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ABSTRACT

The influence of the clothing type, and the laundry washing parameters have a huge impact on the
number of microfibers/fibers being shed during the domestic laundry trials. Distressed and damaged
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clothing was identified as one of the important aspects of microfiber (MFs) pollution. Although some
of the factors affecting the MFs shedding are still to be explored, thus there is a need for rigorous
methods of identification and quantification to understand this shedding. A novel method was adopted

using different combinations of wash loads and their corresponding temperature, and wash duration
on the amount of MFs being shed. Results concluded that recycled polyester fleece and distressed
jeans showed heightened shedding levels (approx. 49% of total emission). When real consumer
laundry was compared to laboratory laundry, consumer domestic laundry is producing 110% more
MFs than the laboratory-tested fabrics. High temperature and increased wash time have a positive

correlation (p-value <0.05) to the number of MFs shed.

1. INTRODUCTION

Microfibers and microplastic pollution is a widespread
problem that is being faced by aquatic, marine, and
terrestrial animals. Although researchers suggested that
synthetic fibers are the main cause of this pollution, several
reports back up the data stating that natural fibers also have
an equal share in the spread of microfiber pollution [1].
Microfibers (<5um) are the fibers that are fibrillated/
detached from the larger piece of fibers. In the current
study, only apparel items were considered during the study
thus microfibers terms were used consistently rather than
microplastics (derived from larger pieces of plastics) or
filaments. Diving into the diverse consumer behavior which
is changing rapidly related to the purchase and care of
apparel and clothing items one can deduce that these
behavioral changes have a major impact on the microfiber
release from domestic laundry conditions. As the fashion

KEYWORDS

Damaged clothing, Distressed
clothing, Fringe jeans, Fuzzy
woolens, Microfiber pollution,
Trendy clothing.

cycle changes, new trends are brought into the consumer’s
daily life and one such change is the adoption of damaged
and distressed clothing. Ripped/ distressed jeans feature
frayed and a worn-out look with distinct ripped spaces
usually at the knees where the skin peeps out. These rips
can be caused due to over usage or can be caused by the
manufacturers. The core idea is to loosen the tightly woven
fabric and let the loosed fibers and frayed end protrude out.
The global market for denim jeans is estimated at US$57.3
billion in the year 2020 and is projected to reach a revised
size of US$76.1 billion by 2026, growing at a CAGR of
4.8% over the analysis period [1]

Although there are several previous researchers who are
studying about the impact of different variables on the
microfiber generation from the domestic laundry and stated
that liquid detergent and powder detergent are causing more
shedding than deionized water [2], increased shedding was

To cite this article: Sudheshna AA, Srivastava M, Prakash C. 2024. Correlation between Different Laundry Parameters and Distressed,
Damaged and Fuzzy Clothing Inrelation to Microfibers Detachment. Tekstil ve Konfeksiyon, 34(4), 387-393.
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observed while using bio-enzyme based detergents [3],
lower temperature can be the cause of MFs shedding
especially for polyester fibers [4], high water to fabric ratio
can also be the major cause for the enhanced shedding [5],
usage of fabric softener can reduce the shedding index [6],
and several other studies said that new fabrics shed more
MFs compared to the used once [7-9], whereas some
researchers suggested that when garments were
mechanically aged the aged garments were showing
heightened shedding than the new apparels [10].

Apart from all these studies, the basic question remains the
same, which is how consumer clothing practices are
affecting domestic laundry conditions thus ultimately
correlating with the increasing or decreasing number of
MFs being shed. In the present study fashion trends were
followed to assess the type and choice of apparel that are
most favored by consumers on a large scale thus deducing
the correlation between the garment type and the emission
level. One of the main objectives of the study was to obtain
the current apparel choice practices favored by the
respondents thus estimating the cumulative amount of MFs
released into the environment during washing trails from
these sources. The preliminary survey on apparel choices
stated that teenagers and college-going students were
mostly drawn toward ripped, damaged, and distressed
jeans. Thus to deduce the emission levels of these clothing
items the current study was focused on the domestic
laundry of the used consumer distressed clothing rather
than the new apparel which were purchased from the
clothing stores. The effect of wash duration, temperature,
and wash loads on the amount of MFs shed was also
studied to find out the inter-relating effect among the
variables.

2. METHODOLOGY
2.1 Materials

Soiled clothing (which fulfills the requirements of damaged
and distressed clothing, and woolens) from the consumers
were procured from the households to conduct the
experiments. Apart from those clothing different types of
damaged, distressed, and stone-washed jeans and fringe
jeans were obtained from the local markets of Rajasthan,
India. Double puffer jackets, puffer jackets, fuzzy woolen t-
shirts, and fuzzy acrylic shawls were obtained through
online fashion websites in India, to study the release rate.

A front-load fully automated domestic washing machine
was used (Samsung EcoBubble, Model number:
WD70M4443JW/TL). Wool (Max. 2Kg) and Cotton (Max.
3Kg) programs were selected which were present in the
washing machine were chosen. Normal tap water was used
and no changes were made to the temperature settings. Surf
excel liquid and powder detergent was used for the jeans,
and ezee liquid detergent specially designed for woolen
garments was used for woolen garments, along with surf
excel powder detergent with added vinegar in the rinse

cycle, for the chemical fabric softener comfort brand was
used (Ditallowoylethyl Hydroxyethylmonium Methosulfate
is the fabric conditioning compound present in the
softener).

2.2 Washing Procedure

Ten consecutive wash cycles were run for each garment
type. Due to the difference in the shedding index, some
garments were washed more, thus increasing the total
number of cycles to deduce the resulting anomalies.
Laundry effluent was collected using large containers. 1-
liter samples were collected after stirring with a wooden
ladle, and 10ml aliquots were separated and were raised to
100ml each using distilled water to dilute the dust and
laundry additives. The main aim of aliquots was to save
time and be able to visually count the MFs.

Before the testing, two empty wash cycles were run to
thoroughly uncontaminated the washing machine from the
residual MFs from the previous washes. The effluent water
was passed through a filtering sieve and then small
representative samples were passed through glass microfiber
filters. The second wash showed no residual fibers thus
rendering the process successful. Apart from this, no washout
cycles were run to estimate the accurate amount of shedding,
and to replicate the real domestic laundry conditions, as a
minute amount of fibers from the previous wash tend to
release in the consecutive wash cycles.

Microfiber Analysis

The MFs were filtered using 2.7 pm mesh filters(Axiva
Glass Microfiber filter, 47mm diameter circles, GF/4F) and
0.7 um mesh filters(Axiva Glass Microfiber filter, 47mm
diameter circles, GF/5F). Subsequently, the fiber
dimensions were calculated through SEM analysis for
which filter papers were cut randomly and were analyzed
after gold coating to enhance the image quality. Fiber
identification was done through FT-IR analysis. The peak
values were matched with the spectral library to the
accurate fiber type, some of the fibers identified were
cotton, wool, acrylic, elastane, and polyester.

2.3 Statistics

A linear mixed mode was used to determine the effect of
temperature, wash load, and washing duration during the
laundry process on the microfiber generation was
calculated. Several other appropriate tests were conducted
accordingly and the significance level was kept at a=0.05.

3. RESULTS AND DISCUSSIONS
3.1 Effect of fabric type

As all the fabrics have protruding fibers, a high amount of
emission was found in all types of fabrics irrespective of
the construction type and the fiber content (Figures 1 and
2). The overall emission rates of liquid detergent tend to be
45 percent to 46 percent in jeans and woolens respectively.
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Whereas for powder detergent it was 53 percent to 54
percent. Recycled polyester, knit fabrics, and
cotton/polyester blends have released a significantly high
number of fibers which is consistent with a study conducted
by Maggipinto et al. [11], who stated that after five
consequent washes cotton and polyester fabrics released up
to 1.0x10° and 5.0x10° fibers per kg of fabric washed.

A paired t-test was conducted to find out that there was a
significant difference between the emission rates between
the liquid and powder detergents while woolen laundry
with a p-value of 0.012. Whereas when damaged and
distressed jeans were compared during the wash trials no
significant difference was found. One of the major
sheddings was observed in the recycled polyester with
36.31 percent, followed by double-sided fleece with 22.25
percent of the overall emission rates. The recycled polyester
used in the present study was made out of recycled plastic
pellets and other plastic debris collected from marine waste.
This results in the weakened fiber structure and easy
abrasion and degradation thus resulting in the heightened
shedding of approximately 1,00,000 MFs in each wash
cycle. These findings suggest that yarn construction and
proportions and their composition plays a major role in the
MFs generation during the laundry process and cannot be
generalized [12].

Table 1 provides a detailed view regarding the wash cycle
parameters which were used during the course of study,
along with the type of garments and their corresponding

sheddability rates. In a study conducted on the denim
fabrics domestic laundry and their respective microfiber
waste load results showed that 100 percent cotton has the
maximum loss [15].

Comparing different types of denim jeans on the
sheddability index, it was evident from Figure 2 that the
statistical box plot showing that ripped all-over jeans have
shown the maximum emission rates contributing to 49.22
percent of the total emission, whereas the least emission
(1.33%) was found in stone-washed jeans as no protruding
and loose ends were observed on the surface of the jeans. It
can be concluded from the results that ripped overall jeans
shed more MFs due to the fact that more the number of rips
and tears and more protruding/ raw ends thus resulting in
more MFs released when abraded against the nearby
surfaces during the laundry process.

SEM analysis was carried out to find out whether there was
any difference in the fiber dimensions which were released
under different laundry conditions. But the obtained images
showed that irrespective of the wash cycle and the type of
fiber content, similar categories of fibers were seen such as
fiber which are <5um namely microfibers (49.16%), 50-100
pum (26.95%), 100-500 um (15.11%) and >500pm (8.76%).
It was also observed that apart from the microfibers
nanofibers were also found on the samples suggesting the
increasing level of fiber fibrillation. The only difference
found was in the amount or number of the fibers being
shed.
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Figure 1. Distribution of the average number of MFs released during the ten wash trails of fuzzy wollen/ synthetic clothing
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Figure 2. Distribution of the average number of MFs released duri
denim jeans

3.2 Effect of detergent

Denim garments were washed using a surf excel liquid
detergent (40ml) and powder detergent (40gms) with and
without fabric softener (45ml) in the rinse cycle. Whereas
the woolen garments were washed using eeze liquid
specialty detergent (40ml) and two tablespoons (30ml) of
vinegar were added as a fabric softener substitute in the
rinse cycle. The effect of the detergent on the microfibers
shed can be seen in Figures 1 and 2. All the fabrics were
washed using the standard program suggested by the
washing machine manual is used but the amount of laundry
detergent is kept constant to note whether each type of
cycle have a difference in the shedding and a statistically
significant difference was only found in the (p-value <0.05)
fuzzy woolen clothing.

About a 5 percent to 10 percent difference was observed
between the liquid and powder detergent during the
correlative analysis, which cannot signify that one can be
prioritized over the other. A two-sample t-test was
performed to find out the difference between the liquid and
powder detergent and the p-value obtained was 0.068,
which states that there was no significant difference. Fabric
softener was also adopted to find out any variance, but the
results obtained stated that no particular difference was
observed in the case of these types of garments which have
protruding and raw edges. Whereas, some of the previous
studies [13-14] stated that the usage of fabric softeners has
reduced the shedding by causing a sliding effect on the
garments being laundered.

ng the ten wash trails of the damaged/ distressed and other types of

3.3 Effect of temperature

Cold water and 60°C (the most favored temperature by
consumers) were used. Results obtained enumerated that an
average of 5835.25 fibers were being released per filter
during the 60°C temperature setting, whereas 4420.75
fibers were released when washed in cold water. These can
be interpreted in such a way that cotton fibers are
hydrophilic and during the laundry process the cotton fibers
absorb the water and swell according to their inbuilt nature
and when these fibers are prone to heightened temperature
and agitation there is a highly likely chance that these fibers
burst and split into to smaller fibers thus releasing more
MFs.

Woolen fibers can be considered the natural hair of animals
when these fibers are laundered at the highest temperatures
causing damage. It is always advised that cold water should
be wused for laundering woolen garments. Woolen
substitutes such as acrylic and polyester fills do not have
any significant impact when washed in both cold and hot
water as they are resistant to high temperatures. One of the
major drawbacks of the temperature setting is that to obtain
such high temperatures wash time is increased
simultaneously, thus increasing the overall wash time
which results in heightened agitation and increased MFs
shedding. Yang et al. [5]conducted a study correlating the
effect of washing temperature on the microfibers shedding
in synthetic fibers and found that with the increase in the
temperature (=60°C), there was a greater increase in the
microfibers.
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3.4 MFs generated from soiled consumer apparel

Real consumer laundry conditions were also studied to find
out any persistent differences between the laboratory and
consumer laundry trials. It was also observed that during
real-life domestic laundry conditions metal buttons and
zippers from one garment were entangling with the other
garments making the raw edges of the jeans more prone to
abrade thus resulting in the enhanced MFs release. From
Figure 3 we can see that there was a difference in the mean
values between the household laundry (more shedding)
when compared to the laboratory laundry.

Further a statistical analysis was carried out to find out a p-
value of 0.035, which states that there is a significant
difference between the laundry types at a 5% level of
significance. From Figure 3, interpretations can also be
drawn out that wearing and abrasion caused during bodily
movements also have an impact on the raw edges/
protruding fibers. When these abraded garments are washed
the laundry process also causes an enhanced level of
agitation depending on the temperature and wash cycle time
chosen thus resulting in a greater sheddability index than
the laboratory experiments.

4. CONCLUSION

Real domestic laundry conditions were shedding
significantly more number of microfibers in the laundry
effluents. Although both natural and synthetic fibers are
being shed in almost equal amounts natural fibers due to the
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9333088.75|

4000000

Average number of MFs released

2000000

Houschold Laundry

fuzzy weave structures and conscious distressing of jeans
are resulting in the addition to the already existing problem.
While washing these types of garments it is suggested to
wash them in quick wash cycles and preferably in cold
wash cycles. Some of the suggestions which can be made
from the current study were that it is advisable to always
modify the wash cycle according to the clothing needs
which in turn reduces the agitation levels thus reducing the
MFs shedding. The main barrier to consumer adoption is
knowledge and awareness. Results also found that fabric
softener does not play a huge role in heightening or
lowering the emission, but further study is needed to fully
justify and understand these types of fabrics.

Results inherently state that both consumers and
manufacturers are equally responsible for microfiber
pollution. Significant intervention is much needed such as
encouraging consumers to use lint filters, reducing the
usage of damaged or distressed clothing, usage of mesh/
laundry bags while washing fuzzy garments which helps to
reduce agitation levels. Further investigations can be done
in the direction of home textile (mink/woolen blankets, and
other furry/fluffy textile materials) items as well, which
represents the sheddability index of a significant
shareholder in the households. One of the important factors
is that any new studies being conducted in these areas
require an appropriate scope of application thus finding the
ultimate solution.

8413035.25]

Laboratory Laundry

Figure 3. Distribution of MFs shedding during different laundry conditions
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ABSTRACT

This study investigated the auxetic performances of single and double layer fabrics woven by using
braid weft yarns with different structural parameters. Non-elastane braid weft yarns containing yarn
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components with different filament numbers and braid weft yarns containing elastane and
conventional warp yarns were used in fabrics. To investigate the effects of weave, fabrics with single
and double layer structures were woven on an industrial weaving machine. Experimental results
showed that the fabrics woven with both non-elastane and elastane braid weft yarns performed an

auxetic behavior by giving Negative Poisson's Ratio (NPR) values. It was observed that generally
fabrics woven with braid weft yarns containing elastane could improve the auxetic performance.
Fabric woven with non-elastane braid yarns of high filament numbers showed a higher NPR. When
the effect of the weave on the auxetic performance was examined, a double layer fabric structure was

shown to reduce the auxetic effect.

1. INTRODUCTION

Poisson's ratio (PR) is defined as the negative ratio of
transverse strain to axial strain and is used to predict the
deformation of engineering materials under uniaxial stress
[1-3]. Materials with a negative Poisson's ratio (NPR) are
also called auxetic materials. For example, when a
conventional material is subjected to a tensile force, it
elongates in the force axis and contracts in other axes, or
when a material is subjected to a compressive force, it
contracts in the force axis and expands in other axes. As
opposed to materials with a positive Poisson's ratio, auxetic
materials expand laterally when stretched and contract
laterally when compressed [2, 4-8].

Since the Poisson's ratio is a physical parameter
independent of material scales, auxetic behavior can be
obtained from the molecular to macroscopic levels [2, 9,
10]. The mechanisms of auxetic materials depend on their
microstructure, geometric structure, or deformation
mechanisms of these structures [5, 8, 11-17].

KEYWORDS

Auxetic effect, negative
Poisson's ratio (NPR), braid
yarn, elastane, single and
double layer woven fabric

Textile materials differ in many aspects compared to other
engineering materials. For example, they may not show the
same behavior in all directions under force. They can easily
deform, change shape and elongate without breaking
depending on their place of use. In terms of these
properties, it is a unique material as to its compatibility with
human movements [18]. The deformation behavior of
woven fabrics when subjected to tension is an issue that
should be considered in predicting the performance of
fabrics during use [18, 19]. The breaking behavior of
woven fabrics and their deformation under low forces are
considered during these products' design and production
stages, from clothing to home textiles, from textile-
reinforced composites to technical textiles [18].

Deformation under tensile loading is one of the methods that
can be used to determine the physical performance of fabrics.
In studies [20, 21] on Poisson’s ratio of various conventional
fabric types, it is stated that conventional fabrics show
positive PR values due to lateral contraction under tension.

To cite this article: Akgun M, Suvari F, Eren R, Yurdakul T. 2024. Investigation of Auxetic Performances of Single and Double Layer
Fabrics Woven with Braid Weft Yarns of Different Structural Parameters. Tekstil ve Konfeksiyon, 34(4), 394-408.
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Woven fabric structures are textile surfaces formed by the
intersection of warp and weft yarns perpendicular to each
other. In woven fabrics, both the warp and weft yarns take a
crimp due to the displacement caused by the intersection of
the warp and weft yarns. When the fabric is stretched in one
direction, the yarns in the loading direction straighten.
Straightened yarns cause other yarns to receive more crimp
perpendicular to the loading direction, resulting in fabric
shrinkage in the transverse direction and hence a positive PR
occurs [22, 23].

Generally, there are two approaches to the production of
auxetic textiles. The first involves using auxetic fibers to
produce an auxetic textile structure, while the other is
producing textile structures with auxetic properties using
suitable yarns made from conventional fibers [2]. The
literature states that different combinations of conventional
yarns are used as warp and weft yarns to develop auxetic
fabrics. In addition, it is stated that the benefit of using
conventional yarns in forming auxetic fabrics is that they
have higher structural stability than auxetic fibers [24].

It is shown in the studies that the creation of different
shrinkage phenomena in woven fabric structures can be
achieved by the use of weave pattern combinations with
different shrinkage/contraction properties and the use of
elastic/non-elastic yarns. The developed auxetic woven
fabrics are based on a foldable geometric structure. The basic
principle of these geometries is the different shrinkage
effects. Elastic yarns are used to provide flexibility and
reversibility to the fabric structure, while non-elastic yarns
are used as a stabilizing component [25, 26].

In a study, the auxetic performance of a partial stretch plain
weave fabric was investigated by inserting non-elastane and
elastane conventional weft yarns as forming successively
strips in the transverse direction of the fabric. And it was
stated that this form gave the fabric a relatively similar
foldable geometric structure and therefore showed an
auxetic performance [27].

In a study on woven fabrics made of helical auxetic yarns
(HAYs) and their essential effects on Poisson’s ratio under
tension, it is stated that the lower wrapping angle of the
HAY and a thinner diameter of the auxetic weft yarn lead to
higher auxetic behaviour of the fabric. Also this study states
that the weave structure can directly affect the auxeticity of
the woven fabric and the structure having longer floats
results in a higher auxetic efect. It was also shown that
lower tensile modulus of the warp exhibits a higher auxetic
effect [28].

In a study on single and double layered bistretch auxetic
woven fabrics woven with nonauxetic yarns based on the
folded geometry, it is concluded that all the developed
fabrics have auxetic behavior in both warp and weft

directions. In the double layered auxetic woven fabrics
based on parallel in-phase zigzag foldable geometrical
structure, it is shown that higher NPR effect when the fabric
is stretched along weft direction than warp direction. It is
stated that this behavior is different from the results
obtained for single layer fabric. Also, this research
concludes that the placement of weaves and weft yarn
arrangements has an effect on auxetic behavior [29].

In a different study on the auxetic performance of fabrics
woven on a hand-weaving loom using braid yarns, it was
stated that the fabrics woven with braid weft yarn exhibited
an auxetic behavior by giving negative Poisson's ratio up to
a certain elongation value under tension in the warp
direction. In addition, it was stated that the NPR of fabric
was affected by the thickness of the braid yarn and the
tightness (compactness) of the fabric [30].

In the investigation of warp directional Poisson's ratio
changes of fabrics woven with elastane containing braid weft
yarns with different yarn tensions and with conventional and
braid warp yarns, it was stated that the fabrics with elastane
containing braid weft, the NPR effect could be obtained from
the fabrics woven with the conventional warp yarn, but the
NPR effect could not be obtained from the fabrics woven
with the braid warp yarn. Also, in fabrics woven with
conventional warp yarns, it was stated that the NPR effect
was obtained from fabric woven with elastane containing
braid weft yarns inserted into the fabric with tension.
Whereas, the fabric showed nearly zero Poisson's ratio when
the braid weft yarn was inserted in slack form. [31].

This study aimes to evaluate the effects of braid weft yarns
with different structural parameters and also single and
double layer weave structures on the auxetic performance
of the fabrics. To investigate the effects of different
structural parameters of the component yarns forming the
braid weft yarn, non-elastane braid yarns produced with
component yarns of different filament numbers and elastane
braid yarns containing elastane components were used. To
investigate the effect of weave structure, fabrics woven
with single and double layer weaves were studied.

2. MATERIAL AND METHOD

2.1 Material

The term braid refers to the placement of the sheath yarns,
made of one or more filaments released from the reels
placed on the carriers in the braiding machine. They pass
diagonally into each other and cross the yarn's axis
diagonally without making a full rotation around each
other. A basic braid structure is circular, with half of the
yarn bundles moving clockwise at a certain angle to the
braid yarn axis and other half moving counterclockwise
directions by alternately passing over and under the first
group bundles [32-34].
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This study used braid yarns with different structural
properties as weft yarns, and fabrics woven using single
and double layer weaves were studied. The structural
properties of the fabrics are presented in Table 1. Braid
yarns in weft and conventional textured yarns in warp were
used. All the fabric samples were produced by using 100%
polyester warp and weft yarns.

Circular braid yarns (8 carriers; consisting of 8 sheath yarn
components) without elastane, which are used as weft yarn in
B and C coded fabric structures, were produced in Kord
Endiistriyel Ip ve Iplik Sanayi ve Ticaret A.S. by attaching
textured polyester and HT polyester yarns to the carrier in a
1:1 layout. To evaluate the effects of component yarn
filament numbers on the auxetic performance of the fabric,
the component yarns that made up the non-elastane braid
yarns were composed of two different filament numbers
(300/10 and 300/96 denier/filament textured polyester yarns).

The images (80 times magnification) of the braid yarns
used in B and C coded fabrics under an Insize ISM-PRO
digital microscope are presented in Figure 1.

Production of circular braid yarns containing elastane
component (braid yarns used in X coded fabric structures)
was carried out in a braiding machine with eight sheath yarns
(XH110-8-8-90S Braiding Machine) (Figure 2) in Bursa
Uludag University Textile Engineering Department Weaving
Laboratory. Elastane braid yarns containing polyester/
elastane textured yarns (150/48 denier/filament + 70 denier
EL.) were employed as weft yarn seen in Figure 3.

