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The mechanical properties of monofilament yarns produced from blending virgin PET (V-PET) pellets
and recycled PET (R-PET) bottle flakes has been investigated. The V-PET/R-PET pellets were blended in
different ratios of 0/100, 10/90, 20/80, 30/70, 40/60, 50/50 and 100/0 using a twin screw extruder. Further,
monofilament yarn samples were produced in a laboratory scale melt spinning machine followed by
thermal drawing to improve the mechanical properties. The blended pellets were tested for intrinsic
viscosity (IV) and melt flow rate (MFR).  Among the V-PET/R-PET blended pellets, 100/0 pellets have
exhibited maximum IV, high molecular weight and lowest MFR. Thermal analysis, boiling water
shrinkage and tensile properties (tensile and cyclic extension) were carried out for different V-PET/R-PET
blended yarn samples. The thermal analysis revealed that 100/0 yarn sample have exhibited relatively high
amount of crystallinity (%) as compared to other blend compositions.  In addition to this, 100/0 yarn
sample has undergone minimum thermal shrinkage. The results obtained during tensile and cyclic
extension test inferred that 100/0 yarn sample have shown superior mechanical properties compared to
other blended yarn samples. Moreover, it has been observed that there was merely any significant change
in the tensile properties for 50/50, 40/60, 30/70 and 20/80 yarn samples and R-PET content above 80 % in
the blended yarn was not recommended as they have exhibited poor mechanical properties.
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INTRODUCTION

Polyethylene terephthalate (PET) is a versatile material and has
a wide range of applications such as apparels, upholstery,
acoustic panels, sport wears, agriculture nets, nonwovens, sheet
and films, strapping, engineering resins, food and beverage
bottles, non-food bottles, packaging material, reinforcement in
building construction, etc. Among the PET products, bottle
grade PET is usually used for packaging of water and
beverages. The reason being that PET is cost-effective, light
weight and has superior barrier properties against
microorganisms and light. However, problem associated with
the PET is poor biological decomposition. Hence, difficulty
arises in handling waste disposal. The possible solution sought
by the researchers were incineration and recycling. Incineration
is a method to dispose PET bottle but it releases toxic fumes in
the atmosphere.  Hence, it is not advisable to use this method as
it creates environmental pollution and consequently, causes
associated health hazards. Whereas in the recycling process,
post-consumer PET bottles is reprocessed and used as raw
material for manufacturing recycled products. Among different
application of post-consumer PET flakes, around 72 % of the
flakes are recycled into fibres (Noone, 2008). The recycling of
PET bottles into fibres is carried out either by chemical

recycling or mechanical recycling. The former technique yields
superior quality material but involves high processing cost.
Whereas, later method is preferred due to considerable
reduction in processing cost and a recent study has reported
that mechanical recycling process reduces risk of global
warming potential (GWP), non-renewable energy use (NREU),
abiotic depletion, acidification, eutrophication, human toxicity
and aquatic toxicity (Shen et al., 2010).

Despite, the various advantages associated with the mechanical
recycling technology, it was less explored by the researchers
compared to chemical recycling method. Badía et al. (2009)
investigated the reprocessing of PET and reported a drastic
increase in melt flow rate (MFR) which was about 400 % after
the sixth recycling step. Fann et al. (1997) reported in their
study that the composition of raw material had a significant
influence on the boiling water shrinkage properties and
observed low boiling water shrinkage for high crystalline
structures. Elamri et al. (2007) studied the properties of V-
PET/R-PET blend at spinning speed of 150 mpm.  They
observed that with increase of R-PET content in blend, there
was an increase in tenacity along with marginal improvement
in crystallinity (%) and decrease in elongation. Furthermore,
they found that with an increase in V-PET composition in
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blend resulted in increase of breaking stress and decrease of
breaking elongation (%).  While processing the filaments at
high spinning speed, an increase in mechanical properties of
the V-PET/R-PET blend was reported (Napo1itano and Moet,
1986). On the other hand, Faan et al. (1997) investigated that
during high spinning speed there was an increase in tenacity
and decrease in elongation (strain %). Moreover, Lee et al.
(2013) suggested that yarn produced from 100 % V-PET
exhibited superior tensile properties. However, V-PET content
below 40 % in the blend would result in poor mechanical
properties. Dynamic Mechanical Analysis (DMA) revealed that
real modulus was highest for blend with maximum V-PET
content (Elamri et al., 2007). In addition to that, studies
revealed that V-PET fibre should be applied with maximum
load of around 70 % of breaking stress during fatigue failure
analysis (Bunsell and Hearle, 1974; Oudet et al., 1984; Ve`ve,
1987; Torres et al., 2000).

