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Abstract
Rheological and thermal properties of isotactic polypropylene (iPP)/organo-montmorillonite (OMMT)/poly(ethylene-co-octene) (PEOc) ter-
nary nanocomposites and iPP/OMMT binary nanocomposites were studied by X-ray diffraction (XRD), rheometry, thermogravimetric analysis
(TGA) and scanning electron microscopy (SEM) in this paper. The clay layers were mainly intercalated and partially exfoliated and well dis-
persed in these nanocomposites with the help of maleic anhydride modified polypropylene (PPgMA). Clay layers were mainly localized close to/
inside the PEOc-rich phase from the direct observation of morphological study. A compact and stable network structure was formed in ternary
composites when clay content was 2 phr (parts per hundred parts of iPP/PPgMA) or higher, which resulted in the lower stress relaxation rate and
a pseudo-solid like behavior in low frequency region. Compared with iPP/OMMT composites, iPP/OMMT/PEOc composites had a much stron-
ger ability to resist thermal decomposition. In another word, combining with the filler network, PEOc greatly improved the structural and thermal
stabilities of iPP/OMMT nanocomposites.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

In recent years, polymer-layered silicate nanocomposites
(PLSNs) have drawn a lot of attention because of their aca-
demic and industrial importance [1e4]. Up to now, many kinds
of matrix polymers of PLSN systems have been studied, such
as nylon [5e8], polypropylene [9e11], polyethylene [12],
polystyrene [13], poly(ethylene oxide) [14e16] and polysty-
rene/polyisoprene block copolymer [17] clay nanocomposites.
Among these the polypropylene/clay nanocomposites are of
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special interest due to their outstanding industrial importance.
Polypropylene with improved properties, such as enhanced
mechanical strength, high thermal stability, low gas permeabil-
ity, increased electric conductivity, can fulfill extensive indus-
trial needs as automotive, barrier and packaging materials.

Therefore great attentions had been paid to the polypro-
pylene/organoclay nanocomposites in the past decade. The
nanocomposites were mainly prepared by two methods: in
situ polymerization and melt blending. Kawasumi et al. [2]
were the first to prepare polypropylene/clay nanocomposites
by direct melt compounding of PP with inorganic montmoril-
lonite (MMT) in the presence of maleic anhydride (MA)
modified polypropylene oligomer as a compatibilizer. In
this case clay layers were well dispersed in the base resin,
which could help to improve the properties of the
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nanocomposites. Since then melt blending became the dom-
inating method to develop the polypropylene nanocomposites
industrially. After that, researchers paid more attention to the
dispersion of clay layers and morphology of the materials in
order to understand the mechanism of the polymereclay
layers’ interaction and also the connections between the mac-
roscopic properties and the microscopic structures. Several
techniques were often used to obtain the microscale informa-
tion and interacting mechanism, such as X-ray diffraction,
differential scanning calorimetry (DSC), transmission elec-
tron microscopy (TEM) and rheometry [10,18e23]. Particu-
larly, a lot of information could be obtained from the
rheological measurements to assess the state of clay layers’
dispersion in the bulk state as well as in suspensions, since
rheological results were very sensitive to the structure, parti-
cle size, shape, and surface characteristics of the dispersed
phase. Krishnamoorti and Giannelis [24] and Ren et al.
[17] intensively examined the melt rheology of PLSNs, and
found a pseudo-solid like behavior in dynamic linear visco-
elastic response of those composites. According to their in-
vestigation, a three-dimensional filler network structure was
formed from the randomly oriented clay layers as the clay
content reached a certain value in the nanocomposites. The
clay layers were incapable of free rotation due to physical
jamming and connecting with the nanoscale dispersed fillers
[25]. Solomon et al. [26] and Gu et al. [27] also found the
similar behavior in terminal region, and the power law expo-
nents (G0 f u2 and G00 f u) were decreased gradually with
the increase of clay content.

