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ABSTRACT

Polypropylene (PP)/multi-wall carbon nanotubes (MWNTSs) nanocomposites were prepared by diluting a
PP/MWNT masterbatch by melt compounding with a twin screw extruder and prepared nanocomposites
were characterized for their rheological, mechanical and morphological properties in terms of MWNT load-
ing. The rheological results showed that the materials experience a fluid-solid transition at the composi-
tion of 2 wt.%, beyond which a continuous MWNT network forms throughout the matrix and in turn
promotes the reinforcement. The tensile modulus and yield stress of the nanocomposites are substantially
increased relative to the neat polypropylene. Nanotube reinforcement thus enhanced the yield stress, while
reducing the ductility. The same behavior is observed in flexural tests. Charpy impact resistance of the
notched samples increases slightly by the addition of MWNT, while impact resistance for the un-notched
samples decreases with the addition of MWNTs. Finally, optimum in mechanical properties was observed
at 2 wt.% MWNTs, which is near the rheological percolation threshold. From transmission electron micro-
scopic (TEM) and scanning electron microscopy (SEM) images, it was observed that nanotubes are distrib-
uted reasonably uniformly indicating a good dispersion of nanotubes in the PP matrix. These results reveal
that, preparation of nanocomposites from masterbatch dilution is an excellent method to obtain well-dis-

persed CNTs, while limiting the handling difficulties in plastics processing industrial workshops.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Carbon nanotubes (CNTs) have generated a great deal of interest
since lijima announced his discovery of CNTs using high resolution
TEM in 1991, due to their excellent physical and mechanical prop-
erties [1]. Since CNTs are known to have an extremely high Young’s
modulus and tensile strength [2], they tend to be used as reinforce-
ment in polymers to form nanocomposite materials [3,4]. Carbon
nanotubes have a tendency to form agglomerates during synthesis
because of van der Waals attraction between nanotubes. In the
composites, these agglomerations decrease the surface area and
disturb the formation network structure which is essential to im-
prove mechanical properties and the main task of processing is
to dissolve such agglomerates as good as possible. Therefore, uni-
form dispersion of the nanotubes is required to realize the poten-
tiality of the nanotubes as reinforcing fillers [5-10]. Common
methods for the preparation of CNT filled polymer composites in-
clude in situ filling polymerization [11], solution mixing [12] and
melt blending [13]. In situ polymerization and solution mixing
techniques have many limitations, including that they may not
be commercially viable and are environmentally contentious. On
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the other hand melt processing of nanocomposites provides the
cost effectiveness, fast production and environmental benefits
due to free of solvents and therefore, this technique is a promising
method to produce CNT based nanocomposites as the tendency of
CNTs to form aggregates may be minimized by appropriate appli-
cation of shear during melt mixing [3]. Among several melt mixing
processes, extrusion process has captured considerable interest
due to its industrial importance and its ability to disperse the
nanotubes in a polymer matrix [14]. Among the most versatile
polymer matrices, polyolefins such as PP is the most widely used
thermoplastics in food packaging, automobile and other industrial
sectors because of its well-balanced physical and mechanical prop-
erties and easy processability at a relatively low cost that makes
them a excellent material [15]. Therefore, PP has been a popular
matrix used to reinforce both single-wall [16-18] and multiwall
[19-21] nanotubes. The reported results for these nanocomposites
have been mixed, especially for mechanical properties, where
Bhattacharyya et al. [16] reported no significant improvement in
mechanical properties, and others have shown moderate improve-
ments in tensile strength, but decreased toughness [18]. Most re-
cently, Zhao and co-workers [22] reported the substantial
increase of tensile modulus (Young's modulus) and strength by
adding small amount of MWNTs to PP matrix. However, the addi-
tion of CNTs can cause significant change of viscoelasticity for the
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nanocomposites. Much research has been done on the rheological
behavior of polyolefins/nanotube nanocomposites. Some research-
ers reported a transition to solid-like response at low oscillation
frequencies in polymer nanocomposites containing carbon nano-
tubes [23-27]. This non-terminal solid-like rheological behavior
has been attributed to a filler network formed in the nanocompos-
ites. The formation of the network structure is strongly depended
on the concentration and dispersion of nanotubes in polymer ma-
trix [24]. Many properties such as electrical conductivity, mechan-
ical strength and thermal stability are strongly affected by the
network structure which can restrain the mobility of the polymer
chains in polymer/CNT nanocomposites [26]. The extent of prop-
erty improvement in CNT filled polymer composites generally de-
pends on several factors such as volume fraction of fillers,
dispersion of CNTs in polymer matrix, type of polymer employed
and fabrication method, etc.