The different research findings as discussed above fails to
describe the actual mechanical properties of yarn samples
produced from V-PET/R-PET blend.  Moreover, there is no
study reported about cyclic extension behaviour of
monofilament yarn produced from V-PET/R-PET blend.  Thus,
objective of this paper is to investigate the mechanical
behaviour of blended yarn samples for their tensile properties
and cyclic extension properties. This study also explores
possibility of accommodating maximum R-PET in V-PET/R-
PET blended yarn samples to meet the desired mechanical
properties for low to medium tenacity application.
Furthermore, for understanding mechanical properties of
blended yarn samples, melt flow rate, intrinsic viscosity,
boiling water shrinkage and thermal analysis were studied.

MATERIALS AND METHODS

MATERIALS

The V-PET polymer pellets were procured from Reliance
Industries, Ahmedabad, India. The post-consumer PET bottles
(transparent without colour) were procured from a local
vendor.

Processing of R-PET Flakes

The labels and caps of transparent PET bottles were manually
removed to ensure removal of poly vinyl chloride (PVC) and
high density polyethylene (HDPE) content from PET bottles.
Then, PET bottles were fed into rotating hammer mill type
granulator which performs shredding of PET bottles into small
size flakes. The classifier screen in the granulator was adjusted
such that flake size does not exceed 5 mm. The shredded small
size flakes were collected in the collecting chamber. The
subsequent step involves washing of PET flakes with stream of
running water such that lighter impurities were washed off. In
the next process, washing was carried out with 0.5 % sodium
hydroxide (NaOH) and a detergent at 80 °C followed by a cold
wash with water. This process ensures the removal of sticky
impurities such as glue and oil, fatty acids, etc.  To remove the
alkalinity, the flakes were processed using dilute 0.3 % acetic
acid (CH3COOH) followed by a cold wash.  The V-PET chips

and R-PET flakes were then dried in vacuum oven at 110 ± 5
°C for 12 hours with agitation to remove moisture and volatile
impurities from the flakes.

Production of V-PET/R-PET Blended Pellets

Laboratory scale twin screw extruder manufactured by Archana
Engineering Company (AEC) was used for compounding V-
PET/R-PET blend. The screw diameter is 20 mm and screw is
set to rotate at 30 rpm with an operating temperature at 270-
280 °C. The V-PET/R-PET blended pellets were produced in
blend proportion of 100/0, 50/50, 40/60, 30/70, 20/80, 10/90
and 0/100 (w/w).

Melt Spinning of V-PET/R-PET Blend

A prototype model melt spinning machine manufactured by
Archana Engineering Company (AEC) was employed to
produce PET monofilament yarn. Seven different types of V-
PET/R-PET blended monofilament yarn samples were
produced in the blend proportion of 100/0, 50/50, 40/60, 30/70,
20/80, 10/90 and 0/100. A single-nozzle spinneret with nozzle
diameter of 0.5 mm was used to produce monofilament yarn
samples of 400 denier. The processing parameters includes
screw speed of 100 rpm, spinning speed of 1500 m/min and
temperature of extruder and spinning head were kept at 275 °C
and 280 °C respectively. Hot drawing of PET monofilament
was carried out at temperature of 100 °C and a draw ratio of
2.5. This process will enhance the molecular orientation with
improvement in mechanical properties.

Test Methods

Melt Flow Rate and Viscosity Measurement

The melt flow rate (MFR) measurement was carried out with
an extrusion plastometer manufactured by Hem-Tech
Corporation. The test was carried out as per ASTM D1238
(2013) standard. The apparatus has a dead-weight piston
plastometer consisting of thermostatically controlled heated
steel cylinder with a die at lower end. The blended pellets of 10
g weight was fed from top bore of the cylinder and it was
melted for 5 min at 285 °C. Then, piston was inserted slowly
from the top bore, loaded with a weight of 2.16 kg. The PET
melt was collected at bottom of the instrument for a duration of
10 min. It was weighed in electronic balance to calculate MFR
(g/10 min). This experiment was repeated for five times and the
average reading was considered for high accuracy. The
viscosity measurement was carried out in an Ubbelohde
viscometer. The test was carried out as per ASTM D4603
(2011) standard. A mixture of phenol and 1,1,2,2-
tetrachloroethane were prepared in proportion of 60/40 (v/v) at
30 °C and concentration of the solution was kept at 0.50 % to
dissolve the PET pellets. The intrinsic viscosity was calculated
using Billmeyer equation (Berkowitz, 1984):

Where, is relative viscosityexpressed as t/to, t is average
solution flow time (s), to is average solvent flow time (s) and C
is polymer solution concentration (g/dL).