Table 1. Structural parameters of fabrics

(b)

Figure 1. Microscopic images of non-elastane braid yarns (Mag: 80X) a)
B coded b) C coded

Figure 2. Braiding machine (XH110-8-8-90S)

. Yarn Properties Yarn Count | Yarn Density | Yarn Crimp
Fgggéc Weave P [denier] [thread/cm] [9%6]
Warp Weft Warp | Weft | Warp | Weft | Warp | Weft
B-1 Single !_ayer Circular brauged yarn _(non-elastane) 10 1352 | 6.86
(plain) Textured with 8 carriers.
Double L Polyester (4x300/10 denier/filament textured 150 | 1619 66
B-2 ouble ayer. . polyester + 4x85/36 denier/filament 14 16.58 | 8.78
(top and bottom layer: plain) HT (High Tenacity) polyester)
c1 Single Layer _ _ 10 | 1334 | 824
(plain) Circular braided yarn (non-elastane)
Double Layer with 8 carriers.
c-2 (top and bottom layer: plain) ggrtggfﬁ (4x300/96 denier/filament textured 150 | 1748 66 14 1637\ 9.52
Double Layer y polyester + 4x85/36 denier/filament
c-3 (top and bottom layer: 2/1 HT (High Tenacity) polyester) 14 | 1245 | 11.21
twill)
X-1 Single Layer 10 | 13.96 | 12.42
(plain) . . o
Circular braided yarn (containing
Double Layer . .
X-2 a d bottom laver- plai Textured elastane) with 8 carriers. 150 | 2196 66 14 14.49 | 15.56
(top and bottom layer: plain) Polyester | (8 x 150/48 denier/filament textured
Double Layer polyester (70 denier EL.)
X-3 (top and bottom layer: 2/1 14 1522 | 17.04
twill)
396 TEKSTIL ve KONFEKSIYON 34(4), 2024
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Figure 3. Microscopic images of braid yarn containing elastane (X
coded) (Mag: 30X)-)

In our previous studies [30, 31], fabrics with plain weave
structure, in which braid yarns were used as weft yarn, were
woven on a hand weaving loom. From the results obtained,
it was concluded that woven fabrics with braid yarn could
show an auxetic behavior under deformation.
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In this study, fabric productions were carried out on
industrial weaving machines in Butik Jakar company in
Bursa. Figure 4 shows the weave types used in the
production of fabrics.

@) (b) ()

Figure 4. The weave pattern of the fabrics a) Single layer (plain)
b) Double layer (top and bottom layer: plain) c) Double
layer (top and bottom layer: 2/1 twill)

Photographic and microscopic (Insize ISM-PRO) (50 times
magnification) images of woven fabrics with braid weft
yarns are presented in Figures 5to 7.

B-2 fabric

Figure 5. a) Photographic b) Microscopic (Mag: 50X) images of B coded fabrics
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(b)
C-1 fabric

C-2 fabric

C-3 fabric

Figure 6. a) Photographic b) Microscopic (Mag: 50X) images of C coded fabrics
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X-3 fabric

Figure 7. a) Photographic b) Microscopic (Mag: 50X) images of X coded fabrics

2.2 Method the Shimadzu AG-X plus strength test device, according to
) ) ) the 1SO 13934-1 (2013) standard test method [35]. A
2.2.1 Poisson’s ratio measurement of fabrics tensile test at a 10 mm/min speed was applied to fabric

samples with a pretension obtained with 0.83 mm
elongation. A computer-connected digital camera with
optical zoom capability was used to record fabrics'
transverse and longitudinal deformation changes under

To calculate the Poisson's ratios for the evaluation of the
auxetic performance of the fabrics, the fabric samples were
subjected to elongation in the warp and weft directions in

oJloKe
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elongation with 5 seconds intervals. A digital microscope
photographed fabric samples by applying 10 times
magnification (Insize ISM-PRO) (1600 x 1200 pixel
resolution) with a time interval of 5 seconds (or at every
0.83 mm elongation value) until a total elongation of 20
mm (for 120 seconds) was reached during the tensile test.
The setup of the testing system is presented in Figure 8.

Figure 8. Measurement setup

With the help of markers (Figure 9) placed on the fabric
samples at the beginning, the changes in the width (average
of x values) and length (average of y values) were
calculated by measuring the distances between markers
over the images taken every 5 seconds.

ey X2 ot e
EoE=—0-" o¢o=-"—-o
yi y2 3 V4

Figure 9. Placement of markers on the samples

The distances between markers placed on the fabric were
measured with the help of an image processing method [36]
developed using MATLAB for both the free and stretched
fabric states to calculate the strains in both sample
transverse and longitudinal directions. Poisson's ratio (v)
was then calculated using Equation (1) as follows [4];

v = - (transverse strain / longitudinal strain)

)

3. RESULTS AND DISCUSSION

3.1 Effects of the filament number of the yarn
components forming the braid weft yarn on
Poisson's ratio

The warp directional Poisson's ratio-elongation curves of
single layer plain weave fabrics woven with non-elastane
braid weft yarns (Figure 1) produced with component yarns
of different filament numbers (B-1: 300/10 ve C-1: 300/96
denier/filament) are presented in Figure 10.
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Figure 10. Poisson's ratio—elongation curve of B-1 and C-1 fabrics at warp direction
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Figure 10 shows that the fabrics woven in plain weave
structure with non-elastane braid weft yarns gave NPR
values under 20 mm warp directional elongation. When the
effect of the filament numbers of the component yarns
forming the braid yarn on the auxetic performance was
examined, it was seen that the C-1 fabric woven with braid
yarns of high filament numbers, gave a higher NPR value
than the B-1 fabric woven with low filament numbers,
especially under the initial elongation values. From the
results of the previous research [30], it was stated that the
thickness of the braid yarn affected the auxetic performance
of the fabrics, and the auxetic performance continued under
higher elongation values in the fabrics woven with thick
braid weft yarn compared to the fabric woven with thin braid
weft yarn. A similar result was found in this study. When
Table 1 was examined, it was seen that the final yarn count
of the C coded braid weft yarn with high filament numbers
was slightly higher than the braid yarns with low filament
number. Namely, the C coded braid yarn was thicker than the
B coded braid yarn. In addition, as could be seen from the
images in Figure 1, the fact that braid yarn structures
produced with high filament number component yarns
created a more voluminous and soft structure compared to
braid yarns produced with low filament number component
yarns could affect the NPR of the fabrics.

The weft directional Poisson's ratio-elongation curves of
single layer plain weave fabrics woven with non-elastane
braid weft yarns produced with different filament number
component vyarns (B-1: 300/10 ve C-1: 300/96
denier/filament) are presented in Figure 11.

Figure 11 shows that the fabrics woven with non-elastane
braid weft yarns gave NPR values under weft directional
elongation of 5 mm. In particular, the braid weft yarns
formed with component yarns of high filament numbers
gave very high NPR values (= -1) in the C-1 coded fabric

——B-1

structure, and the high NPR values continued throughout 5
mm elongation. B-1 coded fabric formed with component
yarns with lower filament numbers had lower NPR values
under weft directional elongation.

In weft direction, tests were carried out until 5 mm
elongation because fabric structures woven with non-
elastane braid weft yarns were distorted after 5 mm
elongations. This distort condition might be due to more
rigid and thick structure of non-elastane braid weft yarns.

3.2 Evaluation of the effects of weave structures on
Poisson's ratio of fabrics

3.2.1 Evaluation of Poisson's ratios of B and C group
fabrics woven with non-elastane braid weft yarns

Warp and weft directional Poisson's ratio-elongation curves
of fabrics woven in single (B-1: plain weave) and double
(B-2: top and bottom layer are plain weave) layer weave
structures with non-elastane braid weft yarns are presented
in Figure 12 and Figure 13.

In Figure 12, when the effect of single and double layer
weaves on the warp directional Poisson's ratios of fabrics
woven with non-elastane braid weft yarns were examined,
it was seen that NPR values continued throughout 20 mm
elongation in single layer structure, and up to 15 mm
elongation in double layer weave structure. From the results
obtained, it was seen that double layer structure and
additional connection points between the layers could
reduce the NPR effect.

In Figure 13, when the effect of single and double layer
weaves on the weft directional Poisson's ratios of the B-1
and C-1 coded fabrics woven with non-elastane braid weft
yarns was examined, it was seen that the NPR values
continued throughout 5 mm elongation.
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Figure 11. Poisson's ratio—elongation curve of B-1 and C-1 fabrics at weft direction
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Figure 13. Poisson's ratio—elongation curve of B-1 and B-2 fabrics at weft direction

To evaluate the effects of different weave structures on
auxetic performance, the warp and weft directional
Poisson's ratio-elongation curves of fabrics woven with
non-elastane braid weft yarns in single layer (C-1: plain
weave) and double layer (C-2: top and bottom layer are
plain weave; C-3: top and bottom layer are 2/1 twill weave)
weave structures are presented in Figure 14 and Figure 15.
In Figure 14, when the effect of single and double layer
weaves on the warp directional Poisson's ratio of the fabrics
woven with non-elastane braid weft yarns was examined,
the C-1 coded fabric, which had a single layer plain weave
structure showed NPR values throughout 20 mm
elongation. The C-2 coded fabric, which had a plain weave
on the top and bottom layers, showed NPR values, and
Poisson's ratio approached nearly to zero at elongation
values of around 20 mm. The C-3 coded fabric, which had a
double layer weave structure woven in the top and bottom
layer with 2/1 twill weave, gave NPR values up to around 9
mm elongation, and the Poisson's ratio turned to positive
values as the elongation continued after 9 mm. The reason
for this change can be the lower warp yarn crimp of 2/1
twill weave (Table 1).

Figure 15 shows Poisson’s ratio of single and double layer
fabrics woven with non-elastane braid weft yarns. The C-1

coded single layer plain weave fabric gave a very high NPR
value. In addition, this high NPR values continued
throughout 5 mm elongation in weft direction. The C-2
coded fabric, which had a double layer plain weave
structure, showed NPR values at initial elongation stage,
and the Poisson's ratios turned to positive values as the
elongation continued. NPR values were obtained for C-3
coded fabric up to 5 mm weft directional elongation but
lower than single layer C-1 coded fabric.

In our previous research [30], positive Poisson's ratios were
measured in the weft direction in fabrics woven with non-
elastane braid weft yarn. Fabrics used in the previous
research were woven on hand weaving looms. The fabrics
woven on hand looms had lower warp yarn density and
therefore braid weft yarns in the fabric structure did not
take measurable yarn crimp. However, as seen in the fabrics
examined in this study, the fabrics woven on industrial
weaving machines had higher warp yarn density and caused
higher crimp in braid weft yarns (Table 1). It was observed,
this could cause the weft directional NPR values in fabrics
woven with braid weft yarn on industrial looms.
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3.2.2 Evaluation of Poisson's ratios of X group fabrics and weft directional Poisson's ratio-elongation curves of
woven with elastane containing braid weft yarns fabrics woven in single (X-1: plain weave) and double (X-
2: top and bottom layer plain weave; X-3: top and bottom
layer 2/1 twill weave) layer weave structures are presented
in Figure 16 and Figure 17.

The auxetic performances of the fabrics woven with
elastane containing braid weft yarns were evaluated. Warp
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Figure 14. Poisson's ratio—elongation curve of C-1, C-2 and C-3 fabrics at warp direction
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Figure 16. Poisson's ratio—elongation curve of X-1, X-2 and X-3 fabrics at warp direction
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In Figure 16, X-1 (single layer fabric woven with plain
weave) and X-3 (double layer fabric woven with top and
bottom layer 2/1 twill weave) fabrics showed NPR effect
throughout 20 mm elongation in the warp direction. X-2
fabric (double layer fabric woven with top and bottom layer
plain weave) gave approximately zero Poisson's ratio values
under the warp directional elongation until 11.67 mm
elongation, and Poisson's ratios showed a positive trend as
the elongation continued after this value. It was observed
that Poisson's ratios close to zero were obtained in the
double layer fabric structure (X-2) woven with elastane
containing braid weft yarns, in which the plain weave
structure on the top and bottom layers was used. In contrast,
NPR values were produced by the fabric structure (X-3)
where 2/1 twill weave caused longer yarn floats on the top
and bottom layers. This result might be due to the use of a
plain weave with high yarn intersections in the top and
bottom layers of X-2 coded weave structure and also the
formation of a tighter structure due to the effect of the
elastane used in the braid weft yarn.

In Figures 14 and 16, when the warp directional Poisson's
ratio-elongation curves in fabrics having non-elastane and
elastane containing braid weft yarns were examined, NPR
values were obtained throughout 20 mm elongation in
single layer fabrics with plain weave (C-1 and X-1).
However, it was observed that the effect of the weave
structure was different in double layer fabrics and the
properties of the braid yarns that make up the fabric had an
effect on this result. While the NPR effect was observed in
the C-2 coded fabric, which had a double layer weave
structure woven in plain weave on the top and bottom
layers with non-elastane braid yarns, nearly zero Poisson's
ratios were observed in the X-2 coded fabric in the same
weave structure woven with elastane containing braid
yarns. This result suggests that a double layer fabric
structure woven with elastane containing braid yarns and
with plain weave on the top and bottom layers could limit
the effect of transverse expansion under elongation. In
addition, it was seen that Poisson's ratio-elongation curve
tendencies of the fabrics woven with braid weft yarns

—K—X-1

—— X-2

containing non-elastane and elastane components (Figure
14 and Figure 16) were different from each other. In Figure
14 and Figure 16, when the effects of the braid weft yarn
structure with non-elastane and elastane yarn component on
the NPR values were compared, the NPR values of fabrics
woven with non-elastane braid weft yarns showed a
tendency from negative to positive values under warp
directional elongation. In contrast, in the fabric structures
woven with elastane containing braid weft yarns (X-1 and
X-3 coded fabrics), the NPR values showed a change in
negative direction under warp directional elongation.

As could be seen from the NPR results of fabrics woven
with elastane containing braid weft yarn, the elastane
content had an improving effect on the auxetic performance
of the fabrics. Fabrics woven with elastane containing weft
yarn contracted in the transverse direction after the weaving
process. This contraction effect could create more widening
effect of the fabric in the transverse direction under the
warp directional elongation of the fabrics. As a result of
this, it might significantly affect to improve the auxetic
performance of the fabrics.

In Figure 17, when the weft directional Poisson's ratios of
the fabrics woven with elastane containing braid weft yarns
were examined, it was seen that the NPR effect could be
obtained from the fabrics.

To visually present the effect of the change in the
transverse direction of the fabrics under elongation, the
images of the transverse change of the C-1 and X-1 coded
fabrics, which were chosen as the sample under different
elongation values up to 20 mm are presented in Figures 18
to 20. In Figures 18-20, the distance between each marker
placed on the fabric was measured by manually with the
help of an Image J program. Whereas, in calculating the
Poisson's ratios given in the all graphics, the distance
between each marker was measured with the help of a
software developed [36] in MATLAB, and the average
values were taken.
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Figure 17. Poisson's ratio—elongation curve of X-1, X-2 and X-3 fabrics at weft direction
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C-1 Fabric

X-1 Fabric

Figure 20. Changes of the X-1 fabric in the transverse direction
under different elongation values in the weft direction

Figure 19. Changes of the C-1 fabric in the transverse direction
under different elongation values in the weft direction
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4. CONCLUSION

This study investigated the auxetic performances of single
and double layer fabrics woven using braid yarns with
different structural parameters. To investigate the effects of
different structural parameters of the component yarns
forming the braid weft yarn on the auxetic performance of
the fabrics, the fabrics woven with non-elastane braid weft
yarns having component yarns with different filament
numbers and also with elastane braid weft yarns. To
investigate the effect of fabric construction and weave
structures, single and double layer fabrics with plain and
2/1 twill weaves were studied. In addition, the production
of fabrics was carried out on an industrial weaving
machine. Thus, the weaveability of weft braid yarns in
industrial weaving machines was observed.

Experimental results showed that the fabrics woven with
non-elastane and elastane braid weft yarns both showed an
auxetic performance by giving NPR values under warp and
weft directional elongations. It was seen that the NPR
values continued to exist throughout the 20 mm elongation,
especially under warp directional elongation.

When the effect of the filament yarn number of the
component yarns forming the braid weft yarn on the auxetic
performance of the fabric was examined, the fabric
structure woven with braid yarns consisting of component
yarns with high filament numbers showed a higher NPR
effect.

When a single layer plain weave fabric is compared with a
double layer fabric in which the top and bottom layers are
plain weave, it was seen that a double layer structure
showed a reducing effect on the warp directional NPR
values. It was thought that this decrease happened because
of the connections between the fabric layers and connection
points acted against futher transverse expansion.
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with Kansei Engineering support and to experientially apply this model. Additionally, another aim of
the research is to investigate the affective/emotional preferences of female users regarding visual and
functional aspects of outerwear designs, and subsequently develop alternative design model proposals
in alignment with users’ preferences. In this study, the 'Stanford d.school Design Thinking Model'
was utilized. Research data was obtained through a survey consisting of two sections, involving the
opinions of female consumers aged between 18 and 60 residing in Istanbul. The first section includes
a Likert-type scale to examine users’ outerwear design preferences. In the second section, a semantic
differential scale was prepared to evaluate jacket, coat, and overcoat designs using Kansei words. The
reliability of the measurement instrument was established through calculated Cronbach's Alpha
coefficients, presented after each scale, confirming the reliability of both scales for this sample. The
Kansei evaluation shows that the Design Thinking process model makes it possible to create designs
that meet users' emotional needs.
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1. INTRODUCTION knowledge, experience, observations, empathy, and making
correct decisions [3]. However, solutions created solely
based on observation or intuition tend to remain superficial
in capturing the consumer and the user cannot establish a
connection with the product. Therefore, beyond traditional
disciplines, design-based practices need to be adopted to
protect the investments made, the effort expended, and the
idea that has turned into a product. At this point, the
"Design Thinking (DT)" approach comes into play to
correctly perceive the problems and solve them with

appropriate methodologies.

In the contemporary context, consumers demonstrate a
heightened interest not solely in the fulfillment of product-
related requirements, but also in the congruence between
the visual and functional attributes of a product and their
emotional and affective states. At this point, design is
approached as addressing the current need as a problem.
The design aims to solve an existing or anticipated problem
that the designers first try to identify the problem, following
which they conduct numerous studies to ascertain the
solution [1]. To understand the consumer closely and meet

their needs and desires in the best possible way, DT is an interdisciplinary thought system located at the

organizations engage in various pursuits. This is because,
for all units offering products and services to the consumer,
knowing the consumption habits of the customer who will
purchase the new product is highly crucial. A product that
can meet the expectations and needs of the consumer and is
liked and accepted by the consumer, achieves success [2].
In this way, the designer can offer products that touch the
user's eyes, heart, and of course, needs by using their

intersection of business, design, engineering, and social
sciences [4], and it is used for various purposes [5]. This
situation has made it difficult to reach a consensus on the
definition of DT and to agree on a single definition [6]. In
general, DT provides a systematic and collaborative
approach to overcoming ‘wicked problems’ and finding
desirable solutions for users [7, 8, 9, 10, 11].

To cite this article: Harmankaya H, Ozsan M. 2024. Investigation of Style and Design Characteristics of Women's Outerwear with a
User-Centered Design Approach. Tekstil ve Konfeksiyon, 34(4), 409-423.
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In wicked problems, even defining the problem itself can be
difficult, let alone finding a solution. Therefore, there is a
need for answers that anticipate how the problem may
evolve and change, rather than seeking a single answer [3],
and solutions are sought through the components of
empathy, collaboration, optimism, and experimentation. In
this process, external stakeholder perspectives such as
users, customers, engineers, producers, and employees who
decide on the feasibility of the solution are considered [12].
The DT approach employs a cognitive strategy in the
process [13]. Here, a way of thinking is mentioned where
the coordinated inclusion of information and stakeholder
perspectives is required to transform the acquired
knowledge into a new idea. This way of thinking is
"moving creativity", arguing that designers not only rely on
facts but also act based on intuition and assumptions [8].
Designers consider discipline and methodology as the
essence of design and problem-solving processes [3]. Based
on this point, DT addresses two different discourses in
research [14]. The first one is "designerly thinking," and the
second one is "design thinking." The "designerly thinking"
discourse aims to develop a theoretical framework for
transferring the practices and competencies of designers to
the literature of the field. DT on the other hand, has been
used to describe the characteristics of design practice that
extend beyond the design context (including art and
architecture) and is particularly used by those who do not
have an academic background in design, especially in the
field of management.

According to Tim Brown, one of the founders of the
famous design firm IDEO popularized the concept of DT, it
is not necessary to have professional design education to
apply this approach [15]. Brown believes that individuals
who possess a natural ability that can be uncovered through
proper development and experience, and who are empathic,
observant, curious, experimental, and optimistic, can apply
this methodology. Schmiedgen et al. confirmed Brown's
views by stating that DT is applied in organizations of all
sizes and industries [16]. Many researchers have examined
how DT provides a competitive advantage through
innovation. For instance, in his study, Martin emphasized
how DT facilitates knowledge development and enables
businesses to generate innovative solutions, ultimately
leading to a competitive advantage [17]. On the other hand,
Balakrishnan views DT as a strategy that fosters creativity
and suggests that effective learning practices should be
developed in institutions that include design education [18].

NDERSTANDMI OBSERVE ) POI;]T
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As emphasized by most researchers, the DT approach is not
only effective in stimulating students' creative abilities but
also an effective strategy for generating creative solutions
in the public or private sector.

In the literature, various DT approaches utilized by
different disciplines can be found [5]. Herbert Simon
examined the DT Process in seven stages: 1. Empathize, 2.
Define, 3. Ideate, 4. Prototype, 5. Test, 6. Implement, 7.
Learn [19]. Dunne and Martin evaluate the process in an
iterative structure, arguing that the process starts with
ideation, continues with deduction, and the idea is put into
practice with testing and the results achieved with induction
can be generalized [21]. As can be seen here, regardless of
the number or name of the design process steps, a similar
path that starts with problem definition and ends with
problem-solving is followed [21]. This study benefits from
the design thinking process model developed by the Hasso
Plattner Institute of Design at Stanford University
(d.school).

The Stanford d.school, "is a place where people use design
to develop their creative potential” and it is a leader in
teaching and applying DT [22, 23]. Since 2005, when it
added DT courses to its engineering curriculum, the
university has been teaching students how the approach
works on a scientific basis and what factors ultimately
contribute to the success of such innovation [24, 25, 26]. In
recent years, design institutes such as d.school have become
more widespread, and there have been discussions at
academic institutions such as Postdam, Harvard, and MIT
about how this approach can be integrated into non-design
fields. Stanford School has developed a methodology for
creative problem-solving that is based on Simon's (1969)
proposed model. This methodology encourages creative,
multidisciplinary teamwork through the DT approach [25,
27]. The model consists of six stages and as shown in
Figure 1, these steps are not placed in a linear sequence.
The steps can be repeated and moved forward and
backward between stages based on the requirements of the
findings obtained from each step. The responsibility for
deciding when to move on to which stage and how the
entire design process will be conducted lies with the design
team [28].

In 2009 and 2010, the six-stage model was developed and
transformed into a five-stage DT process model (Figure 2).
This model consists of the following steps: 1. Empathize, 2.
Define, 3. Ideate, 4. Prototype, and 5. Test.

,//—\
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Figure 1. The Six-Stage DT Model Proposed by The Stanford d.school [29].
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Figure 2. The Five-Stages of DT [30]

The first stage of the DT process model is related to
understanding the consumer's perspective. In this stage, the
designer interacts with the consumer using techniques such
as observation, interviews, and others to gain common
insights and develop empathy for the stakeholders of the
design problem [31, 3]. In the define stage, the collected
data is analyzed and shared with team members to form a
perspective on the design problem. In the ideate stage,
creative and feasible ideas are developed for the problem at
hand. In the subsequent process, a prototype is carried out,
which involves transforming ideas and concepts into
tangible representations and enables feedback from users or
other stakeholders. Test processes are conducted to collect
this feedback and further improvements and revisions are
made based on it. At this point, information is obtained
about the design's ability to meet consumer expectations
through user feedback, and this information is taken into
consideration to achieve a better design. However, that
viewing design only as a problem-solving approach may
lead to a narrow perspective, states that the psychological
impact of design is also significant [1]. While the designer
uses the design language to add meaning to the product, the
consumer also expects the design to be in harmony with
their emotional expectations, along with meeting their
physiological needs.

While it is unclear which technical features of the designs
that are compatible with the emotions and feelings of the
consumers will evoke the desired emotions and feelings,
Kansei Engineering (KE) makes the human mind and heart
more visible by offering a new approach to new product
development [32, 33]. KE, developed by Mitsuo
Nagamachi, offers a consumer-oriented approach to new
product development [34, 32, 35, 36, 37]. Kansei, which
has its roots in Japanese culture, refers to the impression
formed in the human mind because of interaction with an
object, such as emotions, feelings, thoughts, and attitudes.
KE is a methodology that combines the fields of Kansei and
engineering to integrate human Kansei into product design
to produce products that consumers will enjoy and be
satisfied with [38, 32, 39, 40].

