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Abstract

Every day, millions of plastic and polyethylene terephthalate bottles are being thrown away by people. This leads not
only to the reduction of landfills and increase in environmental problems but also to pollution of marine and oceans
that affect the lives of many living things. Therefore, recycling of waste polyethylene terephthalate bottles with recycling
technologies has great environmental importance. In this study, recycled polyester yarns obtained by recycling waste
polyethylene terephthalate bottles and standard polyester yarns were used in staple forms, as well as binder and pile
yarns of the chenille yarn structure. In this context, 16 different chenille yarns were produced and the production
parameters such as rotor speed, spindle speed, and pile density are kept constant by selecting the appropriate values.
Then, these chenille yarns were used as weft to produce upholstery fabrics. Tensile strength and elongation tests were
applied to the upholstery fabrics, and the results were evaluated statistically. As a result of the tensile strength tests and
statistical analyses, it is concluded that the weft breaking strength of all types of woven fabrics, which have 100% recycled
polyester in the structures of chenille yarns as weft, is slightly decreased compared to other types, but this decrease is
not statistically significant. The use of recycled polyester yarns in the structures of chenille yarns, which are widely used
in the upholstery sector, will be beneficial in producing more sustainable and eco-friendly fabrics.
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Introduction recycling are important. In general, recycling technologies
can be divided into four groups, such as primary, second-
ary, tertiary, and quaternary approaches. Primary recycling
is the recycling of a product to its original state. Secondary
recycling is the recycling of waste into a new product with
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lower physical, mechanical, and chemical properties
which may have a different application from the original
state. Tertiary recycling is the conversion of waste to sim-
ple chemicals or fuels by pyrolysis, gasification, and
hydrolysis. Quaternary recycling is the utilization of the
heat generated by the burning of solid wastes.'

Primary recycling, also known as closed-loop recy-
cling, is the most beneficial recycling method. Closed-
loop recycling of textiles involves the collection of
post-consumer wastes and the production of yarns from
these wastes for use in new products. The main benefit of
a closed-loop supply chain is the re-creation of value from
used products. The beginning of a closed-loop supply
chain is textile wastes and ends with yarn.? Today, the most
common recycling method is open-loop recycling.
Secondary recycling, also known as open-loop recycling,
involves recycling the product for a second time in another
production system with a different application area. The
life cycle of the products is extended and disposal pro-
cesses are delayed with open-loop recycling. Materials
which can be used in open-loop recycling method for tex-
tile and garment industry are pre-consumer textile waste
(yarn wastes, fabric wastes), post-consumer textile waste
(used and disposed by the consumer, secondhand gar-
ments, and home textile products) and post-consumer
waste polyethylene terephthalate (PET) bottles.?

It is possible to obtain fiber and yarn (recycled PET/r-
PET) from PET bottle wastes released after consumer use
by open-loop recycling method. In this mechanical recy-
cling method, waste bottles are collected, cleaned, and
sorted according to their color; labels are removed; bottles
are converted to PET flakes; and finally, PET flakes are
melted, extruded, and spun into polyester filament or sta-
ple fiber, called recycled polyester or r-PET. Life cycle of
a product used in a different field (food or beverage indus-
try) from the textile industry has prolonged and contrib-
uted to the textile and garment industry, thanks to open-loop
recycling.*

Several studies have been carried out on the use of recy-
cling yarns in garments. There are also garment companies
in the market that use recycling yarn in their products. The
studies related to the use of recycling yarn in textile struc-
tures in the literature are summarized in the following.

Telli et al.’ explained the use of PET flakes in the textile
sector in their research. They also gave information about
the status of the company producing the fibers using PET
flakes. Necef et al.® investigated the usability of garments
produced from textile wastes. The performance characteris-
tics of the recycled cotton/recycled polyester yarn obtained
from the fabric wastes and the same count of cotton/polyes-
ter yarns and garments produced using them were com-
pared. As a result of the study, it was determined that there
is not a distinctive difference between recycled and virgin
garment qualities. Telli and Ozdil” examined the properties
of yarns obtained from r-PET fibers and blends obtained by

recycling PET bottle wastes and comparatively investigated
their usability in the textile industry. In this study, tensile
strength, elongation, evenness, hairiness properties, and
imperfection index fault values of yarns spun using nine dif-
ferent blend ratios were measured and their results were
evaluated.

