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ABSTRACT: A dynamically photocrosslinked polypro-
pylene (PP)/ethylene–propylene–diene (EPDM) rubber
thermoplastic elastomer was prepared by simultaneously
exposing the elastomer to UV light while melt-mixing in the
presence of a photoinitiator as well as a crosslinking agent.
The effects of dynamic photocrosslinking and blend compo-
sition on the mechanical properties, morphological struc-
ture, and thermal behavior of PP/EPDM blends were inves-
tigated. The results showed that after photocrosslinking,
tensile strength, modulus of elasticity, and elongation at
break were improved greatly. Moreover, the notched Izod
impact strength was obviously enhanced compared with
corresponding uncrosslinked blend. Scanning electron mi-
croscopy (SEM) morphological analysis showed that for un-

crosslinked PP/EPDM blends, the cavitation of EPDM par-
ticles was the main toughening mechanism; whereas for
dynamically photocrosslinked blends, shear yielding of ma-
trix became the main energy absorption mechanism. The
DSC curves showed that for each dynamically pho-
tocrosslinked PP/EPDM blend, there was a new smaller
melting peak at about 152°C together with a main melting
peak at about 166°C. Dynamic mechanical thermal analysis
(DMTA) indicated that the compatibility between EPDM
and PP was improved by dynamic photocrosslinking. © 2004
Wiley Periodicals, Inc. J Appl Polym Sci 92: 3371–3380, 2004
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INTRODUCTION

Polypropylene (PP) has been widely used in a variety
of applications because of its advantages, such as low
cost, low density, high softening point, easy process-
ing, as well as outstanding tensile properties. How-
ever, its poor impact strength, especially at low tem-
perature, hinders its application as an engineering
thermoplastic. To improve PP impact toughness, var-
ious elastomers were applied to PP, such as ethylene–
propylene rubber (EPR),1–3 styrene–butadiene–sty-
rene (SBS) copolymer,4 butyl rubber,5 and ethylene–
propylene–diene rubber (EPDM).6,7 Among these
rubbers, EPDM is considered as one of the most effec-
tive impact modifiers for PP. The incorporation of an
elastomer into PP, although increasing its impact
strength, usually results in deteriorating the tensile
strength and modulus. Fortunately, the mechanical
properties of a thermoplastic elastomer blend can be
further improved by dynamic vulcanization.8 In re-
cent years, most studies concern the mechanical and

physical properties of dynamically vulcanized PP/
EPDM blends,9–11 which are mostly utilized in the
plastic industries. Organic peroxide/coagent system,
sulfur/accelerator system, and phenolic resin system
are commonly used to prepare dynamically vulca-
nized PP/EPDM blends. However, organic peroxides
degrade the PP matrix greatly, leading to the deterio-
ration of mechanical properties. The instability of
polysulfide crosslinking and the odor of a sulfur/
accelerator system limit its application. Because the
considerable concentrations of phenolic resin and ac-
celerator are required for the crosslinking reaction to
proceed effectively, the involved compounds nega-
tively affect the impact strength of the resultant
blends.9

Hillborn et al. studied photocrosslinking of EPDM
systematically, which was crosslinked easily under
UV exposure.12,13 Zamotaev et al. reported pho-
tocrosslinking of PP, which revealed that the photo-
degradation of PP could be depressed by the addition
of multifunctional monomers.14

A novel technology of dynamic photocrosslinking,
which combines photocrosslinking with the technol-
ogy of dynamic vulcanization, was developed in our
laboratory.15 In the present work, the effects of dy-
namic photocrosslinking on the mechanical proper-
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ties, morphological structure, and thermal behavior of
PP/EPDM blends were investigated.

EXPERIMENTAL

Materials

PP [F401, melt flow rate (MFR) � 3.5] was supplied by
Yangzi Petrochemical Co. Ltd. (China). EPDM 4045
(60 wt % ethylene, 3 wt % 5-ethylidene-2-norbornene)
was supplied by Mitsui Petrochemical Co. Ltd. (Ja-
pan). Benzyl dimethyl ketal (BDK), supplied by
Jingjiang Chemical Engineering Co. Ltd., (China), was
used as a photoinitiator. Triallyl isocyanurate (TAIC)
was supplied by Anhui Institute of Chemical Engi-
neering (China) as a crosslinking agent. All materials
were used as received without further purification.