It was reported that the addition of organoclay greatly im-
proved the mechanical and thermal properties of polypropyl-
ene [2,19,21,22]. However, further investigations showed
that an obvious disadvantage of PP and PP/clay nanocompo-
sites existed. This major deficiency was a low impact resis-
tance, particularly at low temperatures, which was caused by
its relatively high glass transition temperature (Tg). In order
to overcome this problem, the addition of an elastomer was
an appropriate way for toughening the PP/organoclay compos-
ites. There were many studies in the last 10 years about this
toughening method [12,29,30]. Many elastomers had been
used: ethyleneepropyleneediene monomer (EPDM) was the
most traditional selection but recently PEOc became the new
choice. The ternary nanocomposites comprising iPP, organo-
clay and elastomer were usually examined from the aspect
of mechanical measurements [28e30]. The toughness effect
of elastomer was confirmed by the results from Lim et al.
[31] and Ma et al. [32]. However, little information about
the microscale or mesoscale structures was available in previ-
ous studies. Since microscale structure was a dominant factor
determining the macroscale properties, we wanted to know the
answers to the following questions: how were such three com-
ponents interacting with each other? What were the structure
and the morphology of the ternary nanocomposites? And
how were they related to the properties?

In this study, we focused our attention mainly on the inter-
acting mechanism of these three components and the improved
properties of the iPP/OMMT/PEOc ternary nanocomposites.
Rheology was the main technique we used to decipher these
questions. In rheological measurements we compared the re-
sults of iPP/OMMT composites with those of iPP/OMMT/
PEOc composites and obtained some conclusions about the
effect of elastomer, organoclay and temperature. Then thermal
measurements provided us with some complementary data.
Finally, with the combination of XRD and SEM results, the
dispersion and distribution of clay layers were examined and
the interacting mechanism of these three components could
be deduced.

2. Experimental
2.1. Materials
A commercially available isotactic polypropylene (trade
marked as T30s, Yan Shan Petroleum China) with
Mw¼ 4.0� 105 g/mol, polydispersity index (PDI)¼ 4.7, and
density of 0.91 g/cm3 was used as one component of the
matrices. Maleic anhydride modified polypropylene with
Mw¼ 2.1� 105 g/mol, PDI¼ 3.2 and the content of MA
0.9 wt% was used as the compatibilizer, which was purchased
from Chen Guang Co. (Sichuan, China). Sodium montmoril-
lonite (MMT) with a cation exchange capacity of
68.8 mmol/100 g (Renshou, Sichuan, China) was organically
modified through ion-exchange reaction with dioctadecyl di-
methylammonium bromide. The individual MMT layer was
several nanometers in thickness and 100 nm in diameter. An
elastomer PEOc with Mw¼ 1.4� 105 g/mol, PDI¼ 2.2 was
used as the other component of the matrices, which was pur-
chased from Dupont Dow Elastomer with the trade mark as
Engage 8150. All chemical reagents used in the experiments
were of analytical grade.
2.2. Preparation of the composites
Firstly a batch of pellets with the composition of iPP/
PPgMA/OMMT (90/10/5 by weight) and another batch of pel-
lets with the composition of iPP/PPgMA (90/10 by weight)
were melt-blended in a TSSJ-2S co-rotating twin-screw ex-
truder. The temperatures of the extruder were maintained at
170 �C, 190 �C, 200 �C and 195 �C from hopper to die, and
the screw speed was 110 r/min. Then a series of iPP/
PPgMA/OMMT (90/10/x by weight, x¼ 0, 0.5, 1, 2, 3, 4, 5)
nanocomposites were obtained through adding iPP/PPgMA
to dilute the as-prepared composites with 5 phr OMMT. And
another series of iPP/PPgMA/OMMT/PEOc (90/10/x/y by
weight, x¼ 0, 0.5, 1, 2, 3, 4, 5; y¼ 0, 5, 15, 25) composites
were prepared through adding iPP/PPgMA and PEOc to the
as-prepared composites with 5 phr OMMT. These two kinds
of pellets with different compositions were dissolved in xylene
(composites/xylene¼ 1 g:20 mL) at around 130 �C and then
precipitated in cool methanol. After the precipitation the
composites were dried in the vacuum oven at 45 �C. Then the
prepared samples were marked as PPCNx for iPP/PPgMA/
OMMT and PPCNxOE15 for iPP/PPgMA/OMMT/PEOc
nanocomposites.
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Fig. 1. (a) XRD patterns of (1) OMMT, (2) PPCN5OE15, (3) PPCN5, (4) PPCN2OE15 and (5) PPCN2; and (b) TEM image of PPCN5.

