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ABSTRACT

Polyurethane materials can be used industrially in different ways, some of which can be used as
textile materials or as auxiliary materials applied to textile materials. Polyurethane stands out as a
widely used polymer for coating textile products used in outdoor applications, because of high
stability at low temperature, flexibility, no or very little volatile organic component content, high
water resistance, pH stability, excellent solvent resistance, weather resistance, and many other
chemical and mechanical properties. In the study, cotton, PET, and viscose fabrics were coated with
polyurethane and aged under UV light to investigate the causes and behavior of the mechanical
degradation effects of UV on the coating material and fiber. The results indicate that the PU coating
process improves the mechanical properties of textile materials while being exposed to UV rays
impair the fabric structure. The deterioration in the structure of raw and coated fabrics with the effect
of UV increased the air permeability. According to the results of DSC analysis, the increase in the
time of UV exposure did not create significant differences in terms of thermal degradation
temperatures in both cotton and viscose fabrics. The glass transition temperatures (Tg) increased with
more exposure to UV rays, and the UV exposure time had a negative effect on the melting
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temperature (Tm) and enthalpy (AH) of coated PET fabrics.

1. INTRODUCTION

The innovative activities employed to improve textile
products start from the selection and/or development of the
raw materials, selection of the production system, and also
include pre-production and post-production treatment
processes. One such treatment process involves coating the
textile surfaces with suitable polymers that confer desired
properties [1]. for enhancing certain strength and
permeability properties that cannot be achieved through
traditional finishing methods, thereby rendering the textile
material suitable for its intended use. Polyurethane (PU),
one of the coating materials, finds application in various
forms in the industry, such as fiber, foam, film, etc. [2]. PU
can create effects that improve the electrical properties,
mechanical strength, and weathering resistance of textile

DSC analysis

materials when used as a coating material for them [3]. Due
to its ability to increase weathering resistance, this polymer
coating material emerges as an important alternative for
outdoor products.

Polyurethane coatings are frequently used in the textile
industry to improve the mechanical and physical properties
of fabrics. Yang and Yu (2006) examined the effect of
polyurethane coated fabrics on the mechanical performance
and stated that the tensile strength and tear resistance
increased greatly compared to uncoated fabrics, and this
was due to the densely formed polyurethane layer on the
surface [4]. According to the effect of PU and PVC
coatings on various fabrics used in technical textile
applications, Patel et al. (2015) revealed that coated fabrics
showed greater water resistance, less air permeability and
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better tensile strength compared to uncoated fabrics. It has
been presented as a result that PU coatings are more
suitable for technical textile applications due to their better
mechanical and physical properties compared to PVC
coatings [5]. In their study investigating the performance of
PU and PU/silicone coated fabrics in both production and
sewing capacities, Bulut and Sular (2013) determined that
the coating process has a significant effect on the physical
properties of the fabric, and an increase in tensile strength,
tear strength and abrasion resistance occurs with both
coating processes. However, it has been noted that adding
silicone to PU coating gives better results than coating with
PU alone [6].

The application of coatings to textile products has been a
subject of great interest in recent years. This is especially true
in the production process of both breathable and waterproof
fabrics. Padleckiene and Petrulis (2009) stated that weight
loss occurs with increasing wear and therefore the air
permeability values of breathable coated fabrics decrease.
Cho et al. (2004) revealed that shape memory polyurethane
coated fabrics showed better water vapor permeability and
mechanical strength compared to uncoated fabrics [8]. Jassal
et al. (2004) investigated the use of polyurethanes to develop
waterproof, breathable polymeric coatings. Using various
types of polyurethane dispersions, they found that the
resulting coatings exhibit remarkable water-resistant and
breathable properties [9]. Mondal and Hu (2007) analyzed
the effect of shape memory polyurethane coatings on the
water vapor permeability of cotton fabrics and the coated
fabrics exhibited better water vapor permeability [10]. Kara
et al. (2018) found that the abrasion resistance of
polyurethane coated polypropylene fabrics increased
compared to uncoated fabrics, and the increase in coating
weight caused a decrease in air permeability in so-coated
fabrics. Some studies highlight the importance of
understanding the microstructure of coated fabrics. and how
it affects properties such as breathability. Giinesoglu and
Yiiceer (2018) determined that the number and length of
micro cracks in coated fabrics increased with the tensile
stress applied to the fabric, the crack density decreased with
increasing coating thickness, and the air permeability of the
fabric increased with the increase in crack density [12].
Giinesoglu et. al. (2017) found that fabric treated with a
chitosan treatment, which increases the hydrophilicity of
fabrics and makes them more susceptible to cracking, has
significantly higher air permeability than untreated fabric
[13].

As it is known; light, heat, and oxygen have aging effects
on textile materials due to their degrading properties. Since
UV rays carried by sunlight have a photodegrading effect
on textile surfaces, textile products, that are expected to be
exposed to sunlight for a long time, must have a high UV
resistance [14]. When exposing polymers to UV radiation,
an undesirable result may occur. Specifically, this radiation
could cause the breakdown of valuable polymer chains,
thus resulting in free radicals. Due to the formation of these

