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ABSTRACT: The mechanical properties and phase microstructure of ternary phase
polypropylene composites have been investigated using combinations of rigid glass
beads and ethylene/propylene rubber (EPR) modifiers. Particular consideration has
been given to the relative interaction between these components and their dispersion
within the composite. In this regard, EPR and untreated glass beads existed as inde-
pendent phases, whereas EPR functionalized with maleic anhydride showed a tendency
to encapsulate the inorganic phase. As a consequence, marked differences in mechan-
ical properties, in particular toughness, were exhibited by these systems, manifested by
changes in failure mechanism. Structure in these composites was explored by Fourier
transform infrared spectroscopy, dynamic mechanical analysis, and scanning electron
microscopy. © 1998 John Wiley & Sons, Inc. J Appl Polym Sci 70: 587–597, 1998
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INTRODUCTION

Polypropylene (PP), although, extensively used
in many fields of application, is limited by its
low temperature impact strength. One of the
most widely used methods to overcome this
drawback is by blending with other polymers,
especially elastomers. Although rubber modifi-
cation of PP increases its low temperature im-
pact strength, stiffness is lowered. To compen-
sate for this effect, filler can also be added to the
blend, creating a ternary phase composite.1–11

In these materials containing both elastomer
and rigid filler, two extremes in phase structure
may occur, where either elastomer and filler
particles are dispersed separately in the PP

matrix6,12 or the rubber encapsulates filler par-
ticles, resulting in a low modulus interlayer
between matrix and filler.13,14 The relative ex-
tent to which these structures develop depends
on several factors, especially the surface char-
acteristics and mutual wettability of fillers and
polymer, blend preparation techniques (includ-
ing the sequence in which the components are
introduced into the blend), and the relative vis-
cosity of the polymer and elastomeric phases.

In the present study, ternary phase PP com-
posites, containing ethylene/PP rubber (EPR) and
glass beads, were investigated. The aim of this
work was to explore relationships between the
microstructure and mechanical properties of
these materials. In this regard, particular atten-
tion has also been given to the influence of sur-
face-treated filler [silane-coated glass beads
(coatG)] and functionalized rubber (maleic anhy-
dride-modified EPR).
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EXPERIMENTAL

Materials

PP homopolymer Novolen 1100HX [melt flow rate
(MFR) 5 1.8 g/10 min] supplied by BASF, was
used as the matrix polymer. There were two
grades of EPR used: Exxelor PE808 and Exxelor
VA1803, both supplied by Exxon Chemical Co.
The former is a medium viscosity semicrystalline
polymer (MFR 5 5 g/10 min), whereas the latter
is a low-viscosity amorphous maleic anhydride-
grafted EPR (MFR 5 22 g/10 min), with a maleic
anhydride content of 0.7% by weight. Glass beads
were used in the untreated form (5000 CP00) and
surface-modified with silane coupling agent (5000
CP03). Both variants were supplied by Croxton &
Garry Ltd., with particle diameters in the range
of 4.0–7.0 mm.

Compounding

Blends of various compositions were prepared by
melt-mixing in a BTS 40 intermeshing corotating
twin-screw extruder (Betol Machinery Ltd.) using
a barrel temperature profile of 185–200°C (from
feed zone to die). Samples were produced at a
screw speed of 170 rpm, giving a throughput rate
of ; 20 kg h21.

Specimen Preparation

Test specimens for morphological and mechanical
testing were prepared by compression molding,
using a horizontal flash-type mold with dimen-
sions of 23 3 23 3 0.2 cm. The molding procedure
involved heating the materials at 200°C for 8 min
without applied pressure and then subsequently
for a further 5 min under pressure. The mold was
then rapidly cooled to room temperature within a
period of 3 min. By this means, uniform and void-
free specimens were produced.

