8]. Forsman et al. have worked on multi-layered hydrophobic coatings for
cellulose nanofibril flms and textile products, polylysine and natural-derived
particles in 2017 [9]. In the project, it is aimed to acquire shrinkage properties in
woven wool fabrics by multi-layer coating method using nano polyurethane. For
this purpose, layer by layer (LBL) method which is one of the most effective and
new methods was applied on woven wool fabrics by using nano polyurethane.

2. MATERIAL AND METHOD

Experiments on 4 different cationic polyelectrolyte types, 3 different solution
application temperatures, 2 different layers with 100% ecru wool fabric were
made. Optimum pH, concentration, number of layers in the preliminary
experiments were taken into consideration. Two cationic dye fixatives (CDF-1,
CDF-2) were used besides cationic poly (diallyl dimethyl ammonium chloride)
(PDDA) and Poly(acrylamide-co-diallyldimethylammonium chloride) (P(AAm-co-
DADMAC)) as cationic polyelectrolyte. Polyelectrolyte and polyurethane
solutions were prepared at the concentrations determined in the experimental
design and mixed with the magnetic stirrer heater. Prepared solutions were
adjusted to optimum pH values with the aid of dilute hydrochloric acid and sodium
hydroxide.

One of the selected polyelectrolytes for the experiments is PDDA which is a
colorless liquid completely soluble in water, having a density of 1.04 g/cm3. The
other type of polyelectrolyte is P(AAm-co-DADMAC), a viscous, colorless liquid
with a pH of 5-8. One of the commercial cationic dye fixatives was selected as
CDF-1. The aqueous solutions of this product are used as an enhancer for
fastness (especially rubbing and water fastness) for polyester fabrics in the textile
industry; at the same time, it increases the washing strength without changing the
handle of pigment printed fabrics. It is a clear yellow liquid with a pH of around 3,
which can dry at 130-140 ° C. Another commercial polyelectrolyte used is CDF-
2. ltis an anionic, water-soluble yellow liquid with a pH of 6, is a product used for
post-staining cleaning of polyester and blends in the textile industry. These
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polyelectrolytes and nano polyurethane solutions were prepared at specified
ratios at Table 1.

Table 1. Application conditions

Fabric Blend 100% wool

PU Concentration (g/l) 50
Polyelectrolyte Concentration (g/l) 10
Squeezing Roller Pressure (bar) 3
Squeezing Roller Velocity (m/min) 3

Drying Temperature (°C) 130

Fixation Temperature (°C) 180
Fixation Velocity (m/min) 1
Decatising Pressure (bar) 1

At coating process, a horizontal foulard with a Cr-Ni Stainless steel body that can
be adjusted to a cylinder speed of 550 mm wide and 70 Shore rigid, adjustable
roller pressure of 1-6 bar, and cylinder speed of 0.5-7 m/min was used. The
process was initiated by the application of a polyelectrolyte solution loaded
opposite to the fabric surface charge. The excess polymer solution on the fabric
surface was removed with the help of foulard using softened water. The fabric
was then covered with a nano-polyurethane solution containing oppositely
charged polyion, the surface charge was reversed again and the excess polymer
solution was removed by washing with softened water. Each polymer solution
applied to the surface was evaluated as a layer and the operations were
continued until the total number of layers were reached. The nano-layered fabrics
obtained after coatings were dried and fixed in the mini stenter machine located
in the finishing area in the plant; followed by a decatising machine. The
application conditions can be followed from Table 2. We obtained 24 different
coating with different temperature values (25, 50 and 65 C) and layer numbers
(12 and 16).

Breaking strength (TS EN ISO 13934 standard), tear strength (TS EN ISO 13937),
7A (relaxation shrinkage) and 5A (felting shrinkage) dimensional change in washing
(TS 5720 EN ISO 6330 standard) and alkali solubilitiy tests (ASTM D-1283 standart)
were carried out to examine the effect of the multilayer coating method on the fabric.
Also, whiteness indexes were measured in the CIE L* a * b system with D65-10
measurements in the spectrophotometer. Optimum conditions for cationic
polyelectrolyte type, solution application temperature, number of coating layers were
determined by comparing test results.

The surface properties of multi-layer film coated fabrics were examined by SEM-EDX
analysis and elementary analyzes were performed. FTIR-ATR analysis of the filmin
binding characterization was determined. Also, alkali solubilities were tested on the
selected optimum resulted fabrics.
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3. RESULTS AND DISCUSSION

When the test results were evaluated, it was seen that the values of relaxation and
felting shrinkage values were improved and the standards of quality test values were
provided (Table 2). After the multilayer coating applications on 100% wool fabric
using P(AAm-co-DADMAC) polyelectrolyte, it has been observed that the increase
in solution temperature value and the number of coating layers showed a little
improvement on the washing shrinkage values. In experiments with thePDDA
polyelectrolyte, the effect of temperature changes and number of layers on washing
shrinkage was seen not significant; but it has been found that hot applications reduce
the tear strength of the fabric to some extent. It is used in textile industry as an
enhancer for fastness (especially rubbing and water fastness) for polyester fabrics;
when the commercial cationic dye fixture (CDF-1), which also increases the washing
resistance without changing the soft handle of the fabrics, increases the tear strength
as the temperature and the number of layers increase; It has also been observed that
the increase in temperature improves the washing shrinkage values. It has been
observed that when a commercial polyelectrolyte (CDF-2) used in post-staining
cleaning of polyester and blends in the textile industry reduces the tear strength of
the solution temperature increase, the increase in the number of layers increases the
tear strength. If a general evaluation is made, it can be said that the CDF-1 solution,
a commercial product, gives the best values for 100% woolen fabrics. In addition,
significant improvement in the washing shrinkage of nano-fim coated fabrics
obtained using PDDA polyelectrolyte has been observed. The whiteness indexes
were measured and compared for examining the color change caused by the fabric
in the fabric. After application, it was seen the fabrics tend to be yellowing in certain
amounts.
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Table 2: Relaxation, felting shrinkage test results and Whiteness indexes of the samples

Breaking Tear Strength
Sample Warp (% change) Weft (% change) Strength (eN) CIE Whiteness

Number (daN) Whiteness Change
7A 7A 5A 5A 7A 7A 5A 5A Index Delta

Fabric | Cuff | Fabric | Cuff | Fabric | Cuff | Fabric | cuff | WarP | Weft | Warp | Weft (belta)

1 -1,60 | -325 | 650 | -7,50 | -2,30 | -3,50 | -3,00 | -4,00 37 21 2011 987 19,90 -

2 -1,50 | -2,25 | -350 | 6,50 | -1,25 | -1,50 | -2,00 | -2,00 33 19 1386 651 -4,11 -24,01
3 -1,80 -2,00 -3,10 -4,25 -1,60 -2,50 -2,60 -2,50 31 21 1652 887 591 -13,99
4 -1,50 | -2,00 | -290 | 4,25 | -1,30 | -2,50 | -1,50 | -2,00 32 21 1508 805 4,23 16,67
5 -1,80 -2,00 -3,60 -3,25 -1,30 -2,00 -2,10 -2,25 32 20 1508 832 3,71 16,18
6 -1,60 | -2,00 | -300 | -350 | -1,30 | -2,50 | -1,60 | -2,00 32 20 1746 832 4,96 14,93
7 -1,30 -2,00 -2,50 -4,25 -1,00 -1,50 -1,80 -2,50 30 20 1605 860 4,31 15,60
8 -1,80 -2,00 -3,10 -3,00 -1,10 -2,00 -2,00 -3,00 31 19 1928 832 4,23 15,70
9 -1,30 -1,50 -3,00 -3,50 -1,00 -1,25 -1,80 -2,00 32 20 1563 736 7,42 12,48
10 -1,50 | -2,50 | -3,00 | -5,00 | -1,00 | -1,50 | -2,00 | -2,00 48 20 1662 736 7,08 12,82
1 -1,25 -1,75 -2,80 -4,50 -0,90 -1,75 -2,00 -1,75 33 20 1710 849 2,86 17,03
12 -1,25 | -1,75 | -2,50 | -3,00 | -0,80 | -1,50 | -1,60 | -2,00 33 20 1539 793 2,68 17,22
13 -1,80 -2,00 -2,75 -3,25 -1,30 -2,00 -1,45 -2,00 34 21 1386 679 4,72 16,18
14 -2,00 -2,75 -2,75 -4,00 -0,80 -2,00 -2,08 -4,25 32 20 1463 708 1,92 17,98
15 -1,30 -2,00 -2,50 -3,00 -1,40 -1,50 -1,80 -1,75 29 21 1412 821 2,06 17,84
16 -0,50 -1,25 -1,75 -2,50 -0,40 -0,75 -1,00 -1,75 32 20 1563 849 0,83 20,72
17 -1,00 -1,25 -2,10 -3,75 0,00 -1,00 -1,00 -1,50 32 21 1412 765 6,08 13,82
18 -1,00 | -1,50 | -2,50 | 4,50 | -0,30 | -1,00 | -1,10 | -2,00 32 20 1488 765 7,89 12,00
19 -1,25 -2,00 -2,00 -4,50 -0,40 -1,00 -1,00 -1,50 33 21 1613 821 8,16 11,74
20 -0,75 -2,00 -1,50 -3,75 -0,25 -0,50 -1,00 -1,00 33 21 1734 793 6,78 14,12
21 -1,30 | -2,25 | -300 | -350 | -1,10 | -2,25 | -1,60 | -2,50 31 21 1710 849 8,04 11,96
22 -1,33 -2,00 -4,00 -5,75 -1,16 -2,25 -2,50 -4,00 36 22 2347 1048 6,86 13,06
23 -1,60 | -2,00 | -260 | 400 | -1,30 | -2,50 | -1,60 | -2,50 30 20 1358 665 4,76 24,66
24 -1,00 -1,50 -1,75 -2,00 -0,30 -0,50 -0,50 -0,75 29 19 1539 736 2,28 17,62
25 -2,30 -2,50 -5,00 -6,50 -0,80 -1,50 -3,00 -3,50 30 20 1361 622 6,76 14,14
26 -1,00 -1,50 -2,50 -2,25 -0,50 -0,75 -1,00 -1,00 30 20 1386 651 8,86 11,04
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SEM-EDX analysis was performed to examine the surface properties of the samples
with good results and to perform elementary analyzes, and FTIR-ATR analysis was
performed to determine the bond characterization of the resulting films. In the SEM
images, it was seen that the flake edges of the Nano PU multi-layer film-coated fibers
were clearly covered and the sharp edges were blunted (Figure 1).

SEM images EDX analysis

ol
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(a)
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(b)

5,00 2,00 2.00 4.00 5.00 00 7.00 0.00 9.00 30,00 11,09 13,00

(c)
Figure 1: SEM images and EDX results of (a) sample 16, (b) sample 24, (c) sample 26

The results of the alkaline solubility tests based on the choosen samples results
are shown in Table 4.

Alkaline solubility is a good indicator of fibers life damage after various chemical
treatments. The higher the solubility of wool in alkaline shows the right proportion
with the loss in the fibers [10]. For the choosen samples, there is no big difference

293



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

between the number of layers. The LBL method does not increase the alkaline
solubility of woolen fabrics, so it was determined that it did not damage the
product.

Table4: Alkali solubility values of the samples

Sample numbers Alkaline solubility (%)
1 14,1
16 12,7
24 12,9
26 12,5

4. CONCLUSIONS

The optimum conditions for the experiments were obtained by coating the CDF-
1 solution and the nano polyurethane solution 16 times at 25 °C. In the
experiments using CDF-2, 16 times at 50 °C and 12 times at 65 °C gave the
ideally results. 5A and 7A wash shrinkage were obtained under + 3% values in
weft and warp direction. The application caused the breaking strengths to
decrease by 4,8-9,5% in the weft and 13,5-21,6% in the warp. In tear strengths,
it decreased by 14-34% in the weft direction and by 22.3-31.1% in the warp
direction. As a result of the project work, a sustainable method has been
developed for the first time in the world by using multi-layer coating method using
nano-polyurethane, ensuring that suits, uniforms and upholstery woolen fabrics
are washable in the washing machine. In this way, the need for dry cleaning will
be removed, so energy resources will be used more efficiently.
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Abstract: Through a facile, simple, yet efficient, affordable and ultrafast (30 s)
microwave (MW) energy-based approach, hierarchically structured technical textiles
made up of carbon fibers (CFs) decorated with multi-walled carbon nanotube
(MWCNT) forest were produced at ambient conditions in one-step. Morphological
features of the as-produced textiles were characterized in details by using scanning
and transmission electron microscopy (SEM, TEM) and the elemental analysis (EDX)
techniques. Both the composite material characterization results and the versatile and
easily controllable nature of the above mentioned process strongly support its
promising success for the fabrication of such products that could be effectively used
as a building material for a wide variety of advanced engineering applications including
aerospace ships, communication satellites, passenger and war planes, vehicles in
transportation, wind turbine blades, sports equipment and prosthetic limbs.

Key Words: microwave energy, carbon nanotube, carbon fiber, hierarchical structure,
technical textiles

1. INTRODUCTION

Not only because of its excellent mechanical strength but also its thermal and
electrical conductivity, light weight and high processability, CF and its products
have been extensively utilized as a building material in various advanced
engineering systems such as aerospace ships, communication satellites, planes,
hybrid vehicles, wind turbine blades, sports equipment, prosthetic limbs and so
on [1]. As an expected result of its unique fibrous structure, CF usually serves as
a reinforcing component to enhance the multi-scale properties of the above
mentioned bulk composite materials made up of both thermoset and
thermoplastic polymers, metals and concrete, as well [2]. A great deal of research
effort has been devoted to enhance the reinforcing performance of CFs, in order
to; (i) reduce or even eliminate the problems that are often caused by phase
separation and also shearing upon excessive and repeating stress, and (ii) to
achieve strong, light-weight, durable and high performance composite materials
that can be used for a wide variety of real-life engineering applications [3-5].

In recent years, CNT growth on CF surface has been proposed as a promising
solution in order to address the needs and tackle the challenges in the above
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mentioned matters, since a nanostructured, 3D CNT forest surrounding the CF
surface can both provide sufficient number of anchoring points and can
significantly increase the effective specific surface area to reach a better
adhesion performance between CFs and the bulk material matrix [6-8]. Moreover,
with the addition of distinct mechanical, thermal, and electrical features of the
CNTs into the structure, enhanced transverse and shear resistance can also be
expected from the as-produced CNT/CF hierarchical composites, as a result of
the intense interfacial interactions that exist between the as-grown CNT forest
and CFs. In general, the CNT forest is grown on the CFs’ surface by following
either a bottom-up method such as chemical vapor deposition (CVD) or a top-
down method such as lithography [9, 10]. Although these methods can provide
highly precise and uniform products, they usually suffer from their complex
production process and from their need of harsh process conditions, i.e. high
vacuum, high temperature, high pressure and hazardous chemicals’ use.
Additionally, these methods’ overall fabrication processes are not easily scalable
and are very time consuming, as well. Thus, the as-obtained sample amounts are
usually limited and this restricts the common uses of such methods for the
applications at industrial level. In order to eliminate these obstacles and to realize
a practical application for the CNT/CF composites preparation, in this study, a
well-established MW energy-assisted fabrication technique, which can rapidly
grow a homogenous MWCNT forest decoration on CFs surface, is proposed [11].
The as-prepared CNT/CF composites from this method offer promising and wide
range application potential for various advanced engineering and scientific fields
including fiber reinforced composites’ preparation for wind energy harvesting,
super-capacitance, microelectronics, telecommunication, transportation, sports
equipment and medical applications.

2. MATERIALS AND METHODS
2.1 Materials Used

Plain weave CF fabric, acetone (JT Baker), toluene (JT Baker) and ferrocene
(AlfaAesar) were all used as purchased without further purification, unless
otherwise specified.

2.2 Pre-treatment and Preparation of CF Mesh Samples

Prior to the MW energy-assisted rapid CNT forest growth process, several 1"x1"
CF fabric samples were continuously heated in a conventional kitchen MW oven
(Panasonic Inverter) at full power (1250 W) for 60 s, in order to; (i) remove the
protective thin sizing layer, and (ii) to reveal as much reactive sites as possible
on CFs’ surface for the following process steps (Figure 1). Next, 0.2 M ferrocene
solution was prepared by dissolving 0.11 moles of ferrocene in 550 mL of toluene,
for the homogenous deposition of the carbon and catalyst source precursor
chemical on the as-treated CF samples. After that, CF fabrics were individually
soaked into this solution for 10 min under continuous gentle shaking. Eventually,
all the samples were drip dried on a nylon string before the ultrafast MW heating
process (Figure 2).
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Figure 1. Scanning electron microscopy (SEM) images of CFs; A. before and B. after MW pre-
treatment
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Figure 2. A. Schematic representation of the MW energy-assisted ultrafast CNT forest growth
process on CFs, B. SEM image of a single CF covered by CNT forest on its surface

2.3 MW Energy-assisted Ultrafast CNT Forest Growth Process on CFs

The as-prepared CF fabric sample was tightened vertically between a pair of
glass rods on a handmade PVC stand, and then it was placed on the glass MW
tray. Here, the evenly deposited thin ferrocene layer was clearly observed on the
CF fabric with an orange tint. The glass tray was then placed into the MW oven
chamber. The CF fabric on the PVC stand was irradiated at the maximum power
level, while intensive reactions were observed inside, as indicated by the sparking
flames and dense chemical vapor emission. After getting heated by MWs for 30
s, the CF fabric sample with the as-grown CNT forest decoration on its surface
was taken out and then gently rinsed with acetone to remove any impurities and
unreacted chemicals (Figure 3).

Figure 3. Digital images of a CF fabric sample; A. before and B. after the MW energy-assisted
ultrafast CNT forest growth process
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2.4 Characterization of the As-prepared Composite Material

Morphological and elemental analyses of the as-obtained composite materials
were done by using a JEOL JSM-7000F scanning electron microscope (SEM)
equipped with an energy dispersive X-ray (EDX) detector. An EMS 550X auto
sputter coating device was also utilized for surface Au sputter coating of
composite samples, which were readily prepared on carbon tape mounted
sample holders, prior to their analysis. The in-depth morphological property
analysis of the as-prepared composites was performed on a JEOL 2100F
transmission electron microscope (TEM), operated at 200 kV. Here, CF strands
from the as-treated fabric sample were carefully removed and dispersed in ethyl
alcohol by ultrasonication for 10 min. in order to separate the as-grown CNTs
from the CFs. Next, droplets (~5uL) from the supernatant surface were collected
with a pipette and then transferred onto a carbon coated copper Formvar grid and
left to get dried at ambient conditions before TEM testing.

3. RESULTS AND DISCUSSION

After the MW heating process, a dense CNT forest layer was intensively grown on
the CF fabric surface and covered almost the entire fiber surface with a radially
aligned and entangled assembly look, which is clearly exhibited in the SEM images
shown in Figures 4A and 4B. At higher magnifications, the nano/micro interface
between CNTs and CF can be clearly observed, as the dense CNT forest was grown
perpendicularly from the CF surface (Figure 4C).

Figure 4. SEM images of; A.-B. hierarchically structured CNT/CF composites, C. CFs covered by
the as-grown CNT forest on their surfaces, D. zoomed-in view of the marked area in Figure 4C
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After proving the as-proposed MW-energy based ultrafast CNT growth
technique’s success on generating CNT/CF hierarchical composites via SEM
characterization, the in-depth morphological and elemental features of these
structures were further characterized by both TEM microscopy and EDX analysis.
Collected results from these analyses are shown in Figure 5. The TEM image in
Figure 5A provides more detailed information about the as-grown CNTs by
showing their hollow stems that encapsulate catalyst iron NPs. This
morphological structure was obtained during the tip-growth process, whose
working mechanism would be explained along the following paragraphs. As it also
can be seen from the TEM image in Figure 5C, a single ~25 nm x 5 nm iron
catalyst NP was encapsulated within the as-grown MWCNTSs’ wall, which was
made up of ultrathin graphene layers. The EDX analysis results of both the as-
grown MWCNTSs and the encapsulated catalyst iron NPs are shown in Figures
5B and 5D. These diffractograms provide more evidence for the presence of the
as-grown MWCNTs and iron NPs that are made up of C and Fe elements,
respectively. Also, there are two sharp peaks with Cu indicators in these
diffractograms, both of which were caused by the copper grid used for the TEM
imaging process as the sample holder.

