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ABSTRACT: The main goal of this study is to explicate
the exact role of nanoclay particles on thermal degradation
mechanism and crystallization behavior of blend-based
nanocomposites. Thermoplastic olefin (TPO) nanocompo-
sites, as a simple model, were prepared via melt mixing
in an internal batch mixer. X-ray diffractometry (XRD)
and transmission electron microscopy tests show that a
relatively good dispersion of silicate layers was obtained in
the system. On the addition of nanoclay, a remarkable
reduction in rubber domain size was observed through
scanning electron microscopy (SEM). Thermogravimetric
analysis shows that nanoclay particles can retard thermal
decomposition process. Thermal degradation kinetic stud-

ies, using Flynn-Wall-Ozawa method, reveal that addition
of nanoclay contents higher than 1 wt % changes the mech-
anism of thermal degradation. A mechanism was proposed
to explain this phenomenon based on SEM images of char
residues. Non-isothermal crystallization behavior of sam-
ples was investigated using differential scanning calorime-
ter. The unexpected reduction in crystallinity of TPO
nanocomposites containing 5 wt % nanoclay was explained
using rheometry analysis and attributed to the formation of
stable percolated clay networks in this sample. © 2011 Wiley
Periodicals, Inc. ] Appl Polym Sci 123: 2492-2499, 2012
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INTRODUCTION

Thermoplastic elastomer materials based on polypro-
pylene (PP) and ethylene propylene diene monomer
(EPDM), often referred as thermoplastic olefins
(TPOs), have gained special attention because of
their excellent weatherability, low density, and rela-
tively low cost. TPO materials have found wide
applications in automotive parts, cable insulation,
extruded profile for windows, footwear, packaging
industry, etc.!

Within the fascinating world of nanomaterials in
general, polymer—clay nanocomposites more than
carry their weight in terms of intrigue and applic-
ability. Consider all the factors that must be
involved in the dramatic modification and improve-
ment of a polymer’s behavior on the addition of just
a few weight percent (wt %) of a nano-size inorganic
sheet compound.” Many studies have been devoted
to investigate TPO/clay nanocomposites.'*® In our
earlier study,’ rheological and mechanical properties

Correspondence to: G. M. Mohamad Sadeghi (gsadeghi@
aut.ac.ir).

Journal of Applied Polymer Science, Vol. 123, 24922499 (2012)
© 2011 Wiley Periodicals, Inc.

of these systems were investigated with the aim of
determining the optimum nanoclay content and
processing parameters. Lee et al.” reported that the
aspect ratio of nanoclay particles and the apparent
size of rubber phase decreased with increasing
nanoclay content. They also attributed the improve-
ment in mechanical properties to the morphological
changes induced by the presence of nanoclay
particles. Kim et al.’° investigated the effect of
compatibilizer /nanoclay ratio on morphology and
mechanical properties of TPO nanocomposites
and concluded that the ratio of Maleic anhydride-
grafted-polypropylene (PP-g-MA)/nanoclay to obtain
the desired balance of properties should be fixed
at1: 1.

Non-isothermal crystallization study of polymers
is more meaningful than isothermal crystallization
study, because it is similar to conventional industrial
processing. The effect of nanoclay content on non-
isothermal crystallization behavior of TPO nanocom-
posites has been rarely studied. Frounchi et al.®
reported that crystallinity of nanocomposites was
relatively lower than the TPO blend suggesting that
nanoclay inhibits the growth of spherulites of PP.

Thermal degradation of polymers is a very impor-
tant phenomenon, which affects the performance of
all polymeric materials in daily life.” The kinetic



ROLE OF CLAY NETWORK FORMATION

analysis provides information on energy barriers of
the degradation process and is used to explain the
mechanism of degradation. Degradation kinetic
parameters can be obtained from dynamic experi-
ments by means of different methods.'”"® To the
best of our knowledge, analysis of the kinetics of the
decomposition process of TPO blends in presence of
nanoclay particles has not been reported. Thus, the
aim of this work is to investigate the influence of
nanoclay loading on the kinetics of thermal degrada-
tion of TPO blends wusing Flynn-Wall-Ozawa
method. This study is also devoted to the investiga-
tion on the effects of variation in nanoclay content
on morphology and nonisothermal crystallization
behavior of TPO nanocomposites.

