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ABSTRACT: This article describes the impact and dynamic mechanical properties of
rubber-modified binary blends of polypropylene (PP). Two conventional elastomers [viz.
ethylene vinyl acetate copolymer (EVA) and ethylene propylene diene terpolymer
(EPDM)] were used as an impact modifier for PP. It is clearly indicated by the results
that EPDM is better than EVA as an impact modifier of PP. Analysis of data of dynamic
mechanical properties and impact properties at various compositions of the blends
revealed a direct correlation between impact properties and dynamic mechanical loss
tangent. The energy dissipation due to viscoelastic relaxation is therefore suggested as
a mechanism of impact toughening of PP, in addition to the other commonly known
mechanisms of toughening (viz. shear yielding and crazing induced by deformation of
rubber-phase domains). © 2000 John Wiley & Sons, Inc. J Appl Polym Sci 78: 962–971, 2000
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INTRODUCTION

One of the major drawbacks of polypropylene (PP)
is its low impact strength, particularly at low
temperatures. Hence, impact toughening of PP
with various types of elastomers has gained much
attention in recent years.1–13 Several mecha-
nisms of impact toughening has been proposed for
elastomer-modified PP. Shear yielding and craz-
ing is known to be the main mechanisms of im-
pact toughening for PP. However, it is known that
mechanical properties at low strain (i.e., before
the occurrence of detectable crazing and shear
yielding) depend on viscoelastic behavior of indi-
vidual components of the blends.14 Viscoelastic
energy dissipation may be expected to make a

significant contribution in the impact energy, ow-
ing to the fact that the time scale involved in
impact deformation is of comparable order of
magnitude as the relaxation time of viscoelastic
relaxations, (i.e., on the order of miliseconds).
Correlation of impact strength with dynamic me-
chanical properties is indicated by many au-
thors.15–22 Gill and Hansel found a correlation
between the intensity of loss peak at 2110°C and
the drop-weight impact strength determined at
229°C for impact-modified PP. In elastomer
blends, toughness shows some correlation with
the area of the loss peak due to primary or sec-
ondary transition of rubbery component. Sacher
emphasized the relationship between the impact
strength and the dynamic mechanical dissipation
factor (tan d) determined under the same temper-
ature and frequency conditions. However, Hiltner
and Baer21 and Ramsteiner22 rejected the possi-
bility of any quantitative correlation between the
dynamic mechanical relaxations measured in the
region of linear viscoelasticity and the yield and
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fracture energy because of the predominance of
nonlinear effects in the latter phenomena.

In this article we report on a study of impact
and dynamic mechanical properties of the two
rubber-toughened PP systems, the binary blends
of PP with ethylene vinyl acetate copolymer
(EVA) and ethylene propylene diene terpolymer
(EPDM) (viz. PP/EVA and PP/EPDM blends at
varying blend compositions). Interesting observa-
tions about the correlation of impact and dynamic
mechanical relaxation of PP in its glass transition
region are reported and discussed.

EXPERIMENTAL

Materials and Blend Preparation

The polymers used and their important charac-
teristics are listed in Table I. Binary blends of PP
with EVA and EPDM in the blend composition
range of 0–30 wt % of the second component of the
blend were prepared by melt–mixing techniques.
Melt–mixing was done on a twin-screw extruder
(Brabender Plasticorder PLE 651, Germany). All
the polymers were dried in a vacuum oven at 70°C
for over 24 h to ensure complete removal of mois-
ture. The granules were dry mixed in appropriate
ratios and extruded at 200°C and at a screw speed
of 10 rpm. The extruded strands were quenched
immediately in a water bath at ambient temper-
ature. The extrudates were then chopped into
granules and finally dried at 70°C for over 24 h
before injection molding into test specimens. The
pure polymers were also extruded in the same
way so that they would have the same history as
the blend samples.

Preparation of Test Specimens

Test specimens for measurement of impact and
dynamic mechanical properties were prepared by
injection molding on a Windsor SP-1 (Germany)
injection molding machine having a reciprocating
screw (max. shot 53 mL). Test specimens in the
shape of rectangular bars (3 3 10 3 35 mm,
thickness 3 width 3 length) were cut smoothly
from the injection-molded tensile specimens in
accordance with ASTM D2236 for dynamic me-
chanical test and rectangular-shaped bar speci-
mens (4 3 10 3 64 mm, thickness 3 width
3 length) were made for the impact test. The
processing temperatures used were the same as
used in the extrusion process (i.e., 190–200°C in
the different zones of the injection molding ma-
chine).