Figure 5. A. TEM image of the catalyst iron NPs encapsulated within the as-grown MWCNTSs, B. the
EDX diffractogram of the catalyst iron NP and the as-grown MWCNT, C. HR-TEM image of the
marked area in Figure 5A, and D. the EDX diffractogram of the marked area in Figure 5C.

The CNT forest’s coverage on the CF fabric surface was high, since the growth
was observed to span along the full fiber axis length. Both long-winding and short-
rigid CNT types were grown in this forest, indicating the heterogeneous nature of
the catalytic growth process induced by MWs [11]. Morphological property details
of the as-obtained CNTs were also investigated, and their average diameter was

300



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

calculated to be ~50 nm while their length could extend up to couple of microns
(Figure 4D). The high aspect ratio of these CNTs thus provide an ultra-high
surface area, which enables enhanced interfacial interactions and enable multi-
scale functions for the composite, through the formation of new interfaces. In
good agreement with the relevant previous literature results [12-14], the tip-
growth mechanism was also effective on the current CNT forest’'s growth on CF
fabric samples. The characteristic matchstick-like morphology, which is
composed of hollow and multi-walled stem with oxidized iron nanoparticle (NP)
tip, of the as-grown CNTs in this forest (Figure 4D) clearly indicates the effective
tip-growth mechanism, as well.

It is thus revealed that the MW-energy assisted ultrafast heating technique was
successful on generating CNT/CF nano-micro hierarchical composite structures
with high yield and density and within a short period of time. It is strongly believed
that the ultrafast CNT growth mechanism on the CF fabric sample surface majorly
depends on the high reaction temperature between ferrocene particles and CFs
upon MW irradiation. That is to say, as soon as absorbing the MW energy; (i)
highly conducting CF fabric sample started sparking and arcing, (ii) then it's
surface temperature was rapidly increased above 1000 °C, and (iii) this caused
a large amount of heat release within a few seconds. As a result, the fine
ferrocene particles on the sample fabric surface got decomposed into its iron and
cyclopentadienyl ligands through an instant chain reaction, in gas form. At this
point, the iron NPs served as catalysts while the cyclopentadienyl groups were
realigned and served as the carbon source for the formation of MWCNTSs,
respectively [11-14]. After all, the dense CNT forest was grown on the CF fabric
surface through this liquid-solid-vapor transition mechanism.

4. CONCLUSIONS

Hierarchical CNT/CF composites with aligned nano-micro interfacial structure
were fabricated within seconds by applying MW irradiation. Homogenously grown
CNT forest was obtained on the CF fabric surface with high yield, high aspect
ratio, and high coverage density. The as-produced hierarchically structured
CNT/CF composites offer promising potential for widespread advanced
applications including medical applications, supercapacitors, transportation, and
microelectronics and so on. The as-proposed highly efficient and cost-effective
MW energy-assisted fabrication technique also secures the industrial scale
production of relevant next generation composites, as well.
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Abstract: The aim of the project is to improve strength and cut resistance properties by
designing fabric constructions with an innovative approach for Trailers. In this direction,
different fabric designs and optimum production process conditions is determined by the
influence of acting force on fabric will be analyzed. The tarpaulin which has improved
performance, will be produced with an innovative method for the first time in Turkey.

Keyword: Cut Resistance Tarpaulin, Reinforced Tarpaulin, Trailer, PVC Coating, Tensile
Strength

1. INTRODUCTION

In the direction of the researches, trailer vehicles are mostly used in the road
haulage sector. As is known, there are deformations in the charge and tarpaulin
that are carried due to accidents and bad weather conditions when charge
transport with the trailer [1]. Nowadays it has been seen that safety enhancing
works have to carry out for trailer when trailer cover (tarpaulin) is cutted by theft
or people who want to escape by illegal means. In this case, trucks producers
need to cover truck with reinforcement and cut resistance tarpaulin. These
tarpaulin are reinforced by applying strips horizontally, vertically and diagonally
on the tarpaulin at regular intervals [2,3,4]. These additional operations cause
extra cost, labor and loss of time for the trucks companies. For these reasons,
the main objectives of the project are to secure the materials transported from the
road, remove the extra labor cost and increase the tensile strength of the tarpaulin
against the impact. The project aims to increase the resistance against the forces
acting on fabrics that will be developed using high-performance yarns with
improved technical specifications. The fabric will be resistant to UV rays, water
repellent and flammable functional properties. In this direction, optimum working
conditions of the weaving and coating(PU, PVC) processes will be determined.
As a result, using this innovative method developed by fabric structures and
manufacturing processes for tarpaulin will be produced for the first time in Turkey
that increased the performance.
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2. MATERIAL AND METHOD
2.1. Analysis of Impact Forces on Trailer Fabric

The forces acting on Tarpaulin will be analyzed. Code XL dynamic and static
standards will be applied for analysis. The European Standard DIN EN 12642
describes the minimum requirements for the strength of vehicle bodies. It applies
to all structural elements (side walls, front and back walls) of trucks and trailers
with a maximum permitted gross vehicle weight exceeding 3.500 kg. Testing of a
trailer for compliance to the normal (Code: L) and reinforced structures (code: XL,
higher test loads), can be performed by static or dynamic tests. Vehicles, whose
structure has been approved for the EN 12642 XL regulation, require less or no
additional lashing of their loads. To statically test a trailers’ body for compliance
to the EN 12642 XL regulation, following test loads (absolute values) are required
for the determination of the structure firmness with a payload of 27.000 kg [6]:

Table 6. Static Test Parameter

DC9.5 EN 12642 L EN 12642 XL
Front wall (0,5 x payload) 13.500daN 5.000daN  13.500 daN
Side wall (0,4 x payload) 8.100daN  8.100daN  10.800 daN

Rearwall (0,3 x payload) 8.100daN 3.100daN  8.100 daN

To perform a static test, a wall needs to be installed in the trailer. A balloon is
then inflated between the wall and the side-curtains, to simulate a lateral pressure
of 10.800 kg. The EN 12642 XL regulation stipulates that the maximum body
deformation must be less than 30 cm.

Comerng ~ Stac Startng
produices  weightfrce  produces

Key

1 startng point and statonary complementary braking device

2 wigger deice having dmensions 10/ 1020 mm in height and approumatey 500 mm width, posi
of0*to80° i relton o e dechon of divng

3 acceleraon track 1 acheve a 5peed of 35 kmh 0 40 kmh

4l topping k.

Figure BA — Longitudinal deceleration test

-A- A -B-

Figure 2. A) Static Test; B) Dinamic Test

A dynamic test is performed by driving with a fully loaded trailer on an airfield.
The EN 12642 XL regulation stipulates that 2 different driving tests are to be
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performed 3 times one after another. During these tests, following forces are to
be obtained at each driving test[6]:

e Deceleration of 0.8 g in the driving direction
e Lateral acceleration of 0.5 g

e Lane change test with 0.5 g

e Backward acceleration of 0.5

2.2. Development of Fabric Constructions

First of all, the analysis of the force distribution acting on the fabric while the trailer
is moving will be carried out with the EN12642 specifications. In the direction of
the obtained results, composite fabric constructions will be improved by using
1000 dtex/288F Polyester, 1000 dtex/288F high strength Polyester and 1100 dtex
KEVLAR cut resistant yarns. Standard Curtainsider tarpaulins are reinforced by
vertical and horizontal belts (Figure 2). The belts have been secured the tarpaulin.
The belts have to meet the following requirements:

« vertical belts: tensile strength = 23 kN;
* horizontal belts: tensile strength = 12 kN.

Commonly used method of securing the belt to the tarpaulin is by welding. This
process will be removed from the trailer production stages when the reinforced
tarpaulin is developed. Fabric construction designs will be developed using the
EAT program. Weaving and coating process will be optimized for the developed
constructions.

Figure 3. Standard Reinforced Tarpaulin and Reinforcement Process

The quality of the fabric used will be such that the resulting product will conform
to the requirements of Table 2 and ensure uniformity of the performance.
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Table 7. Fabric Requirements

Characteristic

Requirements

Test method according to

Breaking strength in warp and weft

e at23°Cx5°Ca 24000N/5cm EN ISO 1421
o at-25°CP® 22700N/5cm

Resistance to tear propagation in warp and weft

e at23°Cxb5°C3a = 300N EN 1875-3
e at-25°CP = 130N

Adhesion © 2100N/5cm EN ISO 2411
Dimensional stability =1% 24hatv0°C

Buckling strength

No cracks after

EN ISO 7854/B

100 000 bending

operations
Reaction to fire Burning rate IS0 3795
< 100 mm/min
Total mass per area > 850 g/m? EN SO 2286-2

b

c

&  je. room temperature.
For special applications, a test temperature of —40°C may be applied. if agreed between user and supplier.

EN ISO 2411 specifies the requirement for attaching a separate piece of fabric, using glue, fo facilitate the test. For purposes of
EN 12641-2, this attachment should be effected by the use of a welding process

3. RESULTS AND DISCUSSION

First time in Turkey, it will be produced reinforced tarpaulin which has been
developed for the additional reinforcement process. The reinforcement tarpaulin
will be also help to reduce extra cost, labor and time. The following results are
expected with these developments;

Additional tarpaulin reinforcement process will be removed,

Reinforced tarpaulin production without additional processing in the
weaving process using different yarns such as high strength and cut
resistance,

Increase resistance to cutting to the tarpaulin that may come from
outside impact,

Ensuring the safety of the carried cargo with trailer,

Development of fabric constructions providing weft and warp tensile
strength according to EN 12642 standard,

Development of UV strength, water repellency and FR tarpaulin
fabrics,

Determination of optimal production weaving and coating parameters
for the new approach reinforcement tarpaulin.
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4. CONCLUSION

The aim of the project is to improve tensile strength and cut resistance properties
by designing fabric constructions with an innovative approach for Trailers. In this
direction, different fabric designs and optimum production process conditions is
determined by the influence of acting force on fabric will be analyzed. The
tarpaulin which has improved performance, will be produced with an innovative
method for the first time in Turkey.
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Abstract: Pilling of knitted fabrics is a serious problem in terms of fabric appearance
and product usage life. There are different methods and devices developed for the
determination of the pilling of fabrics under laboratory conditions (Martindale, ICI,
Random tumble and etc.). However, subjective methods are still using to evaluate the
pilling characteristics of the fabric such as comparison of samples with standard
photographs. In the literature, several objective methods were proposed for pilling
assessment. But, these methods have not found a common use in textile industry for
now. In this study, the degrees of pilling on fabric surface were measured objectively
by texture analysis using Gray Level Co-occurrence Matrix from image processing
techniques in MATLAB package program. Statistical measures were extracted from
matrices obtained from images taken in digital scanners. These statistics provide
information about the effects of pilling on the texture. This study contributes to
applications of computer vision in fashion, conventional and technical textiles.

Key Words: pilling, digital image processing, GLCM, texture analysis, MATLAB

1. INTRODUCTION

The pilling of knitted fabrics is a serious problem for the textile industry. The pills
are formed protruding from the fabric surface during wearing or washing under
the rubbing actions. The development of pills on a fabric surface initiates the
attrition of the garment. Furthermore, this condition brings along an irritating
appearance. This appearance, which does not belong to the product when
purchased, causes dissatisfaction from the manufacturer. For this reason, the
pilling of the fabrics is tested before the customer is presented. Apparel suppliers
make an effort to predict and minimize the tendency of pilling on the fabric surface
using various material and methods.

There is a large volume of published studies describing definition of pilling,
mechanism of pill formation, measurement of pills, factors affecting pill formation
and control of pilling [1]. There are different methods and devices developed for
the determination of the pilling of fabrics under laboratory conditions. However,
subjective methods are still using to evaluate the pilling characteristics of the
fabric such as comparison of samples with standard photographs. Numerous
studies have attempted to evaluation fabric pilling as objective with the
applications of the image processing technology. Image-processing technology,
which has rapidly developed since the 1960s, is used in textile manufacturing and
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inspections, including determination of textile-surface characteristics. Image-
processing is basically the technique of manipulating and improving gray-scale
images by using mathematical functions. Image analysis involves calculations on
an ultimate image to produce numerical results [2]. Image analysis as a method
for evaluating the fabric pilling started in the late 1980s as a try to replace the
applied subjective evaluation methods [3]. In recent years, there has been an
increasing interest in machine vision-based pilling assessment [4]. But, these
methods have not found a common use in textile industry for now. Evaluation of
fabric pilling passes through four main stages in the mentioned studies. Stages
of quantitative fabric pilling evaluation are surface digitization, pills segmentation,
pills quantization and pills classification [3]. In this study, the levels of pilling on
fabric surface were measured objectively by texture analysis using Gray Level
Co-occurrence Matrix from image processing techniques in MATLAB package
program.

2. MATERIAL AND METHOD

Single jersey and double jersey knitting fabrics containing 100% cotton fibers
were used in this study. “Martindale Pilling and Abrasion Test Instrument
developed by Atac Machine” was chosen to evaluate pilling resistance of the
fabrics in compliance with ASTM D 4970. The images of fabrics were obtained
by digital scanner before the process of placing in the rubbing area. Brother DCP-
7055 preferred in standard offices was used as digital scanners without install a
special image acquisition system. The tests were carried out at 5000 turns. After
this procedure, fabric surfaces containing pills were scanned again. Taken
images before and after in pilling were resized as 900x900 pixels at the same
size.

The RGB color images of fabrics are loaded to MATLAB package program. These
images are three-dimensional matrices in "900x900x3 uint8" format. After that,
matrices must be two-dimensional (900x900 uint8) in order to be able to operate
on them. Thus, matrices expressing the different tone of the gray consisted
values ranging from 0 to 256 were generated. These matrices are transformed
into a form (900 x 900 double) that will have a value between 0 and 1. These
forms of matrices were ready for texture analysis using GLCM from image
processing techniques. Standard deviation filter was implemented on these
matrices in the context of texture analysis. Standard deviation filtered images
were segmented using Otsu's global thresholding algorithm. Thus, the pills in the
image were separated from the image background. Values below the specified
radius were masked using close mask. This application removes pills smaller
than the determined element. In this study, fabric images before pilling were used
to determine the reference radius. The radius was increased until there is one pill
in the image. The radius was measured as 4 pixels for both fabrics. The same
radius was also used to mask fabric images after pilling to provide the possibility
of comparing the fabrics. Furthermore, the fabric's own fuzz and structure are not
regarded as discomfort. After this phase, the negative of images were obtained
applying "invert mask" to matrices. Image processing was finished by clearing the
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borders of the image. And so, matrices of images have reached to "900x900
logical" format. Several statistics were derived with feature extraction from these
matrices.

3. RESULTS AND DISCUSSION

Figure 1 provides images of single jersey fabric obtained from image processing.
The results obtained from the image processing of rib fabric are presented in
Figure 2. Table 1 shows the summary statistics of images. These statistics
provide information about the texture of images.

Figure 1. Single Jersey fabric (a), SJ fabric after image processing (b), SJ fabric after pilling (c),
Pills in SJ fabric after IP (d)

Figure 2. Rib fabric (e), Rib fabric after image processing (f), Rib fabric after pilling (g), Pills in rib
fabric after IP (h)

Table 1. Statistics obtained from binary images with feature extraction

Type g:\j’ Entropy r‘:)lf’ I::ilI)IZr o?;?lalls 'X‘::: Contrast | Correlation | Energy | Homogeneity
b 0,009 0,0013 1 70 70,00 | 0,00002 0,8428 0,9998 1
d 0,120 0,1093 176 11739 | 66,70 | 0,00460 0,8405 0,9669 0,9977
f 0,011 0,0017 2 98 49,00 | 0,00004 0,8163 0,9997 1
h 0,084 0,0604 80 5695 71,19 | 0,00210 0,8470 0,9839 0,9989

Pilling on the fabric surface could be detected from images taken in digital
scanners without install a special image acquisition system. According to the
findings, there was a decrease in energy and homogeneity after pilling for both
fabrics. The increase in standard deviation, entropy, number of pills, area of pills
and contrast was observed. No trend was detected in the results of mean area
and correlation. However, these variables may be related to others. For instance,
subjective evaluations are affected largely from mean pill size. This data can be
an important coefficient or variable in the objective measurement of pilling.
Statistics measures obtained from binary images with feature extraction in Table
1 will provide important benefits to assess pilling grades. These data can be used
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for correlation, regression, cluster analysis or ANN applications. The results show
that the degree of pilling can be predicted by more detailed studies.

4. CONCLUSION

Researchers have investigated image analysis of pilling in four stages as surface
digitization, pills segmentation, pills quantization and pills classification. Surface
digitization is a process converting of fabric surface to a digital format which can
be processed on a computer. For this purpose, various camera systems and laser
sensors are used by researchers in image acquisition. Different techniques have
been put forward by researchers for the detection of piling, the separation from
the background and image segmentation. Edge detection algorithms and filters
are used. Pills quantization is determined using statistics values obtained from
the fabric images. The ultimate aim of all these operations is to classify the
images [4, 5].

In this study, it is seen that the three stages were carried out successfully by using
above mentioned techniques differently from previous studies. In this way,
quantitative values of the pills were obtained. Furthermore, trends for the various
properties were determined in which direction. Thus, this research has thrown out
new techniques in need of further investigation about the objective evaluation of
pilling tendency. However, it is clear that the classification process of images as
a final stage are be in need of more experimental sets.

In future studies, test plans should be produced to give different levels of pilling.
In addition to this, the results of classical method that evaluates with standard
photographs by the expert operator should be measured subjectively. It is
recommended that the relationship between subjective assessments and the
characteristics properties of the matrix structures to be produced from this test
plan were investigated by using clustering analysis. It is suggested that statistical
analysis of the obtained results and generating equations in which these pills
quantitative values are variable.
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Abstract: Polypropylene (PP) fiber is a good candidate to be used in technical areas with
its advantageous properties such as high hydrophobicity, high wicking property,
lightweight, low cost and easy processability. Recently, use of PP fiber is limited in
protective garment industry. Within the context of this study, it was aimed to expand the
usage of PP fiber by combining its properties with breathable-waterproof coatings.
Individually in this study, effects of calendering and FC pre- and post- treatments were
investigated on the waterproofness property of coated polypropylene fabrics.

Keywords: calendering, fluorocarbon treatment, coating, water-based polyurethane,
polypropylene.

1. INTRODUCTION

Coating is an advanced finishing method in which a thin polymer layer is applied
to one or both sides of a base fabric. By coating, advantages of coating polymer
and base fabric are combined to enhance the performance, appearance or
functional properties of the end product. One of the most important properties
provided by coating is waterproofness. Waterproofness makes a coated fabric
impermeable to pressurized water, rain and most of the hazardous liquids.
Waterproof fabrics can be generally classified as impermeable fabrics and
breathable-waterproof fabrics. Breathable—waterproof fabrics are preferred for
garment production as they are more comfortable [1, 2]. Breathable-waterproof
coatings may be prepared by solvent based polymers or water-based polymers.
Water-based polymers are more eco-friendly and sensitive to human health
during production [3, 4].

In our previous studies effects of polyurethane (PU) type, curing temperature,
curing time, cross-linker amount and fluorocarbon (FC) pre-treatment were
investigated on the properties of coated polypropylene, polyester, polyamide and
cotton fabrics [5-7]. In this study, effects of calendering and FC pre- and post-
treatment on the waterproofness property of coated polypropylene fabrics were
investigated. Polypropylene base fabric was coated with water-based breathable-
waterproof polyurethane blend. It was expected to expand the usage of
polypropylene fabrics in coated textiles area and create a base fabric alternative
for new applications.
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2. MATERIALS AND METHODS
2.1. Materials

Materials of the study were PP base fabric, FC, aliphatic polyether type PU
coating polymers and auxiliary materials. Auxiliary materials consisted of
polyacrylic and PU based thickeners, blocked isocyanate type cross-linker,
defoamer and deaerating agent.

Samples were diversified according to the processes they were exposed.
Experimental design and sample codes are given in Table 1. Samples were
coated with three layers of polymer. After coating each layer, samples were dried
at 100°C for 2 min. Finally, all samples were cured at 135°C for 2 min.