= 0.25( − 1 + 3ln )/ … (1)
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The molecular weight was calculated using Mark-Houwink
equation:

The above expression relates intrinsic viscosity [ ] of a
polymer and average molecular weight . The coefficients K
and a are 7.44 X 10-4 and 0.648 respectively for PET polymer
when solvent of phenol/1,1,2,2-tetrachloroethane (60/40) was
used to measure intrinsic viscosity (Berkowitz, 1984).

Crystallinity Measurement using DSC

To calculate the crystallinity (%), thermal analysis was carried
out with the thermographs obtained from differential scanning
calorimeter (Perkin Elmer DSC 6000). The experimental
protocol was set with a heating step from 30 to 300 °C at the
rate of 10 °C/min then a thermal treatment at 300 °C for 3 min
followed by a crystallisation or cooling step from 300 °C down
to 30 °C at 10 °C/min. The V-PRT/R-PET blended yarn sample
of approximately 3 – 4 mg was weighed in electronic balance
and was placed in the aluminium sample pans. The
thermographs were recorded during DSC heating and cooling
run for the different blended yarn samples. Nitrogen gas was
introduced into the DSC cell at 3 bar pressure and a gas flow
rate of 10 mL min-1. The DSC thermographs evaluated to find
the influence of reprocessing on crystallinity (%) and melting
behaviour of V-PET and R-PET yarn samples. The cold
crystallisation temperature (Tcc), melting temperature (Tm),
enthalpy of cold crystallisation (ΔHcc), and enthalpy of melting
(ΔHm) for the samples were obtained from the DSC
thermographs. The percentage crystallinity (% Xc) for V-
PET/R-PET blended yarn samples were calculated using the
following expression:

Where, ∆ ° is heat of fusion of 100% crystalline PET.∆ ° =
135.8 J g-1 (Starkweather et al., 1983).

Boiling Water Shrinkage Measurement

The test was carried out in a hot water bath manufactured by A-
One Scientific Equipments.  The prepared skein was immersed
in hot water at 90 °C for 30 min as specified by ASTM D2259
(2011) standard.  The initial and final loop length of skein Lo

and Lf was recorded.  The percentage shrinkage of the
monofilament yarn was calculated by the following expression:

Tensile Testing of Monofilament Yarn

Tensile testing for monofilament yarn samples were carried out
on LRX material testing machine (Lloyd instruments). The
machine works on the constant rate of extension (CRE)
principle. The upper jaw is movable whereas, the lower jaw

remains fixed. The test was carried out as per ASTM D2256
(2010) standard. The parameters considered for this test
includes gauge length, speed and breaking time with value sof
250 mm,120 mm/min and 20 ± 3 s respectively. Average of ten
readings were taken for each yarn sample and results were
analysed for breaking stress (MPa), breaking strain (%) and
Young’s modulus (GPa).

Cyclic Extension Measurement

Cyclic extension measurement for monofilament yarn samples
were carried out on LRX material testing machine (Lloyd
instruments). The parameters considered for the test includes
gauge length and speed with values of 250 mm and 80 mm/min
respectively.  The test was carried out at different number of
extension cycles i.e. 10, 30, 50 and 100 cycles. Moreover,
cyclic extension test was carried out considering 50 % of the
maximum yarn extension i.e. 20 mm. The 1st limit and 2nd limit
were kept at 10 mm and 20 mm respectively. The yarn was
initially extended from 0 mm to 20 mm (2nd limit) during the
first cycle and subsequently it was allowed to return till 10 mm
(1st limit). Thereafter, extension and relaxation cycles were
carried out in between 10 mm and 20 mm for different
extension cycles. The test was carried out for the V-PET/R-
PET blended yarn samples at 10, 30, 50 and 100 cycles. The
values of the first cycle load, last cycle load and work done was
recorded during the test. Load-drop percentage was calculated
as follows:

Where, first cycle load represents load recorded during the first
cycle of extension and last cycle load is load recorded during
the last cycle of extension.

The tensile test was carried out for the post-cyclic extension
yarn samples. This tensile analysis will help to understand load
bearing ability restored by the monofilament yarn samples after
being exposed to repeated extension and relaxation cycles.

RESULTS AND DISCUSSION

Effect of R-PET content (%) on Melt Flow Rate, Intrinsic
Viscosity and Molecular Weight

The effect of R-PET content (%) on melt flow rate (MFR),
intrinsic viscosity (IV) and molecular weight (MW) has been
shown in Table 1.