Lu and Hamouda® examined the latest technologies in
the recycling methods. Particular emphasis is given to the
dissolution and depolymerization techniques of recycling
methods used in the production of PET and nylon fibers.
He et al.” compared the properties of recycled PET fibers
and virgin PET fibers. The results show that the surface
morphology of both PET fibers is similar, while recycled
PET fibers have a higher tensile strength and greater elon-
gation at break. Eser et al.'’ investigated the assessments
of the sustainability of the textile and apparel sector in
their studies. They mentioned environmental effects of
some fibers, textile wastes, waste management strategies,
and recycling methods in textiles. Yiiksekkaya et al.!!
investigated the properties of open-end rotor yarns and
single-jersey fabrics from virgin cotton, recycled cotton,
virgin PES, recycled PES fibers, and blends of these fibers.
Atakan et al.'> focused on improving abrasion resistance
of otomotive carpets made from r-PET fibers. The results
show that use of 85% r-PET/15% bicomponent PET had
almost equal performance in terms of both fiber loss and
carpet appearances with carpets consisting of 80%
PET/20% bicomponent PET. McCullough and Sun'
investigated some physical and mechanical properties of
fabrics made of recycled PET yarn derived from post-con-
sumer plastic bottles and and make comparisons to an
equivalent fabric made of virgin PET. It was concluded
that fabrics made from r-PET yarn showed positive results
in the tensile strength and abrasion resistance.

Nohut et al.'"* examined some mechanical and physical
properties of cotton/r-PET and viscose/r-PET yarns
(70%/30% and 50%/50%), which were produced with ring
spinning system. Tenacity, elongation, unevenness, imper-
fection index, and hairiness analyses were performed.
Sarioglu'® compared the bursting strength, bursting disten-
sion, air permeability, and wale wicking rate properties of
single jersey knitted fabrics from r-PET and v-PET, and
optimization method was used to determine the optimum
blend ratio and manufacturing technology. Uyanik'® inves-
tigated the usage of recycled polyester fiber (r-PET) in dif-
ferent yarn count and blend ratio and determined which
count and blend ratio is more suitable for r-PET usage. It is
shown that r-PET fiber is suitable for thick yarns, which
are especially Ne 10 and Ne 20 as pure and in all blend
ratios, and r-PET fiber is suitable if it is used in lower
ratios than 65% for Ne 30 yarns, whereas it is suitable if it
is used in lower ratios than 35% for Ne 40 yarns.

Another group of home textiles in the textile sector has
significant export figures in our country. As a result of the
literature study, it has been seen that academic studies on
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Table |. Properties of r-PET and PES yarns used in chenille yarn production.

Fiber properties Spinning system Yarn count and Twist level Tensile strength
raw material (tpm) (cN/tex)

1,2 dtex, 38 mm Rieter G33 Ring Spinning Machine Nm 68/1, r-PET 860 17.6

1,2 dtex, 38 mm Rieter G33 Ring Spinning Machine Nm 47/1, r-PET 750 18.2

1,2 denye, 38 mm Zinser 351 Ring Spinning Machine Nm 68/1, PES 896 29.5

1,3 dtex, 38 mm Zinser 351 Ring Spinning Machine Nm 47/1, PES 725 30.3

r-PET: recycling polyester; PES: standard polyester.

the evaluation and recycling of solid wastes in textile sec-
tor are mostly for use in apparel and garment industry and
recycling activities for upholstery fabric groups in home
textiles are limited. Any academic studies on the use of
recycled yarns on chenille yarn structure have not been
found, which is a widely used yarn type in the production
of upholstery fabrics. Therefore, in this study, recycled
polyester (r-PET) yarns obtained by recycling waste PET
bottles and standard polyester (PES) yarns were used in
staple forms, as well as binder and pile yarns of the che-
nille yarn structure. Then, these chenille yarns were used
as weft to produce upholstery fabrics. The effects of -PET
yarns on the tensile strength and elongation properties of
upholstery fabrics were investigated.

Materials and methods

In this study, recycled PET (r-PET) yarns obtained from
waste PET bottles and virgin PES yarns were used as binder
and pile yarns and chenille yarns were produced from them.
Nm 68/2, Nm 47/1, and Nm 68/1 yarns are used in binder
and pile yarns; 100% PES yarns and 100% r-PET yarns
were produced with the same count and similar production
parameters with all these yarns. The yarn counts of these
yarns used in the chenille yarn structure were determined
depending on the product range of the company where the
chenille yarns were produced. Therefore, since Nm 34/1
PES and r-PET yarns with similar production parameters
could not be supplied to be used in binder yarn, Nm 68/1
yarn was folded and used as Nm 68/2.