KE utilizes customer emotions as input and seeks to find
the relationship between these emotions and product
features [41]. In this methodology, the design product is
initially evaluated with Kansei words based on the
consumer's emotional  expectations.  Therefore, all
adjectives in the relevant field are thoroughly researched

and accumulated in a pool of words. Synonymous words
are grouped, and the words that best express the meaning
are selected. These identified words are paired with their
antonyms. The word pairs are then used in a scale prepared
for data collection in the research process [36]. The
consumer rates the product image on the scale according to
the values between contrasting words [42, 43, 44]. The
collected data is analyzed through multivariate analysis. As
a result of the analysis, statistical relationships between
Kansei words and design elements can be observed. This
enables the determination of the qualities and categories of
design that evoke positive emotions in the consumer, thus
informing the design of future products with these attributes
taken into account [32].

Nowadays, most designs remain weak in achieving
sufficient compatibility with consumers' needs, habits,
emotions and feelings, behaviors, and preferences.
Therefore, there is a need for new and improved approaches
for participation in design development or new product
design processes.

This study aims to develop a design process model that can
be utilized for design in various fields within the context of
design thinking, supported by the Kansei Engineering
product design methodology. The model is intended to be
experientially tested and any shortcomings identified during
the process were aimed to be addressed. The advantage of
this model is the testing of the compatibility of prototypes
with consumer expectations. Additionally, the feelings and
emotions aroused by these expectations are measured to
determine which technical parameters of the product
influence these emotions. As a result, designers and
manufacturers can direct themselves toward creating
designs that evoke desired emotions in consumers and
generate new images in harmony with these emotions. In
pursuit of these objectives, the research explored outerwear
season trends, identified consumer expectations, and
developed contemporary designs based on this information.
Digital prototypes were created to examine the alignment of
these designs with consumer preferences, and the Kansei
Engineering product design methodology was utilized
during the testing process. As a result of the findings,
design elements influencing emotional expression in
consumers were determined. Accordingly, alternative
design model suggestions were formulated using design
elements that elicit positive emotions to create products that
are in complete alignment with consumer preferences.

2. MATERIAL AND METHOD
2.1 Material

In this research, a design process model was developed to
identify the emotions and sentiments of consumers related
to jacket, coat, and overcoat models within the category of
outerwear. The aim was to demonstrate how these
expectations could be incorporated into the design process.
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The effectiveness of the model was then tested through
practical application. The main aim of selecting outerwear
in the proposed model is that the style and design
differences applied to outerwear models are more long-
lasting compared to other types of garments, and certain
criteria dominate in terms of functionality in every season.
At the same time, while certain basic technical criteria
remain fixed in clothing belonging to the outerwear type,
modular attachments emphasizing functionality are
included. Detachable and adjustable features such as length
or width can enhance product versatility and expand the
range of uses for the garment. In the study, it was paid
attention to reflecting current preferences and fashion
trends when creating designs for jackets, coats, and
overcoats.

2.2 Method

Within the scope of the research, a descriptive (survey)
method was employed. This method allows for the
collection of information from a broad sample group using
data collection tools such as surveys and interviews [42, 43,
44]. Within this context, the study's population comprises
female consumers aged between 18 and 60 residing in
Istanbul, chosen due to the researcher's ease of access.
According to information obtained from the 2022 address-

n.z’.(0.5)

5.107.629.(1.645)°.(0.5)

based population registration system, the number of women
aged 18-60 residing within the borders of Istanbul is
5.107.629 [45]. However, reaching the entire population of
the province would be challenging, so a sample group
representing the population has been determined. The
sample size of the study (Figure 3) has been calculated
according to the following formula [46]:

n = Population: 5.107.629

z = Confidence Coefficient (for a 90% confidence interval):
1,645

SE = Standard error: 0,05
The variance of the variable: 0,5

Applying the data to the formula resulted in a required sample size
of 270 individuals for the desired confidence interval. For this
study, a snowball sampling method was employed, reaching 347
female consumers residing in different neighborhoods of Istanbul.
After excluding incomplete surveys, 342 data points were
included in the analysis.

In this study, a process model applicable in the field of design was
developed within the framework of the DT model with the support
of KE and was presented in Figure 4.

=270

(n-1).SE*+2".(0.5)

(5.107.629-1). (0.05)+(1.645).(0.5)

Figure 3. The formula to calculate the sample size in research
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™ Empathy
— Define
Design
Thinking
+
K.ansel. - Ideation
Engineering
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\
= Testing

E User needs

Purchase habits
Choice of domain
Span the semantic space
Span the space of propertics
Creating new design
Identify new proportics
Determination of importance by expert group
Assestment of Kansei words
Organization of dataset
Preparing to 3D prototypes

Digital user testing
Analysiss
Building relationship models to guide design ideas

Figure 4. The general flowchart of the model

The steps of the design process model presented in Figure 4
are explained in detail in the following sections:

Phase 1: Empathy

In this stage, alongside the literature review, the
preferences, expectations, and encountered issues of the

female consumers comprising the target group of the
research were investigated concerning outerwear. \Women's
outerwear models present in the fashion market were
examined. These models were categorized into three main
headings: jackets, coats, and overcoats. These categories
formed the design focus of the research. To measure
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consumers' emotional expectations towards outerwear
models and ensure that the developed designs reflect
current preferences and seasonal trends, the research
incorporated visual and written materials from trend
seminars, fabric, and accessory swatches obtained from
fashion and textile fairs, fashion trend catalogs, and fashion
magazines. In this context, trends in terms of outerwear
colors, fabrics, and main patterns were thoroughly
investigated.

Phase 2: Define

The outerwear categories of jackets, coats, and overcoats
themselves comprise numerous fundamental design
attributes, and each of these design attributes further
contains a multitude of subcategories. These attributes that
should be present in any outerwear product generate
emotions and sentiments in the consumer towards the
product, subsequently influencing their preferences.
Therefore, national, and international visual and written
sources, fashion magazines and catalogs, as well as
websites were utilized to explore the common fundamental
design features and subcategories related to outerwear.
These were compiled and presented in Table 1.

Phase 3: Ideation

During this stage of creating sketches for outerwear
designs, the number of sketches to be generated for each
type of garment was initially determined. The number of
sketches was decided while considering the final number of
products that would be included in the research scale. It is
believed that by creating a significantly larger number of
design sketches than the products included in the scale,
there will be a wider range of design alternatives to choose
from, increasing the chance of incorporating a diverse set of
models in the study. It has been decided to create an equal
quantity of jacket, coat, and overcoat models for each of the
three different types of outerwear. Guided by this notion,
considering consumer expectations and seasonal trends, the
researcher prepared preliminary design sketches for each
type of outerwear, including 15 jackets, 15 coats, and 15
overcoats. To broaden the scope of usage for the products,
modular details that allow for personalization were added in
addition to visual characteristics. The modular features,
which can be attached or removed and have adjustable
length or width, were provided by zippers, buttons, and
snaps.

Table 1. Design features and parameters for outerwear

Attributes Categories

Garment type Jacket, Coat, Overcoat

Form/cut Slim fit, regular fit, classic fit, oversized fit

Length Crop, short, regular, long, extra long

Modular (length) Basic, detachable, adjustable length

Collar design Crew neck, stand, turnover, shawl collar, lapel neckline, v-necked
Fiber-filled Yes, No

Hoodie Yes, No

Shoulder pad Yes, No

Shoulder epaulettes Yes, No

Shoulder design
Sleeve model
Sleeve length
Modular (sleeve)
Sleeve cuffs

Closure type

Pocket number
Pocket model
Flap-pocket
Modular (pocket)
Flap-pocket design
Belt

Hemline

Side seam

Dropped shoulder, standard structured shoulder

Set-in sleeve, raglan sleeve, batwing sleeve, sleeve with gathered sleeve head, kimono sleeve, dolman sleeve
Full length, bracelet, three-quarter

Detachable, basic, adjustable length or width

Standard blazer sleeve with vent and buttons closed cuff with topstitching, straight/cuffless, classic shirt
cuff, classic trench coat cuff with strap, double/french, wing, circular, roll-up, ribbed/knitted, piping, button
tab, sports cuff with zip

Single-breasted button closure, Double-breasted button closure, Zipper, double-breasted zipper closure,
button closure, and removable belt, snap button closure

Multipocket, pocketless

Fleto, patch, pocketless

Yes, No

Detachable, basic

Angled, oval

Removable belt, unbelted

Straight, gathered, fringed

Basic, two-side slit/zippered/snap-on
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To narrow down the selection from the preliminary design
sketches for each type of outerwear and determine the
designs to be included in the research data collection scale,
the opinions of fashion designers were sought. For this
purpose, the preliminary design sketches for each garment
type were numbered from 1 to 15. The fashion designers
responsible for the selection were required to have active
experience working as fashion designers in the design
departments of established companies and possess a
minimum of 5 years of experience. The views of 7 fashion
designers, denoted as 'D," who met the specified criteria,
were taken into consideration. In the study, the personal
information of the designers was kept confidential and
coded as D1, D2, ..., and D7 with designer and distinctive
serial numbers. Designers were asked to make five
selections for each type of outerwear and the three most
preferred jacket, coat, and overcoat designs were included
in the research scale. Table 2 shows the preferences of each
designer, with the code representing the designer in the row
corresponding to the garment type.

Numbers have been used as labels for the outer garment
design sketches prepared in the study. Additionally, colored
columns have been utilized to indicate the frequencies of

the jacket, coat, and jacket models proposed by the
designers for use in the study.

As shown in Table 2, most designers recommended the 2nd,
8th, and 10th jacket models. For coat models, since designer
opinions converged on the 2nd and 10th models, these
designs were used in the study. As for the last coat model, as
designer opinions were evenly distributed, the researcher
selected a design that was perceived to be distinct. For
women's overcoat models, it can be observed that designers
primarily recommended the 9th and 10th models. In the last
overcoat model, since the vote counts were evenly distributed
among different models, the researcher chose a model with
distinct features to be used in the study.

Phase 4: Prototyping

The 3D digital prototypes of the three most preferred jacket,
coat, and overcoat designs in line with the designers’ views
were prepared using the CLO 6.0 software, which offers true-
to-life 3D garment simulation (Figure 5). Since the color
factor is considered to have a variable effect on consumer
perception, only plain beige color was used in all models.

Table 2. Designer opinions on 3D outerwear designs

Jacket Coat Overcoat
D1 2 4 6 7 8 2 3 5 13 14 |1 3 5 9 10
D2 1 2 5 8 11 1 8 10 11 15 2 3 6 10 11
D3 2 8 10 14 - 2 5 8 12 13 7 9 10 15 -
D4 1 2 8 [10 11 1 2 8 10 14 |2 6 9 10 11
D5 2 4 8 9 13 2 5 10 12 15 1 4 7 8 9
D6 2 4 8 10 13 2 5 8 10 12 |2 8 9 10 15
D7 2 5 8 10 14 3 6 10 12 13 1 9 10 12 15
1. 2 3.
| 4 v
T ’ )
o O NI Sl
i i |
Jacket o '] . Tl
» = (J\ v;} l .
% TS ot ~QL’(:
~ A
b 4
—\/

/-

Overcoat

Figure 5. 3D view of determined outerwear models
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At this stage, the researcher extensively investigated
adjectives expressing the emotions and sensations evoked
by clothing in users, utilizing a diverse range of sources.
Various sources such as magazines, user forums, and
shopping websites, catalogs as well as articles, theses, and
conference papers, were used for this purpose. The
collected words were examined, and identical or
synonymous words were excluded from the pool. Next, all
Kansei words were categorized into two different semantic
set as visually and functionally. Each word were paired by
matching them with their opposites found in their
respective word groups and Kansei word pairs (i.e. multiple
emotional attributes) were created. Due to the large number
of Kansei word pairs, the word pairs to be used in the study
were determined with expert opinions (The expert group
consists of 5 academics who are affiliated with different
universities in the field of fashion design.). A total of 14

pairs of Kansei words representing visual meanings and 12
pairs representing functional meanings are included in the
final semantic scale, as shown in Table 3.

Phase 5: Testing

Within the scope of the research, a scale was developed to
measure the perceptions and emotions evoked by the created
outerwear designs in consumers. The scale consists of two parts.
The first part includes a Likert-type 5-point scale measuring the
users' personal information and outerwear design preferences. In
the second part, the perceptions and emotions evoked by the
outerwear designs in participants are measured. For this purpose, a
7-point semantic differential scale (SD) has been used.

1. Evaluate the jacket design in the image according to
your emotions and feelings using adjectives representing
visual and functional meanings and assign scores in a way
that best aligns with your preferences.

Table 3. The selected pairs of Kansei words

Visual assessments

Functional assessments

K01 Random - Meticulous K01 Unpractical - Practical

K02 Exaggerated - Simple K02 Uncomfortable - Comfortable

K03 Classic - Modern K03 Non-durable - Durable

K04 Similar - Unconventional K04 Single - Multi-functionality

K05 Meaningless - Meaningful K05 Hard to maintain - Easy

K06 Ordinary - Interesting K06 Disturbing - Satisfying

K07 Unstylish - Stylish K07 Incompatible - Compatible

K08 Dull - Cool K08 Undiversifiable - Diverse

K09 Complex - Simple K09 Mass-produced - Personalized
K10 Rough - Elegant K10 Non-customizable - Customizable
K11 Ugly - Aesthetic K11 Not suitable for the need - Suitable
K12 Serious - Sincere K12 Restrictive of movement - Mobility
K13 Not my style - Totally me

K14 Not worth the high price - Worth

—

.

-
Y
Visual assessments
Kansei words (-) 3 2 1 1 2 3 Kansei words (+)
Random X Meticulous
Exaggerated Simple
Functional assessments
Unpractical Practical

Uncomfortable

Comfortable

Figure 6. The Kansei question corresponding to the jacket model.
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Figure 6 provides an overview of the semantic differential
scale used in the study. As can be observed, the digital
prototype front, side, and back views of each type of
garment model are located at the top of the scale. In the
bottom section, the Semantic Differential scale for visual
and functional meanings is presented in two separate tables.
There are a total of 14 pairs of Kansei words representing
visual meanings and 12 pairs representing functional
meanings. Figure 6 only illustrates two pairs of Kansei
words, one for visual and one for functional meanings, to
introduce the scale used in the study. Accordingly, the
negative meaning of the word pair is placed on the left side,
while the positive meaning is placed on the right side of the
7-point scale. Each interval in the table corresponds to a
scoring system. The intervals closer to the word are
evaluated starting from 3 and decreasing to 2, 1, and 0.
Accordingly, the degree of participation in the attribute that
the consumer evaluated the design in the visual is increased
depending on the scoring. For scoring, first, the side is
chosen from the opposite poles, and then the chosen side is
marked with an "X". Each participant evaluated a total of 9
outerwear models, consisting of 3 jackets, 3 coats, and 3
overcoats, using the semantic differential scale.

The scale was administered to voluntary female consumers
through both digital and face-to-face paper-based methods
(mixed survey). The obtained data were examined, and
answeras that were incomplete or had errors were removed
from the study as they could lead to incorrect results. SPSS
software version 22 was utilized for data analysis. Through
data analysis, the impact of the design attributes of the
designed outerwear models on consumers' emotions and
sentiments was observed.

3. RESULTS AND DISCUSSION

The distributions of data related to participants'
expectations and opinions regarding outerwear models are
presented in this section.

3.1. The participants' characteristics

The research examined the emotional expectations of
female consumers towards outerwear, and as such, the
opinions of 342 female consumers were gathered. The data
collected solely from female participants have been
analyzed and interpreted in this section. As shown in Table
4, the age range of the female participants involved in the
research was 51,2% (175 individuals) between the ages of
18-25, while the lowest percentage of 2,3% belonged to the

participants aged between 51-60. 7% (24 individuals) of the
participants have completed primary school, 2,6% (9
individuals) have completed middle school, 28,4% (97
individuals) have completed high school, 14,3% (49
individuals) have completed associate degree, 40,9% (140
individuals) have completed undergraduate education and
6,7% (23 individuals) have completed graduate education.
When the employment status of the participants was
examined, it was determined that 33,6% (115 individuals)
were students and 22,5% (77 individuals) were not
employed.

3.2. Participants’ outerwear design preferences

Research data was obtained through a scale consisting of
two sections. The first section includes a Likert-type scale
to examine users’ outerwear design preferences. The first
section includes a Likert-type scale to examine users’
outerwear design preferences. The reliability analyses of
the questionnaire titled 'The Outerwear Design Preferences,’
which was utilized in the research, have been conducted
and are presented in Table 5.

Table 4. Descriptive  statistics regarding the
characteristics (n=342) are as follows:

participants'

%
Age
18-25 yrs. 175 (51,2%)
26-30 yrs. 44 (12,9%)
31-40 yrs. 69 (20,2%)
41-50 yrs. 46 (13,5%)
51-60 yrs. 8 (2,3%)
Education
Primary 24 (7%)
Middle 9 (2,6%)
High 97 (28,4%)
Associate 49 (14,3%)
University 140 (40,9%)
Graduate degree 23 (6,7%)
Job
Jobless 77 (22,5%)
Official 70 (20,5%)
Worker 69 (20,2%)
Student 115 (33,6%)
Other 11 (2,3%)

Summary statistics for numerical data are presented as mean + standard
deviation and median (minimum, maximum), while categorical data are
presented as number (percentage).

Table 5. Reliability results for the measurement of outerwear design preferences

Statistical analysis score

Number of items Cronbach's Alpha

Clothing preferences
mean+SD
M (min-max)

3,91+0,48 14
4 (2,57-4,93)

0,857

Summary statistics are presented as mean + standard deviation and median (minimum, maximum) values.
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According to the reliability results of a 14-item Likert-type
measurement tool assessing the design features preferred by
participants in outerwear (Table 5), the average total score
obtained from the 14 questions was found to be 3,91 + 0,48
points. The lowest score was 2,57, while the highest score
was 4.93. The Cronbach's alpha (a) reliability coefficient of
the scale was found to be 0,857. Here, reliability is related
to how accurately the test measures the property it intends
to measure, and the reliability coefficient is expected to be
at least 0,70 for an acceptable value between 0 and 1 [47,
48]. In this study, it was concluded that the value obtained
from the "Outerwear Design Preferences” test was above
0,70, and therefore the test was found to be reliable for this
sample.

Table 6. Descriptive statistics results for the measurement of
outerwear design preferences

Clothing preferences mean SD
Price 3,83 0,88
Brand 2,97 1,01
Benefit 4,18 0,81
Quality 4,35 0,77
Trend 3,03 1,03
Colour 3,98 0,87
Visuality 4,13 0,81
Usability 4,39 0,76
Design elements 3,89 0,88
Material 4,01 0,88
Durability 4,28 0,77
Lifespan 4,09 0,89
Ease of movement 4,41 0,80
Customizable 3,21 1,13

According to Table 6, the average score for the Price
criterion in the 14-item Likert-type questionnaire measuring
outerwear design preferences was found to be 3,83+0,88.
The average score for the Brand criterion was found to be
2,97+1,01. The average score for the Benefit criterion was
found to be 4,18+0,81. The average score for the Quality
criterion was found to be 4,35+0,77. The average score for
the Trend criterion was found to be 3,03+1,03. The average
score for the Colour criterion was found to be 3,98+0,87.
The average score for the Visuality criterion was found to
be 4,13+0,81. The average score for the Usability criterion
was found to be 4,39+0,76. The average score for the

Design elements criterion was found to be 3,89+0,88. The
average score for the Material criterion was found to be
4,01+0,88. The average score for the Durability criterion
was found to be 4,28+0,77. The average score for the
Garment Lifespan criterion was found to be 4,09+0,89. The
average score for the Ease of movement criterion was found
to be 4,41+0,80 and the average score for the Customizable
criterion was found to be 3,21+1,13. According to these
obtained data, the highest average was found in Ease of
Movement with 4,41 + 0,80, while the lowest average was
observed in the Brand criterion with 2,97 + 1,01.

3.3. The statistical relations between Kansei words and
outwears

In the second section of a scale consisting of two sections,
participants evaluated the designs of jackets, coats, and
overcoats using a semantic differential scale and in this step
the relations between kansei words and outerwear designs
was analyzed.

The Cronbach's Alpha reliability coefficients were
examined for the semantic differential scale measuring
emotional expectations towards outerwear designs in terms
of positive and negative connotations of Kansei words
related to visual and functional aspects for each model and
are presented in Table 7. The lowest Cronbach’s Alpha
reliability coefficient for positive visual scores was found to
be 0,917, and the highest was 0,956, for jackets, coats, and
overcoats. For negative visual scores, the lowest Cronbach's
Alpha reliability coefficient was 0,882, and the highest was
0,945, for jackets, coats, and overcoats. When the
emotional expectations towards outerwear in the functional
dimension were examined, the lowest Cronbach's Alpha
reliability coefficient for positive functional score was
found to be 0,923 and the highest was 0,958 for jackets,
coats, and overcoats. For negative functional score, the
lowest Cronbach's Alpha reliability coefficient was found to
be 0,849 and the highest was 0,946 for jackets, coats, and
overcoats.

Table 8 presents the values of the SD scale, in which
participants evaluated each outerwear model, including
jackets, coats, and overcoat, in terms of emotional words
for their visual aspect.

Table 7. Reliability results of the scale of emotional expectations for outerwear designs (n=342)

Visual Functional
Item KW(14) KW(12)
Positive (+) Negative (-) Positive (+) Negative (-)
Jacket 1. 0,917 0,857 0,923 0,849
Jacket Jacket 2. 0,937 0,882 0,946 0,907
Jacket 3. 0,939 0,904 0,941 0,902
Coat 1. 0,953 0,926 0,951 0,914
Coat Coat 2. 0,953 0,936 0,945 0,925
Coat 3. 0,956 0,945 0,955 0,946
Overcoat 1. 0,944 0,911 0,953 0,902
Overcoat Overcoat 2. 0,952 0,917 0,958 0,920
Overcoat 3. 0,955 0,941 0,955 0,936
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Table 8. The comparison of the positive and negative visual scores of the three products

Aesthetic Positive (+) Negative (-) Test Statistics !

F p n’
Jacket
Jacket 1. 1,24+0,852 1,14 (0-3) 0,47+0,55 0,21 (0-3) 128,610 <0,001 0,274
Jacket 2. 1,42+0,92° 1,43 (0-3) 0,42+0,57 ¢ 0,21 (0-3) 195,326 <0,001 0,364
Jacket 3. 1,20+0,91 2 1,07 (0-3) 0,54+0,67 © 0,29 (0-3) 74,717 <0,001 0,180
Test Statistics ¥ F=13,214; p<0,001; #?=0,072 F=6,485; p=0,002; ?=0,037
Coat
Coat 1. 1,17+0,96 2 0,93 (0-3) 0,54+0,72 ¢ 0,21 (0-3) 61,738 <0,001 0,153
Coat 2. 0,94+0,92 © 0,68 (0-3) 0,79+0,85 0,5 (0-3) 3,085 0,080 0,009
Coat 3. 1,00+0,94 0,64 (0-3) 0,70+0,85 ¢ 0,29 (0-3) 12,146 0,001 0,034
Test Statistics ¥ F=14,222; p<0,001; #?=0,077 F=16,150; p<0,001; #%=0,087
Overcoat
Overcoat 1. 1,63+0,96 @ 1,79 (0-3) 0,36+0,60 ® 0,14 (0-3) 294,930 <0,001 0,464
Overcoat 2. 1,31+0,97° 1,14 (0-3) 0,45+0,66 ¢ 0,14 (0-3) 125,235 <0,001 0,269
Overcoat 3. 0,94+0,93 ¢ 0,5 (0-3) 0,77+0,88 ¢ 0,43 (0-3) 3,632 0,058 0,011
Test Statistics ¥ F=82,431; p<0,001; #°=0,327 F=36,647; p<0,001; #%=0,177

F: Two-way repeated measures ANOVA, Effect Size (#?), *Comparison within Products, fComparison within Opinions, Summary statistics are presented
as mean =+ standard deviation and Median (Minimum, Maximum) values. The bold sections indicate statistical significance (p<0,05). a>b>c>d>e>f:
Different letters or letter combinations within the same row indicate statistically significant differences (p<0,05).

