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ABSTRACT: An experimental polypropylene (PP) nano-
composite, containing approximately 4 wt % of an organo-
philic montmorillonite clay, was prepared and character-
ized, and its properties were compared with those of talc-
filled (20–40 wt %) compositions. Weight reduction, with
maintained or even improved flexural and tensile moduli,
especially at temperatures up to 70°C, was a major driving
force behind this work. By a comparison with the analytical
data from a nylon 6 (PA-6) nanocomposite, it was found that
the PP nanocomposite contained well-dispersed, interca-
lated clay particles; however, X-ray diffraction, transmission
electron microscopy, dynamic mechanical analysis, and per-
meability measurements confirmed that exfoliation of the
clay in PP was largely absent. The increased glass-transition
temperature (Tg) of a PA-6 nanocomposite, which possessed

fully exfoliated particles, indicated the molecular character
of the matrix–particle interaction, whereas the PP nanocom-
posite exhibited simple matrix–filler interactions with no
increase in Tg. The PP nanocomposite exhibited a weight
reduction of approximately 12% in comparison with the 20%
talc-filled PP, while maintaining comparable stiffness. Un-
doubtedly, considerable advantages may be available if a
fully exfoliated PP nanocomposite is fabricated; however,
with the materials available, a combination of talc, or alter-
native reinforcements, and nanocomposite filler particles
may provide optimum performance. © 2003 Wiley Periodicals,
Inc. J Appl Polym Sci 90: 1639–1647, 2003
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INTRODUCTION

An attractive feature of polymer nanocomposites is
the promise of significantly improved stiffness and
tensile strength for a minor increase in specific gravity
(SG) over the unmodified polymer. The initial suc-
cesses of polyamide nanocomposites1 have attracted
most of the developmental interest to date, but there is
intense interest in formulating treated clays that are
suitable for polyolefins.2–10 The published information
has also highlighted some of the technical difficulties
in achieving this goal.3 There are claims suggesting
that polypropylene (PP) nanocomposites have been
developed; however, most of the published data sug-
gest that well-dispersed and intercalated clay-modi-
fied polyolefins have been made rather than the more
desirable nanocomposites11 with fully exfoliated clay
particles.

Filled PP, containing 20–40 wt % talc, is used ex-
tensively because of a combination of stiffness, dimen-
sional stability, and, importantly, low cost. A major
interest of this investigation was an evaluation of a PP
nanocomposite that was expected to exhibit signifi-
cantly increased stiffness for a reduction of weight in

comparison with talc-filled polypropylenes (TFPPs).
Material density reduction is a powerful driver for the
development of new materials, and PP-based nano-
composites, which contain only 3–6 wt % of a
nanoscale (�1 nm thick) platy filler, offer a potential
route to this goal. A PP nanocomposite would also
retain all the inherent attractive features of a polyole-
fin, such as moisture resistance and ease of process-
ability. The characterization of the exfoliated state in a
polymer matrix remains a difficult and semiquantita-
tive task. Accordingly, we have used nylon 6 (PA-6)
nanocomposites as a reference material to compare the
state of exfoliation of the nanocomposite in PP.

EXPERIMENTAL

Materials

The modified clay (I.31PS), a nanocomposite concen-
trate (C.31PS), and PP nanocomposite (I.31PS/PP)
compositions were prepared by Nanocor, Inc. (USA).
The treated clay was a free-flowing powder, with a
mean particle size of 10–20 �m, derived from a mont-
morillonite clay treated with a silane coupling agent.
The concentrate and PP nanocomposite were prepared
with highly crystalline polypropylene (HCPP) sup-
plied by Spartec-Polycom (Rochester, NY). The HCPP
material was the same as that used to compound the
talc-filled compositions.