The properties of staple fiber r-PET yarns and virgin
PES yarns used in chenille yarn production are given in
Table 1.

MISPA RB104 model chenille yarn machine with 128
spindles was used in chenille yarn production. Two binder
yarns and three pile yarns were fed to the chenille yarn
machine for the production of all chenille yarn types. The
pile yarns were combined to give some twist and then cut
into equal pieces of the desired length, and these yarn
pieces were placed between the binder yarns, perpendicu-
lar to the yarn center. The resulting structure was twisted
and the resulting chenille yarn was wound on the bobbins.
In the production of yarns, yarn count, twist value, raw
materials of binder and pile yarns, and machine parameters

Table 2. Chenille yarn properties and machine parameters.

Raw materials of binder yarns r-PET
PES
Raw materials of pile yarns r-PET
PES
Counts of binder yarn Nm 68/2
Nm 47/1
Count of pile yarn Nm 68/
Pile lengths (mm) 0.8
1.2
Spindle speed (r/min) 6460
Production speed (m/min) 7.6

r-PET: recycling polyester; PES: standard polyester.

were kept constant; 16 types of chenille yarn were pro-
duced with two different pile lengths (0.8—1.2mm). The
properties and production parameters of chenille yarns are
given in Table 2.

The production plan including coded chenille yarns is
shown in Table 3.

The yarn counts, twist levels, and tensile strength of
chenille yarns were determined according to TS 244 EN
ISO 2060, TS EN ISO 2061, and TS EN ISO 2062 stand-
ard procedure, respectively.!”!?

Chenille yarns were used as the weft yarns of the woven
upholstery fabrics. The production parameters of the
weaving machine are shown in Table 4.

The upholstery fabrics, which had complete produc-
tion, were subjected to a tensile strength and elongation
test using the Instron 4411 tensile strength tester according
to TS EN ISO 13934-1 standard procedure.?

In this study, in order to determine the effects of recy-
cling (r-PET) yarn in the structure of chenille yarns on the
breaking strength and elongation of the upholstery fabrics
where these yarns are used in the weft, the measurement
results obtained from the tests were analyzed and evalu-
ated with the help of SPSS 24 Statistical Analysis Package
Program. In this context, after determining normal distri-
bution of the data, variance analysis (analysis of variance
(ANOVA)) was performed to determine the relationship
between the groups, and correlation analysis was per-
formed to determine the strength and direction of the
relationship.
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Table 3. Production plan including chenille yarns.

Types of Binder (lock) yarn Pile yarn Pile length
chenille yarn (mm)
1A Nm 68/2 r-PET Nm 68/1 r-PET 1.2
IB Nm 68/2 PES Nm 68/1 r-PET 1.2
IC Nm 68/2 r-PET Nm 68/1 PES 1.2
IS (Standard) Nm 68/2 PES Nm 68/1 PES 1.2
2A Nm 68/2 r-PET Nm 68/1 r-PET 0.8
2B Nm 68/2 PES Nm 68/1 r-PET 0.8
2C Nm 68/2 r-PET Nm 68/I PES 0.8
2S (Standard) Nm 68/2 PES Nm 68/1 PES 0.8
3A Nm 47/1 r-PET Nm 68/1 r-PET 1.2
3B Nm 47/1 PES Nm 68/1 r-PET 1.2
3C Nm 47/1 r-PET Nm 68/1 PES 1.2
3S (Standard) Nm 47/1 PES Nm 68/1 PES 1.2
4A Nm 47/1 r-PET Nm 68/1 r-PET 0.8
4B Nm 47/1 PES Nm 68/1 r-PET 0.8
4C Nm 47/1 r-PET Nm 68/1 PES 0.8

4S (Standard) Nm 47/1 PES Nm 68/I PES 0.8

r-PET: recycling polyester; PES: standard polyester.

Table 4. Weaving machine production parameters of
upholstery fabrics.