EXPERIMENTAL
Materials

The materials used in this work were commercial
grades. PP (SEETEC H5300, density = 0.9 g/cm?) was
obtained from LG corporation with melt flow rate of
3.5 g/10min which was measured under a load of
total mass of 2.16 kg at a temperature of 230°C. EPDM
(vistalon 7500, density = 0.9 g/cm?, 55% ethylene con-
tent) with Mooney viscosity of 82 = 5 (at temperature
of 125°C) was provided by Exxon Mobil (Baton
Rouge, Louisiana). PP-g-MA (polybond 3200, MA
content = 1.0 wt %) was supplied by Dupont and an
organically modified montmorillonite (Cloisite 20A)
was purchased from Southern Clay Products are used
for preparing nanocomposites.

Sample preparation

All of the materials were dried at 80°C for 12 h before
processing. The melt blending of the samples was
conducted in a Brabender internal mixer (Germany)
at 190°C, mixing time of 10 min and rotor speed of
60 rpm. Weight ratio of PP/EPDM blend was kept
constant at 80/20 (w/w). A range of PP/EPDM
nanocomposites containing 1, 3, 5, and 7 wt % nano-
clay were also prepared (TPO1, TPO3, TPO5, and
TPO?). For all nanocomposite samples, the PP-g-MA /
nanoclay ratio was fixed constantat 1 : 1.

Characterization

Wide angle X-ray scattering analysis was carried out
by an X-ray diffractometry (XRD; Xpert, Philips)
operating at 40 kV and 30 mA for Cu K, radiation
(A = 0.154 nm). The scanning rate was 1°/min with
a step size of 0.04° under the diffraction angle, 26, in
the range of 1-10°. Dispersion of nanoclay particles
in the TPO matrix was examined by a Philips
EM208S transmission electron microscope (TEM)
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with an accelerating voltage of 100 kV. Ultra thin
sections of 70 nm thickness were cryogenically cut
with a diamond knife at a temperature of —100°C.
The morphologies of the blend and nanocomposite
samples were analyzed using a Philips XL30
scanning electron microscope (SEM) with 16 kV
accelerating voltage. The samples were kept in
liquid nitrogen and then brittle fractured. The frac-
ture surfaces were etched with toluene for 3 h at
room temperature to dissolve out EPDM phase. A
SCDOOS sputter coater was employed to coat the
fracture surfaces with gold for increased conductiv-
ity. Morphological studies on the char residue after
thermogravimetry analysis (TGA) were also per-
formed. Non-isothermal crystallization of the TPO
blend and nanocomposites was performed on an
Elmer Diamond Differential Scanning Calorimeter
(DSC). To investigate the non-isothermal crystalliza-
tion behavior, all samples were first heated to 200°C
at 10°C/min (heating scan), held at 200°C for 3 min
to remove any thermal history, and then cooled to
55°C at 10°C/min (cooling scan). Crystallization
peak temperatures were obtained from the cooling
scan. Thermal stability of PP/EPDM blend and
nanocomposites was investigated by non-isothermal
TGA using a Perkin Elmer-Pyrisl TGA instrument.
The measurements were conducted from 50 to 600°C
at heating rates of 5, 10, and 20°C min~!' in a
dynamic nitrogen atmosphere (flow rate of 50 mL
min~'). Rheological measurements were performed
using a rotational rheometer (MCR 301, Physica,
Germany) to measure the dynamic viscoelastic prop-
erties of the samples. Disk type parallel plates (gap
of 0.5 mm and diameter of 25 mm) were employed,
and all measurements were performed at 210°C. The
dynamic moduli were measured in the angular
frequency ranging from 0.05 to 500 s, assuring the
linear viscoelastic condition for dynamic measure-
ment (y = 0.2%) which was verified via an ampli-
tude sweep test.

