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Abstract

Cotton is the most widely used natural cellulosic polymer and polyester is a
synthetic polymer. The use of polyester fiber is increasing gradually day by day
due to its strength and longevity, while the use of cotton fiber is decreasing
due to its unavailability. At present, the use of cotton-polyester composites is
ubiquitous. This research work aims to assess the physical, mechanical and
comfort properties of the woven fabric using cotton-polyester composite yarns
in a weft direction and coarser yarn count because of the use of these fabrics in
the future for the denim manufacturing process. Four different samples were
fabricated by using 100% cotton (10 Ne) yarn in the warp direction and 100%
cotton, cotton-polyester composite, and 100% polyester yarn in the weft direc-
tion of the fabric. Similar fabric and machine parameters were maintained for
manufacturing all the samples. The samples were then tested for areal density,
tensile strength, thickness, abrasion resistance and pilling, drape, flexural
rigidity, and air permeability to find the optimum capability of the fabric.
Physico-mechanical properties with the proportion of increasing polyester
components in fabrics improves areal density (184 to 199 g/m?), strength
(almost 19 times in weft direction), drape (0.655% to 0.789%), and flexural
rigidity (almost double). On the other hand, increasing comfortability proper-
ties with the proportion of cotton components in fabrics improve air perme-
ability (139.85 to 159.58 cc/s/cm?), abrasion (only 3.036% mass loss), and
pilling resistance (grading 4 after 2000 cycles).

Highlights

« Composite yarns made of cotton and polyester provide a method of improv-
ing fabric properties for better performance.

« Higher proportions of cotton make clothes more breathable and less likely
to pill and wear out.

« Polyester parts make fabrics stronger, more durable, and less likely to
wear out.
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1 | INTRODUCTION

Woven fabric is widely used in industrial applications
such as textiles, sports, and military. Weaving allows for
the production of a wide range of variations. Woven tex-
tiles are typically more resilient, easily cut into various
forms, and work well for creating fashion trends for
clothing."* The characteristics of the fiber and the spin-
ning process affect the yarn, and the weave structure,
warp and weft densities of the woven fabrics affect the
fabric qualities.” For generations, the softness and breath-
ability of cotton a natural fiber with many uses have
made it an indispensable component of garments and
textiles all over the globe.*” The practice of cultivating it
dates back millennia, to the time of the first known
human societies. Cotton has long been associated with all
things warm and sturdy from soft bedsheets to long-
lasting denim. The most crucial raw material for woven
garments is cotton. Cotton fibers have several advantages
over other cellulose fibers, including superior durability,
chemical stability, and resistance to damage from mild
acids and alkalis over time.® Its high water absorption
ability allows it to absorb up to 27% of the water in a
humid environment without becoming wet.” For these
reasons, cotton has been widely used in woven fabrics
from the past to the present. On the other hand, nowa-
days, polyester (also known as polyethylene terephthalate
or PET) fibers rule the global synthetic fiber market.
Polyester has changed the way clothes are made because
of how long they last and how well they resist wrinkles.*”
Its low price and ease of care make it suitable for a wide
range of uses, from apparel to home furnishings. Polyes-
ter has become a go to for people who want durable, low-
maintenance fabrics.’® Polyester has nearly identical
mechanical characteristics under standard conditions
and in the wet state which make it an extremely valuable
material. PET fibers are remarkably resistant to microbial
invasion, acids, and alkalis.'"** Additionally, they are
well-resistant to actinic deterioration and light. For this,
the use of polyester fiber in woven cloth increasing day
by day.

The purpose of this research is to fill in the gaps by
finding the prepared composite's mechanical and comfort

« Cotton-polyester composites are ideal and have potential for various textile

« Blending natural and synthetic fibers composite allows for customized fab-
rics that meet specific performance needs without compromising comfort.

abrasion resistance, air permeability, flexural rigidity, tensile strength

features so that the potential use of the composite can be
forecasted. Also, in understanding woven fabric's physi-
cal properties that are affected by yarns that are blended
with cotton and polyester to composite. There is an
absence of in-depth studies that explore the connection
between blend ratios of cotton-polyester composites, yarn
structures, and particular fabric properties, though there is
some research on the topic."*'® Furthermore, there is a
lack of knowledge about the effects of different composite
blending ratios on fabric performance. In light of recent
innovations in textile production methods and novel fiber
blends, it is important to assess the impact of these devel-
opments on fabric properties. This study's overarching goal
is to learn more about the effects of modern composite
blending techniques and technologies on fabric perfor-
mance in terms of comfort, functionality and sustainability.