According to Table 8, there is a significant difference
between the means of positive and negative visual scores
for three different jacket models with F=12,108 and
p=0,001 confidence levels. The average positive visual
scores of the 1st, 2nd, and 3rd jacket models are statistically
significantly higher than the average negative visual scores.
The effect sizes were found to be 0,274, 0,364, and 0,180,
respectively. According to the measurements, it has been
determined that the visual score averages of the 2nd jacket
model are higher than the other models, while the averages
of negative visual scores are lower than the other models.
Therefore, it was found that the participants expressed
positive emotions and feelings visually, in other words,
their favorite design was the 2nd jacket model. The least
favorite model was identified as the 3rd jacket.

According to Table 8, the visual positive and negative score
averages of three different coat models show a significant
difference at the confidence level of p=0,001 with
F=15,954. At the same time, while there is no statistically
significant difference between the positive and negative
visual scores of the 2nd coat model, the positive visual
score averages of the 1st and 3rd coat models are
significantly higher than the negative visual score averages.
The effect sizes are determined as 0,153, 0,009, and 0,034,
respectively. The first coat model, which received the
highest positive visual score average, was the one that
participants focused on the most, while the negative visual
score averages were statistically higher in the 2nd and 3rd
coat models. Thus, it can be concluded that the participant
group preferred the 1st coat model the most visually, and
the 2nd coat model the least.

When the participants' emotional expectation levels were
examined visually through coat models, there was a
statistically significant difference in the positive and

negative visual score averages for three different coat
models with F=93,965 and p=0,001. There is no
statistically significant difference between the positive and
negative visual scores in the 3rd coat model, while in the
1st and 2nd coat models, the average positive visual scores
are significantly higher than the average negative visual
scores at a statistically significant level of F=93,965 and
p=0,001. The effect sizes are determined as 0,464, 0,269,
and 0,011, respectively. Based on the obtained data, the
visual score averages are higher for the 1st coat model,
while the negative visual score averages are statistically
higher for the 3rd coat model. Therefore, the most visually
preferred model is the 1st coat model, while the least
preferred one is the 3rd coat model (Table 8). These results
indicate that participants have preferences for different
design features in outerwear products and that these
preferences show statistically significant differences.
Additionally, these findings can assist designers in
determining appropriate visual design features for a specific
target audience.

Table 9 shows the evaluation of models of three different
outerwear types, namely jackets, coats, and overcoats, using
words expressing positive and negative emotions from a
functional perspective, and the obtained data is reflected in
the table. Accordingly, the mean scores of positive and
negative functional aspects were found to be significantly
different for the three different jacket models with F=5,914
and p=0,016 confidence levels. As a result of the analysis,
the mean positive functional scores in the first, second, and
third jacket models were statistically significantly higher
than the mean negative functional scores. The effect sizes
were found to be 0,519, 0,447, and 0,368 respectively.
Accordingly, it can be observed that the mean functional
scores of the first jacket model are higher than the other
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models. Moreover, while there was no statistically
significant difference in negative functional score averages
among the jacket models, participants' preference for
positive functional aspects was concentrated on the first and
second jacket models. This result indicates that participants
liked the first jacket model more in terms of functional
aspects than the other models, and least preferred the third
jacket model.

When looking at the data in Table 9, it can be observed that
the average positive and negative functional scores show a
significant difference in a confidence level of F=24,343 and
p=0,001 for three different coat models. It was observed that
the participants evaluated the coat models positively, with
effect sizes found to be 0,330, 0,082, and 0,165, respectively.
Accordingly, among the coat models that evoke positive
emotions and feelings in terms of functionality, the first coat
model had the highest average score, while in terms of
negativity, the second coat model had the highest score.
These results indicate that the participant group liked the first
coat model the most in terms of functionality, and least liked
the second coat model.

When examining the data regarding overcoat models that
evoke positive and negative emotions and feelings in terms
of functionality among the participants, it can be seen that
the average positive and negative functional scores for three
different overcoat models are significant at the level of
F=56,872 and p=0,001. At the same time, the positive
functional score averages in all overcoat models are
statistically significantly higher than the negative score
averages. The effect sizes were found to be 0,513, 0,368,
and 0,127, respectively. The functional score averages of
the 1st overcoat model are higher compared to the other
models. The negative functional score averages, on the

other hand, are higher for the 3rd overcoat model. From
these results, it has been determined that the participant
group liked the 1st coat model the most in terms of
functionality, and the 3rd coat model the least (Table 9).

3.4. Design options to guide new design ideas for outerwear

Participants evaluated the outerwear models, consisting of
three jackets, three coats, and three overcoats, determined
based on designer opinions, using Kansei word pairs
representing visual and functional meanings. The
evaluation results, indicating the models most liked by
consumers in terms of visual and functional aspects (Most
positive +) and the least liked (Most negative -), are
provided in Table 10.

When examining Table 10, it can be observed that consumers
favored two different models in terms of both visual and
functional aspects among the jacket designs. However, for
both the coat and overcoat designs, the same models were
favored the most in both visual and functional aspects within
their respective categories. The differentiation between the
model that consumers liked the most for its visual appeal and
the one they liked the most for its functionality in the jacket
designs can be explained by the functional aspect of the most
favored jacket featuring a modular attachment with a
detachable zipper at the waistline. This modular design
provides versatile usage options [49], where the design
concept moves from parts to a whole or from a whole to
parts. Additionally, the researcher finds the field of modular
design to be vast and worth exploring, particularly for its
potential to contribute to environmental conservation and
balance in today's fast fashion market. This expansion in
design allows for the vitality of ready-to-wear production and
the limitless potential of design [50].

Table 9. Comparison of positive and negative functional scores of three products

Test Statistics *

Functional Positive (+) Negative (-) = o 7
Jacket
Jacket 1. 1,58+0,92 2 1,63 (0-3) 0,30+0,48 ¢ 0,08 (0-2,8) 368,537 <0,001 0,519
Jacket 2. 1,57+0,99 @ 1,67 (0-3) 0,33+0,59 ¢ 0 (0-3) 275,526 <0,001 0,447
Jacket 3. 1,40+0,98 b 1,42 (0-3) 0,36+0,60 ¢ 0,08 (0-3) 198,410 <0,001 0,368
Test Statistics ¥ F=8,205; p<0,001; #>=0,046 F=1,463; p=0,233; #>=0,009
Coat
Coat 1. 1,39+1,01¢@ 1,46 (0-3) 0,39+0,64 f 0,08 (0-3) 167,766 <0,001 0,330
Coat 2. 1,04+0,96 © 0,75 (0-3) 0,59+0,79 ¢ 0,25 (0-3) 30,647 <0,001 0,082
Coat 3. 1,21+£1,02° 1(0-3) 0,51+0,80 ¢ 0,08 (0-3) 67,267 <0,001 0,165
Test Statistics ¥ F=29,037; p<0,001; #°=0,146 F=14,601; p<0,001; #°=0,079
Overcoat
Overcoat 1. 1,67+1,042 1,83 (0-3) 0,27+0,53 ¢ 0(0-3) 359,722 <0,001 0,513
Overcoat 2. 1,41+1,05" 1,33 (0-3) 0,33+0,61 ¢ 0 (0-3) 198,790 <0,001 0,368
Overcoat 3. 1,12+1,01¢ 0,88 (0-3) 0,53+0,78 ¢ 0,17 (0-3) 49,623 <0,001 0,127

Test Statistics * F=50,607; p<0,001; #?=0,229

F=19,232; p<0,001; #?=0,102

F: Two-way repeated measures ANOVA, Effect Size (#%), *Comparison within Products, fComparison within Opinions, Summary statistics are presented
as mean =+ standard deviation and Median (Minimum, Maximum) values. The bold sections indicate statistical significance (p<0,05). a>b>c>d>e>f:
Different letters or letter combinations within the same row indicate statistically significant differences (p<0,05).
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Table 10. The emotional state results of participants toward outerwear models

Visual assessments

Functional assessments
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Finally, the design features of the outerwear models that meet
the participant's emotional expectations, or in other words,
those visually and functionally favored, were compared with
the Design Features and Parameters for Outerwear presented
in Table 1. Using this table as a reference, the design
features, and parameters of the models most favored by
participants in terms of both visual and functional aspects
were analyzed, resulting in the development of Table 10. In
this table, since the visually most favored jacket and the
functionally most favored jacket were different models, the
design attributes of the visually favored jacket are listed
under the 'Visual' column, while the design attributes of the
functionally favored jacket are listed under the 'Functional’
column. For the coat and overcoat models, since the same
models were favored both visually and functionally within
their respective categories, the design attributes of the most
favored coat and overcoat models are provided under the
'Visual-Functional' column.

Table 11 shows that design features such as oversize fit,
dropped shoulders, one-piece and long sleeves without
modular features, ribbed cuffs, and multiple pockets with
flaps are common preferences both visually and
functionally for jacket models. Additionally, the adjustable
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length with a detachable feature for jackets received
positive functional feedback, while non-modular designs
were visually favored. Designs with adjustable lengths that
offer versatility and personalization to consumers should
incorporate modular elements  without sacrificing
aesthetics. Additionally, the attachment-detachment line of
the piece should be designed to be concealed, maintaining
the overall appearance of the garment.

When examining the consumer Kansei-oriented design
combinations for coat models, it's evident that features such
as classic/casual-fit, long length, dropped shoulders, one-
piece long sleeves, hooded stand collar, fiber-filled, zipper
closure, multiple flap-covered patch pockets are dominant.
Therefore, it's anticipated that these features can satisfy the
usable design characteristics for coat designs. Additionally,
consumers have shown a positive response towards
modular elements that emphasize functionality, such as the
ability to extend the coat's length, detachable sleeves, and
pockets. Looking at the general design details, it can be
inferred that there is no positive sentiment towards models
with shoulder pads, epaulets, sleeve vents, and cuffs,
indicating a lack of favorable appreciation for these details
among consumers.
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Table 11. The features and parameters determined for the new outwear design

Features Jacket Coat Overcoat
Visual Functional Visual-Functional Visual-Functional

Fit/form Oversize Oversize Classic-fit Classic-fit

Length Regular Long Long Extra long

Modular (length) Basic Detachable Basic Basic

Collar design Stand Turnover Stand Lapel collar

Fiber filled No No Yes No

Hoodie No No Yes No

Shoulder pads No No No No

Shoulder epaulettes No No No No

Shoulder design Dropped Dropped Dropped Dropped

Sleeve model One-piece One-piece One-piece One-piece

Sleeve length Full length Full length Full length Full length

Modular (sleeve) Detachable Basic Detachable Detachable

Sleeve cuffs Ribbed Ribbed Cuffless Cuffless

Closure type Zipper Single-breasted Zipper and removable belt Button closure and

removable belt

Pocket number Multipocket Multipocket Multipocket Multipocket

Pocket model Patch Fleto Patch Fleto

Flap-pocket Yes Yes Yes Yes

Modular (pocket) Detachable Basic Detachable Basic

Flap-pocket design Angled Oval Angled Angled

Hemline Gathered Basic Basic Basic

Side seam Basic Two side slit Basic Basic

When analyzing the consumer Kansei-oriented design
combinations for overcoat models, it's observed that
features such as classic/casual-fit, extra long length, a lapel
neckline, dropped shoulders, one-piece long sleeves,
detachable modular sleeves, belted or tied with a sash,
multiple flat pockets with flap covers, angular flap covers
are generating a positive sentiment among consumers.
Fiber-filled material, hood, shoulder pads and epaulets,
shoulder slits, and cuffs, on the other hand, do not align
with the consumer-preferred design combinations.

To incorporate consumer emotional expectations into the
design process, consumer Kansei was determined and the
design elements influencing these emotions were analyzed
to create design combinations (shown in Table 11). The
design parameters provided in this table, considering jacket,
coat, and overcoat designs, are anticipated to positively
fulfill consumer preferences in both visual and functional
aspects when applied to newly designed outerwear. The
products developed by considering user Kansei can enhance
sales potential and lead to increased revenue within the
applicable industry, as illustrated in this study [51].

4. CONCLUSION

In the product design process, finding suitable solutions for
the consumer is essential, alongside the designer's intuition,
skills, and thoughts. This is because the design process
involves not only the aesthetic aspects of the product but also
serves as a problem-solving method. The Design Thinking
approach treats the expectations and needs of the consumer

towards a product as a problem to be solved, aiming to
generate suitable solutions for the consumer. Therefore,
within the framework of the Design Thinking approach
supported by the Kansei Engineering methodology, a design
process model has been developed and its effectiveness has
been tested in this study. The combination of these two
methodologies presents a unified KE-DT framework that
emphasizes the customer's emotional needs. The proposed
model demonstrates the importance and effectiveness of user
participation in creating a design that meets emotional
expectations, as observed in Tables 8 and 9. Another
significant contribution of the presented model is the creation
of a new design dataset by analyzing the positive emotions
and feelings of consumers, as shown in Table 11. During the
redesign process, using this dataset, the emotional perception
and product features between the designer and the user can
be effectively narrowed down. Consequently, this enables the
presentation of new designs that are responsive to consumer
expectations and better satisfy the psychological needs of
users.

In this study, the following results were found:

» The model developed in this study has been used to
measure the emotional impression that outerwear
designs create on consumers. This model is not only
applicable to the fashion industry but can also be used in
various sectors such as automotive, mobile devices,
appliances, and household items. An important feature
of this model is its flexibility, allowing for repeatable
applications between stages. This involves testing ideas
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with user feedback early and frequently to identify any
flaws or deficiencies in the product, aiming to enhance
user satisfaction and cater to their expectations.

This model incorporates the user’s perspective into the
design process, reducing the impact of the designer's
subjective preferences and choices. Consequently, users
can indirectly participate in the design process, allowing
for the establishment of an effective emotional
connection between the product and the user. This is a
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Using hollow yarns can change and improve many qualities of fabrics including thermal, acoustic, or
Accepted: 12.03.2024

mechanical properties. Using technical yarns in commercial textile products has been studied
extensively to bring them some sort of functionality. In this study, side-by-side 50%/50%
bicomponent yarns made from different raw materials were tested and evaluated to determine their
processing behaviour and performance characteristics. All yarns have co-polyester (CoPET) as one
component where the other component is Polyester (PET), recycled PET (rPET) and Polyamide 6
(PA®B), respectively. Afterwards, the coPET component is dissolved from all yarns by alkalization,
thus making the hollow yarns, and the samples were textured by heat treatment. The mechanical and
physical properties were evaluated by various tests, including unevenness, crimp testing, hollow ratio,
and shear test. Their thermal and thermomechanical properties were evaluated with Differential
Scanning Calorimeter (DSC) analysis and Thermal Gravimetric Analysis (TGA). Also, X-ray
Diffraction Analysis (XRD) analysis was carried out in order to observe the crystalline behaviour of
the samples. All evaluations were done on the non-textured and textured state of the yarns to see the
effect of the heat treatment. The physical and mechanical test results revealed that despite the
alkalization, the textured yarns demonstrated better strength and dimensional resistance. DSC and
TGA analysis showed that the alkalization and heat treatment caused an increase in the polymer
mobilization, which resulted in an increase in the decomposition enthalpy and a lower decomposition KEYWORDS

temperature. As a final note, XRD results indicated that for the PET/coPET and rPET/coPET Bicomponent, hollow yarns,
samples, the texturization process significantly increased the crystallinity of the samples, which is side-by-side, woven fabrics
unexpected and therefore needs further investigation.

1. INTRODUCTION modifiability attracts considerable attention. As such, their
processing parameters and final properties are being
extensively studied [1]. Bicomponent fibers are
manufactured by pumping two different polymers from
different channels into the same nozzle. By changing the
nozzle head, bicomponent fibers with different shapes and
different ratios can be manufactured. These fibers can then
either be spun into yarns, made into nonwovens, or used in

The physical properties of textiles are critical for every
imaginable sceneario, since they tend to dictate many
factors, such as processability, usability, lifetime, etc.
Recently, functional materials, such as bicomponent yarns,
have been used in traditional and commercial textile
products to add a new function or feature to the product.
Their unique structures and properties, as well as their
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Study on the Performance of Side-by-side Hollow Bicomponent Yarns. Tekstil ve Konfeksiyon, 34(4), 424-433.
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other materials such as a reinforcement material in
composites. Depending on the chemical composition of the
polymers, the components can be connected by only
physical means and not due to a chemical reaction of some
sort. This allows for neither polymer to lose its intrinsic
properties. This property of bicomponent materials makes
them a popular material to be used and researched, since the
final product will carry the properties of both materials. The
components can also be chemically bonded if the two
polymers are compatible with each other, in that case the
interface between the components can be utilized in order
to strengthen the material [1].

In terms of the shape, bicomponent fibers can be classified
into four main categories: side-by-side, shell/core, islands-
in-the-sea, or segmented-pie type. Side-by-side type
bicomponent fibers are made by extruding two polymers
with different shrinkage or viscosity values next to each
other. Their biggest advantage is that they can be used to
create a permanent crimp on the material, imitating a wool
yarn. When subjected to some type of heat treatment or
stretching action, the mechanical difference between the
two polymers causes a permanent crimp on the fiber. By
adjusting the polymer type, the drawing temperature and
the drawing ratio, crimp levels as high as 42% can be
achieved [2]. In shell/core type fibers, the two polymers are
fed individually, and the “shell” or the “sheath” part
completely covers the “core” part. These fibers are mainly
used to take advantage of both components; the shell part
gives the visual or handle properties such as luster,
dyeability, or or thermal insulation whereas the core part
gives mechanical properties such as high strength, stability,
or it can be used to decrease the cost of the material for
commercial or mass-produced products. Due to the
composite-like structure of a bicomponent fiber, they can
be made into a nonwoven and then mixed into a resin
without the need of an additional binding agent. This has
the advantage of not only eliminating a step for speeding up
the production in an industrial setting, but also decrases the
production cost altogether [3]. In a different approach, both
components can be utilized to make a high-performance
product. For example, researchers have made a poly (vinyl
pyrrolidone) (PVP) and poly (D,L-lactide) (PLA) shell/core
bicomponent fiber by utilizing coaxial electrospinning
method. The final product had a lower tensile strength and a
higher water uptake level than pure PLA. With PLA being a
biodegradable polymer, the final product can be utilized to
load bioactive molecules for drug delivery and tissue
regeneration applications [4]. Islands-in-the-sea type is
composed of a component called the islands, distributed
inside the sea component [1]. In this type, the island
segments inside the fiber can be dissolved in order to create
a ultrafine yarn, which is highly utilizible. This type of fiber
is commonly used to manufacture hollow yarns by
removing one of the components. Such a fiber has been
utilized in making a needle-punhched nonwoven which is
then made into a filtering bag. The resulting product had a

superior tensile strength, bursting strength and dust-removal
efficiency than some of the commercially available
products on the market [5]. In a different approach,
researchers made a nonwoven sheet using a Polyamide-6
(PAB) as the island and polyethylene (PE) as the sea
bicomponent fiber and then dissolved the sea component
after the hydroentanglement. The resulting material had up
to 25% weight loss after the dissolution of the sea polymer.
Also, since the removal of the sea component enhances the
fibrillation of the remaining component, the sound
absorption coefficient of the nonwoven web has increased
as the number of islands increase. This can be utilized to
make a lightweight, cheap, and bulky acoustic application
material [6]. In the segmented-pie type, two polymers that
are not compatible with each other are extruded together
and then rapidly cooled down to mold it into a shape that
resembles a pie chart [1]. This can again be utilized to make
a hollow fiber or an ultrafine fiber for different
applications. A polyester/polyamide 6 segmented-pie
bicomponent fiber is made into a leather base by making it
into a nonwoven to be used in artificial leather production.
Comparing the final product with the commercial artificial
leathers in terms of their air permeability, water vapour
permeability and thermal insulation proved that the
nonwoven has superior properties. This is not only a
cheaper alternative for the apparel industry, but also a more
sustainable method of producing artificial leather and a
more ethical approach to real leather [7].

Bicomponent yarns can also be manufactured as hollow
yarns by using two materials with different melting
temperatures or different thermal/hydrogsopic properties,
spinning it into a yarn, and then melting the polymer with the
lower melting point afterwards or dissolving one of the
components by means of a heat or water treatment either
after spinning or in the fabric form. Neutral fibers such as
cotton or wool can also be made into a hollow yarn by using
the neutral fiber as a sheat with a generally water-soluble
polymer in the middle (such as PVA), then subsequently
removing the core part by a water treatment. This increases
the bulkiness of the yarn with decreasing its weight at the
same time [8]. Also, the air gap in the middle acts as a major
insulator that increases the thermal and acoustic properties of
the yarn. Using hollow yarns in the structure enhances many
properties, such as yarn strength, thermophysiological
comfort, moisture and air permeability, and sound
absorption[9, 10]. Previous study comparing fabrics knitted
with 100% cotton fiber versus a hollow cotton fiber show
that fabrics with a hollow cotton fiber show better
permeability, absorbency, wicking, drying and thermal
resistance properties. In both studies, the hollowness of the
cotton yarns is achieved by spinning a cotton & poly (vinyl
alcohol)(PVA) yarn with PVA in the core, and subsequently
dissolving the PVA. [11, 12]. Another study found that the
mechanical strength of a hollow cotton yarn is the same as
the conventional cotton yarn but it has a better elongation,
while being softer and bulkier at the same time [13]. Aytac
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and Gurkan Unal (2018), produced hollow yarns with cotton,
viscose, wool, and polyester as the sheath and PVA in the
core, with different sheath-core ratios. The hollow yarns,
regardless of the material in the sheat, have shown better
comfort properties and decreased pilling tendency. Also, it is
found that air and water vapour permeability levels can be
increased in all cases by adjusting the sheath-core ratio
accordingly [14].

Also, bicomponent fibers and yarns open the road for a more
greener approach, where a recycled material can be combined
with a high-performance material in order to maintain its
superior property while still being a more sustainable
alternative [15]. Recycled PET (rPET) has been redrawn with
a nano-structure titanium dioxide (nano-TiO2) to make an
antibacterial bicomponent multifilament yarn as a commercial
potential to make antibacterial carpets. Here, the rPET allows
for repurposing PET water bottles and bringing the necessary
tensile  properties whereas the TiO2 provides the
antibacteriality [16]. Textile industry, specifically coloration
and printing section is a widely known environmental
pollutant. A study made a core-shell type bicomponent fiber by
using cotton waste as the core and colored textile waste as the
sheet as a mean of creating a more sustainable material. The
resulting material showed the same color retency and intensity
as a single component regenerated cellulose fiber even though
it already has dye material on it. This has the benefit of dyeing
this fiber with using less dyestuff in order to achieve the same
color effect [17].

It is evident that bicomponent materials are gaining
popularity day by day due to their high modifiability and
cost decreasing properties and they are rapidly finding
themselves applications in commercial areas. In this study,
three types of side-by-side hollow bicomponent yarns
having different raw materials have been developed and
compared in terms of their physical, mechanical, and
thermomechanical properties. By doing so, it is aimed to
contribute the literature by giving an in-depth study of the

mechanical and thermomechanical properties of side-by-
side hollow bicomponent yarns manufactured from various
source materials. This study also discusses the properties of
both textured and nontextured yarns presenting a complete
understanding of the impact of heat treatment and
alkalization on yarn properties. To our best knowledge, the
aforementioned points have not been thoroughly evaluated
and discussed in the literature. As a final word, all of the
developed yarns are intended to be used in commercial
blackout curtain fabrics in an attempt to enhance the sound
absorbing quality of the blackouts from bicomponent
hollow yarns, in addition to their main function, namely
light blocking out.

2. MATERIAL AND METHOD
2.1 Material

Six different bicomponent yarn samples were developed and
evaluated by collaborating with the KFS Company operating
in Tirkiye. The yarns consist of PET/coPET, rPET/coPET,
and PAG/coPET in both their nontextured and textured
forms, making a total of six samples. Here, rPET denotes
recycled polyester and coPET denotes co-polyester. The
COPET components were dissolved by alkalization treatment.
The properties of the raw materials were given in Table 1,
and the compositions of the yarn samples are given in Table
2. All the samples are partially oriented yarns (POY). In the
sample coding, samples that have “T” next to them are the
textured yarns where the ones without the letter T were not
texturized. The yarn counts for the non-textured yarns were
taken before the dissolving of the coPET component and
they are reduced to the desired yarn count by dissolving them
in fabric form afterwards. The yarn counts were tested
according to the TS 244 EN ISO 2060 standard and the
number of filaments were determined by the firm
accordingly to their in-house testing method.

