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Abstract

As a part of long-term project aimed at super polyolefin blends, in this work, we report the mechanical reinforcement and phase
morphology of the immiscible blends of polypropylene (PP) and polystyrene (PS) achieved by dynamic packing injection molding (DPIM).
The shear stress (achieved by DPIM) and interfacial interaction (obtained by using styrene—butadiene—styrene (SBS) as a compatibilizer)
have a great effect on phase morphology thus mechanical properties. The shear-induced morphology with core in the center and oriented zone
surrounding the core was observed in the cross-section areas of the samples. The phase inversion was also found to shift towards lower PS
content under shear stress, at 70 wt% in the core and 30 wt% in the oriented zone, compared with 80 wt% for static samples (without shear).
The tensile strength, tensile modules and impact strength were found largely increase by means of either shear stress or compatibilizer. The
PS particle size is greatly reduced with adding of SBS, and the reduced particle size results in greater resistance to deformation, which causes
the co-continuous structure at oriented zone change into droplet morphology. The morphology resulting from blending and processing was
discussed based on effect of interfacial tension, shear rate, phase viscosity ratio and composition. The observed change of mechanical
properties was explained based on the combined effect of phase morphology (droplet-matrix or co-continuous phase) and molecular
orientation under shear stress.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction tensile strength of PP/PS blends. They anticipated that there

existed a certain minimum volumes fraction ¥,;, of

Polymer blends have been the subject of intense study for
a long time, but in the recent years, totally immiscible
blends are interesting for many polymer researchers. The
typical example for immiscible polymer blends is blend of
polypropylene (PP) and polystyrene (PS). PP and PS are two
of the most widely used plastics in the world. In this system,
one is crystalline phase and the other is amorphous phase.
Because the entropy contribution to the Gibbs energy of
melt blending is negligible, the immiscible blends from a
thermodynamic point of view have some interesting
morphology and mechanical properties. For PP/PS blends,
many researches were focused on the morphology and
mechanical properties [1-7].

Zhimin Xie and others [7] used the Mori—Tanaka model
and the Halpin—Tsai model to investigate the moduli and
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dispersed phase. When the volume fraction is less than
Umin, the ultimate strength will be controlled by matrix
deformation, and when the volume fraction of dispersed
phase exceeds the minimum value, the ultimate strength will
be controlled by the dispersed phase deformation. They also
found that PP/PS blend would have a stationary mechanical
property in the phase inversion region.

Mitsuyoshi Fujiyama [8] blended PP with 0—30 wt% of
three kinds of PS with different melt flow indexes, and
found that the degrees of crystallinity and crystalline c-axis
orientation decreased with PS blending. PS particles were
seen the smallest when the ratio of the viscosity of PS to that
of PP at molding shear rate was slightly lower that unity.
The phase inversion is quite common phenomenon for
immiscible polymer blends. The morphology was found to
be dependent on the blend composition and the viscosity
ration of the constituent components [9—14]. Sung-Goo Lee
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[10] reported that when the melt viscosity of PS was higher
than that of PP, there was a phase inversion at the PS
composition of around 75 wt% in PP/PS blends.

Because of the poor interfacial interactions between the
immiscible blends from a thermodynamic point of view,
many researches focused on the improvement of interfacial
interactions. The main method is the use of a suitable
modifier that can increase the adhesion and decrease the
interfacial tension between the immiscible blends [15-20].

Appleby T. [21] used a commercial triblock co-polymer
(Kraton G1652 (SEBS)) as a compatibilizer for PP/PS
blends. Their results showed that addition of SEBS greatly
improves the impact strength of the blends. D. Hlavata
[22-27] and co-workers studied the compatibilizing effect
of several co-polymers with styrene and butadiene blocks on
PP/PS blends. They found a certain amount of a compati-
bilizer is localized at the interface between PP and PS. The
use of compatibilizer can improve the mechanical proper-
ties. Radonjic G. [28] studied the compatibilization of PP/
PS with styrene—butadiene—styrene (SBS) and reported that
when the content of PP and PS are equal, the co-continuous
morphology was observed. The adding of SBS can reduce
the diameter of the PS dispersed particles as well as improve
the interfacial adhesion between PP and PS phases. They
also revealed that SBS was not only located at the interface
between PP and PS phases but also formed, together with
the pure PS dispersed particles.