Weaving machine Dornier HTV Jacquard Loom

Loom speed 400 r/min
Width of weaving machine 190cm
Width of fabric 140cm

Total ends 9600

Weave type 5/5 Warp rib

Weft yarn type
Warp yarn type

Chenille yarn
Polyester yarn

Weft yarn count Nm 3.6—Nm 4
Warp yarn count 150 denier
Weft density 10 ends/cm
Warp density 69 ends/cm
Weight of chenille fabrics 417.34g/m?

Results and discussion

The yarn count, twist and tensile strength, and elongation
test results of chenille yarns are given in Table 5.

According to the test results in Table 5, chenille yarns in
the pile lengths of 0.8 mm (Type 2 and Type 4) have lower
breaking strengths and elongations than chenille yarns
with 1.2mm pile lengths (Type 1 and Type 3). However,
since the pile lengths of Type 1 and Type 3; Type 2 and
Type 4 yarns were the same, the strength and elongation
values were close to each other. When comparing A-types
containing r-PET yarns in both binder and pile to another
types containing r-PET yarns in only binder and/or only
pile, it is seen that generally A-types have lower tensile
strengths than types B and/or C.

Tensile strength tests were applied to all fabric samples
in the weft and warp directions and the obtained tensile

strength and elongation values are given in Table 6.
According to TS 11818 EN 14465, minimum tensile
strength value of upholstery fabrics is required to be
250N.22 It is seen that the fabrics have sufficient strength
values (Table 6).

Figures 1 and 2 show the fabric breaking strength and
breaking elongation graphs of weft and warp direction,
respectively.

Figure 1 shows that the use of r-PET yarn (A and C) in
the binder of chenille yarn structure used in the weft of
fabrics decreases the fabric tensile strength in the weft
direction compared to the use of virgin PES yarn. This is
expected since binder yarns affect chenille yarn strength
and therefore fabric tensile strength. In addition, when
using thinner yarns in the binder (Types 3 and 4), fabric
tensile strength and elongation in the weft direction and
breaking elongation in the warp direction decrease.
However, various analyses were performed to determine
whether these effects were statistically significant.

In the selection of test methods to be applied to the
obtained tensile strength and elongation data, first,
whether the data conform to the normal distribution or
not, then the homogeneity of the variances should be
examined. It is necessary to pay attention to five param-
eters in order to determine whether the data correspond to
the normal distribution. These are histogram graphs,
coefficients of variation, skewness and kurtosis values,
detrended normal Q-Q graph, and normality of tests. If at
least three of these five parameters conform to normal
distribution values, it is understood that the data show
normal distribution.??

It is seen that the breaking strength and elongation data
of weft and warp direction conform to normal distribution,
when the coefficients of variation, skewness—kurtosis val-
ues, detrended normal Q-Q graphs, and normality of tests
are examined. Table 7 shows the normality test results of
the data. Since the significant value is above 0.05, all data
sets are suitable for normal distribution.

The effect of binder yarn count on fabric
breaking strength and elongation

In the study, binder yarns in the structures of the chenille
yarns used in the weft were used in Nm 47/1 and Nm 68/2
yarns in two different fineness. In order to evaluate the
effect of binder yarn count used on weft and warp strength
and elongation, t-test was applied and the results are given
in Table 8.

According to t-test results in Table 8, while there is a
statistically significant relationship between the binder
yarn count used in chenille yarns and weft breaking
strength and weft and warp breaking elongations (Sig.
(2-tailed) value is less than 0.05), it can be said that there
is no statistically significant relationship between the
binder yarn count and warp breaking strength (Sig.
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Table 5. Test results for chenille yarns.?'
Chenille yarn Yarn count Yarn count Twist Twist Breaking strength Breaking
types (Nm) (CV %) (tpm) (CV %) (cN/tex) elongation (%)
Mean CV % Mean CV %
1A 3.6l 0.86 953.00 2.67 6.57 5.59 22.76 6.72
IB 3.62 1.67 938.00 321 6.6l 6.14 21.26 4.6l
IC 3.70 0.67 953.00 3.50 7.03 3.18 2393 4.06
IS 3.99 0.75 951.00 3.10 731 4.12 23.90 4.38
2A 3.80 0.36 966.00 245 4.94 5.00 17.54 4.75
2B 3.76 0.88 963.00 2.48 4.97 6.82 16.24 9.57
2C 3.78 1.60 957.00 2.66 4.77 6.94 13.75 6.11
2Sa 3.78 1.54 934.00 2.64 4.83 6.28 15.62 6.50
3A 3.59 1.71 948.00 2.79 6.61 591 22.74 4.38
3B 3.63 1.47 942.00 2.58 6.58 3.6l 26.67 5.35
3C 3.77 1.00 942.00 2.44 7.53 5.14 25.34 3.07
3S 3.57 2.20 944.00 3.66 6.82 3.88 26.01 4.14
4A 3.57 0.41 947.00 2.94 4.73 4.75 19.37 3.86
4B 3.71 1.48 937.00 2.48 4.89 4.87 17.06 4.19
4C 3.64 0.66 944.00 261 491 4.18 16.41 5.28
4S 3.59 1.23 936.00 2.70 48 4.86 13.55 6.92