Table 1. Raw material properties

Material Viscosity (dl/g) Moisture (PPM) Melting Point (°C)
PET 0,66 1477,99 252,7
COPET 0,685 1487,27 238,7
rPET 0,709 1572,14 253,6
PA6 2,4 891,42 218
Table 2. Sample properties
Sample ID Composition Yarn Count (DN) Number of Filaments
1 50% PET & 50% coPET 248,48 72
1T 50% PET & 50% coPET 152,52 72
2 50% rPET & 50% coPET 248,48 72
2T 50% rPET & 50% coPET 157,47 72
3 50% PA6 & 50% coPET 251,23 72
3T 50% PA6 & 50% coPET 156,91 72
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2.2 Method

The nontextured and textured yarns were tested on their
breaking force and elongation at break according to DIN
EN 1SO 2062, hot air shrinkages according to DIN EN
14621, and fat content by the NMR method. The
nontextured yarns were also evaluated on their unevenness
according to TS2394 standard and the textured yarns were
additionally evaluated on their number of nips and nip
stability, which was determined manually, and their crimp
contraction and mechanical crimp retentions according to
DIN 53840 standard. Their cross-sectional images were
taken by Scanning Electron Microscope (SEM). The
hollowness ratios of the yarns were determined with the
help of a program written on MATLAB from the images
taken from the SEM. The images taken from MATLAB
program can be found in Figure 1. As it can be seen, the
alkalization treatment dissolved the coPET component
completely in all samples. The hollowness ratio of the PET,
rPET, and PAG yarns after the COPET has been melted were
determined as 24,61%, 18,15%, and 38,03% respectively.

Differential Scanning Calorimetry (DSC) analysis and
Thermal Gravimetric Analysis (TGA) were done on all the
samples to see the effect of the texturization process on the
yarns in terms of their thermomechanical properties, as well

Hollow = 18.15%
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as to see the different thermal behaviour of yarns having
different raw materials. DSC analysis was carried out using
a Perkin-EImer DSC-4000 device and an average of 3mg of
material. For the PET/coPET yarns, the samples were
heated from 25°C to 300°C at a heating rate of 10°C/min
and then the samples were cooled to 25°C at a rate of
10°C/min. The rPET/coPET yarns were heated from 0°C to
300°C at a heating rate of 10°C/min and then the samples
were cooled down to 0°C at a rate of 10°C/min. The
PAG6/coPET yarns were heated from 20°C to 300°C at a
heating rate of 20°C/min and then cooled back down to
20°C at a rate of 20°C/min. TGA was carried out using a
TA Instruments SDT Q600 device using an average of 9mg
of material. The tests were done in a nitrogen atmosphere
with a flow rate of 100 ml/min and all the samples were
tested in a temperature range of 0-650°C with a heating rate
of 10°C/min.

The crystallization behaviour of the samples was investigated
by X-ray diffraction (XRD) with a Bruker D8 ADVANCE
device (A = 1,54060). The 20 scanning range was 0-55°.

3. RESULTS AND DISCUSSION

The mechanical test results for the nontextured and textured
yarns can be found at Table 3.
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Figure 1. Hollowness ratios of the samples

Table 3. Test results for textured and nontextured yarns
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(%) (%0) (%0) (%0)
1 1,79 123,4 72 0,457 11 - -- - -
1T 3,16 22,8 72 1,245 - 80 4646 33,06 53,09
2 1,79 1234 72 0,457 1,2 - - - -
2T 2,89 25,78 72 1,81 - 52 33 32,59 54,66
3 2,15 131,27 72 0,377 1,02 - - - -
3T 3,86 27,57 72 1,526 - 82 60 27,98 63,24
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The textured yarns have better dimensional resistance and
improved strength when compared to their nontextured
counterparts. The heating during the texturization improves
crystallinity and density due to a greater number of immobile
polymer chains with less elongation. This enhances strength
while decreasing elongation. Alkalization, however, causes a
reduction in the fiber diameter which results in lower tensile
properties due to finer fibers breaking apart from the
structure easily. Nevertheless, the texturization seems to play
a bigger role as the breaking force and elongation results
show that the textured yarns are stronger than their
nontextured counterparts.

The results of the DSC analysis for the PET/COPET sample,
rPET/coPET sample and PA6/coPET sample can be found
in Figure 2, Figure 3, and Figure 4, respectively. In all the
figures, the graph on the top shows the results for the
nontextured yarns and the graph on the bottom shows the
results for the textured yarns.

@
5
@

DSC analysis performed on the nontextured and textured
yarns shows a double-peaked graph, as expected from
bicomponent yarns. The melting properties of PET samples
are very complex depending on the experimental conditions
chosen for the measurements, isothermal temperature or
non-isothermal crystallization conditions, thermal history,
and heating rate. The observed multiple melting
endotherms are a result of the balance between melting and
recrystallization and lamella thickness distribution present
in the sample prior to heating. The presence of polymelt
endotherms as observed with DSC is very common and is
observed for many semicrystalline polymers, copolymers,
and blends. When two endotherms, | and II, are present, it
is confirmed that they are due to the presence of a double
lamella  thickness  distribution  produced  during

crystallization. The peak points of the curves during the
heating stage, thus the melting temperatures, of all four of
the components were compatible with the polymer
properties given in Table 1.
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Figure 2. DSC results for nontextured and textured PET/coPET yarns.
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Figure 4. DSC Results for Nontextured and Textured PA6/coPET yarns.
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Figure 6. TGA results for nontextured and textured rPET/coPET yarns.
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Figure 7. TGA results for nontextured and textured PA6/coPET yarns.

The starting temperature marked in the figures is the
temperature at which a sharp drop in sample weight begins.
When polymers are heated to sufficiently high
temperatures, the weakest covalent bonds in the polymer

structure starts to break down and the polymer begins to
degrade, which is called the ‘decomposition temperature'.
Polymers decompose before boiling. As can be seen from
all figures, for all samples the materials began to
decompose at lower temperatures after the texturization
process. The decomposition temperature drops down from
332,81°C to 328,74°C for the PET/coPET yarn, from
339,94°C to 329,76°C for the rPET/coPET yarn, and from
317,54°C to 310,42°C for the PA6/coPET yarn. This may
be due to the increase in polymer chain mobility after
texturing. In addition, recycled PET showed less weight
loss compared to the virgin PET sample, which can be
explained by the dampness of the damaged surface of rPET
[18]. For the PAG/cOPET yarn, in both textured and and
nontextured forms, the degredation starts at lower
temperatures compared to the PET/coPET and rPET/cCOPET
yarns. This may be due to the fact that PA6 has a lower
moisture content, which can be seen from the material
properties at Table 1. In TGA analysis, the materials in
general initially evaporates the moisture inside it, and then
starts breaking down [19]. Since the moisture content of the
yarn is also going to be relatively low, there is not much
water content in the structure to be evaporated before the
decomposition, thus the decomposition can begin at a lower
temperature than the other samples.

The crystallinity and amorphism ratios of the samples
according to the XRD results can be found in Table 4, and
the XRD graphs of the samples are given in Figure 8,
Figure 9, and Figure 10 for the PET/coPET sample,
rPET/coPET sample and the PA6/cCOPET sample, in turn. In
all of the graphs, the nontextured samples are denoted with
“NT” and their textured counterparts are denoted with “T”.

Table 4. XRD results.
Sample ID  Crystallinity (%) Amorphism (%)

1 1,0 99,0
1T 14,8 85,2
2 0,7 99,3
2T 14,6 85,4
3 12,3 87,7
3T 2,7 97,3

As can be seen both from the tables and the graphs, XRD
results indicate that for the PET/coPET and rPET/coPET
samples, the texturization process significantly increased
the crystallinity of the samples, which is an interesting
result. In XRD analysis, an X-ray beam is directed onto the
sample in a predetermined angle, and then the reflected
scattering of the beam from the sample is measured as a
function of the reflection angle. In general, if the sample
has a high crystallinity, the diffraction shows as peaks
whereas if the graph is smoother without any sharp peaks,
the sample has a more amorphous form. But a broadened
XRD pattern can also have other causes such as a non-flat
material surface, high sample porosity, or a noise in the
analysis itself [20]. Nevertheless, the texturization and
alkalization parameters should be further investigated and
studied in order to see their effect on the crystallization
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since both processes may affect the polymer structure and  parameters not only drastically effects the crystal and
the overall yarn behaviour after the cOPET component has  amorphous regions inside the structure, but also effects the
been removed. Previous studies on the thermomechanical — mechanical properties of the final yarn as well [21].
analysis of polymers have proven that heat setting
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Figure 8. XRD results for nontextured and textured PET/COPET yarns.
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Figure 9. XRD results for nontextured and textured rPET/COPET yarns.
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Figure 10. XRD results for nontextured and textured PA6/COPET yarns.
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PA6/coPET sample shows the highest crystalline behaviour
amongst all the samples in their nontextued forms. Contrary
to the other samples, the PA6/COPET blend shows an
opposite behaviour where the crystallinity is already at a
high percentage but drops down afterwards. Crystallinity
behaviour of polymers is dependant on many different
properties such as the molecular weight, synthesization
conditions, polymer architecture and so on. Polyethylene
(PET) chains are mainly linked with dipole-dipole bonds
whereas polyamides (PA) are linked with hydrogen bonds
which has a dissociacion energy almost ten times of a
dipole-dipole bond. Also, the hydrogen bonds can be
formed in a parallel form (a) or an anti-parallel form (y) in
PAG6. In parallel form, the adjacent polymer chains are in
the same directionality but in anti-parallel form, the chains
have opposite directionality. In the parallel form, the
hydrogen bonding occurs between the adjacent chains on
the same sheet but in the anti-parallel form the hydrogen
bonds occur between chains that are on adjacent sheets.
Since the bonds between adjacent planes are stronger than
bonds formed on the same sheet, the bonds are much
stronger, thus increasing the crystallinity and the rigidity of
the polymer [22, 23]. Nevertheless, the PA shows a
different behaviour in a material context which is consistent
with the other results in the study, but again it is essential to
study the effects of the texturization and alkalization
processes to get a better understanding of the situation.

4. CONCLUSION

This study evaluated and compared the mechanical and
thermomechanical ~ properties of  three  different
bicomponent yarns. The tests were carried out in both the
textured and nontextured forms of the samples to observe
the effect of heat treatment and alkalization on the final
properties. The results indicate the importance of choosing
an appropriate raw material for bicomponent yarn
production, since the chosen raw material carries its’
intrinsic properties to the yarn stage and greatly affects the
properties of the final material. It also demonstrates that
alkalization and texturization have a significant impact on
the properties of the polymers and the final yarns. An
important result is that the textured yarns had better
mechanical properties, even though they went through a
heavy chemical process such as alkalization and half of the
filament volume was removed. It is evident that
texturization process appeared to play a more significant
role than the alkalization; the heating process involved in
texturization improved the crystallinity and density by
increasing the number of immobile polymer chains with
reduced elongation, as supported by literature [24]. This
shows that hollow yarns have high mechanical strength and
that they can be used in places where both insulation and
strength are needed. The observed increase in the strength
of all types of filaments proves that both components of a
bicomponent yarn can be chosen and modified according to
the desired application area and the required properties
from the product without having to sacrifice from the
tensile properties.

Thermomechanical analysis revealed that heat treatment
and alkalization results in a higher polymer chain mobility,
which caused an increase in the enthalpy values and
decreased the decomposition temperature of the polymers.
The unexpected rise in crystallinity seen in the XRD
measurements for the PET/cOPET and rPET/coPET
samples following texturization may be explained by the
fact that texturization includes the use of heat and
mechanical processing, and the combination of these
parameters may have resulted in changes in the polymer
structure. According to the literature [21], mechanical
deformation and orientation during texturization might
impact polymer chain arrangement, potentially decreasing
crystalline development. It is possible that the combination
of heat and mechanical forces during texturization resulted
in a unique set of conditions enabling crystalline
development in the bicomponent yarns in the setting of this
study. This unexpected result highlights the complex
interactions of processing parameters and the need for
additional research to identify the specific factors leading to
the observed increase in crystallinity. Future work on the
area should focus on the effect of the alkalization and
texturization parametrers as both processes seem to majorly
affect the filament properties.

The study underlines the significance of choosing
appropriate raw materials for bicomponent yarn
manufacturing, since the basic characteristics of the chosen
materials have a significant effect on the end result.
Furthermore, the study indicates the ability of hollow yarns
to improve mechanical strength and dimensional resistance
even after chemical processes such as alkalization. The
thermomechanical study provides helpful information on
the enhanced polymer chain mobility caused by heat
treatment and alkalization, which affects the yarn's enthalpy
values and decomposition temperature.

Bicomponent fibers have been a popular application due to
their many advantages, one of them being that they can be
made into hollow yarns by removing one of the
components. Hollow bicomponent yarns provide greater
bulk with less weight to a textile material. They are,
therefore, often used to provide acoustic or thermal
insulation. Bicomponent hollow vyarns are suitable
candidates to replace their traditional counterparts, thanks
to their modifiability, enhanced properties, and availability
for a more sustainable approach. In the future, with the
development of new materials and new methods, the use
and importance of bicomponent yarns and products made
from these yarns will increase, and thus this study
contributes valuable knowledge to developing functional
textiles with improved properties for future applications.
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ABSTRACT

Nowadays, velvet fabrics are widely used in upper clothing, curtains and especially upholsteries. One
of the most important problems encountered in them is the distancing of the piles from the surface of
the fabric and the other is discoloration over time. In addition to the fabric properties, yarn and fiber
properties also affect this situation. In this article, the effect of production parameters on fabric
abrasion was investigated in face to face warp velvet fabrics. The abrasion resistance of 100% cotton
(10, 15, and 20 thousand rpm (rotation per minute)) and 100% polyester (30, 45, and 60 thousand rpm
(rotation per minute)) velvet fabrics has been tested. The fabrics were produced using 3 different weft
yarn counts (150, 300, and 450 deniers for polyester and 6, 12, and 20 Ne for cotton), 3 different weft
densities (20, 22, and 24 picks/cm for polyester and 11, 13, and 15 picks/cm for cotton), 3 different
pile heights (2, 3, and 4 cm) and two different pile connection types (V and W), and the abrasion of
the fabrics was tested with a Martindale device. The results were analyzed. In addition, The effects of
production parameters on fabric color were investigated in face to face warp velvet fabrics. Cotton
fabrics were dyed with reactive blue, yellow and red, while polyester fabrics were dyed with disperse
blue, yellow and red. Color properties and gloss have been tested and the results were analyzed.
According to the test results, the increase in weft yarn count (increasing denier/decreasing Ne) causes
an increase in abrasion resistance, while the increase in pile height reduces the abrasion resistance.
The W bonded fabrics were found to be more resistant to abrasion than the V bonded fabrics. The
color properties of the fabrics produced were tested in spectrophotometer test devices and the effects
of production parameters were analyzed. It was determined that deep colors such as blue and red have
an effect on color properties, while light colors such as raw fabric and yellow velvet fabric do not
have a significant effect. It was also detected that raw and yellow velvet fabrics have more gloss than
blue and red velvet fabrics.
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1. INTRODUCTION
1.1. Velvet Fabric Information

Velvet is a type of woven fabric with a pile surface. If the
pile yarns on the fabric surface are given from the weft
direction, this fabric type is defined as weft velvet, and if
the pile yarns on the fabric surface are given from the warp
direction, this fabric type is defined as warp velvet.
Generally, weft velvet fabrics are used in the clothing
industry, and warp velvet fabrics are used in home textiles

[1].

1.2. Production Parameters of Velvet Fabric

The most important parameter that creates velvet fabrics is
the pile layer on the fabric surface, other important
parameters are the warp and weft yarns that make up the
ground. Besides these parameters, the type of yarn (cotton,
linen, viscose, pes), yarn production methods (ring, open
end), twist in the yarn (T/m) used in the pile and on the
ground are important. In addition, many parameters such as
the ground weave (plain, twill, satin), pile connection type
(V, U, W), creating pile from weft or warp (weft, warp
velvet), pile height and pile density in the fabric are among
the factors affecting the structure of the velvet fabric [2, 3].

To cite this article: Kayserili YE, Davulcu A. 2024. The effect of production parameters of face to face warp velvet fabric on abrasion
resistance and colour properties. Tekstil ve Konfeksiyon 34(4), 434-447
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1.3. Production Techniques Used in Velvet Fabrics

1. Weft Velvet
2. Warp Velvet
a) Warp velvet production with a single layer system
b) Warp velvet production with face to face system
Single shuttle warp velvet production
Double shuttle warp velvet production

Since face to face double shuttle warp velvet is used within
the article, only face to face production will be emphasized
among the velvet production methods [2, 3].

Double shuttle face to face warp velvet production

It is the system used in modern warp velvet fabric. In this
system, the ground warp beams can be prepared separately.
Pile warp beams are only used in dobby looms. The pile is
fed from the creel on jacquard looms [4]. A pile surface is
formed by cutting the pile warps that connect between two
fabrics with the help of a knife [1]. Weft insertion is done
on both fabrics at the same time. Two separate sheddings
are opened on the loom, one for the top and the other for
bottom fabric. In this way, it is possible to weave more
fabric at the same time.

Van de Wiele, Giisken and Giinne are the machines that
weave warp velvet fabric. Van de Wiele is the best known
company producing the machines that weave warp velvet
fabric. There are crankshaft, beating up and rapier in the
main parts. In these machines, weft insertion is done with
rapiers. The rapiers are driven by parts consisting of the
crankshaft and gearbox. The female rapier brings the weft
from the weft scissors to the half of the fabric, and the male
rapier transfers the weft to the other end of the fabric.
Velvet weaving machines generally work with a negative
weft transfer system. The beating up ensures the
compression of the weft during the weaving process [5].

1.4. Pile Connection Types Used in Velvets

V Connection Type: The pile connection formed on one
weft is called V connection. The weft yarn continues by
skipping one by one. V connection is preferred when a tight
pile layer is desired on the fabric [6].

U Connection Type: The pile connection formed on two
weft yarns is called U connection. It is produced to obtain
sparse pile velvet fabrics compared to V connection [6].

W Connection Type: The pile connection formed on three
wefts is called W connection. It is the preferred connection
type in the production of sparse pile velvet fabrics. The best

result is obtained (on ground fabric) with plain weave
connection [6].

Figure 1. V connection type (left), U connection type (middle), W
connection type (right) for face to face Warp Velvet

2. MATERIAL AND METHOD
2.1. Materials and Devices

2.1.1. Fabrics: Table 1 and Table 2 give information on
velvet fabrics made of 100% polyester and cotton in
different constructions. 8 pieces of 100% polyester and 8
pieces of 100% cotton velvet fabric were produced by
changing the dark-colored parameters over the main fabric
written in light colors in the table.

2.1.2. Chemicals: In the dyeing process, disperse dyestuff
(blue 56, yellow 211 and red 167), reactive dyestuff (blue
221, yellow 145 and red 21), water, salt, soda, acid and
dispersant were used [16].

2.1.3. Devices

Martindale fabric abrasion device is a device with 8
abrasive heads, each head uses a 12 kpa weight for
abrasing, a 140 mm felt and standard fabric chamber, 38
mm sample and foam insertion head, and a electronic
display. In addition, 38 mm and 140 mm cutters are
available separately from the device as spares [30, 31, 32].

Drying oven, (Thermal brand) is a device with an
independent safety thermostat that can dry at the desired
temperature between 0-200°C. The volume of the device is
53 liters. The inner surface of the device is stainless steel,
and the temperature indicator is digital.

TEKSTIL ve KONFEKSIYON 34(4), 2024
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Table 1. Polyester fabric properties.

%100 Polyester Fabric Sample: 1-8 Production Method: Face to face weaving

300/72 polyester (150/72-450/432 denier)
300/288 denier polyester
300/288 denier polyester

Yarn type and count used in weft

Yarn type and count used in warp

Yarn type and count used in pile

Weft density 20 picks/cm (22-24 picks/cm)
Warp density 25 picks/cm
Pile height 2 mm (3-4 mm)

Pile connection type

W (V)
Vir Vande Wiele

Produced machine type

Table 2. Cotton fabric properties

%100 Cotton Fabric Sample: 9-16 Production Method: Face to face weaving
6/1 Ne cotton (12-20 Ne)

Yarn type and count used in weft

Yarn type and count used in warp

30/2 Ne cotton

Yarn type and count used in pile

28/2 Ne cotton

Weft density 15 picks/cm (11-13 picks/cm)
Warp density 19 picks/cm
Pile height 2 mm (3-4 mm)

Pile connection type

V(W)

Produced machine type

Vtr Vande Wiele

Table 3. Polyester and cotton velvet fabrics codes

Polyester Fabrics

Codes

Cotton Fabrics

Codes

Polyester/20 (picks/cm) density/300
denier weft/2 mm pile height/W pile
connection (Sample 1)

P/20 pck/300 D wi2 p
h/iWpc

Cotton/15 (picks/cm) density/6-1 Ne
weft/2 mm pile height/V pile
connection (Sample 9)

C/15 pck/6-1 Ne wi2 p
hiVpc

Polyester/22 (picks/cm) density/300
denier weft/2 mm pile height/W pile
connection (Sample 2)

P/22 pck/300 D w/2 p
h/Wpc

Cotton/13 (picks/cm) density/6-1 Ne
weft/2 mm pile height/V pile
connection (Sample 10)

C/13 pck/6-1 Ne w/2 p
h/Vpc

Polyester/24 (picks/cm) density/300
denier weft/2 mm pile height/W pile
connection (Sample 3)

P/24 pck/300 D w/2 p
h/Wpc

Cotton/15 (picks/cm) density/6-1 Ne
weft/3 mm pile height/V pile
connection (Sample 11)

C/15 pck/6-1 Ne w/3 p
h/Vpc

Polyester/20 (picks/cm) density/150
denier weft/2 mm pile height/W pile
connection (Sample 4)

P/20 pck/150 D w/2 p
h/iWpc

Cotton/15 (picks/cm) density/6-1 Ne
weft/4 mm pile height/V pile
connection (Sample 12)

C/15 pck/6-1 Ne w/4 p
hiVpc

Polyester/20 (picks/cm) density/450
denier weft/2 mm pile height/W pile
connection (Sample 5)

P/20 pck/450 D wi2 p
h/iWpc

Cotton/11 (picks/cm) density/6-1 Ne
weft/2 mm pile height/V pile
connection (Sample 13)

C/11 pck/6-1 Ne wi2 p
h/iVpc

Polyester/20 (picks/cm) density/300
denier weft/3 mm pile height/W pile
connection (Sample 6)

P/20 pck/300 D w/3 p
h/Wpc

Cotton/15 (picks/cm) density/12-1 Ne
weft/2 mm pile height/V pile
connection (Sample 14)

C/15 pck/12-1 Ne w/2 p
h/iVpc

Polyester/20 (picks/cm) density/300
denier weft/4 mm pile height/W pile
connection (Sample 7)

P/20 pck/300 D w/4 p
h/Wpc

Cotton/15 (picks/cm) density/20-1 Ne
weft/2 mm pile height/V pile
connection (Sample 15)

C/15 pck/20-1 Ne w/2 p
h/iVpc

Polyester/20 (picks/cm) density/300
denier weft/2 mm pile height/V pile
connection (Sample 8)

P/20 pck/300 D wi2 p
h/Vpc

Cotton/15 (picks/cm) density/6-1 Ne
weft/2 mm pile height/W pile
connection (Sample 16)

C/15 pck/6-1 Ne wi2 p
h/Wpc
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Table 4. Polyester and cotton velvet fabrics samples

 EEN

[+ 74.65 %938 [~ 64.38 [~ 35.05 [~ 38.84
- _-.| i 8
e
Sample 1 Sample 9
polyester (raw) 30000 rpm 75000 rpm 50000 rpm cotton (raw) 10000 rpm 15000 rpm 20000 rpm

Mass loss  2.34% Mass loss  3.48% Mass loss  6.19% Mass loss  27.00% Mass loss  28.15% Mass loss 30.75 %

. n ]

L*60.27 L*37.10

Sample 10 @

30000 rpm 45000 rpm 60000 rpm cotton (raw) 10000 rpm 15000 rpm 20000 rpm
Mass loss  1.42% Mass loss ~ 2.66% Mass loss  4.28% Mass loss ~ 29.34% Mass loss  30.85 % Mass loss  33.77 %

T EN

L* 60.59 L*24.25 L*34.02
[ - —

E
!