Generally, there are three major factors that govern the
morphology of immiscible polymer blends. They are: (1)
the rheological and interfacial properties of the constituent
components (such as, shear viscosity and fluid elasticity,
interfacial tension); (2) blend composition; and (3) proces-
sing variables (such as temperature, shear rate). In the past, a
lot of work has been done on how these three factors
determine blend morphology. It is well established that the
blend morphology can be grouped roughly into: (1) co-
continuous morphology and (2) dispersed morphology.
However, it is not clear whether the co-continuous
morphology is stable, giving rise to an equilibrium
morphology, or an intermediate step that eventually leads
to dispersed morphology, and how the external shear stress
can affect the final morphology and mechanical properties.

In recent years, dynamic packing injection molding
(DPIM) has been found a very important way to control
polymer morphology and mechanical properties [29-31].
The main feature of this technology is that the specimen is
forced to move repeatedly in the model by two pistons that
move reversibly with the same frequency during cooling,
which results in preferential orientation of dispersed phase
as well as the matrix. We have performed extensive
experimental work on the controlling of phase morphology
of polyolefin blends, such as PP/LLDPE [32], PP/HDPE
[33], PP/EPDM [34,35], HDPE/EVA [36] and PP/clay
nanocomposites [37], by using DPIM technique. The super
polyolefin blends with high modulus and tensile strength as
well as high impact strength has been obtained [32,33,36].

By controlling the EPDM particles as elongated and
oriented in PP matrix, a brittle—ductile—brittle transition
of impact strength was found for the first as increasing of
EPDM content [34,35]. In this work, we extended DPIM
technology into PP/PS and PP/PS/SBS blends. Our proposes
are two-folds, one is to better understand the morphological
development of immiscible polymer blends during external
shear stress, and the other is to achieve high performance
PP/PS blends by controlling of the orientation, phase
separation and crystal morphology.

2. Experimental
2.1. Materials

The PP, PS and SBS used in the experiment are
commercial products, PP (2401, melt flow index is
2.5g/10 min) and PS (666D, melt flow index is
4.3 g/10 min) were purchased from the Yan Shan Petroleum
Chemical, China; SBS (F675, M, =18 X 105, and the
styrene content is about 40%) was purchased from the Mao
Ming Petroleum Chemical, China.

2.2. Samples preparation

Various blends were prepared by varying the PS content
from 0 to 100% (wt%). Melt blending of a pair of polymers
was conducted using twin-screw extruder (TSSJ-25 co-
rotating twin-screw extruder). After making droplets, the
blends were molded by DPIM technology. The schematic
representation of this technology is shown in Fig. 1, and the
specimen is shown in Fig. 2. The detailed experiment
procedure was described in Refs. [32,33]. The DPIM
technology relies on the application of shear stress fields
to melt/solid interfaces during the packing stage by means
of hydraulically actuated pistons. The main feature is that
after the melt is injected into the mold the specimen is
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Fig. 1. The schematic representation of DPIM. (1) nozzle, (2) sprue A, (3)
piston A, (4) runner A, (5) connector, (6) specimen, (7) connector, (8)
runner B, (9) piston B, (10) sprue B.
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Fig. 2. The sketch of mechanical test specimen dimensions according to
ASTM638 M standard.

forced to move repeatedly in a chamber by two pistons that
move reversibly with the same frequency as the solidifica-
tion progressively occurs from the mold wall to the molding
core part. The processing parameters are listed in Table 1.
We also prepared the °‘static’ specimens by using the
conventional molding technology for comparison purpose.
The specimen obtained by DPIM is called dynamic sample,
and the specimen obtained by static packing injection
molding is called static sample.

