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ABSTRACT: The conducting polymer composite material
is desired to have a high dielectric constant and high dissi-
pation factor in low and high frequency ranges, so that it
can be used in charge storing devices, decoupling capaci-
tors, and electromagnetic interference (EMI) shielding appli-
cations. Currently, on-going research is trying to enhance
the dielectric constant of ceramic powder-polymer, metal
powder-polymer, and nanotube-polymer composites in the
low frequency region. In this article, we present the dielec-
tric properties of polypropylene (PP)-graphite (Gr) compo-
sites in low and radio frequency ranges. Furthermore, the
EMI shielding properties of these composites are examined
in the radio frequency range. The PP-Gr composites were
prepared by mixing and the hot compression mold tech-
nique. The electrical conductivity and dielectric constant of

PP-Gr composites with graphite volume fraction follow the
power law model of percolation theory. The percola-
tion threshold of the composites is estimated to be 0.0257
(� 5wt % of Gr). The current of PP-Gr composites as a func-
tion of voltage shows a nearly ohmic behavior above the
percolation threshold. Shore-D hardness of the composites
is decreased with the addition of conducting filler. The PP-
Gr composites exhibit a high dielectric constant and high
dissipation factor with the addition of graphite in low fre-
quency and radio frequency regions, so they can be used in
the proposed applications. VVC 2009 Wiley Periodicals, Inc. J Appl
Polym Sci 115: 1306–1314, 2010

Key words: polymer composites; polypropylene; graphite;
percolation threshold; electromagnetic shielding

INTRODUCTION

Conductive polymer composites can be obtained by
blending an insulating polymer matrix with conduc-
tive fillers. Graphite powder,1–4 carbon black,5–8

metallic powder,9,10 carbon nanotube11–13 and piezo-
electric powder14,15 as the conducting filler have been
used extensively, as described in the literature. Some
of the advantages of using polymer and graphite
to realize conducting polymer composites are less
weight, resistance to corrosion, flexibility, and easy
processing. Conducting polymer composites can be
applied as current limiters,16,17 charge storage capaci-
tors14,18,19 and antistatic materials for electromagnetic
interference shielding20,21 of electronic devices.

The electrical conductivity of polymer composites
can be increased with the addition of conducting filler
and undergoes insulator-conductor transition at a cer-
tain filler concentration, which is known as the perco-

lation threshold. Insulator-conductor transition
behavior of electrical conductivity near the percola-
tion threshold is explained by percolation theory.22,23

Shen et al.24 studied the structure and electrical prop-
erties of Grafted Polypropylene-Graphite nanocom-
posites, prepared by solution intercalation, and the
percolation threshold of these nanocomposites was
0.67 vol %. Kalaitzidou et al.25 studied the flexural
and electrical properties of exfoliated graphite-poly-
propylene nanocomposites, which were prepared by
the melt mixing technique, and the percolation
threshold of these nanocomposites was 0.3 vol %.
Zois et al.26 studied the AC conductivity and dielec-
tric constant of polypropylene/carbon black (PP/CB)
composite systems, whose percolation threshold was
calculated to be 6.2 wt % of CB. Dweiri and Sahari27

studied the electrical properties of carbon-based poly-
propylene composites for bipolar plates in a polymer
electrolyte membrane fuel cell (PEMFC), and these
composites were fabricated by two methods, namely,
melt compounding and solution blending. Compo-
sites fabricated by solution blending of PP with con-
ductive fillers tend to have higher conductivities than
melt-compounded composites.
Because of a specific property of conducting poly-

mer composites, the dielectric constant of conducting
polymer composites also increases with the addition
of conducting filler. Especially, near the percolation
threshold, a sharp change in the dielectric constant is
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observed. At the percolation threshold, many con-
ducting particles are isolated by thin insulating layers.
Therefore, near the percolation threshold, the compo-
sites can become a capacitor and therefore, can be
applied in charge storing devices, and electroactive
polymers (EAP) and embedded capacitor applica-
tions. Different types of percolative polymer compo-
sites have been studied for capacitor and electroactive
polymers (EAP) applications. Bai et al.28 studied the
dielectric behavior of ceramic powder [Pb(Mg1/3Nb2/3)
O3-PbTiO3]-ferroelectric polymer P(VDF/TrFE) com-
posites and found that the dielectric constant of the
composites was 250. Dang et al.29 investigated the
dielectric behavior of three-phase MWNTs/BaTiO3/
PVDF composites and found that maximum value of
the dielectric constant of the composites was 450.
Choi et al.30 investigated the effects of BaTiO3 on the
dielectric behavior of BaTiO3-Ni-polymethyl methac-
rylate composites. Huang et al.31 investigated the elec-
tromechanical responses of a high dielectric constant
(>1000) polymer composite material and fabricated
the composite by combining conductive polyaniline
particles within a poly(vinylidene fluoride-trifluoro-
ethylene-chlorotrifluoroethylene) terpolymer matrix.
Huang et al.32 studied the electromechanical responses
of high dielectric constant polymer composites and
fabricated them by combining the high-dielectric cop-
per phthalocyanine oligomer (PolyCuPc) and conduc-
tive polyanline (PANI) within the polyurethane (PU)
matrix, an all-organic three-component.