Table 1. Samples of the study

Schematics of experiments Sample Code FC Coated | Calendered FC
pre- (C) (CL) post-
treated treated
(PT) (PS)
PP No No No No
= n\}:treatment 1= layer coating PPC No Yes No No
Calendsring (20tons) | | PPC-PS No Yes No Yes
7 o (e coating PPC-CL-PS No Yes Yes Yes
PPC-PT-PS Yes Yes No Yes
PPC-PT-CL-PS Yes Yes Yes Yes

2.2. Methods

Waterproofness of the samples were tested before and after washing. In addition,
mass changes after washing and add-on values were determined.
Waterproofness test was performed according to TSE 257 EN 20811 standard
[8] by using Textest FX 3000 Hydrostatic Head Tester Ill. Test was repeated 3
times for each sample type. Samples were subjected to domestic washing cycles
according to TS 5720 EN ISO 6330-2002 6A standard [9].

3. RESULTS AND DISCUSSION

Add-on and mass change results are given in Figure 1 a. Add-on values were
between 8 % and 16 % for coated samples. Mass decrements after washing were
detected between 1.5 % and 2.5 % for coated fabrics. Any relationship between
calendering, FC treatment and mass changes were not detected.

E| Add-on and Mass Change @ Waterproofness Results
E 120
20 2100
£ 15 £ 80 = before
@ 2 B0 washing
gﬂ] % 40 l m after
] g % 23 - ™ washing
a f =
Y le o L PP PP
5 At o & o
4 (4] QO oy
i
éi
QQ

Figure 1. a) Add-on and mass change values b) waterproofness results
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Waterproofness results are given in Figure 1 b. PP base fabric and only coated
sample (PPC) exhibited very low waterproofness. FC post-treatment after coating
increased the waterproofness up to 18.9 cm water coloumn (w.c.) (PPC-PS).
Calendering and FC pre-treatment contributed to waterproofness of samples. FC
pre-treated PPC-PT-PS and PPC-PT-CL-PS samples showed higher
waterproofness when compared to equivalent samples which were not FC pre-
treated, namely PPC-PS and PPC-CL-PS. Highest waterproofness was obtained
from PPC-PT-PS sample which was coated, FC pre-treated and FC post-treated
(117 cm w.c.). Lowest level of waterproofness was admitted as 130 cm w.c. by
Sen and Damewood [1] and 100 cm w.c. by Fung [2]. PPC-PT-PS was the only
sample which provided the lowest level of waterproofness, before washing. After
washing, waterproofness of all coated samples decreased dramatically. It was
thought to be a result of relatively lower used curing temperature (135°C) and FC
effect. Relatively low curing temperature was used because of low melting point
of PP (160-170°C) [10]. Also, delamination of coating layer was observed for
some of the samples after washing.

4. CONCLUSION

Calendering and FC pre-treatment enhanced the waterproofness of coated PP
fabrics. After washing, waterproofness decreased dramatically and some
delamination was observed. FC treatment contributed to waterproofness before
washing but inhibited the adhesion between fabric and coating polymer and
resulted with lower waterproofness after washing. Curing at 135°C may lead to
lower cross-linking. In further studies, new cross-linking agents having lower
curing temperatures will be explored.
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Abstract: It is aimed to develop a breathable fabric with high strength resistance,
which provides thermal comfort with towel lamination denim fabric which will be run
by our R & D center. The fabric to be developed will be subjected to a lamination
process to form a thermal layer. In practice, the denim fabric will be laminated with a
special application towel using a PU (polyurethane) based adhesive. Thus a denim
thermal layer will come into play in the fabric. Towel lamination denim fabric is pre-
plated for use in cold geography and has a serious market potential. As a result of the
work to be done, thanks to the obtained fabric will not need to use an extra type of
thermal jacket. With the project to be realized, it is aimed to design and develop a
thermal layered denim fabric by applying a different process to the towel fabric for the
first time. With the lamination to be applied, it is possible to obtain textile surfaces that
are superior to the existing technical textiles and can be used in everyday life with
thinner, lighter and more comfortable.

Key Words: lamination towel, applications based on polyurethane, denim fabric, heat-
proofing, technical textiles.

1. INTRODUCTION

The importance of technical textiles is increasing day by day in today’s textile
industry. Technical textile is an expensive high value added product group which
has durability to chemicals, weather conditions, microorganisms also it has
superior performance and functional characteristics. The scope of the project is
to design and develop breathable and high strenght products to provide thermal
comfort for cold regions. In the first step, application of the towel fabric to denim
cloth will be realized with the HOT MELT METHOD of polyurethane based
adhesive material. A single layer structure will be obtained on this count. As a
gain of this lamination application, the textile surface will obtain lightweighted and
comfortable, thinner, superior of the existing technical textile and suitable for daily
usage.

2. MATERIAL AND METHOD

Our project will emerge as a result of material denim and towels will occur in a
different application model in the industry. Designed for use in cold climatic
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conditions towel laminated denim fabric do not sweat, with warm, breathable and
thus provided a structure to minimize heat loss reduction will be created.
According to other air permeability adhesive substance with a high and low
amounts of polyurethane based adhesive material due to their use will be used.
Denim fabric material obtained in air permeability values, towels can be caught
in the laminated denim fabric spot lamination applications will be done. Towels
and jeans fabric structures considering the most appropriate method of laminating
a hot solution method has been decided.

Denim

Dot lamination (pu)

- Towel

Figure 1. Hot Melt Method

The characteristics of the machine we laminate are given in Table 1:

Table 1. Capacity Specifications

Model Taytex Hotmelt Mach,ne
Maximum Product Width 1700 mm

machine cylinder length 1800 mm

Cylinder Pore Bonding Ratio 25¢g

machine speed 10-60 m/min

Power 55.0 KW

Dimensions 11800 x 2900 x 3600 mm

v' The adhesive is transferred equally to the material surface with the patterned
(point) cylinder. For this reason, laminating materials, soft waterproof and
breathable products will be obtained.

v' Hot Melt Adhesive; are in the form of a thermoplastic adhesive which is
pushed into rigid cylindrical rods of various diameters. Thanks to these rods, the
electric hot glue is heated in the gun and the adhesive is melted. The plastic is
used with a continuous melting heating system which either pushes the adhesive
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into the gun or a mechanical trigger is used. It is transferred to the adhesive fabric
by point transfer technology.

v' During the lamination process; blood pressure control, edge alignment
adjustments are possible.

v After the lamination process is finished, the fabric adhered to each other is
wrapped and left to stand for 24 hours.

v The high temperature resistant teflon coating on the drying cylinder surface,
the contamination of the cylinder adhesive is prevented and the quality of the
lamination process is increased.

Table 2. Construction characteristics of the ground (denim) fabrics

Specification Denim 1 Denim 2
Raw Material 98% %?TTON ~2% 100% COTTON
astane
Warp Az Bukulmus Karde Az Bukulmuis Karde
Weft Core Spun Yarn Carded
Pattern Design 3/1 Z Dimity 3/1 Z Dimity
Dye indigo indigo
Colour Pure/ indigo-2 Pure / Indigo-2
Weight/ASTM D 3776-09 407 g/m? 407 g/m?
Vehicle Width /ASTM D 3774-96 153 cm 169 cm

Warp /cm / ASTM D 3775-08 30 27

Weft /cm / ASTM D 3775-08 20,5 20
Dimensional Stability After
Washing / Warp %-1,5 %-1,5
Dimensional Stability After
Washing / Weft %-14 %-1
Elasticity %30 %0

The construction characteristics of the ground (denim) fabrics subjected to the
lamination process are given in Table 2.

The construction properties of the laminated towel fabrics are given in Table 3.

Table 3. Construction characteristics of the laminated towel fabrics

Specification Towel 1 Towel 2
Ground Yarn Nm 20/2 Ring Nm 20/2 Ring
Weft Yarn Nm 16/1 Nm 16/1
Pile Yarn Nm 16/1 Ring Nm 20/1 Ring
Product Boucle Towel Velvet Towel
Weight g/m? 340 330
Floor Density 11 warp/cm 11 warp/cm
Weft density 17,93 weft/cm 22,76 weft/cm
Pile Density 11 warp/cm 11 warp/cm
Pile Length 6,967 8,3
Colour Blue Salmon
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3. RESULTS

In the light of the work done, the useful technical value and the resistance of the
technical textile samples are improved by avoiding the performance of the
existing technical textile samples. The results of the first experiments are
described in the graphs below and studies to improve the functional properties of
the product continue.

Figure 2. Thermal layer denim fabric

Air Permeability Test Results ISO 9237:1995

200PA/ 20 CM? / (MM/SN)

Figure 3. Air permeability test results

Ten repeat measurements were made for each sample. According to the data
obtained in the structure of two different denim air permeability values, this denim
fabric laminated structure consisting in close results have been achieved.

150 13934-2 : 2014 TENSILE STRENGTH TEST RESULTS (N)

1133
1082

Figure 4. Tensile strength test results
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10 13937-1 : 2000 TEAR STRENGTH TEST RESULTS (N)

Figure 5. Tear strength test results

The tear and tensile strength tests were repeated 3 times. The tearing and
breaking values in the weft and warp direction of the lamination structures
composed of three different constructions were examined and the results were
close to the desired values.

4. CONCLUSIONS

Towels can be used in cold laminated denim fabric is at the forefront of its
geography, has the potential to have a serious market. As a result of the studies
is obtained thanks to an extra thermal underwear fabric type you need to use a
garment will not be heard. Applied to lamination method with will gain features,
superior of the existing technical textile, thinner, lightweight and can be used in
everyday life has been getting comfortable textile surfaces. These works,
breaking the first mukavemetii tear strength and air permeability is the targeted
level. Will continue its efforts to develop the structure of the fabric.
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Abstract: The working clothes are very important issue for the outdoor workers due
to the severe working conditions. Workers spend at least eight hours in a day in the
same clothes. Therefore, the worker clothes have to be comfortable, easy to use and
suitable for the body features to be protective of the health and safety of workers. In
this study, structural analysis of the some kind of workers' clothes was conducted,
usage properties were examined and a survey which is workers’ thoughts about these
work clothes was analyzed. In this study, workwear which is used by workers in
different sectors, were analyzed and colour and usage properties of workers' clothing
were investigated.

Key Words: Worker clothes, performance properties, structural analysis, survey

1. INTRODUCTION

Work clothes prevents human according to the risk of exposure to adverse
environmental conditions or reduce this risk. The worker clothes have to be
comfortable, easy to use and suitable for the body features to be protective of the
health and safety of workers. Exactly the clothes wear over the human is in
constant contact with person and these clothes have a direct effect on the human
psychology. So it needs to be designed depending on an accurate anthropometric
measurement. In addition, work clothes have to protect the health of the workers
and should not reduce the person's comfort and work performance [1, 3-5].

According to the place and working area, the work wear offer comfort and it
should be considered at the design stage. Fabric which carries the features
required for the respective lines of works, clothing appearance and clothing
comfort are the criteria that should be in work clothes. The raw materials used in
production of work clothes must have high quality. The result of the investigations
clothes which wear in the sector, usually cotton and cotton / polyester fabrics are
being used.

Nowadays, work conditions are very heavy, so clothes which workers wear while
working have great importance. Workers wear the same clothes at least 8 hours
in one day. In this reason, it is necessary that these clothes either protect workers
health and safety or comfort, and suitable for body motions. Especially, it has
great importance that work clothes don’t prevent the body motions. If they limit
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body motions, this situation will either disturb workers or influence work speed,
unit time, and productivity [1-8].

In this study, colour and usage properties of worker clothes were examined. For
this purpose, different work clothes were chosen and fastness analyzes, UV
aging and color strength values were analyzed. On the other hand, survey studies
were carried out on the 50 employees who work related to the work clothes and
contentment levels related to the existing clothes were determined.

2. MATERIAL AND METHOD
2.1. Materials

Six different types of outdoor worker groups have been supplied work clothes and
analyzes were performed. The worker clothes were shown in Figure 1.
Commercial detergent was wused for washing process. Histidine
monohydrochloride monohydrate (CeHsO2N3s 2HCI H20), sodyum klorit (NaOH),
sodyum di-hidrojen phosphatedihydrate (NaH2PO4.2H20), disodyum hidrojen
orthophosphatedihydrate (Na2zHPO4.2H20), were supplied by Merck for fastness
analysis.

b,

Figure 1. Work clothes, a: Gardener's Work Suit, b: Municipal Worker's T-Shirt, c: Outerwear of
Workers, d: Municipal Worker Trousers, e: Electrician's Trousers, f: Construction Worker Vest
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2.2. Methods

A variety of tests and methods to examine and evaluate the properties of the
clothing fabrics were applied. The fastness to washing, fastness to perspiration,
fastness to light, fastness to rubbing, UV aging, dimension change and water
repellency analysis were done according to the standards which are TS EN ISO
105-C06, TS EN ISO 105-E04, TS 1008 EN ISO 105-B02, TS EN ISO 105 X12,
ASTM G 154 UVB-313, TS EN ISO 50-77, TS EN ISO 4920, respectively. On the
other hand, each sample were washed 10 times, separately at 30°C, 65 min in
domestic type washing machines with commercial detergent and color strength
values were evaluated with Minolta CM 3600D spectrophotometer.

3. RESULTS AND DISCUSSION

Within the scope of this study, the results of the questionnaires on workers and
workers' clothes were evaluated. 50 people were administered a survey to assess
their work clothes which about performance characteristics of the garments used
by outdoor workers. Some questions like "Are you satisfied with your work clothes
from the viewpoint of health and safety? Do you wear sweaty work clothes? Do
you wear the same work clothes all the seasons? How long does your workplace
give you new clothes? During the washing do color changes come to fruition, do
you want your work clothes to be improved? “were asked on survey. The charts
for some of the questions are below (Figure 2). The colors in the charts represent
the following answers: “Blue: Yes, Red: No and Green: Often”.

OFTEN
43%

a b c

Figure 2. Charts of some survey questions a: “Are you satisfied with your work clothes from the
viewpoint of health and safety?”, b: “Do you wear sweaty work clothes?”, c: “Do you wear the same
work clothes all the seasons?”

As a result of the survey, workers have come to the conclusion that they are not
sufficiently satisfied with their work clothes. It is desirable that work clothes have
to be healthier and more comfortable. It is also requested that workplaces provide
workwear more often. It has been determined that there is a problem of quick
pollution and perspiration in working clothes. So all participants in the survey
wanted to improve their work clothes.
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In the light of the survey results, some of the workers' clothes used in the sector
were analyzed.

The raw materials of the fabrics and their ratios were evaluated with optic
microscope and quantitative analysis. The following data on analysis results
which are, construction worker vest and outerwear of workers are polyester,
municipal worker's t-shirt and municipal worker trousers are cotton, gardener's
work suit and electrician's trousers are cotton/polyester blend were obtained. The
cotton / polyester blending ratios have been determined as 35/65% according to
quantitative analysis.

Fastness and color measurement results after UV aging analyses which are
carried out in this study, are indicated in Table 1 and Table 2.

Table 1. Fastness Results of Work Clothes

Fastness
to Fastness to Perspiration
Rubbing

Fastness Fastness to Washing
Sample Dry Wet Alkali Acid
1o Light

CA CO PET PA PAC Wool ca co PET PA  PAC  Wool CA CO PET PA PAC Wool
Gardener's

Work Suit, FH] 5 2 45 4 4 34 45 45 23 w2 23 3 23 23 3 1 2z w2 2 2
Municipal
Worker's T- 4 s 3 4 3 45 4 5 a5 ¥4 w4 3 3 4 3 4 4 3 34 4 3
Shirt
Outerwear of
Workers 4 S 45 45 45 45 45 45 45 & 4 w4 34 3 4 45 4 4 4 4
Municipal
Worker 3 4 @ 4 3 3 3 4 4 a4 3 34 3 4 34 3 23 4 3 M 3
Trousers
Electrician’s
Trousers [ 45 4 45 4 4 3 45 4 2 Uz 23 12 M 3 2 2 3 w3 2
Construction
Worker Vest 3 S 45 45 45 45 4 45 45 & 4 4 34 4 I 4 e s W4 3w 3

According to the fastness analyses results, it is observed that the usage
properties of worker clothes are not very suitable for the working areas. It was
observed a decrease up 1 point in the fastness results after washing.

UV aging test results showed that, workwear fabrics have color differences when
comparing the pre-treatment and this change was particularly observed in dark
color workwear samples as expected.

Dimension change and water repellency analyses which are carried out in this
study, are indicated in Table 3 and Table 4.

When the results on the table are evaluated, the largest dimension change were
analyzed in municipal worker’s t-shirt. On the other hand, all values are within
acceptable limits.

The water repellent feature for work clothes is a desirable feature for electrician's
trousers, construction worker vest or outerwear of workers but it is not a desirable
feature for t-shirts. According to the spray test analysis, water repellency of
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outwear of workers and work clothes are better from the other clothes. On the
other hand, t-shirt does not have the water repellent feature as expected.

Table 2. Color Measurement Results after UV Aging

UV Aging L a b C H AE

Untreated 66,720 -29.67v9 55506 G2.942 28133
Construction Worker Vest (440 nm) 1.160
Treated 93.721  -36.232 92142 99.010 21.456

Untreated 59.617 1.055 -1.304 1.678 308.980
Outerwear of Workers (610 nm) 1.780
Treated 50 454 1.021 -1.388 1723 306.338

Untreated 25572 7.835 -33.952 34844 282005
Electridan’s Trousers (600 nrm) 0.469
Treated 23,148 7.588 -33975 34811 282584

Untreated 51.918 -29.108 -26.544 39394 222362
Municipal Worker's T-Shirt (670 nm) 5741
Treated 55.942 -31.049 -28532 42168 222561

Untreated 15.931 0.974 -9.282 9.333 275.989
Gardener's Work Suit (590 nm) 0635
Treated 15.333 1.049 -9.083 9.143 Z76.565

Untreated 14163 0.626 -6.767 6.818 276.058
Munidpal Worker Trousers (590 nmj) 1.855
Treated 15.950 0.943 -6.317 G.388 278.538

Table 3. Dimension Change Results of Work Clothes

In the direction of weft In the direction of warp
Dimens ion Change Dimension Change
Construction Worker Vest 0% 0%
Outerwear of Workers 0% 0%
Electrician's Trousers 2% 2%
Municipal Worker's T-Shirt -3.2% %1
Work clothes 2% 2%
-1.6% 0%

Municipal Worker Trous ers

Tablo 4. Water Repellency Test Results

AATCC
Construction Worker Vest 1SO 0
Outerwear of Workers 1SO 3
Electrician's Trousers 1SO 0
Municipal Worker's T-Shirt 1SO 0
Work clothes 1SO 2
Municipal Worker Trousers 1SO0
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4. CONCLUSIONS

Work clothes should be designed according to workplace, work environment and
made in accordance with the act in the intense pace of working life. Considering
that used for at least 8 hours a day of work clothing, properties of worker clothes
have a major importance.

In our study, structural and usage properties of worker clothes were examined.
According to the fastness analyses and survey about the clothes showed that,
work clothes is required to be healthier and more comfortable. On the other hand,
in usage time contamination and perspiration problems were obtained in worker
clothes. According to analysis and implementation of the survey results it
concluded that the work clothes should be developed considering the requests of
workers.
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Abstract: The aim of the present study was to design the controlled release of
rosemary essential oil from beeswax matrix by emulsion method. Essential oil was
entrapped into biodegradable beeswax matrix which were prepared at different
essential oil/lbeeswax ratios 2:1, 1:1, 2.6:1 and 1:2.25 using gelatin and Tween 80 as
emulsifying agents. The effect of amount of core and shell materials were studied on
in vitro essential oil release at pH 5-6 for 4 h. The in vitro essential oil release data
of beeswax formulations was fitted to various mathematical models (zero-order, first-
order, Higuchi, Korsmeyer—Peppas and Hixon and Crowell models).

Key Words: rosemary essential oil, controlled release, beeswax

1. INTRODUCTION

At present, the application of aromatherapy in textiles is commonly concentrated
on skin care benefits and stress management. When different active substances
for body care or health are loaded/embedded into textiles, they are then later
releasing them systematically (that means they interact with the body) being
gradually transferred to the skin by natural movement, pressure or the effect of
the skin’s natural warmth and enzymes. Transdermal drug delivery is a form of
medicinal administration wherein active ingredients are delivered across the skin
for systemic distribution, such us transdermal patches. Many chemical
compounds extracted from natural sources (vegetable or animal origin) show
potential as skin penetrating agents [1].

In the last years essential oils have gained their importance in therapeutic,
cosmetic, aromatic and fragrant fields. Essential oils are colorless pleasant
smelling liquids that consist from saturated and unsaturated hydrocarbons,
alcohol, aldehydes, esters, ethers, ketones, oxides phenols and terpenes [2].