Table 6. Fabric test results of tensile strength and elongation.

Fabric Weft direction Warp direction

types
Breaking force (N) Breaking elongation (%) Breaking force (N) Breaking elongation (%)
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

1A 747.07 242 23.24 2.06 1998.10 1.75 50.12 0.98

1B 921.04 1.97 20.61 0.77 1912.98 12.72 52.06 391

IC 735.11 43 24.84 |.4 1911.51 12.9 52.82 3.28

IS 875.93 1.84 21.86 0.6l 1913.87 5.84 538 2.95

2A 753.54 23 29.07 2.96 1987.71 5.45 54.62 2.6

2B 930.95 2.6 23.07 0.59 1843.16 12.3 52.67 3.96

2C 740.79 2.01 25.56 0.87 1908.28 4.72 52.68 231

25 940.46 297 23.11 1.04 1899.16 8.79 56.92 3.6

3A 416.98 3.16 13.04 1.48 1884.25 15.33 46.66 3.1

3B 543.68 1.04 15.16 0.73 1995.46 8.07 47.66 221

3C 444.44 0.86 18.07 1.0l 1958.39 4.56 46.94 2,01

3S 600.17 1.82 16.88 0.55 1964.17 3.68 46.17 2.4

4A 430.32 2.07 18.09 1.18 1961.13 4.54 47.4 1.57

4B 604.48 2.6 17.92 0.6 1982.12 6.8l 47.39 2.34

4C 434.83 .18 17.46 0.94 1970.74 5.85 48.46 |.46

4S 582.32 1.18 17.74 0.41 1949.66 7.01 49.42 2.12

(2-tailed) value is greater than 0.05). This is expected since
warp yarns are the same in all fabric samples.

Effect of pile length on fabric breaking strength
and elongation

In this study, two different pile lengths (0.8 and 1.2mm)
were used in chenille yarns. In order to determine the

relationship between pile length and fabric breaking
strength and elongation, t-test was applied and the results
are given in Table 9.

According to Table 9, sig. (2-tailed) values are greater
than 0.05, so it can be said that there is no statistically sig-
nificant difference between the tensile strength and elonga-
tion in weft and warp direction of fabrics with different pile
lenghts. In Figures 1 and 2, when the graph of breaking
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Figure 2. Breaking elongation of weft and warp directions.

strength and elongation in the weft direction of the fabrics
is examined, it is seen that there is not much difference
between the breaking strength and elongation of 1 and 3

code fabrics with 1.2mm pile length and 2 and 4 code fab-
rics with 0.8 mm pile length.

The effect of r-PET yarn in chenille yarn
structure on fabric breaking strength and
elongation

The recycled (r-PET) and virgin PES yarns shown in Table
3 were used as raw materials in the structure of chenille
yarns used in weft of fabrics. ANOVA was performed to
determine the statistical significance of the breaking
strength differences between the groups for different raw
materials.

The homogeneity of the variance table is given in
Table 10, and it is seen that significant values are greater
than 0.05 for breaking strength data in weft and warp
directions. Therefore, variances are homogeneous. In
order to determine whether there is a difference between
the groups, when ANOVA table is examined, significant
values are greater than 0.05 (Table 11). In other words,
there is no statistically significant difference between the
groups. As a result, although the use of recycle (r-PET)
yarn in the binder and/or pile yarn structure decreased the
weft breaking strength in some types (1 and 3; Figure 2),
it can be said that it does not generally affect the fabric
breaking strengths in the weft and warp directions.