potentially problematic radicals, the coating on an object
may become brittle over time. This issue ultimately causes
a loss in mechanical properties that were once present with
the original coating. Some studies have explored the
effectiveness of diversified polyurethane coatings, which
includes isocyanate-based polyurethanes developed from
various sources such as vegetable oil and palm oil. One
particular research conducted by Das et al. (2017)
investigated the consequences of UV aging on the
performance characteristics of these two types of polymers.
The results showed that providing vegetable oil or palm oil
as a component into isocyanate-based polyurethane can
enhance its UV resistance by incorporating antioxidants
[15]. The effects of UV aging on polyurethane coatings and
methods of increasing the resistance of polyurethane coated
fabrics to UV radiation have been the focus of numerous
studies. Zhang et al. (2019) determined that additives
containing antimony-doped tin oxide (ATO) and titanium
dioxide (TiO?) used in polyurethane coatings improve the
UV resistance of polyurethane coatings due to their ability
to absorb UV radiation and convert it into heat [16]. Li et
al. (2009) stated that zinc oxide nanoparticles increase the
UV resistance of polyurethane coatings with their ability to
absorb UV radiation and prevent free radical formation
[17]. Mills et al. (2012) showed that the incorporation of
silica nanoparticles into polyurethane coatings leads to
increased UV resistance due to their ability to inhibit and
reduce the formation of free radicals resulting from
exposure to ultraviolet radiation [18]. Sabzi et al. (2009)
examined how the surface modification of TiO?
nanoparticles impacted the properties of polyurethane
composite coatings when coupled with a silane coupling
agent [19]. Van Tran et.al. (2019) developed a new kind of
polyurethane nanocomposite coatings that included
silanized graphene as well as hexagonal boron nitride
nanoadditives to make the coatings more resistant against
the harmful effects of UV degradation. The researchers
found that these new additives were effective in improving
the overall UV resistance by absorbing UV radiation and
preventing the formation of free radicals [20].

UV radiation is a major player in affecting the longevity
and performance of textile products that come in contact
with sunlight. It’s particularly damaging for outdoor
textiles; these could be tents, sportswear or any other kind
of clothing mainly used outdoors because they are exposed
to the sun for prolonged periods. As a result of extensive
exposure to UV rays, textiles break down and lose their
durability pretty quickly- which ultimately results in shorter
product lifespans. In order to enhance the quality of textile
products, it is essential to comprehend how UV exposure
can impact various types of fabrics and their coatings. The
main objective of this study is to investigate the effects of
UV aging on the mechanical and physical properties of
cotton, viscose, and PET woven fabrics coated with
polyurethane. Specifically, the study aims to analyze the
breaking strength, tear strength, elongation at break, and air
permeability values of the coated fabrics after exposure to
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UV-A radiation at an intensity of 35 W/m? for a range of 0-
150 hours. Although previous researches have investigated
the effect of polyurethane coating on the mechanical and
permeability properties of fabrics, this study aims to fill this
gap in the literature by examining the effect of UV aging on
these properties. In addition, DSC analyzes of the coated
fabrics were performed to better understand the thermal
properties of the samples before and after UV exposure.
The originality of this study is a comprehensive
investigation of the effects of UV aging on both the
mechanical and thermal properties of polyurethane coated
fabrics made from different fibers commonly used in textile
production. The results of this study will contribute to an
understanding of the performance and durability of
polyurethane coated fabrics when exposed to UV radiation.

2. MATERIAL AND METHOD
2.1 Material

In this study, three different raw woven fabrics (made from
cotton, PET, and viscose) were utilized. These fabric types
are commonly employed in textile production, and the
objective was to examine their behavior under identical
conditions, including the same coating and UV exposure
time. The warp and weft yarns of these plain-woven fabrics
had a linear density of Ne 30/1. The front faces of these
fabrics were coated with PU (polyurethane) material, while
the back faces were treated with fluorocarbon coating. The

= Calendering

* Blade conting method

Immersion method

PU coating material used was an aliphatic waterborne PU
dispersion specifically recommended for formulating textile
coatings for outerwear. The process steps for the coating
are depicted in Figure 1.

2.2 Method

The physical properties of both the raw and coated fabric
samples are provided in Table 1. To subject the fabric
samples to UV aging, a Prowhite UV test cabin was
utilized, with exposure durations of 50, 100, and 150 hours,
and a UV parameter of 35 W/cm2. The cabin temperature
was maintained at 35°C. Subsequently, the mechanical and
air permeability properties of the fabrics were analyzed.
The testing procedures, along with the equipment and
corresponding standards employed, are detailed in Table 2.

In addition to assessing the mechanical and permeability
properties of the fabrics, surface and structural properties
were examined using Thermo Scientific Apreo S Scanning
Electron Microscopy (SEM) and TA DSC Q2000
Differential Scanning Calorimetry (DSC) equipment. SEM
images were captured at magnifications of up to 5000x (HV:
3.00 KV, WD: 9.3-10.8 mm, spot size: 5.0) to evaluate the
surface characteristics of the fabrics. DSC analyses were
conducted in a nitrogen environment, with temperature
intervals ranging from 0 to 350°C and a temperature rise rate
of 10°C/min. Figure 2 presents SEM images of the raw and
coated cotton, viscose, and PET fabrics

Process parameters: speed 17 m/min, temperature 150 °C, pressure 40 tonnes

Chemicals used: Rollflex AP (Lamberti)
Process parameters: speed 13 m/man, temperature 150 7C

* Process parameters: inpul tempernturel 50 °C, output temperature | 70 °C

* Chemicals used: RUCO-Guard (Rudolf’ Duraner)
Process paramelers: temperature 150 °C

Process parameters: input temperature 1 50 °C, output temperature 1 70 °C

Figure 1. Coating process steps

Table 1. Physical properties of fabric samples

Warp density

Weft density Thickness

Fabric material Fabric codes (warp/cm) (weft/cm) (mm) Weight (g/m?)
100% Cotton Concs s o 02 1202
e i ii oz
100% Viscose Co:i/ti-s\/is 28 iz 8:;21 Eg:g
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Table 2. The equipment and the standards of the tests

Fabric properties Test equipment Standards
Weight - EN ISO 12127
Thickness SDL-Atlas MO34A EN 1SO 5084
Density - EN 1049-2
Breaking strength and elongation Zwick Z010 (Roell) EN ISO 13934-1
Tear strength Zwick Z010 (Roell) EN ISO 13973-2

Air permeability

FX3300 (Textest) EN 1SO 9237

Figure 2. SEM images of raw (1) and coated (2) cotton (a), viscose (b), and PET (c) fabrics before UV exposure

