
1. Introduction
Nowadays, plastics have replaced metals and
become the material of choice in electronic compo-
nents because they have higher flexibility, lighter
weight, better colorability and higher cost effective-
ness [1, 2]. The function of antistatic agent is to pre-
vent the build-up of static electrical charge due to
the transfer of electrons to the material surface.
Electrostatic charging of composites can lead dust
deposition, electric shocks and damages in elec-
tronic equipment [3]. Antistatic agent is able to dis-
sipate or promote the decay of static electricity. In
addition, an antistatic agent could improve process-
ability, mold release, and give better internal and

external lubrication. The antistatic agents are gen-
eral ‘soap like’ molecules with a hydrophobic and a
hydrophilic part. The hydrophilic part may consist
of fatty acid esters, ethoxylated amine and phos-
phate esters which can migrate to the surface and
attract a layer of water. This could lead to the
enhancement of surface conductivity of a polymeric
material [3]. The main function of the antistatic
agent is to promote a conductive channel. A contin-
uous water layer will be formed due to the attach-
ment of vapor to the surface of the antistatic agent.
The conductivity of the water layer increased when
the number of ions increases, resulting in better anti-
static properties of the polymeric materials [4–5].
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Polypropylene (PP) is one of the most widely used
polyolefin polymers because of its low cost, low
density and high specific properties. The PP blends
and composites find wide application in automotive
parts, extruded profiles, cable insulation, footwear,
and packaging industry. Clay minerals are com-
posed of silicate layers with the fundamental unit in
1 nm thickness planar structure [6]. Montmoril-
lonite (MMT) is a valuable mineral and is widely
used in many industrial applications because of its
high aspect ratio, plate morphology, natural abun-
dance and cost effectiveness. The expandable lay-
ered silicates of MMT can be intercalated and/or
exfoliated by polymer chain to form nanocompos-
ites [7]. The dispersion of organically modified lay-
ered silicates (organoclay) in PP induces enhance-
ment in mechanical properties, flame resistance,
heat distortion temperature and barrier properties.
Furthermore, these improvements are achieved at
clay loadings as low as 5 wt% [8, 9]. For non-polar
polymers such as polyethylene (PE) and PP, the
interaction between polymer chains and MMT sur-
face is relatively weak and the polymer chains are
difficult to intercalate into MMT. Therefore, com-
patibilizers were often added to increase the degree
of interaction between polymer chains and MMT
[10, 11]. The properties improvement of nanocom-
posites is correlated with the intercalation/exfolia-
tion and dispersion of clay layer silicate in polymer
matrix. Exfoliation of polymer in layered silicate
depends on several factors such as types of clay,
organic modifier, and polymer matrix [12, 13]. In
general, for PP/clay nanocomposites, a functional-
ized polymer such as PP grafted with maleic anhy-
dride (PPgMAH) is added to improve the interfa-
cial interaction and compatibility between PP and
clays. It is believed that the enhancement of the PP
properties depends on the molecular weight and
grafting degree of PPgMAH and the relative ratio
of PPgMAH/clay. Low grafting percentage of
PPgMAH (typically 0.5–2%) hardly enhances the
compatibility significantly. While, too much of
PPgMAH may lead to the deterioration of
nanocomposites properties [14].
In this work, the PP/OMMT compounds were first
prepared by melt blending of PP, OMMT and
PPgMAH. The aim of this study is to evaluate the
effect of antistatic agent on the mechanical proper-
ties, morphology and surface resistivity of
PP/OMMT nanocomposites. It is believed that the

antistatic agent can be intercalated into the inter-
layer spacing of OMMT silicate layers, and thus
reduce the migration of antistatic agent from the PP
nanocomposites. As a result, the antistatic effects
can be maintained for a longer time.