Sample 2
polyester (raw)

L*73.29 L*3.75 L* 26.26

¥ \

Sample 11

Sample 3
polyester (raw) 30000 rpm 25000 rpm 50000 rpm cotton (raw) 10000 rpm 15000 rpm 20000 rpm

Mass loss 1.30% Mass loss 2.32% Mass loss 3.44% Mass loss  28.49% Mass loss  29.57 % Mass loss  31.07 %

- n

L*12.12

-~

L*29.19
N

L* 61.40 L* 36.36 L* 35.12

Sample 4
polyester (raw)

Sample 12
cotton (raw)

30000 rpm 45000 rpm - 60000 rpm
Mass loss  3.70% Mass loss  8.46% Mass loss 13.87 %

10000 rpm 15000 rpm 20000 rpm
Mass loss 29.25 % Mass loss 30.25 % Mass loss  31.57%

~ L*75a8  1*1375  L*3138 T U*e385  1*3809  L*4069 85 L* 38.09 L* 40. 69
Sample 5 S ample 13 ;
polyester (raw) cotton (raw) : g

30000 rpm 45000 rpm 60000 rpm
Mass loss 1.98% Mass loss 3.59% Mass loss 4.77 %

10000 rpm 15000 rpm 20000 rpm
Mass loss  27.13% Mass loss  30.38% Mass loss 34.62 %

L" 64.30 L* 27. 63 L*38.42
»

ISarr:ple 6 Sample 14
olyester (raw,
poly! (raw) 30000 rpm 45000 rpm 50000 rpm cotton (raw) 10000 rpm 15000 rpm 20000 rpm

Mass loss 3.16% Mass loss  4.43 % Mass loss 7.17 %

N
Sample 15

30000 rpm 45000 rpm 60000 rpm cotton (raw) 10000 rpm 15000 rpm 20000 rpm
Mass loss  5.02% Mass loss  6.47 % Mass loss  9.28 % Mass loss  36.62% Mass loss  38.52% Mass loss  41.33%

Mass loss 32.59 % Mass loss 35.42 % Mass loss  38.66%

S as

L* 65. 00 L* 43.35

Sample 7
polyester (raw)

i

P b 0 b

g

- 7332 662 3059 [-67.28 L*38.78 L+47.69
s -
poly! 30000 rpm 45000 rpm 60000 rpm cotton (raw) 000 1pm o0 m 20000 b

Mass loss  5.07% Mass loss  8.31% Mass loss  11.21% Mass loss  3.93% Mass loss  5.77 % Mass loss  7.42 %
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Digital weighing is a laboratory type precision scale of 210
g capacity, Ohaus pioneer type, with internal calibration,
glass protection that can be opened from three sides, an
LCD display, and a weighing 4.5 kg.

Spectrophotometer device, Konica Minolta CM-3600D is
used for reflectance measurement. The device, which works
in D/8° sphere geometry, works with quality control or
prescription software connected to the computer.

Laboratory type dyeing machine, Thermal brand is a
sample dyeing machine with 12x180 cc tube number, 380
V 50/60 Hz heat and time control, 5200 W power and a 26
It internal volume.

Gloss meter, Konica Minolta MG 268A is an ultra compact
and portable gloss meter that can measure all glossy
surfaces from matte to high gloss with three angles of 20°,
60° and 85°. All features such as language settings,
calibration, measurement and statistics can be performed
with two operating keys.

2.2. Experimental
2.2.1. Abrasion process

The device was operated according to the determined number
of rotations (10-15-20 thousand rotations for cotton and 30-
45-60 thousand rotations for polyester), and the weight loss
of the test samples was determined at the end of the rotation.
(% Abrasion) Mass loss (%) = (m;-my) / m; was determined
as the my sample weight before test (grams), the m, sample
weight after the test (grams) [28, 29, 34].

2.2.2. Dyeing process

16 samples (8 cotton and 8 polyester) of cotton fabrics were
dyed with reactive blue 221, yellow 145 and red 21, and
polyester fabrics were dyed with disperse blue 56, yellow
211 and red 167 in a laboratory dyeing machine (Thermal).

-ge
: T
B
-
Ea | 1% 'min I [l 2 Sedium ( ubocalc]\
2]
fF & [
£
= ! T {
Dvestull | Nal ||[l 2 Sodium ( uhu--u]
Material
Aurkiaries
Time (min)

Figure 2. Reactive dyeing of cotton fabrics
2.2.2.1. Dyeing cotton velvet fabric
The dyeing process was carried out with 100% cotton fabric

samples (10 g), with 1% dyeing in the sample dyeing
machine (Thermal) at a flotte ratio of 1:10 according to the

impregnation method. Dyeing was carried out in separate
tubes of 25gr/It soda and 60gr/It salt reactive yellow 145,
red 21 and blue 221 at 75°C for 60 minutes. The dyeing
diagram is shown in Figure 2 [12, 13, 14].

Dyeing Temperature °C

s L3
|
Dyestuff Dispersing I Acetic Acid I
Material Agent
Auxiliaries
Time (min)

Figure 3. Disperse dyeing of polyester fabrics

2.2.2.2. Dyeing polyester velvet fabric

The dyeing process was carried out with 100% polyester
fabric samples (10 g), with 1% dyeing in the sample dyeing
machine (Thermal) at a flotte ratio of 1:10 according to the
exhaustion method. Dyeing was carried out in disperse
yellow 211, red 167 and blue 56 tubes in separate tubes at
135°C for 60 minutes. The dyeing diagram is shown in
Figure 3 [9, 19, 20, 33].

2.2.3. Gloss measurement

The light emanating from the light source inside the device
was reflected from the velvet fabric surface at a certain
angle (such as 20, 60 and 85°) and reached the sensors on
the other side of the glossmeter. Thus, the ratio of the
amount of light reflected from the velvet fabric surface to
the amount of light coming from the device source was
measured. The resulting numerical value has been
converted to a Gloss Unit (GU), which is a luminance unit.
A flat black glass with a refractive index value of 1.567 was
used for calibration purposes according to ASTM D523
standards. The measured value for this standard is 100
Gloss Units (GU). It is used for 85° low gloss (matt), 60°
medium gloss and 20° high gloss in gloss angles.

2.2.4. SPSS 20 statistics program

Percent abrasion resistance values obtained with the
Martindale test device were evaluated separately for 100%
cotton velvets and polyester velvets. Density-number of
rotation, pile height- number of rotation, weft yarn count-
number of rotation and pile connection type- number of
rotation relationships were evaluated with SPSS two-way
anova analysis for 100% cotton and polyester fabrics using
the percent abrasion results in Martindale. L (lightness)
values obtained with spectrophotometer devices were
evaluated separately for 100% cotton velvets and polyester
velvets. Density-color, pile height-color, weft yarn count-
color and pile connection type-color relationship were
evaluated with SPSS two-way anova analysis for 100%
cotton and polyester fabrics using L results in a
spectrophotometer.
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3. RESULTS AND DISCUSSION

3.1. Investigation of Parameters Affecting the Abrasion
Resistance of 100% Cotton Velvet Fabrics

3.1.1. Effect of weft density on abrasion

In Figure 4, the increase in the weft density as 11, 13 and
15 picks/cm values increased the abrasion resistance of the
velvet fabrics at 10, 15 and 20 thousand rotations and
caused less mass loss. It is thought that the interaction of
pile yarns with weft and warp yarns increases with
increasing density. The closer the weft and warp yarns are
to each other, the better the pile yarns will be attached to
the fabric ground. In the literature [7,21] shirting fabrics
were exposed to abrasion resistance and similar results
were found when the density increased. The results showed
that fabrics using 2 yarn sets (weft and warp) and velvets
using 3 yarn sets (weft, warp and pile) overlapped with
each other.

In the Post Hoc test, there were close values between 11
and 13 picks/cm for weft density in the subsets, there was
no significant difference (p=0.070>0.05) but there was a
significant difference between 11 and 15 picks/cm values
and 13 and 15 picks/cm values in the subsets
(p=0.00<0.05).

3.1.2. Effect of weft yarn count on abrasion

In Figure 5, the increase in the weft yarn count as 6, 12 and
20 Ne weft yarn count values decreased the abrasion
resistance of the velvet fabrics in 10, 15 and 20 thousand
rotations and caused more mass loss. It is thought that the
connection of the pile yarns with the fabric ground
decreases with the thinning of the weft yarns. For the same
density value, increasing the weft yarn count (thinning the
yarns) will create more gaps between the weft yarns. This
gaps will reduce the pile-ground connection. The abrasion
resistance increases as the yarn used for weft and warp in
woven fabrics becomes thinner and the twist increases [22,
35, 36]. However, the thinning of the weft and warp yarns
on the ground reduced the connection of the pile yarns and
increased the amount of abrasion.

In the Post Hoc test, there was a significant difference in 6,
12 and 20 Ne values in the subsets (p=0.00<0.05).

3.1.3. Effect of pile height on abrasion

In Figure 6, with the increase pile height as 2, 3 and 4 mm
values the abrasion resistance of velvet fabrics in 10, 15 and
20 thousand rotations decreased. As the pile height
increases, the connection distance of the pile yarns with the
fabric ground increases and these free ends abrade more. In
literature, when pile heights increase by 0.5-1.0, 2.0-4.0
mm, the abrasion first increases and then decreases to reach

the optimum value so it is thought that the abrasion may
increase with the increase in pile height. With the available
data, it is not known in which interval the optimum value is.
However, it is thought to be between 1.0 and 2.0 mm. In
order to determine the optimum pile height in abrasion, it
will be more accurate to examine the abrasion by making
studies with very repetitive, close to each other and wide
range pile heights [23, 37].

Rotations
—%-10000
-8-15000
<>-20000

Abrasion (%)

T T
n n 15
Density (picks/cm)

Figure 4. Weft density variation-(%) abrasion in cotton velvets.
(comparison sample 9-10-13)
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Figure 5. Weft yarn count variation-(%) abrasion in cotton
velvets. (comparison sample 9-14-15)

There was a significant difference in the subsets of 2, 3 and
4 mm values used in the Post Hoc test (p= 0.00<0.05).

3.1.4. Effect of pile connection type on abrasion

In Figure 7, VV and W connection types used in 100% cotton
warp velvets, V connection pile velvets abraded more,
while W connection pile fabrics abraded less. This result is
thought to be that the W connection makes a better stronger
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connection to the velvet fabric ground compared to the V
connection and therefore is abraded less. While pile
connection type W is more difficult to move away from the
fabric ground because it attaches to the fabric ground from
two separate points,the pile connection type V connects to
the fabric ground from a single point, it is easier to move
away from the fabric ground. In literature, it was concluded
that plain fabrics are less abraded than twill and satin
fabrics [8,24,25]. As the reason for this, it was explained
that the increase in the number of connections between the
weft and warp yarns reduces the abrasion.

Before examining the effect of the parameters that make up
polyester velvet fabrics on abrasion, when the effect of
cotton fabrics on abrasion as raw material compared to
polyester fabrics was examined, it was seen that cotton
fabrics exposed more abrasion in literature [26,27].
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i
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Figure 6. Pile height variation-(%) abrasion in cotton velvets
(comparison sample 9-11-12)
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£ 20004
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00
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Figure 7. Pile connection variation-(%) abrasion in cotton velvets.
(comparison sample 9-16)

3.2. Investigation of Parameters Affecting the Abrasion
Resistance of 100% Polyester Velvet Fabrics

3.2.1. Effect of weft density on abrasion

In Figure 8, the increase in the density values as 20, 22 and
24 picks/cm increased the abrasion resistance of velvet
fabrics at 30, 45 and 60 thousand rotations and caused less
mass loss. As in cotton velvets, the interaction of pile yarns
with ground yarns increases with the increase in density in
polyester velvets, and accordingly, less abrasion is
observed.

In the Post Hoc test, there was a significant difference in
the subsets of 20, 22 and 24 picks/cm values
(p=0.00<0.05).
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Figure 8. Variation of weft density-(%) abrasion in polyester velvets.
(comparison sample 1-2-3)
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Figure 9. Weft yarn count change-(%) abrasion in polyester velvets.
(comparison sample 1-4-5)
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Figure 10. Pile height variation-(%) abrasion in polyester velvets
(comparison sample 1-8)
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Figure 11. Pile connection variation-(%) abrasion in polyester
velvets (comparison sample 1-6-7)

3.2.2. Effect of weft yarn count on abrasion

In Figure 9, the increasing weft yarn count values as 150,
300 and 450 denier increased the abrasion resistance of the
velvet fabrics at 10, 15 and 20 thousand rotations and
caused less mass loss. As in cotton velvets (decreasing Ne),
the increasing yarn count (increasing denier) of the weft
yarns in polyester velvets has led to an increase in the
connection of the pile yarns with the ground and a decrease
in abrasion. The change in raw material only changed the
abrasion resistance values. While cotton velvets had a lot of

abrasion at low rotations, polyester velvets had much less
abrasion.

In the Post Hoc test, there was no significant difference
between the subsets at 300 and 450 denier values
(p=0.130>0.05). There was a significant difference between
150 and 300 and 300 and 450 denier weft yarn counts in the
subsets (p=0.00<0.05).

3.2.3. Effect of pile height on abrasion

In Figure 10, the increasing pile height values as 2, 3 and 4
mm decreased the abrasion resistance of the velvet fabrics
at 30, 45 and 60 thousand rotations and caused more mass
loss. As the pile height increases, the connection distance of
the pile yarns with the fabric ground increases and these
free ends abrade more. The increase in pile height in cotton
velvet fabrics decreased the abrasion resistance. A similar
situation was observed in polyester fabrics.

In the Post Hoc test, there was a significant difference in
the 2, 3 and 4 mm values used in the subsets (p=
0.00<0.05). As the pile height increased, a statistically
significant increase was observed in the percentage
abrasion resistance values.

3.2.4. Effect of pile connection type on abrasion

In Figure 11, V and W connection types used in 100%
polyester warp velvets, V pile velvets abraded more, while
W pile fabrics abraded less. It is similar to the result of W
pile connection, which is one of the pile connection types
made for cotton velvets, in the form of better connecting to
the fabric and less abrasion compared to the V connection.

3.3. Investigation of Parameters Affecting the Color
Properties of 100% Cotton Velvet Fabrics

The interaction test between the weft density, weft yarn
count, pile height, pile connection type and color
independent variables and the dependent variable L*
(lightness) in cotton velvets are examined in the F value
(ANOVA table) the color factor has a very large effect
compared to other independent factors. Among the factors
affecting the L* value, other factors besides the color factor
are negligible. Color measurements were made by carding
the piles in the same direction. The effect of pile connection
type and pile height is slightly higher on the L* value
compared to weft density and weft yarn count.

In the post hoc test, the color had a significant effect on the
L* value (significance value 0.000<0.05).
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Table 5. Martindale (abraison percentage) test results of polyester and cotton velvet fabrics.

[%2] [72] [%2] [72] " (%2}
85 85 88 85 85 85
Codes 8 5 8 5 g § Codes g 5 S; E g 5
™M O < o © o — O — O AN o
P [ P [ S P
Mean 2.34 3.48 6.19 Mean 27.005 28.157 30.755
P/20 pck/300 d w/2 C/15 pck/6-1 Ne
b hiW pc SD 0.38 0.206 0.405 W2 phiV pc SD 0.157 0.799 1.186
%CV 16.242 5.928 6.538 %CV 0.58 2.837 3.855
Mean 1.426 2.663 4.289 Mean 29.341 30.852  33.778
P/22 pck/300 d w/2 C/13 pck/6-1 Ne
b h/W p ¢ SD 0.026 0.388 0.227 w2 phiV p ¢ SD 0.236 1.04 0.747
%CV 1.858 14.585 5.29 %CV 0.804 3.373 2.211
Mean 1.304 2.321 3.445 Mean 28.49 29.574 31.078
P/24 pck/300 d w/2 C/15 pck/6-1 Ne
b h/W p ¢ SD 0.076 0.157 0.459 w3 phiV pc SD 0.235 0.304 0.198
%CV 5.849 6.777 13.316 %CV 0.827 1.028 0.638
Mean 3.701 8.467 13.879 Mean 29.252 30.254 31575
P/20 pck/150 d w/2 C/15 pck/6-1 Ne
b hW p c SD 0.164 1.09 1.07 W/4p hV p e SD 0.124 0.208 0.596
%CV 4421 12.868 7.712 %CV 0.426 0.687 1.888
Mean 1.982 3.594 4,778 Mean 29.889 32.07 34.625
P/20 pck/450 d w/2 C/11 pck/6-1 Ne
0 h/Wp e SD 0.16 0.484 0.075 wi2 phIV pc SD 0.517 0.334 1.142
%CV 8.059 13.457 1.577 %CV 1.731 1.04 3.298
Mean 3.164 4.438 7.179 Mean 32.597 35.427 38.669
PIOpckiS00d W3 gy 937 0ogg 014  COPCKAZINe o o0 0611 0658
ph/Wpc wi2phiVpc
%CV 7.484 1.989 2.067 %CV 0.835 1.725 1.703
Mean 5.024 6.474 9.288 Mean 36.624  38.526  41.332
P/20 pck/300 d w/4 C/15 pck/20-1 Ne
b hiW p c SD 0.19 0.335 0.291 W2 phiV pc SD 0.74 1.162 0.195
%CV 3.785 5.167 3.133 %CV 2.021 3.015 0.471
Mean 5.07 8.317 11.214 Mean 3.932 5.778 7.43
P/20 pck/300 d w/2 C/15 pck/6-1 Ne
phiVpe SD 0.386 0.226 0.916 wi2 p h/W p ¢ SD 0.14 0.073 0.276
%CV 7.614 2.714 8.169 %CV 3.562 1.272 3.71
. coler color
Wae y<llow yellow
A A W— k&
A A z :39 & z :l:e
00,00 & raw 50,004 & raw
0001
" % w00
= 2
3 5
0,00 <
40,00+
0,00 o:*ﬁ_;__.___“‘x; .\/
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Figure 12. Weft density - L* in cotton velvets.9-10-13
(comparison sample 9-10-13)
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T
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Yarn Count (Ne)

=+

Figure 13. Weft yarn count - L* in cotton velvets.
(comparison sample 9-14-15)
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Figure 14. Pile height - L* in cotton velvets.
(comparison sample 9-11-12)

In Figures 12, 13, 14 and 15 the L* values of 100% cotton
raw velvet fabrics are close to each other and vary between
83 and 84. Weft density, weft yarn count, pile height and
pile connection type parameters have little effect on the L*
value. A similar situation was observed in yellow cotton
velvet fabrics. L* values were found to vary between 61
and 65. The effect of the production parameters on the L*
value is more pronounced in red and blue cotton velvet
fabrics. However, since this effect did not appear in a
significant way in the graphics, no interpretation could be
reached.

3.4. Investigation of Parameters Affecting the Color
Properties of 100% Polyester Velvet Fabrics

In polyester velvets, as in cotton velvets, the relationship
between weft density, weft yarn count, pile height, pile

—— caler
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yillou
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-
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Figure 16. Weft density - L* in polyester velvet.
(comparison sample 1-2-3)
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Figure 15. Pile connection - L* in cotton velvet.
(comparison sample 9-16)

connection type and color was tried to be determined.
While all other variables constitute the independent
variables, L* was examined as the dependent variable. The
F value (ANOVA table) of the interaction test between the
variables show that the color factor has a great effect
compared to other independent factors, as in cotton velvets.
Among the factors affecting the L* value, besides the color
factor, other factors are much less important. The same
measurement method was used for cotton velvets and
polyester velvets, and color measurements were made by
carding the piles in the same direction. The effect of pile
connection and pile height is slightly higher on the L* value
than weft density and weft yarn count parameters.

In the post hoc test, the color had a significant effect on the
L* value (significance value p=0.000<0.05).

190001 coler
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Figure 17. Weft yarn count - L* in polyester velvet.
(comparison sample 1-4-5)
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Figure 18. Pile height - L* in polyester velvet.
(comparison sample 1-6-7)

In Figures 16, 17, 18 and 19 the L* values of 100%
polyester raw velvet fabrics are close to each other and vary
between 85 and 86. Since an undyed textile material
reflects almost all of the incident light, it appears white
under white light. In general, the structure of synthetic
fibers is smoother than that of natural fibers and natural
fibers often tend to curl. Because of this, more uniform
reflection occurs on the surfaces of synthetic fibers and
therefore they are more shiny [11]. Weft density, weft yarn

| color

|- Bime
|- red
| & rw

L (lightness)

Pile Connection
Figure 19. Pile connection - L* in polyester velvet.
(comparison sample 1-8)

count, pile height and pile connection type parameters have
little effect on the L* value. A similar situation was
observed in yellow polyester velvet fabrics and L* values
varied between 73 and 74. The effect of the production
parameters examined on the L* value is more pronounced
in red and blue polyester velvet fabrics. However, this
effect did not cause a change in the direction of decrease or
increase as seen in the graphs.

Table 6. Spectrophotometer test results of cotton velvet fabrics.

L* a* b* C* h L* a* b* C* h

yellow 64.38 28.05 69.51 74.96 68.03 yellow 63.85 27.26 70.14 7525 68.76

C/15pck/6-1 Ne blue 3505 -0.61 -28.23 28.24 268.76 (C/11pck/6-1Ne blue 3809 -107 -28.81 2883 267.89
w/i2phiVpc red 38.84 5474 -335 54.84 35649 W/2phVpc red 40.69 5442 -559 5474 354.12

raw 8446 030 892 893 88.07 raw 8438 015 7.92 7.92 88.93

yellow 60.27 30.17 73.63 7958 67.74 yellow 64.30 26.68 68.13 73.17 68.62

C/13 pck/6-1 Ne blue 37.10 -0.29 -28.30 28.30 269.41 C/15 pck/12-1 Ne blue 27.63 0.65 -26.44 26.45 271.42
wi2phiVpec red 39.46 5452 -399 54.69 35581 W/2phVpc red 3842 5460 -3.74 5474 356.08

raw 8407 015 805 805 88.95 raw 8458 005 7.91 7.91 89.67

yellow 60.59 3153 7225 78.83 66.42 yellow 65.00 28.28 7058 76.04 68.18

C/15pck/6-1Ne blue 2425 249 -2858 28.69 274.99 (C/15pck/20-1Ne blue 37.04 -1.22 -2862 28.65 267.58
wiB3ph /Vpc  red 3402 5699 265 57.05 266 W/2ph/Vpc red 4335 5328 -7.04 53.76 352.47

raw 8439 023 880 880 8852 raw 8562 -056 6.03 6.05 95.36

yellow 61.40 31.03 7239 78.76 66.80 yellow 67.28 22.74 6326 67.23 70.23

C/15pck/6-1 Ne  blue  36.36 -0.65 -28.92 28.93 268.70 (C/15pck/6-1 Ne  blue 3878 -0.20 -27.24 27.24 269.56
w/dph/Vpc red 3512 5655 0.31 5656 24032 W/2ph/Wpc red 47.69 50.69 -7.87 51.30 351.17

raw 84.97 024 870 870 88.45 raw 84.03 050 9.01 9.02 86.82
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Table 7. Spectrophotometer test results of polyester velvet fabrics.

L* a* b* c* h L*  a* b* c* h
yellow 74.65 2.97 10560 10565 88.39 yellow 7518 1.42 104.18 104.19 89.22
P/20pck/300D  blue  9.38 10.28 -29.96 31.68 28895 pipopck/4s0Dw Dblue 1375 1085 -32.96 3470 288.22
w/2ph/Wpc red 3386 56.92 2932 6406 27.21 l2ph/Wpec red 3138 57.94 3465 6751 30.88
raw 8535 -0.33 0.6 038 154.04 raw 8417 -042 054 069 127.75
yellow 7340 508 107.75 107.87 87.30 yellow 74.15 354 106.96 107.02 88.11
P/22pcki300D  blue 549 1077 -27.17 2923 29151 pjpopck/300 Dw  blue 529 1148 -27.93 3020 29232
w/2ph/Wpc red 2641 5723 3832 6887 3381 BphWpec red 2845 5793 37.90 6923 33.19
raw 8543 -033 046 057 126.15 raw 8534 -032 016 036 154.09
yellow 7329 541 10879 108.92 87.15 yellow 72.82 554 107.20 107.34 87.04
Pl24pck/300D  blue 375 719 -21.11 2230 28880 pjgpck/300Dw blue 498 939 2726 28.84 289.02
w/2ph/Wpc red 2626 57.07 3748 6828 33.29 lAph/Wpec red 2793 5569 3507 6583 3214
raw 8500 -0.37 024 044 147.68 raw 8574 -036 014 039 15844
yellow 74.74 3.10 104.39 104.43 88.30 yellow 7332 378 10495 10502 87.95
P/20pck/l50D  blue 1212 1085 -3449 36.17 28754 pjopck/300Dw blue  6.62 10.38 -28.82 3064 289.85
wW/2phWpc  red 2919 5814 3739 69.13 3275 l2phiVpc red 3059 56.41 30.82 64.28 28.66
raw 8538 -026 009 028 161.00 raw 8588 -032 032 048 14159

3.5. Investigation of Parameters Affecting Gloss Values
of 100% Cotton Velvet Fabrics

3.5.1. Effect of fabric construction on gloss

Gloss values of cotton velvet fabrics are shown in Table 9.
The increasing pile height (2, 3 and 4 mm) caused a
decrease in gloss values in all three angles (20°, 60° and
85°) in both undyed and reactive yellow 145, red 21 and
blue 221 dyed velvet fabrics. As the pile height decreases, a
flatter pile surface is formed and it is thought that this pile
surface reflects light better.