RESULTS AND DISCUSSION
Structure and morphology of TPO nanocomposites

Because PP is a non-polar thermoplastic, it is well-
known that presence of a compatibilizer with polar
groups, such as PP-g-MA, is a necessary prerequisite
to achieve good dispersion of nanoclay particles in
the TPO matrix.'* Figure 1 presents XRD patterns
of the nanoclay and various nanocomposites. The
mean interlayer spacing of the (001) plane, do1), for
the pure Cloisite 20A powder obtained by XRD mea-
surement is 24.5 A. As shown in Figure 1, the (001)
plane peaks of nanocomposites shift to the lower
angles when compared with the neat nanoclay,
which is reflective of an increase in the gallery
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Figure 1 XRD spectra of nanoclay and TPO nanocompo-
sites at various amounts of nanoclay loading.

height of the silicate layers. Mehta et al.” showed
that the clay platelets are largely located at the PP/
EPDM interface, thus the increased d-spacing values
indicate that polymer chains, mostly residing at the
interface, intercalate into the galleries of nanoclay
layers, which is confirmed by TEM results. In case
of TPO1, a very small broad peak is observed which
indicates that a very good dispersion of silicate
layers occurred in the system. This peak appears
with more intensity for TPO3, TPO5, and TPO7 sug-
gesting that these nanocomposites have a mixed
morphological structure, i.e., combination of tactoids
and exfoliated silicate layers. This relatively good
dispersion of clay layers in TPO matrix originates
from the polar character of the anhydride which
causes an affinity for the silicate surfaces, so that the
maleated PP can act as a compatibilizer between the
matrix and nanoclay.® Another reason for this rela-
tively good dispersion could be high mobility of
EPDM component, due to its high molecular weight
and flexible chains which can easily move into the
interlayer spaces of silicates during the melt blend-
ing process.”” The observed shift for TPO3 and
TPO5 to higher angles compared with TPO3 indi-
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Figure 2 TEM image of TPO nanocomposite containing 3
wt.% nanoclay.

cates lower interlayer distance between the silicate
layers. The reason for this behavior could be partial
degradation of organo-modifier molecules within the
silicate layers during melt mixing.'®

TPO nanocomposites containing 3 wt % nanoclay
were further characterized by TEM and shown in
Figure 2. The intercalation/exfoliation coexistence in
TPO3 can be further verified via this figure; how-
ever, the majority of silicate layers are intercalated
and only few ones are in the exfoliated state. It
should be noticed that the dark thin lines represent
nanoclay layers which are relatively well dispersed.
It can be observed that clay stacks are largely
located at the PP matrix and the PP/EPDM inter-
face. The localization of clay layers at the interface
of PP/EPDM blends was previously reported.”

The morphology of neat TPO blend and nanocom-
posite containing 3 wt % nanoclay is compared with
SEM images and depicted in Figure 3. In these
images, the black holes represent EPDM particles
which have been dissolved out by toluene.

Figure 3(a) displays SEM image of the surface of
neat TPO blend showing the dispersion of EPDM
particles, which appear to be globular, in the PP

Figure 3 Cryogenic fractured and etched surfaces of the samples: (a) TPO and (b) TPO3.
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Figure 4 The crystallization exotherms of neat TPO blend
and nanocomposites with different amounts of nanoclay
loading for non-isothermal crystallization from the melt at
a cooling rate of 10°C/min.

matrix. The incorporation of 3 wt % nanoclay into
the TPO blend leads to a reduction in the size of the
dispersed EPDM phase. Another observation is that
addition of the nanoclay content results in more
elongated shape than that of neat TPO blend, as
shown in Figure 3. Similar behavior has been
reported by several authors.*” Variations in the
morphology of the EPDM phase with addition of
nanoclay content, e.g., decrease in size and increase
in irregularity of particle shape, may originate from
two compounding effects during melt-processing;
one is increasing of melt viscosity due to the
presence of clay particles which might control the
particle size of rubbery phase via shear-mixing
coalescence and breakup.” One could state that rigid
clay particles increase the melt viscosity of the
matrix phase which could prevent the coalescence of
dispersed phase particles because of the reduced
mobility of polymer chains in the system. Although,
second is the intercalation of silicate layers which
could suppress the coalescence and agglomeration of
the rubbery phase particles. Khatua et al.'” demon-
strated that clay particles caused a reduction in the
size and stability of dispersed elastomer domains in
a nylon 6 matrix via this barrier effect to coalescence
mechanism.