Preparation of blends

The uncrosslinked blends were designated as PmV0,
and the dynamically photocrosslinked blends were
designated as PmVn, P represents PP; its subscript m
denotes the weight percentage of PP in the blends, and
the subscript n of V represents UV irradiation time.
For example, P70V30 indicates 70 wt % PP and 30 wt %
EPDM in the blend, which was UV irradiated for 30 s,
whereas P70V0 represents uncrosslinked PP/EPDM
(70/30) blend. PP was first mixed with a given amount
of EPDM, 1 wt % BDK, and 4 wt % TAIC (based on the
EPDM content) for 8 min at 180°C by using a two-
roller mixer (SK-160B, Shanghai). Then, the melted
blend exposed to a 2 kW Philips HPM 15 lamp (80
W/cm) for different times at 7 cm distance from the
lamp, while mechanically blending, as shown in Fig-
ure 1. After irradiation, the dynamically pho-
tocrosslinked blend was continuously mixed for an-
other 5 min. Then, the sample was hot-pressed to
sheets of 1- and 4-mm thickness at 200°C and 12 MPa
pressure for 5 min by using a press. The appropriate
test specimens were cut from the molded sheets.

Measurements

The gel content was measured for the samples after
irradiation according to the literature.16 However, to

characterize the crosslinking reaction of EPDM, the
degree of crosslinking was calculated by using the
equations:

Gel content (%)

�
sample weight after extraction

sample weight before extraction � 100

Degree of crosslinking (%)

�
gel content

wt % of elastomer in the blend � 100

The MFR was determined at 230°C under a load of
2.16 kg according to ASTM D-1238 standard.

Tensile properties were measured on an Instron
universal tester (model 1185) at 25 � 2°C with dumb-
bell-shaped specimens at a crosshead speed of 25
mm/min, with an initial gauge length of 25 mm. Ten-
sile strength (TS), tensile stress at break (TSb), tensile
stress at yield (TSy), tensile stress at 100% elongation
(TS100%), modulus of elasticity (Et), and elongation at
break (Eb) were recorded. The notched Izod impact
strength (Notched-IIS) was carried out by using an
Izod impact tester (Chengde Precise Tester To., Ltd.,
China) at 23 and �30°C. The samples with a size of 80
� 10 � 4 mm3 and a single-edge 45° V-shaped notch
(tip radius, 0.25 mm; depth, 2 mm) were used. The
average value from five specimens for each composi-
tion was reported.

The phase structures of the blends were analyzed by
a scanning electron microscope (SEM; Hitachi X560
scanning electron microanalyzer, Japan). The un-
crosslinked and dynamically photocrosslinked PP/
EPDM blends were impact fractured (at room temper-
ature) and cryogenically fractured (in liquid nitrogen).
To observe the fracture morphology change, EPDM
was selectively etched by using xylene at 23°C for 10
min in an ultrasonic cleaner, and the surface was
coated with a conductive gold layer.

A Perkin–Elmer DSC-2 instrument was used to in-
vestigate the crystallization and melting behavior of
the blends. To prevent the samples from thermal oxi-
dation, all measurements were carried out in a nitro-
gen atmosphere. All samples were approximately 10
mg in weight. Each sample was analyzed in the fol-
lowing manner:

1. The sample was placed in the sample cell,
heated to 200°C at a heating rate of 60°C/min,
and held for 5 min to eliminate previous ther-
mal history.

2. The sample was then cooled from 200 to 60°C at
a cooling rate of 20°C/min and held for 3 min
(crystallization).

Figure 1 Schematic graph of experimental apparatus. L, B,
M represent lamp, blend, and two-roller mixer, respectively.
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3. Finally, the sample was immediately heated
from 60 to 200°C at 20°C/min (melting).

The crystallization temperature, melting tempera-
ture, and the enthalpy of fusion of the blends were
obtained. The crystallinity Xc was calculated by the
relative ratio of the enthalpy of fusion per gram of the
blend to the heat of fusion of PP crystal (209 J/g).17

The dynamic mechanical properties were evaluated
by using a dynamic mechanical thermal analyzer
(DMTA) IV (Rheometric Scientific Co. Ltd., USA). The
compression-molded sample size was 30 � 8 � 1
mm3. Testing was carried out in a temperature range
of �100 to 100°C at a constant frequency of 5 Hz and
a heating rate of 5 K/min. The temperature depen-
dence on the loss tangent (tan �) was recorded.