A major application of conducting polymer compo-
sites is electromagnetic interference (EMI) shielding.
The EMI shielding effectiveness (SE) is needed to
protect electronics instrument from electromagnetic
interference/radio frequency interference (EMI/RFI),
which is emitted by computer circuits, radio transmit-
ters, cellular phones, electric motors and overhead
power lines. Conducting polymer composites have
been widely used in the area of EMI/RFI shielding,
because of their unique combined properties of elec-
trical conduction, corrosion resistance, low density
and flexibility, which are better than those of metal
materials, which have severe corrosion and weight
penalties that greatly degrade the SE of the shields.

In this article, composites are prepared by mixing
and the hot compression mold technique. The compo-
sites consist of polypropylene (PP) as the insulating
polymer matrix and graphite (Gr) as the conducting
filler. Polypropylene is stronger, stiffer and more brit-
tle than polyethylene. Polypropylene’s glass transition
occurs at around minus 30�C and its melting point
occurs around 165�C and has a lower degree of crys-
tallinity. Because of these specific properties of PP, PP-
Gr conducting polymer composites can be used as cur-
rent limiters, anti static material and EMI shielding
material, and in various applications like charge stor-
ing devices and embedded capacitors. In the present

study, the electrical conductivity and current-voltage
(I-V) of PP-Gr composites have been investigated for
different volume fractions of Gr (/). The observed in-
sulator-conductor transition of the electrical conduc-
tivity and dielectric constant of PP-Gr composites
have been explained by the power law model of per-
colation theory. The dielectric constant, dissipation
factor and AC conductivity of these composites were
analyzed as a function of low and high frequencies.
The shielding effectiveness of PP-Gr composites has
also been studied in the radio frequency range (1 MHz–
3 GHz). Finally, the hardness of the composites has also
been examined as function of the Gr content.

EXPERIMENTAL

Materials

The matrix polymer is a commercial grade (H200
MA) PP resin, in the form of granules, manufactured
by Indian Petrochemicals Corp. It is a semicrystalline,
white, semiopaque commodity thermoplastic made in
a very wide variety of grades and modifications. The
various physical parameters of the PP used in the
present work are as follows: density ¼ 0.95 g/cm3,
hardness (shore D) ¼ approximately 68-83, melt
flow ¼ 0.5–136 g/10 min, melting temperature ¼
165�C, molecular weight ¼ 50,460, dielectric constant
@ 1 MHz ¼ 2.2–2.6, dissipation factor @ 1 MHz ¼
0.0003–0.0005 and volume resistivity ¼ 1 � 1013 X-cm.
The electrical conducting filler is graphite powder
with the average particle size ranging from 10 to
20 lm, supplied by Graphite India. Some properties
of graphite are as follows: color ¼ black, density ¼
1.75 g/cm3, maximum temperature ¼ 3600�C, modu-
lus of elasticity (Young modulus) ¼ 4.8 GPa, electrical
resistivity ¼ 7.5 � 10�5 X-cm and carbon-graphite% ¼
30–70.

Composite sample preparation

The PP granules were ground to obtain finer particles
(212–250 lm) using the Arthur H. Thomas type Willey
Grinder. The polymer and filler powders were tumble
mixed thoroughly for 4 h in a glass beaker with a
magnetic stirrer. The speed of magnetic stirrer was
kept around 400 rpm without any heating. This pro-
cess coated the conducting graphite powder on the
surface of the PP particles, and is also referred to as
the prelocalization of the conductive phase. Prolong
mixing improves the homogeneity of the spatial dis-
tribution of the conductive particles and their uniform
coating thickness on the PP particles. The tumble
mixed, prelocalized powders were prepared to obtain
different graphite contents in the range about 0, 1, 2,
3, 5, 7, 10, 15, 20, and 25 wt % of graphite under simi-
lar conditions. The corresponding volume fraction of
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Gr (/) of these samples were 0, 0.0054, 0.011, 0.015,
0.026, 0.036, 0.052, 0.075, 0.097, and 0.119.