Mechanical Testing

Tensile dumbbell specimens were cut from the
2-mm-thick-molded sheet and tested using an In-
stron model 4206 tensile testing machine using a
crosshead speed of 50 mm min21. Test specimens
for instrumental impact testing were in the form
of 70 3 70 3 2-mm-thick-molded plaques clamped
on a steel ring having an internal diameter of 40
mm. A 5 kg flat-headed 10 mm diameter tup was
dropped onto the specimens from a height of 46

cm, generating an impact velocity of 3 m s21. All
mechanical testing was undertaken at 23°C.

A Rheometrics dynamic mechanical analyzer
(RSAII) was used for measuring the mechanical
properties of the composites over a temperature
range of 2100 to 100°C. Testing was conducted in
three-point bending mode using a frequency of
6.28 rad s21 (1 Hz).

Structural Analysis

Representative samples were analyzed in a Per-
kin–Elmer DSC-7 differential scanning calorime-
ter using a thermal cycling procedure.

The instrument was first calibrated using in-
dium as a reference material. Sample mass was
maintained at 7 6 1 mg, and all materials were
analyzed at the same scan rate. Using multiple
specimens, the technique was found to give repro-
ducible melting and crystallization temperatures
to an accuracy of 60.2°C. Samples were first
heated from 30° to 210°C at a rate of 10°C min21.
The temperature was then maintained at 210°C
for 10 min before cooling to 30°C at the same rate,
then reheating to 210°C, again at 10°C min21.
Melting and crystallization temperatures were
recorded. The percentage crystallinity was calcu-
lated from the heat of fusion using a DH° value of
189 J g21 for isotactic polypropylene (iPP).15

Films of ; 15 mm thick were prepared by hot-
pressing, and analyzed in a Nicolet 710 Fourier
transform infrared spectrometer, equipped with a
data processing computer.

Phase structures of the composites were exam-
ined by scanning electron microscopy on etched
fracture surfaces. These were exposed to hot hep-
tane vapor for 3 min to remove the EPR particles
from the PP matrix and thus improve contrast
between the phases. All samples were sputter-
coated with gold-palladium alloy before viewing
under Cambridge S-250 Stereoscan scanning
electron microscope.

RESULTS AND DISCUSSION

Phase Morphology

Figure 1(a) shows the microstructure of the
polypropylene/ethylene–propylene rubber/glass (PP/
EPR/G) composite, where there is no evidence of
EPR encapsulation around the inorganic filler.
Glass beads are seen to be well dispersed without
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particle agglomeration. A contrasting morphology
is shown in Figure 1(b) for the PP/maleic anhy-
dride modified rubber/G composite, where there is
evidence of MaR encapsulation around the rigid
filler particles. The effect of using silane-coated

glass beads is apparent in Figure 1(c) for the
PP/EPR/coatG composite, where the phases are
separately dispersed. However, some glass bead
particles were found to be partially wetted by
EPR, as seen in Figure 1(d. Here, the small dark
circular holes (; 1 mm diameter) are imprints of
EPR particles, whereas large hemispherical dark
areas (; 5–7 mm diameter) are formed as glass
bead particles are pulled out during fracture.

The extent of filler wet-out by a liquid phase
depends on the nature of the solid surface, includ-
ing its surface energy and roughness, the viscos-
ity and amount of liquid available, and the con-
tact angle between liquid and solid. Critical sur-
face tension values for PP and EPR are reported
to be ; 29–32 mJ m22 (refs. 16 and 17) and 28 mJ
m22 (ref. 18), respectively, reflecting similarities
in their chemical composition. Although these
data infer that both PP and EPR would wet glass
bead particles to a similar degree, due to the
lower viscosity and higher concentration of PP in
the compositions, glass bead particles were more
favorably coated by PP than by EPR in the PP/
EPR/G composite, resulting in separate disper-
sion of the EPR and glass bead phases.