2.3. Mechanical properties measurement

RG T-10 Universal Testing Machine was used to
measure the stress—strain curves, moving speed was
50 mm/min. the measure temperature was 20 °C. For impact
strength measurement, the central part of sample (40 mm
long) was used. A notch with 45° was made by machine and
remained width is 5.0 mm. The experiment was carried out
on an 1200XJU-2.75 Impact tester according to ISO 179.
The values of all the mechanical parameters are calculated
as averages over 6—9 specimens for each composition.

2.4. SEM experiment
The morphologies of the blends were studied by

preferential etching of the PS phase in butanone for 2.5 h.
The samples were fractured in liquid nitrogen prior to

Table 1
Processing parameters in DPIM

Processing parameters Parameters value

Injection pressure (MPa) 90
Packing pressure (MPa) 50
Melt temperature (°C) 180
Mould temperature (°C) 20
Dynamic packing pressure (MPa) 35
Dynamic packing frequency (Hz) 0.3

etching. Then the phase morphology was observed in an
SEM instrument, JSM-5900LV, operating at 20 KV.

3. Results
3.1. PP/PS blends

3.1.1. Mechanical properties

Let’s begin with the mechanical properties of PP/PS
system first. Fig. 3a shows the typical stress—strain curves
of static samples of PP/PS blends. One observes a sharp
decrease of elongation at break from 20% of PP to 5% of the
blends when adding PS to the PP matrix. This is most likely
due to the fact that PP and PS are completely immiscible.
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Fig. 3. The typical stress—strain curves of PP/PS blends, (a) static samples
and (b) dynamic samples: PP/PS = (1) 100/0, (2) 90/10, (3) 80/20, (4)
70/30, (5) 50/50, (6) 30/70, (7) 20/80, (8) 10/90.
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Not only the elongation, but also the yield stress (tensile
strength) decrease as increasing of PS content up to 80 wt%,
where a minimum is seen. Then the tensile strength
increases again with further increasing of PS content. This
result is in a good agreement with that obtained by Xie [7].
For dynamic samples, on the other hand, the decreasing of
elongation is more gradually compared with that of pure PP
(Fig. 3b). In fact, one even see a slight increase of
elongation when 10 wt% of PS is added to PP. In this
case, not only the phase morphology, but also the
orientation of the components plays an important role to
determine the final elongation. As a summary, the tensile
strength of samples as function of PS content is shown in
Fig. 4. The values are calculated as averages over 6—9
specimens for each composition, and the data for both static
and dynamic samples is plotted in one figure for
comparison. Two important features should be noted in
Fig. 4: (1) the tensile strength of dynamic samples is higher
than that of static samples in the whole composition region,
due to the molecular orientation induced by shear stress in
DPIM. And (2) the minimum occurs at 80 wt% PS content
for static samples, but shifts to 70 wt% PS content for
dynamic samples, which indicating the phase morphology
may be changed under the shear stress. It should be noted
that the tensile strength also depends on the direction of
measurements, further tensile experiments are needed on
samples with different orientation with respect to the tensile
direction. This work is undertaking in our group.

The Izod Notched impact strength of the samples was
also carried out with the fracture loading perpendicular to
the shear flow direction. This is shown in Fig. 5. For static
samples, one observes a very low impact strength (4-5 KJ/
m?) for pure PP, and the impact strength keeps constant up
to 50% PS content, and down to 1.5 KJ/m? at 90 wt% of PS
content. For dynamic samples, a very high impact strength
(21 KJ/m?) is seen for pure PP. This is caused by two factors
(1) the molecular orientation of PP induced by shear stress
and (2) the fracture loading is perpendicular to the shear
flow direction. The impact strength of dynamic samples
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Fig. 4. The tensile strength of PP/PS blend as the function of PS content.
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Fig. 5. Impact strength of PP/PS blends as the function of PS content.