In this study rosemary essential oil (Rosmarinus officinalis L.) was used as the
active compound. It is known for its effects such as antioxidant, antibacterial and
antifungal effect [3]. The challenge for using essential oils in textile field is to
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captures the fragrance in its original form with minimal change and protects the
fragrance from interaction with environment and from premature release during
storage [4].

Many studies have demonstrated the ways to protect active compounds from
adverse environmental conditions by entrapping them into a carrier [5].

Waxes have been used extensively as carriers for various types of active
compounds in pharmaceutical applications [6].

Beeswax is a complex mixture of hydrocarbons (12%-16%), free fatty acids
(12%—14%), esters of fatty acids and fatty alcohol (15%—27%), diesters and
exogenous substances [7].

To better exploit the properties of the rosemary essential oil applied to textile
materials this study presents the obtaining beeswax/rosemary essential oil
system and kinetic modeling on essential oil release from beeswax matrix.

2. MATERIAL AND METHOD
2.1. Materials

Beeswax was used as shell material for entrapping the rosemary essential oil in
the core and was purchased from a private apiary in the Northeast region of
Romania. Rosemary essential oil (extract of Rosmarinus officinalis) was
purchased from Fares SA Romania. Tween 80 was supplied by Merck -
Germany. 99.5 % pure vegetable glycerine was purchased from SC Elemental
SRL, Romania. Scoured and bleached 100 % cotton knitted fabrics were used in
the experiments.

Table 1. The main compounds of rosemary essential oil

Chemical Families Compounds %
a-pinene 12
B-pinene, Camphene 22
Myrcene 1.5
a - phellandrene 0.5-2
Monoterpenoids B - phellandrene
limonene
y -terpinene 2
p-Cymene
Sesquiterpenoids B-caryophyllene 3
linalool 0.5-1
Monoterpenols Terpinen-4-ol 1.5
a -terpineol
borneol 3-5
Terpenic acids 1,8-cineole 30
Caryophyllene oxide
Humulene epoxide | and
Monoterpenoids Camphor 30
Verbenone 0,4
carvone
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2.2 Emulsion preparation

To remove impurities, the beeswax has been cleaned and subjected to a
conditioning process. Clarification and washing were done by repeatedly melting
the beeswax chips in softened water at a temperature of 90°C. Finally, the purified
beeswax was poured and allowed to solidify in a crystallizer.

Beeswax/rosemary essential oil system was prepared by emulsion method. The
beeswax was melted at 63 °C and a 600 rpm speed over which distilled water
was added at 63°C. The Tween 80 emulsifier was added to the wax / water
system. The system was kept under stirring for 10 minutes at 63°C, after which
vegetable glycerol was added. After complete homogenization, the system was
cooled to 40°C, over which the rosemary essential oil was added dropwise.

Table 2. Treatment variants

Treatment Essential Beeswax, | Tween Glycerine, | Water
variant oil, % (wiv) 80%, Yo(Wlv) %(wlv)
codes % (wiv) % (wlv)

V1 4.2 2.1 20 10 63.7
V2 4.2 4.2 20 10 61.6
Vs 7.2 2.7 20 10 60.1

2 1.2 2.7 20 10 66.1

Vs 1.2 0.6 20 10 68.2

*An initial solution of 30% Tween 80 was used in experiment

2.3. Coating of knitted fabrics with emulsion

Cotton knitted fabrics (1g) were padded twice with prepared emulsions (V1-Vs) to
a wet pick-up of 100%. The padded fabrics were dried at 57°C for 30 minutes.

2.4. In-vitro release study

Samples of cotton fabric, treated with prepared emulsions, were introduced into
a well-known volume of phosphate buffer solution and were maintained under
stirring (100rpm) at 32°C.

Aliquots of 5 mL were withdrawn from the release medium at each hour (1-4h)
and replaced with equivalent amount of buffer solution. The amount of rosemary
essential oil release was determined spectrophotometrically on a UV-VIS
Camspec M 501 Single beam Scanning spectrophotometer and calculated using
the calibration curve.

2.5. Release kinetics

Skin is a very effective barrier that limits the penetration of molecules into the
body [8]. However, essential oils having a molecular weight less than 800 amu
can penetrate this barrier.

In order to predict the kinetics of the rosemary essential oil release from the
beeswax formulations, various mathematical models were used:

329



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

Zero-order (data obtained from in vitro drug release studies were plotted as
cumulative amount of essential oil released versus time), first-order (data were
plotted as log cumulative amount of essential oil remaining versus time), Higuchi
(the data obtained were plotted as cumulative amount of essential oil release
versus square root of time), Korsmeyer—Peppas (the data were plotted as log
cumulative amount of essential oil release versus log time) and Hixon and Crowell
(data obtained from in vitro drug release studies were plotted as cube root of drug
amount remaining in matrix versus time) [9,10].

In order to determine which of these kinetic models is optimal and to quantify the
more appropriate it is, one used Akaike criterion (AIC) that combines probability
theory, information theory and concept of information entropy.

Akaike criterion is defined by the equation below:
AIC =n-InWSS +2p

where:

n is the number of experimental points;

p is the number of parameters;

WSS is the sum of squared distances from experimental points to curve,
measured vertically.

3. RESULT AND DISCUSSION

The effects of beeswax/essential oil concentrations on the release profile were
evaluated with the aid of MS Excel by fitting the cumulative mathematical model
distribution function to the release results employing the linearized form [11].

The amount of rosemary essential oil released at different preset periods of time
(1-4h) was calculated by means of equation given by standard curve (y = 0.5094x;
where x is the concentration of biologically active compound solution and y is the
absorbance obtained from UV spectral analyses).

Kinetic profiles for controlled release of rosemary essential oil according to
Higuchi model is shown in Figure 1.
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Figure 1. Kinetic profiles for controlled release according to Higuchi model

330



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

Kinetic profiles for controlled release of rosemary essential oil according to the 0
order model is shown in Figure 2.
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Figure 2. Kinetic profiles for controlled release according to the zero order model

Kinetic profiles for controlled release of rosemary essential oil according to the
first order model is shown in Figure 3.
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Figure 3. Kinetic profiles for controlled release according to the first order model

Kinetic profiles for controlled release of rosemary essential oil according to
Hixson—Crowell model is shown in Figure 4.
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Figure 4. Kinetic profiles for controlled release according to Hixson—Crowell model

Criteria for choosing the most appropriate model was based on best goodness of
fit, coefficient of determination (r2) and Akaike Information Criteria (AIC). The
release rate constant (k values) as well as r2 obtained from the curve fitting were
summarized in Table 3.

Table 3. Parameters obtained from each model for the different concentrations of beeswax

Treatment Higuchi Model The zero The first Hixson—Crowell
variant order model Order model model

codes r Kn r? Ko r? K+ r? Kic

V4 0.9826 | 0.1226 | 0.9481 | 0.0402 | 0.9632 | 0.0419 | 0.9481 | 0.0134
Vs, 0.9857 | 0.1474 | 0.9536 | 0.0483 | 0.9695 | 0.0467 | 0.9536 | 0.0161
V3 0.9747 | 0.1158 | 0.9347 | 0.0378 | 0.9485 | 0.0370 | 0.9347 | 0.0126
V4 0.9640 | 0.1322 | 0.9192 | 0.0430 | 0.9372 | 0.0360 | 0.9192 | 0.0143
Vs 0.9612 | 0.1211 | 0.8808 | 0.0430 | 0.8991 | 0.0346 | 0.8808 | 0.0150

Akaike values were calculated for each experimental data using the sum of
square deviations of experimental data from the data calculated according to
matematical models, also called the sum of errors (WSS). Treatment variant that
has the lowest value for AIC criterion is the best variant.

Table 4. The WSS values for each model

Treatment Higuchi model zero order first order Hixson—
variant model model Crowell model
codes

Vi 0.309704 0.409979 0.382031 1.676072

Vs 0.322389 1.143510 0.383950 1.617359

Vs 0.332350 0.422297 0.374745 1.554701

\2 0.366513 0.461409 0.394173 1.490629

Vs 0.434733 0.796398 0.449340 1.378340

From the above tables results that Higuchi model best represent the data that
describe the controlled release of rosemary essential oil from beeswax matrix.
Regression coefficient R? were found to be 0.9826, 0.9857, 0.9747, 0.964 and
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0.9612 respectively. The results agreed with the studies previously reported [12].
It can be observed that the k values increased with the decreasing amount of
rosemary essential oil in the matrix formulations. The incorporation of
hydrophobic essential oil can decrease the drug release from hydrophobic matrix.
All treatment variantes have the lowest value for AIC criterion for Higuchi model,
that also confirm that Higuchi model best represents the release experimental
data.

Table 5. The Akaike values for each kinetic model

Treatment Akaike values Optimum
variant Higuchi Zero order | First Hixson- model
codes model model Order Crowell model

model
V4 -2.68855 -1.5666 -1.84902 4.065811 Higuchi model
Vs, -2.52798 2.536408 -1.82898 3.923179 Higuchi model
V3 -2.40626 -1.44819 -1.92604 3.765132 Higuchi model
V4 -2.01489 -1.09388 -1.72386 3.596793 Higuchi model
Vs -1.33208 1.089376 -1.1999 3.283519 Higuchi model

From the above tables results that Higuchi model best represent the data that
describe the controlled release of rosemary essential oil from beeswax matrix.
Regression coefficient R? were found to be 0.9826, 0.9857, 0.9747, 0.964 and
0.9612 respectively. The results agreed with the studies previously reported [12].
It can be observed that the k values increased with the decreasing amount of
rosemary essential oil in the matrix formulations. The incorporation of
hydrophobic essential oil can decrease the drug release from hydrophobic matrix.
All treatment variantes have the lowest value for AIC criterion for Higuchi model,
that also confirm that Higuchi model best represents the release experimental
data.

4. CONCLUSION

Akaike Criterion allows to determine which kinetic model is more appropriate and
quantify with how is more appropriate; combines probability theory, information
theory and concept of information entropy. The kinetics of the drug release from
wax matrix fit well with Higuchi’s diffusion model. The results of this study could
be helpful to give an idea for selecting suitable released-controlling agent in
hydrophobic release formulation.
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Abstract: In the development of sails sail clothes have a big importance. Present
applications on sail clothes include techniques based on yarn, finishing and lamination. In
this project a sail cloth has special construction can benefit from acting effect of winds
even at low speed will be developed as a woven fabric. The surface of fabric which clutch
the wind successfully will be designed inspiring by the tubercle structure of humpback
whale fin. Wavy surface is the aim of design. In this way the frictional area increased and
the wind gains a suitable precession. With this precession the suction effect of flow for
movement increases. Herewith the minimum spacing on Beaufort Scale for the acting of
sails can be reduced to 3.5-4 knots from 4-6 knots. The project aims to provide the basic
properties of sailcloth such as UV resistance and sea water resistance using high tenacity
polyester yarn as well.

Keywords: wind flow, construction, humpback whale fin, sailcloth, Beaufort Scale

1. INTRODUCTION

Sailcloth is the part of sail which convert the wind energy to kinetic energy. The
main principal of motion of sails is explained with Bernoulli’s rule. According to
Bernoulli’s rule low and high pressure sections occurs on the different surfaces
of body under effect of fluid. The pressure difference creates a suction effect and
due to this effect the sail starts to move. Tubercle structure increases the
frictional area and makes the surface more available for precession. In different
areas of industry such as energy and aeronautics used the same approach of
biomimicry for designing of propellers and turbines considering humpback whale
fin to use wind energy efficiently according same principal. Success of this fabric
construction developed for sail clothes also can be measured getting reference
the decreasing of minimum values on Beaufort Scale for the motion of sails.

2. MATERIAL AND METHOD
21. Fabric Design

High tenacity polyester is the raw material of developed fabric has the tenacity
8.80-9.00 grams for per denier. Weave type will be arranged to obtain the wavy
structure of surface using different combinations of warp and weft positions. For
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the structures have ability to reach the aimed results computational designs are
prepared on EAT design software.

2.2, Main Properties of Fabric

Sailcloth is exposed many dynamical fluid effects during motion. In the other
hand sea water effect is very important parameter as well. When we consider
these situations several strengths and handle properties sorted as follows gain
importance;

e Lightness

¢ Dimensional stability

e Bursting resistance

e Tear resistance

e Air permeability

e Coverage

e Waterproof

e UV Resistance

e Resistance to saltwater
e Handle

According to these parameters we will be produced fabric for sailcloth as plain
weave. Appreciations of tests are controlling by below standards;

e TS ENISO 105-E02 Resistance to saltwater
e AATCC TM 186 Aging resistance under effect of UV
e TS EN ISO 6330 Dimensional stability
e TS ENISO 9237 Air permeability
e AATCC 22 Waterproof
e TS ENISO 13937-4 Tear resistance
e TS ENISO 13938-2 Bursting resistance
2.3. CFD Analysis

Structures obtained from EAT are simulated with fluid effects on Computational
Fluid Dynamics Software to calculate the efficiencies of designs. In this method
cage structures must be created for fabric geometries of each design. After this
process the fluid effects simulated on surface with different angles and values.

2.4. Wind Tunnel Experiments

The samples obtained considering designs and analysis are tested in laboratories
include wind tunnel embodiments. In this way CFD and experimental results can
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be correlated. According to results of correlations analyses or designs can be
renovated.

3. RESULT AND DISCUSSION

Fabric construction designed using parameters weaving method, high tenacity
polyester yarn and wavy surface inspiring tubercle structure of humpback whale
fin gives successful results in terms of acting sails in conditions also include low
intensity of wind speed.

4. CONCLUSION

Owing to developed structural design of fabric minimum acting values of sails
marked on Beaufort Scale could be decreased in proportion as 12 %. Through
the high tenacity polyester yarn the basic performance properties have provided
also tenacity and UV resistance could be increased in proportion as 10%.
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Abstract: In this sudy, three different colour commercial photochromic dyes (violet, blue
and orange) which include microcapsules that are available on the market were applied to
the 100% cotton fabric by printing method and 100% cotton yarn by conventional exhaust
process. The scanning electron microscope (SEM) were utilized to characterize the
structure, morphology, size and size distribution of commercial photochromic dyes. Then,
the activities of commercial photochromic dyes on the fabric were analyzed by colour
analysis under different light sources, washing and rubbing fastness tests. At the same
time, in order to investigate the colour formation of the yarn which are carried out by a
portable spectrophotometer. The main purpose of this study was to investigate the use of
commercial photochromic dyes in preventing counterfeiting.

Key Words: Commercial photochromic dye, prevention of imitation, printing, yarn dyeing

1. INTRODUCTION

Chromic materials make available to together using facilities fashion technology
and design with smart and controlled solutions, especially clothing industry, in
textile. At this point, the researchers in textile as the other industry fields focus on
the wide range of products. Recently, there has been some interest in developing
photochromic smart textiles [1-3].

Photochromism is a reversible transformation of a chemical species included in
one or both directions by absorption of electromagnetic radiation, between two
states having observable light absorptions in different regions of spectrum:

A (colourless) + hvi — B (colourful)
B (colourful) + hva — A (colourless)
Reversibility is the main criterion for photochromism [4-7].

The colours of photochromic dyes (colour changing dyes with UV or visible light),
change with the changing in the colour intensity by reversing the change. And
then they return to their original colours with the disappearance of the radiation.
Usually they are colourless in the dark, but the molecular structure of the material
changes when exposed to sunlight or UV radiation and the colour formation
exhibited. When the light source is removed, the colour which exists is lost (Figure
1) [8]. Utilizing these features of photochromic materials, depending on fashion
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trends in the textile industry as well as the prevention of imitation, also benefits
from protectionism.

Figure 1. Schematic representation of photochromism mechanism

The aim of this study was to investigate the colour formation of commercial
photochromic dyes which include microcapsules on the fabric and yarn. Then,
the application of commercial photochromic dye was realized to fabric by printing
methods and to yarn by conventional exhaust process. The activities of dyes on
the fabric and yarn were analyzed by colour analysis under different light sources
and rubbing fastness tests.

2. MATERIAL AND METHOD
2.1. Materials

The commercial photochromic dyes that include microcapsules were obtained
from Nanorenk Incorporated Company, Turkey. Securon DC (complexing agent,
Pulcra Chemical), Lava® Con LDA P (DyStar), Lava® Fast S (laundry auxiliary,
DyStar) and Sera® Gal C-RFX (low-foaming special product for the dyeing of
cotton, DyStar) were used in yarn dyeing process. All chemicals were used
without any purification.

2.2. Application to Fabric and Yarn

In this study, photochromic microcapsules were applied to fabric by printing
method. Firstly, the photochromic microcapsules (10 g) were added into a 100
mL beaker containing printing paste (90 g) which is consist of binder, thickener,
antifoaming agent, fixer, ammonia, cross linker and water. After they were
homogeneous mixed under stirring was continued for 5 min to make
photochromic microcapsules and printing paste matrix mixed completely. Then,
the photochromic printing paste was applied to 100% cotton fabric in the printing
machine (Atac, Turkey) through pigment printing and dried naturally in the dark
place. The properties of used fabric are shown in Table 1.

Also, these commercial photochromic dyes were implemented to 100% cotton
yarn according to the conventional exhaust process. The yarns were pretreated
as follows before process.
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Table 1. Properties of Fabric

Fabric Type 100% Cotton
Weaving Type 1x1 Plain
Warp 60
Yarn Number (Ne) Weft 60
. . Warp 62
Weaving Frequency (wire/cm) Weft 22
Weight (g/m?) 107
110°C 15'
get back water 80°C
50°C 5 5 oxidising empty
T T T ion trap
chemicals - roxide
foam cutter caustic Sgguron Dc
wetting
60°C 10°
empty

Figure 2. Preatment process

After pretreatment, dyeing was done according to conventional exhaust method.

10'

1. Step 80° cold
1g/L Seregal C-RFX empty empty
55 20
Il Step
10
| empty
cold 10 5 T 10
T 3g/fLlavaFastS

3 g/L Lava Can LDAP 3 g/L caustic

Figure 3. Dyeing conditions
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cold

empty

cold

commercial photochromic dye
IV. Step

cold 5 5

empty empty

Figure 3. Dyeing conditions (continiued)

The properties of used yarn are shown in Table 2.
Table 2. Properties of Yarn

Number of Yarn 90/1 Ne
Elong (%) 4,64
RKM 20,72
% U 11,63
% Cvm 14,66
Hairness 2,43

2.3. Colour Analysis

The discolouration of the fabrics was observed under different light sources in the
light cabinet. At the same time, in order to investigate the colour formation of the
fabric and yarn; colour measurements of these fabrics and yarns were carried out
by a portable spectrophotometer (ColourLite Sph870, Germany) in a UV cabinet
(UVP- UV2/PCR) under UV light exposure.

2.4. Laundering Test and Rubbing Fastness Analysis

To test laundering durability specimens were treated on a short time program in
a Atlas Linitest or 30 min at 40°C, in accordance with ISO 105-C06:2010 Textiles-
Tests for colour fastness-Part C06: Colour fastness to domestic and commercial
laundering (ISO 105-Textiles-Part C06:2010). At the end of the cycle samples
were dried at room conditions. All samples were examined after 1 cycles. The
value of the colour fastness of the sample with the value of colour fastness by
straining of multifiber is determined by grey-scales.
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At the same time, strength of specimens to rubbing were performed by using
Atlas Crockmeter rubbing device, according to ISO 105-X16:2001 Textiles-Tests
for colour fastness-Part X16: Colour fastness to rubbing-small areas (ISO 105-
Textiles-Part X16:2001). It was measured according to the standard wet and dry
rubbing fastness. Colour flows to rubbing pieces are evaluated with grey-scale.

3. RESULTS AND DISCUSSION

Typical photomicrographs obtained by scanning electronic microscopy of
commercial photochromic dye (violet, blue and orange coloured) are shown in
Figure 4. It can be seemed in figure that the commerical photochromic dyes in
the fabrics are composed mainly by spherical-shape capsules.

