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Abstract

In recent decades, consumer expectations and behavior have altered, focusing on more comfortable, well-fitting clothes.
Wearing a slim-fitting garment helps to move more freely. Different elastomeric polymers are being introduced as a core
constituent of the yarn to make denim fabric more comfortable during movement. The use of elastic material ensures that
the material is stretchable and recoverable. The performance of several elastomeric hybrid yarns has been investigated
in the first section of this study. Here, polyethylene terephthalate/polytrimethylene terephthalate (PET/PTT (T400%)),
polytrimethylene terephthalate (PTT (Solotex®)), polybutylene terephthalate (PBT), and Lycra® (elastane) were used as
the core component of the core and dual core-spun yarns. After that, 3/1 Z twill denim fabrics were made with these as
weft yarns, and the fabric’s performance was assessed. It is found that dual core-spun yarns were shown to have lower
strength than core-spun yarns, while it had a higher elongation value. PTT/PBT dual core-spun yarn had less unevenness
and hairiness than yarn made solely of elastane. PBT in the core of the weft yarns provided strong strength, dimensional
change, and stiffness qualities in the fabric. In contrast, elastane in the core of the weft yarns provided good elastic
performance. Yarn and fabric performance for the hybrid yarns were statistically significant at a significance level of 0.05.
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Nowadays, people expect not only an elegant appearance
but also comfort, and technological advancements have
fulfilled this demand. Water vapor permeability, thermal

Introduction

Denim fabric is well accepted from the beginning, and
still, it has its appeal due to its more variation and fashion-
able look. Its fashionable look and technological improve-
ments in many aspects make denim a fashion icon to
consumers.! As a widely accepted fabric, denim can be
linked with the French fabric named serge de Nimes, indi-
cated twill from Nimes,? and from an early age, denim is
mostly made from cotton. But nowadays, denim is pro-
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duced from special types of fibers blended with cotton
such as Lyocell, wool, flax, hemp, polyester, etc., as cotton
raises sustainable issues in its cultivation time.>>
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resistance, thermal absorption, thermal conductivity, thermal
diffusion, fabric thickness, and heat flow density are all
observable criteria for determining thermal comfort where
physical comfort is created by soft, smoothness of the fabric
that does not cause skin irritation. Fiber, thread, fabric struc-
tural qualities, and fabric treatments such as finishing, lami-
nation, and coating all have an impact on physical comfort.*
To make the denim fabric more comfortable, elastic material
is used to provide stretchability, and 10%—35% elasticity is
required during body movements.’ However, having elastane
causes washing shrinkage, and for this reason, the further tex-
tile finishing process is operated. Fabric performance is
improved, and filament damage is reduced at the dyeing and
finishing stage when two separate elastic filaments are used,
however, fabric performance was worse at the dyeing and fin-
ishing stage when just one elastic filament was used at high
condition temperatures.®’

The percentage of elastane in a cotton-covered core-spun
yarn of a given linear density can be adjusted in two ways:
by adjusting the elastane denier or changing the draft ratio,
and these have influenced on fabric properties.® Filament
fineness, elastane ratio, and yarn count affect denim fabric
performance and significantly affect tensile and tearing
strength®!! Also, having a higher elastane ratio increased
the air permeability and elasticity and decreased the bagging
and tensile strength of fabric samples.'? The draw ratio of
the core component and the twist factor of elastic core-spun
yarns influence the bagging fatigue of woven samples.'
The amount of elastane in the fabric affects stress relaxation
under fixed deformation, where the amount of deformations
in winding and spreading is affected by the amount of elas-
tane in the yarn, so stress relaxation has a close link with the
degree of deformation.'*

The dual core-spun yarn has better elongation and
breaking strength than the core-spun yarn, but the evenness
is not as good.® Dual core-spun yarn also has good elastic
behavior and less hairiness than elastane core-spun yarn
though 100% carded yarn has more packing density than
the core and dual core-spun yarn.'> According to research
employing dual core-spun yarns, fabric construction has a
greater impact on fabric width and post-wash width varia-
tion than the elastane ratio. By changing the dual core-spun
yarns density on the fabric cause variation of fabric color
values. Dual core-spun weft threads showed a greater per-
manent elongation value than conventional elastane core
weft threads despite having the same elasticity.'®