The fabric was constructed in four distinct ways with
a warp of 100% cotton (10 Ne) and a weft of 100% cotton,
cotton-polyester blend composites, or polyester yarn. For
the production of each sample, the same fabric and
machine settings were used. The samples were subse-
quently evaluated in mechanical and comfort properties
such as areal density, tensile strength, thickness, abrasion
resistance, pilling, drape, flexural rigidity, and air perme-
ability to determine the fabric's greatest potential.

2 | MATERIALS AND METHODS

2.1 | Yarn specification

100% cotton is used as the warp yarn. A cheese package
is used for this purpose which count is 10 Ne. Four types
of weft yarn were used for manufacturing, including
100% cotton yarn, packaged in cones with a count of
20 Ne. Following suit is chief value cotton (CVC) yarn, a
cone-shaped 60% cotton/40% polyester yarn with a count
of 20 Ne. Polyester cotton blend (PC) yarn's cone-shaped
65% polyester/35% cotton blend has a count of 20 Ne.
Finally, Polyester Yarn stands out for its 100% polyester
composition, cone shape, and denier (D) count of 266 D
or 20 Ne in cotton count. The yarn package was procured
from Uttara spinning, Mirzapur, Bangladesh.
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2.2 | Fabric speciﬁcation TABLE 1 Information about weaving of the denim samples.
. . . Reed count 50's
A total of four types of woven fabric with different types
of filling yarns whereas warp remains the same. All the Ends/dent 2
No. of heald frame used 4

specifications are the same in the manufactured fabric
sample except the type of weft yarns (100% cotton, full
polyester, CVC and PC).

The specification of the fabric is = 1220 x 18" with a
design of 3/1 Z twill. The reed count was 50's and 2 ends/

dents were used for production.

2.3 | Warp yarn sizing

The process of applying a protection coating upon the
yarn's surface is called sizing. In this study, the sizing
operation has been performed by CCI SS600 single end
sizing machine (Taiwan). The CCI SS600 single end siz-
ing machine was designed to accommodate small quan-
tity sizing. The machine uses basic electrical heating and
a small amount of size to achieve high-quality sizing.

2.4 | Sized yarns warping

Warping was done in CCI SW550 mini warping machine
(Taiwan) where 600 warp yarns were fitted on the circumfer-
ence of the warping machine. The CCI warper was designed
for sample looms. The machine can produce short-run warp
beams with fixed lengths. The system utilizes a PC-based
controller with built-in editing software for ease of usage.
This function ensures the warp is wound appropriately on
the drum by accurately positioning it within the width of
it. Also, the SW550 Mini Warper allows for customizable ten-
sion and speed to produce high-quality warp beams.

2.5 | Drawing-in and denting

The process of inserting warp threads or ends through
the heald wire is called drawing-in. The process of insert-
ing warp threads or ends through the dents of reed is
called denting. In this study, the warp threads were man-
ually inserted into the heald wire and the reed wire with
the help of a hook on the drawing-denting table. Four
heald frames and the denting order was 2 ends/dent
while the reed no. was 50's.

2.6 | Weaving

The CCI miniature loom (Taiwan)utilizes a PC-based
controller with built-in editing software for ease of usage.

Fabric structure 3/1 Z twill

Warp yarn 100% Cotton

Weft yarn 100% cotton, CVC, PC
and 100% Polyester

‘Warp count 10 Ne

Weft count 20 Ne

EPI 56

PPI 50

Total no. of sample 04

Sample width 18 inches

Sample length 1 m each

According to a predetermined design, a program was set
for the weaving process. The parameters that were set to
the weaving machine to weave the samples for conduct-
ing the tests are illustrated in Table 1.

2.7 | Experimental apparatus

Mechanical properties were assessed through a tensile
strength tester (James H. Heal, England), M235 Martindale
abrasion and pilling tester (China), fabric thickness gauge
meter (Mitutoyo Corp., Japan), stiffness tester (SDL Inter-
national, England), drape tester (James H. Heal, England),
1 cutter and electronic balance. All the chemicals used in
the scouring and bleaching processes were procured from
ABH Biochem Pvt. Ltd. The testing methods with each
standard and the apparatus used for the test are listed in
Table 2.