RESULTS AND DISCUSSION

Mechanical properties

The tensile properties of uncrosslinked and dynami-
cally photocrosslinked PP/EPDM blends are summa-
rized in Table I. For both uncrosslinked and dynami-
cally photocrosslinked PP/EPDM blends, TS, TSb, TSy,
TS100%, Et, and Eb decreased as the EPDM content
increased. The reduction in tensile properties can be
expected as the result of the rubbery nature of EPDM
and thus lowers the crystallinity of blends in relation
to pure PP. However, in comparison with un-
crosslinked PP/EPDM blends, corresponding dynam-
ically photocrosslinked PP/EPDM blends displayed
higher TS, Et, and Eb. Moreover, these tensile proper-
ties increased with increasing radiation time except for
120 s. The increase of Et is attributed to the crosslink-
ing of rubbery phase, whereas the improvement of TS
and Eb is due to the enhanced interfacial adhesion

resulting from dynamic photocrosslinking,18 which
causes efficient stress transfer between the matrix and
the dispersed phase, and consequently, suppresses the
generation of voids or flaws in PP matrix. However,
when irradiated for 120 s, the significant decreases of
all tensile properties were observed as compared with
those for 60 s irradiation. This is attributed to the
photodegradation of PP as a main reaction, leading to
low molecular weight and consequently deterioration
of tensile properties.19 It has been also found that the
P80V60 blend showed the maximum elongation at
break, which may be interpreted as due to a number of
factors acting independently and simultaneously, in-
cluding the decrease of crystallinity of PP resulting
from blending with EPDM, the photodegradation of
PP, and the photocrosslinking of EPDM, etc.

Table II lists the Notched-IIS of uncrosslinked and

TABLE I
Tensile Properties of the PP/EPDM Blends

Blend system
Sample

code

TS TSb TSy TS100% E1

(MPa) Eb (%)

Uncrosslinked
blends

P90V0 28.9 � 1.2 31.3 � 1.3 27.2 � 1.0 27.9 � 1.1 763 � 33 550 � 22
P80V0 20.7 � 0.9 21.2 � 1.0 20.0 � 0.9 20.7 � 0.7 668 � 28 440 � 20
P70V0 17.3 � 0.7 16.9 � 0.8 16.4 � 0.7 16.9 � 0.5 363 � 16 400 � 17
P60V0 12.4 � 0.4 12.0 � 0.5 11.3 � 0.4 12.4 � 0.3 243 � 11 320 � 14
P50V0 8.9 � 0.5 8.6 � 0.4 8.2 � 0.5 8.9 � 0.3 154 � 6 230 � 9

Photocrosslinked
blends

P90V60 34.2 � 1.4 33.1 � 1.4 27.1 � 1.2 34.2 � 1.4 1070 � 42 760 � 31
P80V60 26.0 � 1.2 22.1 � 1.2 18.9 � 1.0 26.0 � 1.1 709 � 31 930 � 40
P70V60 21.2 � 0.8 18.8 � 1.0 17.5 � 0.8 20.2 � 0.9 631 � 26 640 � 28
P60V60 18.2 � 0.6 17.3 � 0.7 15.7 � 0.8 18.2 � 0.5 473 � 17 500 � 22
P50V60 16.3 � 0.7 15.5 � 0.7 14.6 � 0.4 16.0 � 0.6 276 � 11 330 � 13

PP/EPDM (70/
30) blends

P70V0 17.3 � 0.7 16.9 � 0.8 16.4 � 0.7 16.9 � 0.5 363 � 16 400 � 17
P70V15 17.7 � 0.8 17.3 � 0.6 16.2 � 0.5 17.7 � 0.7 413 � 19 520 � 22
P70V30 19.9 � 1.0 17.9 � 0.8 16.6 � 0.3 18.9 � 0.9 545 � 23 580 � 20
P70V60 21.2 � 0.8 18.8 � 1.0 17.5 � 0.8 20.2 � 0.9 631 � 26 640 � 28
P70V120 17.3 � 0.7 17.1 � 1.0 16.6 � 0.7 17.3 � 0.6 359 � 16 270 � 13