Polybutylene terephthalate (PBT), Polyamide, and other
PET derivatives provide advantages in the production of
core-spun yarn and the consequent fabrics.” PET-based
core yarn is used to achieve higher strength as PET filament
has a mild elasticity and can be textured to make it more
voluminous and elastic.!” PET/PTT bi-component filament
provides more stretch and good recovery properties along
with dimensional stability that is simple to maintain.'® The
texture of the polyester filament made of PBT showed

permanent elastic properties after the finishing process and
had good extensibility besides other useful characteris-
tics.!”2! PBT core-spun yarn is suitable for use in the
woven fabric’s warp direction for its characteristics, as
using stretchable yarns creates difficulties in the weaving
process.?! Fabrics with elastane and PBT filaments have
shown similar shrinkage and elongation value fabrics but
promising for lightweight elastic fabrics.2> When a blend of
elastane and PET/PTT bi-component filament is combined
as the core, the yarn’s elastic characteristics improve. For
example, yarns having elastane and PET/PTT bi-compo-
nent filament as the core material in the dual core-spun yarn
display better evenness with minimal thick places and neps
along with less hairiness.”> PET/PTT bi-component core-
spun yarn fabric samples show higher tear strength and
higher elasticity than PTT core-spun yarn fabric
samples.?*

There was some study about using different filament
individually; however, no comparative study has not done
with a different single core and dual core-spun yarn having
elastane, PET derivatives filament, and PBT. Industrially
PET/PTT, PTT are common filaments to use with elastane
for dual core-spun yarn. In this study, PBT filament is used
instead of elastane for dual core-spun yarn, which is more
economical than elastane and tries to figure out the charac-
teristic of PBT-based yarn properties and its denim fabric
with others. This study aims to do a comparative analysis
among the 100% cotton, cotton covered core, and dual
core-spun yarn properties and their fabric properties.

In the first stage of this study, yarn properties: yarn
strength, elongation, unevenness, and hairiness were inves-
tigated, and in the second stage, the denim fabric perfor-
mance: fabrics” weight, tensile strength, tearing strength,
dimensional change, stiffness, and elastic properties of the
studied samples were analyzed. In this study, a comparative
analysis of different hybrid yarn and their fabric perfor-
mance will help to choose the perfect yarn and fabric
according to end uses.

Materials and methods

For this research, 328.06dtex (18/1 Ne) core-spun yarns
and dual core-spun yarns were made from various elasto-
meric components, as well as 100% rigid cotton yarn. For
core-spun and dual core-spun yarn, cotton fiber was used
to cover as sheath fiber, and the Uster HVI 100 test instru-
ment evaluated the properties of cotton fiber are shown in
Table 1. For this study, T400® (PET/PTT), Solotex® (PTT),
Polybutylene terephthalate (PBT), and Lycra® (elastane)
filaments were composed as core material for the yarn, and
Table 2 represents the properties of the filaments. Yarn
composition is indicated in Table 3 with the percentage of
cotton and core components. For producing core and dual
core-spun yarn, a modified ring spinning system was used
where core components were fed in the center of the



Babaarslan et al. 3
Table |. Properties of cotton fiber used in this study. Table 2. Properties of the core filaments.
Micronaire, Length, Ul, % SFI  Strength, Elongation, SCI Filament Strength Elongation Fineness
pgl/inch mm CN/tex % (cN/tex) % (dtex)
4.55 28.19 802 10.I 29.05 5.8 112 T400® (PET/PTT) 36.7 14.33 55
Solotex® (PTT) 37.9 28.6 55
PBT 29.5 40 55
feeding system, as commercially, it is mostly used system. Elastane 9.2 Upto 520 78

Here applied draft ratio on elastane and filaments (PET/
PTT, PTT, PBT) are 3.5 and 1, respectively. Figure 1
shows the feeding system of the modified ring spinning
method.?>?° In addition, 328.06dtex 100% rigid cotton
yarn was produced by a ring spinning machine without any
core materials for better comparison with other sample
yarns. For yarn production, all the machine settings were
kept as standard. Here, yarn strength, elongation, uneven-
ness, and hairiness were evaluated. To determine the yarn
performance TS 244 EN ISO 2060, TS 2394, TS12863,
and TS 245 EN ISO 2062 standard test methods were fol-
lowed for yarn count, Uster unevenness, yarn hairiness,
and yarn breaking tenacity measurement, respectively.