The polymer/clay concentrate was a master batch
containing 50–60 wt % treated clay, and the remain-
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der was made up of maleic anhydride (MA)-modified
PP and HCPP. The nanocomposite was melt-com-
pounded at Nanocor by the master batch being put
into pure HCPP with additional compatibilizer. The
control samples used for comparison were Spartec-
Polycom TFPPs (40% TFPP, 30% TFPP, and 20% TFPP)
and HCPP.

The PA-6-based nanocomposites were obtained
from Unitika, Ltd. (Japan). The material compositions
are proprietary, but both are described as synthetic
nanocomposites derived from an octadecylamine
treatment, or a similar long-chain aliphatic amine
treatment, of a synthetic mica. The M2350 material (2
wt % filler) is simply M1030 (4 wt % filler) melt-mixed
with regular PA-6 (50:50).

Processing and rheology

The melt processing of all polymers was performed
with a DSM Research miniextruder and mini-injection
molder (The Netherlands). TFPPs, PP, and PP nano-
composites (I.31PS/PP) were processed for 1 min at
300 rpm at 185°C. The PP nanocomposite was also
processed with a 5-min extended processing cycle at
185°C. Additional blends of PP and the PP nanocom-
posite concentrate (C.31PS) containing 90, 80, and 70
wt % HCPP were subjected to a 5-min, 300 rpm mixing
cycle at 185°C. The sample size was approximately
3–4 g for each melt-compounding operation. The sam-
ples were molded as both tensile bar-shaped coupons
(5 mm � 90 mm � 1.5 mm) and uniform slabs (12 mm
� 60 mm � 2 mm). The mold temperature was 40°C.

Mechanical properties

Tensile testing was performed with an MTS 830 with
a 225-kg (500-lb) load cell and a strain rate of 0.1
cm/cm/min with an initial gauge length of approxi-
mately 2.54 cm. Flexural testing was performed with
an MTS 830 with a 22.5-kg (50-lb) load cell and a
crosshead speed of 1.25 mm/min. A 2.54-cm span
length was used on uniform coupons (12 mm � 60
mm � 2 mm). ASTM methods D 638 and D 790 were
used for this study.

Analytical procedures

Differential scanning calorimetry (DSC) was per-
formed with a PerkinElmer series 7 calorimeter at a
heating rate of 10°C/min. The melting point is re-
ported as the maximum of the melting endotherm.
The heat of fusion was measured with respect to an
indium standard. The samples were taken from cou-
pons molded on a DSM miniextruder.

Dynamic mechanical thermal analysis (DMTA) was
performed with a Polymer Laboratories DMTA Mk III
over a temperature range of �70 to 130°C and at a

heating rate of 1.5°C/min. Coupons (12 mm � 60 mm
� 2 mm) were set up in a single-cantilever geometry
and subjected to a frequency of 1 Hz.

Thermal mechanical analysis (TMA) was performed
on samples for the determination of the coefficients of
thermal expansion (CTEs) with a TA Instruments
TMA 2940 (Wilmington, DE). The dimensional change
was measured in the longitudinal (flow), crossflow,
and thickness directions at a heating rate of 5°C/min.
The samples were cut from the center of the coupons
and ramped up to 75°C from �40°C. Each sample was
run three times under the same temperature condi-
tions and at the same rate, being cooled rapidly with
liquid N2 after each run.

Thermogravimetric analysis (TGA) was used to ob-
tain correct weight percentages of talc and Nanocor
clay in samples tested with a TA Instruments HI-
Resolution TGA 2950. The samples, taken from
molded coupons, were analyzed in the high-resolu-
tion mode and heated in air, up to 1000°C, at a rate of
50°C/min.

X-ray diffraction (XRD) was performed on molded
samples with a Siemens D500 at a low angle. Trans-
mission electron microscopy (TEM) analysis was per-
formed with a Phillips 430T microscope operated at an
accelerating voltage of 150 kV. TEM samples were
obtained as 90-nm-thick microtomed sections.

