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The electrical properties of mica-polystyrene composites were studied using the 
impedance measurements technique. The study was carried out as a function of frequen- 
cy and mica concentration. It was observed that the AC conductivity and the dielectric 
constant are increased with increasing of the mica content in the composite. The 
observed electrical results fit approximately the reported empirical equations concerning 
the AC conductivity and dielectric behavior of polymer composites. Relaxation pro- 
cesses were observed to take place for composites having high mica concentration. The 
observed relaxation and polarization effects of the composite are mainly attributed to the 
dielectric behavior of the mica filler. However, the results were explained on the basis of 
the interfacial (space-charge) polarization, dipolar polarization and decrease of the 
hindrance produced by the polymer matrix. 

Keywovd~: Electrical properties; mica; polystyrene; composite; impedance; frequency; 
dielectric constant; conductivity; polarization 

1. INTRODUCTION 

Polymer composites are recent advanced materials appeared in the 
last twenty years and have numerous important technological applica- 
tions. The composite consists of a filler as a reinforcement element 
and a surrounding binder or matrix fabricated into a useful product. 
Filled-reinforced polymer composites have gained a large area of 
application due to their good durability, technical performance and 
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378 M. A. HIJLEH et al 

enhanced electrical properties. One application of the conductive com- 
posities is their uses in electrostatic charge protection and electro- 
magnetic interference shielding [l - 31. 

The addition of mineral fillers in polymers become in the last three 
decades very popular research interest to improve the mechanical, 
electrical, thermal, optical, and processing properties of polymers. 
Consequently, the mineral filled polymer composites have become 
widely accepted in electrical and other applications. Mica is an attrac- 
tive candidate as a filler in electrical applications because it has excell- 
ent insulating properties. Mica, when used as a reinforcing agent in 
plastics, offers many advantages including planer reinforcement, 
reduced creep, etc. The study of the effect of mica on the electrical 
propzrties of polystyrene is important from the practical point of view, 
since polystyrene is extensively used as an electric insulator in many 
industrial applications [4- 61. 

The polymer composite used in the present study is mica/ 
polystyrene with different mica concentration. The mica filler is 
muscovite mineral of chemical composition K2 A 4  (A12 Si6 020) (OH)4 
obtained from natural rocks in Jordan. Mica is a dipolar material 
having low dielectric loss and dielectric constant in the range 6 - 8. The 
polystyrene matrix is characterized by low cost, case-processing, 
hardness, and good dielectric properties. The properties of this 
nonpolar can be tailored to provide good mechanical, thermal, and 
chemical properties [l, 71. 

The main objective of this study is giving information concerning 
the electrical behavior of mica/polystyrene composite using the impe- 
dance spectroscopy which is one of the powerful techniques to char- 
acterize the dielectric properties as we reported in several previous 
publications [9 - 121. Therefore, thin films based on polystyrene with 
natural mica as a reinforcement filler were used in the present study. 
The effects of the mica concentration and the frequency of the applied 
field in the range (300 Hz- 10 kHz) on the electrical properties of the 
prepared composites such as impedances, phase angle, dielectric 
constant, dielectric loss, and AC conductivity were studied. The 
morphology of the films was also investigated by SEM. 
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MICA-POLYSTY RENE COMPOSITES 379 

2. EXPERIMENTAL 

2.1. Composite Preparation 

One way to prepare polymer composites is casting from solution. It 
means simply dissolving the polymer by a solvent and pouring the 
solution into a mold and solidified in situ [5 ] .  The natural mica used in 
this study was of sheet form. The mica filler was ground into powder 
by Agate mortar and sieved by U.S. standard sieve of size (63 pm). 

Pre-weighed amount of polystyrene was dissolved in carbon tetra- 
chloride CC14 at 70°C. Mica loaded thin films were prepared by 
dispersing mica powder in PS solution in different weight ratio. The 
solution was poured onto a stainless steel ring of a diameter 3.5cm 
resting on a teflon substrate and allow evaporating the solvent at 65°C 
under atmospheric pressure. After solidification the specimens were 
easily detached from the teflon substrate. The thickness of the obtain- 
ed specimens is shown in Table (I). 

2.2. Scanning Electron Microscopy 

To examine both the grain size and surface morphology of the 
composite specimens, Leitz scanning electron microscope (AMR, 
model lOOOA) was used. Figure (1) shows SEM micrographs for two 
mica concentration of composite samples of 10 and 50 wt.% of mica 
loaded in polystyrene matrix. These micrographs indicate the distri- 
bution of mica grains with no adjacent contacts between them. The 

TABLE I The prepared composite samples 

Specimen wt.% 
~ 

Thickness bnz) 

00 
05 
10 
15 
30 
50 
70 

280 
270 
290 
303 
380 
450 
400 
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H 

5Pm 
FIGURE I 
content. 