In the other part of the research, denim fabrics were
made from the sample yarns using in the weft direction,
where 100% rigid cotton yarn was used as the warp yarn.
Here 421.8 dtex (14/1 Ne) indigo dyed cotton yarns were
used for warp yarn. Fabric construction was 3/1 Z twill
weave. As finishing treatment, singeing and three home
wash were applied for the denim fabric. Denim samples
were washed in a NaOH solution and dried before going
through the shrinking process. After that, proper condi-
tioning was followed according to ASTM D1776 standard,
and then denim fabrics performances were analyzed. In
this part of the study, fabrics’ weight, tensile strength, tear-
ing strength, dimensional change, stiffness, and elastic
properties were investigated according to ASTM D3776,
ASTM D5034, ASTM D1424, AATCC 135, ASTM
D4032, and ASTM D3107 standard, respectively. For all
test measurements, five tests had been done, and the mean
was used for evaluation with standard deviation.

Yarn and fabric performances results of different hybrid
yarns were statistically evaluated through analysis of vari-
ance — One-way ANOVA by using SPSS 25.0. The statisti-
cal analysis is done at a 95% confidence level or 0.05
significance level, which means if the p-value, which repre-
sents the significance level, is less than 0.05, the difference
will be statistically significant. Here, the F' value indicates
the ratio of explained variance (between groups/hybrid
yarns) and unexplained variance (within groups/error).

Result and discussion

Yarn performance

Yarn strength. Figure 2 gives the strength of different types
of yarn samples, and it shows that except PET/PTT bi-
component core-spun yarn, all other yarns have less

strength than 100% rigid cotton yarn. Among the all-yarns
samples, PET/PTT bi-component core-spun yarn has the
highest strength, and PTT/PBT dual core-spun yarn has
the lowest strength. PET/PTT bi-component core-spun
yarn shows almost 4% more strength, and PTT/PBT dual
core-spun yarn shows almost 19% less strength than rigid
cotton yarn. From single filament core-spun yarns, the fig-
ure depicts that having PET/PTT bi-component filament in
the core reveals high strength, where having elastane as
core reveals low strength. PBT rather than elastane has
better strength in the dual core-spun yarns for PET/PTT
bi-component filament; however, the opposite scenario
has been reported for PTT filament. PTT filament has mar-
ginally higher strength than PET/PTT bi-component fila-
ment independently, but it has lower strength for single
and dual core-spun yarn with PBT than PET/PTT yarn
samples for single and dual core-spun yarn with PBT. Due
to the presence of a second core in the yarn, the fibers may
spread across the cross-section, resulting in a decrease in
yarn strength for dual core-spun yarn. Also, the interaction
between the different filament and covered components
influences the strength value. From Table 4, it is also
found that the p-value (0.000) is less than the significance
level (0.05), indicating that yarn strength is statistically
significant.

Elongation of yarns. Figure 3 exhibits the elongation% of
different hybrid yarn samples. Having filament in the
yarn’s core increase the elongation percentage due to the
elastomeric characteristics of the filament, and 100% cot-
ton yarn shows the lowest elongation percentage. From
single core-spun yarn samples, it is found that having elas-
tane in the core has higher elongation than PET/PTT bi-
component or PTT filament core-spun yarn which is
almost 60% higher elongation than rigid cotton yarn. On
the other hand, compared to dual core-spun yarns, having
PET/PTT bi-component and PBT filament in the core has
the highest elongation, and PTT/PBT dual core-spun yarn
has the lowest elongation than others. (PET/PTT)/Elastane
and PTT/PBT dual core-spun yarns have slightly lower
elongation than only elastane core-spun yarn. Though PTT
filament has two times more elongation than PET/PTT
filament individually however with cotton fiber core-spun
yarn, it shows almost 8% less elongation than PET/PTT
core-spun yarn. In addition, PTT filament with elastane
and cotton fiber as the dual core-spun yarn has higher
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Table 3. Composition of the yarn samples.