Conversely, in the PP/MaR/G composites, glass
bead particles were preferentially wetted by MaR,
giving rise to an encapsulated structure. This obser-
vation can be explained by the higher surface ten-
sion of MaR relative to PP,3 due to the functional-
ization of EPR with maleic anhydride. However,
owing to the high viscosity of this melt and the
dewetting that inevitably occurs during high shear
mixing, complete encapsulation is not achieved.

In compositions where the glass beads had
been pretreated with silane coupling agent (PP/

Figure 1 Microstructure of ternary phase composites
after cryogenic fracture and etching. (a) PP/EPR/G; (b)
PP/MaR/G; (c) and (d) PP/EPR/coatG.

Figure 1 (Continued)
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EPR/coatG), a separate dispersion structure was
again observed. Literature reports for commonly
used silane coupling agents give critical surface
tensions of coated glass ; 31–36 mJ m22 (refs. 19
and 20). Hence, after surface treatment, the lower
surface energy of the filler makes it more amena-
ble to wet-out by polymer melt, although as with
the PP/EPR/G composite, interaction with the PP-
rich phase dominates.

Figure 2(a) shows a cryogenic (nonetched) frac-
ture surface of the unmodified PP/EPR/G compos-
ite, demonstrating failure at the weak interface
between PP and glass beads. Furthermore, it
would appear that some of the EPR particles were
elongated and detached from the PP matrix, leav-
ing small spherical holes on the fracture surface.
Comparing Figure 2(a,b) reveals distinctly differ-
ent fracture morphologies. In the PP/MaR/G sys-
tem, adhesion between the PP matrix and glass
beads, and also between the PP matrix and EPR,
is greater than the inherent strength of the ma-
trix, causing crack propagation through the PP
phase and resulting in cohesive failure. This is
manifested by an absence of glass particles seen
on the fracture surface. However, in the PP/EPR/
coatG composite, even though the glass beads had
been treated with silane coupling agent, no sig-
nificant improvement in adhesion to PP was ob-
served [Fig. 2(c)].

Dynamic Mechanical Analysis

Temperature dependencies of tan d at 1 Hz are
shown for various composites in Figure 3(a). In
both PP/EPR/G and PP/MaR/G composites, two
tan d peaks were observed, corresponding to the
glass transition temperatures (Tg) for PP and
incorporated rubber. The location and intensity of
Tg peaks for PP in both composites were the same
at 7°C. A Tg value for EPR in the PP/EPR/G
composite was observed at 243°C, which is simi-
lar to that observed in the binary PP/EPR blend
[Fig. 3(b)], indicating that glass beads had no
influence on the mobility of the rubber chains.
This reflects a lack of association between EPR
and glass beads in this composition.

However, it is significant that the Tg peak for
MaR shifted from 261°C (in the binary blend) to
256°C (in the ternary blend). This suggests that,
in this system, the incorporation of glass beads
causes immobilization of rubber chains. Also, the
dynamic mechanical analyzer spectrum for PP/
MaR/G showed a much larger and broader rubber

glass transition than in the corresponding PP/
EPR/G composite. This is attributed to the encap-
sulation of rubber around the filler particles when

Figure 2 Microstructure of ternary composites after
cryogenic fracture without etching. (a) PP/EPR/G; (b)
PP/MaR/G; (c) PP/EPR/coatG.
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MaR is present, because the size of the tan d peak
for the rubber phase is influenced not only by the
amount of rubber, but also by particulate inclu-
sions within the rubbery phase.

There is essentially no difference between the
dynamic mechanical spectra for composites con-

taining untreated and surface-coated glass beads
[Fig. 3(c)]. Furthermore, the use of coated glass
beads did not appreciably affect the Tg of either
PP or rubber, confirming that filler and rubber
are independently dispersed in the PP matrix.