The scope of this study was to investigate in detail the
mechanical, thermal and air permeability properties of the
UV resistance of fabrics with different fiber types. The
mechanical and air permeability properties of fabrics with
different fiber types, which are frequently used in textile
production, were analyzed when exposed to UV. The results
were analyzed in two different steps. In the first one, raw and
coated fabrics of each fiber type were evaluated among

themselves. In this evaluation phase, UV-A type aging
process was applied at 0 hours, 50 hours, 100 hours and 150
hours intervals. In order to determine the UV effect in
general, a detailed analysis was made for each fiber type as
raw fabric (RF), coated fabric (CF), raw fabric- UV exposed
(RF-UV) and coated fabric-UV exposed (CF-UV) subgroups,
regardless of the UV exposure time. One-way ANOVA
analysis was done for statistical evaluations using IBM SPSS
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Statistics 20 Software. The general effects were determined
by interpreting the significance values (p), which are the
decision-making factor in the ANOVA method, and in
situations where the factor is significant (0=0.05), post hoc
tests were also carried out for further analysis.

3. RESULTS AND DISCUSSION

The main purpose of the study was to understand how
different fibers commonly used in textiles are affected by
UV-A rays when coated with the same PU coating under
the same parameters. Therefore, several properties of the
coated and raw fabrics were comparatively investigated,
including breaking strength, breaking elongation, tear
strength, and air permeability. Additionally, some of these
fabrics were exposed to a UV aging process with different
exposure times to understand the effect of exposure time.
The strength and permeability results of the fabric samples
are provided in Table 3.

3.1 Breaking strength

Significant decreases occur in the mechanical properties of
the materials, because of the molecular level degradation
caused by the effect of UV rays [21]. According to our

findings, it has been determined that as the UV exposure
time increases, the breaking strength decreases for all
sample groups (Figure 3 and Figure 4) which is consistent
with previous studies [22-25]. The samples that were not
exposed to the aging effect of UV treatment exhibited the
highest strength values, as expected for coated fabrics,
where the coating layer had an enhancing effect on the
breaking strength [26,27]. In both types of cotton fabric
samples, the highest tensile strength values were observed
in the samples that were not subjected to UV treatment,
while the lowest tensile strength values were observed in
the samples treated for 150 hours. In the warp direction,
considering the 150-hour samples of raw and coated cotton
fabrics that were not exposed to any UV effect, a strength
loss of around 50% was observed. For all PET fabrics, it
was determined that while high rates of decrease occurred
in raw fabrics for 100-150 hours, the breaking strength
decrease in coated samples was more limited. Viscose fiber
is known to have the lowest strength compared to other
fibers used in the study [28]. The breaking strength, which
was affected by the structural degradation caused by UV
treatment, resulted in 60-75% strength decreases in the
warp direction at the end of 150 hours in viscose fabrics.

Table 3. Mechanical and air permeability results of the fabric samples (before and after UV exposure)

Breaking Breaking Breaking Breaking Tear Tear .
Fabric UV aging strength strength elongation elongation  strength  strength Alr -
codes duration (N) (N) (%) (%) (N) (N) per(wr?]e;/bsl)llty
(warp) (weft) (warp) (weft) (warp) (weft)
Unaged (Oh) 451.39 366.85 7.51 24.41 7.37 10.80 632.80
° 50 h 282.92 188.63 6.42 20.88 3.40 4.46 640
© 100 h 230.95 144.35 5.80 18.21 2.42 3.30 627
150 h 212.17 114.32 4.98 15.36 1.82 2.87 655
Unaged (0h) 552.17 439.62 9.30 30.71 9.80 14.60 15.40
§ 50 h 357.37 234.08 8.10 26.42 5.14 7.41 17
§ 100 h 293.44 186.32 7.09 24.92 2.84 4.02 62.40
150 h 227.08 130.92 6.01 23.36 1.17 2.96 207.40
Unaged (0h) 892.99 485.08 24.80 47.32 21.58 30.69 208.60
E 50 h 512.32 321.77 21.31 43.95 16.52 24.11 208.2
o 100 h 305.22 122.34 18.85 42.25 12.80 18.19 2134
150 h 280.37 102.85 16.06 40.03 10.83 15.24 219.6
- Unaged (0h) 1206.40 711.72 13.70 35.75 41.62 57.24 55.80
N 50 h 876.36 726.49 12.67 20.24 34.66 40.92 179
Hé 100 h 785.72 648.49 11.79 19.16 25.08 31.70 201.20
© 150 h 618.14 554.90 11.32 15.99 20.24 28.01 231.2
Unaged (0h) 340.51 210.50 20.91 40.02 8.62 11.53 563.80
® 50 h 209.23 104.70 10.74 27.28 4.77 6.25 607
> 100 h 101.53 29.95 7.26 17.84 1.55 3.48 630.80
150 h 9151 13.59 5.71 14.07 0.46 1.35 633.60
" Unaged (0h) 537.12 328.32 22.49 28.23 9.53 13.52 18.80
> 50 h 377.98 249.26 20.63 25.48 5.62 8.36 89.20
§ 100 h 250.67 186.19 18.05 22.18 3.36 6.15 145.80
150 h 214.14 138.40 14.34 17.85 2.14 4.03 177.60
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Table 4. ANOVA results for the effects of UV exposure time on breaking strength for all fabric types

Warp direction

Weft direction

Fabric Type
F Value Significance F Value Significance
Co 61.659 .000* 67.165 .000*
Coat-Co 105.186 .000* 186.160 .000*
PET 378.279 .000* 17.257 .001*
Coat-PET 62.600 .000* 27.371 .000*
Vis 34.763 .000* 878.123 .000*
Coat-Vis 191.774 .000* 108.445 .000*
1500
m0 hour 50hourg  ®100 hours ®1350 hours
g 1200
&
& 000
§
g -
7 600 R
%'I O 5 I E :
i 5 W) I
5300 T e e = v B
A Eaa B P B g~ ° E
C'o Cloat-C'o PET Coat-PET Vis Cloat-Vis