According to Table 12, in the homogeneity of vari-
ance table, significant values are greater than 0.05 for
the breaking elongation in weft and warp directions, so
the variances are homogeneous. In order to determine
whether there is a difference between the groups, when
ANOVA table is examined, significant values are greater
than 0.05 (Table 13). In other words, there is no statisti-
cally significant difference between the groups. It can
be said that the usage of recycle (r-PET) yarn in the
binder or pile yarn structure does not statistically affect
the fabric breaking elongation in the weft and warp
directions.

Correlation analysis was performed to determine the
direction, strength, and significance of the relationship
between raw materials used in chenille yarn structure,
chenille yarn pile length, binder yarn count, and weft and
warp breaking strength-elongation variables. Table 14
shows the results of the correlation analysis of the
variables.

The relationship between the weft breaking strength,
weft breaking elongation, warp breaking elongation, and
binder yarn count is statistically significant (Sig.
(2-tailed) < 0.05; Table 14). According to the Pearson cor-
relation line, it can be interpreted about the strength and
direction of the relationship. Pearson correlation values
between weft breaking strength, weft breaking elongation,
and warp breaking elongation and binder yarn count are
seen to be 0.889, 0.863, and 0.887, respectively. This indi-
cates that there is a very strong positive relationship



Esi and Baykal 7
Table 7. Results of normality tests.
Kolmogorov—Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Weft breaking strength 0.138 16 0.200 0.908 16 0.110
Warp breaking strength 0.158 16 0.200 0.935 16 0.289
Weft breaking elongation 0.203 16 0.078 0.965 16 0.747
Warp breaking elongation 0.167 16 0.200 0.921 16 0.178
Table 8. t-test results for binder yarn count.
Levene’s test for t-test for equality of means
equality of variances
F Sig. t df Sig. Mean Std. error
(2-tailed) difference difference
Weft breaking strength
Equal variances assumed 1.265 0.280 7272 14 0.000 323.45875 44.47717
Equal variances not assumed 7272 13.775 0.000 323.45875 44.47717
Warp breaking strength
Equal variances assumed 1.080 0.316 -1.723 14 0.107 -36.39375 21.12695
Equal variances not assumed -1.723 12.204 0.110 —36.39375 21.12695
Weft breaking elongation
Equal variances assumed 0.738 0.405 6.383 14 0.000 7.12500 1.11630
Equal variances not assumed 6.383 12.473 0.000 7.12500 1.11630
Warp breaking elongation
Equal variances assumed 1.783 0.203 7.194 14 0.000 5.69875 0.79213
Equal variances not assumed 7.194 10.509 0.000 5.69875 0.79213
Table 9. t-test results for pile length.
Levene’s test for t-test for equality of means
equality of variances
F Sig. t df Sig. Mean Std. error
(2-tailed) difference difference
Weft breaking strength
Equal variances assumed 0.013 0912 -0.172 14 0.866 -16.65875 97.11669
Equal variances not assumed -0.172 13.964 0.866 -16.65875 97.11669
Warp breaking strength
Equal variances assumed 0.142 0.712 0.198 14 0.846 4.59625 23.22599
Equal variances not assumed 0.198 13.643 0.846 4.59825 23.22599
Weft breaking elongation
Equal variances assumed 0.087 0.772 —1.080 14 0.298 -2.29000 2.12077
Equal variances not assumed -1.080 13.946 0.298 -2.29000 2.12077
Warp breaking elongation
Equal variances assumed 0.302 0.591 -1.005 14 0.332 -1.66625 1.65797
Equal variances not assumed —-1.005 13.698 0.332 —1.66625 1.65797

Table 10. Homogeneity of variances test results for breaking

strength.

Levene statistic  dfl df2  Sig.
Weft breaking strength  1.387 3 12 0.294
Warp breaking strength ~ 1.695 3 12 0.221

between these three variables and the fineness of binder

yarn.

Conclusion

Textile and garment industry is one of the most polluting
industries in the world. The use of sustainable materials and



Journal of Engineered Fibers and Fabrics

Table I1. ANOVA test results for breaking strength.

Sum of squares df Mean square F Sig.

Weft breaking strength

Between groups 104,974.690 3 34,991.563 0.990 0.431

Within groups 424,307.809 12 35,358.984

Total 529,282.499 I5
Woarp breaking strength

Between groups 1744.890 3 581.630 0.244 0.864

Within groups 28,548.611 12 2379.051

Total 30,293.501 I5
ANOVA: analysis of variance.
Table 12. Homogeneity of variances test results for breaking elongation.

