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1. Introduction

Nowadays, climate change has serious problem for all over the world. To overcome this problem some
attempts have been performed by governments to minimize waste generation or reuse wastes. Polyethylene
terephthalate (PET) bottles are produced from raw petrochemical products and waste after use has not affect
environment directly. On the other hand, the increasing volume of PET bottle waste causes economical and
environmental problems unless to be recycled [1]. But it is becoming critical problems, besides environmental
and economic awareness, legislations has started to minimize the solid residues [2]. Meanwhile, recycling of
post-consumer PET bottles has become a well-established system with its own logistic chain including bottles
collection, flake production and pellet production [3]. Besides, recycling of PET bottles leads to decrease
waste problem and use of raw petrochemical products, water and energy. Furthermore, it has been
approximated that PET bottle recycling gives a benefit in greenhouse gas emissions of 1.5 tons of CO2 per
tones of recycled PET [4]. On the other hand, recycling of PET bottles and using in textile industry give
textile products an added value [5,6]. Recycling processes which can be mechanical or chemical are the best
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way to reduce PET wastes into reused forms economically [7-10]. Furthermore, recycling process does not
reduce cost but it is essential to conserve ecological balance.

PET bottles can be easily separated from other wastes, some additional processes are needed ie. breaking,
washing, drying to obtain PET flakes. r-PET fibers to be used in textile industry are produced by melt
spinning system from PET flakes. This recycled product can easily be adapted to textile product production
instead of virgin PET. Approximately 60% of recycled PET polymer is used in the production of PET
filament and staple fiber, this situation shows how important industry of textile [6]. Some researchers have
focused on the usability and adaptability of r-PET fiber in textile industry [7,11-16].

This study aims to determine and compare the effect of using r-PET fiber with different blend ratio on ring
spun yarn tenacity and elongation. At this respect, r-PET and virgin PET fibers (PET) were blended with
cotton fiber at 100%, 70%/30%, 50%/50%, 30%/70% ratio, separately. Yarn samples were manufactured by
ring spinning system and all production parameters were kept constant to evaluate the effect of blend ratio and
raw material variables.

2.  Materials and Methods

This study was achieved as cooperation with Gama Textile Company in Gaziantep/Turkey. r-PET fiber were
produced by collecting, rating, washing and breaking, drying and reducing the size of PET bottles to obtain
PET flakes. Then, PET flakes were converted into r-PET fiber by melt spinning process. The properties of
r-PET fiber, virgin PET fiber and cotton fiber were given in Table 1. Fibers were weighted according to blend
ratio and blended with sandwich blend method at the beginning of the blowroom. In the process order of the
yarn production, carding, three passage drawframe, roving processes were carried out. 656 tex slivers were
used and 19.7 tex yarns with a. = 3.39 (730 TPM) twist level were produced as 100% r-PET, 100% virgin
PET and cotton blends (70%/30%, 50%/50% and 30%/70%) by ring spinning system at 13.500 rpm spindle
speed. 100% cotton ring spun yarn was manufactured with a. = 3.71 (800 TPM) twist level at the same
spindle speed.
Table 1. Properties of raw materials

) Raw Material
Properties
r-PET PET Cotton
Fineness, dtex 1.30 1.30 1.70*
Length, mm 38 32 31.98

*4.32 Micronaire (dtex cotton=Micronaire*0.394)

All yarn tests were carried out after conditioning the specimens in a standard atmosphere at 20+2 °C
temperature and 65+4% relative humidity for 24 hours according to the standard of BS EN ISO
139:2005+A1:2011. Tenacity and elongation measurements of yarn samples were achieved with Uster®
Tensorapid-4 according to BS EN I1SO 2062:2009. Ten tests were performed in each 4 bobbins and reported
values represent the average of those test results.

SPSS 22.0 package program at 95% confidence interval was used for multivariate analysis of variance
(MANOVA) in order to determine the significance effect of raw material and blend ratio on yarn tenacity and
elongation. Furthermore, Duncan’s new multiple range test was provided in order to compare the difference
between the means of treatment subgroups of blend ratios in analysis of variance was provided at significance
level of 0.05.

3. Results and Discussion

In Figure 1, tenacity of yarn samples composed of PET/CO and r-PET/CO at different blend ratio is shown. It
is obvious that yarns containing virgin PET fiber have higher tenacity than that of r-PET fiber. This decrease
was expected because of the lower tenacity of r-PET fibers than PET fibers [13,16]. On the other hand, the
increase in the synthetic blend ratio leads to higher tenacity of yarns both containing virgin PET and r-PET
fibers. It is seen that, 50%/50% r-PET/CO blend yarn tenacity is lower as 1.81 cN/tex than 30%/70%
r-PET/CO yarn tenacity.

Elongation at breaks histograms are illustrated in Figure 2. In all blend ratios of r-PET and PET fibers, it is
seen that synthetic fibers contribute the elongation with respect to CO yarn. The results contributed with the

177



E. Sarioglu PEN Vol. 5, No. 2, June 2017, pp. 176 — 180

information already present in the literature [13,16]. It can be probably said that yarns produced with 100%
r-PET yarn have highest result than 100% PET yarn.