2.8 | Scouring

The scouring process commences by introducing the
material, together with water, wetting agent, and seques-
tering agent, into a vessel at room temperature. These
agents assist in the process of removing impurities and
promoting the thorough penetration of chemicals during
the scouring process. Following a brief 5-min immersion,
sodium hydroxide (NaOH) and detergent are introduced
into the solution to break down natural oils and eliminate
dirt. The solution's pH is verified to ensure its efficacy. The
temperature is gradually raised, and the fabric is thor-
oughly cleansed at a higher temperature for 45 min to
eliminate impurities. After the scouring process is finished,
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the solution is drained to eliminate any impurities that
have been loosened. Subsequently, a thorough cleansing
of the fabric is achieved through a high-temperature wash
with detergent. A final cold rinse removes any remaining

TABLE 2 Information about testing methods.
Test Test
name standard Apparatus used
GSM ASTM GSM Cutter and precision electronic
D3776 balance
Pilling ASTM Martindale abrasion and pilling

D4970 tester, Photographic replica, Fabric

cutter

Abrasion  ISO Martindale abrasion and pilling
12947 tester, Sample cutter, electronic
weighing balance

Fabric ASTM Thickness Gauge meter
Thickness D5792-97

Flexural BS 3856 Shirley Stiffness Tester

rigidity

Drape co-  BS 5058 Cusick Drape Tester

efficient

Tensile ASTM Titan Universal Strength Tester

Strength D5035

Room temperature NaOH and
27°C) detergent
T 5 min 5 min
Water + wetting agent + pH check
sequestering agent + fabric
Room temperature NaOH and
(27°C) detergent
‘[ 5 min 5 min

Water + wetting agent +
sequestering agent + fabric

pH check

chemicals, ensuring thorough cleanliness. Ultimately,
the fabric samples are thoroughly dried and prepared for
further procedures. Figure 1 depicts the total scouring
process.

2.9 | Bleaching

Figure 2 depicts the bleaching procedure, the fabric is
immersed in a pot containing water, wetting agent, and
sequestering agent, all at room temperature. Following
a short 5-min immersion, sodium hydroxide (NaOH)
and a stabilizer are added, and the pH level is meticu-
lously monitored. The temperature is then gradually
raised to 60°C, and then further increased for 45 min to
facilitate the bleaching reaction. The extended exposure
to high temperatures and chemical substances effi-
ciently eliminates impurities and readies the fabric for
the process of bleaching. After the bleaching process
is finished, the fabric is drained and then subjected
to a hot wash, which includes the use of detergent to
thoroughly clean the fabric. Afterward, a cold rinse is
applied to eliminate any remaining chemicals and deter-
gent. Ultimately, the fabric is thoroughly dried, result-
ing in a flawless condition and making it suitable for
further processing.

45 minutes

}

Drain

}

Hot wash with 2g/L
detergent at boil

Cold wash
Drying
1 FIGURE 1 Process
Assessment sequence of scouring.
45 minutes

}

Drain

Hot wash with 2g/L
detergent at boil

Cold wash
Drying

1 FIGURE 2
Assessment

The process
sequence of bleaching.
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3 | RESULT AND DISCUSSION

3.1 | Effect of cotton-polyester composite
yarn on fabric areal density

Figure 3 is illustrated the analysis of fabric areal
density based on cotton-polyester composite yarn, it is
observed that polyester fabric showed the highest areal
density of 228 and cotton fabric showed the lowest areal
density of 208 among between four types of fabric. The
reason behind the result is that polyester is denser and
heavier than cotton, whereas cotton is a more breathable
and lightweight material than polyester.

Also, cotton is more porous than polyester.”” The
crystalline region of polyester fiber is higher than cot-
ton."®'® With the increase of cotton in the sample, the
areal density falls gradually. The cotton sample contains
maximum cotton fibers which resulted in the lowest areal
density among all the four samples. On the other hand,
the polyester sample contains no cotton than the other
three samples with the highest areal density value of
199 even after pretreatment processes among the four
samples. It has been observed that when the cotton con-
tent started to reduce, the areal density increased gradu-
ally. So, it can be concluded that with the increase of
polyester content in the samples the areal density
increases gradually.

3.2 | Effect of cotton-polyester composite
yarn on tensile strength
Analysis of tensile strength of cotton-polyester com-

posite woven fabric is depicted in Figure 4 to explain
its overall performance. The fabric's strength is an

160

Areal density, g/m?

140

120

important consideration as it's important to consider
that fiber properties indirectly affect fabric attributes.
From the above bar diagram, it is observed that the
polyester sample showed the highest tensile strength of
378.06 N in the warp direction and 371.28 N in the weft
direction which is the highest breaking force among the
four samples.

The cotton sample showed the lowest strength among
them with 321.03 N in the warp direction and 201.9 N in
the weft direction which is the lowest among all samples.
The reason behind the result is that polyester is more crys-
talline than cotton fiber so it requires more breaking force
than cotton fiber to break.’>*' The sample containing
CVC and PC in its weft direction showed almost equal
strength of 304.25 and 317.47 N, respectively. CVC's
strength is slightly lower than the PC sample as the PC
sample has more polyester fiber than the CVC sample.