Crystallization behavior

To investigate the effect of various nanoclay load-
ings on crystallization behavior of PP/EPDM blends,
DSC measurements were carried out. Because most
processing methods occur under non-isothermal
conditions, the understanding of polymer crystalliza-
tion under dynamic conditions is of considerable
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importance.'® The crystallization exotherms of the
TPO blend and nanocomposites are presented in
Figure 4. The characteristic parameters of non-iso-
thermal crystallization exotherms such as the crystal-
lization peak temperature (T.), the relative degree of
crystallinity (X;), in terms of AH, (H, is the enthalpy
of crystallization), and width at half height of crys-
tallization peaks (WHH) are reported in Table L

It can be observed that with the incorporation of
nanoclay into the blend, the crystallization peaks
shift to higher temperatures, albeit not significantly.
Such behavior was reported numerously in the
literature."®*' Tt is also clear from Table I that the
crystallization peaks are narrower on addition of
nanoclay loading up to 5 wt %. Higher crystalliza-
tion temperatures and narrower peak widths
indicate an increased crystallization rate in the nano-
composites. This phenomenon has been reported in
nanocomposites based on semicrystalline polymers
which was attributed to the absorption of polymer
chains by nanoclay layers and nucleating role of
nanoclay particles.”’ However, the width of crystalli-
zation peak increases for TPO7 which indicates the
slower rate of nucleation, and therefore, wider crys-
tallite size distribution. A closer scrutiny on the data
reported in Table I reveals that, below 3 wt % nano-
clay content, crystallization temperature (T)
increases with the content of nanoclay; but above 3
wt %, T. shows no further enhancement and
decreases slightly with increasing concentration of
nanoclay. It also can be seen that the same trend
appeared for the relative degree of crystallinity (X;)
of nanocomposites, that is, with the addition of
nanoclay content to 3 wt %, X, enhanced by nearly
37%. This phenomenon can be explained by the fact
that presence of nanoclay platelets in the TPO matrix
promotes heterogeneous nucleation which leads to
an increase in the crystallization rate and the degree
of crystallinity of nanocomposites. Above 3 wt %
nanoclay, the crystallinity of PP component in TPO
matrix diminishes. This may be due to the fact that
at high amounts of nanoclay content in the TPO ma-
trix, silicate layers, either in form of tactoids or pla-
telets, can act as obstacles for mobility and flexibility
of the PP chains to fold and join the crystallization
growth front, and finally lead to a reduction in AH,
values.'® However, in case of TPO nanocomposites,
with increasing nanoclay loading from 5 to 7 wt %,

TABLE I
T., AH,, and Width at Half Height of Crystallization
Peak (WHH) of TPO Blend and Nanocomposites

Samples TPO TPOl TPO3 TPO5  TPO7
T. (°C) 1133 1148 1156 1155 1154
AH, (J/g) 79 102 108 84 100
WHH (°C) 4.83 4.60 475 471 5.12

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 5 Frequency dependence of the storage modulus,
G', of TPO blend and nanocomposites at 210°C.

not only the crystallinity degree did not diminish
but also enhanced by nearly 19%.