The graphite coated PP powder was pressed ini-
tially for 5 min at room temperature to eliminate
any void formation within the pellet using a hydrau-
lic press (Shimadzu Corp. Kyoto, Japan) having ram
diameter of 42.7 mm. Circular mold was used in the
present study. The processing temperature (initial
temperature) and pressure were the main parame-
ters affecting the graphite mixed, polymer composite
pellets. The composites were to have good conduc-
tivity and hardness. After the processing tempera-
ture and pressure were optimized, all the samples
were prepared at the processing temperature of
120�C at 70 MPa and baked at 150�C at 35 MPa for
15 min to achieve conductivity and hardness.

After baking the samples, all the samples were
cooled down to room temperature at atmospheric
pressure. This step helps in improving the electrical
properties, minimizing after-shrinkage and enhancing
quality and appearance by eliminating porosity, bub-
bles or blisters. Disk shaped specimens of 1.01 cm in
diameter were obtained. Specimens were taken out
from the mold and the surfaces of the specimens were
polished by sandpaper to remove the polymer rich
surface layer and to eliminate surface irregularities.

Characterization

Scanning electron microscopy

Scanning electron microscopy (SEM) of the PP-Gr
composites was performed using a Hitachi scanning
electron microscope (Model No. S-4700). All the
samples were gold sputtered before measurement.

Hardness (Shore-D)

Durometer (model No. SRHT-501D), conforming to
DIN-53505, ASTM-1706-61 and D 676-59T specifica-
tions, was used to determine the hardness of the
samples.

Measurements

For the measurement of conductivity, both opposite
surfaces of the samples were coated with SEM grade
conductive silver paint. Copper connecting wires
were bonded to the surfaces with conductive silver
paint. The resistance of the samples having resist-
ance less than 200 MX was measured using a con-
ventional digital multimeter. When the resistance
exceeded 200 MX, a Keithley Pico ammeter was
used to measure the resistance. For current-voltage
characteristics, Keithley 2400 source meter was used.

For studying dielectric properties, the capacitance
and dissipation factor of the samples were measured
in two frequency ranges, 20 Hz–5 MHz and 1 MHz–

3 GHz, using a Hewlett–Packard (HP) Impedance
Analyzer (Model No. 4294) and RF Impedance/
Material Analyzer (Model No. E-4991 A).

RESULTS AND DISCUSSION

Morphology

Figure 1 (a) shows the SEM image of a pure PP sam-
ple after compression molding. This image corre-
sponds to the formation of solid PP. SEM image33,34 of
graphite particles has confirmed their flake like shape.
Figure 1(b–d) show the SEM images of composites
below /c, at /c and above /c having graphite volume
fraction / ¼ 0.0054 (1 wt %), / ¼ 0.026 (5 wt %) and
/ ¼ 0.052 (10 wt %), respectively. Note that the SEM
images [Fig. 1(a–d)] were taken on fractured surfaces,
which were obtained by dipping the samples in liquid
nitrogen and then hammering them. For / < /c in
Figure 1(c), the graphite particles are far apart from
each other. At / ¼ /c in Figure 1(d), this stage clearly
shows the dispersion of graphite flakes in the interfa-
cial regions between PP particles. For / > /c the SEM
image [Fig. 1(d)] shows the increasing percentage of
graphite flakes in the interfacial region of PP particles.