decreases sharply from 21 to 12 KJ/m? at 10 wt%, 10 KJ/m?
at 30 wt%, 6 KJ/m” at 50%, and down to 2.5 KJ/m” at
90 wt% PS content, respectively. Actually, the difference of
the impact strength between static and dynamic samples is
very little at PS content larger than 50 wt%. This result
suggests that, the effect of orientation of PP on impact
strength becomes less important as increasing of PS content,
and the phase morphology plays a dominating role to
determine the impact strength.

3.1.2. Phase morphology

Due to the fast cooling of the melt at the surface of mold,
usually the skin and core-like structure is seen on the cross-
section area for static samples. The dispersed phase in the
core has a bigger size than that in the skin layer, due to the
temperature difference in the samples. The core has a higher
temperature thus a longer time for phase separation. Fig. 6 is
the change of morphology of static samples at central part
(the core) as a function of composition. The black domains
indicate the position of the extracted PS phase. One
observes a sea-island structure in the composition to
50 wt% PS content, which indicates that PS forms a
dispersed phase and PP forms a continuous phase in these
composition region. The shape of PS dispersed phase is
spherical and the size of PS increases from 0.2 to 0.4 to 1—
1.5 wm when PS content increases from 10 to 50 wt%.
There is a big increase of PS domain size (like a co-
continuous structure) at 70 wt% PS content. A clear cut co-
continuous morphology is seen at 80 wt% PS content, where
the minimum tensile strength is observed in Fig. 4.

In contrast to the static samples, macroscopically the
shear-induced morphology of dynamic samples can be
divided into three parts instead of two parts. They are the
core in the center and oriented zone surrounding the core
and the skin layer, as in the case of other polyolefin blends
achieved by DPIM. To be compared with Fig. 6, Fig. 7
shows the morphological change as a function of PS content
at the center for the dynamic samples. Not very much
difference is seen up to 50 wt% PS content, in terms of the
particle shape and size. However, one indeed observes a big
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(e)

Fig. 6. SEM photographs of PP/PS obtained by static packing injection molding (in the core), PP/PS = (a) 90/10, (b) 70/30, (c) 50/50, (d) 30/70 and (e) 20/80.

change of phase morphology with samples at 70 and 80 wt%
PS content. Now the co-continuous structure occurs
obviously at 70 wt% PS content (Fig. 7d), where the
minimum tensile strength is seen in Fig. 4. PP is found to
forms a dispersed phase instead of continuous phase at
80 wt% PS content, as shown in Fig. 7e. To further verify
the shear induced morphological change, the phase
morphology at the oriented zone, where the effect of shear
stress can be most demonstrated, was examined. This is
shown in Fig. 8. It can be seen that the morphology is
apparent different from the static samples and from the
center part of dynamic samples. PS particles are no longer
spherical but elongated and deformed seriously. With the
increase of PS content, the deformed particles become
bigger and coarser. The co-continuous structure is seen even
at 30 wt% of PS content (Fig. 8b).

(d)

3.2. PP/PS/SBS blends

Not only the composition, but also the interfacial tension
plays a role to determine the phase morphology for the
immiscible blends. A suitable compatibilizer is often used
for improving interfacial adhesion between the components.
SBS is frequently selected as the compatibilizer for PP/PS
blends [27]. In our work, we also choose SBS as the
compatiblizer to investigate the change of mechanical
properties as well as morphology under the effect of shear
stress. Fig. 9 shows the typical stress—strain curves of PP/PS
(70/30) blends as function of SBS content. An increase of
elongation is seen for both static and dynamic samples as
increasing of SBS content, combined with a decrease of
tensile strength. The tensile strength of PP/PS blends with
different SBS content is shown in Fig. 10. Fig. 10a shows
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Fig. 7. SEM photograph of PP/PS blends obtained with DPIM (in the core) PP/PS = (a) 90/10, (b) 70/30, (c) 50/50, (d) 30/70 and (e) 20/80.