Figure 4. SEM photomicrographs of commercial photochromic dyes in the fabrics

Figure 5-7 depicts colour changes of the fabrics under different light sources in
the light cabine. At the same time; L*, a*, b*, h, C and AE values of the fabrics
are illustrated in Figure 8-10. It was observed that colour changes and colour
values of the fabrics showed the discolouration of the fabrics.
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Figure 5. Images of at different light sources of fabric which applied violet coloured commercial
photochromic dye by printing method

Figure 6. Images of at different light sources of fabric which applied blue coloured commercial
photochromic dye by printing method
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Figure 7. Images of at different light sources of fabric which applied orange coloured commercial
photochromic dye by printing method
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| W= 53,36 47,71 45,07 | 63,83 | 72,94 14,36 14,85 14,62 11,59 |-14,06 10,12 |-24,98]20,654/31.4,04 0,305 [ 0,288 | 59,75 193 321171 45204,82)-24,99 112581

Figure 8. Colour values of fabric which applied violet coloured commercial photochromic dye by
printing method
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Figure 9. Colour values of fabric which applied blue coloured commercial photochromic dye by
printing method
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Figure 10. Colour values of fabric which applied orange coloured commercial photochromic dye by
printing method

Figure 11 depicts colour changes of the yarns under UV light source. At the same

time; L*, a*, b*, h, C and AE values of the yarns are illustrated in Figure 12-14. It

was observed that colour changes and colour values of the yarns showed the

discolouration of the yarns.

Figure 11. Colour changes of the yarns which containing violet, blue and orange coloured
commercial photochromic dye (a, b,c): without UV light source (d,e,f): under UV light source,
respectively
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Figure 12. Colour values of the yarn which containing violet coloured commercial photochromic dye
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Figure 13. Colour values of the yarn which containing blue coloured commercial photochromic dye
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The colour changes and staining degrees of fabrics for multi fibers were
evaluated with grey scale under Des light (standard sun light). Table 3 shows
colour fastness to laundering of the fabrics. It was observed that colour change
and staining value were very good.

Table 3. Colour fastness to washing

Colour Change L

Fabric applied commercial 5 5
photochromic dye in violet colour

Fabric applied commercial 5 4
photochromic dye in blue colour

Fabric applied commercial 5 5
photochromic dye in orange colour

The staining degrees of rubbing fabrics were evaluated with appropriate grey
scale according to wet and dry rubbing test results. Change in colour was
assessed using the standard grey scale, where a rating of 5 is considered as
excellent and 1 is poor. Fastness results of the fabrics are given in Table 4. It was
observed that dry and wet rubbing fastness seemed to be same value.

Table 4. The fastness values of the fabrics

Fabric Dry Rubbing Fastness W:;:tl:‘gg'sng
Fabric applied commercial
X Lo 4 4
photochromic dye in violet colour
Fabric applied commercial 4 4
photochromic dye in blue colour
Fabric applied commercial 4/5 4/5

photochromic dye in orange colour

4. CONCLUSION

In this study, commercial photochromic dyes were successfully applied to cotton
fabric and yarn. The colour of fabric and yarn was observed to change very
quickly under different light source. It has proven to be used to prevent
counterfeiting of photochromic dyes applied fabric and yarn.
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Abstract: Recently, some alternative bleaching methods as well as conventional
bleaching chemicals have begun to be used [1]. Conventional bleach chemistries used in
bleaching include sodium hypochlorite, potassium persulfate, potassium permanganate,
hydrogen peroxide, sodium perborate, sodium percarbonate, and benzoyl peroxide [1].
Scientific studies have been carried out according to the known saate of the art. However,
it has been determined as a result of research that it is not industrial. In this study, an
alternative bleach ozone effect was applied. only the ozone can be used with different
techniques without the use of any harmful chemicals, and the textile washing and effect
giving process has been achieved. With the system developed within the scope of the
project, Technical specifications and visual designs of products between conventional
bleaching and ozone bleaching were compared. In terms of both technical and visual
aspects, successful results have been obtained in comparison with the conventional
method in ozone technology. It has also been observed when no chemicals are used in
the washing process and water consuption has reduced the rate of 60-90%.

Keywords: Ozone, give effect, washing, bleaching

1. INTRODUCTION

Denim fabric is a kind of woven fabric which has been produced mostly from
cotton fiber and also used fibers such as polyester, elastane, linen and viskon in
recent years and has a wide range of patterns that can be touched with various
grades, dyed with horse dyeing, warp indigo dyestuff in classic types [2]. Waste
waters containing metals, phenols, toxic compounds and phosphates can be
found in waste water due to fibers, chemicals and auxiliary substances used in
textile production processes. These components, which are often resistant to
conventional biological treatment, can be treated without purification in
conventional wastewater treatment systems. Therefore, chemical oxidation
methods are much more effective in the treatment. Chemical oxidation with ozone
is the most suitable process for color removal in textile wastes. Oxidation is more
effective when mineralization is not efficient and economical [3].

2. MATERIAL AND METHOD
2.1. Reaction with ozone indigo and preparation of ozone device.

Firstly the conditions of the ozone generator are adjusted to give effect to the
fabric with ozone. Then are put the fabrics to be applied into the washing
machine. The formation and breakdown reaction of ozone is given in Figure 1.
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The properties of the fabric used in the study are given in Table 1.

Table 1 The properties of the fabric used in the study

SHARABATI Fabric Specification Sheet
DENIM Denim
Date: 01.08.2016 Status: Under Development
Code: DRS500062 Weave: 31z
Type: Denim Dual-Force Color: Ocean Blue /7.5
Fabric Name: ULTRA JET 0401 Finishing: Pre Shrunk
Composition: 94CO + 4PES + 2EL

s o
Weight Dry ; ozly* ASTM D3776 (2013) un-washed
Weight Washed 1 ozly* 15% - washed (AATCC 135-2004)
Width Overall 142 cm +2 ASTM D3774 (2012) un-washed
Width Cuttable 139 cm 12 ASTM D3774 (2012) un-washed
Shrinkage Warp 25 % min. 2.5 | max. 4 | AATCC 135 (2004) washed
Shrinkage Weft 16 % 12 AATCC 135 (2004) washed
Movement 0 % +3 AATCC 179 (2004) washed
Tear Warp ELMENDORF 15 Ibt -30% ASTM D1424 (2013) washed
Tear Weft ELMENDORF 8.8 Ibf -30% ASTM D1424 (2013) washed
Tensile Strength Warp 175 Ibf -30% ASTM D5034 (2013) washed
Tensile Strength Weff 55 Ibt -30% ASTM D5034 (2013) washed
Stiffness KGF 102 ASTM D4032 (2012) un-washed
Elasticity 65 % min. 61 | max. 69 | ASTM D3107 - Modified washed (AATCC 135-2004)
Growth 35 % min. 0.5 | max. 6.5| ASTM D3107 - Modified washed (AATCC 135-2004)
Recovery 94 % ASTM D3107 - Modified washed (AATCC 135-2004)
Abrasion Resistance ‘ MARTINDALE rubs . 1S0 12947-2 (1998) e
Seam Slippage - 1SO 13936-1
Pilling Tendency ‘ MARTINDALE : 1SO 12945-2 (2000)
pH 6.5 - | min. 5 ‘ max. 7.5 | AATCC 81 (2012)
Crocking Dry (Rubbing) 45 |- IS0 105-X12 (2001)
Crocking Wet 1-2 - ISO 105-X12 (2001)
,
' Color Change 4 . ISO 105-C06 - C1S (2010)
Cotton 4 - I1SO 105-C06 - C1S (2010)
Diacetate 4 - ISO 105-C06 - C1S (2010)
Polyamide 4 - 1SO 105-C06 - C1S (2010)
Staining
Polyester 4-5 - ISO 105-C06 - C1S (2010)
Acrylic 4 & ISO 105-C06 - C1S (2010)
Wool 4-5 - I1SO 105-C06 - C1S (2010)
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Figure 1. Ozone Reaction

2.2. Preparation of fabric sample

Test such as color fastness, elastic recovery, shrinkage test have been maken to
fabrics that has been applied onone.. 25 cm for the weft, 7.5 cm for the warp.
50*50 cm for shrinkage test.

The characteristics of the ozone gas are given in Table 2.

Table 2. Properties of ozone gas

Molecular formula Os

Molecular mass 47.984743866 g mol™’

View Pale blue gas

Density 2.144 mg cm=3 (0 °C)
Melting point -192.2 °C; -313.9 °F; 81.0 K
Boiling point -112 °C; =170 °F; 161 K
Resolution (in water) 1.05gL"(0°C)

3. RESULTS AND DISCUSSION

Technical specifications and visual designs of products between conventional
bleaching and ozone bleaching were compared. In terms of both technical and
visual aspects, successful results have been obtained according to the
conventional method in ozone technology. It has also been observed when no
chemicals are used in the washing process and water consuption has reduced
the rate of 60-90%. The technical properties of the fabrics are given in Table 3.

Table 3. Technical results of average fabric

ELASTICITY

(EXTENSION) RECOVERY EXPLANATION
31,5% 7,0% Bleaching with ozone
29,0% 4,0% Convertional bleaching

351



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

REFERENCES
1. Ege, V., Denim Yikama Oryantasyon Sunumu 2008.

2. Bagiran, I.C., problems occuring in denim laundry, their preventive solutions and correction
possibilities Ege Universitesi Fen Bilimleri Enstitisu, 2011. (Yiksek Lisans Tezi) p. 80-83.

3. Kaan Morali, N.U., Utku Yetis, Ozonation pre and post-treatment of denim textile mill effluents:
Effect of cleaner production measures. Journal of Cleaner Production, 2016. 137: p. 1-9.

352



7" International Technical Textiles Congress, 10-12 October 2018 Izmir-TURKEY

MONOFILAMENT FIBER PRODUCTION WITH
POLYMER FOAMS

Rumeysa CELEN', Yusuf ULCAY'

" Uludag University, Turkey

Corresponding author: rumeysa@uludag.edu.tr

Abstract: The aim of the study is to produce monofilament bicomponent yarns for use
in insulation applications (for example; thermal insulation, acoustic insulation etc.)
Therefore, polymer foam material is used for insulator material. Sheath and core
bicomponent spinning method was used. Different ratios (%1 and %3) of LDPE foam
was used in monofilament yarn. Longitudinal section and cross section of the fibers
were investigated. Tenacity and elongation tests were made by Shimadzu test
instrument.
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1. INTRODUCTION

Throughout history, humanity has worked to improve our quality of life. Following
that goal, we have been changing and improving the places we live in. One
important point in order to improve quality of life is isolating ourselves from the
vibration and electricity from all that equipment that makes our life easier, weather
tail, external temperature and noise. Therefore, insulation techniques are
continuously on the rise [1].

Polymeric foams, such as polystyrene (PS), polyethylene (PE) and polyurethane
(PU), are widely used because of their lower cost, low thermal conductivity, high
specific strength, excellent heat and sound insulation performance, great energy
absorption property, compared to conventional plastic materials [2, 3].

Textile materials often use at thermal and acoustic insulation applications due to
their porous structure and low cost [4, 5, 6 etc.]

2. MATERIAL AND METHOD
2.1. Material

Properties of polypropylene chips which used at the sheath section of fiber were
given in Table1. It was supplied by Petkim Petrokimya Holding A.S.

Low Density Polyethylene (LDPE) foam was used at core section of fiber. It was
supplied by Durfoam Insulation & Packaging Co.
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Table 1. Properties of polypropylene chips

Description Value
Melting flow rate (MFR),
Tensile strength 350 kg/cm?

Table 2. Properties of LDPE foam

Description Value

Blowing agent Azo dicarbon amide
Density 25-250 kg/m?
Decomposition >300 °C
Temperature

2.2. Method

Sheath and core bicomponent spinning method was used. Low density
polyethylene foam was used as an insulator material. LDPE foam was used at
core section, polypropylene (PP) was used at sheath section.

%1 and %3 adding ratios of LDPE foam was used in monofilament yarn.
Production parameters were given in Table 3.

| Polymer A
— A ' —

Polymer B

Figure 1. Schematic view of sheath/core bicomponent spinning

Longitudinal section and cross section of the fibers were investigated. Tenacity
and elongation tests were made by Shimadzu test instrument. In tenacity and
elongation tests three measurements were performed and average values were
given.
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Table 3. Production Parameters

N Extruder Speed Drawing /
Additive Yarn Codes Ratios Winding Ratio
(Sheath/Core)
1 % LDPE 1.5.1 5/1 1/0,5
1% LDPE 1.4.1 4/1 1/0,5
1 % LDPE 1.2.1 2/1 1/0,5
3 % LDPE 3.5.1 5/1 1/0,5
3 % LDPE 3.4.1 4/1 1/0,5
3 % LDPE 3.2.1 2/1 1/0,5

3. RESULTS and DISCUSSION

Yarn number, tenacity and elongation test results were given in Table 4.
Compared to the reference yarn tenacity was increased, elongation was
decreased. PE foam additive effected yarn’s mechanical properties positively.

Table 4. Test results of monofilament yarns

Yarn Codes Yarn[tr:i?lber Tenacity [N] Elongation [%]
1.5.1 350 8.19 32.87
1.4.1 400 9.36 43.5
1.2.1 305 11.24 60.84
3.5.1 460 11.19 48.80
3.4.1 270 12.38 58.84
3.21 280 14.29 60.45

"Reference PP yarn Tenacity [N]: 2.62 Elongation[%)] :290.56

Figure 2. Cross section of (left) 1.4.1 (center)1.2.1 (right) 3.5.1
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Figure 6. Longitudinal section of (left)3.5.1 (center)3.4.1 (right) 3.2.1

4. CONCLUSION
e The foam polymer improved yarn properties as expected.

e For both additive ratios (1% and 3%), increased with sheath’s speed ratio,
tenacity values of monofilaments were decreased.

o In future work; different polymer foams will be studied.
¢ Maximum polymer foam additive ratio will be determined.

e Thermal and acoustic insulation properties of yarns will be measured.
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Abstract: Comfort is a mixed concept involved various factors such as fiber and fabric
properties, human factors and environment. Thermal comfort is stated as satisfaction of
the person's thermal conditions. The garments must have high thermal resistance against
cold to provide thermal comfort. In this study, 3 different types of thermal fabrics were
evaluated by their thermal resistance values and their thermal camera measurements.
Wool/polyamide fabrics exhibited highest thermal resistance values. Additionally this
sample exhibited different curve in the thermal camera measurements.

Key Words: thermal fabrics, thermal camera, thermal resistance, seamless

1. INTRODUCTION

Garments play a protective role as a buffer between the human and the living
environment and play an important role in a healthy life. Comfort is a complex
concept involving many physical and psychological factors and is influenced by
fiber properties, fabric factors, human factors and environment. The comfort of
the person is determined by the air layer between human skin and clothing, also
called microclimate (Figure 1). Microclimate is influenced by environmental
factors, activity level of the person and clothing characteristics [1 - 4, 10].

M|:roclh&u'} 5' [f (
Heat transf

Figure 1. Microclimate between human skin and fabric [11]

Thermal comfort is a type of thermoregulation system consisting of a combination
of signals from the thermo receptors on the deep surface and the lower layers of
skin. According to the standards of ASHRAE (The American Society of Heating,
Refrigerating and Air Conditioning Engineers), thermal comfort is expressed as
satisfaction with the thermal conditions of the environment [1, 4].
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An ideal garment fabric should have three important features in terms of thermal
comfort (Figure 2) [1]:

e High thermal resistance to protect from cold,
e Low water vapor resistance for effective heat transfer in climatic conditions

e Liquid handling capability to prevent discomfort due to sweating.

Figure 2. Thermoregulation system in human and garment [12-14]

The metabolic heat generated to stay in the thermal balance is balanced through
the transmission of heat through the skin, the radiation and also by perspiration.
Direct heat transfers are achieved by the temperature difference between the
body and the environment. The more heat flow causes bigger difference. This
heat flow also depends on the thermal resistance property [1]. Many researches
were made many studies for determining thermal comfort of the fabrics. In these
studies, various parameters such as thermal conductivity, thermal resistance, air
permeability and relative water-vapour permeability were investigated [1, 4- 30].

The thermal cameras make apparent an infrared imaging and measurement
system to visualize and measure the thermal energy emitted from objects in the
environment [31]. In this study, 3 different types of thermal fabrics were evaluated
by their thermal resistance values and their thermal camera measurements. It is
possible to observe features such as camouflage (thermal concealing) or
thermoregulating properties of fabrics thanks to thermal cameras [32, 33].
However, in this study, thermal resistance characteristics of garments having high
thermal resistance were compared using thermal camera measurements.
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2. MATERIALS AND METHOD
2.1. Materials

In this study, three different seamless thermal fabrics were used. %40 wool - %60
polyamide seamless knitted fabric, %76 polyamide-%18 poyester-%6 elastane
seamless knitted fabric and %30 polyester-%63 polyamide-%7 elastane
seamless knitted fabric were used in this study.

2.2. Mechanical Properties

Thermal resistance properties of the fabrics were also evaluated. Thermal
resistance measurements of the samples were performed according to (sweating
guarded hot plate) TS EN ISO 11092 11-2014 test. The thermal resistance Rct
(m2K/W) value is evaluated from the supplied steady-state heating power (Q),
the temperature difference between the air in the wind channel and the skin
model (Ts) and the size of the measuring surface (A). The equation of Rct Eq. (1)
is given below [34]:
rv - Ta

Q (1)
Other thermal measurements were made for evaluating surface temperatures of
the samples at different times using thermal camera (Fluke-Visual IR
Thermometer). The distance between thermal camera ans samples was 30 cm.

the samples were observed using the thermal camera at specific time intervals
(such as 1, 10, 20, 30, and 40 min).

Rcr:A'

3. RESULTS AND DISCUSSION

The thermal resistance results of three fabrics are given on Table 1. It is known
from the literature, it is important that the fabrics show high thermal resistance in
order to provide high insulation.

Thermal camera results are given on Table 2 and Figure 3-7.

Table 1. Thermal Resistance Values of Samples

Samples Weight Knit | Thermal Resistance
P (g/m?) Rct (m?Kelvin/Watt)
Sample %40 wool .
1 %60 polyamide 190 Rib 0,042

%76 polyamide

Sample | 918 polyester 240 Rib 0,021
%6 elastane
%63 polyamide
Sargple %30 polyester- 225 Rib 0,015

%7 elastane
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Table 2. Thermal camera measurements of Samples

Measurements | Stages Sample 1 Sample 2 Sample 3

1. measurement | First measurement from fabric surface | 52,7 °C 46,1°C 58,4 °C

2. measurement | After 1 minute 53,7°C 49,2°C 54,3°C

3. measurement | After 10 minutes 58,1°C 54,8°C 50,9°C

4. measurement | After 20 minutes 54,3°C 51°C 50,3°C

5. measurement | After 30 minutes 52,6°C 45,5°C 48,8°C

6. measurement | After 40 minutes 49,5°C 44,3°C 48,3°C
60 58,1 60 Y 54,8 51
58 5 181 455 443

54,3

54 , ,
52
50
48

56

46

44
First measurement After 10 minutes
on fabric

After 30 minutes

40

30

20

10

0
First measurement After 10 minutes
on fabric

After 30 minutes

Figure 3. Thermal camera measurements of
sample 1 (°C)

Figure 4. Thermal camera measurements of
sample 2 (°C)

584 c4q

First
measurement on
fabric

>H250,9 50,3 488 483

After 10 minutes After 30 minutes

Figure 5. Thermal camera measurements of sample 3 (°C)
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Figure 6. Comparison of temperature changings on the samples
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As seen on table 2 and figures, the fabric (sample 1) with the highest thermal
resistance value exhibited a different curve from the other fabrics in the thermal
camera measurements. In addition, the highest temperature after 40 minutes
belongs to this sample. As seen on Figure 4, the temperature changing curves of
the sample 1 and sample 2 exhibited quite similar trends. Their thermal resistance
values are range from 0,020 to 0,042 (m2K/W). However sample 3 has different
temperature changing trend and thermal resistance value of Samples 3 is 0,015
(m2K/W). Thermal conductivity of various fibers used in garments is comparable
has been known for years. Fiber type and conductivity can be given as follow
(W/m.K); Cotton : 0.226, polyester: 0.141, polyamide: 0.243 and wool: 0,193. The
air contained in the fabric dominates the thermal resistance value. If all other
variables are constant, air contained in wool yarns may be expected greater than
that of other yarns [35]. This may explain why the thermal resistance values of
the wool fibers are high.

Some researchers noted that weight of the fabric has a little direct influence upon
the fabric’s thermal insulation [36]. Although samples 1 has lower weight, it exhibit
higher thermal insulation value. There are other factors that influence thermal
insulation such as fiber type, density, air content. The amount of the temperature
changes on the surface of the fabrics is given in Figure 7.

The temperature changing rates of the fabrics show that sample 1 has the lowest
temperature changing rate. The thermal resistance value of the sample 1 is the
higher than the others.