3.3 | Effect of cotton-polyester composite
yarn on thickness

Figure 5 shows the analysis of fabric thickness of cotton-
polyester composite woven fabric, it is observed that the
cotton sample showed the highest thickness of 0.59 mm
and the PC sample showed the lowest thickness of about
0.55 mm among them all. Cotton fiber has more amor-
phous regions than polyester fiber and for that cotton,
fiber is thicker than polyester.*>*

So, with the increase of polyester, the thickness of the
fabric should fall gradually.>* But here it is observed an
exception and that is the 100% polyester fabric sample is
slightly thicker (0.55 mm) than 65% polyester containing
fabric whereas the CVC fabric's thickness is 0.57 mm.
Though all four fabric sample's thickness is almost equal

)

N

N

DO\

T
NN\

FIGURE 3

fabric areal density based on
cotton-polyester composite yarn.

Analysis of

100

i

N

MM

Cotton

CcvC
Sample type

B Before scouring-bleaching

PC

@ After scouring-bleaching

Polyester
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400 FIGURE 4 Analysis of
—— tensile strength of cotton-
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polyester composite woven
350 fabric.
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fabric thickness of cotton-
CcvC

B Thickness (mm)

visually but precisely there is a slight difference between
them and cotton showed the maximum thickness among
all of them.

3.4 | Effect of cotton-polyester composite
yarn on abrasion resistance

Abrasion occurs when the fabric's fibers and yarns brush
against each other.”> Abrasion involves repeatedly
applying stress. As a result, abrasion resistance is equiv-
alent to energy absorption capability. A fabric's abrasion
resistance depends on fiber characteristics, yarn struc-
ture and size, fabric mass and geometry, and finish.2®
Moisture content influences abrasion resistance in

polyester composite woven
fabric.

hydrophilic fibers.”” As a result, it was observed that
cotton lost the most mass among all the present samples
which was about 0.86% whereas polyester showed the
least mass lost percentage.

Those contents that are hydrophobic in nature show
less abrasion resistance than hydrophilic contents.
Also, fiber structure influences abrasion resistance.?® For
example, those fibers who has less crystalline regions
show greater abrasion resistance because highly crys-
talline fibers cannot absorb more energy than less
crystalline fibers.>** Figure 6 shows an analysis of fabric
abrasion resistance, it is observed that the average mass
loss percentage of Cotton is the lowest of all means better
resistant towards abrasion 5.19% after 1000 cycles and
CVC showed the lowest resistance as it showed the
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highest mass loss percentage (8.13%). The reason behind
this is that cotton is less crystalline than polyester accord-
ing to its fibrous structure.”’' Also, polyester is hydro-
phobic in nature whereas cotton is hydrophilic.****

For this reason, those samples that are cotton rich
should have shown higher abrasion resistance, but in this
study, it is found that the CVC sample is showing less
resistance to abrasion than the PC (7.25 after 100 cycles)
and polyester samples (7.63 after 1000 cycles). CVC is
more cotton rich than PC and polyester but for some rea-
son, it showed the lowest resistance to abrasion. The
reason can be the fibrous structure of the polyester which
is more crystalline than cotton.>* For high crystallinity, it
may be possible to take less damage through abrasion
and as a result, it will show less loss in mass percentage,
which may have happened in our studied sample.

3.5 | Effect of cotton-polyester composite
yarn on fabric pilling behavior

A fabric's tendency to pill is correlated with its hairiness.
A necessary condition that influences the formation of a

9

6

W

Mass lost percentage, %

] 4.03
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pill is hairiness. Hairiness, however, is an element that
is not directly controllable. Cotton's shorter fibers make
it more prone to pilling than polyester.> Polyester, on
the other hand, is naturally more resistant to pilling,
making it an excellent choice for long-lasting clothing.*®
When cotton is combined with fibers such as polyester,
the pilling rate varies depending on the blend and fiber
ratios. For example, a cotton-polyester composite is
more prone to pilling than a cotton-elastane composite
because of the smoother nature of polyester fibers.
Table 3 shows that the polyester sample showed the
lowest pilling grade dwindling from 3-4 to 2 with the
passage of cycles increased, the CVC and PC samples
showed equal grades ranging from 3 to 4 and the cotton
sample showed the highest grade with a little transfor-
mation after 200 cycles. The reason behind this result is
that the polyester sample contains 100% polyester in
weft and 100% cotton in warp. This polyester sample has
more polyester fiber than the CVC and PC samples. And
as we learn the greater polyester with cotton shows a
greater prone to pilling, that's why the polyester sample
is showing more prone to pilling than the other three
samples.