Table 1

Interlayer spacings of hybrid materials derived from XRD

Sample The layer

spacing (nm)

Sample The layer

spacing (nm)

PPCN5 4.7 PPCN5OE15 4.9

PPCN2 4.2 PPCN2OE15 4.2

OMMT 3.5 e e
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2.3. Measurements and characterization

2.3.1. X-ray diffraction
XRD experiments were carried out with a Rigaku (Japan)

D/max 2400 diffractometer. The X-ray beam was derived
from nickel-filtered Cu Ka (l¼ 0.154 nm) radiation in a sealed
tube operated at 40 kV and 200 mA. The test samples were
prepared by compression molding and the experiments were
performed in the angle range 1�e40�, at a scanning rate of
6�/min and a scanning step of 0.02�. These experiments
were conducted to determine the dispersion of clay layers in
the iPP or iPP/PEOc matrices and the crystallization of iPP
in the nanocomposites.

2.3.2. Transmission electron microscopy
The samples for TEM analysis were prepared by ultra

cryomicrotomy at �60 �C with a thickness of 100 nm using a
Leica EM UC6 ultramicrotome. The microscopic study was
conducted with a JEOL (JEM-2200FS) transmission electron
microscope, operating at an accelerating voltage of 200 kV.

2.3.3. Rheological measurement
All rheological experiments were conducted with an Ad-

vanced Rheometric Expansion System (ARES, Rheometric
Scientific, NJ) which was a strain-controlled rheometer with
a parallel-plate fixture (25 mm diameter). Disk samples were
prepared by compression molding with the thickness of
1.2 mm and diameter of 25 mm. The gap between two parallel
plates was maintained at 0.9 mm for all rheological measure-
ments. Dynamic strain sweep experiments were carried out at
220 �C and 100 rad/s to distinguish the linear viscoelastic be-
havior region from the nonlinear viscoelastic behavior region,
and dynamic frequency sweep experiments were followed.
Storage modulus and loss modulus (G0 and G00) as a function
of angular frequency (u) (ranging from 0.01 rad/s to
100 rad/s) at 180e220 �C in linear viscoelastic region were
measured. Stress relaxation experiments were also carried
out with step strain of 200% at 190 �C. All the measurements
were carried out under a nitrogen atmosphere to avoid oxida-
tive degradation of the specimens.

2.3.4. Differential scanning calorimetry
A PerkineElmer DSC-7 was used to determine the influ-

ence of OMMT and PEOc on the crystallization and melting
behaviors of the samples. The test samples (about 4 mg)
were first heated from 50 �C to 200 �C at a heating rate of
10 �C/min and then held at 200 �C for 5 min to eliminate
the thermal and mechanical history. Then the cooling process
was studied from 200 �C to 50 �C at a cooling rate of 10 �C/
min to investigate the crystallization behavior. Then the sam-
ples were held at 50 �C for 5 min and then heated to 200 �C
again at a heating rate of 10 �C/min to study the melting be-
havior. All the measurements were conducted under a nitrogen
cover with a flow rate of 20 mL/min.