Conductivity analysis

Figure 2(a) shows the electrical conductivity of PP-
Gr composites as a function of volume fraction (/)
of Gr. The conductivity of the composites increases
sharply near / ¼ 0.0264. The conductivity measured
clearly exhibits the insulator-conductor transition at
/ ¼ 0.0264. According to percolation theory, the con-
ductivity of composites near the insulator-conductor
transition can be represented by the power law
model of percolation theory22,23:

r / ð/� /cÞt (1)

where r is the conductivity of the composite, /c is
the critical filler volume fraction at which percola-
tion takes place, and t is the critical exponent of con-
ductivity. The experimental values of conductivity
are fitted to eq. (1) and log-log plot of power law is
shown in Figure 2(b). The best fit of the conductivity
data to the log-log plots of the power law gives /c ¼
0.0257 and t ¼ 1.98. The value of t for our composite
system is nearly equal to 2, which is universal value
of three dimensional systems.35–37

I-V characteristics

I-V characteristics can be expressed as38

I ¼ C � Vn (2)

where C is a constant and n is the slope in the log I-log
V plot. In eq. (2), Ohm’s law is satisfied by the system
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at n ¼ 1. Figure 3 illustrates the normal I-V plots of PP-
Gr composite with different /. The I-V plots are non-
linear for the composites with / ¼ 0.015 and 0.026
(/c). The values of n for these composites calculated
using eq. (2) are 1.58 and 1.14, respectively. The con-
duction mechanism of conducting polymer compo-
sites is based on electron tunneling and hopping when
the interparticle distance is sufficiently small. As the
graphite content increases, the I-V plots becomes more
linear because of electron tunneling, and hopping
increases with the increase of voltage.33,39,40 For com-
posites with / ¼ 0.036, 0.075, the I-V plot becomes lin-
ear, and value of n becomes nearly equal to 1. The
conduction mechanism is now supposed to be ohmic
conduction because the filler particles are very close
or in direct contact with each other. The variation of
C with / is also shown in Figure 4. The values of C
increases with / in a similar trend to r, which
increases with /.

Dielectric properties in low frequency region

The conducting polymer composites possess a fre-
quency (x) dependent, complex dielectric constant e*

(x) ¼ e0 � I e00 (x). The real part e0 (x) represents the
relative dielectric constant and the imaginary part
e00; (x) accounts for the losses. The ratio of the imagi-
nary to the real part (e00/e0) is the ‘‘dissipation fac-
tor,’’ which is represented by tan d, where d is called
as the ‘‘loss angel’’ and denotes the angle between
the voltage and the charging current. To investigate
the dielectric behavior of PP-Gr composites in the
low frequency (fL) range, the room temperature e0

and tan d of the composite were calculated in the
frequency range from 20 Hz to 1 MHz.
Figure 5(a) shows the variation of e0 of PP-Gr

composites as a function of / of Gr at 40 Hz. The
dielectric constant of a pure PP sample is about 2.4.
The dielectric constant increases slightly up to that
of a composite with / ¼ 0.015. The e0 of the com-
posite enhances greatly near / ¼ 0.026. Large
enhancement in e0 of composites in the low fre-
quency region occurs due to the Maxwell-Wagner
polarization originating in the insulator-conductor
interfaces. This enhancement of the dielectric con-
stant in the neighborhood of the percolation thresh-
old is also predicted by the power law41–43 as
follows:

Figure 1 Scanning electron microscopy (SEM) images of (a) Fractured surface of hot compressed mold pure PP sample
(b) Fractured surface of composite with / ¼ 0.0054 and (c) Fractured surface of composite with / ¼ 0.026 (d) Fractured
surface of composite with / ¼ 0.052.
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e0 / ð/c � /Þ�s (3)

where s is a critical exponent. The log-log plots of
eq. (3) are shown in Figure 5(b). The value of /c ( ¼
0.0257) is found to be the same as that obtained for
the conductivity data. The value of s is found to be

1.03, which is close to the normal value given by
percolation theory.41

The dependence of e0 of the PP-Gr composites on
the low frequency (fL) is shown in Figure 6(a). When
/ < /c, for example at / < 0.026, the e0 of the compo-
sites exhibits weaker frequency dependence, but
when / > /c, e0 of the composites exhibits stronger
frequency dependence. At low frequency, a high

Figure 3 Plot of I-V of PP-Gr composites for different /.

Figure 2 (a) Electrical conductivity (r) of PP-Gr compo-
sites as a function of graphite volume fraction (/). (b) Plot
of log r versus log (/�/c) of PP-Gr composites.

Figure 4 Variation of C of PP-Gr composites with /.

Figure 5 (a) Dielectric constant (e0) of PP-Gr composites as
a function of / at 40 Hz (b) Plot of log e0 versus log (/c - /)
of PP-Gr composites.
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value of e0 of composites with / � /c was observed
because at low frequencies, the polarization follows
the change of the electric field, and the loss is mini-
mum and the contribution the dielectric constant is
maximum. The high value of e0 ¼ 4.04 � 105 is
observed at 40 Hz for the composites with / ¼ 0.075.