Levene statistic dfl df2 Sig.
Weft breaking strength 2015 3 12 0.166
Warp breaking strength 0.870 3 12 0.484
Table 13. ANOVA test results for breaking elongation.
Sum of squares df Mean square F Sig.

Weft breaking elongation

Between groups 12371 3 4.124 0.190 0.901

Within groups 260.475 12 21.706

Total 272.846 15
Warp breaking elongation

Between groups 8433 3 2811 0.215 0.884

Within groups 156.608 12 13.051

Total 165.041 15

ANOVA: analysis of variance.

recycling methods is of great importance for the solution of
this increasing problem. While the textile products are in the
design stage, the product life cycle designs should be made
considering the effects on the environment. The product has
more than one product lifecycle, and the use of cyclic mate-
rial flow systems is environmentally valuable.?*

In this study, chenille yarns, which include r-PET yarn,
were used only as weft in the upholstery fabric structure.
Within this scope, r-PET and virgin PES yarns were used
as binder and pile yarns in chenille yarn. Binder yarns
make strength to chenille yarn and make up 25%-30% of
the chenille yarn mass, while pile yarns give aesthetic
value and volume to chenille yarns and constitute 70%—
75% of yarn mass.” The warp yarn and density were kept
constant in all fabric samples.

Results, obtained from the tensile strength tests and sta-
tistical analyses, are summarized in the following:

e [t is seen that all fabrics produced from chenille
yarns containing both r-PET and virgin PES yarns
have sufficient strength values for upholsteries.

The weft breaking strength of all types of woven
fabrics, which have 100% r-PET in the structures of
chenille yarns as weft, is slightly decreased com-
pared to other types but this decrease is not statisti-
cally significant.

There is no correlation between raw materials of
chenille yarns and strength and elongation of fab-
rics produced from these chenille yarns.

Binder yarn count is more important than raw mate-
rials for strength and elongation of fabrics produced
from chenille yarns containing both r-PET and vir-
gin PES yarns.

The use of recycled PET yarns in the structures of
chenille yarns, which are widely used in the uphol-
stery sector, will be beneficial in producing more
sustainable and eco-friendly fabrics. It will pave the
way for the use of sustainable and recyclable fibers
not only in ready-to-wear but also in home textiles
and upholstery fabric sector. Thus, more environ-
mentally friendly production with lower raw mate-
rial costs will be made.
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Table 14. Correlation analysis results.
Weft Warp Weft Warp Raw materials Binder Pile
breaking breaking breaking breaking of binder and yarn count length
strength strength elongation elongation pile yarns
Weft breaking strength
Pearson correlation I -0.464 0.692%* 0.850%* 0.201 0.889+* -0.046
Sig. (2-tailed) 0.070 0.003 0.000 0.455 0.000 0.866
N 16 16 16 16 16 16 16
Warp breaking strength
Pearson correlation —0.464 | -0.140 —-0.422 -0.191 -0.418 0.053
Sig. (2-tailed) 0.070 0.605 0.103 0.478 0.107 0.846
N 16 16 16 16 16 16 16
Weft breaking elongation
Pearson correlation 0.692%* -0.140 | 0.824** -0.016 0.863** -0.277
Sig. (2-tailed) 0.003 0.605 0.000 0.953 0.000 0.298
N 16 16 16 16 16 16 16
Warp breaking elongation
Pearson correlation 0.850%** -0.422 0.824** | 0.206 0.887+* -0.259
Sig. (2-tailed) 0.000 0.103 0.000 0.444 0.000 0.332
N 16 16 16 16 16 16 16
Raw materials of binder and pile yarns
Pearson correlation 0.201 -0.191 -0.016 0.206 | 0.000 0.000
Sig. (2-tailed) 0.455 0.478 0.953 0.444 1.000 1.000
N 16 16 16 16 16 16 16
Binder yarn count
Pearson correlation 0.889%* -0.418 0.863%* 0.887+* 0.000 | 0.000
Sig. (2-tailed) 0.000 0.107 0.000 0.000 1.000 1.000
N 16 16 16 16 16 16 16
Pile length
Pearson correlation —-0.046 0.053 -0.277 -0.259 0.000 0.000 |
Sig. (2-tailed) 0.866 0.846 0.298 0.332 1.000 1.000
N 16 16 16 16 16 16 16

**Correlation is significant at the 0.0l level (2-tailed).
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