2] 7.25

(o)
3
Ve

27 6.04
o 6.02

] 4.692

After 100 cycles

FIGURE 6 Analysis of
fabric abrasion resistance.

TABLE 3 Pilling test of different fabrics.

Pilling grade per cycle Interval

After 250 cycles

Sample name After 125 cycles After 500 cycles
Cotton 4-5 4

CvC 4 3-4

PC 4 3-4

Polyester 3-4 3

After 500 cycles Average
Mass loss percentage
Sample type
B Cotton E®CVC BEPC HPolyester
Average

After 2000 cycles Pilling grade Interpretation

3-4 4 Slight pilling

3 3-4 Moderate to slight pilling
3 34 Moderate to slight pilling
2-3 3 Moderate pilling
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3.6 | Analysis of drapability effect of
cotton-polyester composite woven fabric

From the bar diagram (Figure 7), it is observed that poly-
ester fabric showed the highest drape co-efficient of
0.79% and the cotton fabric showed a lower drape co-
efficient of 0.66%. Besides, the drapability of CVC and PC
were 0.69% and 0.71%, respectively. The reason behind
the result is that polyester is denser and heavier than cot-
ton as explained in the areal density section. That's why
polyester rich fabric showed higher drape co-efficient
gradually.

0.8

3.7 | Evaluation of flexural rigidity of
cotton-polyester composite woven fabric

Flexural rigidity is a property of a textile material deter-
mined by its resistance to bending in further processing
and use. It is an important property regarding the esthetic
and drape ability of textile materials. An increase in cot-
ton proportion reduces bending length because the weak
cohesion of fibers in cotton-rich fabrics leads them to
bend more easily.’” From Figure 8, It is observed that cot-
ton rich fabric is less resistant to bending as the flexural
rigidity is 23.33 and 4.3 pNm in warp and weft direction,

<07
=
Q
2
o
®
8
o
(=¥
£ 06
A O.
0 FIGURE 7 Analysis of
Cotton cve Polyester ] nalysis o
Sample type drape coefficient % of cotton-
polyester composite woven
B Drape co-efficient fabric.
60
——
50
£ 40
3
z =
b=l
& 30 =
- a)
— o
= o
g —F 4
o 20 o
= =
A )
on
oy =
10 K
0
Cotton CvC PC Polyester
Sample type FIGURE 8 Flexural rigidity

OWarp direction B Weft direction

evaluation of cotton-polyester
composite woven fabric.
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Cotton

respectively. However, with the growing amount of poly-
ester to the composites this nature uplifted. Finally, it is
observed that 100% polyester fabric is more than twice
compared to the flexural rigidity of cotton.

Therefore, their flexural rigidity shows the lowest
value of them all. This polyester sample showed the high-
est flexural rigidity 52.05 and 8.52 pNm in warp and weft
direction, respectively. The flexural rigidity of CVC and
PC samples showed a moderate compared to cotton
and polyester samples.

3.8 | Analysis of comfort performance of
cotton-polyester composite woven fabric

The air permeability of a fabric refers to how well it
allows air to move through it. Air permeability is defined
as the amount of air (in milliliters) that passes through
100 mm? of fabric in 1 s under different pressures. The
cotton fiber content in the composite increases and
the fabric's thickness and weight drop.*®

As a result, the air permeability of cotton-rich fabrics
will rise. As cotton-rich fabrics get thinner and lighter in
weight, air permeability increases due to less resistance
to airflow. From Figure 9 which shows analysis of air per-
meability of cotton-polyester composite woven fabric, it
is observed that the cotton sample showed the highest air
permeability of 159.58 cc/s/cm? and polyester showed the
lowest of 139.85 cc/s/cm”.

4 | CONCLUSION

This research work aims to analyze the physico-mechanical
and properties of different composite samples which were