Measurements

Izod Impact Testing
The impact test was done by using an FIE Izod
impact tester (Model IT 0.42 pendulum-hammer-
type). A notch of 2.5-mm depth with an angle of
45° was made on the specimens for impact test-
ing. Impact energy was calculated from the dif-
ference of potential energy of the pendulum ham-
mer before and after the impact. The impact
strength is expressed in terms of the energy ab-
sorbed per meter of notch (J/m). Sample dimen-
sions conformed to ASTM D-256. All measure-
ments were done at ambient temperature. The
values reported are average values of at least five
samples.

Scanning Electron Microscopy

The SEM micrographs were recorded on a Cam-
bridge Stereoscan 360 scanning electron micro-

Table I Characteristics of the Polymers Used

Materials Trade Name and Grade Supplier Characteristics

PP Koylene S3030 Indian Petrochem.
Co. Ltd., India

MFI 5 3.0 g/10 min
Density 5 0.90 g/cm3

EVA 1802F Polyolefines India
Ltd., India

MFI 5 2.0 g/10 min
Density 5 0.94 g/cm3

VA 5 18
EPDM Herlene IM-7200 Herdillia Unimers

Ltd., India
MFI 5 0.9 g/10 min
Density 5 0.87 g/cm3

E 5 62 wt %
P 5 34 wt %
D (Ethylidenenorbornene) 5 4 wt %
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scope (UK). Impact-fractured surface of the spec-
imens after suitable etching were sputter-coated
with silver prior to scanning. Toluene and xylene
were used to etch out the EVA and EPDM com-
ponent of the blends, respectively.

Dynamic Mechanical Properties

Dynamic mechanical properties were measured
on a dynamic mechanical thermal analyzer

(DMTA) manufactured by Polymer Laboratories
(UK). Experiments were carried out on a single
cantilever arrangement in bending mode in the
temperature range from 2100 to 150°C at a heat-
ing rate of 5°C/min. In the bending mode, the
sample is usually in the form of a rectangular bar
clamped rigidly at both ends and with its central
point vibrated sinusoidally by the drive clamp.23

Cooling was achieved by pumping liquid nitrogen
through the accessories provided in the instru-
ment. Samples were scanned with imposed fre-
quency of 10 Hz. A plot of storage modulus (E9),
loss modulus (E0), and tan d were recorded as a
function of temperature. The Tg is taken as the
temperature of the maximum in E0 or tan d (tan d
5 E0/E9) plots. Measurements of all the samples
were made at identical conditions for a valid and
reliable comparison of the results.

RESULTS AND DISCUSSION

Impact Properties

The notched Izod impact strength (called hereaf-
ter impact strength) of PP/EVA and PP/EPDM

Table II Impact Strength of Rubber-Modified
Binary Blends of PP

Blends Blending Ratio Impact Strength (J/m)

PP/EVA 100/00 18.5
95/05 19.4
90/10 25.3
80/20 31.6
70/30 36.9

PP/EPDM 100/00 18.5
95/05 27.2
90/10 37.4
80/20 251.0
70/30 350.9

Figure 1 Variations of impact strength as a function of weight percent of elastomer
component in the binary blends of PP.
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blends are given in Table II. Variations of impact
strength with blend composition are shown in
Figure 1. In general, impact strength of PP im-
proved by blending with the elastomers. How-
ever, the extent of improvement of impact
strength varied with the nature of the second
component of the blends (i.e., the elastomer). It is
seen that blending with EPDM produces greater
improvement of impact strength of PP, as com-
pared to the case of PP/EVA blend.

Based on polynomial curve fitting, the follow-
ing relations were found between the impact
strength (IS) and weight fraction (f) of minor
component for the studied blends. This relation-
ship is linear in the case of the PP/EVA blend
with a zero value of f2 term, whereas it is slightly
nonlinear for the PP/EPDM blend with the occur-
rence of the f2 term with a much lower weight (or
coefficient) than the f term.

~IS)PP/EVA 5 0.0f2 1 0.37f 1 17.06 ~R 5 0.95!

