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The objective of this study is to investigate the influence of screw speed, drawing ratio and composition of
blend on the morphology and the mechanical properties of extruded and drawn PET/PP blends. Samples were
generated by a two-step process. Firstly, PET was dispersed in PP matrix at different extrusion screw speeds
in order to determine optimum mixing condition, and then extrudates were stretched by a take up device. Final
morphology and mechanical properties of the samples were examined using scanning electron microscopy, dynamic
mechanical analysis, and a universal testing machine. The results showed that low screw speeds were not enough to
distribute PET droplets homogeneously inside the matrix. With increasing of the screw speed more homogeneous
phase morphology was obtained but further increase caused to agglomeration of PET droplets. Scanning electron
microscopy images also showed that with increasing of draw ratio PET droplets changed from spherical to rod-like
shape, and finally to microfibrils in matrix. It was also found that with increasing of concentration of PET and
draw ratio, mechanical properties increased up to 6–7 times compared to non-oriented samples.
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1. Introduction

Polypropylene (PP) is one of the most commodity
polymers used in a number of industries including pack-
aging, household goods, automotive, infrastructure, and
textile. It is relatively inexpensive and it can be pro-
cessed by all methods such as extrusion, injection mold-
ing, blow molding, and cast film. In spite of the impres-
sive properties, there are some restrictions in mechanical
performance of PP when using in specific products such
as automotive interior parts and plastic pipes [1]. Com-
pounding with functional fillers like glass fiber can greatly
enhance the mechanical properties of PP. However, this
kind of filler is abrasive, not eco-friendly and expensive.
In today’s market conditions, producers have been con-
stantly looking for a ways to provide more economic and
eco-friendly solutions for their products.

Blending of two or more polymers is another technique
to improve desired properties of matrix polymer. This
method has become more economic way for developing
new materials than their synthesis [2]. However, most
of polymers are thermodynamically incompatible due to
differences in their chemical structure. Therefore, after
mixing them numerous types of phase morphologies is
obtained such as fibrillar, droplet, co-continuous, or lam-
inar. For example, laminar structure of the dispersed
phase which is often generated via film extrusion or blow
molding process improves the barrier properties, whereas
fibril-like structure enhances the mechanical properties of
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the blend [3–7]. Studies have shown that interfacial ad-
hesion, properties of components, blend composition and
processing conditions play predominant roles in blend
morphology [8–14].

Over the past few years researchers have developed a
new type of material known as microfibrillar reinforced
composites (MFC) and blends (MFB) in order to achieve
fibril blend morphology. Due to enhanced mechanical
properties, this method offers a competitive advantage
when compared to traditional blending technique.

Basically three steps are used to prepare
MFC material:

1. Components are mixed via extruder.

2. Drawing is applied to align all components in one
direction. In this step prepared oriented blends are
named as MFBs.

3. The second step is followed by a thermal treatment
(or isotropization) process which occurs at between
the melting temperatures of the blend components.
The main aim of this step is randomly distributing
reinforced polymer in the matrix phase. This can
be achieved with compression molding or injection
molding equipment [8, 15–17]. The material ob-
tained at the end of this process is called MFC.

In contrast to conventional polymer blending tech-
niques, MFC and MFB materials are produced by immis-
cible polymers. In several studies low-density polyethy-
lene (LDPE), high-density polyethylene (HDPE) and PP
were used for matrix polymer and reinforced by other
polymers such as liquid crystal polymers (LCP). Despite
LCP’s outstanding features such as rigid-rod molecular
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structure, which provides better orientation, its high cost
limits its use in commodity products [18, 19]. In this
study, polyethylene terephthalate (PET) was preferred
as a reinforcement material for PP due to its relatively
low cost, fiber forming capability, relative good mechan-
ical properties, and recyclability.

This work focused on the effects of screw speed, draw-
ing ratio and blend composition on the morphology and
static-dynamic mechanical properties of extruded and
drawn PET/PP blends.

2. Materials and methods

During the study, polypropylene random copolymer
(PPRC), a special type of PP which is developed espe-
cially for plastic pipe production (Sabic-Vestolen 9421,
MFI: 0.5 g/10 min at 190 ◦C, 5 kg and density 898 kg/m3)
and bottle grade PET granule (intrinsic viscosity 0.72–
0.82 dl/g) were used.