The Amount of Temperature Change on The Surface
Of The Fabrics (%)

19,2
20,0 - 173

1807 48
16,0
14,0
12,0 4
10,0 - ® Sample 2

= Sample 1

8,0 mSample 3
6,0 -
4,0 -
2,0 1
0,0 T T 1
Sample 1 Sample 2 Sample 3

Figure 7. The amount of the temperature changes on the surface of the fabrics

4. CONCLUSIONS

The thermal resistance represents the temperature difference between the two
sides of the material and expresses in Kelvin square meters / Watt. This is one
of the significant features of thermal comfort. In this study, three different fabrics
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were evaluated for their thermal resistance values. Wool/polyamide fabrics
exhibited highest thermal resistance values. Additionally this sample exhibited
different curve in the thermal camera measurements and also lowest temperature
changing rates on the fabric surface.
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Abstract: In many industrial applications, a wide range of textile materials have been used
for thermal comfort purposes. The thermal insulation properties of textile fabrics depend
on their thermal conductivity, density, thickness and thermal emission properties.
Experiments have been carried out to study heat transfer through different types of fabrics
used for thermal comfort. In this study, the thermal comfort effects of different fabric types
used in the textile industry are examined in the light of studies in the literature and the
basic concept equations are given and the criterias and importance of these criteria are
mentioned for the thermal comfort tests to be done in Ozanteks.

Keywords: knitted fabrics, heat transfer, thermal comfort, basic concept, equations

1. INTRODUCTION

Clothing is one of the most intimate objects associated with our daily life [1].
Therefore Thermal properties of textile fabrics are of great interest and relevance
for textile researchers, since they determine several of the major characteristics
related to the wearer’s overall comfort perception having significant effects on the
skin mean temperature also [2].

Thermal comfort, protection of body heat balance at various activity levels is a
concept related to the heat and moisture transfer properties of the garment that
is required for the garment. According to ISO 7730, thermal comfort is defined as
a condition that describes satisfaction with the thermal environment. According
to the standards of ASHRAE (The American Society of Heating, Refrigerating and
Air Conditioning Engineers), thermal comfort is expressed as satisfaction with the
thermal conditions of the environment [3-4].

Marmarali et al. (2006), study measured the thermal comfort properties of fabrics
knitted in different weaves and at different frequencies, from yarns of different
properties produced from different materials. In the study, 100% wool, cotton and
acrylic knitted fabrics as well as cotton / polyester and wool / PAC knitted fabrics
with different mixing ratios were examined. According to the findings obtained,
cotton has the highest thermal conductivity in the fabrics made from different raw
materials and it is followed by acrylic and wool fibers. For both cotton and
polyester materials, the thermal conductivity values of the fabrics decrease as the
yarn becomes finer. For both cotton and polyester yarns, it is seen that the
thermal conductivity of the supple fabrics is lowest, followed by 1X1 ribs and
interlock fabrics, respectively. Supreme fabrics made from cotton and polyester
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yarns have the highest relative water vapor permeability value, followed by 1x1
rib and interlock fabrics. As the mesh density decreases and the fabric becomes
less frequent, it is seen that there is generally an increase in the relative water
vapor permeability value [5].

Onofrei et al. (2011), study, was to compare, in dry and wet states, the thermal
comfort properties of elastic knitted fabrics with thermo-regulating yarns, namely
Viscose Outlast and Polyester Coolmax to better understand thermal behavioral
changes due to moisture content of the fabrics. Surface moisture transfer
between the fabrics and a wet skin was also assessed and enabled to evaluate
the level of the unpleasant contact feeling. Air permeability that is related to the
thermal behavior was also investigated. The results obtained showed that at 22%
moisture content, which simulates a sweating sensation, the change in thermal
properties is similar for both fabrics. Above the ‘sweating sensation’ moisture,
significant differences on the thermal properties with the moisture content were
registered between fabrics, Outlast fabric being more prone to thermal properties
changes due to moisture uptake than the Coolmax one. When worn in conditions
of wet skin, the unpleasant cool feeling increased for both fabrics, but the effect
is more pronounced for Outlast fabric [6].

Chidambaram et al. (2012), study presents the thermal comfort properties of
single jersey knitted fabric structures made from cotton, regenerated bamboo and
cotton-bamboo blended yarns. Cotton, bamboo fiber and blends of the two fibers
(100% cotton, 100% bamboo, 50:50 cotton: bamboo, 67:33 cotton: bamboo,
33:67 cotton: bamboo) were spun into yarns of identical linear density (20 tex).
Each of the yarns so produced was converted to single jersey knitted fabrics with
loose, medium and tight structures. The thermal conductivity of the fabrics was
generally found to decrease with increase in the proportion of bamboo fiber. The
water vapour permeability and air permeability of the fabrics were observed to
increase with increase in bamboo fiber content. Statistical analysis also indicates
that the results are significant for air permeability, thermal resistance, thermal
conductivity and water vapour permeability of the fabrics [6].

Ouzzahra et al. (2012), studies have compared thermal sensitivity between body
segments, little is known on regional variations within body segments.
Furthermore, the effects of exercise on the thermal sensation resulting from a
cold stimulus remain unclear. The current experiment therefore aimed to explore
inter- and intra-segmental differences in thermal sensitivity to cold, at rest and
during light exercise.

2. BASIC CONCEPT EQUATIONS

The heat energy can be transferred through the textile fabrics by conduction,
convection and radiation, as well as easily explainable phenomena such as heat
exchange in porous media. The basic concepts of heat transfer through fabrics
are explained as follows in table 1 [3].
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Table 1. Basic Concept Equations

Basic Concept Equations Referances
, _ Q.L [4], [9], [10], [13], [14],
Conductivity Factor (A) A= AL =T [15]
Heat Transfer K= Q [4], [12]
Coefficient (K) T At (T =Ty
Specific Heat _1 A.t. (T, — T) [4],
Resistance, (r) TET Q.L
, _1/ _ Q [4], [13], [15]
Heat Resistance, (R) R="/k IR EA)
Thermal Resistance, Ry = L/k [4], [8], [9], [10], [13],
(R ) th = [15]
Thermal ,(Abb)sorbency b= Tpec [9], [111, [13], [13]
Heat Flow, (Q) Q =—k.A. (T ;TZ) [41. 112]
Heat Flux by Radiation, qr (x) = 4.0.T3.(T; — T,) at [4], [12]
(ar) 0<X<L
_ a%T aT dq [4]
Energy equation —= — =T
gy eq kaxz p.Cp.at + X
(TIV)% [4]
Thermal Insulating 1-— (&)
Value (TIV) = 100. € / K,
L+ (8—1)
Conversion of TIV to _ Iy [4]
the Tog (TIV)% = 100. [1 - (E)]

3. PRELIMINARY FEASIBILITY STUDY IN OZANTEKS ON THERMAL
COMFORT

Fabrics with different blends for preliminary work, thermal resistance according
to different knitting structures TS EN ISO 11092: 2014 test standards;

Air temperature: 20°C

Airspeed: 1 m/s

The humidity of the air: %65

Measuring unit temperature: 35°C tests will be performed.

Preliminary feasibility studies have shown that the results of different thermal
properties of selected sample fabrics for different yarn contents and different
types of knitting are different and do not show adequate thermal resistance.

From this observation, it was decided to conduct tests with different yarn types
and different knitting structures and thermal comfort parameters in the other
phases of the research in our company meetings. variance analysis will be done
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by measuring thermal resistance with five samples from sample fabrics to be
made.

| Noku
P LR

Kunss
(2018 -gotisi)

Figure 1. Sample fabrics to be tested

In this context, the most suitable knitting type and fabric content will be
determined for optimum thermal comfort for Ozanteks Textile R & D Center, as
well as test methods to be applied and heat transfer calculations and analyzes to
be performed for thermal comfort.

4. CONCLUSIONS

Increased consumer expectations for textiles and comfort in clothing preferences
have led researchers, textile and apparel manufacturers to produce more
comfortable garment systems. In recent years, the development of subjective and
objective comfort measurement and evaluation methods and the development of
new materials, sportswear, protective clothing, Development. It is possible to
produce highly sophisticated designs and products for the convenience of the
fields. This thermal comfort study will be a linear method of numerical solution to
support subjective test methods.
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Abstract: The purpose of this study is to make the preliminary work to investigate potential
of pre-consumer textile waste and recycling/reusing possibilities. For this purpose the
waste points from fabric to final product in denim garment production process were
determined. Then the fabric wastes arose from these points were collected.

The pre-consumer waste denim fabrics were then send to yarn mill and deconstructed into
scraps and shredded into raw cotton again. This cotton fibre is then blended with recycled
and virgin polyester to ensure good tensile strength. This yarn used as the weft while virgin
polyester used as the warp yarn in the weaving process. Produced fabric with indigo
shade used as pocket fabric in denim cloths and compared with the conventional pocket
fabric. The effect of fiber types on yarn or fabric characteristics were investigated in
accordance with planning design and construction.

There is no significant affect was observed in the resultant tenacity properties between the
recycled yarn and conventional yarn. The results of this investigation show that the
washing conditions have significant affect on the resultant fabric tear strength and
shrinkage properties in all samples. These results shows the fabric include recycled
materials can be used as pocket fabric of denim cloths.

Keywords: Sustainable, recycling, denim, pocket, denim wastage

1. INTRODUCTION

Every year million tons of textile waste is being sent to landfills. It is estimated
that approximately half of the disposed textile waste is consisted of pre-consumer
textile waste. Although the amount of pre-consumer textile waste is as high as
post-consumer textile waste, recovering opportunities for pre-consumer textile
waste is substantially disregarded. Pre-consumer textile waste is easier to reuse
than post-consumer waste because it does not have the same hygiene and
collection challenges (Lau, 2015).

Denim garments are made mostly of the seemingly pure and all natural plant
based fibre that is cotton. Cotton is a crop plant which is grown world wide with
75% of it being cultivated in China, USA, India, Pakistan and Brazil. This thirsty
plant depends on fertile land, intensive irrigation, pesticide spraying and a sunny
climate in order to thrive. Cotton is often referred to as “White Gold” because of
the high demand for this valuable natural fibre. Cotton agriculture is often
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subjected to corruption and capitalism, which not only devastates the
environment but suppresses farmers to work with hazardous chemicals and often
for unfair pay. An average pair of jeans uses up to 3.781 litres of water in its full
lifecycle with 70% of this precious water being used in cotton farming alone. Most
of the worlds cotton is grown in arid regions where it depends on the limited
supply of groundwater for irrigation. Water is the most precious natural resource
on our planet and we depend on it for survival, yet 663 million people (1 in 10)
lack access to safe water (unwater.org, 2017)

Denim jeans are normally hard wearing trousers traditionally made from cotton,
with more modern versions using other fibres such as polyester and elastane, in
twill weave structure. The classic Levi 501 jeans takes 33.4 kg of COz2, 3.781 litres
of water and 400,1 mJ of energy to produce, this is the equivalent of driving 69
miles, 246 hours of watching TV on plasma big screen (Levi’s Co., 2015)

The purpose of this study is to make the preliminary work to investigate potential
of pre-consumer textile waste and recycling/reusing possibilities. For this purpose
the waste points from fabric to final product in denim garment production process
were determined. Then the fabric wastes arose from these points were collected.
The pre-consumer waste denim fabrics were then send to yarn mill and
deconstructed into scraps and shredded into raw cotton again. This cotton fibre
is then blended with recycled polyester to ensure good tensile strength. This yarn
used as the weft while virgin polyester used as the warp yarn in the weaving
process. Produced fabric with indigo shade used as pocket fabric in denim cloths
and compared with the conventional pocket fabric. The breaking tenacity of
recycled yarn was measured as 10 cN/tex according to ISO 7211-5:1984
standard while conventional weft yarn used in the pocket fabric composition was
measured as 12 cN/tex. There is no significant affect was observed in the
resultant tenacity properties between the recycled yarn and conventional yarn.
Therefore the fabric include recycled materials can be used as pocket fabric of
denim cloths.

The effect of fiber types on yarn or fabric characteristics were investigated in
accordance with planning design and construction.

The results of this investigation show that the amount of recycled material have
significant affect on the resultant fabric tear strength and shrinkage properties.

2. MATERIAL AND METHOD

9363V1 is the code name of fabric that used in the denim pockets constantly.
This fabric used as control fabric for comparing the results between recycled
fabrics and conventional fabric. Wlow refers to low degree washing conditions.
Whigh refers to high degree washing conditions. P1 and P2 is the code name of
fabric that were developed with recycled materials. Details are shown on the table
below.

Waste of denim fabric containing different amount of raw materials such as
polyester, cotton and lycra which were arose during the cutting process were
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collected. Then pre-consumer denim fabric wastes are deconstructed into scraps
and shredded into raw material again. These fibres are then blended with
recycled polyester to ensure good tensile strength by recovery mill in Turkey, and
woven into new denim pocket fabric by weaving factory in Turkey. At weaving
process virgin polyester used as warp yarn.

Table 1 on the below, provides the properties of recycled yarns.

Table 1. Properties of recycled yarns

Desing Blending Yarn Breaking Yarn
Code Blending Composition (w/w) Tvoe Count Tenacity Twist
yp (Rkm) | (twist/m)
9363V1 %70 virgin CO %30 recycled CO OE 30/1 Nm 12.2 580
P1 %50 recycle PET %50 recycle CO Ring 24/1 Nm 10.5 870
P2 %50 recycle PET %50 recycle CO OE 24/1 Nm 9.5 870

Sustainable denim fabrics were produced from these yarns used in weft
according to fabric details from Table 2. After that, 25x25 cm pieces drawn from
the fabric produced. Followed by two different washes were carried out for
measuring the tear strength and shrinkage properties of fabric. Tear strength of
the fabrics were carried out by using TITAN tensile testing device in conformity
with ISO 13937-2. All of performance the tests were carried out after conditioning
in standard atmospheric conditions according to TS EN ISO 139. Shrinkage
properties of fabrics were measured according to ISO 3759 standard.
Composition of fabrics are tested according to ISO 1833:2006, mechanical and
chemical composition method. Abrasion resistance of fabric samples were
measured according to BS EN ISO 12947-2:1999. The pressure value used in
analysis was 595 g — 9kPa.

Table 2. Fabric properties

. Mass per
Weft Yarn Warp Yarn Fa_b ric Warp End Weft unit area
Width End
(g/m2)
30/1 Nm, OE 100 Denier PES 150 cm 58 23 90
24/1 Nm, Ring 70 Denier PES 150 cm 36 25 114
24/1 Nm, OE 70 Denier PES 150 cm 36 25 115

3. RESULTS AND DISCUSSION

Table 3 shows the average shrinkage and tear strength of fabrics obtained from
the results of two repeated washings, respectively, Wlow and Whigh.
Furthermore, the relationships of shrinkage values between preferred fabrics and
washing conditions were investigated.
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Table 3. Average shrinkage and tear strength of fabrics

Mpfrs N:frs Shrinkage(%) Tear Strength (N)
Material unit unit Washing

(I?:f];?'e (galfrILZr Conditions Mean Width | Mean Length | Warp Weft

wash) | wash)
(P1)363670 114 115 Wiow 0 1.6 19.09 16.54
(P2)363671 115 117 Wiow 0 1.2 16.46 10.66
9363V1 86 88 Wlow 0 1.8 21.35 16.26
9363V1-H 86 83 Whigh 1 2.6 6.91 12.09
(P1)363670-H 114 108 Whigh 1 2.8 5.72 9.02
(P2)363671-H 115 112 Whigh 1 2 4.28 6.55

Composition test results are shown in Figure 1. According to figure there is no
significant difference between 363670 and 363671. As it can be seen both
363670 and 363671 fabric samples include more cotton than 9363 fabric sample.

150
100100100

100 543 62 5763 g5,

50,6 '457 49,4 37
0 -

Co PES
Weft (%) Warp (%) Total (%)

HO363 mW363670 m 363671

Figure 1. Composition analysis of fabric samples

Abrasion resistance of fabric samples are shown in Figure 2. According to results,
abrasion resistance of samples directly related with washing conditions. As it can
be seen on the Figure 2, the abrasion resistance value of samples decreases
under high degree washing conditions. It can also be considered from the Figure
2 that as the amount of cotton increases, the abrasion resistance value increases.

44333
33333 36666
19333 18666
8000
- Il
(P1)363670-Ring (P2)363671-0E  9363V1 9363V1-A  (P1)363670-A (P2)363671-A

Figure 2. Abrasion resistance values of fabric samples
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According to Figure 3 there is a significant difference between washing conditions
on the shrinkage values. It can be seen on the table, washing conditions affect
the resultant tear strength values. Also, it can be seen from the Figure 3,
composition of samples affect the resultant tear strength values.

Shrinkage(%) Mean Width B Shrinkage(%) Mean Length B Tear Strength (N) Warp

M Tear Strength (N) Weft B Washing Conditions

30

20

10

(P1)363670-Ring (P2)363671-OE 9363V1 9363V1-A (P1)363670-A  (P2)363671-A

Figure 3. The relationship between fabric strength and shrinkage values

4. CONCLUSION

In this study, the recycle possibilities of pre-consumer denim waste fabrics as
pocket fabric in denim garments were investigated. The results shows that there
is no significant difference was observed in the resultant tenacity properties
between the recycled yarn and conventional yarn. Also when tear strength and
shrinkage values of samples were examined there is no significant difference was
observed according to fabric and yarn properties. Washing conditions affect the
resultant tear strength and shrinkage values as expected. This study shows that
recycle material can be used in denim products as a pocket fabric. Abrasion
resistance of samples are directly related with washing conditions. High degree
of washing conditions are cause that decrease of abrasion resistance values.
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Abstract: As a consequences of globalization, it is certain that human demand has
been changing rapidly due to impact of economic and technological improvements
since early 19th centry. Those changes have caused to face strict vital conditions such
as war, traffic accident, industrial accident etc. Starting from this point, it is necessary
to pay attention to use of textile products that helps rapid healing of disease and
prevent bleeding in order to leave more beautiful and healthy world to next
generations. In this context, it is very important to give the necessary importance
biomedical textiles.

This study aims to determine how to stop bleeding easily and quickly by accelerating
the clotting of open bleeding wounds. In order to do so, chitosan fiber reinforced cotton
and viscose fibers were developed with supple woven fabrics and the blood-stopping
activities of the developed knitted fabrics were investigated. It is believed that our new
stop - bleeding fabric will be widely used in textile industry, particularly, in the field of
military use.

Key Words: Chitosan Fiber Effect, Antibacterial, Haemostatic Effect, Biomedical Textile,
Technical Textile.

1. INTRODUCTION

For years the development of techniques and products that have been able to
prevent or stop the flow of the bleeding in first aid intervention has been a broad
research topic in haemostatic (bleeding control) technology [1]. Despite
significant progress in haemostatic technology over recent years, hemorrhages
that can not be controlled, especially during wartime injuries, are among the
leading causes of death [2,3]. In the most common method used to control blood
loss, a gauze or direct continuous pressure is applied to the wound. However,
this technique may be in adequate in the first intervention of serious injuries.
Therefore, innovative strategies and methods continue to be the most important
factor in the improvement and development of new generation haemostatic
windings in the biomedical supplies market. In this context, the use of chitosan
fiber is being used effectively. Chitin is widely found in the world from chitosan,
resulting in the deacetylation of chitin, which is the main component of natural
shell, crustacean shells [2,4].

2. AIM OF THE PROJECT

To provide consumer demands, products are obtained with methods that will not
harm the ecological system. That means, natural and recyclable materials play
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an active role. Antibacterial, anti — inflammatory and haemostatic products are
important in terms of protecting human health, personal hygiene and comfort in
textile products with functional properties. The production of textile products from
renewable sources at low cost is an important feature which increases the added
value of products that can be easily broken down in nature after completing the
usage life. In this study, production of antibacterial, antiinflammatory and
haemostatic properties of cotton fabrics alone and in different concentrations of
chitosan will be of great benefit both economically and environmentally.

3. MATERIAL & METHOD
3.1. Haemostatic Effect

Because of chitosan is positively charged, it interacts with blood cells with
reactive amino groups [7]. Since the outer membranes of the erythrocytes and
thrombocytes are negatively charged, they are attracted by the positive charge
of chitosan, leading to thrombocyte activation and thrombus formation[6].
Furthermore, in applications where chitosan is blood — stained, the positively
charged chitosan attracts circulating plasma proteins and adsorbs to the material
surface, resulting in platelet adhesion, activation of the material surface, and
thrombus formation. With this feature, chitosan has been reported to be used for
bleeding control purposes for therapeutic purposes. Chitosan increases the
intracellular Ca2 + level of thrombocytes, depending on the dose. The increase
in Ca2 + mobilization is one of the important mechanisms that cause chitosan to
activate the platelet function.