High value e0 could be used in capacitor applications.
The frequency variation of the dielectric constant

at / � /c as predicted by percolation theory41 is

e0ðf ;/cÞ / f�v
L (4)

where v is the critical exponent. The log-log plot of
eq. (4) has been shown in Figure 6(b). From the
data, the value of v was found to be 0.24.

The dependence of tan d of the PP-Gr composites on
low frequency (fL) is shown in Figure 7. It is clear from
figure that tan d shows complex fluctuations up to
10 KHz for composites when / < /c and after this fre-
quency, decreases with the increase of frequency. The
tan d of the composites with / � /c increases up to
3 KHz and after this frequency, the tan d decreases
with the increase of frequency. The high value of tan d ¼
7.53 � 104 is observed at 600 Hz for composites with
/ ¼ 0.075. High values of tan d of the composites could
be utilized for decoupling capacitor applications.

The dependence of the AC conductivity (rac) of the
PP-Gr composites on fL is shown Figure 8(a). The AC
conductivity of composites is calculated from the for-
mula rac ¼ xLe0e0 tan d where xL ¼ 2p fL. The rac was
found to increase with the increase of frequency for
the composites with / � /c whereas remained

Figure 6 (a) Variation of e0 of the PP-Gr composites as
a function of fL for different /. (b) Log-log plot of e0 versus fL.

Figure 7 Variation of tan d of the PP-Gr composites as a
function of fL for different /.

Figure 8 (a) Variation of rac of the PP-Gr composites as
a function of fL for different /. (b) Log-log plot between
rac and fL of the PP-Gr composites.
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constant with the increase of frequency for compo-
sites with / > /c. According to the percolation
theory,41 at / � /c

racðf ;/cÞ / f uL (5)

where u is the critical exponent. The log-log plot of
eq. (5) is shown in Figure 8(b). From the data, the
value of u was found to be ¼ 0.66, which is slightly
lower than the universal one (u ¼ 0.70).41 The critical
exponents u and v are related as u þ v ¼ 1. In the
present case, u ¼ 0.66 and v ¼ 0.24 i.e., u þ v ¼ 0.9,
which is close to the normal value given by percola-
tion theory. The above analysis clearly confirms the
percolation phenomenon in PP/Gr composites.

Dielectric properties in the high frequency region

To investigate the dielectric behavior at high frequen-
cies (fH) for PP-Gr composites, the room temperature
e0 and tan d of the composite were calculated in the
frequency range from 1 MHz to 3 GHz (radio fre-
quency). Figure 9(a,b) show the e0 and tan d of the
composite as a function of fH for various contents of

graphite. A small variation in the e0 and tan d with
respect to fH was observed for composites with / < /c

and a large variation was observed for composites
with / � /c. The e0 and tan d show a complex fluctua-
tion with the measured fH for composites with / ¼
0.052 and 0.075. The maximum values of e0 ¼ 52 and
tan d ¼ 101.13 were obtained at 2.71 GHz and
1.69 GHz, respectively, for composites with / ¼ 0.075.
High values of e0 and tan d in the radio frequency
range are useful for EMI SE applications.
Figure 10 shows the rac of the composites as a

function of fH (radio frequency) for various contents
of graphite. A sharp increase in rac with the increase
of fH was obtained for composites with / ¼ 0, 0.015,
and 0.026. For composites with / ¼ 0.052 and 0.075,
the rac is high and remains constant with the
increase of the frequency. So, the high AC conduc-
tivity and weak frequency dependence of the PP-Gr
composites make these composites excellent anti-
static media and shielding for electromagnetic or
radio frequency interference of electronic devices.

EMI shielding effectiveness

An electromagnetic shield is a conductive material
which attenuates (through reflection and absorption)
electromagnetic energy. The electromagnetic interfer-
ence (EMI) shielding effectiveness (SE) is defined as
the ratio of the incident to the transmitted power
and is usually expressed in decibels (dB) as follows:

SE ¼ 10 log
Pi

Pt

� �
ðdBÞ (6)

where Pi is the incident power, and Pt is the trans-
mitted power.
The total EMI shielding effectiveness of a sample

of thickness t is given as the sum of the refection
(SER) and absorption (SEA), such as SE ¼ SER þ

Figure 9 (a) Variation of e0 of the PP-Gr composites as a
function of ƒH for different /. (b) Variation of tan d of the
PP-Gr composites as a function of ƒH for different /.