Sample Sheath Core Core material Composition

Cotton Cotton No No 100% cotton

Cl Cotton Single core 55dtex PET/PTT 83.23% CO + 16.77% PET/PTT

C2 Cotton Single core 55dtex PTT 83.23% CO + 16.77%/PTT

C3 Cotton Single core 78 dtex Elastane 93.21% CO + 6.79% Elastane

DCI Cotton Dual core 55dtex PET/PTT, 78dtex Elastane 76.44% CO + 16.77% PET/PTT + 6.79% Elastane
DC2 Cotton Dual core 55dtex PTT, 78dtex Elastane 76.44% CO + 16.77% PTT + 6.79% Elastane
DC3 Cotton Dual core 55dtex PET/PTT, 55dtex PBT 66.47% CO + 16.77% PET/PTT + 16.77% PBT
DC4 Cotton Dual core 55dtex PTT, 55dtex PBT 66.47% CO + 16.77% PTT + 16.77% PBT

Dual Core-Spun Yam View

Figure |. Modified ring spinning method: (a) core-spun yarn and (b) dual core-spun yarn.

elongation than PET/PTT filament with elastane and cot-
ton fiber dual core-spun yarn. However, PTT/PBT dual
core-spun yarn is lower than (PET/PTT)/PBT dual core-
spun yarn. The figure shows that when PBT is used instead
of elastane, the elongation of PET/PTT dual core-spun
yarn increases, whereas the elongation of PTT dual core-
spun yarn decreases. From Table 4, it is also found that
yarn elongation is statistically significant on different
hybrid yarns as the p-value (0.000) is found smaller than
the significance level (0.05).

Unevenness. Unevenness illustrates the variation of the
yarn in mass per unit length or irregularity of the yarn
thickness. The uneven yarn has impacts on fabric quality
as well as fabric appearance. Figure 4 indicates the une-
venness of the studied yarn samples, and the error bar was
calculated from the standard deviation of the sample’s
unevenness. The figure shows that elastane core-spun yarn
and cotton yarn have the highest unevenness, respectively,
where yarn samples with PBT-based dual core-spun yarn
have minimum unevenness. PTT/PBT dual core-spun yarn

25,26

has shown the lowest unevenness value. Elastane has the
highest amount of unevenness in core-spun yarn due to the
possibility of having high elongation. In contrast, PET/
PTT core-spun yarn has the lowest amount of unevenness
since it has less elongation than PTT filament. PTT/PBT
has the least amount of irregularity in the dual core-spun
yarn, but PTT with elastane has the most. It can be said
that PBT-based hybrid yarn has less unevenness, where
having high elongation elastane-based yarn shows high
irregularity. The ANOVA analysis in Table 4 revealed that
yarn unevenness is statistically significant as the p-value
(0.000) is less than the significance level (0.05).

Hairiness. Figure 5 shows the hairiness of the studied yarn
samples along with the error bar obtained from the calcu-
lated standard deviation of the sample’s hairiness. Hairi-
ness is the amount of protruding fiber on the yarn surface
that affects yarn quality as well as fabric quality which is
undesirable. From the figure, it is observed that the hairi-
ness of elastane core-spun yarn is the highest, while the
hairiness of PTT/PBT dual core-spun yarn is the lowest. A
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Figure 2. Strength of the yarn samples.

Table 4. One-way ANOVA analysis of different hybrid yarns
on yarn performance.

F Significance
Strength 30.969 0.000
Unevenness 8.393 0.000
Elongation 75461 0.000
Hairiness 60.040 0.000

mix of elastane composite yarn shows higher hairiness
than cotton, but when it mixes with PTT, the amount is
decreased. PTT core-spun yarn also has lower hairiness
than cotton, and a mix with PBT reduced the hairiness for
the dual core-spun yarn. As the short-staple sheath cotton
fiber is decreased for the single and dual core-spun yarn,
hairiness is also decreased, but elastane makes the yarn
more uneven and hairy, probably for its high elongation
properties and surface properties. ANOVA test analysis in
Table 4 also indicates that the hairiness of different hybrid
yarns is statistically significant as p <0.05.

Fabric properties

Weight of fabric and dimensional stability. Figure 6 illus-
trates the weight of fabric before washing (dry) and after
washing (washed) in grams per square meter (gsm). From
the figure, fabrics containing elastane core-spun yarn have
increased their weight in grams per square meter after
washing, and the increasing amount is about more than
30%. Having more elongation is the possible reason for
that, which helped to shrink the fabric after washing. How-
ever, rather than fabric containing elastane-based single or
dual core-spun yarns, all the other fabrics’ weight is
reduced after washing as like 100% cotton sample due to
extension of the fabric. Figure 7 represents the dimen-
sional stability of the fabric samples, and from the figure,
it is found that having elastane in the core of the weft yarn
exhibits a more significant shrinkage in the weft direction.
Moreover, few amounts of shrinkage are also found in the
warp direction for clastane-based samples. For core-spun

yarn with PET/PTT and PTT shows no shrinkage in the
weft direction of the fabric but extension on the warp side.
For dual core-spun yarn having PBT with PET/PTT and
PTT, filament shows minimal shrinkage, establishing that
PBT is quite promising for using warp direction of the fab-
ric to get better stretchability and make the fabric more
comfortable. According to the ANOVA test results from
Table 5, it is represented that dry and washed weight of the
fabric, and dimensional change of the sample fabrics in
both warp and weft direction with hybrid weft yarns of the
fabrics are statistically significant.