Figure 3. Breaking strength of the fabrics (warp direction)

In studies examining the mechanical properties of fabrics, it
is generally observed that measurements taken in the weft
direction, which contains fewer yarns compared to the warp
direction, vyield lower breaking strength values [29].
Similarly, it was found that the warp yarns of each fabric
examined had higher linear densities than the weft yarns,
resulting in lower breaking strength values in the weft
direction. After exposure to UV, the breaking strength of all
fabric samples decreased in both the warp and weft
directions. In terms of UV exposure time, a strength loss of
approximately 75% was detected in the breaking strength of
cotton-containing fabrics in the weft direction when
comparing samples with 0-150 hours of exposure. Although
the inherent low strength potential of weft yarns resulted in
more pronounced effects, especially in uncoated PET
samples, the strength decrease in coated samples was also
observed at lower rates, particularly in the weft direction, as
reported in previous studies [22]. Similar to studies
examining the UV effect on viscose fabrics [30], lower
breaking strength values were measured in all viscose
samples after UV exposure. Especially in raw viscose
fabrics, a strength loss of up to 95% was observed at the
end of 150 hours (Figure 4).

The results of the analyses independent of the UV exposure
time indicated that the coating process was a significant
factor in enhancing the tensile strength of all fabric samples
(Table 5). The coating process provided an additional

surface layer on the fabric and increased resistance to forces
acting on the fabric from various directions. In terms of
tensile strength, the lowest values were observed in raw and
coated cotton samples exposed to UV. The abrasive effect
of UV treatment led to significant decreases in the tensile
strength of cotton fabrics, with a higher decrease of
approximately 60% in the weft direction. Conversely, in
cotton fabric samples without UV exposure, the coating
process resulted in significant increases in tensile strength,
with strength values measured to increase by 25% in both
directions. For PET fabrics, the lowest tensile strength was
observed in raw samples treated with UV in both the warp
and weft directions. In the warp direction, the coating
process resulted in a 35% increase in strength and a 40%
decrease was calculated with UV treatment. In the weft
direction, the strength increased by 45% with coating and
decreased by 37% with UV exposure. Notably, the coating
process prevented strength decreases caused by UV,
especially in the weft direction, which is problematic in
terms of breaking strength. In viscose fabrics, higher
strength values were obtained in the warp direction. The
coating process led to a proportional increase of
approximately 60% in both the weft and warp directions.
Similarly, to other analyses, UV treatment resulted in
strength decreases in both directions due to structural
distortions. The decreases observed in raw viscose samples
were higher in the weft direction, with a rate of 75%,
compared to 60% in the warp direction (Figure 5).
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Figure 4. Breaking strength of the fabrics (weft direction)

Table 5. ANOVA results for the effects of UV exposure and coating process on breaking strength regardless of UV exposure time

Warp direction

Weft direction

Fabric Types
F Value Significance F Value Significance
Co and Coat-Co 42.871 .000* 56.614 .000*
PET and Coat-PET 55.701 .000* 43.254 .000*
Vis and Coat-Vis 32.206 .000* 40.934 .000*

242
2926
1838

J

Breakmg strenght (N)

1 1491

-
-

RF

CF UV-RF UV-CF

RF

Conand Cont-Ca P11

CF

and C'oat-PF1

s Weft

1809
N3

494

-

UV.RF UV-CF RF

_F

UV-RF UV-C'F

Vi and Cont-Vig

Figure 5. Breaking strength of raw and coated fabrics independent of UV exposure time for all fabric types

3.2 Breaking elongation

Similar to the breaking strength, it was observed that
increasing UV exposure time had a detrimental effect on
the breaking elongation values of all fabrics. Consistent
with previous studies [24,25,31,32], fabric ruptures
occurred at lower elongation values due to structural
degradation caused by UV exposure. In the case of cotton
fabrics, the highest elongation values were obtained in the
warp and weft directions for samples that were not exposed
to UV, while the lowest elongation values were observed at
150 hours, representing the most severe UV exposure. The
increase in UV exposure time negatively affected the
elongation at break of both raw and coated PET fabrics.
Notably, different responses were observed depending on

the measurement direction for raw and coated PET fabrics.
The decrease in elongation at break in the warp direction of
raw PET fabrics progressed proportionally with the
duration of UV treatment. However, the coated PET fabrics
exhibited a limited abrasive effect in the warp direction,
likely due to the fabric structure acquiring a more rigid
form through the coating process. In the case of raw viscose
fabrics, significant decreases in elongation at break were
observed after 50 hours, aligned with the decline in tensile
strength resulting from UV-induced structural degradation.
Subsequent decreases were less pronounced as the exposure
time prolonged. Coated viscose fabrics showed a parallel
decrease in elongation at break with increasing UV
exposure time (Figure 6).

TEKSTIL ve KONFEKSIYON 34(1), 2024
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Table 6. ANOVA results for the effects of UV exposure time on breaking elongation for all fabric types

Warp direction

Weft direction

Fabric Type
F Value Significance F Value Significance
Co 19.059 .001* 32.521 .000*
Coat-Co 19.974 .000* 13.757 .002*
PET 19.013 .001* 15.317 .001*
Coat-PET 7.094 .012* 82.143 .000*
Vis 26.600 .000* 179.942 .000*
Coat-Vis 21.189 .000* 50.410 .000*
30
- B0 hour S50hours  M100 hours MW150 hours
§ 24
s I I
g 18
g 1 =
3 2 I
af) .
2 I L A E N -
- e I
==
0
Co Coat-Co PET Coat-PET Vis Coat-Vis

Figure 6. Breaking elongation of the fabrics (warp direction)

Due to the tensions experienced by warp yarns during their
positioning in the fabric and the production process, it is
observed that fabrics exhibit lower elongation values in the
warp direction compared to the weft direction [33]. This
trend was consistent across all fabric types, with higher
elongation at break values observed in the weft direction. In
raw cotton fabrics, the decrease in elongation at break in the
weft direction was found to be proportional to the UV
exposure time, whereas in coated cotton samples, the
decrease in elongation at break values stabilized after 50
hours. The high breaking elongation values observed in raw
PET fabrics can be attributed to the high tenacity and
elongation characteristics of the yarn used [28]. In coated
PET fabrics, the elongation at break values in the weft
direction decreased significantly after 50 hours, and the rate
of decrease stabilized, similar to coated cotton fabrics.
After 150 hours, a 55% decrease in elongation at break was
observed in the weft direction of coated PET fabrics. Raw
viscose fabrics experienced a 65% decrease in elongation at
break in the weft direction after 150 hours. In the case of
coated viscose fabrics, the decrease in elongation at break
in the weft direction was determined to be 35% after 150
hours (Figure 7).

