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Recycling of many polymers has gained a spectacular importance mainly because of its environmental and
economical benefits. Ethylene vinyl acetate is one of the thermoplastics used directly as a final product and
indirectly as an additive within many other polymeric materials. There has been limited research work on recycling
of polymers even though recycling in industry has shown a spectacular growth in the last decade. It is the aim
of this study to investigate and to evaluate the rheological behaviour of an ethylene-vinyl acetate copolymer resin
upon recycling. For this purpose, original ethylene vinyl acetate granules were processed five cycles by using a twin-
screw extruder and their rheological analysis was performed by means of an AR-G2 rheometer (TA Instruments),
with a parallel-plate geometry, under a steady state condition. It was found that the rheological measurements
of copolymer ethylene vinyl acetate exhibited a shear thinning constitutive behavior, obeying Carreau-Yasuda
rheological constitutive model. The changes in flow and oscillatory shear measurements under different processing
conditions were also determined in detail and results are reported in the paper.
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1. Introduction

The economical growth of the plastics industry has a
significant influence on the world economy. Plastics in-
dustry is being used for the renewal of many products
and technologies such as healthcare, aerospace, automo-
tive, maritime, electronics or textile. These sectors easily
find solutions to their problems due to plastic materials.
In many applications plastic materials are preferred even
in place of traditional resources. However, one major is-
sue of the plastics is the recycling of polymeric materials
in polymer technology. In 2012, 25.2 million tons of post-
consumer plastics waste ended up in the waste upstream.
62% was recovered through recycling and energy recovery
processes while 38% still went to landfill [1]. Many ex-
perts have done a lot of research on the recovery, using
different polymeric materials [2–6]. While plastics are
still preferred, one major issue is the recycling of poly-
meric materials in polymer technology, since it is impor-
tant to control whether the recovered materials have the
necessary properties, required for the reuse.

The main goal of this study is to investigate the pos-
sibility of re-using and workability of recycled polymer
compared to its corresponding original form. It was ex-
pected that such data may contribute for the preparation
of optimized processing conditions during recycling of the
polymeric material. For this purpose, ethylene vinyl ace-
tate was chosen, because it is one of the thermoplastics
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used directly as a final product and indirectly as an ad-
ditive within many other polymeric materials. The aging
of polymer is modeled by five extrusion cycles, so that
an identified rheological behavior is applied to all sam-
ples. Hence, the workability of recycled materials was
also noted in current study.

2. Materials and equipment

The polymer used in this study was a commercial
ethylene-vinyl acetate copolymer, EVA 40W (vinyl ace-
tate content of 40%, density of 0.965 g/cm3, melting
point of 47 ◦C, melt flow index (MFI) of 52 g/10 min)
produced by DuPont, Belgium. Recycling has been simu-
lated by means of a co-rotating twin-screw extruder (Mini
Lab, Thermo Haake, Germany). The screw was opera-
ted at 100 rpm and at the temperature value of 75 ◦C.
The polymer was re-processed five times (see Fig. 1).
Samples labeled as “0” and from “R1” to “R5” represent
original and the processed polymers, respectively.

Fig. 1. Process flow of recycling of an ethylene vinyl
acetate copolymer.
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Viscoelastic measurements of EVA 40W melts were
performed to investigate the change in rheological beha-
vior of recycled polymers. A controlled stress rheometer
(instrument model AR G2, TA Instruments, USA) equip-
ped with a parallel plate (diameter equal to 25 mm and a
constant gap value of 1000 µm) was used [7]. Test tempe-
rature value of 75 ◦C and shear rate value of 0.1–100 s−1
were applied.

3. Results and discussion

Figure 2 shows the viscosity versus shear rate curves of
EVA 40W at 75 ◦C. This curve can be divided into three
zones. In region I, named as newtonian region, shear rate
value is low and the viscosity value is constant. Second
region is a transition zone and the viscosity here decre-
ases nonlinearly with decreasing shear rate. Region III
is named as a shear-thinning region where the viscosity
decreases with shear rate. To determine the power-law
index, the slope of the viscosity versus shear rate is used
in this region. In the shear-thinning region, the power
law model is used to describe the relationship between
viscosity and shear rate. The shear sensitivity of the
polymer is expressed with power-law index. A smaller
value of the power-law index indicates that the behavior
of the polymer is more shear-thinning [8]. Figure 2 shows
that effect of re-processing on polymer degradation is ob-
vious, as the viscosity keeps decreasing upon increasing
the number of recycling operations.

Fig. 2. Viscosity versus shear rate curves of EVA 40W
at 75 ◦C.

Shear-thinning behaviour is observed when shear rate
is increased (Fig. 2). In this experiment, the determined
flow behaviour is in accordance the Carreau-Yassuda mo-
del of

λ
−η∞

η0 − η∞
= [1 + (γ̇)

a
]
(n−1)/a

, (1)

where η0 is the zero shear rate viscosity, η∞ is an infinite
shear rate viscosity of the second newtonian plateau, λ
is a time constant, and n is the power law index, which
accounts for the shear thinning behavior. The parameter

a accounts for the width of the transition region between
the zero shear viscosity and the power law region [9, 10].

The effect of processing can be easily related to a me-
chanical degradation of the polymer, whose molecular
weight progressively decreases upon increasing the num-
ber of processing cycles. This is confirmed in Fig. 3,
where the viscosity is plotted as a function of shear stress.
The viscosity curves are all parallel, a behaviour which is
typical for entangled polymer melts of varying molecular
weight [11]. This indicates that the degradation after 1st
and 2nd recycling steps is less effective, compared to 3rd,
4th and 5th recycling steps.

Fig. 3. Plot of viscosity versus shear stress of original
and re-used EVA 40W.

Figures 4 and 5 show the values of the pseudo plastic
behaviour and the viscosity of the material at the zero
shear rates for EVA 40W. These data are important in
enabling us to carry out an extrusion modelling on the
reprocessed polymer.

Fig. 4. Viscosity of original and re-used EVA 40W at
100 rpm.

As it is seen in Fig. 4, original material shows hig-
her viscosity than the re-used materials. Also each re-
used material experienced a decrease in viscosity after
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Fig. 5. Pseudo plastic behaviour of original and re-
used EVA 40W at 100 rpm.

recycling in the same conditions (75 ◦C, 100 rpm). This
result may be related to variations in molecular weight.
This difference results from a decrease in the molecular
weight, which is originated from degradation of polymer
because of breaks in EVA 40W chains (extruded and pel-
letized). This behavior is similar to that reported by
other authors [12].

As depicted in Fig. 5, the change in the value of n
(pseudoplastic behavior of the material) increases with
each increasing cycle. As a result, this increase in n, as
may be seen in the trend of curve in Fig. 5, causes a
reduction in the corresponding viscosity values.

4. Conclusions

In this study, the effects of recycling on EVA 40W was
examined. Our study was focused especially on evalu-
ation of the rheological properties of the material after
repeating recycling. Regarding the rheological behavior,
it was determined that the viscosity of the EVA 40W
decreases with each processing cycle. At the 4th cycle,
at the shear rate value of 52.3 s−1, the viscosity falls by
around 78%. This difference results from the decrease in
the molecular weight, which is originated from the degra-
dation of polymer because of breaks in EVA 40W chains.

One of the main goals of this study is to evaluate
and obtain rheological data for using recycled materials
instead of original material. In doing so, by using optimal
and necessary process conditions, polymer material will
be re-used many times. Hence negative effect of poly-
mer material on the environment will be minimized and
energy saving may be ensured.
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