The prospective widespread usage of CNT in industrial work-
shops will cause emissions to the environment and result in an in-
crease of human exposure to CNT. Upon exposure, CNTs may reach
the lungs they can exert serious toxicity by inflammatory and fi-
brotic reactions [28]. Therefore, handling of CNTs in plastic parts
manufacturing workshops is however often a key issue. These dif-
ficulties represent a cause of concern for human health and indi-
cate that strict preventive and protective measures should be
taken to limit inhalation exposure to CNTs in occupational settings.
Using commercial masterbatch in the production of CNT based
polymer nanocomposites would be a better choice as it offers a
dust free, no health and safety risks in comparison to bulk nano-
tube dispersion process. Other benefits of using masterbatch
include elimination of dispersion difficulties, formulation develop-
ment and easy handling.

Therefore, most of the durable goods manufacturing industries
naturally prefer this processing route and the fluffy MWNT mate-
rial is bounded in the polymer and, thus, easier to handle. Further-
more, the viscosity and, with that, the applied stress to the primary
agglomerates during masterbatch production is quite high due to
the high loadings, whereby the dispersion process is enhanced
[29]. Importantly, the dispersion of MWNT in masterbatches
should be ascertained, the dilution process has to be carried out
under appropriate processing conditions to distribute the filler
and avoid masterbatch aggregates in the nanocomposites. There
are reports in the literature which examine the dilution of MWNT
containing masterbatches [30-41]. However, literature survey re-
veals that, reports on the detailed investigations on the properties
of MWNT/PP masterbatches are limited [42,43] when compared to
the studies of nanocomposites prepared by direct incorporation of
MWNT in PP [16-22,27] and this prompted us to take up this work.
Moreover, distribution of masterbatch and subsequent dispersion
of nanotubes in the polymer matrix after processing needs to be
ascertained. Particularly in case of polypropylene, which has low
interactions with nanotubes, the main problem is that primary
aggregates in the base nanotube material are not wetted and dis-
persed good enough and remains in agglomerates. Therefore, in
the present work polypropylene-multi wall carbon nanotubes
nanocomposites were produced with varying MWNT content by
diluting a commercial PP/MWNT masterbatch in a twin screw ex-
truder. The prepared nanocomposites are characterized for their
rheological and mechanical properties.

2. Experimental methods
2.1. Composite fabrication

Polypropylene (PP)-multi wall carbon nanotubes (MWNT)
nanocomposites were produced by mixing homo PP granules

(Polychim polypropylene with a melt flow index of 12 g/10 min.
at 190 °C) with the commercial masterbatch “Plasticyl-2001” con-
taining 20 wt.% of MWNT produced by extrusion process (supplied
by Nanocyl S.A., Belgium. The specifications of MWNTs in the mas-
terbatch are as follows: average diameter is 9.5 nm, average length
of the nanotubes is 1.5 pm and purity > 90%). The dilution was
done in a co-rotating twin screw clextral extruder at barrel tem-
perature of 195-210°C and at a screw speed of 50 rpm. During
melt extrusion ventilation was kept on to remove trapped air in
composites. After pelletizing, the nanocomposite granules were
compression molded into 4 mm-thick plates using a hydraulic
press at 180 °C during 2 min. for rheological experiments. For
mechanical testing, nanocomposite granules were injection-
molded (using KraussMaffei KM80-160E injection molding ma-
chine) into standard test specimen for tensile, impact and flexural
tests. The temperature profile ranged from 200 to 215 °C and the
mold temperature was kept at 25 °C. The holding pressure and
speed were 300 bar and 100 rpm, respectively with a throughput
of 50 cm?/s. The final nanocomposites contained 1, 2, 3 and
5 wt.% MWNTs in the PP matrix. As a reference, neat PP was also
similarly extruded-injection molded for rheological and mechani-
cal studies.