3.2. Effect on Wound Healing

Chitosan adheres uniformly to the fresh wound area, and if adhesion does not
occur, it is shown that infiltration fluid can accumulate and small air gaps that
bacteria may proliferate. Chitosan has been shown to stimulate granule tissue
formation by angiogenesis and wound healing by stimulating the release of
growth factors from platelets. It has been also shown to stimulate haemostatic
action, macrophage activation and cell proliferation during wound healing [8].

3.3. Chitin and Chitosan in Textile Industry

Although, the chrysanthemums are widely used in various countries, the rate is
lower in our country. Textile industry is also used for many purposes [5].

For instance: to provide antimicrobial properties, reducing the amount of salt in
reactive dye, dyeability of cotton with acid colors, to provide antistatic properties,
use as deodorant material and medical textile applications can be counted.

4. CONCLUSION

In this study, various tests were applied to cotton fabrics made with chitosan and
the blood — stopping properties of chitosan were investigated. Although, test
results can not be explained at this stage in the light of commercial interests.
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However, it has become clear that the fabric accelerates blood clotting. When the
ongoing project of optimization is completed, the cost of biochemical products
and medical textile products, which have no side effects to human health, will be
obtained by providing haemostatic properties to the knitted fabrics that can be
used as underwear and also the sea shells forming the waste loads in the nature
will be prevented. In addition to that, the national economy benefit will be
provided. Antibacterial and antiinflammatory properties of chitosan will also be
examined in the later stages of the study.
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Abstract: Technical textiles - designed according to the needs of use area - have
penetrated many segments of our lives in the form of medicine, transportation,
protection, agriculture, sports, packaging, and civil engineering products. The targets
for technical textiles can be achieved by combining different basic textile skills of
fibers, fabrics and finishing techniques with an accurate understanding the properties
of raw materials. Transformation of glass fiber into fabrics offers unique properties for
technical applications such as flame resistant protective clothing, impact resistant
polymer composite. In recent years glass fiber is enormously used in composite
applications as reinforcement because of its low cost and other characteristic
properties. Weft knitting is a rapid and low-cost manufacturing technique that creates
stretchable interlocked fabric architectures. The use of knitted technical textiles has
been rising due to design of complex patterns, near-net-shape preforming, drape
vability and easy-to-shape capability. In this study, the effect of cam setting (that
create loose or tight fabric) and number of yarn ply (2-, or 3-ply yarn) on air
permeability and bursting strength of weft knitted fabrics from glass yarn were tested.
Tight cam setting increased fiber content, and stitch density that formed fabrics with
shorter loop lengths. Fabrics from 3-ply yarn exhibited higher fiber volume percent;
lower stitch density; and longer loop length than fabrics from 2-ply yarn. Fabrics knitted
thru tight cam setting exhibited less air permeability, and higher bursting strength than
those knitted thru loose setting. Fabrics from 3-ply yarn showed less air permeability
and higher bursting strength than those from 2-ply.

Key Words: glass yarn, weft knitted fabrics, bursting strength, air permeability

1. INTRODUCTION

Weft knitting is low-cost, rapid, and versatile manufacturing technique that
creates stretchable, porous, 3D, and interlocked fabric architecture. On the other
hand, glass fibers have good mechanical properties in addition to flame and
chemical resistance. Therefore, conversion of glass fibers into weft knitted fabrics
leads to new avenues in technical textile applications: impact resistance
composites, comfortable protective clothing, and flexible filter media.

Structure of knitted fabrics is affected from machine settings, yarn count and knit
design parameters; and their performances are designed according to use area
thru physical properties such as thickness, areal density, knit architecture, and
loop length. Studies about the structure — property relationships of weft knitted
fabrics from glass yarn are limited. This study is about the effects of cam setting
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and number of yarn ply on air permeability and bursting strength of weft knitted
fabric, and the literature review within this context is given below.

Mikucioniené et. al [1, 2, 3] investigated flammability and comfort properties of
weft knitted single jersey fabrics by varying loop length, and number of yarn ply
in a loop. They tested knit fabrics from Nomex Delta TA 18 texx2 yarns with
different yarn linear densities. Increase in loop length, or decrease in yarn linear
density increased air permeability. Fabrics from high yarn linear density exhibited
compact fabric structure with less air permeability and longer burning time.

Kane et. al [4] studied on dimensional stability, comfort, mechanical and other
properties of tuck-knit and plain fabrics that were produced from ring and compact
yarns with different loop length. Fabric properties such as dimensional stability,
comfort, mechanical and handle were affected by loop length. Tuck-knit stitch
fabrics had better performance in abrasion resistance, air permeability, water
absorbency, thermal insulation, and mechanical properties. Air permeability and
bursting strength properties of single jersey fabric were better than other
structures.

Uyanik et. al [5] investigated effect of number and location of tuck stitches in
knitted fabric produced by circular knitting machine on fabric properties. Knitted
fabrics with tuck stitches possessed greater thickness, width and areal weight,
and tuck stitches made the fabric more porous as compared with loop stitches.
Strength and elongation of yarn and fabric structural parameters influenced
bursting strength of knitted fabrics. When loop length increased, bursting strength
decreased. The study indicated that location of tuck stitches are more decisive
parameter than number of tuck stitches in view of bursting strength property.

Literature review indicated that generally synthetic and natural fibers were used
in knitted technical textiles fabrics. The study on weft-knitted fabrics from glass
yarn is limited. Literature review also indicated that loop length and knit
architecture affected properties of the knitted fabrics significantly. In this study
glass yarn and weft knitting process are preferred because glass fiber is cheaper
than other fibers which are commonly used in technical textiles, and weft knitting
process is low-cost. The aim of this paper is to reveal the effect of cam setting
and number of yarn ply on physical properties, air permeability, and bursting
strength of weft knitted fabrics from glass yarn.

2. MATERIALS AND METHODS

In this study: single-end yarn count of 133 tex, E-glass multi-filament yarn was
consumed to manufacture fabrics on Brother KH-864 manual, flat weft knitting
machine that has a fineness of 5E. Table 1 indicates the experimental plan of our
study. Two input variables; cam setting and number of yarn ply were taken into
consideration.
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Table 1. Experimental plan of the study

Variables: Cam setting Yarn ply number
. Loose fabric 2-ply
Levels: Tight fabric 3-ply

Tension dial (Figure 1-left) that is scaled from 0 to 10, and each scale being
subdivided into three parts is rotated to adjust cam setting of the machine. This
dial changes the size and correspondingly tension of the loops. 0 corresponds to
the tightest tension (i.e. the smallest stitch) in which the needles go downhill to a
specified level on the needle bed, once they passed the hooked yarn through the
former loop; and 10 corresponds to the loosest tension (i.e. the largest stitch) in
which the needles goes downhill to the lowest position on the bed, once the
hooked yarn is passed through former loop. Figure 2-right demonstrates two
fabric structures produced by lower and higher number of tension dial
adjustments. In this study; two different tension dial settings were used; number
3 and 8, where number 3 formed a taut fabric structure (with smaller stitches),
and number 8 formed a slack fabric structure (with larger stitches).
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Figure 1. Tension dial of the knitting machine
(left) and fabric structures produced by different tension dial adjustments (right)

The second input variable was number of yarn ply as 2- and 3-ply. Thickness,
areal density, course-density, wale-density, loop length, air permeability and
bursting strength of the weft knitted fabrics from glass yarn were measured.
Thicknesses of weft knitted fabrics were measured by digital thickness gauge
with a pressure foot diameter of 21.15 mm. Areal density of weft knitted fabrics
was measured according to ASTM D3776 [6]. A custom design die cutter with a
surface area of 25 (5x5) cm? were used to cut 6 specimens from each sample for
areal density and other physical properties analyses. Fiber volume percent was
calculated using Equation 1. Glass fiber density was taken as 2,5 g/cm?.

(fabric arealdensity,g/mz)
2,5

100*100*(

Fiber volume percent, % = (
10

fabric thickness,mm))

Course and wale densities were measured according to ASTM D8007 [7]. Stitch
density (humber of stitches per centimeter square) was calculated from the
multiplication of course and wale densities of the related sample. BS 5441 [8] was
followed to measure loop length.
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SDL ATLAS MO021A test device was used to assess air permeability of weft
knitted fabrics according to ASTM D737 [9] with a test area of 20 cm? and a
pressure drop of 200 Pa. Air permeability was measured in cm?®/(cm?xs) unit.
Bursting strength was measured by James H. Heal TruBurst? Bursting Strength
Tester according to ASTM D3786 [10]. Test area was chosen as 50 cm? (79,8
mm diameter). Pressure and distension units were selected as kPa, and mm
respectively. Time to burst was adjusted as 20+5 seconds. Clamp pressure was
set to 800 kPa to prevent slippage.

3. RESULTS AND DISCUSSION

3.1. The Effects of Cam Setting and Number of Yarn Ply on Physical
Properties

Changing the cam setting from loose to tight fabric increased both thickness and
areal density; and areal density increase rate (29,48 %) exceeded thickness one
(15,28 %) that resulted in statistically significant increase in fiber volume percent
which is roughly the ratio between areal density and thickness (Figure 2 and
Table 2). In a similar vein, changing number of yarn ply from 2 to 3 increased
fiber volume percent; however this change did not reach to statistically significant
level due to very close increase rates of areal density and thickness; 34,84 and
31,34 % respectively.

.- K
v N e
loose fabric tight fabric Al Pairs 2 3 All Pairs
ukey-Krame Tukey-Kram
Cam setting e Number of yarn ply, 2-ply or 3-ply s e

Figure 2. The effects of cam setting (left) and number of yarn ply (right) on fiber volume percent

Note: The distance between top and bottom ends of green diamond represents the 95% confidence
interval. Comparison circles (given on the right column) for means those are significantly different
either do not intersect, or intersect slightly. The height of red box (known as interquartile range) is a
quantitative indication of variation.

Table 2. The effects of cam setting and number of yarn ply on fiber volume percent (%)

Variable Level Mean SD LL UL p-value
Cam loose fabric 48,64 10,01 4573 51,54 0.0005
setting tight fabric 57,03 13,97 52,97 61,09 ’

# of yarn 2-ply 51,37 11,46 48,05 54,70 0.2670
ply 3-ply 54,29 13,99 50,23 58,35 ’

Note: Significance level (a) was determined as 0,05. p-values greater than 0,05 were colored in black
and show lack of statistical significance.
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Due to accommodation of more small-size loops per unit fabric area; cam setting
change from loose to tight fabric enhanced course and wale densities that
improved stitch density at statistically significant level (Figure 3 and Table 3). Due
to greater size of 3-ply yarn than 2-ply one; fabrics from 3-ply yarn exhibited less
course and wale densities than fabrics from 2-ply ones; therefore, number of yarn
ply lowered stitch density at statistically significant level. Due to smaller p-value
of cam setting change; cam setting exhibited more pronounced effect on stitch
density than number of yarn ply.

number of stitches per cm

Stitch density,
=

Cam setting

uuuuuuuu

mber of stitches per cm

Stitch density, nu

i

]

2

Number of yarn ply, 2-ply or 3-ply

Figure 3. The effects of cam setting and number of yarn ply on stitch density

Table 3. The effects of cam setting and number of yarn ply on stitch density (number of stitches per cm?)

Variable Level Mean SD LL UL p-value
loose fabric 13,34 4,02 12,05 14,62

Cam <0,0001

setting tight fabric 19,45 | 4,19 | 18,11 20,79

# of yarn 2-ply 17,41 567 | 15,60 19,22 0.0375

ply 3-ply 15,38 | 4,31 | 14,00 16,76 ’

While cam setting lowered loop length via creating smaller size loops at
statistically significant level, number of yarn ply increased loop length at
statistically non-significant level due to spread of higher-ply loops over a larger
area (Figure 4 and Table 4).

Toose fabric tight fabric
Cam setting

Al Pairs
Tukey-Krame
5

3

Number of yarn ply, 2-ply or 3-ply

Figure 4. The effects of cam setting and number of yarn ply on loop length
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Table 4. The effects of cam setting and number of yarn ply on loop length (mm)

Variable Level Mean SD LL UL p-value
loose fabric 9,68 3,65 8,87 10,49

Cam setting — - 0,0003
tight fabric 7,98 2,37 7,45 8,50
2-ply 8,60 3,23 7,88 9,32

# of yarn ply 0,1813
3-ply 9,06 3,13 8,36 9,75

3.2. The Effects of Cam Setting and Number of Yarn Ply on Air Permeability
and Bursting Strength

Changing cam setting from loose to tight fabric created tight fabrics with higher
fiber content, and higher stitch density with shorter loop lengths that decreased
the permeability of the fabrics against air at statistically significant level (Figure 5
and Table 5). Number of yarn ply enhanced fiber volume percent, lowered stitch
density, and increased loop length; combination of all these effects lowered air
permeability of fabrics with 3-ply yarn as compared with those with 2-ply yarns at
statistically non-significant level (Figure 5 and Table 5).
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Figure 5. The effects of cam setting and number of yarn ply on air permeability

Table 5. The effects of cam setting and number of yarn ply on air permeability (cm®(cm?*s))

Variable Level Mean SD LL UL p-value
. loose fabric | 597,59 | 338,36 | 489,38 | 705,81

Camseting 1 i fabric | 452,68 | 251,54 | 372,24 | 533,43 | 0160
2-ply 578,97 | 333,67 | 472,26 | 685,89

#ofyamply o7y 47130 | 266,92 | 385,94 | 556,67 | *0°7°

Due to their higher fiber volume percent, higher loop density with shorter loops
as compared with loose fabrics; fabrics knitted via tight cam setting displayed
higher bursting strength than fabrics knitted via loose cam setting (Figure 6 and
Table 6). Number of yarn ply increased fiber volume percent, and loop length at
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statistically non-significant level; lowered stitch density at statistically significant
level; however it improved bursting strength at statistically significant level. This
behaviour of fabrics from 3-ply yarns can be explained through greater load
bearing capability of 3-ply yarns than 2-ply ones.

900

1

loose fabric tight fabric Al Pairs 2 3 Al Pairs
Tukey-Kram Tukey-Krame
005

Bursting pressure, kP

Cam setting s e Number of yarn ply, 2-ply or 3-ply

Figure 6. The effects of cam setting and number of yarn ply on bursting strength (kPa)

Table 6. The effects of cam setting and number of yarn ply on bursting strength (kPa)

Variable Level Mean SD LL UL p-value
. loose fabric | 426,19 | 151,70 | 377,67 | 474,70

Camsetting I~ fabric | 592,80 | 181.07 | 534,89 | 650,71 | ~2:0001
2-ply 395,39 | 115,88 | 358,33 | 432,35

#ofyamply |57 62360 | 172,92 | 568,30 | 678,90 | 0000

4. CONCLUSIONS

Weft knitted fabrics from glass yarn were produced while varying cam setting and
number of yarn ply within the full factorial experimental study design perspective
of this study. While cam setting was as loose and tight fabric; number of yarn ply
was varied as 2-, and 3-ply. Cam setting change from loose fabric with long loops
to tight fabric with short loops increased fiber volume percent and stitch density
that lowered air permeability and increased bursting strength at statistically
significant level. On the other hand, number of yarn ply increase from 2 to 3
increased fiber volume percent and loop length at statistically non-significant
level, and lowered stitch density at statistically significant level that improved
bursting strength at statistically significant level. This study clearly indicated
response of glass yarn in the form of weft knitted fabrics against cam setting and
number of yarn ply change in view of air permeability and bursting strength.
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Abstract: Interest of the technical textile have increased day by day from consumers. With
the help of the developing technology, the importance of the protective textile structures
have taken attention among the technical textiles. In the technical textiles, Protective
textiles are one of the application area having the lowest production ratio. On the other
hand, especially in the developing countries, as the industrial development escalades, and
new standards and the sanctions impose on the health, security and hygiene, the demands
towards protective cloths have been soaring. In this study, it was aimed at obtaining anti-
static knitted fabric by using carbon fiber in knitting as an anti-static electric material.
Carbon fibers were given into yarn while blending. After yarn producing, was knitted double
pique and dyed. Conductivity of the fabric was tested according to both TS EN 1149-2:
2000 standard and UNE-EN 1149-3:2004 standard. Data from conductivity tests were
showed that carbon fiber could be used as a static charger in protective clothing. This
provides comfortable and effective working area for workers.

Keywords: Carbon fiber, anti-static, protective clothing, knitting fabric, technical textile.

1. INTRODUCTION

In daily life, expectations from textiles have increased. Consumers expect from
textile not only wearing, but also some functions. With the usage of technical
textiles, such spesific functions could be gained. Technical textiles almost fall into
every aspect of our lives. Moreover, technical textile uses for the comfort. This
comfort is protecting workers from static electric. Carbon fiber has the excellent
conductivity, so it can be used for anti-static material.

Usage area with the development and applicability of carbon fibers it expanded.
Its main areas of use are defense apparel, space vehicles, the automobile
industry, medical uses (especially in orthopedic operations) and so on. [1]

Static charge usually builds up in synthetic fibres such as nylon and polyester
because they absorb little water. Cellulosic fibres have higher moisture content
to carry away static charges, so that no static charge will accumulate. As synthetic
fibres provide poor anti-static properties, research work concerning the
improvement of the anti-static properties of textiles by using nanotechnology were
conducted. [5]

Static electricity poses a real threat to human life, health and material resources.
This risk is presented in many spheres of human activity, especially in dangerous
working environments where electrostatic fields and discharges may cause fire
or explosions, as well as disturbances in the production process [6].
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An antistatic agent is a compound used for treatment of materials or their surfaces
in order to reduce or eliminate buildup of static electricity generally caused by the
triboelectric effect. The molecules of an antistatic agent often have both
hydrophilic and hydrophobic areas, similar to those of a surfactant; the
hydrophobic side interacts with the surface of the material, while the hydrophilic
side interacts with the air moisture and binds the water molecules [7].

Antistatic fabric is a type of technical textile which is sought by manufacturers of
work uniforms. These fabrics are used in the construction of work uniforms for
hospitals, electronic industry firms, electrostatically affected dye house,
pharmaceutical and medical equipment manufacturers and research
laboratories, and are also needed for the use of military personnel, fuel and gas
handling personel. When it is desired to give antistatic properties to fabrics,
electrical conductivity is increased by adding additives such as conductors
(carbon, metal dust or conductive polymer) to yarns and fibers. [2]

In the production of carbon fibers, as a result of the heating of organic raw
materials other atoms get away except carbon so that filaments made of carbon
atoms are obtained. After crystallization of these filaments, high strength fibers
are obtained.[3]

Carbon fiber has each crystallite consists of multiple layers. Each layer consists
of carbon atoms arranged in a hexagonal structure called the graphene layer.
While strong C-C bonds in the layer give high strength and stiffness to fiber, weak
van der Waals bonds between the layers lead to an increase in shear resistance,
resulting in excellent heat and electrical conductivity [3].

Static charges generally occur on the surface of synthetic polymers such as
polyester and nylon fibers because they provide a low moisture content when
compared to more hydrophilic cellulosic fibers [4].

In this study, it was aimed at obtaining anti-static knitted fabric by using carbon
fiber in knitting as an anti-static electric material. Carbon fibers were given into
yarn while blending. After yarn producing, was knitted double pique and dyed.
Conductivity of the fabric was tested according to both TS EN 1149-2: 2000
standard and UNE-EN 1149-3:2004 standart. Data from conductivity tests were
showed that carbon fiber could be used as an static charger in protective clothing.

2. MATERIAL AND METHOD
2.1. Material

Carbon fiber was added into yarn while blending. Mixing ratio was %65 cotton, %
34 poliester and %1 carbon fiber. Yarn number was 24/1 Ne Combed spinning.
Containing carbon fiber yarn was knitted in 30 inch 28 fein kemyong knitting
machine as a double pique after spinning. Raw fabric was dyed by reactive and
dispers dyestuff.

2.2 Method
With the aim of determining antistatic properties of the fabric containing carbon
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fibers, samples were measured by two different test methods (TS EN 1149-2:
2000 standard, UNE-EN 1149-3:2004 standard).