From the Table 1, MFR value was found maximum for 0/100
pellet sample at 85 g/10 min followed by 79 g/10 min for 10/90

[ ] = … (2)

% = ∆ − |∆ |∆ ° × 100 … (3)

% ℎ = − …(4)

(%) = − × 100 … (5)

Table 1 The effect of R-PET content (%) on melt flow rate
(MFR), intrinsic viscosity (IV) and molecular weight

(MW) for different V-PET/R-PET blended pellets

Blended pellets
aV-PET/R-PET

MFR
g/10 min

IV
dL/g

MW
g/mol

0/100 43 0.71 39653
50/50 65 0.66 35457
60/40 69 0.64 33784
70/30 75 0.64 33784
80/20 74 0.61 31372
90/10 79 0.62 32169
100/0 85 0.59 29799

aV-PET/R-PET: Virgin PET/Recycled PET
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pellet sample and observed minimum for 100/0 pellet sample at
43 g/10 min. From these results, it has been observed that MFR
value was doubled for the 100 % R-PET pellet sample.
Conversely, IV value was recorded highest for 100/0 pellet
sample at 0.71 dL/g followed by 0.66 dL/g for 50/50 pellet
sample and lowest for 0/100 at 0.59 dL/g. Similarly, MW was
found maximum for 100/0 pellet sample at 39653 g/mol
followed by 35457 g/mol for 50/50 pellet sample and minimum
for 0/100 pellet sample at 29799 g/mol. The 0/100 pellet
sample had undergone 25 % reduction in MW value as
compared to 100/0 pellet sample.  This behaviour may be
attributed that R-PET pellets consist of short molecular chains
and lower MW due to thermal, hydrolytic, chemical and
thermo-mechanical degradation. Similar findings were also
reported by Badía et al. (2009).

Effect of R-PET content (%) on Crystallinity

Table 2 represents effect of R-PET content (%) on the DSC
thermograph data such as cold crystallisation temperature (Tcc),
melting temperature (Tm), enthalpy of cold crystallisation
(ΔHcc), enthalpy of melting (ΔHm) and crystallinity (% Xc) for
different V-PET/R-PET blended yarn samples.

From the Table 2, it can be observed that 100/0 yarn sample
showed maximum crystallinity (%) at 36.55 % followed by
27.03 % for 50/50 yarn sample and minimum for 0/100 yarn
sample at 17.19 %.  Moreover, results suggest that 100/0 yarn
sample have 50 % higher crystallinity (%) compared to the
0/100 yarn sample. This signifies that the 100/0 yarn sample
have relatively dense packed structure, high degree of
crystallinity and better molecular orientation.  This is due to the
fact that 100 % V-PET yarn sample has longer molecular
chains and high MW which will facilitate V-PET yarn sample
to attain high degree of orientation and crystallinity during
thermal drawing process in monofilament yarn production.

Effect of R-PET content (%) on Boiling Water Shrinkage

Boiling water shrinkage test were performed to understand
thermal behaviour and stability of filament yarn under high
temperature applications. The effect of R-PET content (%) on
boiling water shrinkage for different monofilament yarn
samples was observed (Fig 1).

The boil off shrinkage was recorded maximum for 0/100 yarn
sample at 6.7 % followed by 6.2 % for 10/90 yarn sample and
minimum for 100/0 yarn sample at 5.1%. From these results, it
has been revealed that yarn sample with 100 % V-PET content
has exhibited lowest thermal shrinkage and stable yarn
structure. This is due to the fact that yarn sample with high V-
PET content (%) have high degree of crystallinity and oriented
molecular structure as mentioned in the previous section. The
findings reported above were in agreement with the study made
by Faan et al. (1997).

Effect of R-PET content (%) on Tensile Properties

Tensile Properties of Yarn Samples under Tensile Test

The tensile properties of the monofilament yarn samples were
analysed in terms of breaking stress (MPa), Young’s modulus
(GPa) and breaking strain (%). The effect of R-PET content
(%) on breaking stress (MPa) and Young’s modulus (GPa) for
monofilament yarn samples was observed (Fig 2).

Table 2 The effect of R-PET content (%) on crystallinity
(Xc) for different V-PET/R-PET blended yarn samples

calculated using DSC thermographs.

Blended yarn
V-PET/R-

PET

aTcc
ᵒC

bTm
ᵒC

cΔHcc

J/g

dΔHm

J/g
Xc

%

0/100 126.17 247.82 31.06 80.70 36.55
50/50 129.64 248.97 27.73 64.43 27.03
60/40 127.85 249.16 28.10 64.59 26.87
70/30 128.99 251.47 28.95 64.69 26.32
80/20 127.40 248.88 27.06 60.63 24.72
90/10 125.34 250.99 31.84 59.57 20.42
100/0 128.51 251.98 32.24 55.69 17.26

aTcc: Cold crystallisation temperature, bTm: Melting temperature,
cΔHcc: Enthalpy of cold crystallisation and dΔHm: Enthalpy of

melting.