TABLE II
Effects of Photocrosslinking and Composition on the

Impact Strength of PP/EPDM Blends

Sample
code

MFR
(g/10 min)

Degree of
crosslinking

(%)

Notched-IIS (kJ/m2)

25°C �30°C

P90V0 3.2 — 11.6 � 0.6 4.7 � 0.2
P90V60 3.8 27.0 16.4 � 0.7 6.7 � 0.2
P80V0 2.8 — 19.5 � 0.9 8.8 � 0.4
P80V60 3.0 41.0 35.2 � 1.4 13.7 � 0.5
P70V0 2.1 — 34.9 � 1.4 9.7 � 0.4
P70V15 1.6 9.7 37.5 � 1.6 10.3 � 0.4
P70V30 1.9 29.7 48.7 � 2.2 11.6 � 0.6
P70V60 2.2 55.0 66.3 � 3.0 16.1 � 0.9
P70V120 3.5 62.0 43.4 � 1.9 10.6 � 0.4
P60V0 1.3 — 41.7 � 1.7 19.0 � 0.7
P60V60 1.9 71.8 69.1 � 2.8 21.9 � 0.9
P50V0 1.1 — 39.9 � 1.3 24.1 � 1.1
P50V60 1.7 76.8 70.5 � 3.2 28.3 � 1.3
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dynamically photocrosslinked PP/EPDM blends con-
taining different contents of EPDM measured at 23
and �30°C. As can be seen in Table II, both MFRs of
uncrosslinked and dynamically photocrosslinked
blends gradually decreased with increasing the rubber
weight percentage in the blend. In comparison with
uncrosslinked PP/EPDM blends, however, dynami-
cally photocrosslinked PP/EPDM blends displayed
higher MFRs, which is ascribed to the dispersed
smaller EPDM particles in PP matrix and the photo-
degradation of PP. As we know, the termed MFR is a
measure of the ability of a material to flow. Therefore,
the increase of MFR of the dynamically pho-
tocrosslinked PP/EPDM blends implies a better pro-
cessing property compared with corresponding un-
crosslinked blends. Moreover, the degree of crosslink-
ing increased with increasing EPDM content in the
blend and dynamic photocrosslinking time (Table II).

Figure 2 shows the variation of Notched-IIS of PP/
EPDM blends with EPDM contents measured at 25
and �30°C. The data are listed in Table II. For un-
crosslinked samples, the impact strength increased
gradually from 3.2 kJ/m2 of PP to 41.7 kJ/m2 of the
blend containing 40 wt % EPDM; while further in-
creasing the EPDM content to 50 wt %, a slight de-
crease of the impact strength can be observed. How-
ever, after dynamic photocrosslinking, the quite sharp
rise of the impact strength from 3.2 kJ/m2 of PP to 66.3
kJ/m2 of the blend containing 30 wt % EPDM rubber
was obtained. After increasing the EPDM content
from 30 to 50 wt % in the blend, the impact strength
was leveled off. Therefore, the addition of 30 wt %
EPDM in a blend is most recommended for balancing
the impact toughness and tensile strength.

Although at �30°C, a gradual increase of impact
strength was obtained with increasing EPDM content,
a relatively lower impact strength was observed com-

pared with those of both dynamically pho-
tocrosslinked and uncrosslinked blends at 25°C. This
is due to the higher glass transition temperature (Tg,
13°C) of PP, which leads to its brittle behavior at
�30°C, and thus, difficult deformation of PP matrix.
However, the shear yielding of the matrix is impor-
tant, because it is considered to be the main impact
energy absorption mechanism.20,21

The effects of dynamic photocrosslinking times on
the impact strength of the PP/EPDM (70/30) blend
are given in Figure 3. The data are also listed in Table
II. At 25°C, the impact strength of the blend increases
sharply with an increase in the dynamic pho-
tocrosslinking time up to 60 s and then decreases
markedly when further prolonging the dynamic pho-
tocrosslinking time. At �30°C, the impact strength
shows a similar trend with that at 25°C. It is probably
due to the existence of two competing reactions: pho-
tocrosslinking of EPDM particles and photodegrada-
tion of PP matrix. The photocrosslinking of EPDM
component for the blends dynamically pho-
tocrosslinked for less than 60 s is predominant. It is
assumed that the compatibility between PP and
EPDM was improved by the obtained graft copolymer
of PP and EPDM, leading to the dramatic increase of
impact strength of the PP/EPDM blend. However, as
the dynamic photocrosslinking time exceeded 60 s, the
photodegradation of PP was the major reaction, result-
ing in the decrease of molecular weight and thus in the
impact strength of PP/EPDM blends.