Differential Scanning Calorimetry (DSC)

Table I summarizes the DSC results for unmodi-
fied PP, binary blends of PP containing either
rubbery particles or glass beads, together with
their corresponding ternary phase compositions.
In the binary blends, the addition of 30 vol % of
EPR caused a reduction in the Tc, Tconset, and Tm
values for PP. The percentage crystallinity ob-
served in the PP/EPR blend was found to be lower
than that for unmodified PP. However, this reduc-
tion is entirely attributed to the substitution of 30
wt % of PP by EPR, which did not crystallize
under the DSC testing conditions used.

Maleic-anhydride-modified EPR had no effect
on the Tconset and Tc values for PP. However,
values for T1 and T2 (defined in Table I) were
lower than for unmodified PP. It may be inferred
from these results that MaR increases the rate of
crystallization leading to the development of
smaller spherulites, which because of their de-
creased heat capacity shifted the melting temper-
ature of the blend to a lower temperature.

In the PP/G blends, an opposite effect was ob-
served. The incorporation of 30 vol % of glass
beads to PP led to an increase in Tconset and Tc for
PP, with a marked reduction in the degree of
undercooling and a smaller difference between Tc
and Tconset. Again, the percentage crystallinity
observed in the PP/G composite was lower than
that for unmodified PP, which can be accounted
for by the substitution of PP by 30 vol % (54 wt %)
of glass beads.

In the ternary phase, PP/EPR/G composite
where both EPR and G were present, polymer
crystallization and melting temperatures were in-
termediate between those for PP/EPR and PP/G
composites, indicating that both EPR and G had
an independent effect on the crystallization and
melting behavior of PP, since they existed as dis-
crete phases in the composite. Contrary results
were found for the PP/MaR/G composite, how-
ever. From the DSC results for the binary PP/
MaR blend, it was apparent that MaR has no
effect on the Tconset of PP. Thus, in the corre-
sponding ternary phase composite, it was ex-
pected that only glass beads would influence the

Figure 3 Dynamic mechanical analysis of PP binary
and ternary phase composites at 1 Hz. (a) Temperature
dependency of tan d for PP, PP/EPR/G (70/15/15), and
PP/MaR/G (70/15/15) composites. (b) Temperature de-
pendency of tan d for PP, PP/EPR (70/30), and PP/MaR
(70/30) blends. (c) Temperature dependency of tan d for
PP, PP/EPR/G (70/15/15), and PP/EPR/coatG (70/15/15)
composites.
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Tconset of PP, and hence yield results similar to
those observed in the PP/G composite, without
rubber present. However, the observed Tconset
value in the PP/MaR/G composite was only
114.6°C, demonstrating a marked suppression in
the influence of glass beads on the Tconset of PP
due to their encapsulation by functionalized rub-
ber. In the PP/EPR/coatG composite, the glass
beads had a strong nucleating effect on the crys-
tallization behavior of PP, confirming the earlier
finding that the structure in this composite com-
prised separately dispersed phases.

Fourier Transform Infrared (FTIR)

FTIR spectroscopy was used to investigate the
chemical nature of the glass–polymer interface,
particularly with regard to the PP/MaR/G com-
posite. The infrared spectra of maleic anhydride
functionalized EPR (MaR) is given in Figure 4
over a frequency range from 1800 to 1300 cm21.
The large peaks at 1461 and 1375 cm21 are at-
tributed to COH stretching vibrations in the
methylene and methyl groups present in the rub-
ber. The small absorption at 1713 cm21 arises
from the acid peak of the maleic anhydride mod-
ification. In general, the anhydride modification
may exist in the anhydride or acid forms,21 which
are reversible by the addition or removal of water.
The acid peak normally exists at ; 1714 cm21,
whereas the anhydride absorptions appear as
two peaks, one at 1864 cm21 and a larger one at
1789 cm21.

