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ABSTRACT: The thermal behavior including melting and
crystallization behavior and morphological and rheological
properties of the blends based on an isotactic polypropylene
and a novel maleated elastomeric ethylene copolymer were
investigated in this work. The addition of an elastomer to
polypropylene (PP) was found not to change the PP crystal-
line structure significantly when cooled quickly from the
melt. On recrystallization at a lower cooling rate, the elas-
tomer promotes the formation of ��pseudohexagonal PP in
PP-rich blends. In elastomer-rich compositions, heteroge-
neous nucleation is hindered and homogeneous nucleation
takes place. These phenomena are revealed by morphology
observation: that, with increasing of the elastomer content,
the system undergoes PP continuous, dual-phase continuity

and PP-dispersed morphologies. The blend viscosity at a
low shear rate range increases continuously with increasing
elastomer content and shows positive deviations from the
additivity rule. In the terminal zone, the dynamic storage
modulus of the blends shows positive deviation from the
simple mixing rule and the maximum deviation lies in the
composition range of dual-phase continuity which could be
caused by a large increase in the interfacial tension. The
Cox–Merz rule does not hold for the blends because of the
two-phase heterogeneous structure and its variation in
steady and oscillatory shear flow. © 2002 Wiley Periodicals, Inc.
J Appl Polym Sci 86: 3430–3439, 2002

Key words: poly(propylene) (PP); morphology; rheology

INTRODUCTION

Polymer modification via blending or compounding
has received considerable interest and has become
attractive both for industrial application and theoret-
ical interest during the last several decades. Polymer
blends have been found to be useful for the prepara-
tion of more convenient and available products than
by developing new polymers through monomer syn-
thesis and polymerization.1,2 Polypropylene (PP) is a
thermoplastic widely used in packaging and in the
textile and automobile industries because of its good
processability. However, its application as an engi-
neering thermoplastic is somewhat limited because of
its relatively poor impact resistance, especially at
room and low temperatures. To improve its impact
toughness and extend its application range, a number
of extensive and thorough studies on the toughening
of PP have been made in last 20 years, and since then,
PP-based blends have been among those most com-
monly used technologically.3 A significant number of
commercial polymers or copolymers for blending
with PP have become available, such as the ethylene–

octene copolymer,4 the ethylene–propylene copoly-
mer (EPR),5 the ethylene–propylene–diene terpoly-
mer (EPDM),6 and poly(ethylene vinyl acetate)
(EVA),7 and continuous efforts are expected to further
create more desirable thermal, rheological, and me-
chanical properties of the PP blends. An example is a
new high-impact PP in which a novel polyolefinic
elastomeric modifier, Exxelor 1801, used as a minor
component, is blended with PP. Indeed, PP/modifier
mixtures are now industrially important over the full
range of their compositions.8

In our recent work, we focused on the blends of PP
and Exxelor 1801, which is one of EXXON Chemical’s
newly developed polyolefinic elastomeric modifiers
and can compete against the above-mentioned impact
modifiers according to the manufacturer. We present
in this article the thermal, morphological, and rheo-
logical properties of them. The changes in the multiple
morphology and rheological properties of PP as an
effect of blending with the elastomer were investi-
gated. The whole compositional range of the blends
was studied in order to understand the influence of
the elastomer on these changes. Small and wide-angle
X-ray diffraction (SAXS, WAXD) techniques were em-
ployed to detect their solid-phase behavior and the
thermal properties were assessed by the DSC tech-
nique. The rheology of the blends was characterized
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under steady and oscillatory deformations with a
stress-control rotational rheometer. A particular objec-
tive was to show the morphology variation with the
composition and its associated effect on the thermal
and rheological properties.

EXPERIMENTAL

Polymers and blends preparation

Throughout this study, the polymers used were ob-
tained from commercial sources. The isotactic PP (iPP)
was manufactured by FINA Chemical, with melt-flow
index of 10.8 g/min and density of 0.9003 g/cm3, and
the impact modifier was produced by EXXON Chem-
ical under the commercial name of Exxelor� VA 1801
(hereafter referred as E1801), which is a maleic anhy-
dride-functionalized elastomeric ethylene copolymer
with melt-flow index of 9 g/min and a density of 0.87
g/cm3.