the result for static samples and Fig. 9b is the tensile
strength of dynamic samples. As PS content is low (say less
than 30 wt%) the tensile strength decrease as adding of SBS
as compatiblizer both for static samples and dynamic
samples. In this case, SBS acts as rather a softening-material
than as a compatiblizer. The tensile strength is found to
increase as increasing of SBS content when PS content is
larger than 30 wt% for static samples, or when PS content is
larger than 50 wt% for dynamic samples. In this case, the
enhancement of interfacial interaction plays a dominating
role to determine the tensile strength.

However, the reduced difference among the dynamic
samples with different SBS contents seems to suggest that
the shear stress will reduce, to certain extent, the effect of
SBS on the interface thus tensile strength (Fig. 10b).
Actually, shear induced phase separation at low shear rate
has been reported [38].

Fig. 11 shows the impact strength with the adding of SBS

for both static and dynamic samples. The enhancement of
impact strength is observed for all the composition. The
trend is more or less the same for both static and dynamic
samples. The increasing of impact strength is understood as
due to the improvement of interaction between PP and PS
when SBS serves as a compatiblizer.

The phase morphologies of PP/PS (70/30) blends with
different SBS content are shown in Fig. 12 (center part of
static samples) and Fig. 13 (oriented zone of dynamic
samples). It is obvious that the size of dispersed PS particles
is reduced with adding of the SBS co-polymer both for static
and dynamic samples. However, the increasing of SBS
content, from 2 to 10 wt%, does not help very much for the
further decreasing of the particle size. Not only the
decreasing of PS particle size, but also the co-continuous
structure (Fig. 13a) at oriented zone is changed into droplet
morphology (Fig. 13b—d) with adding of SBS for dynamic
samples. At this moment, only the morphology of
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Fig. 8. SEM photograph of PP/PS blends obtained by DPIM (oriented zone) PP/PS = (a) 90/10, (b) 70/30, (c) 50/50 and (d) 30/70.

compatibilized PP/PS (70/30) blends was studied, to show,
as an example, the morphological change of the blends
before and after DPIM. The interesting concentration region
should also cover PS content from 30 to 80 wt%, where the
difference between the two preparation methods is
remarkable.

4. Discussions
4.1. Region of phase inversion

The phase inversion is a common phenomenon in
immiscible polymer blends. Jordhamo et al. [39] developed
an empirical model based on the melt-viscosity ratio, ng/nm,
and the volume fraction ¢, of each phase for predicting the
phase inversion region in immiscible polymer blends. Phase
inversion should take place as the following criterion holds:

m b

=1 1
m ¢ )

Jordhamo’s model however, is limited to low shear rates and
does not take into account the effect of variations in the
interfacial tension between the phases. For the PP/PS blends
studied here, both the shear stress and interfacial tension
should be considered to explain the observed region of
phase inversion. Since the viscosity ratio during processing
conditions is not available at moment, one cannot predict
the region of phase inversion. For static samples, it should
be around 80 wt% PS content from the SEM result (Fig. 6)

and correspondingly, one sees the minimum of the tensile
strength at 80 wt% PS content (Fig. 4a). For dynamic
samples, however, the phase inversion is found to shift
70 wt% PS content at the center part, and a co-continuous
phase is observed. This is shown in Fig. 7, which indicating
that the region of co-continuity shift towards lower PS
content under shear stress field. Correspondingly, the
minimum of tensile strength at 70 wt% content is seen
(Fig. 4b). At high shear rate zone (oriented zone), the co-
continuous structure is seen even at 30 wt% of PS content
(Fig. 8b). The effect of shear stress on the region of phase
inversion is schematically shown in Fig. 14. Without shear
stress, generally speaking, the PS dispersed phase forms
spherical in the core layer (center part). However, under
shear stress, the PS phase is elongated in sheet-like or
ellipsoidal form in the flow direction, and the degree of
elongation is different in oriented zone and in the core. At
oriented zone, the elongation is strong and becomes weaker
in the core. As shown in Fig. 14, phase inversion is expected
to occur at lower PS content (30 wt%) in the oriented zone,
and at higher PS content (70%) in the core.