SG was measured by Archimedean methods with
methanol. Coupons were weighed dry and in a sub-
merged state in methanol. The volume displaced by
the slabs in methanol was calculated from the density
of methanol (0.791 g/cm3):

�Wd � Wm�/Dm � V (1)

Wd/V � SG (2)

where Wd is the weight of a dry sample in air, Wm is
the weight of a sample in methanol, Dm is the density
of methanol, and V is the volume of a sample.

Permeability measurements, with toluene as the dif-
fusing molecule, were performed on uniform coupons
(12 mm � 60 mm � 2 mm) according to procedures
described in the literature.12 Coupons were weighed
dry in air, and the average thickness (h) was deter-
mined. After full immersion in toluene at 25°C, the
uptake was recorded gravimetrically as a function of
time with a closed weighing bottle and a balance
capable of measuring to an accuracy of 10�5 g. The
samples were carefully dried with paper cloth before
being weighed and were quickly placed back into
toluene. An analysis of the data was performed in the
same way as that described.12 Therefore, by measur-
ing the increase of mass (Mt) as a function of time t
and plotting this as Mt/M� versus (t/h2)1/2, we ob-
tained a straight line of slope 4(D/�)1/2, from which
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the diffusion coefficient (D) could be determined. The
permeability coefficient (P) of a material is

P � DS (3)

where S is the equilibrium solubility (g/g).

RESULTS AND DISCUSSION

Morphology and clay exfoliation

Previous studies1–11 have already alluded to the utility
of XRD and TEM for qualifying the degree of exfolia-
tion of the clay in a polymer. For example, XRD is

Figure 1 XRD patterns of the base PP resin, HCPP, treated clay (I.31PS), and PP nanocomposite (I.31PS/PP).

Figure 2 TEM micrographs of the PP nanocomposite (I.31PS/PP).
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used to examine the intercalation and exfoliation of
clay by monitoring the reflections from the silicate
layers in the clay. The XRD pattern of the treated clay
by itself, which obviously has no significant crystalline
reflections from PP, is shown in Figure 1. It has a
major reflection at approximately 2� � 3.5° associated
with a d-spacing of 2.6 nm (26.1 Å). The XRD pattern
of the clay in the PP nanocomposite, also shown in
Figure 1, indicates a significant reflection at approxi-
mately 2� � 3°, which corresponds to a d-spacing of
3.0 nm. A fully exfoliated nanocomposite would show
no peaks in this region; however, an increased d-
spacing indicates a wider separation of the silicate
layers associated with polymer intercalation. The XRD
patterns from the blends (10:90, 20:80, and 30:70) made
from the concentrate and HCPP are similar to that of
the PP nanocomposite, except that the peak associated
with the clay progressively shifts to slightly smaller
d-spacings. The latter signifies less efficient intercala-
tion of PP into the galleries of the clay.

The crystalline reflections at approximately 2�
� 14–19° originate from PP. The PP nanocomposite
has a slightly different intensity of reflections than
pure PP, and this indicates modification of the crys-
talline habit of PP in the PP nanocomposite. The dif-
ferences do not appear as strong as that typically

reported for PA-6. The main reflection at approxi-
mately 2� � 16°, which is associated with the less
ordered �-crystalline form,13 appears to be reduced in
the nanocomposite.

TEM micrographs shown in Figure 2 also support
the inference of an intercalated PP nanocomposite
rather than a fully exfoliated nanocomposite. The mi-
crographs indicate a well-dispersed morphology with
incomplete exfoliation. A sample subjected to ex-
tended melt processing for 5 min showed no differ-
ences. Although not shown here, the TEM micro-
graphs that we obtained from the PA-6 nanocompos-
ite showed a typical exfoliated structure similar to that
reported in the literature.

Permeability of the polymer nanocomposites

Although evaluating the permeability of the compos-
ites was not a major objective of this study, measure-
ments were performed to assist in their characteriza-
tion. Additionally we have found that permeability
can be an excellent indicator of intercalation versus
exfoliation.