The blends with different weight fractions of E1801
were prepared in a HAAKE RHEOMIX� 600 mixer
attached to a measuring drive unit HAAKE RHEO-
CORD� 9000. The polymer samples were dried in a
vacuum oven at 70°C for at least 16 h before use.
Mixing conditions were a 200°C set temperature, 60
rev/min, 50-g-weight sample, and 5-min mixing time.
After mixing, the blends were dumped out and com-
pression-molded into about 2-mm-thick plates at
200°C for the following tests. The measurements were
carried out on the same part of each of the samples.
This ensured that the same sample structure was be-
ing examined by the different techniques.

X-ray diffraction studies

The WAXD work was carried out on a Philips X-ray
generator and a Philips diffractometer, type PW1710
(40 kV, 20 mA). A tube anode of Cu was used (�1
� 0.15406 nm, �2 � 0.154439 nm). To perform SAXS
measurements, a Rigaku–Denki small-angle chamber
was attached to the Philips X-ray generator. SAXS
patterns were recorded at a scanning rate of 0.5 min/
100 s using Ni-filtered radiation.

Morphology examination

The morphology of the blends was examined in a
LEICA scanning electron microscopy (SEM) Model
S440. Samples were cryogenically fractured in liquid
nitrogen, followed by gold coating before their exam-
ination.

Thermal analysis by DSC

The melting and crystallization of the blends were
analyzed using a DuPont differential scanning calo-

rimetry 2910 DSC in a nitrogen atmosphere. The cool-
ing was provided by a pulsating liquid nitrogen sup-
ply. The temperature calibrations were made using
the melting onset temperature of pure indium (Tm

onset

� 156.61°C) and benzophenone (Tm
onset � 48.00°C).

The sample masses varied from 10 to 20 mg and were
weighed with an accuracy of 0.01 mg. The tests were
run at a heating rate of 10°C/min and a cooling rate of
10°C/min.

Melt rheology

Dynamic and steady-shear rheological measurements
were carried out on a Rheometrics Scientific SR500
dynamic stress rheometer. This operates at a con-
trolled stress where the stress is applied to the mate-
rial and its resulting strain rate is measured. The in-
strument required only a small volume of material, so
rapid temperature equilibrium was achieved. The
tests were performed at a temperature of 200°C in a N2
atmosphere. The samples were found to be thermally
stable under these conditions by testing a sample at
constant stress for 60 min at 200°C. Before each test,
the blends were dried under a vacuum at 70°C for
24 h. Steady and dynamic viscosity measurements
were determined using cone/plate and parallel plate
geometries, respectively. The cone angle was 0.1 ra-
dian and the plate diameter was 25 mm. For the dy-
namic tests, the strain (�) values were chosen to per-
form the experiments in the linear viscoelastic region
(LVR), that is, the limiting strain under which the
rheological parameters (G�, G�, �*, etc.) remained con-
stant. For this purpose, a preliminary study was made
at 200°C and the LVR was determined for each blend.
The strain amplitude was varied from 0.2 to 10%, to
keep the tests within this region over a frequency
range of 0.01–100 rad s�1.