To explain this unexpected behavior, rheology of
the system was analyzed. Storage modulus, G'(®), of
TPO blend and nanocomposites containing different
amounts of nanoclay loading are shown in Figure 5.
It is well-established that the rheological response of
pure polymers is typical of an entangled polymer
melt (slope of G'(w) = 2), whereas the nanocompo-
sites show pseudo-solid-like behavior.?! As can be
seen in Figure 5, in case of the neat TPO, slope of G’
is significantly decreased at low frequencies which
can be very probably attributed to the incorporation
of a rubbery material (EPDM) into PP matrix. The
reduction in frequency dependence of G’ is most
pronounced at high loadings of nanoclay content
(5 and 7 wt %), in which a plateau is observed at
low frequencies. This pseudo-solid-like response
stems from large frictional interaction of the silicate
layers which are randomly oriented and form a per-
colated network structure incapable of relaxing com-
pletely.** Another noticeable point, which is marked
in the figure, is that TPO5 shows a weaker fre-
quency dependence of G’ when compared with
TPO?7 indicating the formation of a more stable
three-dimensional percolated network. Hence, it is
reasonable to claim that the more stable the perco-
lated network, the less mobile and flexible the poly-
mer chains become. This can be explained by the
fact that the highly restrictive environment around
these networks may hinder the relaxation of PP
chains in the TPO matrix causing a reduction in
their mobility which could restrain the growth of
crystallites and finally diminish the crystallinity in
TPO5 when compared with TPO?. This could be the
reason for the unexpected reduction in crystallinity

Journal of Applied Polymer Science DOI 10.1002/app
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of TPOS5 relative to other samples with different
amounts of nanoclay content.

Thermal degradation of TPO blend and
nanocomposites

Thermal stability of the neat TPO blend and nano-
composites was measured by TGA in nitrogen
atmosphere at three different heating rates. Figure 6
presents the typical TGA traces of weight loss as a
function of temperature of the neat TPO blend and
nanocomposites in pyrolytic environment at heating
rate of 10°C/min.

It is generally known that the addition of nanoclay
particles into polymers could improve their thermal
stabilities.” On one hand, this improvement can be
attributed to the formation of a protective barrier of
ablative silicate layers on the remaining polymer. On
the other hand, it can be related to the torturous
path for volatile products whereby volatilization
might be delayed. The shape of TGA curves in
Figure 6 shows that in earlier stages of thermal
decomposition, the degradation process is retarded
to higher temperatures by addition of nanoclay into
the blend. Dispersed silicate layers in the TPO
matrix, either in shape of tactoids or exfoliated plate-
lets, may act as heat insulator and mass transport
barrier and improve the thermal stability of the
blends up to temperatures above 400°C.** However,
the weight loss curves of nanocomposites containing
3, 5, and 7 wt % were almost vertical indicating a
very rapid decomposition process. The reason may
arise from the fact that in these samples, stacked
silicate layers could hold accumulated heat that can
be used as a heat source to accelerate the degrada-
tion process.”” Another possible reason for this

100 TPO7

80
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Weight/%

40 -

Derivative Weight / % °C"

20

200

T b4 T ¥ T
300 400 500
Temperature/°C

Figure 6 TGA thermograms of the neat TPO blend and
nanocomposites at a heating rate of 10°C/min in N,
atmosphere. Inset shows DTGA curves.
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TABLE I1
The Characteristics of the TGA Curves for TPO Blend
and Nanocomposites

Nanoclay (%) 0 1 3 5 7

Tonset °C) (£3) 337 358 420 417 405
Tonax (°C) (1) 445 449 442 442 4415
% Char (*0.4) 0 084 225 354 464

observation could be the degradation of organic
modifiers within the Cloisite 20A layers, which was
reported in range of 300-500°C.* It is known that
degradation of organic molecules used in nanoclay
leads to the creation of active catalytic sites in the
polymer matrix*’*® which could accelerate the
decomposition of the whole system. The vertical
shape of TGA curves can also be attributed to the
fact that at high temperatures (above 400°C), degra-
dation of the clay network which covers the surface
of the remaining polymer leads to formation of
some holes in it. Therefore, faster migration of deg-
radation products and bubbles from the remaining
mass occurs which results in a very fast weight loss
in the system. The role of the clay network on ther-
mal degradation mechanism of TPO nanocomposites
will be further discussed in the next section.