In addition, the gloss value of W pile fabrics in pile
connection types was higher than the gloss value of V pile
velvet fabrics in all three angles. The change in other
production parameters (weft density, weft yarn count) did
not have a significant effect on gloss values. In our opinion,
since the ground is seen more clearly in W pile velvets, it
reflects the light better and looks brighter than V pile
velvets.

3.5.2. Effect of color change on gloss

Gloss values of cotton velvet fabrics in Table 9, gloss
values of raw and reactive yellow 145 dyed velvet fabrics
were found to be higher at all measurement angles (20°, 60°
and 85°) than gloss values of velvet fabrics dyed with
reactive red 21 and blue 221 colors.

3.6. Investigation of Parameters Affecting the Gloss
Value of 100% Polyester Velvet Fabrics

3.6.1. Effect of fabric construction on gloss

Gloss values of polyester velvet fabrics in Table 10, the
increase in pile height (2, 3 and 4 mm) caused a decrease in
gloss values of raw and disperse dyed velvet fabrics in all
three angles (20°, 60° and 85°). In addition, the gloss value
of W pile fabrics in pile connection types is higher than
gloss value of V pile velvet fabrics in all three angles. The
change in other production parameters (weft density, weft
yarn count) did not cause a significant change in gloss
values. The same comment made for cotton fabrics in 3.7.1
is valid for polyester fabrics.

Table 9. Glossmeter test results of cotton velvet fabrics.

Red Blue Yellow Raw

20° 60° 85° 20° 60° 85° 20° 60° 85° 20° 60° 85°
C/15 pck/6-1 New/2 ph/V pc 0.10 030 047 000 020 027 040 093 053 100 187 0.70
C/13 pck/6-1 New/2 ph/V pc 0.10 030 047 000 023 033 040 093 063 100 167 0.50
C/15 pck/6-1 New/3ph/Vpc 0.10 030 043 0.00 0.17 047 040 097 053 100 190 0.63
C/15 pck/6-1 New/dph/V pc 0.10 030 050 0.00 027 047 040 087 050 100 173 0.50
C/11 pck/6-1 New/2 ph/V pc 0.17 033 040 000 030 040 040 093 043 100 167 0.23
C/15 pck/12-1 New/2ph/V pc 0.10 037 053 000 023 050 040 090 050 100 167 053
C/15 pck/20-1 New/2 ph/V pc 010 033 020 000 020 020 040 100 060 1.00 163 0.37
C/15 pck/6-1 New/2 ph/W p c 020 040 033 010 030 047 050 100 057 100 12177 050
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Table 10. Glossmeter test results of polyester velvet fabrics.

Red Blue Yellow Raw

20°  60° 85 20° 60° 85" 20° 60° 85" 20° 60° 85
P/20 pck/300Dw /2ph/W pc 0.10 020 020 0.00 0.00 013 070 100 020 120 1.63 0.20
P/22 pck/300Dw /2ph/W pc 0.00 0.10 0.20 0.00 0.00 0.13 0.67 083 020 113 147 0.20
P/24 pck/300Dw/2ph/Wpc 0.03 0.10 0.10 0.00 0.00 013 070 0.93 023 120 147 0.23
P/20 pck/150 Dw /2 ph/W p ¢ 0.07 0.10 0.00 0.00 0.00 010 063 100 020 120 173 0.33
P/20 pck/450 Dw /2 ph/W p ¢ 0.10 0.10 0.10 0.00 0.00 020 080 123 033 117 170 0.33
P/20 pck/300Dw /3ph/Wpc 0.10 0.0 0.17 0.00 0.00 0.17 067 1.00 020 120 163 0.20
P/20 pck/300Dw /4 ph/Wpc 0.00 0.10 020 0.00 0.00 0.03 060 0.87 010 110 157 0.20
P/20 pck/300Dw /2ph/V pc 0.03 0.10 0.17 0.00 0.00 0.00 060 0.97 017 100 137 0.23

3.6.2. Effect of color change on gloss

Gloss values of polyester velvet fabrics in Table 10, the
gloss values of undyed and disperse yellow 211 dyed velvet
fabrics were found to be higher in all three angles (20°, 60°
and 85°) compared to the gloss values of velvet fabrics
dyed with disperse red 167 and blue 56 colors. It is stated in
the literature that color change is not effective on gloss. In
this study, both 100% cotton and 100% polyester velvet
fabrics were glossier in light-colored velvet fabrics than in
dark-colored fabrics.

4. CONCLUSION

According to the test results of 100% cotton and polyester
face to face warp velvet fabrics, it was found that the
increase in weft yarn count (increasing denier/decreasing
Ne), increases the abrasion resistance, while the increase in
pile height decreases the abrasion resistance. When the pile
connection type was examined, W-connected fabrics were
more difficult to abrade than V-connected fabrics. It has
been determined that polyester velvet fabrics are more
difficult to abrade than cotton velvet fabrics. As expected,
the increase in the number of rotations increased the
amount of abrasion on both cotton and polyester velvet
fabrics. In the selection of velvet fabrics to be used as
upholstery, it is recommended to choose high density
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ABSTRACT

This study aims to investigate the effects of various softeners (polyether-modified silicone, amino-
modified silicone, and fatty acid ester) on denim fabric, with a particular focus on their needle
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penetration forces (NPFs). The softening finish was applied according to the impregnation method,
followed by the assessment of NPF using the L&M sewability tester. Fabrics subjected to softener
treatments typically exhibit reduced NPF values compared to the reference fabric. Denim fabrics
treated with polyether-modified silicone exhibited statistically significant differences in NPF values
in both the weft and warp directions compared to the reference fabric. The lowest needle penetration

force (NPF) values were observed in the warp direction of fabrics treated with polyether-modified
silicone. The highest NPF values in both the weft and warp directions were observed in fabrics treated

with fatty acid ester softeners.

1. INTRODUCTION

Finishing encompasses the final stages of the textile
processing sequence, aiming to enhance visual appeal,
tactile experience, or other aesthetic qualities of textiles, as
well as to introduce additional functionalities such as water
repellency or flame retardancy. Softening is recognized as a
widely used chemical textile finishing method. Virtually all
types of clothing and home furnishings textiles are finished
with softeners. A softener is described as an additive that,
when applied to textile materials, enhances their texture,
making them more pleasant to the touch [1]. Textile
softeners can be grouped based on their ionic properties
into anionic, cationic, amphoteric, and nonionic softeners
containing silicones [2]. Silicone softeners can be
categorized into three groups: Reactive Silicone Polymers,
Non-Reactive Silicone Polymers, and Organo-Functional
Silicone Polymers [3]. This study utilized amino-modified
silicone compounds and polyether-modified silicone
compounds, both of which belong to the organo-functional
silicone polymers group. Additionally, a fatty acid ester

KEYWORDS

Softener, needle penetration
force, denim, sewability

softener was used to assess and compare sewability
properties. Fabric softeners are frequently used to enhance
the handle quality of textiles, contributing to properties
such as anti-static behavior, water repellency and
sewability. The quality of garment seams depends on
several factors, including seam strength, seam slippage,
seam puckering, seam appearance, seam efficiency, and
NPF. The process of softening textile fabrics typically
involves reducing the coefficient of friction between the
fibers, filaments, and yarn [1]. A low coefficient of friction
positively affects the sewability of the fabric. Softeners
provide lubrication to the fibers, reduce the coefficient of
friction, enhance fabric smoothness, and may potentially
decrease the glass transition temperature of the polymer.
The lubricating properties of the softeners enhance the
sewability of the fabric by minimizing friction between the
sewing needle and the yarn in the fabric. Sewability is
commonly defined as the ability with which fabric
components can be effectively seamed without causing
damage. One of the parameters used to assess the
sewability of the fabric is the NPF. A high NPF indicates

To cite this article: Giilsen Bakic1 G, Ala DM, Kir ZN. 2024. The effect of softeners on needle penetration forces of fabrics. Tekstil ve
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increased fabric resistance, making the fabric more prone to
damage. Therefore, NPF plays a crucial role in predicting
potential damage during the sewing process [4]. Fabric
construction, fiber type, yarn count, yarn density, fabric
weight, loop length, finishing processes applied to the
fabrics, sewing needle, and machine parameters all play a
role in the sewability of fabrics and NPF values [5-8].
Different methods, such as seam strength, seam slippage,
and seam pucker, are used to determine the sewing quality
of fabrics [9-17]. Measuring the NPF values of fabrics with
the L&M sewability tester is another method used to
determine the sewing quality of fabrics. Recent studies on
NPF can be summarized as follows: Ala & Giilsen Bakici
(2019) investigated the sewability (based on NPF) of 1 x 1
rib knitted fabrics, which were produced with separate yarn
ends. It was found that the number of separate ends and the
stitch density have an influence on the NPF values of 1 x 1
rib knitted fabrics [4]. Boz et al. (2022) determined the
sewing direction, needle point form, needle number, and
sewing speed as variables and performed the sewability test
using the L&M Sewability test device. According to the
acquired data, the needle number emerged as the primary
factor responsible for needle damage during sewing [18].
Atta et al. (2021) developed a new feature to be added to
state-of-the-art sewing machines by studying the effect of
NPF on the motor current. They revealed a correlation of
0.91 between the L&M test results and the results obtained
with the proposed technique [19]. Giilsen Bakici (2019)
Table 1. The properties of the fabrics

introduced varying quantities of sewing facilitator
chemicals into the dye bath of 100% polyester fabric to
examine its sewability characteristics. Consequently, an
increase in the chemical concentration in the dye bath led to
a decrease in NPF values in both the weft and warp
directions, resulting in an improvement in the fabric's
sewability [20]. The aim of this study is to investigate the
effect of different types of softeners on NPF values of
denim fabric.

2. MATERIAL AND METHOD
2.1 Material

The sewability properties of 100% cotton denim fabrics
were measured using different softeners. The properties of
the fabric used in the study are given in Table 1.

Polyether-modified silicone, amino-modified silicone, and
fatty acid ester softeners, each characterized by distinct
chemical compositions and sourced from Eksoy Chemical
Industry, were employed in the softening finishing
treatments of the fabrics (Table 2). The concentrations of
these softeners were meticulously adjusted to achieve
homogeneity, taking into account the quantities of solid
constituents present. Auxiliary chemicals were sourced
from Merck Chemical Industry. Particle sizes and zeta
potentials were measured using the Malvern ZetaSizer
Nano ZS instrument.

Linear density Yarn density (yarns/per cm)

i i i 2
Fabric Weaving type Weight (g/m?) Wort Warp Wort Warp
Denim (100% cotton) 2/1 Z twill 340 Ne 20/2 Ne 30/2 10 12
Table 2. Properties of softeners
. Concentrate  Solid Content Particle
Softener Code  Softener Type View pH (g/L) Size
P1 Polyether-modified silicon Yellow lig. 7.3 5 65 103.5
P2 Polyether-modified silicon Yellow lig. 6.5 5 65 105.2
P3 Polyether-modified silicon Viscous lig. 5.6 5 65 168.3
P4 Polyether-modified silicon Colorless lig. 6.2 20 16 34.1
P5 Polyether-modified silicon Colorless lig. 6.6 20 16 1725
P6 Polyether-modified silicon Yellow lig. 7.5 25 14 515
P7 Polyether-modified silicon Viscous lig. 8.4 25 14 23.9
A8 Amino-modified silicon Colorless lig. 6.5 50 7 2481
A9 Amino-modified silicon White lig. 7.9 50 7 67.1
Al0 Amino-modified silicon White lig. 6.7 50 7 2530
All Amino-modified silicon White lig. 5.7 50 7 487.0
Al2 Amino-modified silicon Colorless lig. 6.4 30 12 74.2
F13 Fatty acid ester White lig. 5.2 50 28 190.0
F14 Fatty acid ester Cream lig. 7.9 50 28 75.0
F15 Fatty acid ester Cream lig. 3.2 50 28 128.0
2.2 Method employing the impregnation method. This process involved

The pH of the softener solutions was adjusted to 5.5. The
softener finishing process was applied to the fabrics

a 1-dip 1-nip cycle within a softener bath, performed using
a padding machine to achieve an approximate 85% wet
pick-up. The denim fabrics were dried at a temperature of
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130°C in the Forlab drying machine. After conditioning of
the denim samples under standard atmospheric conditions
(2042°C and 654+4% RH), Needle Penetration Force (NPF)
values were determined using the L&M sewability tester
(Figure 1).

Each of the five samples, measuring 35 mm x 350 mm,
were prepared in both the weft and warp directions. Two
tests were performed on each sample. Needle Penetration
Force (NPF) represents the average force exerted during
100 needle penetrations in a sewability test. Two tests were
conducted on each of the 5 weft and 5 warp samples
prepared for each fabric, resulting in a total of 10 tests in
both the weft and warp directions. Given that each test
represents the average of 100 needle penetrations, the
Needle Penetration Force (NPF) values in both the weft and
warp directions for each fabric were derived from the mean
value of 1000 needle penetrations. Using a Nm90/14
sewing needle (SES), the apparatus allowed the needle to
penetrate the fabric at a rate of 100 penetrations per minute
along the long edge of the sample. The force values
resulting from the needle penetrating the sample were
measured in gram-force (gf).

Figure 1. L&M sewability tester

3. DISCUSSION

The measured Needle Penetration Force (NPF) values of
the reference fabric, without any softener, and the fabrics
treated with fifteen different softeners are presented in
Figure 2. Typically, fabrics treated with softeners exhibited
reduced NPF values compared to the reference fabric.
Among the fabrics treated with polyether-modified silicone,

Table 3. Homogeneity of variances test results

P1, P2, and P7 showed decreased Needle Penetration Force
(NPF) values in both the weft and warp directions. Due to
their chemical structure, polyether-modified silicones
impart hydrophilic properties to the fabric and penetrate its
inner regions, thereby providing internal softness. Their
inherent capacity for internal softening is particularly
influential. Consequently, lower Needle Penetration Force
(NPF) values have been observed in fabrics treated with
polyether-modified silicones. Among fabrics treated with
amino-modified silicone, A8 and A9 exhibited the highest
Needle Penetration Force (NPF) values in both the weft and
warp directions. Unlike polyether-modified silicons, amino-
modified silicones do not provide inner softness to the
fabric; instead, they form a surface coating on the fabric.
This coating imparts surface smoothness and slipperiness.
The effectiveness of amino-modified silicones in producing
a slippery texture depends on the particle size, with larger
particle sizes providing better surface coverage and a
smoother tactile sensation. In contrast, smaller particle sizes
result in reduced surface slipperiness. For this reason, the
NPF values of the fabrics treated with A8 and A9 softeners,
which have smaller particle sizes, were higher than those of
the other treatments. Analysis of the Needle Penetration
Force (NPF) values of fabrics treated with fatty acid esters
revealed that the F15 softener exhibited the lowest value.
However, upon examining the fabrics treated with fatty acid
esters, no definitive coclusion be drawn regarding the
relationship between NPF values and particle size.

The Needle Penetration Force (NPF) values of denim fabric
demonstrate a normal distribution in both the weft and warp
directions. Homogeneity of variances was assessed using
the Levene test, and the results are presented in Table 3.
The p-values for NPFwarp and NPFweft were calculated as
0.010 and 0.007, respectively, indicating non-uniform
variances. Since the variances are unequal, the Welch test
was conducted to determine whether there are differences
between the groups (Table 4). As shown in Table 4, a
statistically significant difference was observed in the mean
Needle Penetration Force (NPF) values of fabrics treated
with softeners in both the warp and weft directions (p-
value=0.000 <0.05). Consequently, it can be concluded that
there are differences in the avarage NPF values among the
fabric groups in both the weft and warp directions.

Dependent variable Levene Statistic dfl df2 p-value
NPFwarp 3.873 3 156 .010
NPFweft 4221 3 156 .007
Table 4. Welch Test
Dependent variable Statistic dfl df2 P-value Level of significance
NPFwarp 68.944 3 37.414 .000 significant
NPFweft 10.305 3 36.639 .000 significant
450 TEKSTIL ve KONFEKSIYON 34(4), 2024
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Figure 2. NPF means of denim fabrics finished with softeners

Subsequently, Tamhane's post hoc test was performed to
assess group differences, and the results are presented in
Table 5. When evaluating the NPF values in the warp
direction as the dependent variable, it was observed that the
mean NPF values differed significantly between the
reference fabric and the fabric treated with polyether-
modified silicone. However, no statistically significant
difference was observed in the average NPF values between
the reference fabric and fabrics treated with amino-
modified silicone or fatty acid ester. Thus, the reference
fabric, along with fabrics treated with amino-modified
silicone and fatty acid ester softeners, were statistically
grouped together, whereas the fabric treated with polyether-
modified silicone was classified separately.

When the NPF values in the weft direction were evaluated
as the dependent variable, no statistical differences were
observed between the reference fabric and those treated

with other softeners. However, the avarage NPF values in
the weft direction for fabrics treated with amino-modified
silicone were found to differ from those of fabrics treated
with polyether-modified silicone and fatty acid-treated
fabrics.

3-4 Correlations

The relationship between NPF values in the weft and warp
directions, particle size and zeta potential was examined
using Spearman Correlation Analysis. The results are given
in the Table 6. The correlation between particle size and
NPF values in both the warp and weft directions is not
considered significant. In the warp direction, the
relationship between NPF values and zeta potential is found
to be significant, indicating a strong negative correlation
(correlation coefficient = -0.903). Conversely, in the weft
direction, the relationship between NPF values and zeta
potential is not considered significant.
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Table 5. Multiple comparison results

Dependent Variable: NPFwarp

Dependent Variable: NPFweft

Mean Mean
() softener  (J) softener Difference Std. Sig. (I) softener  (J) softener Difference Std. Sig.
type type (1)) Error type type (1)) Error
Polyether- Polyether-
modified 19.17786" 3.288 0.001 modified 1.914 3.944 0.998
silicon silicon
Amino- Amino-
REF modified  7.268 3356 0267 BT modified  8.216 3953 0320
silicon silicon
Fattyacid ;g 3253 0.998 Fattyacid —; 559 3962 1.000
ester ester
REF -19.17786" 3.288 0.001 REF -1.914 3.944 0.998
Polyether- Am‘?“?‘ . Polyether- Am‘!“?' .
i, modified -11.89006 1.652 0.000 o modified 6.30209 1.650 0.001
modified o modified e
o silicon e silicon
silicon Fatty acid silicon Fatty acid
y -20.65352" 1.431 0.000 y -2.942 1.672 0.403
ester ester
REF -7.288 3.356 0.267 REF -8.216 3.953 0.320
Amino- Polyether- Amino- Polyether-
modified qulfled 11.89006 1.652 0.000 modified qulfled -6.30209 1.650 0.001
o silicon e silicon
silicon Fatty acid silicon Fatty acid
y -8.76347° 1582  0.000 y -9.24447° 1693  0.000
ester ester
REF 1.476 3.253 0.998 REF 1.029 3.962 1.000
Polyether- Polyether-
. modified 20.65352" 1.431 0.000 . modified 2.942 1.672 0.403
Fatty acid L Fatty acid L
ester silicon ester silicon
Amino- Amino-
modified 8.76347" 1.582 0.000 modified 9.24447" 1.693 0.000
silicon silicon
Table 6. Spearman Correlation Analysis
Variables NPFwarp NPFweft
. ) Correlation Coefficient 152 .182
Particul size - -
Sig. (2-tailed) .605 533
) Correlation Coefficient -.903" -516
Zeta potential - -
Sig. (2-tailed) .000 .059

4. CONCLUSION

This study investigated the effects of polyether-modified
silicone, amino-modified silicone, and fatty acid ester
softeners on the sewability properties of denim fabrics. The
softening-finishing procedures were applied via the
impregnation method. Following this treatment, Needle
Penetration Force (NPF) values were measured using the
L&M sewability tester, thereby providing data regarding
the sewability attributes of the fabrics.

Fabric construction, comprising variables such as fiber
type, yarn count, yarn density, fabric weight, and loop
length, in conjunction with the diverse finishing processes
applied to the fabrics, the type of sewing needle utilized,
and machine parameters collectively exert an influence on
the sewability and Needle Penetration Force (NPF) values
of fabrics [5-8, 21]. In the L&M sewability test procedure,
the sewing needle penetrates the fabric from bottom to top.

When encountering minimal resistance and smoothly
passing through the threads during insertion, it results in a
decrease in NPF values. The softeners employed in this
study contributed to enhancing the fabric's softness, thereby
facilitating the passage of the needle through the threads
and subsequently reducing the NPF values.

Fabrics finished with a softener generally showed lower
NPF values compared to the reference fabric. The lowest
NPF values were obtained in the warp direction of fabrics
treated with polyether-modified silicone. NPF values of
fabrics treated with softeners having smaller particle sizes
were found to be higher than those of fabrics treated with
amino-modified silicone. The highest NPF values in both
the weft and warp directions were observed in fabrics
treated with fatty acid ester softeners. In the warp direction,
a significant relationship was observed between Needle
Penetration Force (NPF) values and zeta potential,
indicating a strong negative correlation. Conversely, in the
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weft direction, the correlation between NPF values and zeta
potential is insignificant. Subsequent research studies aim
to estimate needle penetration force values by maintaining
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ABSTRACT

In this study, a photocatalytic process was applied as an alternative to conventional hydrogen
peroxide bleaching on 100% cotton fabric. The effects of ZnO nanoparticles and boric acid as
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catalysts were investigated. Additionally, the synergistic impact of boric acid on the well-known
bleaching effect of titanium dioxide nanoparticles was explored. Unlike existing literature, the study
uniquely addressed whether the photocatalytic process, without the use of any catalyst, has a specific
effect, particularly in whitening, on the color spectrum. All conducted photocatalytic processes on
cotton fabrics were compared with conventional hydrogen peroxide bleaching in terms of color

spectra (CIE L*, a*, b*, whiteness indexes) besides the SEM, SEM-EDX, and FTIR-ATR
characterization tests. Moreover, XRD, SEM, and FTIR-ATR analysis results of ZnO nanoparticles
were also shared in this study. After the photocatalytic processes, tearing strenght of all cotton fabrics
were tested. This research is believed to shed light on future studies by evaluating more
environmentally friendly pre-treatment processes in textile industry.

1. INTRODUCTION

Cotton is one of the most widely used and important natural
fibers in the textile industry. It comes from the fibers
surrounding the seeds of the cotton plant (Gossypium), and
it has been used for thousands of years to produce a variety
of textiles. Even though cotton's versatility, comfort, and
natural properties (breathability, absorbancy, comfort etc.)
make it a popular choice for a wide range of textile
products, including apparel, home furnishings, and
industrial uses; it also comes with certain disadvantages,
particularly in its untreated and unprocessed form. Some of
the drawbacks associated with raw cotton are being
contaminated with impurities such as dust, dirt, plant
material, seeds; lack of uniformity which can be varied in
terms of fiber length, fineness, color; presence of natural
waxes and oils can affect the wettability, dyeing process
and the overall quality of the finished product [1,2].
Bleaching is a crucial process in the textile industry that
involves treating raw cotton or cotton fabric with chemicals
to remove impurities, natural color, and other contaminants.
The goal is to achieve a clean, white appearance and
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prepare the cotton for dyeing or further processing.
Common bleaching agents include hydrogen peroxide,
sodium hypochlorite, or chlorine dioxide [3]. Hydrogen
peroxide is considered an environmentally friendly
bleaching agent compared to chlorine-based alternatives.
However, there are some disadvantages of using hydrogen
peroxide in the finishing processes such as energy
consumption because of high temperatures, pH and
temperature sensitivity (higher temperatures generally
increase the bleaching rate, but excessive heat may lead to
fiber damage) and limited bleaching speed besides post-
prossesing such as stabilization which increases the water
consumption overall [4-6]. Researchers are constantly
exploring and developing new bleaching agents to improve
the efficiency, environmental sustainability, and versatility
of the bleaching process in the textile industry.
Photocatalysts, such as titanium dioxide, are materials that
can accelerate chemical reactions under the influence of
light. They are being investigated for their potential to
enhance bleaching processes, particularly in the presence of
ultraviolet (UV) light. When the photocatalyst absorbs

To cite this article: Cigeroglu Z, Omerogullari Basyigit Z. 2024. Photocatalytic Activity of Zinc Oxide Nanoparticles and Boric Acid
for Bleaching Process on Cotton Fabric. Tekstil ve Konfeksiyon, 34(4), 454-466.
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light, it creates electron-hole pairs. These charged particles
can react with water and oxygen in the surrounding
environment to generate reactive oxygen species (ROS),
such as hydroxyl radicals ((OH) and superoxide ions (O,").
The ROS generated by the photocatalyst can break down
organic contaminants, pigments, and other impurities
present in the textile fibers. The oxidative reactions lead to
the degradation of color molecules and the removal of
undesired substances. The photocatalytic process on textiles
involves treating textile materials with photocatalysts and
exposing them to light to achieve various effects, such as
self-cleaning, antibacterial and antifungal properties [7-9].