2. Experimental

2.1. Materials

PP copolymer (SM240) was supplied by Titan (M)
Sdn Bhd. The MFI and density of PP is 25 g/10 min
and 0.9 g/cm3, respectively. The OMMT (1.30P)
was supplied by Nanocor, USA. PPgMAH with a
percentage of MAH 1.47% was supplied by East-
man Chemical, USA. The antistatic agent (Irgastat
P 18) based on polyamide/polyether block amide
was supplied by Ciba Specialty Chemical (M) Sdn
Bhd. PP containing 3, 6, and 9 wt% of antistatic
agent (AA) is designated as PP/AA3, PP/AA6 and
PP/AA9, respectively. PP/OMMT compounds
[denoted as (PP/OMMT)MB] were first prepared
by mixing PP, OMMT and PPgMAH at a ratio of
87:3:10. The PP/OMMT nanocomposites contain-
ing 3, 6, and 9 wt% of AA is labeled as PP/
OMMT/AA3, PP/OMMT/AA6 and PP/OMMT/
AA9, respectively.

2.2. Preparation of PP nanocomposites

2.2.1. Co-rotating twin-screw extrusion

Prior to extrusion, OMMT, PPgMAH and antistatic
agent were dried in an oven for 3 hours at 80°C.
The extrusion processes of PP/AA blends and
PP/OMMT/AA composites were carried out using
a co-rotating twin screw extruder (model PSM 30,
Sino Alloy, Taiwan) with a L/D 40 and intermesh-
ing screw configuration. The screw speed was set at
150 rpm. The processing temperature was set in the
range of 155–175°C. Further, the PP/OMMT/AA
composites were prepared by mixing (PP/OMMT)
MB with the antistatic agent at three different load-
ings, i.e. 3, 6 and 9 wt%.

2.2.2. Mini vertical injection molding 

The PP samples were prepared by using a mini ver-
tical injection molding (model RR/TSMP, Ray-Ran
Test Equipment LTD, United Kingdom). The bar-
rel temperature was set in the range of 180–185°C.
The mold temperature was set at 80°C.
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2.3. Materials characterization

2.3.1. Tensile tests

The samples were prepared by compression mold-
ing method. Dumbbell specimens were cut from
1 mm thickness compression-molded sheet. Tensile
test was carried out with an Instron tensile machine
(model 3366, USA) at 27°C (50% relative humid-
ity), according to ASTM D638, at a crosshead
speed of 50 mm/min. Tensile modulus, tensile
strength and elongation at break of the PP samples
were evaluated from the stress-strain data. 

2.3.2. Impact tests

The Charpy impact strength of PP samples was
determined according to ASTM D5942 by using a
pendulum impact machine (Zwick, USA). The
Charpy impact tests were done for both un-notched
and single-notched specimens at room temperature.
A pendulum with 7.5 J was selected for the impact
tests. For unnotched specimen, the Charpy impact
strength (acU), was calculated using Equation (1).
For single-notched specimens, the Charpy impact
strength (acN) was calculated using Equation (2):

(1)

(2)

where W – corrected energy absorbed by breaking
the test specimen [J], h – thickness of the test
specimen [mm], b – width of the test specimen
[mm], bN – remaining width at the notch base of
the test specimen [mm].

2.3.3. Field emission scanning electron
microscopy (FESEM)

The fracture surface of PP/OMMT composites was
investigated using a field emission scanning elec-
tron microscopy (FESEM, Zeiss Supra 35VP) at an
accelerator voltage of 15 kV. The fracture surface
of the PP specimens was sputter-coated with a thin
gold-palladium layer in vacuum chamber for con-
ductivity before examination.

2.3.4. X-ray diffraction (XRD)

X-ray diffraction (XRD) analyses of OMMT,
(PP/OMMT)MB and PP/OMMT/AA composites
were performed on a Siemens Diffractometer
D5000 machine (Germany) using CuKα radiation.
The samples were scanned in a fixed step size,
0.040° with a step time of 10 s in the range of
2–10°. The d-spacing (d) of the interlayer gallery of
OMMT and the PP/OMMT nanocomposites was
calculated by using Bragg’s Law (c.f. Equa-
tion (3)):

(3)

2.3.5. Surface resistivity tests

Surface resistivity tests of the PP samples were car-
ried out according to ASTM D-257-99 using
Advantest R8340 Ultra High Resistance Meter. The
surface resistivity of PP composites (before and
after exposure to room temperature for
3–6 months) was determined by using Equa-
tion (4). The thickness of specimen, test voltage
and test time is 1mm, 500 V and 1 min, respec-
tively (Equation (4)):

(4)

where, ρs – surface resistivity [ohm/sq], Rs – sur-
face resistance [ohm], π – ratio of the circumfer-
ence of a circle to its diameter equal with 3.14, D –
inside diameter of guard electrode [cm], d – diam-
eter of main electrode [cm].