The foundation for the dramatically improved bar-
rier performance of nanocomposites has been inter-
preted14 mathematically, as shown by eq. (4). The
major influence on permeability is caused by a signif-
icant reduction of D. For an impermeable filler of
volume fraction �d, the composite permeability (PC) is
expressed in terms of a simple tortuosity factor (�):

PC/Pm � �1 � �d�/� (4)

� � 1 	 �L/2W��d (5)

where L and W denote the length and thickness of the
platelets. For high aspect ratios, only a small quantity
of filler causes a significant reduction in permeability.
The equations describe a random orientation of parti-
cles so that any orientation of the platelets perpendic-
ular to the transport direction would enhance barrier
performance even further.

The measurements of the methanol permeability in
the PA-6 M1030 (2.1 � 10�14 m2 s�1) nanocomposite
indicate a greater than 10-fold reduction of permeabil-
ity in comparison with that of an unmodified PA-6
(27.2 � 10�14 m2 s�1), clearly demonstrating the effi-
cacy of exfoliation on reducing permeability. The re-

Figure 3 Uptake of toluene in PP and the PP nanocompos-
ite (I.31PS/PP).

TABLE I
Measured Values of D, S, and P in Toluene at 25°C

D (m2 s�1) S (g/g) P (m2 s�1)

Base PP (HCPP) 7.8 � 10�13 0.117 9.1 � 10�14

I.31PS/PP 3.1 � 10�12 0.147 4.6 � 10�13

I.31PS/PP (5-min extended process) 3.2 � 10�12 0.147 4.8 � 10�13
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sults shown in Figure 3 and Table I clearly indicate an
increased permeability to toluene in the PP nanocom-
posite in comparison with unmodified PP. This is
almost certainly caused by the addition of the less
crystalline MA–PP during melt compounding; how-
ever, the results support the conclusion of a well-
dispersed, intercalated PP nanocomposite rather than
a fully exfoliated composite. There was no difference
observed between the nanocomposite processed with
an extended mixing time and that processed under
normal conditions. Evidently, increased time of shear-
ing in the melt has little effect on the exfoliation of clay
in PP.

The question of the miscibility of MA–PP with PP
has not been addressed. If the MA content is relatively
small, miscibility should be expected. This particular
property may have a bearing on the exfoliation of the
clay; however, in the absence of additional informa-
tion, it remains an uncharacterized feature of the
study.

Thermal properties

Table II summarizes the melting behavior, obtained by
DSC, of some of the materials. Although the individ-
ual thermograms are not shown, all materials exhib-
ited a single melting endotherm and a constant melt-
ing temperature (�164°C). The degree of crystallinity
of the polymer, as indicated by the heat of fusion, was
also essentially constant once the mass balance of the
polymer and filler was taken into account. Increased
nucleation, caused by the filler particles, produced a
shift to a higher temperature of the peak temperature
of the crystallization exotherm on cooling from the
melt.

TMA was applied to characterize the CTEs of the
nanocomposite with respect to the HCPP and talc-
filled materials. The results shown in Table III repre-
sent data as multiple scans of the same sample taken
in three directions relative to the flow direction during
molding. The recorded data were reasonably linear
over the temperature range investigated. The CTEs
were recorded from 0 to 60°C; for pure HCPP mea-
sured in the flow direction, the CTE was measured to
be 1.19 � 10�4/°C. The latter can be compared with a
reference value (Moldflow database) of 0.944 � 10�4/
°C.

There are differences between the data from the
various orientations; however, the highly talc-filled
materials generally possess the lowest expansivity.
The data indicate that the nanocomposite has proper-
ties comparable to those of 20 wt % TFPP, but the
nanocomposite was found to have a slightly higher
expansivity in the thickness direction. No study has
been made to establish if the orientation of the clay
platelets occurs to any significant extent. This would
be expected to be a cause of anisotropic thermal ex-
pansion.