4.2. The morphology of polymer blends vs. processing

It is well known that the morphology of polymer blends
depends mainly upon the rheological and interfacial
properties, the blending conditions, and the volume ratio
of the components. The size and the deformation of a purely
viscous (Newtonian) droplet surrounded by another New-
tonian fluid is determined mainly by two parameters
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Fig. 9. The typical stress—strain curves of PP/PS (70/30) blends as function
of SBS content, (a) static samples and (b) dynamic samples.

[40,41]:

(a) the viscosity ratio (A):
A=

2
M

In the equation, the 7y is the viscosity of dispersed
phase and the 7, is the viscosity of matrix.
(b) the k-term of the form
T

= ©

where o is interfacial tension, 7y is shear rate, and R is
droplet radius. The physical meaning of the k-term is a
balance between the resistance to deformation of the
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Fig. 10. The tensile strength of PP/PS blends with different SBS content, (a)
static samples and (b) dynamic samples.

droplet (o/R) and the local acting shear stress (1, y)
which deforms the droplet. For the polymers of
viscoelastic rather than viscous nature, o in the k-
term has to be corrected by a factor that considers the
effect of the normal forces arising from the elasticity of
the phases [42]. So by choosing the viscosity ratio,
controlling the interfacial tension (for example, via
using compatiblizer) and shear rate, the phase mor-
phology of polymer blends can be well controlled.

For an injection molded PP/PS blends, the phase
morphology is quite complicated. An anisotropy distri-
bution of PS size and shape is evident. As mentioned
before, the skin and core-like structure is seen on the
cross-section area for static samples, and the morphology
of core in the center and oriented zone surrounding the
core and the skin layer is observed for dynamic samples.
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Fig. 11. The impact strength of PP/PS blends with different SBS content, (a)
static samples and (b) dynamic samples.

Even more complicated, as discussed above, for dynamic
samples, the co-continuous phase is seen at 30% PS
content at oriented zone but 70% PS content at the core.
The effect of interfacial tension on the phase morphology
is demonstrated in Figs. 12 and 13. The reduced particle
size with adding SBS is understood as resulting from the
reduced interfacial tension. According to the Eq. (3), the
smaller the droplets, the greater is the resistance to
deformation. On the other hand, the greater the shear
stress, the easier is the deformation. So under the
combined effect of shear stress and SBS compatiblizer,
not only the decreasing of PS particle size, but also the
co-continuous structure (Fig. 13a) at oriented zone is
changed into droplet morphology (Fig. 13b—d).

4.3. Tensile modulus

Compared with tensile strength and impact strength, the
tensile modulus is frequently used for theoretical prediction.
Tensile moduli of polymer blends are strongly dependent on
the composition and morphology. In the case of a droplet-
matrix morphology the tensile modulus will be largely
determined by the modulus of the matrix phase. A relatively
high and isotropic value of tensile modulus is expected for
co-continuous blends due to their interpenetrating phase
structure [43]. It was reported that the modulus of a fibrous
blend can be largely determined by modulus of the
dispersed (fibrous) phase, especially in oriented samples
[44,45]. Theoretically, several models can be found which
describe tensile moduli of blends as a function of the
composition [46—50]. The moduli of polymer blends
generally range between an upper bound, E,, given by the
parallel model [46]:

Eu = (plEl + (szz (4)
And a lower bound, E}, given by the series model [47]

T )
— =142 )