Polyester

Sample type

made with cotton-polyester blended yarn in the weft
direction of the woven fabric in different percentages
along with 100% cotton and 100% polyester. After conduct-
ing physical tests, the results showed that polyester
rich fabric sample has greater strength properties than
cotton rich samples in respect of areal density, strength,
drape and flexural rigidity. It can be shown as 100%
polyester > PC > CVC > 100% cotton. So, Apparel, sports-
wear, automobile upholstery, home decor, industrial set-
tings, smart textiles, medical textiles, aerospace and defense
are potential uses for fabric with enhanced mechanical
qualities. The cotton rich fabric showed greater comfortabil-
ity properties than the polyester rich sample with respect to
air permeability, abrasion resistance and pilling resistance.
It can be shown as 100% cotton > CVC > PC > 100% poly-
ester. So, Apparel, bedding, furniture upholstery, medical
textiles, sportswear, and automobile interiors are the poten-
tial many uses for fabric with improved comfort qualities,
which include increased breathability, moisture wicking,
softness, and overall user comfort. But the comfortability of
the polyester rich fabric wasn't that bad compared to cotton
rich sample. Increasing the proportion of cotton in the fab-
ric improves breathability and comfort. On the other hand,
increasing the proportion of polyester in the fabric resulted
in improved strength and durability. The manufactured
composites have developed the properties of both cotton
and polyester as physico-mechanical and comfort properties
present in the CVC and PC fabric samples, which ensures
the aim of this research work.

AUTHOR CONTRIBUTIONS

Nasrin Akter, Md. Reazuddin Repon and Shaima Islam
have contributed to conceptualization, methodology,
data collection and original draft preparation. Arnob
Dhar Pranta has contributed to resources, data analysis

85UB01 7 SUOLILLIOD A1 3[cfed! dde U Aq pauenob ae Sapile VO ‘8sN JO 3N o} Akeiq 18Ul UO AS]IA LIO (SUONIPUOD-PUE-SWLBIALID"AB | 1M Afe.d] 18U [Uo//Sty) SUORIPUOD PuUe SWLB 18U 39S *[Z02/0T/ST] Uo AreiqiTauliuo AB|IM eluenti aueiyooD Ad TyTOT 2sId/z00T 0T/I0p/w0d Ae M ARIq1 Ul juO'SUo eol [gndadsty//Sciy Woiy papeojumod ‘v ‘%20z ‘/S8E0692



MW ILEY— PLASTICS

SPE

INSPIRING

AKTER ET AL.

POLYMERS

PROFESSIONALS

and original draft preparation. Azmat Ali Khan and
Amer M. Alanazi contributed to editing and reviewing.
Md. Reazuddin Repon has supervised all stages of prepar-
ing the manuscript. All authors have read and agreed to
the published final version of this article.

ACKNOWLEDGMENTS

Technical supports from the “ZR Research Institute for
Advanced Materials”, Sherpur-2100, Bangladesh are
gratefully acknowledged.

FUNDING INFORMATION

The authors declare that no funds, grants, or other sup-
port were received during the preparation of this
manuscript.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

ORCID

Md. Reazuddin Repon

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

9984-7732

REFERENCES

1.

Cooper T, Claxton S. Garment failure causes and solutions:
slowing the cycles for circular fashion. J Clean Prod. 2022;351:
131394.

Aisyah HA, Paridah MT, Sapuan SM, et al. A comprehensive
review on advanced sustainable woven natural fibre polymer
composites. Polymers (Basel). 2021;13:1-45.

Kassaw A, Ayele M. Effect of weft yarn type and weaving
parameters on surface roughness and drapeability of woven
fabric. J Nat Fib. 2024;21(1):2334410. doi:10.1080/15440478.
2024.2334410

Wang H, Memon H. Cotton Science and Processing Technology:
Gene, Ginning, Garment and Green Recycling. Springer
Singapore; 2020.

Islam MR, -Karim FE, Uddin MB. Optimizing yarn properties
through response surface methodology: Finding the ideal flax
and cotton fiber proportion in blended yarns by using design-
expert software. SPE Polym. 2024;5:1-14.

Tu H, Li X, Liu Y, Luo L, Duan B, Zhang R. Recent pro-
gress in regenerated cellulose-based fibers from alkali/urea
system via spinning process. Carbohydr Polym. 2022;296:
119942.

Alomayri T, Assaedi H, Shaikh FUA, Low IM. Effect of water
absorption on the mechanical properties of cotton fabric-
reinforced geopolymer composites. J Asian Ceramic Soc. 2014;
2:223-230.

Kothari VK. Polyesters and Polyamides. 2008.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Khan SB, Alamry KA, Marwani HM, Asiri AM, Rahman MM.

Synthesis and environmental applications of cellulose/ZrO,
nanohybrid as a selective adsorbent for nickel ion. Compos Part
B Eng. 2013;50:253-258.

Islam MZ, Sabir EC, Syduzzaman M. Experimental investiga-
tion of mechanical properties of jute/hemp fibers reinforced
hybrid polyester composites. SPE Polym. 2024;5:192-205.
Sabour S, Tabeidian SA, Sadeghi G. Dietary organic acid and
fiber sources affect performance, intestinal morphology,
immune responses and gut microflora in broilers. Anim Nutr.
2019;5:156-162.