RESULTS AND DISCUSSION

Crystalline structure of the blends

It is known that the modulus and strength of a semi-
crystalline polymer are determined by its crystalline
structure and the crystallization behavior of the poly-
mer becomes modified in a blend because of the pres-
ence of the other component. Any changes in this
structure will result in a change of the properties, so it
is essential to determine the effect of elastomer blend-
ing on the crystalline structure of iPP as well as on its
melting and crystallization behavior. iPP is known to
crystallize in several different crystalline forms. It can
crystallize into an �-monoclinic, a �-pseudohexago-
nal, and a �-orthorhombic form.9 The most common
form of iPP is the �-monoclinic, with �-pseudohex-
agonal and �-orthorhombic formed under special con-
ditions. Quenching conditions can be tailored to ob-
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tain �-form crystal. Nowadays, a number of nucleat-
ing agents to achieve the formation of large amounts
of the �-form crystal are available.9 At atmospheric
pressure, the �-form crystal appears under various
conditions, for instance, when the polymer chains are
short or in the case of a copolymer with a small
amount of ethylene. However, the main way to obtain
the � structure for a high molecular weight homopoly-
mer is to perform crystallization under high pres-
sure.10 Each of the three crystal forms of iPP has a
distinctive reflection in a WAXD scan. These peaks in
the WAXD pattern are found between 2� values of
18–19° for the �-monoclinic structure, 16–17° for the
�-pseudohexagonal structure, and 19.2–20.05° for the
�-orthorhombic structure.11 The appearance of these
characteristic peaks indicates the presence of that par-
ticular structure. According to the static WAXD dif-
fractograms as shown in Figure 1, the �-monoclinic
modification is not changed pronouncedly and the
dominating �-monoclinic modification is maintained
with an increasing elastomer content up to 80 wt %.
These results were corroborated by the differential
scanning calorimetry (DSC) thermograms recorded
during the melting of the blends. Figure 2 shows the
DSC thermograms of several PP/E1801 blends with
different weight fractions of E1801 (for the reason of
clarity, not all the compositions are shown). A single
peak, characteristic of the melting of � PP, can be

observed about 167°C. The inset of Figure 2 shows a
comparison of the melting peak temperatures for PP
and its blends. The values of the melting endotherm of
PP in the blends are shown to be almost unchanged
compared to those of the pure PP. No melting peak
was detected at a lower temperature, which would
prove the existence of the �-pseudohexagonal modi-
fication of iPP in the blends. A wide melting peak can
be observed, however, at a much lower temperature,
around 50°C, for the 50/50 blend, except for the
E1801- and E1801-rich blends. This peak shows some
kind of structural organization of the E1801 block
copolymer, most probably an imperfect crystallization
of the polyethylene (PE) blocks.

Although no �-pseudohexagonal modification
could be detected with either WAXD or DSC, the
blends show very interesting behavior during the sec-
ond melting run after being crystallized at a 10°C/min
cooling rate. The thermograms of the blends contain-
ing between 10 and 50 wt % elastomer show a distinct
melting peak at a lower temperature (Fig. 3; for clarity,
not all the compositions are shown). The temperature
of this peak corresponds exactly to the melting tem-
perature of � PP (�148°C).12 Above a 50 wt % elas-
tomer content, the formation of � PP was no longer
detected. The amount of � PP was found to decrease
with increasing of the fraction of the elastomer. This
result shows that the addition of E1801 to PP can
induce the formation of the � crystalline form but only
in the above-mentioned composition range. It has
been found that the �-pseudohexagonal can be formed
by using special nucleating agents or a temperature-
gradient crystallization method.13 The elastomer
E1801 seems to act as a nucleating agent to achieve the
formation of the � crystalline form under a slow cool-
ing rate. However, no unambiguous explanation has
been found for this phenomenon up to now. Further
investigations will be carried out in our lab to give
enough information to explain the observed � nucle-
ation effect of the elastomer by employing several
elastomers different in chemical structure.

Melting temperatures of crystalline polymers can be
related to the size and perfection of their crystal units.
Figure 4 shows only slight changes in the melting peak
temperature of the components in the melting process
after being crystallized at a 10°C/min cooling rate.
The melting peak temperature of the � PP decreases
only slightly up to 70 wt % elastomer content, which
indicates a small decrease in the lamellar thickness.
SAXS measurements showed a similarly slight in-
crease of the long period. From the above results, we
conclude that the blending of E1801 into PP results in
a slight decrease of the size and perfection of the PP
crystals and in an increase of the amorphous regions
between the lamellae, that is, the presence of the elas-
tomer somewhat hinders PP crystallization. The ob-

Figure 1 WAXD patterns of PP/E1801 blends.
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served small nucleation effect of E1801 will influence
similarly the size and perfection of the PP crystals.