2.2. Rheological measurements

Oscillatory shear measurements are performed using an
advanced rheometrics expansion system (ARES). Measurements
are carried out using cone and plate geometry (25 mm diameter
0.1 rad cone angle and 0.4554 mm gap) at 180 °C in air. Frequency
sweeps with an angular velocity of 0.1-100 rad/s are performed in
the linear viscoelastic regime at low strain of 5%. Samples are left
to equilibrate for 5 min. prior to measurement.

2.3. Mechanical characterization

Mechanical performance of all compounded materials was eval-
uated from injection molded specimens. Tensile properties of the
molded dogbone specimens were tested using an Instron machine
at a crosshead rate of 20 mm/min. at 25 °C according to the ISO 527
standard. The tensile strength and modulus could be directly ob-
tained from the stress-strain curves by the provided software.
Flexural properties of the nanocomposites were determined by
three point bending tests as per ISO 178 standard at a thickness
to span length ratio of 1:16. Charpy notched and un-notched im-
pact tests were carried out as per ISO 179-1 standard. All the re-
ported values were calculated as averages over five specimens
for each composition.

2.4. Morphological characterization

Samples for electron microscopy were prepared by injection
molding and cryofractured carbon nanotube/polypropylene com-
posite being mounted on a standard scanning electron microscopy.
A thin layer of carbon was sputter deposited onto the sample. Elec-
tron microscopy imaging of the nanocomposite was performed un-
der high vacuum with a Hitachi S-4300SE/N SEM instrument
operating at 5 kV.

For transmission electron microscopy (TEM), ultrathin sections
were cut at ambient temperature with a Leica Reichert FCS micro-
tome and collected on a 300 mesh copper grid. Thickness is of the
ultrathin section is 125 nm. They were examined with a LEO 922
TEM operated at 120 kV and the micrographs were taken using
an energy filter in zero loss mode for an optimal contrast of the
nanotubes.
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3. Results and discussion

The elaboration of polymer nanocomposites by melt blending re-
mains a challenge especially in the case of polyolefins. Due to the
nanometric size and the high aspect ratio of the nanoparticles, the
specific surface area is high and thus responsible of strong interpar-
ticles interactions which make the dispersion in the matrix difficult.
In the case of PP/CNT nanocomposites the weak nanofiller/matrix
interaction and the entanglement of very long nanotubes increase
the difficulty to obtain a well defined network structure. So as to
evaluate the network structure of the elaborated nanocomposites,
rheological measurments have been done. Indeed, the rheological
properties can provide information about the percolated network
structure, the interaction between filler and polymer matrix. More-
over, it is important to evaluate the rheological behavior in order to
understand the effect of the nanotubes on internal structures and
processing properties of polymer/MWNT composites [26]. Fig. 1 rep-
resents the frequency dependence of the storage modulus (G') and
loss modulus (G”) for the PP and MWNT/PP nanocomposites mea-
sured at 180 °C. It is apparent that both the storage and loss moduli
of the nanocomposites increase with increase in MWNT content.
Specifically in the case of PP and 1% MWNT/PP nanocomposites, at
low frequencies PP chains are fully relaxed and exhibit typical homo-
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Fig. 1. (a) Storage modulus (G') and (b) loss modulus (G”) of MWNT/PP nanocom-
posites with frequency sweep as a function of MWNT content at 180 °C.

polymer-like terminal behavior. However, when the nanotube load-
ings reaches 2 wt.%, this terminal behavior disappears and the
dependence of (G') and (G”) on w at low frequency is limited. As
shown in Fig. 13, the G’ starts to develop a plateau at low frequencies
when the nanotube loading reaches 2 wt.%, which is indicative of a
transition from liquid-like to solid-like viscoelastic behavior [26].
This non-terminal low frequency behavior can be attributed to the
formation of an interconnected nanotube network in the polymer.
Therefore, the solid-like (or pseudo-solid-like) behavior can be
attributed to the fact that, as the nanotube content increases in the
polymer matriX, nanotube-nanotube interactions begin to domi-
nate, eventually lead to percolation and the formation of an inter-
connected structure of nanotubes in the matrix as shown by
Potschke et al. [44,45]. One can notice the existence of this percola-
tion threshold at a low content. The low frequency dependence of G’
shows a similar trend as shown in Fig. 1b. However, the correspond-
ing increase in the loss modulus is much lower than that in the stor-
age modulus at a fixed nanotube content. The more limited increase
of the loss modulus G” as the nanofillers content increases was al-
ready reported by Potschke et al. [44] and was attributed to the
insensitivity to the interfacial energy or compatibility between the
polymer and the nanoparticles.