Morphological structure

The SEM micrographs of fracture surfaces of cryofrac-
tured samples and their etched samples in xylene to
dissolve out EPDM component are shown in Figure 4
for uncrosslinked [Fig. 4(a–e)] and dynamically pho-

Figure 3 Notched-IIS versus photocrosslinking time for
PP/EPDM (70/30) measured at 25 and �30°C.

Figure 2 Notched-IIS versus EPDM content of un-
crosslinked and dynamically photocrosslinked PP/EPDM
blends measured at 25 and �30°C.
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tocrosslinked samples containing different EPDM con-
tents [Fig. 4(f–j)]. The holes indicate the sites where the
rubber particles are located prior to etching. It can be
observed that the two-phase morphology exists in all
systems, which indicates the immiscibility of PP and
EPDM in the blends. However, for uncrosslinked
blends, with increasing the rubber content to 30 wt %
in the blend, the rubber particle size increases consid-
erably, which can be ascribed to the reagglomeration
or the coalescence of dispersed rubber particles.22,23 In
these blends, PP is obviously a continuous phase.
However, as EPDM content is up to 50 wt %, EPDM
phase and PP matrix form a cocontinuous morphol-
ogy, which can be considered as a three-dimensional
(3D) structure that consists of elongated domains and
is interconnected. The similar phenomenon was ob-
served in literature.24 In a word, for uncrosslinked
blends, because of the deficiency of interfacial adhe-
sion between two phases, the morphology is quite
rough, and the EPDM particles are distributed
coarsely in the PP matrix.

In comparison with the morphology of un-
crosslinked PP/EPDM blends, the dynamically pho-
tocrosslinked EPDM are finely dispersed in very small
particles in the PP matrix and the number density of
the dispersed rubber domains is higher. The larger the
number of potential craze initiators (i.e., elastomer
particles), the higher impact strength of vulcanized
blends can be obtained.

To investigate the deformation-induced changes
during Izod test at room temperature, the fracture
surfaces of PP and PP/EPDM blends etched in xylene
were observed by using SEM, as shown in Figure 5.
The fracture surface of PP appears relatively smooth,
indicating that little plastic deformation has taken
place during the impact test. For uncrosslinked blends
containing 20 wt % EPDM content, it can be observed
that there seems to be no evidence of adhesion be-
tween the dispersed phase and the matrix. It is well
known that cavitation is associated with debonding of
rubber particles from the matrix, which dissipates less
energy than shear yielding, resulting in the lower
impact strength of a blend. However, for the dynam-
ically photocrosslinked blends with addition of 10–20
wt % EPDM, more and smaller voids were observed
[Fig. 5(f, g)]. Moreover, some voids were elongated,
which are formed as a result of plastic deformation
surrounding the matrix.25 This suggests that during
the brittle fracture, the rubber cavitations are taking
place; the matrix shear yielding in-between the cavi-
ties is, however, also present, which dissipates much
more energy in the matrix than the cavitations. Con-
sequently, the dynamically photocrosslinked blends
display higher impact strength than that of un-
crosslinked blends. For such blends, two mechanisms
of energy absorption coexist, namely by cavitation and
shear yielding. As we know, matrix shear yielding is

Figure 4 SEM images of cryofractured and etched surfaces
of uncrosslinked and dynamically photocrosslinked PP/
EPDM blends.
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considered to be the main energy absorption mecha-
nism.20,21