According to the analyses conducted independently of the
UV exposure time parameter, both coating and UV
exposure were found to have a statistically significant effect
on the elongation at break properties of all examined fabrics
(Table 7). Furthermore, due to the inherent physical

characteristics of weft yarns in terms of stretchability, it
was observed that weft yarns exhibited higher elongation at
break values compared to warp yarns in all fabrics. The
elongation at break results of cotton fabrics indicated that
UV treatment played a significant role in reducing the
elongation at break. However, it was determined that the
effects caused by UV exposure were somewhat mitigated
by coating the fabric surfaces. Conversely, in coated
samples that were not exposed to UV, the elongation values
were measured at the highest level, highlighting the
stretchable nature of the coated fabric surface. The
integration of coating and UV treatment in PET fabrics had
a negative impact on the elongation at break. The lowest
breaking elongation values were observed in samples that
were both coated and exposed to UV, due to the hardening
effect of the coating process[8] and the deterioration in the
fabric structure caused by the UV exposure. Regarding the
elongation at break results, the coating process led to a 45%
decrease in elongation at break in the warp direction, while
UV treatment resulted in a 25% decrease. In the weft
direction, the coating process caused a 25% decrease, while
UV treatment led to a 12% decrease. In terms of elongation
at break in viscose fabrics, UV exposure had a significant
effect. The viscose fabric samples exhibited the lowest
elongation at break values due to UV exposure, with a 60%
decrease in the warp direction and a 50% decrease in the
weft direction. Although the coating process did not have a
significant effect in the warp direction, it provided the
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highest elongation values and mitigated the negative impact
of UV exposure. In the weft direction, the coating process
contributed to a decrease in elongation values by increasing

60

M0 hour

438

(%0), weft

36

=

24

=

12

Breaking elongation

Cao

Coat-Clo

PET

fabric density and reducing stretching abilities, resulting in
a 30% decrease in elongation at break (Figure 8).

W50 hours  ®100 hours  MW150 hours

Coat-PET Vis Coat-Vis

Figure 7. Breaking elongation of the fabrics (weft direction)

Table 7. ANOVA results for the effects of UV exposure and coating process on breaking elongation regardless of UV exposure time

Warp direction

Weft direction

Fabric Types
F Value Significance F Value Significance
Co and Coat-Co 15.287 .000* 32.318 .000*
PET and Coat-PET 47.169 .000* 242.923 .000*
Vis and Coat-Vis 33.801 .000* 17.752 .000*
50
= B Warp  ®Weft
& 40 ‘Il e o
3 e |
5 4
0 | ]
& = [l.
=20 e | ]
~ wka
& 10
0
RF CF UV-RF UV-CF RF CF UV-RF UV-CF CF UV.RF UV-C'F
Cooand Coat-C'n PET and Coat-PRE'T Vi andd Cont-Vis
Figure 8. Breaking elongation of raw and coated fabrics independent of UV exposure time
3.3 Tear strength strength test results, the lowest values in all cotton fabric

The tear strength of a fabric is influenced by factors such as
the breaking strength of the yarns that form the fabric and
the mobility of the yarns within the fabric [34]. Consistent
with previous studies in the literature [22,24,30-32], the
degrading effect of UV exposure on the fabric structure has
a negative impact not only on the breaking strength but also
on the tear strength properties. The tear strength results of
all fabrics revealed statistically significant differences
attributed to the effect of UV exposure (Figure 9 and Figure
10). Similar to the breaking strength, according to the tear

samples were determined in the samples exposed to 150
hours of UV treatment. Due to the damage caused by UV
effect in the fabric structure, there were decreases in tear
strength in both warp and weft directions. It was
determined that PET fabrics without UV exposure had the
highest tear strength values due to the abrasive effect of UV
in raw and coated fabric samples. In both PET fabric
groups, the tear strength reduction rates were parallel to the
exposure time and 50% decreases were measured when
compared to the 150-hour samples and 0-hour samples. The
increase in UV exposure time also had a negative effect on
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viscose fabrics and the lowest tear strength values were
determined after 150 hours. Strength reductions of up to
95% in the warp direction after 150 hours due to UV were
calculated for raw viscose fabrics. Especially in both
viscose fabrics, the decreases after 50 hours were higher.

Due to the higher mobility of weft yarns compared to warp
yarns in the fabric, they tend to move and stay closer to
each other in the region of tearing under the influence of
tear forces [34, 35]. Consistent with previous studies [36-
38], higher tear strength values were observed in the weft
direction for all fabric types. In both raw and coated cotton
fabrics, approximately 80% loss in tear strength was
determined in samples exposed to UV in both warp and
weft directions. The effects of coating and UV exposure on
PET fabrics exhibited a similar trend in both directions.
While tear strength values in the weft direction were
relatively higher for viscose fabrics, reductions of 70% and
90% were observed in the weft direction for raw and coated
viscose fabrics, respectively, after 150 hours of UV
exposure (Figure 10).