MANOVA analysis of dependent variables (tenacity and elongation) between subjects is given in Table 2.
Raw materials and blend ratio have a significant effect on breaking strength at o = 0.05 confidence interval.

PETICO r-PETICO

w
o
1

[*]
w
1

Tenacity, cNitex
5 o B
1 1 L

w
1

o
L

50/50 3070 0 70730 50/50 30/70

Blend ratio, %

Figure 1. Tenacity of yarns

PETICO r-PETICO

157

Elongation, %

50/50 30/70 0 50/50 3070

Blend ratio, %

Figure 2. Elongation of yarns

The coefficient of variation (R?) is a measurement of “goodness of fit” and ranges from “0” to “1”. Analysis
explains about 94.8 % of the variability in yarn tenacity for all yarn samples and it is evaluated as statistically
significant for all independent variables (p<0.05). On the other hand, the effect of raw materials on yarn
elongation is not found statistically important (p=0.462). It can be said that the elongation of r-PET and virgin
PET blended yarns are close to each other and there is no difference statistically. Besides, blend ratio has
statistically significant effect on yarn elongation. R? is determined as 93.1% with the high value.

From pair wise comparison of the mean tenacity, using Duncan tests, results at a significance level of 0.05 for
blend ratio parameter trend is observed that the higher blend ratio of PET and r-PET raw materials (70%/30%
and 100%) yarns has the higher tenacity than CO yarn which is represented as “0%? blend ratio (Table 3). It is
clearly seen in Table 3, there is no significant difference between at 30%/70% and 50%/50% blend ratios
(p>0.05). Table 4 illustrates Duncan’s multivariate range test results of the mean elongation at a significance
level of 0.05. The higher the PET or r-PET blend ratio the higher the elongation at break of ring spun yarn is
obtained and also 100% CO yarn has the lowest elongation value.

Table 2. MANOVA results of between subject effects

Dependent Sum of Mean
Source Variable Squares df Square F Sig.
Corrected Model Tenacity, cN/tex 1169.2082 9 129.912 60.561 .000
Elongation, % 240.039° 9 26.671 45.271 .000
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Intercept Tenacity, cN/tex 10774.806 1 10774.806  5022.900 .000
Elongation, % 2721.510 1 2721510 4619.410 .000
Raw materials Tenacit)_/, cN/tex 294.415 1 294.415 137.248 .000
Elongation, % .328 1 .328 .556 462
Blend ratio Tenacity, cN/tex 706.663 4 176.666 82.356 .000
Elongation, % 205.944 4 51.486 87.391 .000
Raw materials* Tenacity, cN/tex 168.130 4 42.033 19.594 .000
Blend ratio Elongation, % 33.767 4 8.442 14.329 .000
Error Tenacity, cN/tex 64.354 30 2.145 - -
Elongation, % 17.674 30 .589 - -
Total Tenacity, cN/tex 12008.369 40 - - -
Elongation, % 2979.223 40 - - -
Tenacity, cN/tex 1233.563 39 - - -
Corrected Total £y 0ation, % 257713 39 ; ; :

a. R Squared =.948 (Adjusted R Squared = .932)
b. R Squared = .931 (Adjusted R Squared = .911)

Table 3. Effect of blend ratio on tenacity; based on means observed. Error term is the mean square
(Error)=2.145. a. Uses harmonic mean sample size = 8.000, b. Alpha = 0.05

Duncan??
. Subset

Blend ratio N 1 > 3 4

0% 8 10.48
30%/70% 8 14.23
50%/50% 8 15.29
70%/30% 8 19.57

100% 8 22.50
Sig. 1.000 .156 1.000 1.000

Table 4. Effect of blend ratio on elongation; based on means observed. Error term is the mean square
(Error)=0.589. a. Uses harmonic mean sample size = 8.000, b. Alpha = 0.05

Duncan??

. Subset
Blend ratio N 1 5 3 1 5
0% 8 4.9025
30%/70% 8 6.8663
50%/50% 8 8.3163
70%/30% 8 9.6375
100% 8 11.520
Sig. 1.000 1.000 1.000 1.000 1.000

4. Conclusion

This study was focused on the effect of raw materials and blend ratio of r-PET and PET containing CO ring
spun yarn at finer count (Ne 30/1) on yarn tenacity and elongation. It was concluded that blend ratio has
statistically significant effect on yarn tenacity and elongation. All these results showed that apparel containing
r-PET fiber must be taken into consideration which has an alternative to virgin PET fiber in some aspect. It is
not be denied that some attempts have been done by using r-PET fiber in order to contribute the ecological
balance. The price of r-PET fiber is similar to virgin PET fiber because of the essential processes to degrade
and recycle PET bottle. It is clear that despite the cost the consumption of ecologically friendly r-PET fiber
seems to be seriously increased.
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