Fabric elongation, elasticity, and growth properties. Fabrics’
elongation, elasticity, and growth properties are given in
Figure 8. The graph demonstrates that fabrics with elas-
tane in the weft yarn have more than 50% elasticity com-
pared to fabrics without elastane, but fabrics with other
filaments have less than 15% elasticity. Fabric woven with
elastane core-spun weft yarn has the highest, and fabric
woven with PTT core-spun weft yarn has the lowest elas-
ticity than other samples. The presence of elastane in the
fabrics influences fabric elasticity as elastane has good
elastic properties than other filaments, and it can be tar-
geted to produce stretch and super stretch fabrics by
increasing its linear density or the amount. Fabrics woven
with elastane core-spun weft yarn have shown high growth
properties also at 30s and 2h in terms of fabric growth.
Fabric samples with elastane in the core of the weft yarn
have revealed a positive influence on fabric elasticity and
growth. The elongation of the fabric samples has also
shown in Figure 8. The figure shows that fabric produced
from (PET/PTT)/PBT dual core-spun weft yarn has the
lowest elongation value, which is almost 31% lower than
rigid cotton fabric. Fabrics with elastane in the core of the
yarn have more elongation than others. Fabric elongation
is reduced while using PTT core-spun weft yarn but
increases with other filaments such as dual core-spun yarn.
The ANOVA statistical test analysis from Table 5 showed
that fabric elongation, elasticity, and growth properties on
different hybrid weft yarns were statistically significant.
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Figure 5. Hairiness of the yarn samples.

Strength of the fabric. In this study, fabric’s tensile and
tearing strength was evaluated according to the related
standard method in warp and weft direction, where studied
yarn samples were used in the weft direction of the fabric.
Figures 9 and 10 represent the fabric’s tensile and tearing
strength, and the results were statistically assessed and
presents in Table 5. Fabric samples woven with a mixture
of PBT filaments in the weft direction have demonstrated
good tensile strength, but fabrics woven with elastane-
based single and dual core-spun yarns in the weft direction
have lower tensile strength when compared to cotton fab-
ric. The fabric’s weft strength has been reduced due to the

presence of elastane, as it has less strength than other fila-
ments. However, its warp tensile strength has been signifi-
cantly increased, most probably due to the fabric
compactness and elasticity of the yarn. Where fabrics were
woven with PET/PTT and PTT single core-spun yarn, they
have more tensile strength than the cotton sample in both
directions. Fabrics produced from PTT/elastane and (PET/
PTT)/PBT dual core-spun yarn in the weft direction have
exhibited the maximum tensile strength in the warp and
weft directions, which are about 58% and 13% higher than
100% rigid cotton fabric, respectively. Fabric tear strength
is illustrated in Figure 11. From the figure, it can be
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Table 5. One-way ANOVA of the effect of different hybrid
yarns on denim fabric performance.

F Significance
Dry gsm 50.988 0.000
Woashed gsm 749.744 0.000
Warp shrinkage 7050.539 0.000
Weft shrinkage 2224.258 0.000
Elongation 299.415 0.000
Elasticity 7506.859 0.000
Stiffness 721.111 0.000
Fabric growth 30s 1672.776 0.000
Fabric growth 2h 1958.675 0.000
Warp tensile strength 147.546 0.000
Weft tensile strength 49.769 0.000
Warp tearing strength 785.192 0.000
Weft tearing strength 4122.583 0.000

depicted that fabric with core-spun yarn having elastane
and dual core-spun yarn having PTT/elastane has shown
the highest amount of tear strength for warp direction of
the fabric. It is 10% more than rigid cotton fabric, where

PTT/PBT fabric sample shows the lowest tear strength in
that direction, and it is 4% less than rigid cotton fabric. For
the weft direction of the fabric, (PET/PTT)/PBT weft yarn
woven fabric shows the most tear strength, where 100%
cotton fabric has the lowest tear strength. Generally, the
warp side tensile strength of the fabrics woven with elas-
tane for both single and dual core-spun weft yarns is
higher. Filament’s strength influences fabric strength, and
higher elongation of elastane also has an impact on fabric
strength.