(1)

~IS)PP/EPDM 5 0.21f2 1 6.04f

2 0.61 ~R 5 0.96! (2)

Values of the coefficient of regression (R) are close
to unity for both the blend systems, suggesting
good reliability of relationship (1) and (2). The
occurrence of the f2 term only in PP/EPDM blend
suggests a faster rise of impact strength with an
increase of the elastomer content for the PP/
EPDM blend than for the PP/EVA blend. On com-
paring the coefficient of the linear term [i.e., (f)],
one can see that PP/EPDM again shows a higher
value for coefficient of f, suggesting a greater
efficiency of EPDM than of EVA in impact tough-
ening of PP.

In general, EPDM was found to be the better
impact modifier for PP in the entire studied range
of blend composition. At 30% EPDM content, the
impact strength of the blend was higher than that
of pure PP by a factor of 19.0. PP/EVA blend, on
the other hand, shows only two times higher im-
pact strength than that of PP at the higher EVA
content, (i.e., 30%). The increase of impact
strength in PP/EPDM and PP/EVA blends is at-
tributed to the rubbery nature of the minor phase,
which absorbs a part of the impact energy and
undergoes deformation. This is evident from the
SEM micrographs of the impact-fractured surface
of the blends. Figure 2a, b shows the SEM pho-

tomicrographs of PP/EVA and PP/EPDM blends
at comparable blending ratio [i.e., (70/30), respec-
tively]. The rubber domains are highly deformed
particularly in the case of the PP/EPDM blend.
These deformed domains causes shear yielding
and/or formation of crazes in the surrounding ma-
trix, which further absorb the impact energy.
Shear yielding is usually known to be the main
mechanism of impact toughening in rubber-mod-
ified PP blend at ambient temperature.24–26 Shear
yielding is more predominant in PP than crazing
at temperatures above its Tg; hence, this may be
considered the predominant mechanism of impact
toughening of these blends at the test tempera-
tures. Furthermore, because dynamic mechanical

Figure 2 SEM photo micrographs of impact-frac-
tured surface of the PP binary blends: (a) PP/EVA
(70/30), (b) PP/EPDM (70/30).
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properties around glass transition relaxation
are affected by the shear yielding of the matrix,
a contribution of dynamic mechanical energy

dissipation may be expected in the impact
toughening of PP, as will be explored in the
following section.

Figure 3 Plots of tan d versus temperature for elastomer-modified PP at various
blending ratios: (a) PP/EVA, (b) PP/EPDM.
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Dynamic Mechanical Properties

Damping (tan d)

Dynamic mechanical measurements on these bi-
nary blends of PP show well-defined separate
peaks corresponding to the glass transition relax-
ations of the individual components of the blends.
The plots of tan d as a function of temperature for
PP/EVA and PP/EPDM at the various composi-
tions of the blends are presented in Figure 3 a, b,
respectively. These separate peaks for the indi-
vidual components are indicative of incompatible
nature of the blends. These dynamic mechanical
properties data in quantitative terms are calcu-
lated according to the procedure described else-
where27 and presented in Table III for further
comparison and analysis. It is seen that loss max-
imum (tan dmax) of PP component of the blends
shifts to higher/lower temperature or remains al-
most unchanged depending on the type of the
elastomer used in these blends. Similarly, the
height, area under the loss peak (loss peak area),
and band-width-at-half-height (BWHH) corre-
sponding to PP component of the blends change
depending on the nature of the elastomer compo-
nent of the blends. The increase in height and
area of the loss peak is representative of, respec-
tively, the maximum and total energy dissipated
because of viscoelastic relaxation of the PP com-
ponent of these blends. However, the increase in
width may represent the presence of an increase
in the range of the order or crystallinity of the PP
component as a result of blending.28

In general it is seen that tan dmax and loss peak
area and BWHH of PP increase on blending it
with EVA and decreases or remains unchanged

on blending PP with EPDM. This may be attrib-
uted to the crystallizable nature of the second
component of the blend. The PP/EPDM blend con-
tains a noncrystallizable second component,
whereas, in the PP/EVA blend, the second compo-
nent (viz. EVA) is a crystallizable polymer.