Figure 1 The effect of R-PET content (%) on boiling water shrinkage (%)
for V-PET/R-PET blended yarn samples
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Figure 2 The effect of R-PET content (%) on breaking stress (MPa) and
Young’s modulus (GPa) for V-PET/R-PET blended yarn samples
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The breaking stress for 100/0 yarn sample was recorded
maximum at 306.71 MPa followed by 175.43 MPa for 50/50
yarn and minimum for 0/100 yarn sample at 114.09 MPa.
Similarly, Young’s modulus was highest for 100/0 yarn sample
at 2.04 GPa followed by 1.95 GPa for 50/50 yarn and lowest
for 0/100 yarn sample at 1.27 GPa. The breaking stress and
Young’s modulus values for 50/50, 40/60, 30/70 and 20/80
yarn samples were in the range of 157 to 175 MPa and 1.74 to
1.95 GPa respectively. The sample with highest V-PET content
(%) exhibited superior breaking stress and Young’s modulus.
This is due to the fact that samples with high V-PET content
(%) have a high degree of molecular orientation, longer
molecular chains and high amount of crystallinity (%) as
discussed above. On the other hand, samples with high R-PET
content (%) have exhibited inferior tensile properties.  This
may be attributed as reprocessed R-PET samples have shorter
molecular chains and high amorphous content (%).

The effect of R-PET content (%) on breaking strain (%) for the
monofilament yarn samples was observed (Fig 3).

Breaking strain for 100/0 yarn sample was recorded maximum
at 30 % followed by 18 % for 50/50 yarn and minimum for
0/100 yarn sample at 13 %.  It was observed that breaking
strain (%) reduces with increase in R-PET content (%) in V-
PET/R-PET blended yarn samples.

The reason for this behaviour was similar to the explanation
provided for effect of R-PET content (%) on breaking stress
and Young’s modulus for different extension cycles as
discussed above. Moreover, breaking strain (%) for 50/50,
40/60, 30/70 and 20/80 yarn samples were in the range of 16 to
18 %.

However, ithas been observed that there was merely any
significant change in the tensile properties (breaking stress,
Young’s modulus and breaking strain) for 50/50, 40/60, 30/70
and 20/80 yarn samples.

The reduction in tensile properties were observed more
prominent when V-PET content (%) in the blended yarn
sample decreased to 20 % mark and less.

Effect of R-PET Content (%) on Cyclic Extension
Behaviour

Work done and Load-drop of Yarn Samples under Cyclic
Extension Test

The result of cyclic extension test was evaluated in terms of
work done (gf.mm) and load-drop (%). The effect of R-PET
content (%) on the work done (gf.mm) for different extension
cycles was observed (Fig 4).

Work done was evaluated from area under load elongation
curve. It indicates that there was an increase in work done
(gf.mm) with increase in extension cycles due to the fact that
more work was carried out during the extension and relaxation
cycles. In addition to that, it has been found that work done (gf)
was in the range of 400 to 550 gf for first 10 extension cycles.
Moreover, work done for 100 extension cycles have observed
an exponential rise by 15 to 16 fold i.e. 6850 to 8600 gf as
compared to 10 extension cycles. The work done (gf.mm) was
found almost uniform for the different blended yarn samples
under a given number of extension cycles.

The effect of R-PET content (%) on load-drop for different
extension cycles (Fig 5).

Load-drop was 2.02 % at 10 extension cycles for 100/0 yarn
sample which has exponentially raised by three fold i.e. 6.87 %
at 100 extension cycles. Similarly, 0/100 yarn sample has
observed a load-drop of 15.32 % for 10 extension cycles which
has increased to 36.97 % for 100 extension cycles. Among all

Figure 3 The effect of R-PET content (%) on breaking strain (%) for
V-PET/R-PET blended yarn samples
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Figure 4 The effect of R-PET content (%) on work done (gf.mm) for V-
PET/R-PET blended yarn samples at different extension cycles
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the samples, load-drop was found maximum at highest
extension cycles and sample with greater R-PET content (%).
This behaviour may be explicated that R-PET sample has
shorter molecular chains, low molecular weight and high
amorphous content (%) which leads to greater load-drop during
repeated extension and relaxation cycles. Moreover, an
interesting observation has been drawn (Fig 5) that there was a
minimal variation in load-drop (%) which ranges from 18.0 to
23.2 % for 50/50, 40/60, 30/70 and 20/80 yarn samples at 100
extension cycles. It can be inferred from the above that
composition of R-PET varying from 50 to 80 % in V-PET/R-
PET blended yarn samples have no significant effect on their
tensile properties. The change in load recorded with time at
different extension cycles for 100/0 yarn samples (Fig 6) and
0/100 yarn samples (Fig 7) was observed. In the Figures (Fig 6
and 7) a, b, c and d represents change in load for 10, 30, 50 and
100 extension cycles respectively. Figure 6 The effect of R-PET content (%) on change in load (gf) for