A similar effect of the blending was observed in the
crystallization experiments. The DSC crystallization

exotherms of the PP/E1801 blends are shown in Fig-
ure 5. For the PP and 80/20 PP/E1801 blends, a single
crystallization peak is observed at about 120°C. How-
ever, for 50/50, 30/70, and 20/80 PP/E1801 blends, a

Figure 2 Melting endotherms of PP, E1801, and PP/E1801 blends; inset: melting peak temperature variation with blend
composition.

Figure 3 Melting endotherms of PP/E1801 blends crystal-
lized at a 10°C/min cooling rate.

Figure 4 Melting peak temperatures of PP/E1801 blends
crystallized at a 10°C/min cooling rate.
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new peak appeared at about 75°C. This multiple crys-
tallization behavior is attributed mainly to the differ-
ent nucleation process. Also, it is similar to the results
of classical droplet crystallization in which crystalliza-
tion is inhibited until the heterogeneous nucleation
occurs.14 Therefore, the crystallization exotherm of PP
about 75°C is attributed to the crystallization by ho-
mogeneous nucleation rather than by heterogeneous
nucleation, which causes the crystallization exotherm
of PP about 120°C. Polymer blends containing a semi-
crystalline polymer that shows multiple crystallization
behavior have been widely reported.15–19 Ghijsels et
al.15 reported that increasing the elastomer content in
PP/styrene–butadiene thermoplastic elastomer blends
causes the morphology changes and results in a
change of the crystallization process. At a certain elas-
tomer content, the elastomer forms the continuous
phase, and in the dispersed PP droplets, only homo-
geneous nucleation takes place instead of the earlier
heterogeneous nucleation when PP forms a continu-
ous phase. A similar decrease of the heterogeneous
nucleation was also observed by Chun et al.19 for
PP/PC blends in which homogeneous nucleation of
PP in PC-rich compositions becomes more dominant
than the heterogeneous nucleation when PP makes up
the dispersed droplets. From the studies shown above,
the multiple crystallization behavior originated in the
primary nucleation of the dispersed phase by different
nucleation steps.

In Figure 5, for E1801-rich blends, the peak area of
the crystallization exotherm about 75°C increases as
the E1801 content increases, whereas the peak area of
the crystallization exotherm at 120°C decreases. This
result indicates that homogeneous nucleation of PP in
the E1801-rich compositions becomes more dominant
than the heterogeneous nucleation when the PP is the
dispersed phase in the blend. Above 70 wt % elas-

tomer content, the crystallization of PP at higher tem-
perature was not observed when PP becomes com-
pletely dispersed in the E1801 continuous phase and
homogeneous nucleation controls totally the PP crys-
tallization process. More details about the morphol-
ogy variation with the blend composition will be re-
vealed in the next section.

There is practically no change in the crystallization
behavior of the E1801. At lower E1801 content, the PP
crystallization peak temperature increases slightly
(Fig. 5), showing a small nucleation effect of the elas-
tomer. Increased nucleation usually results in de-
creased spherulite sizes.8