Figure 5 shows infrared spectra for the MaR
and MaR/G compositions. When glass beads are
present, the anhydride peak of MaR at 1714 cm21

disappears, with a new peak visible at 1571 cm21.
This was also seen at 1565 cm21 in the PP/MaR/G

blend. These absorptions arise from asymmetrical
stretching of the carboxylate ion (CO2

2) formed due
to reaction between MaR and glass beads. A similar
observation was reported by Scott and colleagues,22

in which a new peak appeared at 1568 cm21 due to
the CO2

2 salt produced from the reaction of maleic
anhydride-modified ethylene–propylene terpoly-
mer with g-aminopropyltriethoxysilane. In this
instance, a cyclic imide product was identified
from the reaction.

The infrared spectra for EPR/coatG and PP/
EPR/coatG composites are illustrated in Figure 6.
No absorption band was seen in the range of 1800
to 1500 cm21, and the spectra for composites con-
taining silane-coated glass particles were found to
be very similar to that of PP/EPR/G, without glass
treatment. Hence, the spectroscopic evidence sug-
gests that the silane-coated glass beads did not

Table I Thermal Properties of Binary and Ternary Phase PP Composites

Sample
Composition

(% by vol)
Tconset

(°C)
Tc

(°C)
Tm

(°C)
Crystallinity

(%)
T1

(°C)
T2

(°C)

PP 100 114.6 109.5 164.3 49.0 5.1 54.8
PP/EPR 113.4 108.4 162.5 34.4 5.0 54.1
PP/MaR 70/30 114.5 109.9 160.5 35.4 4.6 50.6
PP/G 120.9 117.1 162.7 24.7 3.8 45.6
PP/EPR/G 116.7 111.8 162.3 26.2 4.9 50.5
PP/MaR/G 70/15/15 114.6 110.2 162.2 27.5 4.4 52.0
PP/EPR/coatG 119.5 114.8 162.6 26.3 4.7 47.8

Tconset, temperature of onset of crystallization; Tc, crystallization temperature; DHc, heat of crystallization; Tm, melting
temperature; DHm, heat of fusion; T1, Tconset 2 Tc; T2, Tm 2 Tc.

Figure 4 FTIR spectra of EPR and MaR. (A) COH
stretch (CH2 group); (B) COH stretch (CH3 group); (C)
CAO stretch maleic acid modification.
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react with polymer. Bonding of silane coupling
agents to the polymer generally occurs through
interdiffusion of oligomeric siloxanes at the inter-
face, with possible crosslinking to form an inter-
penetrating polymer network in this region.23

Mechanical Properties

The influence of EPR, MaR, and uncoated glass
beads on the composite modulus is shown in Fig-

ure 7. It is evident that incorporation of 30 vol %
EPR markedly reduces stiffness, whereas modu-
lus of the ternary phase PP/EPR/G composite is
noticeably increased with glass bead content. No
significant difference was seen between EPR and
MaR on Young’s modulus of the binary (70/30)
blends; however, in ternary phase composites,
modulus was found to depend on the microstruc-
ture developed. In particular, the presence of
functionalized rubber (i.e., PP/MaR/G) gave sig-
nificantly lower modulus values than was the
case when unfunctionalized EPR was present. It
was demonstrated earlier that the interaction be-
tween MaR and glass beads occurs through the
formation of carboxylate salts at the interface,
leading to substantial rubber encapsulation of the
filler particles. As a consequence, the transfer of
rubber from the bulk matrix to form an interlayer
on the filler surface, reduces the reinforcing effi-
ciency of the filler and lowers Young’s modulus of
the ternary phase composite.

Suppression of the reinforcing efficiency of glass
beads encapsulated by MaR in the PP/MaR/G com-
posite can also be demonstrated by consideration of
Einstein [eq. (1)] and Kerner [eq. (2)] expressions for
polymers filled with rigid spheres:

Ec/Em 5 1 1 2.5ff (1)

Figure 7 Young’s modulus of PP, binary, and ternary
phase PP composites. (■) Compositions containing
EPR; (h) compositions containing MaR.

Figure 5 FTIR spectra of MaR/G and MaR. (A) COH
stretch (CH2 group); (B) COH stretch (CH3 group); (C)
CAO stretch maleic acid modification; (D) CAO
stretch of carboxylate anion.