Uz Zaman S, Shahid S, Shaker K, et al. Development and char-
acterization of chemical and fire resistant jute/unsaturated
polyester composites. J Text Inst. 2022;113:484-493.

Oglakcioglu N, Celik P, Ute TB, Marmarali A, Kadoglu H.
Thermal comfort properties of angora rabbit/cotton fiber
blended knitted fabrics. Text Res J. 2009;79:888-894.

Grishanov S. Handbook of textile and industrial dyeing: princi-
ples. Proc Types Dyes. 2011;1:28-63.

Cheng KB, Cheng TW, Lee KC, Ueng TH, Hsing WH. Effects
of yarn constitutions and fabric specifications on electrical
properties of hybrid woven fabrics. Compos Part A Appl Sci
Manuf. 2003;34:971-978.

. Haji A, Nasiriboroumand M. Statistical study of the effect of

metallic mordants on tensile strength of wool. Indust Text.
2018;69:511-518.

Sakthivel S, Senthil Kumar B. Studies on influence of bonding
methods on sound absorption characteristic of polyester/cotton
recycled nonwoven fabrics. Appl Acoust. 2021;174:107749.
Sharma K, Khilari V, Chaudhary BU, Jogi AB, Pandit AB,
Kale RD. Cotton based composite fabric reinforced with waste
polyester fibers for improved mechanical properties.
Waste Manag. 2020;107:227-234.

Jaffe M, Easts AJ, Feng X. Polyester fibers. In: Jaffe M, Menczel JD,
eds. Thermal Analysis of Textiles and Fibers. Woodhead Publishing
Limited; 2020:133-149. doi:10.1016/B978-0-08-100572-9.00008-2
Zambrano MC, Pawlak JJ, Daystar J, Ankeny M, Cheng JJ,
Venditti RA. Microfibers generated from the laundering of cot-
ton, rayon and polyester based fabrics and their aquatic biodeg-
radation. Mar Pollut Bull. 2019;142:394-407.

Wang S, Salmon S. Progress toward circularity of polyester and
cotton textiles. Sustain Chem. 2022;3:376-403.

Haslinger S, Hummel M, Anghelescu-Hakala A, Mééttdnen M,
Sixta H. Upcycling of cotton polyester blended textile waste to
new man-made cellulose fibers. Waste Manag. 2019;97:88-96.
Mwaikambo LY, Bisanda ETN. The performance of cotton-
kapok fabric-polyester composites. Polym Test. 1999;18:181-198.
Chen S, Zhang S, Galluzzi M, et al. Insight into multifunctional
polyester fabrics finished by one-step eco-friendly strategy.
Chem Eng J. 2019;358:634-642.

Akgun M, Becerir B, Alpay HR, Karaaslan S, Eke A. Investiga-
tion of the effect of yarn locations on color properties of polyes-
ter automotive upholstery woven fabrics after abrasion. Text
Res J. 2010;80:1422-1431.

Erdogan G, Yucel S, Bilisik K. Textured polyester fiber in
three-dimensional (3D) carpet structure application: experi-
mental characterizations under compression-bending-abrasion-
rubbing loading. Polymers (Basel). 2023;15:15. doi:10.3390/
polym15143006

85UB01 7 SUOLILLIOD A1 3[cfed! dde U Aq pauenob ae Sapile VO ‘8sN JO 3N o} Akeiq 18Ul UO AS]IA LIO (SUONIPUOD-PUE-SWLBIALID"AB | 1M Afe.d] 18U [Uo//Sty) SUORIPUOD PuUe SWLB 18U 39S *[Z02/0T/ST] Uo AreiqiTauliuo AB|IM eluenti aueiyooD Ad TyTOT 2sId/z00T 0T/I0p/w0d Ae M ARIq1 Ul juO'SUo eol [gndadsty//Sciy Woiy papeojumod ‘v ‘%20z ‘/S8E0692


https://orcid.org/0000-0002-9984-7732
https://orcid.org/0000-0002-9984-7732
https://orcid.org/0000-0002-9984-7732
info:doi/10.1080/15440478.2024.2334410
info:doi/10.1080/15440478.2024.2334410
info:doi/10.1016/B978-0-08-100572-9.00008-2
info:doi/10.3390/polym15143006
info:doi/10.3390/polym15143006

AKTER ET AL.

e SRR e~ WILEY- %

27.

28.

29.

30.

31.

32.

33.

Goriparthi BK, Suman KNS, Mohan Rao N. Effect of fiber sur-
face treatments on mechanical and abrasive wear performance
of polylactide/jute composites. Compos Part A Appl Sci Manuyf.
2012;43:1800-1808.