Morphology observation

The cross-sectional surface of PP/E1801 blends was
studied using SEM. At room temperature, PP and
E1801 are immiscible, so blending of the two polymers
will result in a dispersed two-phase structure. Micro-
graphs of 0.2, 0.5, and 0.8 weight fractions of E1801 in
the PP/E1801 blends are shown in Figure 6(a–c), re-
spectively. The phase separation between the PP-rich
phase and the E1801-rich phase is clearly observed. At
low E1801 content, which is generally used to improve
the low-temperature impact strength of PP, the elas-
tomer forms droplets dispersed in the PP. The two
phases show good adhesion due to a strong interac-
tion of the amorphous phase in E1801 and that in PP
as reported in other PP/elastomer blends.8 The size of
the dispersed particles depends on the relative PP/
elastomer viscosity and on the conditions of the mix-
ing. At large E1801 content (� 80 wt %), as can be
expected, the elastomer is the matrix and PP droplets
are dispersed in it [Fig. 6(c)]. It appears that phase
inversion takes place at an intermediate blend ratio.
Figure 6(b) shows the blend morphology at an inter-
mediate composition range: Both components formed
continuous phases. In this micrograph, both PP and
E1801 seem to form continuous phases. However,
closer scrutiny reveals that the structure of this blend
is not perfectly regular, but contains regions with dif-
ferent compositions and different continuous phases.
In some areas, E1801 is the continuous phase in which
PP droplets are occluded, while there are regions
where PP is the continuous matrix containing E1801
islands. This kind of transitional morphology was also
observed in polystyrene (PS) and poly(methyl methac-
rylate) (PMMA) blends.20 In this composition range,
composition alone does not define the structure, and
the size, shape, and distribution of these regions also
depend on the relative viscosity of the components
and on the blending conditions. A regular dual-conti-
nuity structure is a rarely attainable final form of this
morphology.21 Although the composition limits of this
transitional morphology are hard to define precisely,
in our study, the completely dispersed structures were

Figure 5 Crystallization exotherms of PP/E1801 blends.
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detected below a 0.20 and above a 0.80 weight fraction
E1801 content. In the former case, a continuous PP
phase was observed, while in the latter, a continuous

E1801 phase was achieved. The definite limits of tran-
sitions from one structure to the other cannot be de-
termined; however, we must note the fact that the
special melting and crystallization behavior of PP was
also observed in these composition ranges. A maxi-
mum in the amount and melting peak temperature of
� PP was observed at 20 wt % E1801 content. At 50 wt
%, evidence of the coexistence of continuous and dis-
persed PP phases is provided by the appearance of
two PP crystallization peaks in Figure 5. Above 70 wt
% E1801 content, the main PP crystallization peak
disappeared and only the homogeneous nucleation
crystallization peak remains, which has been already
related to a completely dispersed PP phase.15 From
these observations, the conclusion can be drawn that
the compositions where the transitions take place are
really at about a 0.20 and a 0.7 weight fraction E1801
content and that dispersed morphology results in spe-
cial crystallization and melting phenomena for the
PP/E1801 blends used in this study.

It is well known that rheological properties of vis-
coelastic polymer blends reflect their morphology.22

The following rheological study will show the reflec-
tion of the above-observed morphology on the steady
and dynamic shear properties for the PP/E1801
blends.

Rheological properties

Rheological properties of multiphase systems are
strongly influenced by the morphology, which de-
pends on several parameters such as the composition
of the blend, shear rate, and elongational strain rate
during mixing, viscosity and elasticity of both phases,
interfacial tension, and time of mixing.23 Rheological
properties are therefore essential in order to relate the
morphology of the phase-separated state to the pro-
cessing of multiphase systems. Figure 7 illustrates the
steady shear viscosity variation with the shear rate for
the PP/E1801 blends with different proportions. As
seen and as expected for the whole range of the ex-
plored shear rate, the pure components and their
blends exhibit a decrease in the viscosity value with an
increasing shear rate, that is, PP, E1801, and PP/E1801
blends are pseudoplastic melts. It is also observed that
PP presents a lower viscosity than that of E1801 at low
shear rates, and as the E1801 content increases, the
viscosity of the blend systems tends to increase. The
differences in melt viscosity could be explained by the
intermolecular interaction of different molecular
chains and the composition.