The complex viscosity of pure PP and the nanocomposites mea-
sured at 180 °C as function of angular frequency is shown in Fig. 2.
The pure PP shows a Newtonian behavior at low frequencies with
respect to its complex viscosity whereas the filled samples exhibit
a significant increase in melt viscosity with decreasing frequency.
On increasing the MWNT content the viscosity values increase fur-
ther. The remarkable shift in the shape of the complex viscosity
plots from pure PP to the composite with 2 wt.% MWNT clearly
indicates that a transition from the liquid-like to solid-like behav-
ior has taken place and the system with 2 wt.% MWNT can be re-
garded as rheologically percolated. The above observations are
confirmed by plotting Van-Gurp Palmen plot (Fig. 2b). From
Fig. 2b, one can estimate the filler concentration at which liquid-
solid transition takes place. It is at 2 wt.% of nanotubes. Below this
concentration the curves approach a phase angle of 90° indicating
an viscous behavior, at 2 wt.% of nanotubes the rheological behav-
ior changes from a viscous fluid to an elastic solid indicating a per-
colation threshold [45].

The TEM observations of the 2 wt.% MWNTs filled nanocompos-
ites are presented in Fig. 3 in order to confirm these results. As
shown in Fig. 3a one part of the nanotubes is dispersed individually
while the other part is dispersed as aggregates of different sizes
(Fig. 3b). Dispersion state of nanotubes in PP matrix is also con-
firmed by Fig. 3¢ which shows the dispersion at lower magnifica-
tion. However, the aggregates remain in the nanoscale level with
a size of hundreds nanometers. Nevertheless, SEM observation
(Fig. 4) of cryofractured surface of typical 3 wt.% MWNT filled
nanocomposite also demonstrates the presence of masterbatch
aggregates of several micrometers which might be attributed to
the unperfect mixing of the masterbatch with the neat PP. Indeed,
due to the very high viscosity of the highly filled masterbatch, the
melt blending of the masterbatch and the PP, even with high shear
induced by the twin screw extruder, remains difficult.

The typical tensile stress-strain curves of nanocomposite sam-
ples with respect to their nanotube content are shown in Fig. 5,
including extruded-injection molded PP for comparison. For PP,
the typical behavior of a ductile material is observed with a very
high elongation at break (620%). The strain hardening region ap-
pears at about 400% of elongation and after which tensile strength
increases almost linearly with strain until fracture eventually oc-
curs. Also in case of nanocomposites with lower loading (1 and
2 wt.% MWNT) a ductile behavior is observed with necking, but
with lower strain at fracture and without strain hardening.
Nanocomposites bearing higher nanotube content (3 and 5 wt.%
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Fig. 2. (a) Complex viscosity of MWNT/PP nanocomposites with frequency sweep
as a function at 180 °C. (b) Van-Gurp Palmen plot of MWNT/PP nanocomposites.

MWNT) showed a brittle behavior with breaking after the yield
point. Tensile properties of the fabricated nanocomposites are
shown in Table 1. It was observed that the Young’s modulus and
yield stress of the nanocomposites are substantially increased rel-
ative to the neat polypropylene. The percentage increase of
Young’s modulus is from 26.9% to 40.2% and that of yield stress
is from 17% to 30.3% with an increase of MWNT concentration. In
case of strain at fracture, it decreases linearly from -30% to
—90% as shown in Table 1. Moreover, samples of the neat polymer
and nanocomposites showed neck formation at the yield stress.
However, extent of necking decreases with increase in MWNT con-
tent. It is due to the fact that at higher MWNT content the nano-
tube-rich areas become bigger and tend to show characteristics
of forming an interconnecting network. When such network-den-
sity becomes higher at higher MWNT concentrations they can
potentially lead to intense strain localization because of hindered
plastic deformation/strain of the matrix. The strain localization
around the dense network of nanotubes ultimately causes matrix
cracking due to severe modulus mismatch between polymer and
nanotubes and hence ductile yielding behavior is substantially re-
duced. Therefore, decrease of the ductility at higher nanotube con-
tent might be attributed to the presence of nanotubes aggregates