Zinc oxide nanoparticles (n-ZnO) are commonly used in the
textile industry for various purposes due to its unique
properties. One of the primary uses of its in textiles is as a
UV  blocker. Finishing textiles with zinc oxide
nanoparticles provides the fabric with enhanced UV-
blocking properties. This is especially important in outdoor
clothing, swimwear, and other textiles where protection
from the sun's harmful ultraviolet (UV) rays is desirable.
Zinc oxide has inherent antibacterial and antifungal
properties. Treating textiles with zinc oxide nanoparticles
can impart these properties to the fabric. This is particularly
beneficial in applications where maintaining hygiene and
preventing microbial growth are essential, such as in
medical textiles or sportswear. In the medical field, zinc
oxide nanoparticles have been incorporated into textiles to
aid in wound healing. The antimicrobial properties of zinc
oxide can help prevent infections in wounds. Zinc oxide
nanoparticles can be incorporated into textile fibers or
coatings to create nanocomposites. This integration can
improve the mechanical, thermal, electroconductive and
antimicrobial properties of the textiles [10-14]. The ZnO
photocatalysis mechanism for cotton bleaching shown in
Eq. (1-7) [15, 16].

ZnO+hv—e+h" (1)
e+h"—heat 2)
h"+H,0,4—OHpgs + H" 3)
h"+ OH,g —OHyq, “)
e +0,—0y (%)

02. -+ H02 -+ H+—> H202 + 02 (6)
CnOInI—I(Qn —2m+2) +-OH + 027 — —nCO2 + (n—m+ I)HZO (7)

Boric acid, a weak acid with antifungal and insecticidal
properties, is sometimes used in the textile industry for
specific purposes. Boric acid can be used as a flame
retardant on textiles. When applied to fabrics, it forms a
protective layer that helps reduce the flammability of the
material. This is particularly important for textiles used in
applications where fire safety is a concern. Due to its
antifungal properties, boric acid can be employed as an
antimicrobial treatment for textiles. Boric acid is known for
its insecticidal properties, and it can be used as an insect
repellent on textiles. In textile conservation, boric acid may

be used as a preservative to protect historical textiles from
decay and insect damage [17-21]. Boron doping is known
to enhance photocatalytic activity under visible light by
reducing the bandgap between the photogenerator and the
photocatalyst [22-24]. In accordance with the above data,
we have used it to whiten cotton material under UV-A light
to determine whether boric acid has a direct effect. To the
best of our knowledge and based on the literature, this study
is the inaugural investigation into the photochemical
bleaching process on cotton fiber using ZnO nanoparticles
and boric acid under UV-A source. This study diverges
from existing literature by exploring an alternative
approach to the conventional bleaching process for
untreated cotton fabrics. The focus is on investigating the
photocatalytic bleaching effects of boric acid and zinc
oxide nanoparticles on raw cotton fabrics. Additionally, the
study delves into the synergistic impacts on whiteness
indexes when boric acid is combined with titanium dioxide
nanoparticles (n-TiO,), renowned for their nano-sized
bleaching effects. One distinctive aspect of this article
compared to many other photocatalytic textile studies in the
literature is the exploration of the impact of the
photocatalysis process itself on bleaching, without the use
of any catalyst.

2. MATERIAL AND METHOD
2.1 Material

Boric acid (99.8%) was supplied from Alfa Aesar. NaOH
and HCl were purchased from Sigma Aldrich. ZnO
(99.99%, 18 nm) and TiO, (99.99%, 28 nm, anatase)
supplied from Nanografi, Turkey. The technical
specifications of the ZnO nanoparticles, TiO, nanoparticles,
H;BO; were detailed in Table 1. In our experimental
investigations, 100% woven cotton fabrics (weighing 145
g/m”) consisting of Ne 20/1 fine yarns were sourced from
Ege Ozteks Tekstil, located in Usak, Turkey. To conduct
the pre-treatment procedures, we acquired alpha-amylase
desizing enzyme, NaOH (48 B¢), and a wetting agent from
Alfa Kimya, Turkey.

2.2 Method

As part of the pre-treatment phase, following the desizing
procedure conducted using a pad-batch machine (Babkok)
with an 80% wet-pick-up ratio employing 2g/L of alpha-
amylase desizing enzyme and 1 g/L of wetting agent, a
solution of 30 g/ NaOH (48 Bé) was applied to the cotton
fabrics using the same machine. This step aimed to boost
the hydrophilicity of the materials, as per the industrial
standards of the supplier company (Ege Ozteks Tekstil).
The homemade photocatalytic system is shown in Figure 1.
There are 15 Watt UV-A lamps (Osram L Blue UVA L
15W/78) each in the system and the system is galvanised.
The system was previously homemade and its shape was
shown in the previous publication [25].

TEKSTIL ve KONFEKSIYON 34(4), 2024

©0le)

455



Table 1. Technical Properties of n-ZnO, n-TiO, and Boric acid

Technical data of ZnO

Purity (%) 99.5

Average Particle Size (nm) 18

Morphology nearly spherical

Color white

Specific Surface Area (m*/g) 20.0-65.0

Crystal Phase single crystal

True Density (g/cm’) 5.5

Elemental Analysis (%) Mn Cu Pb
0.0002 0.0004 0.001

Technical data of n-TiO,

Purity (%) 99.995

Average Particle Size (nm) 28

Color white

Specific Surface Area (m”/g) 55.00

pH 5.5-6.5

True Density (g/cm’) 4.1

Elemental Analysis (%) K Na Fe Al
0.0055 0.0053 0.003 0.0022

Technical Data of Boric acid

Melting point ca. 185° deg.

Density 1.435

Form + 8 mesh granular

Figure 1. The illustration of homemade photocatalytic system [25].

The fabrics cut in certain sizes were placed in a 250 mL
beaker and the experimental conditions given in Table 2
were applied.

2.3. Performance and characterization tests
of the materials

In order to ascertain the crystallographic phase of the
specimens, an X-ray diffractometer (Malvern Panalytical,
Netherlands) employing Cu Ko radiation was utilized. The
diffraction patterns were scrutinized within a range
spanning from 10 to 90°. Microstructural variations within
the materials were examined using a field emission

scanning electron microscope (SEM) equipped with
elemental analysis via SEM-EDX, model XL-30 SFEG,
produced by Philips in Eindhoven, Netherlands. Prior to
SEM imaging, the specimens were subjected to Au coating
to enhance conductivity. Fourier Transform Infrared
Spectroscopy (FTIRS) spectra for cotton specimens were
acquired using a Spectrum Two FTIR spectrophotometer.
Alongside the aforementioned characterization tests, color
spectrum analysis and tearing strength evaluations were
conducted on the cotton samples. CIELAB color spectrum
results, incorporating parameters such as L* a* b*
whiteness and yellowness indexes and AE were determined
using a Konica Minolta CM-3600D Spectrophotometer
from Japan. Tearing strength assessments on cotton
samples, in both warp and weft directions, were carried out
in accordance with Elmendorf ASTM D1424 standards.
The tear strengths were measured utilizing a D-type
pendulum with a weight of 64 N.

Table 2. Experimental Set-up

Sample
Code

Finishing Process

S1 Untreated fabric

S2 n-ZnO 1 g/L pH 10.5 60 C 60 min

S3 n-ZnO 5 g/l pH 10.5 60 C 60 min

S4 n-ZnO 5 g/l pH 4.5 60 C 60 min

S5 n-ZnO 5 g/L pH 7 60 C 60 min

S6 n-ZnO 5 g/l pH 4.5 30 C 60 min

S7 n-ZnO 5 g/L pH 10.5, 95 C 60 min

S8 Boric acid/n-TiO, (2.5+2.5) g/L pH 5.5 60 C 60 min

S9 Boric acid 5g/L pH 5.5 60 C 60 min

S10 Without catalyst 30 C 60 min pH 7

S11 Without catalyst 60 C 60 min pH 7

S12 Without catalyst 95 C 60 min pH 7

S13 Conventional bleaching process
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3. RESULTS AND DISCUSSION

3.1 Characterization Results of ZnO nanoparticles,
H;BO; and TiO; nanoparticles

3.1.1. FTIR of ZnO nanoparticles, H;BO; and TiO,
nanoparticles

Zinc oxide nanoparticles (ZnO-n) exhibited vibrations in
the 420-600 cm™' range, which correspond to Zn-O
stretching vibrations in the 434 cm™ range [26], as
mentioned in our previous publication [27] (Figure 2). The
distinctive peak of the B-O bond is 1430 cm ™', whereas the
stretching vibration of the intermolecular hydrogen bond
(O-H) is 3200 cm ', whereas the O—H surface curvature at
699 cm ' [28]. The transmittance peaks, spanning from 600
to 850 cm ', are associated with the Ti-O-Ti links seen in
TiO, nanoparticles (n-TiO,) [29]. The wunique band
corresponding to anatase titania was observed at 745 cm™'
in the FTIR spectra of pure n-TiO, [30]. In the FTIR
spectra of the pure n-TiO,, a noticeable stretching peak at
1640 cm ' indicates the stretching of Ti-OH [30]. It was
determined that the big peak at 3305 cm ' was caused by
the stretching vibration of the —OH group.
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Figure 2. FTIR graph of n-ZnO, H;BO; and n-TiO,

3.1.2. XRD analysis of ZnO nanoparticles, H;BO; and
TiO, nanoparticles

Zinc oxide nanoparticles with 20 values of 31.71, 34.58,
36.20, 47.53, 56.65, 62.88, 66.47, 67.96, and 69.34 degrees
are evident, as previously mentioned in our published paper
[31]. XRD pattern of ZnO obtained from Nanografi agrees
with JCPDS Data Card No. 36-1451 (Figure 3). The main
signal was seen in XRD pattern of boric acid at 28.00° [32].
The primary peaks are seen in the XRD patterns of the
boric acid (H;BO;) card number, ICDD-00-030-0620 [33].
The anatase peaks (JCPDS Card no. 21-1272) at 20 values
of 25.31, 37.81, 48.05, 53.91, 55.06, and 62.68 are
displayed in Figure 3 [25, 34]. The anatase structure is
clearly indicated by these peaks.

3.1.3. SEM analysis of ZnO nanoparticles, H;BO; and
TiO, nanoparticles

Based on the SEM image (Figure 4), the majority of the
ZnO nanopowder displayed a spherical morphology with a
minor rod shape [35]. Boric acid has a surface that is
essentially flat and roughened by fibrils, according to SEM
observation [36]. Upon closer examination, the 500 nm
SEM picture in Figure 4 clearly resembles a cauliflower
[37]. This study shows that the anatase form of n-TiO,
adopts a structure with several anatase nanoparticle
microspheres, like a hierarchical cauliflower.
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Figure 3. XRD patterns of n-ZnO, H;BO; and n-TiO,
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e)n-TiO, X1000 fH)n-Ti0, X5000

Figure 4. SEM image of n-ZnO powder, n-TiO, powder and boric acid.
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3.2. Characterization Results of Fabric Samples

3.2.1. SEM Results of Cotton Fabric

‘Acc.V Spot Magn Det wh | = - 1
500kv30 2000x+ SE 61 GRS
i y &

HY det  HRW
10.00 KY | LFD_40.0 ym

e) S3 X2000 ) S5x2000

AccV SpotMagn Det WD j———— 10gm
500kV 30 2000x SE 56 GIU

g) S13 X2000

Figure 5. SEM pictures of untreated and treated cotton fabrics
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Figure 5 displays SEM images of both untreated and treated
cotton fabrics. In Figure 5.a, the surface of the untreated
cotton fabric appears clear and smooth. In Figure 5.b, on
the other hand, fluctuations and pits are evident on the
surface of cotton fabric subjected to photocatalytic
treatment without any catalyst used, as indicated. It is
presumed that this effect is a result of the impact of UV
rays used in the photocatalytic process on the surface. The
SEM micrograph in Figure 5.d depicts a cleaner surface
compared to Figure 5.c. This can be attributed to the fact
that in S9, only the cotton surface treated with boric acid is

3.2.2. SEM-EDX Results of Cotton Fabric

present, while the sample in S8 undergoes treatment with
TiO, nanoparticles and boric acid. The particles observed in
S8 belong to n-TiO,. Figs.5.e and 5.f showcase the fiber
surfaces of cotton fabrics treated with ZnO nanoparticles at
pH 10.5 and pH 7, respectively. ZnO nanoparticles are
distinctly visible in both micrographs. In the final figure,
Fig.5g, the micrograph illustrates a conventionally
hydrogen peroxide-bleached raw cotton fabric. Unlike all
other figures, it is apparent that this treatment causes
abrasions on the fiber surface and damages the fibers.
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Figure 6. SEM-EDX analysis of untreated and treated cotton fabrics
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Figure 6 showcases the SEM-EDX analysis results for both
treated and untreated cotton fabrics. In Figure 6a, the
untreated cotton fabric and Fig. 6b, where no catalyst was
used, prominently exhibit the presence of C and O
elements. Moving to Fig. 6¢, the photocatalytic process
with the introduction of titanium dioxide nano particles in
the process reveals a 18.39% presence of Ti element. Fig.
6d, on the other hand, depicts a photocatalytic process
applied solely with boric acid. Since boric acid, unlike nano
materials, does not increase surface roughness (refer to
SEM micrographs) and spreads on the surface, it could not
be captured elementally in SEM-EDX analysis. In addition,
the inconspicuous appearance of the boron element in
SEM-EDX analysis is attributed to boron's low atomic
number, which results in its inability to generate X-ray
fluorescence signals. Furthermore, the detection is
complicated by the fact that boron's characteristic X-ray
spectral lines are weaker compared to other elements.

However, in Fig. 6e, the SEM-EDX analysis of cotton
fabric exposed to photocatalytic treatment with 5 g/L. ZnO
nanoparticles at pH 10.5 for 60 minutes at 60 C reveals the
presence of 10.17% Zn element in addition to the dominant
C and O elements. The last figure illustrates the SEM-EDX
analysis of conventionally hydrogen peroxide-treated cotton
fabric. The hydrogen molecule, because of being very
small, could not be captured in the elemental analysis, but
the presence of the other basic elements that make up the
cotton fibers (carbon and oxygen) has been demonstrated.

3.2.3.FTIR-ATR Analysis of Cotton Fabric

In Figure 7, FTIR-ATR spectra of untreated cotton fabric,
conventionally hydrogen peroxide-bleached fabric, fabric
subjected to photocatalytic treatment without any catalyst,
fabric treated with a combination of boric acid and TiO,
nanoparticles in a photocatalytic process, fabric treated
solely with boric acid in a photocatalytic process, and fabric
subjected to photocatalytic treatment with 5 g/L. ZnO nano
particles under the same conditions are sequentially
presented. The characteristic peaks of cotton are discernible
in the graph. When the FTIR-ATR analysis of the untreated
fabric was examined, distinctive peaks associated with
cotton fibers were observed at the following wavenumbers:
3300 cm™ (OH stretching), 1030 cm™ (CO stretching),
2900 cm™ (CH stretching), and 1310 cm™ (CH vibration).
However, the FTIR spectras for both untreated and treated
cotton fabrics are overlapped. This is attributed to the
inorganic nature of the catalysts and chemical agents, such
as n-ZnO, n-TiO,, boric acid, and hydrogen peroxide, and
their usage in relatively low proportions.

3.3. Color Spectrum Results

Table 3 provides the whiteness indexes (Berger) and
yellowness indexes (ASTMD1925) along with CIE L*, a*,
b* and AE values for untreated and treated cotton fabrics.
According to this table, it is observed that photocatalytic

processes with zinc oxide nano particles at different pH
levels and temperatures slightly increased the whiteness
index values. Among the processes conducted with nano
zinc oxide, the best result was achieved with the treatment
at pH 10.5 and 60C for 60 minutes. Although these values
are lower compared to bleaching results obtained using
different catalysts or conventional bleaching process with
hydrogen peroxide, the results of zinc oxide nano particles
are in line with the literature [38] In their study, Arik and
Atmaca [38] utilized various zinc-based nano particles,
including nano zinc oxide with sizes ranging from 10 to 30
nm, and found that Stensby whiteness ratings were
consistently at similar levels (with a 3-unit increase). The
18 nm zinc oxide used in this study marginally increased
whiteness values but did not result in effective bleaching.
Additionally, examining the color spectrum results of
photocatalytic processes with boric acid showed a slight
increase in whiteness and decrease in yellowness indexes.
The combination with n-TiO, significantly enhanced the
whiteness index result whereas the yellowness indexes
decreased; however, it is believed to be attributed to the
high photocatalytic effect of n-TiO,. No significant
differences in AE values were observed for any samples
processed, except for those involving the use of titanium
dioxide. Unlike other photocatalytic textile applications,
this study explored the impact of photocatalytic processes
on bleaching without using a catalyst, revealing that the
treatment conducted at pH 7 and 60 C for 60 minutes,
excluding n-TiO,, had the highest bleaching effect. In
catalyst-free photocatalytic processes, the formation of
whiteness is generally associated with the oxidative
properties of the mechanism and the nature of the reaction.
Photocatalytic processes involve catalysts that trigger and
accelerate chemical reactions using light energy. However,
catalyst-free photocatalytic processes typically encompass
conditions where various components are directly exposed
to light, leading to oxidation-reduction reactions. Whiteness
often arises from the breakdown or reaction of colored
pigments or  organic  substances.  Catalyst-free
photocatalytic processes, especially those involving the
breakdown or degradation of organic materials and the
increased solubility of color pigments, can result in the
appearance of whiteness. This occurs as the impact of
colored substances diminishes, allowing lighter to be
reflected. These processes are commonly utilized in
applications such as the removal of organic pollutants or the
bleaching of materials. For example, catalyst-free
photocatalytic reactions under sunlight can lead to the
breakdown of colored stains or pigments, resulting in the
material becoming whiter [39].

3.4. Tearing Strength Results

In Figure 8, the results of the tear strength for untreated
cotton fabric, fabric subjected to conventional bleaching,
fabric treated with zinc oxide nanoparticles under various
conditions of photocatalytic treatment, fabric treated with
boric acid and boric acid with n-TiO, photocatalytic
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treatment, and finally, cotton fabric subjected to
photocatalytic treatment without any catalyst are presented.
According to Figure 8, it can be observed that the tear
strength of all fabrics decreased to some extent. While the
decrease caused by conventional bleaching in cotton fabric
was 7.62%, this value increased to 12.7% as a result of the
photocatalytic treatment with zinc oxide nanoparticles.
When the amount of zinc oxide nanoparticles increased to 5
g/L, this value was observed to reach the range of 13-14%.
The further increase in the decrease is thought to be due to

the accumulation of nanoparticles at the intersections and
surfaces of fibers, leading to an increase in the coefficient
of friction between the fibers. Moreover, while a 9.6%
decrease in tear strength was observed as a result of
photocatalytic treatment with boric acid alone, this decrease
reached 13% when nano TiO, was used as a catalyst
together with boric acid. It was observed that photocatalytic
treatments conducted without catalysts resulted in less tear
strength loss (7.99%) compared to those conducted with
catalysts.

—— Untreated
106.00 —anventional
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101.00 Boric Acid/n-TiO2 (2.5+2.5) g/L
—_ _— — —==Boric Acid 5 g/L
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Figure 7. FTIR-ATR analysis of untreated and treated cotton fabrics

Table 3. Color spectrum values

SAMPLES Whiteness | Yellowness | L* a* b* AE
Index- Index
BERGER | ASTMD
1925

S1 Untreated fabric 63.15 7.42 92.54 -0.18 4.01 | -
S2 n-ZnO 1 g/L pH 10.5 60 C 60 min 64.36 7.17 92.98 -0.28 3.98 | 0.45
S3 n-ZnO 5 g/L pH 10.5 60 C 60 min 64.38 7.14 93.54 -0.94 448 | 1.34
S4 n-ZnO 5 g/L pH 4.5 60 C 60 min 64.12 7.29 93.73 -0.71 4.52 | 1.40
S5 n-ZnO 5 g/ pH 7 60 C 60 min 63.77 7.39 93.61 -1.06 4.69 | 1.54
S6 n-ZnO 5 g/L pH 4.5 30 C 60 min 63.12 7.38 93.36 -0.61 4.01 | 1.07
S7 n-ZnO 5 g/L pH 10.5 95 C 60 min 61.65 9.14 93.73 -0.94 5.14 | 1.81
S8 Boric acid/n-Ti0,(2.5+2.5)g/L pH 5.5 60C 60min 73.98 3.36 94.88 -0.18 4.01 | 2.64
S9 Boric acid 5g/L pH 5.5 60 C 60 min 64.84 7.20 93.00 -0.23 3.86 | 0.49
S10 Without catalyst 30 C 60 min pH 7 66.50 6.60 93.08 -0.21 3.52 | 0.328
S11 Without catalyst 60 C 60 min pH 7 66.67 6.15 93.55 -0.27 3.70 | 0.253
S12 Without catalyst 95 C 60 min pH 7 65.98 6.02 93.07 -0.20 3.62 | 0.250
S13 Conventional bleaching process 70.50 4.87 93.98 -0.36 3.12 | 0.832
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Figure 8. Tearing strenght results of cotton samples

3.5. UV intensity results

The characteristics of the lamp used are given in Table 4.

Table 4. Electrical and photometrical fata for Osram L Blue UVA L 15W/78

Electrical Data Photometrical Data

Nominal Voltage 55V Luminous Intensity 7800 cd
Lamp Voltage 55V Radiated Power 315...400 nm (UVA) 4W
Construction Voltage 230V

Lamp Current 033 A

Nominal Wattage 15W

Consider it endless and visualize the source as a cable.
From then on, it is acknowledged that it only radiates in the
form of 2aRL from the lateral field. by considering the
source as an infinitely long cylinder with r near to zero and
using in Eq (8) as follows;

F

T 2mrl (8)

Where P is radiated power, r is radius and L is cyclinder of
lenghth.

e 454
T 2xmx0.15%0.39

Thus, UV intensity of our lamps are calculated as; 43.53
W/m’,

4. CONCLUSION

In this study, due to the disadvantages of conventional
hydrogen peroxide bleaching for cotton fabrics, a quest for
a more environmentally friendly method for bleaching was

initiated. Various catalysts were examined individually or
in combination, and their effects on whiteness indexes were
investigated. Characterization studies were also conducted.
Unlike other textile photocatalytic studies, this research
addressed the question of whether catalyst-free
photocatalytic processes would induce any changes in
cotton fiber surface and color performance. According to
the results, zinc oxide nano particles did not provide a
significant bleaching effect; however, they slightly
increased whiteness indexes, with the best values observed
under the parameters of a photocatalytic process conducted
at 60 C, pH 10.5, and for 60 minutes. Additionally, the
photocatalytic process with boric acid, although marginally,
increased whiteness indexes. Catalyst-free photocatalytic
processes, excluding n-TiO, and conventional methods,
yielded the highest whiteness index. Characterization tests
and elemental analyses were conducted to elucidate the
impact of catalysts. In conclusion, the increase in whiteness
index without the use of any chemical or catalyst suggests
that it could be an alternative method to hydrogen peroxide
bleaching, which involves high water and energy
consumption and poses a significant environmental burden.
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