In the evaluation conducted independently of the UV
exposure time, it was determined that both the coating
process and UV exposure had a statistically significant
impact on the tear strength of all fabrics, as shown in Table

9. Despite the beneficial effect of the coating process, it
was found that the strength of all fabric types was
significantly reduced due to UV exposure. In the case of
cotton fabrics, the tear strength decreased by 70% in both
warp and weft directions under the influence of UV.
However, for the fabric samples not exposed to UV, the
coating process led to a significant improvement in tear
strength. Measurements conducted in both warp and weft
directions showed strength increases of 35%. The positive
impact of the coating process was evident in the tear
strength results of PET fabrics, with nearly 100% increases
observed in both directions. A comparison between the RF
and UV-CF PET fabrics revealed an increase in tear
strength due to the coating process, despite the abrasive
effect of UV treatment. However, the effect of UV resulted
in a decrease of 35-40% in tear strength for PET fabrics in
both directions. Regarding fabric samples containing
viscose, the tear strength-reducing effects of UV treatment
were observed. Raw viscose fabrics experienced decreases
of 70% in both directions as a result of UV treatment. Even
in coated viscose samples, reductions of up to 60% were
observed. While there was a 15% increase in tear strength
in the weft direction due to the coating process, it remained
relatively low.

Table 8. ANOVA results for the effects of UV exposure time on tear strength for all fabric types

Warp direction

Weft direction

Fabric Type
F Value Significance F Value Significance
Co 314.933 .000* 179.418 .000*
Coat-Co 138.256 .000* 137.657 .000*
PET 29.201 .000* 42.716 .001*
Coat-PET 50.775 .000* 137.627 .000*
Vis 289.149 .000* 179.388 .000*
Coat-Vis 107.766 .000* 67.140 .000*
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Figure 9. Tear strength of the fabrics (warp direction)
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Figure 10. Tear strength of the fabrics (weft direction)

Table 9. ANOVA results for the effects of UV exposure and coating process on tear strength regardless of UV exposure time

Warp direction

Weft direction

Fabric Types
F Value Significance F Value Significance
Co and Coat-Co 35.012 .000* 54.077 .000*
PET and Coat-PET 30.618 .000* 50.777 .000*
Vis and Coat-Vis 22.731 .000* 26.826 .000*
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Figure 11. Tear strength of raw and coated fabrics independent of UV exposure time

3.4 Air permeability

According to the results of the statistical analysis regarding
air permeability, it was observed that the UV exposure time
did not have a significant effect on the air permeability of
raw cotton and raw PET samples (Table 10). However, the
effect of UV exposure time on raw viscose fabrics and all
coated fabric types was found to be statistically significant,
as indicated in Table 10. In the case of raw viscose fabrics,
an increase in air permeability was observed with UV
exposure during the initial 50 hours, and this increase was
maintained at a constant level thereafter. After 50 hours of
UV exposure, a 7% increase in air permeability was
observed, while at the end of 150 hours, the air
permeability showed a 12% increase compared to the air
permeability of the raw viscose fabrics at 0 hours (Figure
12).

Table 10. ANOVA results for the effects of UV exposure time on
air permeability for all fabric types

Fabric Type F Value Significance
Co 2,179 .079
Coat-Co 292,951 .000*
PET 0,754 ,536
Coat-PET 71,269 .000*
Vis 10,594 .000*
Coat-Vis 108,275 .000*

The results of the air permeability tests revealed that the
changes in the fabric surface structure due to increased UV
exposure time were most pronounced in the coated fabric
samples. In woven fabrics, air flow passes perpendicularly
through the gaps between the warp and weft yarns [39].
Consistent with previous studies [40-43], it was observed
that the coating process restricted the fabric's porosity,
which is responsible for allowing vertical air movement
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[44]. Consequently, the fabrics that were not exposed to UV
exhibited significantly low air permeability properties
(Figure 12). In coated cotton fabrics, the coating effect
remained relatively stable within the first 50 hours of UV
exposure. However, after 100 and 150 hours, there was a
significant increase in air permeability values. For coated
PET fabrics, the abrasive effect of UV exposure became
apparent after 50 hours, and the highest air permeability
values were observed after 150 hours. Notably, deep cracks
and ruptures (indicated by red arrows) appeared in the

m0 hour

Air permeability ( 1/m?/g
|

Co Coat-Co

Figure 12.

Figure 13.

fibers and coated layer of coated PET fabrics after 150
hours of UV exposure, resulting in air permeability values
similar to those of raw PET fabrics (Figure 13). In the case
of coated viscose samples, the covering effect produced by
the coating surface, which reduces permeability, underwent
significant changes with increased UV exposure time. The
most permeable coated viscose fabric structure, in terms of
air permeability, was observed after 150 hours of UV
exposure.

® 100 hours

®150 hours

w50 hours

Coat-PET Vis Coat-Vis

Deep cracks and ruptures observed on the raw cotton (a-1), coated cotton (a-2), raw viscose (b-1), coated viscose (b-2), raw

PET (c-1), and coated PET (c-2) fabrics after 150 hours of UV exposure
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The results of the air permeability test analysis for all
fabrics, regardless of UV exposure time, indicated that the
coating process had the greatest impact on the fabric's
vertical air permeability. It was observed that the coating
process significantly reduced the air permeability values. In
the case of coated cotton fabrics, although the coating effect
led to decreased permeability values, it was hypothesized
that the surface abrasion effect of UV might create new air
passage channels. This effect was not observed in raw
cotton fabrics, where both UV-exposed and non-exposed
samples exhibited similar air permeability properties.
Regarding the air permeability analysis of PET fabrics, it
was determined that the coating process had a primary
effect, while the interaction between the coating and UV
treatment had a secondary effect. The air permeability
values in coated PET fabrics decreased by 75%. However,
in the UV-CF group of PET fabrics, where the coating
effect was expected to be dominant, the covering effect was
not detected. The UV exposure seemed to diminish the
impact of the extra surface created by the coating, and the
distortions caused by UV on the coating surface allowed for
the reestablishment of gaps required for vertical air
movement. In the case of viscose fabrics, both the coating
and UV treatment had significant effects, leading to
statistically distinct groups based on air permeability levels.
The CF group of viscose fabrics exhibited very low air
permeability. However, UV exposure caused deterioration
in the coating surface and fabric structure, resulting in the
formation of new spaces for air movement. A comparison
between RF and UV-CF fabrics of viscose revealed a 75%
reduction in air permeability due to the coating process,
despite UV exposure (Figure 14).