E, E E

In which E; and ¢; are the modulus and volume fraction of
phase i. It should be noted that the parallel and series models
are only valid for simple and idealized structure. For an
injection molded PP/PS blends, especially for dynamic
samples, the phase morphology is quite complicated, thus
complicated moduli are expected. Fig. 15 shows the tensile
modulus of PP/PS blends as a function of composition both
for static and dynamic samples. For static samples, a
synergetic effect is seen up to 20% of PS content, where the
blends shows a higher tensile modulus than that of pure PP
from additivity of the modulus via parallel model, due partly
to the small phase separation (see Fig. 6a). This result is in
somewhat agreement with that reported by Guptaand
Purwar [51]. However, beyond 20 up to 100 wt% of PS
content, the tensile modulus follows the law described by
the series model because of the large phase separation in the
blends (Fig. 6b—e). An increasing of tensile modulus does
not happen when a change of phase morphology from
droplet-matrix to co-continuous phase takes place at 80%
PS content, as in the case of PE/PS and PE/PP blends as
reported by Willemse et al. [42]. For dynamic samples, the
orientation of the components plays an important role to
determine the tensile modulus, additional to the morphology
and composition. Comparing the difference of tensile
modulus between dynamic and static samples of pure PP
and PS, one observes a big enhancement for PP but a small
enhancement for PS through DPIM. This result indicates
that PP molecules are much easier to be oriented along the
shear flow direction than PS molecules due to the relatively
linear structure of PP molecules compared with PS
molecules. As increasing of PS content, a decreasing of
tensile modulus is seen and a minimum is reached around
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Fig. 12. SEM photograph of PP/PS/SBS blends in the core of static samples, PP/PS/SBS = (a) 70/30/0, (b) 70/28/2, (c) 70/25/5, (d) 70/20/10.

50% PS content. Then tensile modulus increases up to
100 wt% PS content. It should be also noted that the tensile
modulus is less than that predicted by the series model in the
whole composition region.

A number of factors can be considered to explain the
observed decreasing of tensile modulus as increasing of PS
content for dynamic samples. It may be due to (1) increasing

of phase separation, (2) decreasing of the orientation of PP,
this holds especially for composition regions from 30 to
70% PS content, where the co-continuous phase forms
either in the oriented zone or the core. Because of the
interpenetrating phase networks in co-continuous phase, the
molecular orientation will be highly hindered even under
shear stress. The combined effect of phase separation and

Fig. 13. SEM photograph of PP/PS/SBS blends in the oriented zone of dynamic samples, PP/PS/SBS = (a) 70/30/0, (b) 70/28/2, (c) 70/25/5, (d) 70/20/10.
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Fig. 14. The schematic representation of morphological change from
droplet to co-continuous structure under shear stress, (a) in the oriented
zone and (b) in the core.

less oriented molecules causes the minimum of tensile
modulus occurs around 50 wt% PS content. Since the tensile
modulus is closely related to the molecular orientation,
further experiments are needed on samples with different
orientation with respect to the tensile direction. This work is
undertaking in our group.

5. Conclusion

The shear stress and interfacial tension play an important
role to determine the phase morphology thus mechanical
properties of PP/PS blends. A complicated morphology with
core in the center and oriented zone surrounding the core
forms in the cross-section areas of dynamic samples. The
phase inversion was also found to occur around 80 wt% PS
content for static samples, and shifts towards lower PS
content under effect of shear stress, at 70 wt% in the core
and 30 wt% in the oriented zone for dynamic samples. The
PS particle size is greatly reduced with adding of SBS, and
the reduced particle size results in greater resistance to
deformation, which causes the co-continuous structure at
oriented zone change into droplet morphology. The
increasing of phase separation and the decreasing of
molecular orientation of PP as increasing of PS content
can explain the change of tensile strength and tensile
modulus as a function of PS content.
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Fig. 15. The tensile modulus of PP/PS blends as a function of composition,
(a) static samples and (b) dynamic samples.
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