Furthermore, the data in Table III shows that
in the case of PP/EVA blend, the increase in tan
dmax and the loss peak area are more pronounced
at higher EVA content, whereas BWHH shows an
almost continuous increase by increasing EVA
content of the blend. This indicates that the en-
ergy dissipation due to glass transition relaxation
of PP increases with increasing EVA content of
the blend more prominently at higher EVA con-
tent. However, the tan d peak temperature (Tg)
first increases to higher temperature on initial
addition of 10% EVA, and thereafter it decreases
rapidly up to 30% EVA content. In the case of
PP/EPDM blend, on the other hand, the increase
in tan dmax, Tg, and BWHH are more pronounced
on initial addition of 5% EPDM, whereas these
remain almost unchanged at higher EPDM con-
tent. The observed increase of Tg of PP on initial
addition of EPDM may be attributed to the effect
of EPDM domains on the segmental mobility of
PP. It seems that EPDM owing to its superior
interfacial adhesion with PP than EVA produces
greater restrictions on segmental mobility of PP
chains. Better interfacial adhesion of EPDM with
PP, than EVA with PP, is expected due to the
affinity of olefinic groups of EPDM with PP. It is
also known from our studies of crystallization
behavior of these blends, reported elsewhere,29,30

that the increase of crystallinity of PP is more in
the PP/EPDM blend than in PP/EVA blend at

Table III Dynamic Mechanical Properties of Rubber-Modified Binary Blends of PP

Blends
Blending

Ratio tan d

Loss Peak
Area (APP)
(Arb. units)

Tg

(°C)
BWHH

(Arb. units)

Total Loss
Peak Area
(Arb. units)

E9
(MPa)

PP/EVA 100/00 0.058 16.0 17.0 48.0 17.0 2.11E6
90/10 0.083 16.6 28.0 52.0 24.5 8.47E5
80/20 0.091 18.1 18.0 54.5 30.6 7.25E5
70/30 0.123 20.2 12.0 56.0 39.1 4.75E5

PP/EPDM 100/00 0.058 16.0 17.0 48.0 17.0 2.11E6
95/05 0.078 13.3 24.5 55.0 18.3 2.07E6
90/10 0.078 12.7 24.0 55.0 21.5 1.89E6
80/20 0.079 12.3 24.0 55.0 28.5 1.47E6
70/30 0.078 9.5 24.5 55.0 34.2 1.72E5

ELASTOMER-MODIFIED POLYPROPYLENES 967



identical blending ratios. Increase in crystallinity
affects the segmental mobility or the glass tran-
sition temperature of PP. Therefore, in PP/EPDM
blend the relaxation corresponding to glass tran-
sition of PP occurs at higher temperatures. On
the other hand, at higher EVA content, the rub-
bery nature of EVA or more specifically the amor-
phous region of EVA, seems to be more effective
than its role in increasing the crystallinity of the
PP and it lowers the Tg of the matrix polymer. In
the case of PP/EPDM, it seems that the effect of
crystallinity is more pronounced as loss peak area
decreases and Tg increases as a result of the
blending. Comparison of the DSC crystallinity of
the PP component in these two blends suggests
that EPDM is more effective than EVA in enhanc-
ing the crystallinity of PP in the blend.29,30 This
may be due to the difference of interfacial effects
produced by EPDM than EVA on PP crystalliza-
tion.

Stiffness (Storage Modulus)

Stiffness is an important end-use property for
impact-modified PP. The glass transition-like
behavior for the blend may be visualized at a
temperature at which the blend (on cooling)
goes from a flexible, more rubberlike form, to a
more rigid inflexible form. This may be mainly
governed by the glass transition temperature of
the matrix (i.e., the major component of the
blend), although affected by the presence of the
second component. The stiffness of the blend,
which is a critical parameter in determining the
suitability of the blend for specific applications,
therefore, depends on the glass transition of
the matrix component in the impact-modified
PP blend. It also is affected by structure, mor-
phology, degree of crystallinity, and interfacial
adhesion between the component polymers.
DMTA is a versatile instrument to monitor
stiffness under dynamic loading of the blends
over a wide temperature range, to provide
quantitative and qualitative information about
the performance of such materials. The plots of
storage modulus (E9) as a function of tempera-
ture for PP/EVA and PP/EPDM blends, at the
entire range of compositions studied, are shown
in Figure 4 a, b. In general, the storage modulus
decreased as temperature increased. However,
in the region corresponding to the maxima in
tan d plots, the decrease of storage modulus is
more rapid. Storage-modulus values at a tem-

perature corresponding to Tg of PP in the blend
at the various compositions are presented in
Table III for these binary blends of PP. Elas-
tomers with their low modulus are known to
decrease the stiffness of PP; however, because
both the elastomers used in this work (viz. EVA
and EPDM) enhanced the crystallinity of the
PP29,30; the fall in modulus values up to certain
level of blending ratio were not appreciable,
especially for PP/EPDM blends which retain the
stiffness up to 20% EPDM content.