Wang L, Zeng X, Li Y, Yang H, Tang S. Influences of MgO and
PVA fiber on the abrasion and cracking resistance, pore struc-
ture and fractal features of hydraulic concrete. Fract Fraction.
2022;6(11):674. doi:10.3390/fractalfract6110674

Cheung HY, Ho MP, Lau KT, Cardona F, Hui D. Natural
fibre-reinforced composites for bioengineering and environ-
mental engineering applications. Compos Part B Eng. 2009;40:
655-663.

Khedkar J, Negulescu I, Meletis EI. Sliding wear behavior of
PTFE composites. Wear. 2002;252:361-369.

Pusi¢ T, Vojnovié B, Flinéec Grgac S, Curlin M, Malinar R. Par-
ticle shedding from cotton and cotton-polyester fabrics in the
dry state and in washes. Polymers (Basel). 2023;15:15. doi:10.
3390/polym15153201

Colleoni C, Guido E, Migani V, Rosace G. Hydrophobic behav-
iour of non-fluorinated sol-gel based cotton and polyester fab-
ric coatings. J Ind Text. 2015;44:815-834.

Zaman M, Liu H, Xiao H, Chibante F, Ni Y. Hydrophilic modi-
fication of polyester fabric by applying nanocrystalline cellulose
containing surface finish. Carbohydr Polym. 2013;91:560-567.

34.

35.

36.

37.

38.

PROFESSIONALS

Hou W, Ling C, Shi S, et al. Separation and characterization of
waste cotton/polyester blend fabric with hydrothermal method.
Fib Polym. 2018;19:742-750.

Wang R, Xiao Q. Study on pilling performance of polyester-
cotton blended woven fabrics. J Eng Fiber Fabr. 2020;15:1-9.
doi:10.1177/1558925020966665

Stanes E, Gibson C. Materials that linger: an embodied geogra-
phy of polyester clothes. Geoforum. 2017;85:27-36.

Hussain U, Younis B, Usman F, Hussain T, Ahmed F. Comfort and
mechanical properties of polyester/bamboo and polyester/cotton
blended knitted fabric. J Eng Fiber Fabr. 2015;10:10.

Zou Y, Reddy N, Yang Y. Reusing polyester/cotton blend fab-
rics for composites. Compos Part B Eng. 2011;42:763-770.

How to cite this article: Akter N, Repon MR,
Pranta AD, Islam S, Khan AA, Malik A. Effect of
cotton-polyester composite yarn on the physico-
mechanical and comfort properties of woven
fabric. SPE Polym. 2024;5(4):557-567. doi:10.1002/
pls2.10141

85UB01 7 SUOLILLIOD A1 3[cfed! dde U Aq pauenob ae Sapile VO ‘8sN JO 3N o} Akeiq 18Ul UO AS]IA LIO (SUONIPUOD-PUE-SWLBIALID"AB | 1M Afe.d] 18U [Uo//Sty) SUORIPUOD PuUe SWLB 18U 39S *[Z02/0T/ST] Uo AreiqiTauliuo AB|IM eluenti aueiyooD Ad TyTOT 2sId/z00T 0T/I0p/w0d Ae M ARIq1 Ul juO'SUo eol [gndadsty//Sciy Woiy papeojumod ‘v ‘%20z ‘/S8E0692


info:doi/10.3390/fractalfract6110674
info:doi/10.3390/polym15153201
info:doi/10.3390/polym15153201
info:doi/10.1177/1558925020966665
info:doi/10.1002/pls2.10141
info:doi/10.1002/pls2.10141

	Effect of cotton-polyester composite yarn on the physico-mechanical and comfort properties of woven fabric
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Yarn specification
	2.2  Fabric specification
	2.3  Warp yarn sizing
	2.4  Sized yarns warping
	2.5  Drawing-in and denting
	2.6  Weaving
	2.7  Experimental apparatus
	2.8  Scouring
	2.9  Bleaching

	3  RESULT AND DISCUSSION
	3.1  Effect of cotton-polyester composite yarn on fabric areal density
	3.2  Effect of cotton-polyester composite yarn on tensile strength
	3.3  Effect of cotton-polyester composite yarn on thickness
	3.4  Effect of cotton-polyester composite yarn on abrasion resistance
	3.5  Effect of cotton-polyester composite yarn on fabric pilling behavior
	3.6  Analysis of drapability effect of cotton-polyester composite woven fabric
	3.7  Evaluation of flexural rigidity of cotton-polyester composite woven fabric
	3.8  Analysis of comfort performance of cotton-polyester composite woven fabric

	4  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