Figure 6 FTIR spectra of EPR/coatG and PP/EPR/
coatG composites. (A) COH stretch (CH2 group); (B)
COH stretch (CH3 group).
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and

Ec/Em 5 1 1 $15~1 2 nm!/~8 2 10ff!% $ff /~1 2 ff!% (2)

Ec is modulus of the composite, Em is modulus of
the matrix polymer, ff is the volume fraction of
filler, and nm the Poisson’s ratio of the matrix.
Experimental data measured from two-phase PP/
EPR (70/15) and PP/MaR (70/15) compositions
were taken as the matrix values for the PP/
EPR/G (70/15/15) and PP/MaR/G (70/15/15) sys-
tems, respectively. Hence, Em (PP/EPR) 5 1.27
GPa and Em (PP/MaR) 5 1.09 GPa; 0.15 is the
volume fraction of filler (ff), and 0.27 is Poisson’s
ratio (nm) for polypropylene.

Where filler is encapsulated by rubber, the ex-
perimental modulus is generally lower than that
predicted. This is apparent in Table II, which
shows that the measured modulus of the PP/
MaR/G composite is lower than calculated values
using either of these models, whereas the PP/
EPR/G ternary blend with separate dispersion of
EPR and G yielded a higher value than that pre-
dicted.

Tensile yield stress measurements for various
PP composites are shown in Figure 8. Both rubber
and uncoated glass beads caused a reduction in
yield stress of the binary blends. In the PP/EPR/G
composites, containing both rubber and filler, ad-
ditivity effects were observed between the compo-
nents, where measured yield stress was found to
be a function of the total concentration of rubber
and filler (Fig. 9). Similar behavior has been
found in PP/EPDM/talc composites.2 The PP/
EPR/G formulation exhibited a higher yield stress
than the corresponding PP/MaR/G composite,
which can be attributed to inherent differences in
the mechanical properties of the EPR elastomers.

Equation (3), proposed by Nielsen,24 enables
the strength of a filled polymer (sc) to be calcu-
lated from

sc 5 sm~1 2 f! S (3)

where sc and sm are the tensile strengths of the
composite and matrix, respectively, and f is the
volume fraction of filler in the composite. A pa-
rameter S accounts for the weakness in the struc-
ture brought about by a discontinuity in stress
transfer and the generation of a stress concentra-
tion at the filler–polymer interface. The maxi-

Table II Experimental and Predicted Moduli
Values for Ternary Phase PP Composites

Sample
Experimental

Modulus (GPa)

Predicted Modulus
(GPa)

Einstein Kerner

PP/EPR/G 1.84 1.74 1.65
PP/MaR/G 1.31 1.49 1.42

Figure 8 Tensile yield stress of PP, binary, and ter-
nary phase PP composites. (■) Compositions contain-
ing EPR; (h) compositions containing MaR.

Figure 9 Influence of combined rubber and filler con-
tent on the tensile yield stress.
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mum value of S is unity, where stress concentra-
tions are absent. The lower the value of S, the
greater the stress concentration, or the poorer the
adhesion.

Equation (4) was introduced by Nicolais and
Nicodemo,25 in which the strength of a filled com-
posite can be expressed by

sc 5 sm~1 2 afb! (4)

where a and b are constants. The value of a is
related to the stress concentration or the quality
of adhesion between the matrix and filler, and b is
dependent on the geometry of the filler. In spher-
ical fillers uniformly distributed with no adhe-
sion, a becomes 1.21. Where there is some adhe-
sion, a becomes smaller than 1.21. The constant b
is equal to 1 if the material fails by planar frac-
ture and 2

3 if it fails by random fracture.
From Table III, it is significant that the calcu-

lated value of S for the PP/MaR/G composite is 1,
and the value of a is much smaller than 1.21,
indicating that in this system there is good inter-
facial adhesion between the phases, leading to a
continuity in stress transfer throughout the com-
posite.