2.3.5. Thermogravimetric analysis
A PerkineElmer thermal gravimetric analyzer (TGA-7)

was used to investigate the effect of clay layers and PEOc
on the high temperature decomposition of these composites.
Samples (about 4 mg) were heated under a nitrogen atmo-
sphere with a flow rate of 20 mL/min from 30 �C to 650 �C
at a heating rate of 20 �C/min.
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Fig. 2. Dynamic strain sweep spectra of (a) PPCNx and (b) PPCNxOE15 nanocomposites at u¼ 100 rad/s and T¼ 220 �C.
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2.3.6. Scanning electron microscopy
Some selected samples were cryogenically fractured in

liquid nitrogen and then etched in xylene at ambient tem-
perature for 24 h. Then the fractured surfaces of samples
were coated with platinum prior to examination by a scan-
ning electron microscope. A JEOL (JSM 6700F) scanning
electron microscope was used with an operating voltage of
5 kV for this study.

3. Results and discussion
3.1. The dispersion of clay layers in the nanocomposites
The X-ray diffraction patterns of OMMT, PPCN2,
PPCN2OE15, PPCN5 and PPCN5OE15 nanocomposites are
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Fig. 3. Storage modulus as a function of frequency for (a) P
shown in Fig. 1(a). The largest average interlayer distance of
neat OMMT was about 3.5 nm and there still existed a large
amount of OMMT with small interlayer distance, which was
deduced from the minimum diffraction angle of OMMT curve.
The interlayer distances of the other four nanocomposites are
listed in Table 1. There were no big differences among the
interlayer distances of these four nanocomposites, which
indicated that the existence of PEOc in PPCNxOE15 nano-
composites had almost no effect on clay gallery in the polymer
matrices. But the interlayer distances of these four samples
were all larger than that of the primary OMMT. This meant
that after the blending process polymer chains including iPP
and PEOc did intercalate into the organoclay layers and in-
creased the gallery distance. The conclusion could be ex-
plained by the following arguments. In small angle region of
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the X-ray diffraction patterns there were significant differences
between the curve of OMMT and those of other four nanocom-
posites. Not only the position and shape of these diffraction
peaks were shifting and broadening but also the intensities
were greatly reduced, which indicated that the state of organo-
clay in the nanocomposites was dramatically different from
that of neat organoclay. TEM image of PPCN5 in Fig. 1(b)
showed that organoclay layers were intercalated and even par-
tially exfoliated by polymer chains.

Meanwhile, in 10�e25� region, the peak position and shape
of these four curves of nanocomposites were almost the same,
which indicated that there were no big differences in crystal
form of polypropylene. So the addition of PEOc had no big
effect on the crystallization behavior of polypropylene.

In a word, after the blending process, organoclay layers
were intercalated and even partially exfoliated and well dis-
persed in the polymer matrices with the help of PPgMA. How-
ever, PEOc did not affect the intercalation and the exfoliation
of the PPCNx nanocomposites beyond what had already hap-
pened during the clay dispersion and crystallization of iPP in
the PPCNx.
3.2. Rheological behaviors of the nanocomposites
Rheological measurements were very sensitive to the shape,
size and dispersion of fillers in the nanocomposites, so an
oscillatory shear measurement was used to characterize the
dynamic rheological properties of PPCNx binary and
PPCNxOEy ternary nanocomposites. First, the dynamic strain
sweep measurements were conducted for all samples in order
to choose an appropriate strain for the investigation of the lin-
ear viscoelastic behaviors of these nanocomposites. Fig. 2
shows the strain dependence of storage modulus (G0) of all
these samples at 220 �C with a frequency of 100 rad/s. G0

started to drop drastically when strain exceeded 30%, which
indicated that the structure of the material was destroyed.
Therefore a strain of 5% which was well within this 30% limit
was chosen as the appropriate strain to investigate the linear
viscoelastic behaviors of these nanocomposites.