The characteristics of the TGA curves for all the
samples are listed in Table II. The onset temperature
of degradation, the temperature corresponding to
5% weight loss, is increased from 337 to 358°C via
addition of only 1 wt % nanoclay into the blend. As
shown in Table II, the most profound enhancement
in Tonset of degradation (83°C) is observed in case of
adding 3 wt % nanoclay. It is interesting to note that
with increasing nanoclay content from 3 to 5 and
7 wt %, thermal stability of the system was no fur-
ther improved. Such behavior could be attributed to
the relative extent of exfoliation.'” Because at high
nanoclay contents, according to XRD results, exfolia-
tion of silicate layers becomes more hindered due to
geometrical constraints within the polymer matrix,
thus no more significant increase in thermal stability
is expected. DTG curves of the samples in nitrogen
at heating rate of 10°C are also shown in Figure 6
as inset. As can be observed from DTG curves, the
temperature range, in which thermal degradation
occurs, is noticeably reduced for nanocomposites
containing higher nanoclay loadings than 1 wt %.

Table II also reports the amounts of char residues
of all the samples. As is clear, increasing the nano-
clay content causes an enhancement in formation of
carbonaceous char leading to higher percentage
of char residues. Formation of such a carbonaceous-
silicate char on the surface during the pyrolysis
could insulate the underlying material leading to
slower mass loss rate of degradation products.”
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Kinetics of thermal degradation

To better understand the degradation mechanism, a
kinetic analysis may be performed. Thus, activation
energies of degradation were calculated using FWO
method as a function of degree of conversion. This
model describes a rather simple method of calculat-
ing activation energy directly from weight loss
versus temperature data obtained at several heating
rates, using the equation®”*":

AE

o 0.4567E,
log ¢ =1lo —2315 - ———=2
& gg(oc)R

RT

)

where ¢ is the heating rate, A is the pre-exponential
factor, E, is the activation energy of degradation,
g(a) is the integral function of conversion, R is the
gas constant, and T is the absolute temperature. The
activation energy for different conversion values can
be calculated from plots of log ¢ versus 1/T which
are shown in Figure 7. Thus, values of o between
0.1 and 0.9 and ¢ values of 5, 10, and 20°C/min
were selected to obtain the activation energies as a
function of conversion, which are shown in Figure 8
for the neat TPO blend and nanocomposites. It is
clear that introduction of 1 wt % nanoclay into the
neat TPO increases the activation energy values, and
thus, thermal stability of the neat blend. This
increase in activation energies is in conformity with
the experimental data shown in TGA graphs (Fig. 6).
It is generally believed that the addition of nanofil-
lers into the polymers can improve their thermal
stabilities which can be attributed to the shielding
effect of nanoclay layers.” By taking a glance at
Figure 8, one could see that activation energy values
for the neat TPO and TPO1 increase monotonously
with the degree of conversion, whereas for TPO3,

-0.4 -

Converison %
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80
80

-0.6 4

-0.8 4

log ¢

T T T
1.40x10° 1.43x10° 1.45x10°

1T

T
1.38x10°

Figure 7 Determination of the degradation activation
energy for TPO3.
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TPO5, and TPO? are nearly constant. The variation
in E, values for TPO and TPO1l might be due to
changes in reaction mechanism during decomposi-
tion process. The same behavior was also reported
in the literature.®*>* On the basis of these reports,
this variation can be attributed to the nature of ran-
dom chain scission degradation which is independ-
ent of the heating rate. It is important to note that
the degradation temperature could affect the size of
volatile products. With increasing temperature, the
minimum size of volatile particles increases, thus,
the rate of weight loss is related to both of scission
rate of polymer chains and size of volatile products.
Therefore, the dependence of size distribution of
volatile products on heating rate and the random
chain scission nature of degradation mechanism of
PP could be major reasons for the ascending trend
of activation energy values of the aforementioned
samples.”>*