As the result of a greater degree of chain branching
in E1801 and the polar maleic anhydride functional
group grafted to the backbone of E1801, PP/E1801
blends were expected to exhibit a greater entangle-
ment density than that of PP. In the near-zero shear
viscosity (low shear rate) region, which is of special

Figure 6 SEM micrographs of PP/E1801 blends with dif-
ferent compositions: (a) 80/20; (b) 50/50; (c) 20/80.
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interest for polymer characterization and where the
rheological response depends on the size of the mac-
romolecular random coil and specific interactions
among molecules, the blend viscosity increases with
an increasing amount of E1801. At the low shear rate
region, as shown in the inset of Figure 7, the shear
viscosity of the PP/E1801 blends has larger values
than those of the simple mixing rule, that is, they are
positive deviation blends (PDBs). It has been found
that immiscible polymer blends often show positive
deviation in the blend viscosity as a function of the
blend composition. However, there are also excep-
tions; one example was reported by Martuscelli et al.
which showed negative deviation for the blends of PP
and ethylene-co-propylene (EPR).5,24 Although factors
governing the compositional dependence of the com-
plex viscosity for miscible or immiscible blends are not
fully understood, they appear to be characteristic fea-
tures of many polymer blends.25 We attribute the PDB
behavior for PP/E1801 blends to the morphological
effect of the phase-separated structure and the in-
creased intermolecular interaction in them.

As well known for the polymer materials, they all
behave more or less solidlike (elastic) and liquidlike
(viscous) depending on the rate at which they are
being deformed. This behavior is related to the fact
that strained macromolecules tend to pull back to the
original shape. The dynamic storage modulus, G�, is
related to the elastic behavior of the materials and may
be considered as the amount of the stored energy. The
dynamic loss modulus, G�, represents the amount of
dissipated energy. The dependence of G� and G� on
the frequency measures the relative motion of all mol-
ecules in the bulk and can give important information
about the flow behavior of melts. In Figure 8(a,b), the
dependence of the storage modulus, G�, and the loss
modulus, G�, of PP/E1801 blends on the investigated
frequencies are compared, respectively, with those of
the pure polymers. It is observed that the storage
modulus or elastic storage of the strain energy of
E1801 is higher than that of PP, and at a low-frequency
range (terminal zone), G� increases with an increase of
the E1801 proportion in the blends. The insets of Fig-
ure 8(a,b) depict, respectively, the G� and G� variation

Figure 7 Steady shear viscosities of PP/1801 blends at 200°C; inset: compositional dependence of steady shear viscosity at
low shear rate range.
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with the blend composition at the low-frequency re-
gime, in which a large positive deviation from the
linear addition for G� in the whole composition range
is shown. In contrast to the storage modulus, G�, the
loss modulus, G�, was not affected so significantly, as

shown in the inset of Figure 8(b) in that not much
deviation from the simple mixing was observed. Be-
cause G� is associated with an index of melt elasticity,26

the results shown in Figure 8(a) imply that the elas-
ticity of PP is enhanced by the addition of an elas-

Figure 8 Storage modulus (G�) and loss modulus (G�) variations with frequency (�) for PP/E1801 blends at 200°C: (a)
storage modulus; inset: compositional dependence of G� at low frequency; (b) loss modulus; inset: compositional dependence
of G� at low frequency.
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tomer at low frequencies. In the terminal zone, the
gradient of the G� curves also decrease as the elas-
tomer content increases. This indicates that the relax-
ation time of the blend was prolonged by increasing
the E1801 content. It has been reported that the “en-
hanced elasticity” and “prolonged relaxation time” at
low frequencies for immiscible polymer blends are
related to the phase-separated morphology of the
blend.20,23,27–32 On the other hand, the loss modulus
has been shown to be either insensitive or very weakly
sensitive to phase separation. According to the above
studies, the results shown in Figure 8(a,b) are the
reflection of the two-phase structure of PP/E1801
blends as viewed in Figure 6.

The dynamic modulus of immiscible polymer
blends may depend on the domain size, interfacial
tension, and/or concentrations of the dispersed phase.
The composition corresponding to the maximum de-
viation from linear additivity in the G�-composition
graph [inset of Fig.8(a)] was found to lie in the com-
position range of dual-phase continuity as shown in
Figure 6(b), which could be caused by a large increase
in the interfacial tension.23 As the frequency increases,
the G� values become close to each other and all ap-
proach a plateau at high frequency. The reason for this
is that in this region, that is, in the longer time scale,
the response becomes dependent upon the local struc-
ture and the local structure of PP and its blends are
similar, except for the few branch points.