Fig. 3. Transmission electron microscopic pictures of 2 wt.% MWNT/PP nanocom-
posites. (a) Regions of dispersed nanotubes in PP matrix, (b) regions of nanotubes
agglomerations in PP matrix and (c) low magnification TEM picture showing the
nanotube dispersion.

which act as stress concentrators. Indeed, when MWNTs content
increases the number of aggregates and as a consequence the
nanocomposites become brittle. Nevertheless, obtained results in
the present studies via diluting a masterbatch are found to be sim-
ilar to those obtained with direct mixing of MWNTSs in PP matrix as
reported in the literature [27,46].
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Fig. 4. Scanning electron microscopic pictures of 3 wt.% MWNT/PP nanocomposites
representing a masterbatch aggregates in PP matrix.
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Fig. 5. Tensile behavior: stress-strain diagrams of MWNT/PP nanocomposites.

Table 1
Tensile properties of PP and PP/MWNT nanocomposites.

Material Tensile properties
Modulus (MPa) Yield stress (MPa) Strain at break (%)
Neat PP 1280 +20 28.2+0.5 620+ 15
1 wt.% MWNT/PP 1625 £25 33.2+0.6 436+ 10
2 wt.% MWNT/PP 1728+ 15 35.5+0.5 154 + 08
3swt.%s MWNT/PP 1795 +20 36.8+0.5 64 £ 05
5 wt.% MWNT/PP 2150+ 25 35.25+0.8 12 £02

The flexural strength and modulus of MWNT/PP nanocompos-
ites are shown in Fig. 6. All the tested samples exhibit a bending
without ultimate breaking in the tested strain range. From Fig. 6,
it can be seen that, flexural strength and modulus increased with
increasing nanotube content up to 2 wt.%, but these properties
tend to decrease after 3 wt.% of MWNT content. At higher nanotube
loading (3 and 5 wt.%), decrease in flexural properties has been ob-
served, it may probably due to the fact that the nanotubes formed a
cluster or agglomerate among themselves, resulting in a filler-filler
interaction and lower interfacial properties promoting an internal
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Fig. 6. Flexural properties of PP and PP/MWNT nanocomposites.

shear delamination. Finally, obtained results indicate an existence
of optimum MWNT concentration of 2.0 wt.% where a fine network
of filler is formed as supported by rheological measurements and it
is in accordance with previous literature [43].

Apart from modulus and strength, impact properties are crucial
in polymer applications. Impact properties of the notched and un-
notched samples are shown in Fig. 7. With increasing filler con-
tents impact resistance for the un-notched samples decreases with
increase of MWNTSs content in the PP matrix. Impact strength de-
creased at 1 wt.% nanotube content and decrease was less for
2 wt.% nanotube filled nanocomposites when compared to 1 and
3 wt.% nanotube bearing composites. Decrease was more pro-
nounced in 3 wt.% nanotube filled nanocomposites (Fig. 7). Less de-
crease in impact strength at 2 wt.% nanotube content is probably
attributed to toughening mechanism of nanotubes [47]. More pro-
nounced decrease at higher filler content, i.e. at 3 and 5 wt.% nano-
tube filled nanocomposites is due to the presence of few nanotube
agglomerations in the PP matrix, which provides points of stress
concentrations, thus providing sites for crack initiation.

On the other hand, charpy impact strength for the notched
specimens of MWNT/PP nanocomposites slightly increased as the
MWCNT content increased. However, the notched specimens bear-
ing 2 wt.% MWNT showed 40% increase in impact energy compar-
ing to neat PP. Notched impact behavior is controlled to a greater
extent by factors affecting the propagation of fracture initiated
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Fig. 7. Charpy impact properties of PP and PP/MWNT nanocomposites.
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due to stress concentration at the notch tip. Hence the fiber-pull-
out, fiber fracture and nanotube bridging effect are more distinctly
visible in case of notched impact resistance and this will be dis-
cussed below.

SEM pictures of the cryofractured nanocomposite samples are
shown in Fig. 8. It can be seen from Fig. 8a-c that reasonable dis-
persion of carbon nanotube via simple extrusion process by mas-
terbatch dilution technique. Only few aggregates can be seen in
nanocomposites bearing 3 wt.% MWNTs. Carbon nanotubes were
pulled out during the fracture of the composite, nevertheless there

WD 5.0mm 5.0kV xd5k  lum

J

WD 4.8mm

5.0kV x50k lum

o

WD 4.%um 5.0kV x45k lum

Fig. 8. SEM pictures of cryofractured nanocomposite samples: (a) 1 wt.% MWNT/PP,
(b) 2 wt.% MWNT/PP and (c) 3 wt.% MWNT/PP nanocomposites.

are still few nanotubes in PP matrix indicating some adhesion be-
tween the polymer matrix and the carbon nanotubes as observed
in Fig. 8a.