100/0 blended yarn samples, (a) 10 extension cycles; (b) 30 extension
cycles; (c) 50 extension cycles and (d) 100 extension cycles
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Furthermore, it can be observed that the load-drop was
marginally low at 10 extension cycles and maximum load drop
was observed at 100 extension cycles. The explanation to this
behaviour is similar to the effect of R-PET content (%) on
load-drop for different extension cycles as discussed above. As
shown in Fig 7d, load drop was more prominent for the 100%
R-PET yarn sample for 100 extension cycles.

There was no fatigue failure observed for different samples
which have undergone repeated extension and relaxation cycles
during cyclic extension test. Therefore, tensile test was carried
out for the post-cyclic extension samples. Furthermore, the
tensile analysis will help to understand the load bearing ability
restored by the monofilament yarn sample after being exposed
to repeated extension and relaxation cycles.

Tensile Properties of Post-cyclic Extension Yarn Samples

The effect of R-PET content (%) on breaking stress for post-
cyclic extension yarn samples at different extension cycles (Fig
8) was observed.

Breaking stress for 100/0 (100 % V-PET) yarn sample was
observed 290.54 MPa and 275.49 MPa at 10 and 100 extension
cycles respectively. Similarly, breaking stress for 0/100 (100 %
R-PET) yarn sample was observed 126.08 MPa and 115.59
MPa at 10 and 100 extension cycles respectively. Furthermore,
0/100 yarn sample has shown almost 150 % reduction in
breaking stress compared to 100/0 yarn sample.

Among all the samples, breaking stress value was found
minimum for yarn sample with greater R-PET content (%) and
higher number of extension cycles. The reason for this
behaviour was similar to the explanation provided for effect of
R-PET content (%) on load drop at different extension cycles
as discussed above. The breaking stress of post-cyclic
extension yarn samples for 50/50, 40/60, 30/70 and 20/80 yarn
samples had an insignificant variation which ranges from 145
to 160 MPa and 136 to 150 MPa for 10 and 100 extension
cycles respectively.

The effect of R-PET content (%) on Young’s modulus for the
post-cyclic extension yarn samples at different extension cycles
(Fig 9) was observed.

Young’s modulus for 100/0 (100 % V-PET) yarn sample was
observed 1.82 GPa and 1.20 GPa at 10 and 100 extension
cycles respectively. Similarly, Young’s modulus for 0/100 (100
% R-PET) yarn sample was observed 1.05 GPa and 0.61 GPa
at 10 and 100 extension cycles respectively.

The reason for this behaviour was similar to explanation
provided for effect of R-PET content (%) on load drop and
breaking stress (post-cyclic extension samples) at different
extension cycles. The Young’s modulus of post-cyclic
extension yarn samples for 50/50, 40/60, 30/70 and 20/80 yarn
samples had an insignificant variation which ranges from 1.36
to 1.46 GPa and 1.01 to 1.16 GPa for 10 and 100 extension
cycles respectively.

The effect of R-PET content (%) on breaking strain for post-
cyclic extension yarn samples at different extension cycles (Fig
10) was observed.

Figure 7 The effect of R-PET content (%) on change in load (gf) for
0/100 blended yarn samples, (a) 10 extension cycles; (b) 30 extension

cycles; (c) 50 extension cycles and (d) 100 extension cycles

Figure 8 The effect of R-PET content (%) on breaking stress (MPa) for
post-cyclic extension samples (V-PET/R-PET blended yarn) at different

extension cycles
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Furthermore, it can be observed that the load-drop was
marginally low at 10 extension cycles and maximum load drop
was observed at 100 extension cycles. The explanation to this
behaviour is similar to the effect of R-PET content (%) on
load-drop for different extension cycles as discussed above. As
shown in Fig 7d, load drop was more prominent for the 100%
R-PET yarn sample for 100 extension cycles.

There was no fatigue failure observed for different samples
which have undergone repeated extension and relaxation cycles
during cyclic extension test. Therefore, tensile test was carried
out for the post-cyclic extension samples. Furthermore, the
tensile analysis will help to understand the load bearing ability
restored by the monofilament yarn sample after being exposed
to repeated extension and relaxation cycles.