Table IV compares the impact properties of
various PP composites. In binary blends, impact

resistance of PP was significantly increased by
the incorporation of EPR and, in particular
MaR, rubbers. Comparing the effects of EPR
and MaR on the failure energy of ternary phase
composites, it can be seen that MaR was far
more effective in raising overall impact resis-
tance relative to PP, although the energy re-
quired for propagation of the crack in PP/
MaR/G composites was lower than that in the
PP/EPR/G formulations, yet crack initiation en-
ergy was higher. This reflects the strong inter-
action between MaR and glass beads, and is
consistent with the cohesive and interfacial fail-
ure mechanisms shown earlier (Fig. 2) for ter-
nary phase composites containing functional-
ized and unmodified EPR.

Table V shows the effects of introducing coatG
on tensile and impact properties of ternary phase
PP composites. Silane treatment on the glass has
minimal effect on Young’s modulus and tensile
yield stress, although impact failure energy
shows a marked increase. Because there is no
apparent filler encapsulation in this system, the
improvement in impact properties seen when
coated glass is used could be due to its influence
on composite morphological structure, including
dispersion of fillers, rubber particle size, also the
interparticle distance between phases. Interpre-
tation of these mechanical and morphological
data is complicated further by the possible influ-
ence of the rheology and viscosity of the compos-
ite. Work by Han and colleagues26 showed that
coupling agent may diffuse into the polymer, and
by functioning as an internal plasticizer, cause a
decrease in the viscosity of the matrix phase.
Also, owing to a reduction in interfacial energy by
the surface modifier, this may lead to reduced
dispersed phase size and greater deformation of
the rubber particles.27

Table III Prediction of Tensile Strength in
Ternary Phase PP Composites

Sample sc (MPa) sm (MPa) S a

PP/EPR/G 18.67 26.75 0.80 1.07
PP/MaR/G 16.73 19.49 1.00 0.50

S, from eq. (3); a, from eq. (4); sc and sm, tensile strengths
of modulus and matrix, respectively.

Table IV Effect of Rubber Modifier on the Impact Properties of Binary and Ternary Phase PP
Composites (at 23°C)

Composition
PP/EPR/G
(% by vol)

Initiation Energy (J)
Propagation Energy

(J) Failure Energy (J)

EPR MaR EPR MaR EPR MaR

100/0/0 3.08 1.04 4.12
70/30/0 5.33 6.41 1.99 2.58 7.32 8.99
70/20/10 2.59 4.11 1.24 0.79 3.83 4.90
70/15/15 3.11 5.59 1.47 1.15 4.57 6.74
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CONCLUSIONS

The microstructure and mechanical properties of
ternary phase PP composites containing EPR and
G has been investigated. EPR and G were found
to influence the structure and properties of PP in
different ways. Incorporation of EPR into PP re-
sulted in an improvement in impact strength, ac-
companied by a decrease in tensile strength and
modulus. The opposite was found for composites
containing glass beads. PP composites with bal-
anced mechanical properties were achieved by
physical blending of this polymer with both EPR
and glass beads.

A study of the morphology of these composi-
tions has shown that two kinds of structure can
be formed, either a separate dispersion of the
phases or encapsulation of the filler by rubber. A
principal factor controlling formation of these
structures was found to be the surface character-
istics of the components. Modification of EPR by
maleic grafting resulted in composites with rub-
ber encapsulation of the filler, with FTIR reveal-
ing a reaction between these phases. Composites
containing unmodified EPR, on the other hand,
showed separate dispersion of the components.
The former composites, exhibiting good adhesion
at the rubber–filler interface, had noticeably
higher impact strength, whereas the latter vari-
ant was characterized by higher tensile strength
and modulus, accompanied by lower toughness.
Improvement in impact strength of the compos-
ites was also achieved by introducing chemically
treated glass beads.
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