3. Results and discussion

3.1. Tensile properties

Figure 1 shows the effect of antistatic agents (AA)
on the tensile modulus of PP and (PP/OMMT)MB.
The tensile modulus of PP was increased by the
addition of OMMT. This is due to the reinforcing
effects of OMMT layered silicates. According to
Ding et al. [15], the uniformly dispersed MMT tac-
toid with intercalated structures could significantly
increase the mechanical properties of a polymer
composite even at a low content of OMMT fillers.
The OMMT filler could influence the orientation of
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the lamella in the polymer crystalline [16]. The
increment of degree of crystallinity could lead to
the enhancement of stiffness and modulus of the
PP. Similar observation also reported for various
different types of polymer/clay nanocomposites.
The tensile modulus of polyamide 6/polypropylene
(PA6/PP) blend was increased by the addition of
organoclay. This is due to high stiffness of silicate
layers, the large aspect ratio and surface area of sil-
icate layers and constraining effect of these layers
on molecular motion of polymer chains [17, 18]. In
Figure 1, it can be also observed that the tensile
modulus of PP was slightly increased by the addi-
tion of antistatic agent compare to pure PP. How-
ever, the increments of tensile modulus are not
significant between PP and PP/AA. The tensile
modulus of (PP/OMMT)MB was decreased by the
addition of antistatic agents. Note that the tensile
modulus of antistatic agent is 88.9 MPa. The anti-
static agent is more flexible than (PP/OMMT)MB.
Thus, the addition of antistatic agents could lead to
the reduction of tensile modulus of PP/OMMT
composites. According to Kusmono et al. [17], the

tensile modulus of PA6/PP nanocomposites was
reduced by the addition of SEBS-g-MA due to the
elastomeric nature of the SEBS-g-MA. Figure 2
shows the effect of antistatic agents (AA) on the
tensile strength of PP and (PP/OMMT)MB. The
tensile strength of (PP/OMMT)MB is relatively
higher than that of PP. This is attributed to the
improved interfacial interaction between PP and
OMMT in the presence of PPgMAH. According to
Mishra et al. [19], the intercalation of polymer
chain inside silicate layers leads to an increase in
the surface area of interaction between clay and
polymer matrix. Hence, the tensile strength of the
nanocomposite increases slightly as compared to
the pristine equivalent. The tensile strength of
PP/AA blends (3–9% of AA) is comparable to neat
PP. It can be observed that the antistatic agents did
not influence much the mechanical properties of
PP. The tensile strength of (PP/OMMT)MB was
slightly decreased by the addition of antistatic
agents. This is attributed to the high flexibility and
plasticization effects of antistatic agent. Figure 3
shows the effect of antistatic agents (AA) loading
on the elongation at break of PP and (PP/OMMT)
MB. The elongation at break for (PP/OMMT)MB
composite is lower than that of pure PP. The load-
ing of filler may increase the stress concentration
and causes the composite to fail in a brittle manner
as compared to PP [20, 21]. The elongation at break
of (PP/OMMT)MB was not influenced by the addi-
tion of antistatic agent. Thus, it is believed that the
antistatic agents’ main function is to dissipate static
electric charge accumulated on the surface of plas-
tic, rather than to alter the mechanical properties of
a plastic. However, the elongation at break of PP
was slightly decreased by the addition of antistatic
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Figure 1. Effect of antistatic agents (AA) on the tensile
modulus of PP and (PP/OMMT)MB composites

Figure 2. Effect of antistatic agents (AA) on the tensile
strength of PP and (PP/OMMT)MB composites

Figure 3. Effect of antistatic agents (AA) on the elonga-
tion at break of PP and (PP/OMMT)MB com-
posites



agent. According to Li et al. [3], phase separation
occurred between the AA and PP matrix during co-
spinning process. The AA forms the antistatic
mechanism with polymer, the polar radical groups
(e.g. C–O–C, –OH and SO3Na) attract atmospheric
moisture and transfer moisture from the polymer
surface to inner AA phases. The charge transmis-
sion path of AA in polymer matrix is formed by the
network of AA phases, and result in dissipation of
static charges. When the content of antistatic agent
is increased, more transmission paths are formed.
The build of transmission paths of AA in PP may
restrict the movement of polymer chains and conse-
quently reduce the elongation at break of PP. 