Table 11. ANOVA results for the effects of UV exposure and
coating process on air permeability regardless of UV
exposure time

Fabric Type F Value Significance
Co and Coat-Co 357.042 .000*
PET and Coat-PET 73.403 .000*
Vis and Coat-Vis 916.286 .000*
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3.5 DSC Analyses

DSC analyses were performed on PU-coated fabrics within
the temperature range of 0-350°C. The DSC analysis results
of the coated fabrics were examined for two groups:
cellulosic fabrics (cotton and viscose) and PET fabrics,
after 0-150 hours of UV exposure. It was observed that the
DSC graphics of the cellulosic fabrics exhibited a
distribution similar to previous studies in the literature [45].
The first noticeable endothermic peak was attributed to
moisture present in the fibers, and the moisture evaporation
peak values (Tpea) were measured to be around 65°C in
untreated (UV) cellulosic fabrics [46]. It was determined
that the increase in UV exposure time of coated cotton and
viscose fabrics (Figure 15 and Figure 16) increased the
moisture evaporation peak temperatures (Tpea) and
evaporation offset temperatures (Tofset). The literature
suggests that the moisture management properties of fibers
change due to the oxidation of hydroxyl side groups in
cellulosic fibers under the influence of UV radiation [47].
Notably, the coated viscose fabrics exhibited higher values
at both temperature values of the first endothermic peak
after 150 hours of UV exposure (Table 12). Cellulosic
fibers, which contain more moisture in their structure,
generally exhibit higher evaporation temperature values
[48]. It is presumed that these temperature differences arose
due to the higher moisture-holding capacity of viscose
fibers (12-14%) compared to cotton fibers (7-8%) [46].

The second peak in the DSC graphs of cellulosic fabrics
corresponds to the onset of thermal degradation of the
fibers [49], which is consistent with previous studies in the
literature [50-52]. The onset temperature value (Tonset) Of
cotton fabrics not exposed to UV was observed to be
327.92°C, while for viscose fabrics, it was 306.77°C
(Figure 15, 16). This difference can be attributed to the
higher degree of polymerization and crystallinity of cotton
fibers, which leads to a higher onset temperature for
thermal degradation compared to viscose fibers [46,51].
Furthermore, it was found that the coated cotton fabrics
exhibited higher onset thermal degradation temperature
values compared to the coated viscose fabrics. Although the
effects of UV exposure on the mechanical properties of
cellulosic fabrics were evident, the increase in UV exposure
time did not result in significant differences in terms of
thermal degradation temperatures for both cotton and

viscose fabrics (Table 12).
H_._
—
RE 'K UUV-RFUV-('F
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Figure 14. Air permeability of raw and coated fabrics independent of UV exposure time
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Figure 15. The DSC graphs of coated cotton fabnes
O-hour S0-hours
1M-hours 150-hours

Figure 16. The DSC graphs of coated viscose fabrics

Table 12. Moisture evaporation and thermal decomposition in DSC analyses of cellulosic fibers

Moisture Evaporation Peak End point of Evaporation Slga(ercto?;p-)rohs?'crig]r?l
UV-Exposure Time (Tpeak / °C) (Toftset / °C) (Tonset/ °C)
Coat-Co Coat-Vis Coat-Co Coat-Vis Coat-Co Coat-Vis
0 hours 65.06 66.79 118.04 120.86 327.92 306.77
50 hours 69.79 69.31 125.39 123.83 323.78 304.36
100 hours 75.34 69.66 127.67 127.65 322.78 304.88
150 hours 75.04 78.72 126.47 131.16 325.99 304.60
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The first peak in the DSC graphs of coated PET fabrics
corresponds to the glass transition temperature (Tg), as
reported in previous studies [53-55]. The observed changes
in T4 values, which increased significantly after 50 hours of
UV exposure, indicate the effect of UV aging on PET
fabrics (Table 13). Previous studies have also shown an
increase in T4 temperatures with prolonged exposure to UV
rays [56,57]. This change is attributed to a slight increase in
the crosslinking density induced by the UV effect [58-60].

The other notable region in the DSC analysis of coated PET
fabrics corresponds to the melting temperatures (Trm), as
mentioned in previous studies [61,62]. Consistent with
earlier researches [63,64], an increase in UV exposure time
was found to have a negative impact on the melting
temperature (Tm) and enthalpy (AH) values of coated PET
fabrics (Table 13). UV exposure leads to photodegradation
and photooxidation, causing damage to basic bond
structures such as ester bonds and a decrease in molecular
weight. As a result of these degradations, PET fibers exhibit
lower melting points and reduced enthalpy values [65,66].

4. CONCLUSION

Coating conventional fabrics with a suitable layer offers
numerous functional properties, particularly enhanced

O-hour

100-hours

resistance against physical impacts. In the context of textile
products designed for outdoor use, the photodegradation
effect caused by UV rays stands as a significant concern. In
this study, the effects of UV exposure on the mechanical
properties of different polyurethane-coated fabrics types
were investigated. The results demonstrated that UV
exposure time caused significant decreases in the breaking
strength, breaking elongation, tear strength, and air
permeability of the fabric samples.

The breaking strength of all fabric types decreased as the
duration of UV exposure increased. Coated fabrics
exhibited higher strength values compared to raw fabrics,
indicating the enhancing effect of the coating layer. Cotton
fabrics showed the highest tensile strength in samples
without UV treatment, while the lowest values were
observed in samples exposed to 150 hours of UV. PET
fabrics experienced high rates of strength decrease in raw
samples, but the decrease was more limited in coated
samples. Viscose fabrics had the lowest strength and
showed significant strength reductions after UV exposure.