3.2.1. Rheological behaviors and structural stability
Fig. 3 shows the results of dynamic frequency sweep

measurements of PPCNx and PPCNxOE15 nanocomposites
at 190 �C. Storage modulus of polypropylene was generally
increased with the addition of organoclay as shown in
Fig. 3(a). In low frequency region a more obvious increase
of G0 was observed with the increase of clay concentration.
The slope of G0 vs. u curve in terminal region became
smaller with the increase of clay concentration when it was
more than 2 phr. The system exhibited a pseudo-solid like
behavior in low frequency region when organoclay content
was 2 phr or higher, which could be explained by the
three-dimensional filler network theory proposed by Krishna-
moorti and Silva. When clay content reached a certain value
in the nanocomposites, the clay layers were incapable of free
rotation due to physical jamming and connecting with each
other and so the structure was formed from the random ori-
ented clay layers [25]. This three-dimensional filler network
structure played a significant role in many properties of
PPCNx nanocomposites.

Fig. 3(b) shows storage modulus of PPCNxOE15 nanocom-
posites as a function of frequency. After PEOc was added, the
change of slope of G0 vs. u curve in low frequency region was
more obvious, which indicated that PEOc played an additional
role in the rheological properties of PPCNxOE15 nanocompo-
sites. Probably PEOc interacted with the three-dimensional
filler network, which helped to influence the low frequency be-
haviors of PPCNxOE15 greatly.

Fig. 4 shows the stress relaxation spectra of these samples
which were conducted with step strain of 200% at 190 �C.
Stress relaxation time was increased with the increase of or-
ganoclay content in Fig. 4(a). When clay content was 2 phr
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or higher, the stress relaxation time of these binary nanocom-
posites was significantly higher than those at lower clay con-
centrations, but insignificantly different among themselves,
which indicated that the relaxation modes of the high clay
concentration samples were similar and the three-dimen-
sional filler network dominated the relaxation process. The
stress relaxation spectra of PPCNxOE15 nanocomposites
are shown in Fig. 4(b). PEOc component greatly influenced
the stress relaxation rates especially when clay content was
above 2 phr. For these samples the stress relaxation time
was much longer (more than two orders of magnitudes lon-
ger), which implied that PEOc was participating in the for-
mation of the network structure and influenced the stress
relaxation modes and resulted in a better structural stability
under external stress.

Both PPCNx and PPCNxOE15 nanocomposites are investi-
gated in Figs. 3 and 4, and the factors that greatly influenced
the rheological properties of these two kinds of nanocompo-
sites could be obtained as follows:

(1) the effect of organoclay;
(2) the synergetic effect of organoclay and PEOc;
(3) the additional effect of PEOc.

These three main factors could significantly affect rheolog-
ical behaviors and also some other properties of these nano-
composites. Temperature was another important factor and
its effect on the structural stability of these nanocomposites
was to be discussed later.

3.2.2. Elastomer content dependence
Fig. 5 shows the storage modulus and loss tangent of

PPCN5OEy as a function of frequency at 190 �C and
220 �C. With the increase of PEOc content, the increase of
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G0 (Fig. 5(a) and (b)) in terminal region was more obvious,
and the slope of log G0 vs. log u curve changed to become
smaller. In Fig. 5(c) and (d), the peak position of loss tangent,
which was corresponding to the turning point of storage mod-
ulus, was shifted to higher frequency with the increase of
PEOc content. These indicated that the addition of PEOc
changed the low frequency storage modulus and slowed
down the stress relaxation. It was speculated that the mecha-
nism must have involved the interaction of clay layers to-
gether with the PPgMA and some iPP chains with the
elastomeric PEOc chains and preferentially interacted with
the PEOc-rich domains. This might be caused by some
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preferred interaction with the side group of the octene or
due to the elastomeric nature of the PEOc. With the increase
of PEOc content, the phase-separated PEOc-rich domains
which might be either wrapping around the OMMT/PPgMA
structures or absorbing these structures on the domain sur-
faces could easily promote the formation of a percolated
structure with the continuous OMMT/PPgMA as the stress
carrying part of the network.

Fig. 6 shows the stress relaxation spectra of PPCN5OEy
which were conducted with 200% step strain at 190 �C. The
stress relaxation rate became slower with the increase of
PEOc content, which indicated that PEOc indeed participated
in the formation of structure directly. PPCN5OE25 had similar
stress relaxation rate as PPCN5OE15, which indicated that in
these two nanocomposites the strength of network comprising
clay layers and different amount of PEOc was essentially the
same. This meant that a compact network might have been
formed when PEOc content was about 15 phr in which the
low frequency stress (or long relaxation mode) was carried
by the OMMT/PPgMA network although it might be formed
with the help of the phase-separated PEOc-rich domains.