TS EN 1149-2: 2000 standard, a test method for measuring the vertical electrical
resistance of protective clothing materials. In this standard, the test samples were
tested after 24 hours of conditioning at 23 + 1 °C temperature and 25 + 5% relative
humidity.

UNE-EN 1149-3:2004 standart, a test method for measuring the electrostatic
properties of protective clothing. Before this method is applied, the washing
process is carried out according to ISO 6330: 2012 standard. The samples in the
study were subjected to 5 washes at 40 °C and applied flat drying procedure in
this standard. Test samples were tested after 24 hours of conditioning at 23 + 1
0C temperature and 25 * 5% relative humidity. Ambient conditions test was at
23,0 °C temperature and 26,2 % relative humidity. In this test method induction
charge, (1200 + 50) V in 30 ys potential was applied throughout 30s.

3. RESULTS AND DISCUSSION

The test was repeated 10 times and the average was taken. Knitted fabric tested
according to TS EN 1149-2:2000 Vertical Resistance and result was 4,2*107 ohm
(Q) (Table 1.), this average value is range from min: 2,2*107 Q to max: 7,5*107
Q). It was seen that the fabric containing carbon fiber showed anti-static
properties.

Table 1. According to TS EN 1149-2:2000 test result

TYPE OF FABRIC ANTISTATIC FEATURE
24/1 Combed Cotton —Pes Double Pique 4,2 x 107 ohm (Q)

According to the standart UNE-EN 1149-3:2004 for the induction charge method
result was tso <4 s or S > 0,2 (tso=Decay half time, S=Shielding factor). Data from
the fabric containing carbon fiber showed that shielding factor avarage of the
fabrics were 0.24, decay half time avarage were 1.23 seconds. (Table 2). On
considering of these taken results from both standards, it could be said that
adding of the carbon fibers in the yarn could be gained anti-static properties of
the fabric.

Table 2. According to UNE-EN 1149-3:2004 test result

Reference SET OF JACKET AND TROUSERS BTS GMN 2000PLUS
Specimen Shielding factor (units) Decay half time (s)
1 0,23 1,54
2 0,27 1,05
3 0,23 1,11
Average 0,24 1,23
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4. CONCLUSION

Technical textile are everywhere in our lives. They make life easy, comfort and
effective. Carbon fiber has the most important place in technical textiles. Carbon
fiber has many usage area and one of the area is using as a protective material.
People need to be comfort while working so carbon fiber was used for antistatic
material. In this study, carbon fiber were used for obtaining anti-static knitted
fabric. Taken results from employed different standarts showed that carbon fiber
could help fabrics to gain anti-static properties.
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Abstract: The aim of this study is to improve thermal regulation property in denim
garment. Phase change materials are the textile chemicals which can stabilize the
temperature of a material by absorbing or releasing heat. Microencapsulated PCM
chemical was applied experimentally 150 g/Land 300 g/L different rate with dipping and
spraying method when 1 g/L polymer cross linker is used and not used. Thermoregulation
property of denim garments were analyzed by DSC test method. The best result was
obtained in 300 g/L PCM and 1g/L polymer cross linker by with AH of 9,809 J/g.

Keywords: Phase Change Material (PCM), Denim, Thermoregulation properties.

1. INTRODUCTION

Thermal equilibrium between body and environment is vital necessity for humans
due to keep health. With this consciousness, textile industry is developing
innovative methods to improve thermal capacity of the clothing. For the thermal
management in clothes, innovative agents as phase change materials (PCMs)
have been used intensively. PCMs are preferred due to their thermal energy
storage properties. It's use in textiles is based on a research program initiated by
NASA (National Aeronautics and Space Administration) with the aim of heat
protection of astronaut wears at the beginning of the 1980's [1].In the last years
many researchers intensified their research on the subject ([5]; [3]; [6]; [7]; [8]).
Due to absorb, store and release of heat capability pf PCM’s, they can be used
in textiles as heat exchanger units. While physical state of PCM’s changing, it can
absorb energy and delay chilling when physical conditions become reversed.
They have positive effect on textiles as heat bariier agents witout changing
temperature themselves while environmental conditions changing. In textile
industry, lots of phase changing chemicals like Octadecane, Nanodecane,
Eicosane, Heptodecane uses, however they are usually known with their trading
names in scientific papers as PCM28, PCM15. Due to has strong properties as
chemical and thermal stability, paraffinic hydrocarbon PCM’s are more useful
than fatty acid PCM’s in textiles [4]. Due to their liquid phase, PCMs are
microencapsulated to prevent it's stem. Denim garment microencapsulated PCM
chemical has been applied experimentally in various process and recipes in
industrial laundry at finishing stage and PCM application has been tested whether
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thermal regulation is achieved at working temperature of PCM material, in these
different process conditions[2].For these purpose heat storage properties of the
denim garment were evaluated following an encapsulation of PCM with dipping
and spraying method when polymer cross linker is used and not used, with PCM
usage in different rate.

2. MATERIAL AND METHOD
2.1 Material

Denim woven fabrics with 99% cotton and 1% elastane suitability were used for
the application of heat-setting microcapsules. The particle size is approximately
20um, microcapsules (Rudolf Durener, Bursa) containing paraffin with a melting
temperature of 28°C, melting enthalpy of 195-205J/g, density of 0.78g/ml were
used. Cross-linker was used (Lava Protect XL,DyStar ) as an auxiliary product.

Table 1. Properties of fabric used in trials

. . Weight in
Structure Composition Warp density | Weft density grams
(threads/cm) | (threads/cm) (g/m?)
0, o,
Weave 7699 cotton+%f 28 21 387
elastane
2.2 Method

For using trials, 8 trousers were sewn with finished fabric. Before the application
of PCMs to the denim pants, stone washing and stone enzyme washing were
carried out with the aim of giving vintage effect and clean the fabric surface.
Microcapsules were applied at different concentrations using the dipping and
spray methods (Table 3). Thus, the variation in heat storage capacities of denim
garments containing microcapsule PCM at different rates was investigated.

Table 2. Denim garment washing receipt of PCM application

Pr?‘l(;ess Process Process Detail
1 Dry Process Laser Scrabing
2 Prewash Rinsing(50°C, 3min)
Stone +stone enzyme (45°C,
20min)
3 Stonewash Rinsing (20°C, 2 min)x2
Extracting,
Dryig (70°C, 30min)
4 PCM DS'pF;;”Q
Application pray
L Drying(100°C,15 min)
5 Finishing Fixation (160°C, 10min)
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Table 3. The process properties of PCM applications.

Recipe PCM@;ﬁtc;atlon Concent;e(l:tllwon of The Drying and Fixation
R1 Dipping 150 g/L
R2 Spray 150 g/L Drying-100°C 15 min.
R3 Spray 300 g/L Fixation-160°C 10
R4 Spray 150 g/L min.

Dipping Method

The inverse surface of denim garment was dipped into PCM solution prepared
with duration 2 min. 300g/L concentration of Microcapsulated PCM was applied
on the denim garment by dipping method (as shown in Table 3). After the dipping
process, the denim garment was dried and fixation (Table 3).

Spray Method

Different concentration is 150g/L and 300g/L of PCM solutions were applied on
inverse surface of denim garment by spray process. After the spray process, the
denim garment was dried and fixation (Table 2). In R1 and R2 receipts, cross
linker was not used in PCM solution. In R3 and R4 receipts, 1g/L cross linker was
used in PCM solutions.

2.2.1 Optical Microscopy Analysis

Microcapsul existence was observed with optical microscope analysis. For this
purpose Olympus BX-51 microscope and Q-Capture digital imaging programme
were used.

2.2.2 Differential Scanning Calorimeter (DSC) Analysis

A differential-scanning calorimeter (DSC) is used to measure the heat capacity
or enthalpy of the microcapsules and the fibre containing the microcapsules. The
heating and cooling rates of the DSC run were both 10°C/min in the nitrogen
atmosphere. Latent heat accumulation of PCM was viewed on DSC graph curve
with unit of AH (Joule/g). Perkin EImer-Jade DSC 'instrument was used in DSC
analysis.

3. RESULTS AND DISCUSSION

In this study, the application of microencapsulated PCM chemicals to denim
garments at different methods and concentrations has been examined to improve
the thermal regulation of denim garment.

3.1 Optical Microscopy Analysis

Microscopic images of microcapsules were examined to explain the presence of
microcapsules in the fabric structure of the microcapsulated PCM applied denim
garment. Figure 1 shows microscope images of microcapsules which were seen
at 40x magnification. When the images obtained from the optical microscope are
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examined, microcapsules are seen in the form of particles on the fiber surface
(Show in Figure1)

T

A

f'.’ 1

4

Figure 1.Optical Microscope images of fabric tread with microencapsuled PCM using
A)150g/LPCM by dipping, B)150g/LPCM by spray, C)300g/L PCM with 1 g/L cross-linker by spray,
D)150g/L PCM with 1 g/L cross-linker by spray

3.2 Differential Scannin Calorimeter (DSC) Analysis

The DSC analysis was performed to get the samples’ phase change temperature
range and enthalpy. The testing temperature range was -20 to 50°C, and the
scanning speed was 10°C/min with liquid nitrogen protection. AH (J / g) value on
the graph shows the amount of latent heat stored by the PCM. As this value
increased, the phase change performance on the surface of the chemical also
increased.

The melting temperatures and solidification temperatures and enthalpies of
different amounts of microencapsuled PCM treated denim fabric samples were
measured using a DSC instrument.

Table 4. AH (J/g) values of PCM applications

Receipt Number PCM Application Method AH (Joule/g)
R1 Dipping 2.855
R2 Spray 1.122
R3 Spray 9.809
R4 Spray 3.919

R1 and R2 are the recipes with the same concentration of PCM but with different
application method. No crosslinkers were used in solution in the R1(150 g/L PCM)
spray and R2(150g/L PCM) dipping method. As seen the table 4, when the value
of AH is taken into consideration, the dipping method gave better result was
obtained in R1(150 g/L PCM by dipping) with AH of 2.855j/g than the spray
method. There are two DSC graphs are figure 2 and figure 3, belonging to recipe
1 and recipe 2 which were given as R1 and R2.

However, white spots are formed on denim pants in R1 method(Show in Figure4).
Thus, the spray method was used in the R3 and R4 experiments.
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Figure 2. DSC graph of R1 (150g/L PCM by dipping)
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Figure 3. DSC graph of R2 (150g/L PCM by spray)
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Figure 4. White spots are on denim garment
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Figure 5. DSC graph of R3 (300g/L PCM with 1 g/L cross-linker by spray)
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Figure 6. DSC graph of R3 (150 g/L PCM with 1 g/L cross-linker by spray)

300 g/L PCM in the R3 and 150 g /L PCM in the R4 method and 1 g/l cross linker
in both methods were used. It has been observed that when the PCM
concentration increased the AH value of the fabric increased. Despite the use of
150 g/L PCM in the R2 and R4 methods, the use of a 1 g/L cross-linker indicated
that the amount of capsule adhering to the fiber surface and the AH value
increased as a result of DSC analysis.

4. CONCLUSION

In this study, microencapsulated PCM was applied on denim garment various
concentration by dipping and spray method. Thermo-regulating properties of the
denim garments were compared as a result of DSC analysis measurements.
Microscopic images of microencaplused were examined to explain the presence
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of microcapsules in the fabric structure of the microencaplused PCM applied
denim garment. Although the dipping method was showed better results than the
spray method, application is not preferred due to causes white spots on the
clothing. It has been observed that both PCM capsules increase the
concentration in solution in the spray method and the use of 1g/L crosslinkers
improves the heat regulation property. As PCM concentration increases, the heat
storage or release capacity increases in terms of J/g. Consequently, it is possible
to conclude from the preliminary results of PCM application that phase change
material improve the thermoregulation properties of denim garments.
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Abstract: The precursor fibre should possess the required properties to be heat treated
to form carbon fibres. The polyacrylonitrile (PAN) precursor fibre properties are hugely
dependent on wet-spinning and post wet-spinning finishes. The temperature and stretch
conditions affect the orientation and resultant mechanical properties. The spin finish olil
applied gives an ease of operation and better performance [1]. A spin finish or lubricant is
applied to synthetic fibres for ease of processing during manufacturing. Synthetic fibres
easily generate electrostatic charge while they rub against each other or different
machine parts[2]. This charge can cause major problems in processing. Electrostatic
charge build-up can cause fibres to repel or attract each other. They can also stick to
the machine parts they come in contact with. This can disrupt yarn formation and lead
to non-uniform PAN precursor tows. The primary function of a spin finish is to eliminate
the build-up of static electric charges on fibres during processing. A spin finish can reduce
the amount of friction to a level which avoids problems such as end-breaks in fibres [3].
Ensuring a continuous filament tow is necessary to obtain optimum yield of carbon fibres.
[4] At the same time, the spin finish should be compatible with the fibre. The layer of spin
finish should not hamper any of heat treatment processes for the final carbon fibre
production [5]

Key Words: carbon fiber, finish oil, spin finish, precursor, PAN

1. INTRODUCTION

Finish oil is one of the key raw materials for carbon fiber precursor production
which protects filaments during stabilization against sudden temperature
increase, uncontrolled reaction rate and fusing. Stabilization is treating precursor
fiber with controlled heating process to transform linear molecular chains to
ladder structure to prepare fiber for next carbonization stage. Besides this
protection, it is expected form a superior spin finish to provide processability such
as; lubrication effect for low fuzz level, lower static charge generation and lower
residual chemical content on machine rollers. Charging on fiber during processing
creates fuzzy fibers, wraps and breakages. Similarly, residual chemical content
on rollers increases wraps and change over times due to cleaning. In this study;
Dowaksa and Akkim created a cooperation in 2016 to develop a finish oil for
carbon fiber production having superior processability and tensile strength
performance.
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2. MATERIALS AND METHODS

Studies were concentrated on Dowaksa’'s A42 type poly(acrylonitrile) base fiber
which has tow size of 24000 filaments, linear density of 1.6 g/m, and tensile strength
of 4600 MPa at average. Finish oil's were formulated and manufactured by Akkim.
Polyethylene glycol (PEG) type surface active agents, PEG 1500 and PEG 2000 with
average molecular weights (Mw) of 1500 g/mol and 2000 g/mol, respectively, were
tested. This ingredient was also used to enhance antistatic property of finish oils. The
influence of Mw and amount of PEG type active agent on static charge and residual
chemical content on rollers were investigated by conducting a design of experiments
study. A full factorial design was used with two factors, 2 center points and 6 runs.
Levels of content and type were 0%, 0.2%, 0.5% (w/w) and PEG 1500, PEG2000,
respectively. Static charge on fiber was measured from drying section of precursor
machine by using Kasuga KSD-0120 static meter. Residual chemical content on
rollers was visually observed and evaluated with ranking from 0: non to 10: high level.

3. RESULTS AND DISCUSSION

List of trials, static charge measurement results and overall comparison are given in
Table 1, Figure 1. and Figure 2, respectively. Statistical analysis for static charge
measurements of precursor fibers indicated that molecular weight of PEG has no
significant effect. On the other hand, the amount of this active agent in finish oil
dramatically influences static charging. As the content increases, charging level
decreases proportionally.

Table 8. Factors and Levels of Design of experiment

Finish Qil PEG_Type Agent Content (% w/w)

A PEG 2000 0
B PEG 1500 0,25
C PEG 1500 0,5
D PEG 2000 0,25
E PEG 2000 0,5
F PEG 1500 0

Although, PEG type active agent content enhances charging properties, excess
amount increases residual chemical content on rollers regarding to visual
observations. Minimum level of residuals were observed for finish oils A and F
with active agent content of % 0, and maximum residual chemical level was
observed for C which has 0.5 % agent content.
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Figure 1. Static Charge Measurement Results of Trials
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Figure 4. Residual-static charge relations

4. CONCLUSIONS

Ingredients in finish oil formulation have fundamental influences on fiber
production processability from fuzz formation to change over time point of views.
Hence, it is needed to optimize ingredients’ contents and types for a finish oil
composition. In this study, optimum conditions for antistatic active agent were
predicted for the amount as 0.25 % and type as PEG 2000.
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Abstract: Carbon fibers, which are a new breed of high-strength materials, are mainly
used as reinforcements in composite materials such as carbon fiber reinforced
plastics, carbon-carbon composite, carbon fiber reinforced materials, and carbon fiber
reinforced cement. Carbon fibers offer the highest specific modulus and highest
specific strength of all reinforcing fibers [1]. Carbon fibers are generally fragile and
subject to abrasion during handling. It has now been discovered that sizing
compositions based on certain epoxy compounds protect carbon fibers against such
damage. When carbon fibers are to be used in preparing composite structures with
resin matrix systems, they are frequently subjected to a surface pretreatment to
improve the adhesion between the carbon fibers and the resin matrix [2]. In this study,
different type of water-borne sizing agent formulation is prepared. Epoxy resins
improve interfacial adhesion between fiber and epoxy matrix of composite resin.
Similarly, other resins are required to improve compatibility and adhesion between
similar resin types. This study opens the window of opportunities to improve all
physical characteristics of composite materials.

Key Words: carbon fiber, sizing, resin, composite

1. INTRODUCTION

Carbon fiber is a lightweight material and excellent in strength and modulus that
can be combined with various materials such as epoxies and polyurethanes to
produce composite materials. Physical characteristics such as tensile strength
and modulus is affected by sizing agent on carbon fiber surface. Sizing agent is
applied to carbon fibers before winding process to minimize fiber breakage and
make fibers more appealing. Sizing agent formulation is so critical. It needs to be
glossy, however, should not behave as an impurity on carbon fiber surface that
could be detrimental to final composite properties. So far, we have imported
sizing agents. These sizing agents were not able meet our requirements. These
imported sizing agents showed very poor winding characteristics and led to
severe fiber breakage. In this study, we develop a custom-made sizing
formulation for carbon fiber that can surpass drawbacks of current sizing agents
and meet all desired characteristics for composite materials.
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2. MATERIALS AND METHODS
2.1. Carbon Fiber Production Process

The Polyacrylonitrile (PAN)-based carbon fiber is obtained by PAN-precursors.
PAN-precursor is prepared from PAN polymer dissolved in DMAC solvent. This
solution is spinned and coagulated in the mixture of DMAC-water solution. After
coagulation, PAN-precursors are stretched and dried. PAN-precursor is stabilized
in air at temperature between 200-300°C. During this process, cyclization and
oxidation reaction of PAN occurs. After stabilization, carbonization and
graphitization process starts. Stabilized PAN is gradually heated to higher
temperatures from 400 to 1200°C in an inert atmosphere to produce carbon
fibers. After carbon fiber is produced, sizing agent is applied to carbon fiber. This
application is performed in the sizing bath shown in Figure 1.

U il e
j
> f”

Figure 1. Sizing bath set-up

2.2 Sizing Agent Formulation

A series of water-borne sizing agent formulation is prepared. Water-borne
systems are preferred due to minimized health and safety risks in work
environment. Sizing formulation might consist of either epoxy, polyester, phenolic
or polyurethanes. Each of the polymeric materials might be useful for different
purposes. Epoxy resins improve interfacial adhesion between fiber and epoxy
matrix of composite resin. Similarly, other resins are required to improve
compatibility and adhesion between similar resin types. For instance, polyester
resins in sizing formulation are used to improve compatibility between sizing
agent and polyester resin in composite resin. This study opens the window of
opportunities to improve all physical characteristics of composite materials. After
the study is finalized, we aim to have various sizing agent formulations that are
compatible with various resin systems.
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3. RESULTS AND DISCUSSION

List of trials, band-width, stiffness results and coefficient of friction are given in Table
1, Figure 2,3,4, respectively. Analysis for band-width and stiffness of carbon fibers
indicated that polyurethane resin narrow down the band width and decreases
stiffness. As the PU content increases, coefficient of friction decreases.

Table 9. Factors and Levels of Design of Experiment

Sizing Agent | ___PU Content (%
A 20

B 50
C 70
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Figure 2. Stiffness-PU (%) comparison
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Figure 3. Bandwidth-PU (%) comparison
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4. CONCLUSIONS

Sizing formulation ingredients have fundamental effects on properties of carbon
fiber from stiffness to coefficient of friction. In this study, polyurethane content of
sizing agents were investigated in carbon fiber applications and it has been found
that the band-width, stiffness and coefficient of friction decrease as the
polyurethane content increases. According to these results, it is necessary to
continue working on the correct polyurethane type and quantity to reach optimum
carbon fiber performance values.
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