SEM micrographs for; (a) tOwt.% mica content; (b) 50wt.% mica 
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MICA-POLYSTY RENE COMPOSITES 381 

average grain size of mica powder was calculated and found to be in 
the range 5 - 40 pm. 

2.3. Impedance Measurements 

The phase shift and the AC-impedance of the given composite were 
measured by a gain-phase meter. This instrument is capable of meas- 
uring directly the ratio of the input to the output signals in dB and the 
phase angle 4 in degrees as a function of frequency. The real compo- 
nent (d) and the imaginary component ( E ” )  of the complex dielectric 
constant ( E * )  are related to impedance ( 2 )  and phase angle (4) as: 

& = Zc/2lrfC0Z (1) 

& = Zr/27rfCI)Z ( 2 )  

where, f is the frequency, C, = EO AIT is the electrodes capacitance, T 
the specimen thickness, E, the permitivity of free space, A the area of 
the disk, Z,  and Z, are the imaginary and real components of the 
complex impedance ( 2  = Z,  - jZc) ,  respectively [8,9]. The AC elec- 
trical conductivity (0) was calculated from the relation: 

u = 2Tf &OE (3) 

3. RESULTS AND DISCUSSION 

In spite of the effect of mica filler on the dielectric relaxation of polar 
PVC films reported by Tripathi et al. [13], we feel our study is some- 
thing else from the point view that the used polystyrene matrix is 
nonpolar and the mica filler is a polar natural material. Further more, 
we attempted in this study to analyze the observed electrical results 
by fitting some reported empirical equations concerning the AC 
conductivity and dielectric behavior of polymer composites [4 - 161. 

All impedance measurements were taken at room temperature in the 
frequency range 300 Hz ~ 10 kHz. The composite specimens contain 
different mica concentration as shown in Table (I). The low frequency 
(less than 300 Hz) results were neglected to avoid the effect of electrode 
polarization. It was observed that the measured phase angles have 
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382 M. A. HIJLEH et al. 

always negative values for all samples of different mica concentration, 
which indicate that the composite consists of capacitive and resistive 
(series and parallel) networks. The movement of p towards higher 
negative values with the increase of mica content indicates that the 
composites become more resistive than capacitive. This may be attri- 
buted to the existence of leakage current in the bulk composite, which 
increases with mica content, or may be attributed to hopping of 
ions by tunneling through the mica grains facilitated by the decreas- 
ing of the interdistance between the grains as the concentration is 
increased [ 12,171. 

Figure (2) shows the dependence of the impedance (per unit length) 
on the mica concentration at different frequencies (300 Hz, 1 kHz and 
10 kHz) for the prepared composite films. Generally, it can be seen that 

300Hz 
I k K z  
10 kHz 

B 

0 

s m 

* . A ,  A , L  A 

0 10 20 30 40 50 60 70 
MICA Wt.;! 

FIGURE 2 The impedance variation against the mica content. 
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MICA-POLYSTYRENE COMPOSITES 383 

the impedance decreases with increasing the mica content. This de- 
crease in impedance is due to both the increase of mica concentration 
and the decrease of hindrance of polymer matrix [13, 181. 

The variation of the impedance (per unit length) with frequency is 
shown in Figure (3). It was found that, for all the samples, the imped- 
ance at frequencies less than 1 kHz is relatively high and decreases 
exponentially with frequency. This may be due to the space charge in 
specimens or to some structural defects in addition to the electrode 
polarization effect [9- 121. However, above 1 kHz and up to 10 kHz, 
the impedance remains nearly constant. The dependence of the dielec- 
tric constant ( e ' )  on the frequency is shown in Figure (4). It was 
observed that the dielectric constant of all the samples is higher than 
the dielectric constant of the pure polystyrene, and for samples having 

100 
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FIGURE 3 The variation of the impedance with the frequency. 
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FIGURE 4 The frequency dependence of the dielectric constant. 

concentration less than 15 wt.% is nearly independent of the frequency 
of the applied field. On the other hand, for samples having 
concentration higher than 15 wt.% a dispersion at low frequency is 
observed. This may be explained on the basis of space charge polari- 
zation produced from the mica grains which may act as trapping 
centers [lo, 12,191. 

The behavior of the dielectric loss (2’) against frequency is shown 
in Figure (5). The dielectric loss was found to be independent of the 
frequency for samples having concentration less than 5 wt.%. This 
independency is expected because polystyrene is a dominant compo- 
nent in the composite specimens with low mica content and it is a 
non-polar polymer. But for samples of higher mica concentration a 
dependence is observed especially with decreasing of the frequency. 
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15, 30, 50 and 70wt.%, which indicates a dipolar relaxation process 
coming from the constituents of the composite. On the other hand, 
Figure (5) shows another relaxation process occurs in 50 and 70 wt.% 
specimens at  low frequencies, which is believed to be due to space 
charge polarization [21,22]. 