3.2. Impact properties

The effect of antistatic agents (AA) on the un-
notched Charpy impact strength of PP and
(PP/OMMT)MB composite is shown in Figure 4. It
can be seen that the loading of antistatic agents (e.g.
3, 6 and 9%) do not affect the impact strength of
PP. The impact strength of PP/AA is comparable
with neat PP. The impact strength of PP was
slightly reduced by the addition of OMMT.
According to Ding et al., [15], the OMMT was dis-
persed in the PP matrix on the nanometer scale and
part of the OMMT was intercalated by PP chains.
Thus, the OMMT layered silicates may confine the
segmental movement of PP macromolecules. How-
ever, the impact strength of (PP/OMMT)MB is
comparable to the neat PP. This is attributed to the
PPgMAH component that can improve the interfa-
cial interaction between PP and OMMT. A better
interfacial interaction could lead to improvement of
impact strength with high absorption energy during

impact deformation. According to Kusmono et al.
[17], the high impact strength of PA6/PP/OMMT
could be attributed to the improved interfacial
interaction resulting from the formation of maleic
anhydride grafted styrene-ethylene-butylenes-
styrene (SEBS-g-MA) in the composites. It is inter-
esting to note that the impact strength of
(PP/OMMT)MB was slightly increased by the
addition of antistatic agent. This is due to the flexi-
bility and ductility characteristics of the antistatic
agent. Accordingly, the PP/OMMT/AA samples
will absorb more energy during impact deforma-
tion. According to Cai et al. [20], the grafted poly-
mer might play the role of a bumper interlayer
around the filler, while absorbing impact energy
and preventing initiation of cracks. A further
improvement of nanocomposites’ ductility is
exhibited as an increase in flexibility of the grafted
polymer chains. Figure 5 shows the effect of anti-
static agents on notched Charpy impact strength of
PP and (PP/OMMT)MB composite. The different
loading of antistatic agents in PP and (PP/OMMT)
MB do not show any alteration on impact strength
obviously. However, the PP/AA blends exhibited
higher impact strength compared to PP/OMMT/AA
composites. The notched samples were fractured
easily compared to the un-notched ones. The value
of impact strength for notched samples decrease
rapidly compared to un-notched samples, espe-
cially for (PP/OMMT)MB nanocomposite. This
may be due to the dispersed and intercalated
OMMT layer silicates in the PP matrix which could
restrict the segmental movement of PP macromole-
cules and further decrease its impact strength [19].
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Figure 4. Effect of antistatic agents (AA) on the un-
notched Charpy impact strength of PP and
(PP/OMMT)MB composites

Figure 5. Effect of antistatic agents (AA) on the notched
Charpy impact strength of PP and
(PP/OMMT)MB composites



3.3. Surface resistivity 
Table 1 shows the effect of antistatic agent (AA) on
the surface resistivity of PP before and after expo-
sure to room temperature for 3–6 months. It can be
seen that the surface resistivity of all the samples
remained unchanged for the duration of 6 months.
The surface resistivity of antistatic agent is about
108 ohm/sq. Neat PP and PP/AA3 with 1012 ohm/sq
surface resistivity was in the category of insulator
materials. However, the surface resistivity of
PP/AA6 and PP/AA9 blends was recorded at
1011 ohm/sq. This indicates that both of the
PP/AA6 and PP/AA9 could be categorized as anti-
static materials. The surface resistivity of PP/AA6
and PP/AA9 were decreased by the incorporation
of antistatic agent. However, PP/AA3 did not show
significant changing of surface resistivity because
the content of antistatic agent unable imparts anti-
static properties on PP. Accordingly the probability
of migration for the hydrophilic groups to the mate-
rial surface to attract water is low. Table 1 also
shows the effect of antistatic agent (AA) on the sur-
face resistivity of (PP/OMMT)MB composites.
Surface resistivity of PP/OMMT, (PP/OMMT)/
AA3 and (PP/OMMT)/AA6 are more than
1012 ohm/sq, while (PP/OMMT)/AA9 showed the
surface resistivity of 1011 ohm/sq. It is worth noting
that the surface resistivity of PP/OMMT/AA9
remained 1011 ohm/sq for 6 months. This indicates
that (PP/OMMT)/AA9 nanocomposites could
exhibits antistatic behaviors. However, PP/OMMT,
(PP/OMMT)/AA3 and (PP/OMMT)/AA6 nano-
composites were classified in the insulator category
where the surface resistivity recorded at 1012–
1016 ohm/sq. (PP/OMMT)/AA3 and (PP/OMMT)/
AA6 nanocomposites could not achieve the antista-
tic behavior; this may be due to the insufficient and