First of all PET was dried in a vacuum oven at 100 ◦C
for at least 12 h in order to avoid hydrolysis, then mixed
with PP in a co-rotating twin screw extruder (Xinda
PSHJ-35 screw diameter: 36 mm, L/D ratio: 44, rect-
angular die: 12× 1.5 mm2) which is a medium sized in-
dustrial production line. PP was fed to extruder from the
side feeding zone to prevent thermal degradation under
high temperature. The temperature profile starting from
the hopper to the die was set at 225 ◦C, 245 ◦C, 255 ◦C,
265 ◦C, and 250 ◦C. Then the hot extrudates were imme-
diately quenched in a water bath at about 20 ◦C.

At the beginning of study, the melt blending of
PET/PP was carried out using screw rates 150, 240, 300,
and 360 rpm while the weight ratio of PET was main-
tained at 30 wt%.

At the second step, to obtain fibrillary morphology the
extrudates were subjected to orientation by a take up
device which consists of a three godets (rolls) system.
In order to gain enough chain flexibility, temperature of
godets was maintained at 100 ◦C and various draw ratios
were applied by adjusting their speed. The speed of first
and second godet were maintained at the constant level
while the speed of third godet was gradually increased.
The speed ratio of first and second godet was used to
calculate draw ratio (DR). The procedures for preparing
the samples are illustrated in Fig. 1.

Fig. 1. Schematic diagram of preparing oriented/non-
oriented PET/PP blend samples via twin screw ex-
truder.

3. Characterization

Tensile properties of drawn blends (MFBs) in tape
shape were performed by universal testing machine (In-
stron 5567 equipped with 10 kN load cell) at room tem-
perature with cross head speed of 50 mm/min. The av-
erage value of the cross-section was calculated from at
least six point measurements.

Dynamic mechanical analysis (DMA) was carried out
by DMA Q800 system from TA Instruments. The stor-
age modulus and mechanical damping factor values (tan
delta) of PET/PP blends were conducted in the film ten-
sion mode from 30 ◦C to 150 ◦C at a fixed frequency of
1 Hz and a heating rate of 3 ◦C/min.

The surface morphology of the fractured specimens
was studied using a scanning electron microscope (SEM),
Quanta FEG 250. The acceleration voltage was 10 kV.
Extruded and drawn PET/PP blends were immersed in
liquid nitrogen and fractured. All specimens were coated
with a thin Au/Pd layer (about 4 nm in one minute
20 mA) by Edwards RV3 coater. The average diameter
of the droplets and fibrils were measured by using image
processing software (ImageJ, U.S. National Institutes of
Health, Bethesda, Maryland, USA).

4. Results and discussion

4.1. Effect of screw speed on morphology

Control of blend morphology is extremely important
to gain desired final properties. To investigate the influ-
ence of screw speed on the phase morphology in PET/PP
blends, samples with 30 wt% PET were prepared at dif-
ferent speed rates. Figure 2 shows SEM micrographs of
these blends. As seen in pictures, relatively low screw
speeds (150 rpm and 240 rpm) are not enough to dis-
tribute and melt to PET droplets well in continuous
phase of PP. When the rotation speed was increased
to 300 rpm, typical incompatible blend morphology was
obtained. At this screw speed PET droplets were dis-
persed at the spherical and elliptical forms in the PP ma-
trix phase (Fig. 2e,f). However, when the speed reached
360 rpm the morphology changed and PET droplets be-
gan to agglomerate (Fig. 2g,h). Normally, due to the
droplet breakup behavior, finer droplet morphology is ex-
pected at high screw speeds. However, previous studies
have shown that acceleration of droplet coalescence with
increasing screw speed can be a reason for agglomeration
of dispersed phase [12, 20–24].

PET and PP phase were subject to pull out during the
cryogenic fracture, and this caused to holes in the blend
morphology. According to the SEM results, screw speed
was set at 300 rpm for next studies.

4.2. Effect of drawing on morphology

Figure 3 presents the fracture surface morphologies of
extruded and drawn PET/PP blends which were pre-
pared in a weight ratio of 30/70. It can be seen that with
increasing the drawing ratio, the PET droplets resulted
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Fig. 2. Morphology of the fracture surfaces of the
extruded PET/PP blend samples prepared at screw
speeds: (a)/(b) 150 rpm, (c)/(d) 240 rpm, (e)/(f)
300 rpm, (g)/(h) 360 rpm.

in a highly oriented fibrillar structure. Additionally, with
drawing, all components of the blend were aligned paral-
lel to the flow direction. Technically it is hard to measure
length of fibrils and therefore change of dispersed phase
diameter was determined by image processing software
(Fig. 4). Compared to the extruded blend, there is a
considerable change in size and distribution of dispersed
phase after drawing.