According to the ANOVA test results from Table 5, the
tensile and tearing strength of the sample fabrics with
hybrid weft yarn in the fabric’s warp and weft direction are
statistically significant.

Stiffness. The resistance to bending of a fabric is measured
in stiffness, and Figure 11 is illustrated the fabric’s stiff-
ness of the studied samples. Fabric stiffness is the term to
judge the fabric bending rigidity and fabric handling
related to the properties of fiber, yarn, and fabric structure.
According to the figure, the fabric containing elastane as
single or dual core-spun yarns have more stiffness than
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others. Having more elasticity for the elastane makes the
fabrics more compact after washing, which increases the
stiffness as they have more dimensional changes than oth-
ers. On the other hand, PBT-based dual core-spun yarn
sample fabrics are showed less stiffness, even less than a
cotton sample, but in the yarn performance, they showed

more elongation than other yarns. So, yarn elongation
could not affect the fabric stiffness here. Fabric with PTT
core-spun weft yarn has the lowest stiffness, around 5%
less than rigid cotton denim fabric. In comparison, fabric
with elastane core-spun weft yarn and (PET/PTT)/elastane
dual core-spun weft yarn both have the maximum
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stiffness, over 64% higher than rigid cotton fabric. From
Table 5, it is revealed that fabrics stiffness value is statisti-
cally significant with a p-value less than 0.05.

Conclusion

In conclusion, it was observed that dual core-spun
yarns have less strength than core-spun yarns in general
and that having elastane in the core increases the elon-
gation value of the yarns. There was no steady increase
or decrease between single and dual core-spun yarns
due to having different filaments, and the reason behind
this needs to be studied. However, it was found that
clastane core-spun yarn has a high amount of uneven-
ness and hairiness value, where PTT/PBT dual core-
spun has shown less amount of unevenness and
hairiness. Having PBT filament in the core instead of
elastane increased the yarn elongation with the bi-com-
ponent filament and decreased the yarn irregularity and
hairiness. Determined yarn performance was also sta-
tistically significant.

In the second part of the study, different fabric proper-
ties were determined, and no regular relation was found in
terms of single or dual core-spun weft yarn. It was observed
that fabric woven with elastane single or dual core-spun
yarn had shown more weight change, stiffness, and elastic-
ity due to its high elongation properties. For producing
good stretch and elastic fabrics, elastane is nonpareil.
Having elastane in the fabric’s weft direction, fabric warp
direction tensile and tearing strength is increased due to
more compactness of the fabric, while fabric produced
with (PET/PTT)/PBT dual core-spun weft yarn has more
tensile and tearing strength in the fabric’s weft direction.
PBT-based dual core-spun weft yarn fabrics have shown
less stiffness and dimensional stability, which indicates
more soft and flexible fabrics. When minimal shrinkage
and fabric growth are required, PBT is a good option that
is also cost-effective. The fabric performance of the stud-
ied hybrid yarns has been found statistically significant
from the ANOVA test analysis.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD

Md Abul Shahid https://orcid.org/0000-0002-6344-2952

References

1. Choudhury AKR. Environmental impacts of denim wash-
ing. In: Muthu SS (ed.) Sustainability in denim. Duxford:
Woodhead Publishing, 2017, pp.49-81.

2. Paul R. Denim and jeans: an overview. In: Paul R
(ed.) Denim: manufacture, finishing and applications.
Amsterdam; Paris: Woodhead Publishing, 2015, pp.1-11.

3. Franco MA. Circular economy at the micro level: a dynamic
view of incumbents’ struggles and challenges in the textile
industry. J Clean Prod 2017; 168: 833-845.

4. Sabir E and Doba Kadem F. Comfort and performance
properties of raised and laminated denim fabrics. Fibres
Text East Eur 2016; 24: 88-94.

5. Bedez Ute T. Analysis of mechanical and dimensional prop-
erties of the denim fabrics produced with double-core and
core-spun weft yarns with different weft densities. J Text
Inst 2019; 110: 179-185.

6. Su X, Su X and Liu X. Research on performance of twin-
core spun yarn and fabric. Int J Clothing Sci Technol 2019;
32:338-355.