50-hours

I50-hours

Figure 17. The DSC graphs of coated PET fabrics

Table 13. Glass transition temperatures and melting temperatures of coated PET fibers

Glass Transition Temperature

Melting Temperature

_ P -1
UV-Exposure Time (Tq /°C) (T /°C) AH (Jg?)
0 hours 163.10 249.98 41.00
50 hours 170.46 246.64 40.08
100 hours 171.50 246.22 34.44
150 hours 169.56 246.32 34.72
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Breaking elongation, which measures the ability of a fabric
to stretch before breaking, was also affected by UV
exposure. Increasing exposure time resulted in lower
elongation values for all fabrics. Similar to breaking
strength, the decrease in elongation was more pronounced
in the warp direction compared to the weft direction.
Coating the fabrics and UV exposure both had a significant
impact on elongation at break properties. Coating the
fabrics increased elongation values, while UV exposure
decreased elongation. Cotton fabrics showed a decrease in
elongation at break values with UV exposure, but the
coating process mitigated the negative effects. PET fabrics
exhibited a decrease in elongation values with both coating
and UV exposure. Viscose fabrics showed a significant
decrease in elongation at break with UV exposure, but the
coating process helped maintain elongation values.

The tear strength of the fabrics was also influenced by UV
exposure. UV exposure led to decreases in tear strength in
both warp and weft directions for all fabric types. The
decrease in tear strength was more pronounced in the weft
direction compared to the warp direction. Coated fabrics
generally exhibited higher tear strength values compared to
raw fabrics, but still experienced reductions in tear strength
with UV exposure. Cotton fabrics showed an approximately
80% loss in tear strength with UV exposure. PET fabrics
showed parallel reductions in tear strength with increasing
exposure time. Viscose fabrics had the lowest tear strength
values after 150 hours of UV exposure.

Air permeability, which measures the fabric's ability to allow
air to pass through, was affected by UV exposure and the
coating process. UV exposure had a significant effect on air
permeability for raw viscose fabrics and all coated fabrics.
Raw viscose fabrics showed an increase in air permeability
with UV exposure, while coated fabrics exhibited changes in
porosity and increased air permeability after extended UV
exposure. The coating process generally reduced air
permeability values, but UV exposure caused changes in the
coated fabric samples, leading to higher air permeability.

According to the results of the analyses performed
independently of the UV exposure time, it was found that
polyurethane coating and UV exposure had significant
effects on the mechanical and air permeability of the fabrics.
The coating process proved to be effective in enhancing the
breaking strength of all fabric samples by providing an
additional surface layer that increased resistance to external
forces. However, UV treatment had an abrasive effect on the
fabrics, leading to a significant decrease in breaking strength,
especially in cotton fabrics. Nevertheless, the coating process
helped mitigate the strength reduction caused by UV
exposure, particularly in the weft direction where breaking
strength was more vulnerable.

The elongation at break properties were also influenced by
both the coating process and UV exposure. While UV

treatment generally reduced the elongation at break, the
coating process resulted in higher elongation values,
indicating the stretchable nature of the coated fabric
surface. However, in PET fabrics, the integration of coating
and UV had a negative impact, leading to lower breaking
elongation values due to the hardening effect of the coating
process and structural deterioration caused by UV
exposure. The coating process had varying effects on the
elongation at break of viscose fabrics, with increased
elongation values in the warp direction but decreased
values in the weft direction due to increased fabric density
and reduced stretching abilities.

The tear strength of all fabric types was significantly
reduced by UV exposure, while the coating process
improved tear strength in fabric samples not exposed to
UV. PET fabrics showed a remarkable increase in tear
strength due to the coating process, despite the abrasive
effect of UV treatment. However, the tear strength of PET
fabrics was still negatively affected by UV exposure.
Similarly, UV treatment caused reductions in tear strength
for viscose fabrics, even in coated samples.

Regarding air permeability, the coating process had a
significant impact on reducing vertical air permeability
values. However, the surface abrasion effect of UV
treatment in cotton fabrics created new air passage
channels, which counteracted the coating effect. In PET
fabrics, the coating process primarily decreased air
permeability, but the interaction with UV treatment
diminished the covering effect. UV exposure resulted in
distortions on the coating surface, allowing for the
reestablishment of gaps required for air movement. In the
case of viscose fabrics, both the coating process and UV
treatment had significant effects on air permeability,
leading to distinct groups based on permeability levels.

The DSC analyses conducted on PU-coated fabrics
provided valuable insights into the thermal behavior of
different fabric types under UV exposure. The results
revealed significant changes in moisture evaporation and
thermal degradation characteristics, as well as glass
transition and melting temperatures, due to UV aging. For
cellulosic fabrics (cotton and viscose), the DSC graphs
displayed typical patterns observed in previous studies. The
first endothermic peak corresponded to moisture
evaporation, and it was observed that UV exposure time
increased the evaporation peak temperatures. This can be
attributed to the oxidation of hydroxyl side groups in
cellulosic fibers under the influence of UV radiation.
Notably, coated viscose fabrics exhibited higher
evaporation temperature values compared to coated cotton
fabrics, which can be attributed to the higher moisture-
holding capacity of viscose fibers. The second peak in the
DSC graphs indicated the onset of thermal degradation,
with cotton fabrics (327.92°C) exhibiting higher onset
temperature values compared to viscose fabrics (306.77°C),
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owing to their higher degree of polymerization and
crystallinity. UV exposure had noticeable effects on the
mechanical properties of cellulosic fabrics but did not result
in significant differences in thermal degradation
temperatures.

In the case of PET fabrics, the first peak in the DSC graphs
corresponded to the glass transition temperature (T), which
significantly increased after 50 hours of UV exposure. This
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