As EPDM content in the dynamically pho-
tocrosslinked blends increases to 30–50 wt %, the frac-
ture surfaces of these blends show extensive plastic
deformation of the matrix [Fig. 5(h–j)]. The formation
of massive striations on fracture surfaces indicates
massive shear yielding in the matrix. However, in the
case of uncrosslinked blends, there was no massive
plastic deformation because the stress concentration
zone was not continuous. It is evidence for improving
impact strength by dynamic photocrosslinking. In a
word, for the uncrosslinked blends with 30–50 wt %
EPDM, the impact energy is dissipated by both cavi-
tation and shear yielding, whereas for the dynamically
photocrosslinked blends with 30–50 wt % EPDM, the
matrix shear yielding becomes the main energy ab-
sorption mechanism. The change of morphological
features after dynamic photocrosslinking is attributed
to the enhancement of compatibility between EPDM
particles and PP matrix, which is important that the
stress concentration fields developed from the EPDM
particles interact effectively with each other in PP
matrix. If the interface between the EPDM particles
and the matrix debonds during the deformation be-
fore the interaction is attained, voids or flaws are
produced. On the other hand, if the sufficient interac-
tion is attained, a continuous stress concentration zone
is realized in the matrix and the blend. This enables
shear yielding to occur easily and as a result, the
energy absorption in these blends will increase dra-
matically.

Thermal behavior

The thermal properties of PP and PP/EPDM blends
are listed in Table III. It is obvious that for both un-
crosslinked and dynamically photocrosslinked PP/
EPDM blends, the melting transition of PP shows little
or no change (only a few degrees) with the addition of
EPDM. Their crystallization temperatures also remain
virtually constant with increasing EPDM content.
However, the heat of fusion and the crystallinity of
both series of PP/EPDM blends decrease with increas-
ing the EPDM content, which is due to the dilution
effect of EPDM. In comparison with uncrosslinked
blends, corresponding dynamically photocrosslinked
blends show lower crystallinity, which is attributed to
the enhancement of compatibility, leading to more
entanglement of chains restricting the crystallization
of PP and consequently forming more imperfect crys-
tals of PP.

The effects of dynamic photocrosslinking time on
the crystallization and melting behaviors of PP/
EPDM (70/30) blend are also given in Table III. It can
be found that there are no significant changes in the
melting and crystallization temperatures for the

Figure 5 SEM images of fractured and etched surfaces of
uncrosslinked and dynamically photocrosslinked PP/
EPDM blends after Izod impact test at 25°C.
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blends dynamically photocrosslinked for different
times. The slight decrease in their crystallinity is prob-
ably due to the enhanced compatibility, resulting in
favorable entanglements of chains and thus imperfect
crystals of PP.

The melting behavior of PP and uncrosslinked PP/
EPDM blends are shown in Figure 6. There is no evident
difference in the feature of melting curves, while the
decreased area of the endothermic peak with increasing
EPDM content can be observed. Moreover, it has been
found from Figures 7 and 8 that a new smaller melting
peak emerges at about 152°C besides a main melting
peak at the melting curves for all dynamically pho-
tocrosslinked PP/EPDM blends and becomes larger
with increasing the dynamic photocrosslinking time.
Those smaller melting peaks are probably assigned to
the graft copolymers of PP and EPDM, such as PP-
EPDM or PP-TAIC-EPDM at the interface.15

The glass transition behavior of a polymer blend is
strongly governed by the interaction between its com-
ponents. In other words, the behavior is directly af-
fected by the compatibility of components in a blend.
As we know, there exists only one glass transition in a
compatible blend, whereas more than one glass tran-
sition corresponds to its components in an incompat-
ible blend. Moreover, for a partially compatible sys-
tem, the glass transition temperatures of its compo-
nents will shift inward, and the extent of inward
shifting indicates the level of the compatibility of the
components.26 In this work, the glass transition behav-
ior and compatibility of uncrosslinked and dynami-
cally photocrosslinked PP/EPDM blends were inves-
tigated by using DMTA technique. The effects of dy-
namic photocrosslinking and blend composition on
the tan � of the samples are given in Figure 9 and the

TABLE III
Crystallization and Melting Behaviors of PP/EPDM Blends

Blend system
Sample

code

Heat of
fusion

(�H), J/g

Melting
temperature

(Tm), °C

Crystallization
temperature

(Tc), °C
Crystallinity

(%)

Uncrosslinked blends PP 86.6 166.7 107.4 41.4
P90V0 84.6 167.1 112.0 40.5
P80V0 74.6 168.1 105.8 35.7
P70V0 67.5 166.9 108.5 32.3
P60V0 52.4 166.5 107.3 25.0
P50V0 43.0 166.9 107.5 20.6

Photocrosslinked blends P90V60 83.1 169.8 108.0 39.8
P80V60 72.4 166.1 107.4 34.6
P70V15 60.7 165.2 107.5 29.0
P70V30 59.8 167.3 108.4 28.6
P70V60 57.9 164.9 108.0 27.7
P70V120 56.4 165.8 107.7 27.0
P60V60 51.6 168.1 105.0 27.7
P50V60 35.8 167.1 107.7 17.1

Figure 6 Melting behavior of PP and uncrosslinked PP/
EPDM blends.