7. Tiirksoy HG, Kilig G, Ustiintag S, et al. A comparative
study on properties of dual-core yarns. J Text Inst 2019;
110: 980-988.

8. Qadir B, Hussain T and Malik M. Effect of elastane denier and
draft ratio of core-spun cotton weft yarns on the mechanical
properties of woven fabrics. J Eng Fiber Fabr2014;9: 23-31.

9. Sarioglu E and Babaarslan O. A comparative strength anal-
ysis of denim fabrics made from core-spun yarns contain-
ing textured microfilaments. J Eng Fiber Fabr 2017; 12:
155892501701200.


https://orcid.org/0000-0002-6344-2952

Journal of Engineered Fibers and Fabrics

10.

11.

12.

13.

14.

15.

16.

17.

18.

Babaarslan O, Balaa H and Guler O. Elastan
(SpandexilavesininPoliester/Viskon Karisimli Dokuma Kum
aOzellikleriUzerindekiEtkisi) Effect of elastane on the proper-
ties of pes/vis blend. Tekst ve Konfeksiyon 2007; 2: 110-114.
Mourad MM, Elshakankery MH and Almetwally AA.
Physical and stretch properties of woven cotton fabrics con-
taining different rates of spandex. J Am Sci 2012; 8: 567-572.
AL-Ansary MAR. Effect of spandex ratio on the properties
of woven fabrics made of cotton/spandex spun yarns. J Am
Sci 2011; 7: 63-67.

Baghaei B, Shanbeh M and Ghareaghaji AA. Effect of ten-
sile fatigue cyclic loads on bagging. Indian J Fibre Text Res
2010; 35: 298-302.

Shishoo LR. International journal of clothing science and
technology — editorial. Int J Cloth Sci Technol 2006; 18:
220-224.

Erbil Y, Islam R, Babaarslan O, et al. Effect of structural
changes on the cotton composite yarn properties. J Nat Fibers
2020; 00: 1-9. DOI: 10.1080/15440478.2020.1788687.
Ertas OG, Zervent Unal B and Celik N. Analyzing the effect
of the elastane-containing dual-core weft yarn density on
the denim fabric performance properties. J Text Inst 2016;
107(1): 116-126.

Sawhney APS, Robert KQ, Ruppenicker GF, et al. Improved
method of producing a cotton covered/polyester staple-core
yarn on a ring spinning frame. Text Res J 1992; 62(1): 21-25.
Akankwasa NT, Wang J and Zhang Y. Study of optimum
spinning parameters for production of T-400/cotton core
spun yarn by ring spinning. J Text Inst 2016; 107: 504-511.

20.

21.

22.

23.

24.

25.

26.

Kostajnsek K, Dimitrovski K, Kadoglu H, et al.
Functionalization of woven fabrics with PBT yarns.
Polymers 2021; 13: 1-19.

Bizjak M, Kadoglu H, Kostajnsek K, et al. Properties of elas-
tic fabrics with treated and untreated Co/PBT yarns in weft
direction. /OP Conf Ser Mater Sci Eng 2017; 254: 092001.
Strukelj D and Dimitrovski K. Study of cotton woven fab-
rics with added polybutylene terephthalate yarns. Tekstilec
2012; 61: 18-24.

Kadoglu H, Dimitrovski K, Marmarali A, et al. Investigation
of the characteristics of elasticised woven fabric by using
PBT filament yarns. Autex Res J2016; 16: 109-117.

Hua T, Wong NS and Tang WM. Study on properties of
elastic core-spun yarns containing a mix of spandex and
PET/PTT bi-component filament as core. Text Res J 2018;
88: 1065-1076.

Babaarslan O and Kaynak H. Performance of denim fabrics
produced by using core-spun yarns containing niche elasto-
meric filaments. In: I[CONTEX 2019 2nd international con-
gress of innovative textiles, 2019, pp.45-52. Corlu: Tekirdag
Namik Kemal University.

Babaarslan O, Sarioglu E, Ibrahim Celik H, et al. Denim
fabrics woven with dual core-spun yarns. In: Singh MK
(ed.) Engineered fabrics. London: IntechOpen, 2019,
pp-19-39.

Babaarslan O, Sarioglu E and Ertek Ave1 M. A comparative
study on performance characteristics of multicomponent
core-spun yarns containing cotton/PET/elastane. J Text Inst
2020; 111: 775-784.