Fig. 9 represents some of the events of fracture behavior of
nanocomposites under notched impact. It is well known from the

WD 5.6mm 5.0kV x80k 500nm

WD 5.6mm  5.0kV x50k  lum

D 5.4mm 5.0kV x40k lum

Fig. 9. (a) Fracture behavior of notched charpy impact tested samples of 1 wt.%
MWNT/PP. (b) Fracture behavior of notched charpy impact tested samples of 2 wt.%
MWNT/PP. (c) Fracture behavior of notched charpy impact tested samples of 3 wt.%
MWNT/PP nanocomposites.
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literature that for fiber-reinforced polymer composites, fibers
could toughen polymer matrix through several energy-consuming
events, such as fiber fracture, fiber-pull-out and fiber bridging [48].
In the present work, similar features of carbon nanotubes pull-out
(Marked as “A” in Fig. 9a), bridging (Marked as “B” in Fig. 9a and b)
and nanotube fracture (Marked as “C” in Fig. 9c) were observed.
Fig. 9a illustrates the nanotube bridging between the matrix in
the impacted samples containing 1 wt.% MWNTs. Fig. 9b shows
the nanotube holding matrix lumps in high impact energy ab-
sorbed samples, i.e. 2 wt.% MWNTs filled nanocomposites. Agglom-
erations of nanotubes (Marked as “D” in Fig. 9¢) and breaking of
some nanotubes in the nanocomposites with 3 wt.% MWNTs can
be observed in Fig. 9c. These observations clearly support the ten-
sile results presented in Table 1. Increase in impact energy for 1
and 2 wt.% MWNTs filled nanocomposites is due to dispersion
and distribution of individual nanotubes in the matrix. In addition,
nanotube bridging, breaking and pullout can consume additional
energy [49] and the large aspect ratio of nanotubes would cause
complex matrix-filler interaction during nanotube bridging, break-
ing and pullout, which probably promotes the local plastic defor-
mation of matrix. Lowering of impact energy at 3 wt.% MWNTs
filled nanocomposites is due to poor dispersion of individual nano-
tubes and more number of aggregates increases the stress concen-
tration leading to brittle failure. Overall findings suggests that
nanocomposites containing 2 wt.% nanotubes gave a better perfor-
mance, which is probably due to the larger areas containing well-
dispersed nanotubes as indicated by TEM showing only few
agglomerations.

4. Conclusions

Rheological results shows that dynamic moduli and viscosity
were increased with the addition of MWNT into PP. Fluid to solid
transition takes place between 1 and 2 wt.% of MWNT content,
indicating a percolated network structure in the material. Young’s
modulus of the nanocomposites increased by the addition of nano-
tubes. Nanotube reinforcement enhances the yield stress, while
reducing the ductility. Decrease of ductility is less when compared
to classical carbon fiber reinforced PP composites. Flexural proper-
ties of the fabricated nanocomposites increases with nanotube
content and maximum increase was observed for 2 wt.% CNT filled
nanocomposites. Charpy impact resistance increases for notched
samples and decreases for un-notched samples with the addition
of MWNTs. It clearly indicates that nanotubes limits the crack
propagation. But, presence of nanotubes aggregates eases the crack
initiation. Better dispersion of nanotubes could avoid the crack ini-
tiation providing both high strength and ductility to the
nanocomposites.

Microscopic pictures indicate an effective dispersion of nano-
tubes via extrusion process by masterbatch dilution technique.
Thus, preparation of nanocomposites by masterbatch dilution
technique is an excellent method to obtain well-dispersed CNTs,
while limiting the handling difficulties (potential health and safety
hazards) in plastics processing industrial workshops and also offer-
ing a greater flexibility and cost-effective adaptation ability of the
nanofiller content to focused applications. This opens the way to a
wider industrial utilization of these materials. Further studies on
the relationships between melt processing conditions and MWNT
dispersion and distribution with detailed investigation on thermal
properties is underway in our laboratory.
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