3.2.3. Temperature dependence of the structural stability
Compared with that in Fig. 5(c), the peak position of loss

tangent of the same sample in Fig. 5(d) shifted to higher fre-
quency. This was caused by the temperature. Fig. 7 shows
log G0 vs. log u curves for PPCN5 and PPCN5OE15 nano-
composites at different temperatures. The turning point of
storage modulus of PPCN5 in Fig. 7(a) shifted to higher
frequency with the increase of temperature, the same thing
happened to G0 of PPCN5OE15 in Fig. 7(b). This could be ex-
plained by the timeetemperature superposition (TTS) princi-
ple. It was well known that timeetemperature superposition
was usually applied to homogeneous materials but not for
multi-phase nanocomposite systems. log G0 vs. log G00 curves
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(Han plot) of these two composites are shown in Fig. 8(a) and
(b). Curves in the marked region were magnified and shown as
insets in Fig. 8(a) and (b), respectively. It was noticeable that
there was deviation in terminal region for PPCN5 while Han
plot of PPCN5OE15 had no temperature dependence. So
TTS was not applicable for PPCN5 nanocomposites, but it
worked reasonably well for PPCN5OE15 nanocomposites.
This implied that rheologically PPCN5OE15 behaved like
a homogeneous material, and the TTS master curves are
shown in Fig. 8(c).
3.3. Thermal stability
After mixing with organoclay and PEOc, the crystallization
behavior and melting behavior of polypropylene were exam-
ined by DSC measurements. There was no significant change
in the crystallization and melting behaviors of polypropylene
in PPCNx nanocomposites or in PPCNxOEy nanocomposites.
This meant that the addition of organoclay and PEOc did not
change the crystallization and melting mechanism of the
polypropylene.

Fig. 9(a) shows the TGA traces of PPCNx binary nanocom-
posites. With the increase of OMMT content the degradation
temperatures of these samples increased. The ability of heat
resistance of polypropylene was greatly enhanced by the addi-
tion of organoclay. In Fig. 9(b) we took two kinds of ternary
nanocomposites as examples: PPCN0OE15 and PPCN4OE15.
It was found that these two ternary nanocomposites had higher
degradation temperature than the binary nanocomposites with
the same clay content. The degradation temperature difference
between PPCN0 and PPCN0OE15 was much bigger than that
between PPCN4 and PPCN4OE15. The other ternary nano-
composites we investigated also showed improved heat resis-
tance ability.
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Fig. 9. TGA traces of (a) PPCNx binary nanocomposites and (b) PPCN0, PPCN0OE15, PPCN4 and PPCN4OE15.
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In order to more clearly explain the thermal stability of
these samples, the other two important parameters ‘‘5%
weight loss temperature’’ and ‘‘onset temperature’’ were intro-
duced. The onset temperature was defined as the temperature
corresponding to the crossover of the tangent to the starting
point and that to the inflection point of TGA curve. In
Fig. 10(a), the temperature of 5% weight loss of PPCNx nano-
composites was increasing with the increase of organoclay
concentration and reached to a plateau when the organoclay
concentration was 2 phr or higher. The ‘‘5% weight loss tem-
perature’’ of ternary nanocomposites was higher than that of
binary nanocomposites with the same OMMT content. The
changing trends of ‘‘5% weight loss temperature’’ of these
two kinds of nanocomposites were similar. So were those of
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Fig. 10. (a) The temperature of 5% weight loss and (b) onset
‘‘onset temperature’’. This indicated that the basic stabiliza-
tion effect was caused by the addition of organoclay and
was similar for both binary and ternary nanocomposites. In
Fig. 10 both the ‘‘5% weight loss temperature’’ and ‘‘onset
temperature’’ were increasing with the increase of organoclay
concentration, which had been explained by Zanetti et al. [33].
They thought that in the clay-filled nanocomposites there
should be a barrier labyrinth effect to diffusion of degradation
products from the bulk to the gas phase. Due to the physical
barrier effect, the thermal stability was strongly enhanced by
adding fillers to the polymer matrices.