Correlation of Impact Strength with Dynamic
Mechanical Properties

Plots of impact strength versus area under loss
peaks and tan dmax for the PP/EVA and PP/EPDM
blends are shown in Figures 5 a, b and 6a, b,
respectively. Because the impact tests were per-
formed at ambient temperature that was above
the Tg of PP, only the area of the loss peaks below
this ambient temperature were taken into ac-
count.27

From Figure 5a, b, it is seen that as the area
under the loss peak increases the impact strength
also increases. The rate of increase of impact
strength varies with the nature of the polymers
used as a second component of the PP binary
blend. There is a linear relationship between im-
pact strength and loss peak area in PP/EVA
blend. This suggests that the viscoelastic energy
dissipation is quite significant in impact toughen-
ing of this blend. However, the PP/EPDM blend
shows two slopes in impact strength versus dy-
namic loss peak area curves, one at lower blend-
ing ratio indicating slow rise of impact strength
with increase of loss peak area, and the second
slope at higher blending ratios, where impact
strength increases rapidly as the loss peak area
increases. This indicates that for this blend, en-
ergy dissipation due to viscoelasticity of the com-
ponent polymers plays a significant role in impact
toughening of PP only at a low weight fraction of
the elastomer component in the blend (i.e., up to
10 wt %), whereas, at higher elastomer content,
mechanisms other than this might be operative so
as to account for such rapid rise of impact
strength. It was already mentioned that the shear
yielding, crazing, plastic deformation, and/or
large deformation of dispersed-phase domains
were the main mechanisms of impact toughening
for this blend at higher blending ratios.

We have also attempted to examine the cor-
relation of impact strength with the value of
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glass transition relaxation peak height of PP in
the blends, [i.e., (tan dmax)]. The results are
shown in Figure 6 a, b. It is seen that, with the

increase of intensity of tan d peak, the impact
strength of the blends increases, suggesting
that the increase of relaxation intensity or of

Figure 4 Plots of storage modulus versus temperature for elastomer-modified PP at
various blending ratios: (a) PP/EVA, (b) PP/EPDM.
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viscoelastic energy dissipation of the blends, is
accompanied by an increase of impact strength
of these blends. However, in the case of PP/
EPDM, it seems the energy dissipated because
of the viscoelastic relaxation of the EPDM com-
ponent of the blend is more operative in enhanc-
ing the impact strength of the blend than the
energy dissipated because of the relaxation of
the PP component of the blend, or it may be the
simultaneous effect of the relaxation of both the
components of the blend.

Thus, from these observations it may be stated
that in addition to crazing, shear yielding, and
deformation of dispersed domains and plastic de-
formation of the matrix polymer, viscoelastic en-
ergy dissipation also contributes to the impact
toughening of PP binary blends.

CONCLUSION

EPDM and EVA were used for impact improve-
ment of PP. EPDM is found to be a better impact
modifier for PP by increasing the impact strength
of PP by a factor of up to about 20, whereas the
EVA showed only two times the improvement in
impact properties of PP. The analysis of dynamic
mechanical properties revealed that there is a
direct correlation between impact strength and
loss peak area, the impact strength of blend in-
creased with the increase of the loss factor. This
suggested that the energy of dissipation due to
viscoelasticity of the blend is an important mech-
anism of impact toughening of PP/EVA blend.
However, PP/EPDM showed a nonlinear correla-
tion between loss peak area and impact strength,

Figure 5 Correlation of impact strength and dynamic mechanical loss peak area for
elastomer-modified PP: (a) PP/EVA blend, (b) PP/EPDM blend.

Figure 6 Correlation of impact strength and dynamic mechanical tan dmax for elas-
tomer-modified PP: (a) PP/EVA blend, (b) PP/EPDM blend.
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suggesting the importance of this mechanism of
impact toughening due to viscoelasticity of the
blend only at lower rubber content. At higher
EPDM content, the fast rise of impact strength
with increasing EPDM content is due to the in-
volvement of other mechanisms such as shear
yielding and deformation of rubber particles due
to absorbance of impact energy. Thus, in addition
to commonly known mechanisms of impact tough-
ening, the energy dissipation due to viscoelastic-
ity should be taken into account for designing
rubber-toughened polymers.
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