lower content of antistatic agent. In addition, it is
believed that the antistatic agent could intercalate
into the OMMT silicate layers. This will reduce the
possibility of antistatic agent migrate to the PP
sample surface. One may believe that an optimum
migration rate has to be achieved in order to facili-
tate the migration of neighbor’s antistatic agent to
the surface from the bulk, but it should not lose the
whole amount of antistatic agent too fast. On the
other hand, when 9% antistatic agent added in
PP/OMMT, it is able to give the antistatic ability
due to the migration of antistatic agent to the PP
composites surface. According to Ratnayake and
Haworth [22], the water contact angles were
increased dramatically by adding clay into PP/anti-
static agent blends. This is because most of func-
tional group of antistatic agent interacts with clay
particles, rather than migrating onto the surface,
especially at low concentration of antistatic agent.

3.4. X-ray diffraction (XRD)

The 2θ and d-spacing of OMMT and (PP/OMMT)
MB with and without AA was shown in Table 1.
The (PP/OMMT)MB nanocomposite shows a small
shoulder which appeared at 2θ = 3.24°. The corre-
sponding d-spacing of (PP/OMMT)MB is d001 =
2.72 nm. This is due to the intercalation of clay lay-
ers by the addition of PPgMAH. According to
Bertini et al. [23], the patterns of the PP/OMMT
composite provides direct evidence of the intercala-
tion. A shoulder shifted to lower diffraction angles
of 2θ with the presence of montmorillonite. A
higher content of PPgMAH improves the intercala-
tion and clay dispersability in the PP matrix [22].
Interesting to note that, the d001 peak of PP/OMMT
has been broadened by the addition of antistatic
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Table 1. Interlayer spacing and surface resistivity of PP and (PP/OMMT)MB

Materials
designation

2θθ d001

[nm]
Surface resistivity [ohm/sq]

Category
control 3 months 6 months

AA – – 1080 1080 1080 antistatic
PP – – >1012 >1012 >1012 insulator
PP/AA3 – – >1012 >1012 >1012 insulator
PP/AA6 – – 1011 1011 1011 antistatic
PP/AA9 – – 1011 1011 1011 antistatic
OMMT 3.32 2.66 1080 1080 1080 –
PP/OMMT 3.24 2.72 >1012 >1012 >1012 insulator
PP/OMMT/AA3 3.22 2.74 >1012 >1012 >1012 insulator
PP/OMMT/AA6 3.20 2.76 >1012 >1012 >1012 insulator
PP/OMMT/AA9 3.18 2.77 1011 1011 1011 antistatic



agent. Thus, it is believed that the antistatic agent is
able to intercalate into the clay interlayer gallery. It
can be seen that the d-spacing of (PP/OMMT)MB
increased with the increasing concentration of AA.
The PP/OMMT/AA9 shows a 2θ = 3.18°, which is
corresponding to the d-spacing of 2.78 nm. Accord-
ing to Ratnayake and Haworth [22], the XRD
results clearly show that the shifting of peaks to a
lower Bragg angle as the loading of antistatic agent
(AA) in PP/OMMT composites increasing. They
also reported that by the addition of 0.5% (by
weight) of AA in composite, the highest interlayer
spacing was achieved. However, a further increase
of additive concentration in composite is not effec-
tive in modifying the interlayer spacing, probably
because of the migration of additional antistatic
agent additive onto the surface. From Table 1, it
can be seen that the intercalation and exfoliation of
OMMT layered silicate in PP composites could be
correlated to the surface resistivity of the compos-
ites. For the PP/OMMT/AA9, when d001 value of

the interlayer spacing is sufficient, it is possible for
the excess amount of AA to migrate to the materials
surface and thus provide the antistatic characteris-
tics. Figure 6a shows the possible interaction mech-
anism between PP and AA. It can be seen that the
AA can migrate to the PP surface to form a conduc-
tive layer. Figure 6b shows the possible interaction
and intercalation mechanism in PP/OMMT/AA
nanocomposites. Note that the low molecular
weight AA can intercalate into the OMMT layer
silicate. If the amount of AA is sufficient, in addi-
tion to the intercalation of AA, it is believed that
some amount of the AA can migrate to the PP sur-
face and form a conductive layer.