In Fig. 10, the ‘‘5% weight loss temperature’’ and ‘‘onset
temperature’’ of the ternary nanocomposites were both higher
than those of the binary nanocomposites, which was caused by
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temperature of PPCNx and PPCNxOE15 nanocomposites.



Table 2

The degradation temperatures of PPCN0 and neat PEOc derived from TGA

Sample The 5% weight

loss temperature (�C)

The onset

temperature (�C)

The residue

percent (%)

PPCN0 (iPP/PPgMA) 338.5 376.6 0.26

PEOc 382.3 448.0 0.45
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the addition of PEOc. It was conjectured that a more compact
network comprising clay layers and PEOc chains was formed
in PPCNxOE15 ternary nanocomposites, hence the network
structure was playing a positive role in the formation of
a more stable and stronger physical barrier. Furthermore,
neat PEOc had a higher degradation temperature than
PPCN0 (iPP/PPgMA), which is shown in Table 2. This natural
property also helped to improve the thermal stability and heat
resistance of PPCNxOE15 ternary nanocomposites. This point
could be affirmed by the bigger degradation temperature dif-
ference between PPCN0 and PPCN0OE15 than that between
PPCN4 and PPCN4OE15 in Fig. 9(b).
3.4. Clay layer distribution and morphology of these
nanocomposites
SEM examination was conducted on the cross-section of
samples to further investigate the distribution of clay layers
in the nanocomposites. Fig. 11 shows the SEM images of
PPCN5OEy nanocomposite samples which were etched with
c

a

OMMT layers

OMMT layers

Voids corresponding
to PEOc-rich phases

Fig. 11. SEM images of fractured and etched surfaces of (a) PPCN5, (b)
xylene to remove the PEOc-rich phase. With the increase of
PEOc content not only the number of holes where PEOc-
rich phase was removed but also the size of the holes
increased. Meanwhile, the number of clay layers which still
existed on the fractured and etched surfaces was decreased.
These existing organoclay layers were distributed close to
the PEOc-rich phase of PPCN5OEy nanocomposites, as shown
in Fig. 11(b)e(d). It indicated that in the ternary nanocompo-
sites the organoclay layers were mainly localized close to/in-
side the PEOc-rich phase. Similar observations had been
reported in nylon-66/organoclay/SEBS-g-MA system by Da-
sari et al. [7,8]. In their case, the distribution of organoclay
was caused mainly by the blending procedure, but in our
case it was probably caused by the interaction between the or-
ganoclay and the PEOc elastomer. This was in accord with the
speculated mechanism drawn from rheological and TGA mea-
surements: a percolated network structure was formed, which
comprised clay layers and PEOc domains in the PPCNxOEy
ternary nanocomposites. This more compact network structure
could help to improve many properties of polypropylene, such
as structural stability and heat resistance.

4. Conclusion

Rheological and thermal properties of iPP/OMMT/PEOc
ternary nanocomposites were investigated in this work.
Through the co-precipitation process organoclay layers were
well dispersed in the polymer matrices with the help of
d

b 500nm 

PPCN5OE5, (c) PPCN5OE15 and (d) PPCN5OE25 nanocomposites.
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PPgMA with or without the addition of PEOc. The addition of
PEOc into iPP/OMMT helped to increase the storage modulus
in general and influenced the low frequency storage modulus
and stress relaxation rate, especially for sample PPCN5OE15.
This was attributed to a compact and stable three-dimensional
network structure consisting of organoclay layers and PEOc
in iPP/OMMT/PEOc ternary composites, which helped to
improve the rheological stability and also thermal stability
of polypropylene.
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