The PA-6 nanocomposite (M1030) has a literature
CTE of 5.3 � 10�5/°C; the CTE is 7–10 � 10�5/°C for
a general-purpose PA-6. The molding conditions and
orientation may affect these values, but it is apparent
that in a fully exfoliated state, the thermoplastic nano-
composite can exhibit a significant reduction in the
CTE, and this suggests a strong filler-particle/matrix
interaction.

The results from DMTA for PP nanocomposites fab-
ricated by different routes are shown schematically in
Figures 4 and 5. The peak in the loss modulus, asso-
ciated with the glass-transition temperature (Tg), is

TABLE II
Summary of Material Thermal Properties

Material
%

Ash
Melting point

(°C)
Heat of fusion

(J/g)

Crystallization
exotherm maximum

(°C)

Crystallization
exotherm

(J/g)

Base PP (HCPP) 0.098 164 101 123 98
I.31PS/PP 4.120 163 91 119 91
I.31PS/PP extended — 163 91 120 92
20% TFPP 20.03 163 78 128 78
30% TFPP — 165 68 131 70
40% TFPP 39.81 164 54 133 61

TABLE III
CTE (0–60°C)

PP
� 10�4 (°C)

I.31PS/PP
� 10�4 (°C)

20% TFPP
� 10�4 (°C)

30% TFPP
� 10�4 (°C)

40% TFPP
� 10�4 (°C)

Flow direction run 3 1.19 0.97 0.97 0.74 0.63
X-Flow direction run 3 1.31 1.24 1.18 0.96 0.87
Thickness run 3 1.31 1.53 1.45 1.42 1.23
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around 0°C for PP and is unaffected by the presence of
the clay. When a fully exfoliated nanocomposite is
produced, the particles do not behave like typical filler
particles. They have the ability not only to impart a
higher heat deflection temperature but also to increase
the measured Tg. Figure 6 summarizes DMTA data for
PA-6, M2350, and M1030 nanocomposites. Both TEM
micrographs and wide-angle X-ray scattering studies
have indicated complete exfoliation of the nanocom-
posite particles. The increase (10–15°C) in the maxi-
mum of log E	(Tg) in the nanocomposites (where E	 is
the dynamic mechanical loss modulus) over that of
regular PA-6 is accompanied by a significant increase
in stiffness (log E
, where E
 is the dynamic mechan-
ical storage modulus) that is persistent even to rela-
tively high temperatures. Moreover, the maxima of
the secondary or � relaxations, which are associated

with very small-scale molecular motions, are shifted to
higher temperatures in the nanocomposites, and this
confirms the molecular scale origin of the effects of the
nanoparticulate.

This is consistent with the morphological data dis-
cussed previously and also contrasts with the reported
behavior of PA-6 nanocomposites, which exhibited an
upward shift of approximately 10–15°C in Tg.1 For
PA-6, the latter behavior has been attributed in part to
the complete exfoliation of the clay. The peak in Figure
5 at approximately 45°C becomes larger as the clay
(concentrate) content increases and is associated with
the increased MA–PP content that is present in the
concentrate.

A summary of the response of the storage modulus,
which correlates directly with the stiffness or flexural
modulus, indicates that the PP nanocomposite is very

Figure 4 E	 of HCPP and nanocomposite blends with PP.

Figure 5 E
 of TFPP and PP nanocomposites (I.31PS/PP).
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similar to 20% TFPP. As the temperature increases up
to 75°C, the clay has little influence in preserving the
stiffness of PP. Once again, this behavior contrasts
markedly with that observed in the PA-6 nanocom-
posites shown in Figure 6. The extended processing
cycle appears to have little effect on the response to
DMTA, and this indicates that the increased mixing
time has little influence on dispersion and that the
nanocomposite is thermally stable.