Tensile Properties of Post-cyclic Extension Yarn Samples

The effect of R-PET content (%) on breaking stress for post-
cyclic extension yarn samples at different extension cycles (Fig
8) was observed.

Breaking stress for 100/0 (100 % V-PET) yarn sample was
observed 290.54 MPa and 275.49 MPa at 10 and 100 extension
cycles respectively. Similarly, breaking stress for 0/100 (100 %
R-PET) yarn sample was observed 126.08 MPa and 115.59
MPa at 10 and 100 extension cycles respectively. Furthermore,
0/100 yarn sample has shown almost 150 % reduction in
breaking stress compared to 100/0 yarn sample.

Among all the samples, breaking stress value was found
minimum for yarn sample with greater R-PET content (%) and
higher number of extension cycles. The reason for this
behaviour was similar to the explanation provided for effect of
R-PET content (%) on load drop at different extension cycles
as discussed above. The breaking stress of post-cyclic
extension yarn samples for 50/50, 40/60, 30/70 and 20/80 yarn
samples had an insignificant variation which ranges from 145
to 160 MPa and 136 to 150 MPa for 10 and 100 extension
cycles respectively.

The effect of R-PET content (%) on Young’s modulus for the
post-cyclic extension yarn samples at different extension cycles
(Fig 9) was observed.

Young’s modulus for 100/0 (100 % V-PET) yarn sample was
observed 1.82 GPa and 1.20 GPa at 10 and 100 extension
cycles respectively. Similarly, Young’s modulus for 0/100 (100
% R-PET) yarn sample was observed 1.05 GPa and 0.61 GPa
at 10 and 100 extension cycles respectively.

The reason for this behaviour was similar to explanation
provided for effect of R-PET content (%) on load drop and
breaking stress (post-cyclic extension samples) at different
extension cycles. The Young’s modulus of post-cyclic
extension yarn samples for 50/50, 40/60, 30/70 and 20/80 yarn
samples had an insignificant variation which ranges from 1.36
to 1.46 GPa and 1.01 to 1.16 GPa for 10 and 100 extension
cycles respectively.

The effect of R-PET content (%) on breaking strain for post-
cyclic extension yarn samples at different extension cycles (Fig
10) was observed.
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0/100 blended yarn samples, (a) 10 extension cycles; (b) 30 extension

cycles; (c) 50 extension cycles and (d) 100 extension cycles

Figure 8 The effect of R-PET content (%) on breaking stress (MPa) for
post-cyclic extension samples (V-PET/R-PET blended yarn) at different

extension cycles

0 20 40 60 80 100
110

120

130

140

150

160
250

260

270

280

290

300
 10 cycles
 30 cycles
 50 cycles
 100 cycles

B
re

ak
in

g 
st

re
ss

 (
M

P
a)

R-PET content (%)

Figure 9 The effect of R-PET content (%) on Young’s modulus (GPa)
for post-cyclic extension samples (V-PET/R-PET blended yarn) at

different extension cycles

0 20 40 60 80 100

0.6

0.8

1.0

1.2

1.4

1.6

1.8
Y

ou
ng

's
 m

od
ul

us
 (

G
P

a)

R-PET content (%)

 10 cycles
 30 cycles
 50 cycles
 100 cycles

International Journal of Recent Scientific Research Vol. 6, Issue, 6, pp.4517-4525, June, 2015

4523 | P a g e

Furthermore, it can be observed that the load-drop was
marginally low at 10 extension cycles and maximum load drop
was observed at 100 extension cycles. The explanation to this
behaviour is similar to the effect of R-PET content (%) on
load-drop for different extension cycles as discussed above. As
shown in Fig 7d, load drop was more prominent for the 100%
R-PET yarn sample for 100 extension cycles.

There was no fatigue failure observed for different samples
which have undergone repeated extension and relaxation cycles
during cyclic extension test. Therefore, tensile test was carried
out for the post-cyclic extension samples. Furthermore, the
tensile analysis will help to understand the load bearing ability
restored by the monofilament yarn sample after being exposed
to repeated extension and relaxation cycles.

Tensile Properties of Post-cyclic Extension Yarn Samples

The effect of R-PET content (%) on breaking stress for post-
cyclic extension yarn samples at different extension cycles (Fig
8) was observed.

Breaking stress for 100/0 (100 % V-PET) yarn sample was
observed 290.54 MPa and 275.49 MPa at 10 and 100 extension
cycles respectively. Similarly, breaking stress for 0/100 (100 %
R-PET) yarn sample was observed 126.08 MPa and 115.59
MPa at 10 and 100 extension cycles respectively. Furthermore,
0/100 yarn sample has shown almost 150 % reduction in
breaking stress compared to 100/0 yarn sample.