4.3. Effect of drawing and concentration on
static/dynamic mechanical properties

The effect of PET concentration and drawing ratio
on mechanical properties are graphically represented in
Fig. 5a,b. Test results showed that tensile modulus and
strength values are greatly improved by drawing pro-
cess. Depending on the PET concentration and draw
ratio, mechanical properties increased up to 6–7 times
in comparison to non-oriented blends. However, it can

Fig. 3. Morphology of the fracture surfaces of the ex-
truded and drawn blend samples prepared at (a) die exit
(transverse direction), (b) DR:1, (c) DR:3, (d) DR:5
(longitudinal direction).

Fig. 4. Effect of orientation on the distribution of PET
droplet and fiber diameters.

be noticed that tensile modulus showed a tendency to
decrease at 40 wt%PET. PP and PET are known incom-
patible polymer pairs and the lack of interfacial adhesion
between these two polymers and agglomeration of PET
droplets could be the cause of decrease in mechanical
performance at high PET concentrations [25].

With DMA, it is possible to determine viscoelastic
properties of polymers by applying a small sinusoidal de-
formation under a controlled stress or strain. The sam-
ple elastic behavior is measured by the storage modu-
lus, while its energy dissipation is measured by tan delta
which is often named the damping factor.

In the present study, the storage modulus, and tan
delta of PET/PP blends were investigated in a wide
range of temperature and various PET concentrations
(Figs. 6, 7). As seen in Fig. 6, the storage modulus val-
ues show a sharp decline with temperature before they
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Fig. 5. Variation of (a) tensile strength and (b) tensile
modulus with draw ratio at different PET compositions.

Fig. 6. Variation of storage modulus with temperature
at different PET compositions.

approach the constant value. This behavior is closely
related to molecular motion of polymer chains. At low
temperature, modulus is high due to the lack of free vol-
ume for molecular mobility. However, with increased the
temperature, free volume between the polymer chains in-
creases which causes molecular mobility. As a result of
this, modulus of sample decreases with temperature until
viscous region start. It was also observed that addition
of PET improves the storage modulus values of blends.

Tan delta plots of extruded PET/PP blends are illus-
trated in Fig. 7. As seen in the figure, the intensity of the
peaks strongly depend on the PET concentration. Addi-

Fig. 7. Variation of tan delta with temperature at dif-
ferent PET compositions.

tion of PET to the PP matrix causes a decrease in the
intensity of PP peaks. This indicates that after blending,
the mobility of polymer chains is restricted.

The glass transition temperature Tg is an important
thermophysical property of polymers. Mechanical prop-
erties such as strength, elongation, toughness are directly
related to this temperature. Additionally, determination
of the Tg is the most widely used method for understand-
ing miscibility of polymers. Glass transition temperature
can be measured from maximum damping temperature.
Miscible blends show a single glass transition temper-
ature which is located between the Tg values of com-
ponents. However, in immiscible blends more than one
transition temperature are obtained (Fig. 7).

5. Conclusion

Blending of polymers is one of the important com-
mercial methods to develop new materials in the plastic
industry. The final properties of blends are closely de-
pendent on phase morphology of the blend. This is the
reason why companies and researchers have been study-
ing on controlling blend morphology. As known, in most
commercial blends, reinforced polymer is generally dis-
tributed in a droplet structure. However investigations
indicated that with applying processes such as orienta-
tion, the morphology of reinforced phase can be changed
from droplet to fibrillar or lamellar structure. This pro-
vides significant improvements in final properties [5, 8–
14]. In this study, some kind of PET/PP blends were
prepared with a semi-commercial twin screw extruder
to investigate the effect of screw speed, drawing ratio
and blend composition on mechanical and morphological
properties. Under the experimental conditions, it can be
concluded that low and high screw speeds were not suit-
able for good blend morphology. In this study, 300 rpm
was selected to achieve desired blend morphology. In
addition, depending on the PET concentration and ap-
plied draw ratio, fibril diameters decreased to 300 nm and
mechanical properties increased up to 6–7 times in com-
parison to non-oriented samples. The effect of tempera-
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ture and concentration on dynamic mechanical properties
like storage modulus, and mechanical damping of non-
oriented PET/PP blends were also investigated. The re-
sults showed that strorage modulus values were decreased
with temperature, and increased with PET concentra-
tion. Intensity of tan delta peaks of PP reduced with
increasing PET content in the blend.
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