Figure 7 Melting behavior of dynamically pho-
tocrosslinked PP/EPDM blends.
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transition temperatures (Tg) are listed in Table IV. It is
not surprising that two main relaxation regions exist
for both uncrosslinked and dynamically pho-
tocrosslinked samples. These separated peaks for the
individual components indicate the incompatible na-
ture of the blends, which is consistent with the micro-
scopic observations. The transition around �56°C is
attributed to EPDM component, and its relative mag-
nitude increases with the increase of EPDM content,
whereas the relaxation region around 13°C is attrib-
uted to PP component, and its relative magnitude
decreases with increasing EPDM content. From Table
IV, it was found that the positions of both peaks for
the uncrosslinked blends are almost unchanged; thus,
it can be deduced that there is no significant interac-
tion between PP and EPDM. However, after dynamic
photocrosslinking, the Tg peaks for EPDM at all con-
tent shift upward, whereas the Tg peaks for PP shift to

Figure 9 Loss tangent (tan �) as a function of temperature at 5 Hz for uncrosslinked and dynamically photocrosslinked
PP/EPDM blends with different compositions.

Figure 8 Melting behavior of PP/EPDM (70/30) blend dy-
namically photocrosslinked for different times.
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lower temperatures. As a result, the extent of inward
shifting amounts to 8.9°C for P60V60 compared with
the uncrosslinked P60V0 blend. Because the extent of
inward shifting is considered to be a parameter indi-
cating the compatibility of EPDM particles with PP
matrix, it can be deduced that dynamic pho-
tocrosslinking promotes interfacial bonding between
the phases, resulting in the massive shear yielding of
PP matrix and thus the higher impact strength (Fig. 2).

Figure 10 shows the effects of dynamic pho-
tocrosslinking time on the tan � of PP/EPDM (70/30)
blends. It is evident that the extent of inward shifting
increases with increasing the dynamic photocrosslink-
ing time, which is probably due to the production of a
larger number of grafted chains of PP and EPDM.
However, as shown in Figure 3, when dynamic pho-
tocrosslinking time exceeded 60 s, the impact strength
of the blend began to decrease, which is probably due
to the photodegradation of PP matrix. Therefore, the
improvement of the extent of inward shifting does not
correspond to the improvement of interfacial adhesion
and impact strength. There are other factors except for
the enlargement of the extent of inward shifting, such
as the increase of Tg of EPDM resulting from pho-
tocrosslinking. According to Flory’s free-volume the-
ory, the end groups possess higher mobility than other
parts in molecular chains. When PP is photodegraded,
the proportion of end groups increases and thus some
chain units can move at relatively lower temperature,
resulting in the decrease of Tg of PP. Therefore, pho-
todegradation of PP also probably contributes to the
extent of inward shifting of Tg of PP, which, together
with the effect of UV exposure on the thermal behav-
ior and mechanical properties of neat PP, has been
systematically investigated in the literature.27

CONCLUSION

This study reveals the positive influence of the blend
composition and dynamic photocrosslinking on the
mechanical properties, morphological structure, and
thermal behavior of PP/EPDM blends. For dynami-
cally photocrosslinked PP/EPDM blends, due to the
improvement of compatibility between PP and EPDM,
the increasing interfacial adhesion permits the inter-
action of stress concentration zone developed from the
elastomer particles under deformation and promotes
the shear yielding in PP matrix. Therefore, the impact
energy dissipation is mainly through shear yielding of
the matrix; as a result, the impact strength of blends
was enhanced dramatically. DSC thermal analysis
showed that grafted chains of PP and EPDM probably
existed in the dynamically photocrosslinked blends.
DMTA showed that dynamic photocrosslinking could
evidently enhance the compatibility between EPDM
and PP.
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