SG

The measured values of SG are shown in Figure 7. The
20, 30, and 40 wt % TFPPs have values of 1.06, 1.15,
and 1.24 g cm�3, respectively, all of which are in good

agreement with the specification values. This is also
true for PP, which has a measured SG of 0.91 g cm�3

and a specification value of 0.89–0.93 g cm�3. The
nanocomposite has a measured increase of only 0.02 g
cm�3, which corresponds to weight savings of 12.3
and 25% for the 20 and 40 wt % TFPPs, respectively.
The blend of 40 wt % TFPP with the PP nanocompos-
ite (see Table IV) has a measured SG of 1.08 g cm�3.
The latter result signifies weight savings of 6 and 13%
over the 30 and 40 wt % TFPPs, respectively; as dis-
cussed later, this provides a mechanical performance
similar to that of 30 wt % TFPP.

Mechanical properties

The tensile and flexural properties are summarized in
Table IV. A selection of the tabulated properties, de-
rived only from the data obtained from the DSM mini-
molder, are also shown schematically in Figure 8. All
the samples had an extension at break greater than
50%. The data in Table IV include measurements un-
der different test conditions and from different sample
preparations for comparison.

The test specimens made with the DSM mini-injec-
tion molder were not intended to provide definitive
mechanical property data; however, we have the ad-
vantage of comparing our results with data obtained
from small, 2-mm-thick ISO bars that were cut from
plaques molded for a rigorous study15 of talc-filled
materials. The data in Table IV indicate that the agree-
ment in the measurements of the tensile moduli for the
TFPPs with these different fabrication and test proto-
cols is very good. Therefore, we believe that the data
comparison within the set including the nanocompos-
ite is very good and that the data are in close agree-
ment with more conventional sample preparation pro-
cedures.

Figure 6 Log E
 and log E	, measured at 1 Hz by dynamic mechanical analysis, of PA-6 and PA-6 nanocomposites containing
2 (M2350) and 4 wt % (M1030), respectively, of a nanoparticulate.

Figure 7 SG of PP nanocomposites and TFPPs.

POLYPROPYLENE NANOCOMPOSITE 1645



Reports in the literature6 have indicated that the
flexural modulus of a PP nanocomposite increased to
2.1 GPa from 1.5 GPa of unmodified PP.

The flexural data in Table IV indicate a modest
improvement, particularly with respect to the modu-
lus. We suspect that the value of 1.89 GPa that we have
recorded for the flexural modulus of HCPP may be
unusually high. The values recorded for the maximum
tensile stress or tensile strength are in reasonable
agreement with literature values.15 The nanocompos-
ite materials retain their tensile strength or have a
slightly improved tensile strength in comparison with
the talc-filled materials.

Some mechanical testing at elevated temperature
was also performed. The ambient flexural modulus of
the PP nanocomposite was measured to be 2.13 GPa.
The modulus was found to decrease to 1.3 GPa at
approximately 49°C (120°F) and reflects observations
noted during the DMTA studies. The latter contrasts

with a value of 1.2 GPa measured at a 2.5-mm deflec-
tion for a 20 wt % talc-filled sample. The tensile
strengths at yield at the ambient temperature and 49°C
for the nanocomposite were recorded to be 38.9 and
27.4 MPa, respectively. We report a value of 25.7 MPa
at 49°C for 20 wt % TFPP, once again indicating the
slightly better performance of the PP nanocomposite
at an elevated temperature.

Formulations derived from the concentrate (10, 20,
and 30 wt %) and HCPP, without added compatibi-
lizer, were found to increase the tensile modulus at
each increment. The latter formulations correspond to
clay levels of approximately 5, 10, and 15 wt %, re-
spectively, and this is a considerably greater scaling of
the filler content than that produced in the increase in
the tensile modulus. A formulation based on the con-
centrate, PP nanocomposite, and 40 wt % TFPP indi-
cated a tensile modulus comparable to that of 30 wt %
TFPP. The latter result suggests a number of options in
blending talc and nanocomposite fillers to tailor a
balance of stiffness and density.