Among all the samples, breaking stress value was found
minimum for yarn sample with greater R-PET content (%) and
higher number of extension cycles. The reason for this
behaviour was similar to the explanation provided for effect of
R-PET content (%) on load drop at different extension cycles
as discussed above. The breaking stress of post-cyclic
extension yarn samples for 50/50, 40/60, 30/70 and 20/80 yarn
samples had an insignificant variation which ranges from 145
to 160 MPa and 136 to 150 MPa for 10 and 100 extension
cycles respectively.

The effect of R-PET content (%) on Young’s modulus for the
post-cyclic extension yarn samples at different extension cycles
(Fig 9) was observed.

Young’s modulus for 100/0 (100 % V-PET) yarn sample was
observed 1.82 GPa and 1.20 GPa at 10 and 100 extension
cycles respectively. Similarly, Young’s modulus for 0/100 (100
% R-PET) yarn sample was observed 1.05 GPa and 0.61 GPa
at 10 and 100 extension cycles respectively.

The reason for this behaviour was similar to explanation
provided for effect of R-PET content (%) on load drop and
breaking stress (post-cyclic extension samples) at different
extension cycles. The Young’s modulus of post-cyclic
extension yarn samples for 50/50, 40/60, 30/70 and 20/80 yarn
samples had an insignificant variation which ranges from 1.36
to 1.46 GPa and 1.01 to 1.16 GPa for 10 and 100 extension
cycles respectively.

The effect of R-PET content (%) on breaking strain for post-
cyclic extension yarn samples at different extension cycles (Fig
10) was observed.

Figure 7 The effect of R-PET content (%) on change in load (gf) for
0/100 blended yarn samples, (a) 10 extension cycles; (b) 30 extension

cycles; (c) 50 extension cycles and (d) 100 extension cycles
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Breaking strain for 100/0 (100 % V-PET) yarn sample was
observed 36.29 % and 41.35 % for 10 and 100 extension cycles
respectively. Similarly, breaking strain for 0/100 (100 % R-
PET) yarn sample was observed 26.37 % and35.67 % for 10
and 100 extension cycles respectively.  The breaking strain for
post-cyclic extension samples decreases initially with increase
in R-PET content to about 70 % mark and further increase in
R-PET content in the blend resulted in rise of breaking strain
values. This behaviour may be attributed as the opening of
molecular chains due to thermal energy induced during re
processing of R-PET in melt spinning process and when
subjected under repeated extension and relaxation cycles. This
had resulted in molecular re-orientation and re-distribution of
R-PET which will contribute to increase in breaking strain
values. This effect was more prominent in the yarn sample with
more R-PET content (%) and high extension cycles. The
breaking strain for post-cyclic extension samples of 50/50,
40/60, 30/70 and 20/80 yarn samples had an insignificant
variation which ranges from 19.07 to 20.46 % and 23.11 to
26.71 % at 10 and 100 extension cycles respectively.

However, it has been observed that there was merely any
significant change in the tensile properties for post-cyclic
extension yarn samples i.e. breaking tenacity, Young’s
modulus and breaking strain of 50/50, 40/60, 30/70 and 20/80
yarn samples. The reductions in tensile properties were
observed more prominent when V-PET content (%) in the
blended yarn sample decreased to 20 % mark or below.

CONCLUSION

The MFR and IV analysis confirmed degradation of R-PET
molecular structure due to thermal, hydrolytic and chemical
agents. Moreover, re-processed R-PET samples have lower
molecular weight, short molecular chains and high amorphous
content i.e. low orientation in molecular structure. Boiling
water shrinkage test showed maximum thermal stability for
yarn samples with high V-PET content (%). The tensile test,
cyclic extension test and tensile test for post-cyclic extension
yarn samples have shown superior mechanical properties for
100 % V-PET yarn compared to V-PET/R-PET blended yarn
samples.

In order to facilitate cost-reduction and effective utilization of
post-consumer PET flakes, R-PET can be accommodated to an
optimal proportion along with V-PET to meet the desired
properties for the specific applications. The present study has
been inferred that 50-80 % of R-PET could be blended with V-
PET to produce monofilament yarn for low to medium tenacity
applications. Moreover, it has been found that there was
invariably any significant change in the tensile properties i.e.
breaking tenacity, Young’s modulus and breaking strain of
50/50, 40/60, 30/70 and 20/80 (V-PET/R-PET) blended yarn
samples. Hence, this study recommends that 20/80 yarn sample
can be used instead of 50/50 yarn sample for cost effectiveness
and material saving. Moreover, R-PET content above 80 % in
the blended yarn was not recommended as they exhibited
relatively poor mechanical properties.
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