3.5. Field emission scanning electron
microscopy (FESEM)

Figure 7a shows the FESEM micrographs taken
from the impact fractured surface of neat PP. Fig-
ure 7b shows the FESEM micrographs taken from
the impact fractured surface of PP/AA blends.
There were two types of small particles observed
from the sample fractured surface. It can be seen
that some particles (shown by pink arrow in Fig-
ure 7b) are in the range of 5 to 6 μm which can be
observed in Figure 7a as well. Recall that the PP
used in this study is a type of PP copolymer that
contains ethylene and propylene. The ethylene is
distributed and dispersed in the PP matrix. Hence,
the small particles protruded on the fractured sur-
face of PP matrix could be assigned to ethylene.
Besides, there are lots of small particles about
0.5–1.0 (shown by orange arrow in Figure 7b) were
also observed on the fractured plane. It is believed
that the small particles present on the fracture sur-
face of PP/AA correspond to the antistatic agent.
Figures 7c and 7d shows the FESEM micrographs
taken from the impact fractured surface of
PP/OMMT and PP/OMMT/AA composites. Parti-
cle shown by blue arrow could correspond to
OMMT. EDX was used to confirm the OMMT ele-
ments. Figure 8 shows the EDX spectra taken from
PP/OMMT/AA (c.f. Figure 7d), there were 5 ele-
ments can be observed, i.e. C, O, Si, Na and Ca.
According to Chow et al. [24], the carbon is due to
the octadecylamine intercalant used. O, Si, Na and
Ca elements represent components of OMMT.
From the FESEM micrograph taken from the
PP/OMMT/AA nanocomposites, note that the anti-
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Figure 6. a – Possible interaction mechanism between PP
and AA, b – Possible interaction and intercala-
tion mechanism of PP/OMMT/AA nanocompos-
ites



static agent particles could not be observed on the
fractured surface. According to Ratnayake and
Haworth [22], they suggested that functional slip
additives and antistatic agent will intercalate into
clay galleries. They observed through TEM micro-

graph, clay particles are separated into much
smaller stacks and dispersed homogenously
throughout the PP matrix when antistatic agent and
PPgMAH are added. It can be attributed to the co-
intercalation of AA with PPgMAH that will
increase the clay dispersibility in PP matrix. There-
fore, the wettability and intercalation capability of
nanocomposites increases with the increasing of
the polarity in PPgMAH and antistatic agent.

4. Conclusions

This study reveals the effects of antistatic agent
(AA) on the mechanical properties, morphology
and surface resistivity of PP and (PP/OMMT)MB
nanocomposites. The AA only give minor effects
(or in some case, insignificant effects) on the ten-
sile modulus, strength, elongation at break and
impact strength (notched and un-notched) of the PP
and (PP/OMMT)MB nanocomposites. The incor-
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Figure 7. a – FESEM micrographs taken from the impact fractured surface of PP, b – FESEM micrographs taken from
the impact fractured surface of PP/AA blends, c – FESEM micrographs taken from the impact fractured surface
of PP/OMMT composites, d – FESEM micrographs taken from the impact fractured surface of PP/OMMT/AA
composites

Figure 8. EDX spectra taken from the PP/OMMT/AA
nanocomposites



poration of AA and PPgMAH may provide better
wettability and interfacial interaction between
OMMT and PP matrix. The surface resistivity of
the PP/OMMT nanocomposites could be correlated
to the concentration of AA and intercalation/exfoli-
ation-ability of the OMMT. It is hypothesized that
the AA could be intercalated into the OMMT lay-
ered silicates which could influence the surface
resistivity of the PP and its nanocomposites. It is
worth to note that the surface resistivity of
PP/OMMT/AA9 was remained 1011 ohm/sq even
after exposure to room temperature for 6 months. 
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