CONCLUSIONS

The PP nanocomposites prepared in this work have
been shown to offer improved stiffness and tensile
modulus without the penalty of increased density that
usually accompanies a mineral-filled polymer. How-
ever, we have found distinct morphological differ-
ences between the PP nanocomposite examined here
and typical polyamide nanocomposites in which com-
plete exfoliation can dramatically improve some me-
chanical properties. XRD and microscopy have shown
the composite to possess well-dispersed clay particles
intercalated by the polymer. Complete exfoliation, or
dispersion of the silicate layers of the clay into indi-
vidual platelets, is largely absent. This has also been

TABLE IV
Mechanical Properties of PP Materials and PP Nanocomposites at 25°C

Sample

Tensile
maximum

load (N)

Tensile
maximum

stress (MPa)

Tensile
modulus

(GPa)

Flexural
maximum

load (N)

Flexural
maximum

stress (MPa)

Flexural
modulus

(GPa)

PP 290 38.1 1.97 84 67.9 1.89
I.31PS/PP 296 38.7 2.38 83 66.3 2.13
I.31PS/PP (extended process) 308 40.2 2.40 — — —
40% TFPP (50%), C.31PS

(5%), I.31PS/PP (45%) 282 37.6 3.11 81 64.3 2.75
20% TFPP 269 (294) 35.2 (30.6) 2.34 (2.38) 78 61.0 [42.3] 2.27 [2.99]
30% TFPP 270 (307) 35.3 (32) 3.13 (3.15) — — —
40% TFPP 259 (302) 33.9 (31.7) 3.65 (3.66) 73 57.9 [44.1] 3.29 [4.67]
C.31PS (10%)/PP (90%) 304 40.7 2.43 — — —
C.31PS (20%)/PP (80%) 305 41 2.71 — — —
C.31PS (30%)/PP (70%) 302 40.2 2.92 — — —

Parentheses indicate a strain rate of 0.1 cm/cm/min and ISO bars cut from injection-molded plaques in the flow direction
measured at room temperature. Brackets indicate a flexural ramp rate of 0.05 in./min, a span of 2.0 in; LVDT, displacement
(0–0.015 in.) was used, and the sample was cut from injection molded plaques in the flow direction measured at room
temperature.15

Figure 8 Tensile and flexural moduli of PP and PP com-
positions.
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confirmed by permeability measurements in toluene
demonstrating no improvement in the permeability
between the nanocomposite and the base PP. In the
context of additional studies16 on polyamide-based
nanocomposites, we propose that permeability mea-
surements may be useful in characterizing the state of
exfoliation of the nanocomposite filler in a polymer.

The melting behavior and Tg are unaffected with
respect to those of the base PP and TFPP. This con-
trasts markedly with the known behavior observed in
polyamide nanocomposites, for which an increase of
approximately 10°C in Tg has been measured, and
again signifies important differences in the morphol-
ogies of these nanocomposite materials. DMTA indi-
cates that the stiffness of the PP nanocomposite, from
0 to 70°C, is comparable to that of 20 wt % TFPP.

The mechanical performance of the PP nanocom-
posite shows a significant improvement over the base
material, and the improvements are comparable to
those reported in the literature. The benefits are not as
great as those reported for PA-6-based nanocompos-
ites, and the reason for this probably resides with the
incomplete exfoliation of the treated clay. The me-
chanical properties, such as the flexural modulus and
tensile strength of the PP nanocomposite, are at least
comparable to those of 20 wt % TFPP. SG measure-
ments have shown that the latter can be achieved with
a 12% mass saving. A melt-compounded hybrid blend
of the nanocomposite and 40 wt % TFPP has been
shown to have mechanical properties representative
of a 30 wt % talc-filled material and to be accompanied
by a 6 wt % weight reduction.
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