The Cox–Merz rule predicts that the magnitude of
complex viscosity (�*) should be comparable with that
of the steady shear viscosity (�) at equal value of
frequency (�) and shear rate (�)̇.25 Figure 9 gives a
comparison among the �* and � of PP, the 50 wt %
E1801 blend, and E1801 at 200°C. PP and E1801 appear
to obey the rule, whereas the blends clearly show a
deviation (for a clear comparison, not all blends are

shown). The empirical Cox–Merz rule has been shown
to be applicable for flexible polymers, but it seems to
be invalid for materials with ordered structures such
as liquid crystalline materials and suspensions.33,34 It
has been reported that the rule may not hold when
morphological influences have to be considered.20,35

The domain deformation of the immiscible PP/E1801
blends under oscillatory and steady shear is extremely
different. In oscillatory shear, the small strain ampli-
tude does not substantially alter the droplet shape of
the dispersed phase and yields a linear viscoelastic
response, whereas the steady shear produces much
larger strain amplitude. Owing to the fact that the
morphological state of a two-phase PP/E1801 blend
depends strongly on the intensity of the deformation
applied, its response to dynamic and steady shear will
not overlap. There is no reason one should expect that
the rheological properties measured from steady shear
will coincide with those measured from dynamic os-
cillatory shear. This leads us to understand what is
shown in Figure 9: that the Cox–Merz rule does not
hold for the PP/E1801 blends. This is also a reflection
of the two-phase heterogeneous structure for PP/
E1801 blends on the rheological properties. Li et al.35

characterized the rheological properties of different
PP blends. In spite of both matrix materials obeying
the rule, their immiscible blends failed clearly, which
was attributed to gross phase separation. The influ-
ence of the morphological factor has also been con-
firmed by other studies of two-phase polymer blends
for which the Cox–Merz rule was not obeyed.20

CONCLUSIONS

Blends of iPP and an elastomer, Exxelor VA 1801, were
prepared by melt blending and their thermal, morpho-
logical, and rheological properties were investigated.
The combined WASD, SAXS, and DSC results showed
that there were only slight changes in the crystalline
structure of PP in the blends quickly cooled from the
melt. Under a lower crystallization process, the elas-
tomer promoted the formation of �-pseudohexagonal
modification in the PP-rich blends. In the E1801-rich
blends, the crystallization process of PP slowed down
and double crystallization peaks were observed; one is
the typical crystallization exotherm (heterogeneous
nucleation) and the other is the new crystallization
exotherm (homogeneous nucleation). Above 70 wt %
elastomer content, PP crystallization is controlled to-
tally by homogeneous nucleation when PP becomes
the completely dispersed phase.

In the two-phase dispersed morphology of the
blends, the minor component formed the discrete
phase and the major component formed the continu-
ous phase. In the intermediate composition range, a
dual-continuity morphology was observed and each
continuous phase was found to contain some amount

Figure 9 Comparison of complex viscosities (�*) and
steady shear viscosities (�) of PP/E1801 blends at 200°C.
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of the other component dispersed in it, which resulted
in the double crystallization exotherm for PP.

The rheological study showed that PP/E1801
blends were pseudoplastic and positive deviation
blends. At low frequency as the E1801 content in-
creased, the PP/E1801 blends showed enhanced elas-
ticity and a prolonged relaxation time which were
caused by the two-phase separation structure. The
most significant enhancement composition lies in the
composition range of dual-continuity for which the
increased interfacial tension at this composition range
may be the reason. The applicability of the classical
Cox–Merz rule on the blend system was examined.
Both PP and E1801 were found to follow the rule. By
contrast, the rule does not hold for PP/E1801 blends
also due to the morphological features.

One of the authors (Y. D.) would like to express his appre-
ciation to the Italian Ministry of Foreign Affairs for the
Government Fellowship for the academic year of 1999–2000.
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