Figure 10 Variation of rac of the PP-Gr composites as a
function of ƒH for different /.
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SEA. According to theory,44,45 the reflection part of
SE is

SER ¼ 20 log

" rac

xHe0lr

� �1=2

4

#
ðdBÞ (7)

and the absorption part of SE is

SEA ¼ 20 log exp
t

d

� �� �
ðdBÞ (8)

The skin depth, d ¼ 2=xHlracð Þ1=2, is defined as the
depth to which the radiation penetrates into the mate-
rial, while its intensity decreases to e�1 of its original
strength. When calculating the shielding effectiveness
SE, the magnetic permeability l of graphite filled
polymer composites, as a nonmagnetic material, can
be taken as the magnetic permeability of free space,
l0 ¼ 4p � 10�9 H cm�1, and the relative permeability
of the shielding material lr ¼ 1. xH ¼ 2pfH, where ƒH
is the radiation frequency in MHz.
Using eqs. (7) and (8), the values of SER and SEA for

the PP-Gr composites were calculated. The SER and
SEA of the composites as a function of fH (1 MHz–
3 GHz) are shown in Figure 11(a) and 11(b), respec-
tively. The SER of the composites decreases with the
increase of fH and increases with the increase of /. For
composites with / ¼ 0 and 0.015, SER was found to be
negative because of the low value of rac of these com-
posites because from eq. (7), SER depends on rac.
High value (� 41dB) of SER was obtained at 15.9 MHz
for the composites with / ¼ 0.052 because the com-
posite have a high value of rac. The SEA of composites
increases with fH because SEA is directly proportional
to fH as observed by eq. (8). The maximum value
(22.37 dB) of SEA was obtained at 2.76 GHz for com-
posites with / ¼ 0.075. The total SE of the composites
was calculated by adding SER and SEA. The SE of the
composites as a function of fH is shown in Figure
11(c). The SE of composites was found to increase
with the increase of / and decrease with the increase
of fH. As expected from the above data on SER and
SEA, the trendof SE shows that SER comprises a major
portion of EMI SE. The maximum value (44.12 dB) of
SE was obtained at 2.76 GHz for the composites with
/ ¼ 0.075.

Figure 11 (a) Variation of SER of the PP-Gr composites as
a function of ƒH for different /. (b) Variation of SEA of the
PP-Gr composites as a function of ƒH for different /. (c)
Variation of SE of the PP-Gr composites as a function of
ƒH for different /.

Figure 12 Variation of Shore-D hardness of PP-Gr com-
posites as a function of Gr wt %.
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Hardness

The variation of Shore-D hardness of PP-Gr compo-
sites as a function of Gr wt % is shown in Figure 12.
The hardness decreases sharply with the increase in
Gr content up to the percolation threshold. How-
ever, beyond threshold content, the hardness
decreases slowly, possibly due to the partial preven-
tion of fusion of polymer particles in the presence of
graphite.

CONCLUSIONS

Both electrical conductivity and dielectric constant of
PP-Gr composites followed the power law model of
percolation theory at the percolation threshold /c ¼
0.0257. At / ¼ /c, the dielectric constant and ac con-
ductivity of PP-Gr composites at low frequencies fol-
lowed the power law model of percolation theory.
The dielectric constant of PP-Gr composites with
/ � /c was strongly frequency (low and high)
dependent. The highest dielectric constant (4.04 �
105) was obtained at 40 Hz for composites with / ¼
0.075. These composites can be used in charge stor-
ing devices. The highest dissipation factor (7.53 �
104) was obtained at 600 Hz for composites with
/ ¼ 0.075 and this property of the composites makes
it suitable for decoupling capacitor applications.
Above / > /c, the composites possessed high values
of AC conductivity and exhibited weak frequency
(low and high) dependence, so these composites can
be utilized as antistatic media and in EMI shielding
applications. The main contribution of these compo-
sites to effective EMI shielding was due to reflection.
The maximum value (44.12 dB) of SE was obtained
at 2.76 GHz for the composites with / ¼ 0.075.
Finally, the proposed PP-Gr composites exhibited a
high dielectric constant and dissipation factor with
the addition of graphite content in the low and radio
frequency ranges, so these composites can be utilized
in charge storing devices, decoupling capacitors
and electromagnetic interference (EMI) shielding
applications.
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