Another interesting observation is that addition of
higher nanoclay contents leads to a change in shape
of activation energy plots. Nanocomposites contain-
ing 3, 5, and 7 wt % seem to have a different decom-
position trend implying the influence of nanoclay
content on the degradation mechanism. We believe
that the change in trend of E, values could be
ascribed to the impact of nanoclay networks on the
size distribution of volatile products. Because the
boiling temperatures of most of degradation prod-
ucts are lower than the thermal degradation temper-
atures of polymers, bubbles can nucleate below the
surface of the remaining polymer and gradually
transform into the gas phase.’ It has been reported
that nanofillers such as nanoclay particles can
reduce the flammability of polymers by inhibiting
this vigorous bubbling process in the course of
degradation during pyrolysis.’*® Therefore, in case

Journal of Applied Polymer Science DOI 10.1002/app
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of TPO nanocomposites containing higher than
1 wt % nanoclay, it is reasonable to deduce that the
accumulation of clay particles on the sample surface
hinders the migration of volatile products from the
remaining mass, and thus, only very small particles
can be released from the polymer residue leading to
a narrower size distribution of volatile products.
This might be the reason for disappearing the incon-
stancy in E, values observed in case of neat TPO
and TPO1. The accumulation of clay particles on the
surface of the remaining polymer is shown in SEM
images of the char residues of TPO3 and TPO5
samples in Figure 9. These figures clearly show the
formation of an extended island-like structure made
of clay and carbonaceous char during the pyrolytic
decomposition®® and further confirmed the above
hypothesis.

As can be seen in Figure 8, TPO3 shows the high-
est activation energies until 60% conversion is
reached. After that, quite unexpectedly, the sample
containing 1 wt % nanoclay (TPO1) shows higher
E, values. Moreover, E, values of TPO3 become even
smaller than those of neat TPO just after 80% con-
version. As mentioned earlier, this phenomenon
could be explained by formation of some holes in
the network of carbonaceous/silicate char, covering

- Vi Spot q:ﬁ:, .y )t WD }j**—*-'rlﬁidzlr"

nwvo 1000% 106

Figure 9 SEM micrographs of char residues from (a)
TPO3 and (b) TPO5 samples after TGA experiments.
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the remaining polymeric mass, at higher conversions
leading to a very rapid evacuation of degradation
products trapped inside the polymeric mass. This
causes the activation energies of nanocomposites
with higher than 1 wt % nanoclay not to increase at
the final stages of decomposition process leading to
lower Ea values when compared with the nanocom-
posite with 1 wt % nanoclay.

CONCLUSIONS

A melt mixing method was employed to prepare
PP/EPDM blend and nanocomposites. XRD and
TEM results showed that a relatively good disper-
sion of clay layers in TPO matrix was obtained
which attributed to the high compatibility of polar
PP-g-MA chains and organo-modified silicate layers.
On the basis of SEM analysis, addition of compati-
bilizer and nanoclay into the blend reduced the size
of EPDM dispersed phase. DSC results revealed
that, below 3 wt % nanoclay content, crystallization
temperature (T,), and degree of crystallinity (X;)
increase with the content of nanoclay which is due
to the nucleating role of nanoclay particles; but
above 3 wt %, T, and X; show no further enhance-
ment and decrease slightly with increasing concen-
tration of nanoclay. The unexpected reduction in
crystallinity of TPO5 was attributed to the formation
of a more stable percolated clay network in case of
adding 5 wt % nanoclay. Thermal degradation of
TPO blend and nanocomposites was studied and
fully described using a kinetic analysis by FWO
method. The highest onset temperature of degrada-
tion was observed in nanocomposites containing 3
wt % nanoclay. It was found that addition of higher
than 1 wt % nanoclay leads to a change in trend of
E, with degree of conversion. We proposed that this
phenomenon can be attributed to the role of clay
networks which could cover the surface of the
remaining mass and hinder the migration of volatile
products during the decomposition process. The
accumulated clay particles and their island-like
structures were shown using SEM images of the
char residues.

Partial financial support from the Iranian Nano-
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