The behavior of the AC conductivity is shown in Figure (6), where 
its value is very small and nearly constant below 700Hz. But above 
700 Hz and up to 1.5 kHz, the conductivity increases slowly for all the 
composite samples. At higher frequencies, i.e., above 1.5kHz and up 
to 10 kHz, the conductivity increases rapidly. This result supports 
the well known fact that the bulk AC conductivity is induced at high 
frequency range as it was observed by many researchers on different 
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FIGURE 6 The AC conductivity of the composites as a function of frequency. 

composite materials. This enhanced conductivity may be due to the 
increase of the electronic and ionic mobility of the existing impurities 
[9,17]. Now, let us proceed on our discussion with further analysis and 
fitting the experimental data. 

3.1. Cole-Cole Dielectric Analysis 

Cole-Cole proposed a modification of the Debye equation [15,19] 
which is applied for a single relaxation times as: 

(4) 

where, eS is the static dielectric constant, E, is the optical dielectric 
constant, T is the relaxation time, w is the frequency, and p is a meas- 
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ure of deviation from Debye equation. This Cole-Cole equation is 
frequently used as a successful tool to analyze the dielectric data of 
polymeric materials. The standard method to test the applicability 
of this model is via the so called Cole-Cole plot. A given point on 
this plot corresponds to a measurement of E’ and E” at a particular 
frequency. According to this model, plotting of E’ and d’ for a normal 
dielectric material as polymers yields a semicircle. However, the geo- 
metry of the circle depends greatly on the polarity and structural uni- 
formity of the dielectric materials. Generally, we can demonstrate the 
applicability of the Cole - Cole plots constructed for the given mica/PS 
composite using a computer program working at least squares fit. The 
parameters calculated from fitting the experimental points to assumed 
semicircles for composite samples of different mica concentration are 
shown in Table (11). 

We can argue the Cole - Cole plots constructed for the given polymer 
composite (mica/PS) by computer fitting of the dielectric results as: 

(i) The plots for low mica content (<  10 wt.%) composite do not 

(ii) 

(iii) 

exhibit distorted semicircle because the PS matrix is a dominant 
component whose dielectric constant is nearly independent of 
frequency (non-polar polymer). 
The plot for 15 wt.% mica content composite showed a distorted 
semicircle shown in Figure (7). This semicircle is attributed to 
mica response to the applied frequency because mica is a polar 
mineral. The dielectric behavior of the composite may attributed 
to polarization produced by the dipole relaxation and interfacial 
space effects of mica particulates. 
The plot for high mica content composite showed two extra- 
polated distorted semicircles shown in Figure (8) for 70wt.% 
specimen. The semicircle plot in Figure (8a) is attributed to dipole 
polarization takes place at high frequency range, while the 
semicircle plot of Figure (8b) is attributed to the interfacial space 
charge polarization takes place at lower frequencies (1 kHz). 

TABLE I1 The parameters calculated from fitting a semicircle 

Specimens (wr.%) T x 1 0 - ~ ( ~ )  E ,  E m  B 
15 2 3.96 3.31 0.97 
70 (low freq.) 38 10.51 5.56 0.88 
70 (high freq.) 0.29 7.131 3.87 0.76 
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0 1  0.2 0 3  0 4  0 5  0 6  0 7  

E'-E, 

FIGURE 7 The Cole-Cole plot for the 15wt.% specimen 

However, we can conclude from the Cole-Cole analysis that the 
observed relaxation effects and the polarization contribution arose 
from the dielectric behavior of the mica filler which is a polar material. 

3.2. AC Conductivity versus Concentration 

Few models were proposed to explain the electrical conductivity of 
polymer composites. Those models were based on statistical, geo- 
metrical and structure consideration. However, none of these models 
were fully successful in explaining all different results of the experi- 
mental studies performed on insulating or conductive polymer 
composites [20,21]. 

An empirical relationship was proposed for describing the 
dependence of the electrical conductivity on volume fraction of the 
mica filler. The proposed relation is [21] 
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I I I 

- 4 3 G 7 8 9 10 
DIELECTRIC CONSTANT ,c' 

FIGURE 8 The Cole-Cole plot for the 70wt.% specimen 

where y is the volume fraction of mica, Q and A are constants which 
depend on the applied frequency. The volume fraction was calculated 
for the composite. Figure (9) shows a plot of the experimental data 
versus the volume content of mica. The solid line is obtained from 
the plot of Eq. (5) with the values of A and LY as given in Table (111) 
which exhibits that both of them vary with the frequency of the 
applied field. 

3.3. The Dielectric Constant versus Concentration 

The dielectric constant, ( E * )  of particular composites can be calculated 
from the mixture formula involving the component of the dielectric 
constant, the volume fraction and the shape of the filler particles. 
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FIGURE 9 
volume content of mica at different frequencies. 

Fitting plot of the AC conductivity of the composites as a function of the 

TABLE 111 The estimated values of A and LY 

Frequency A x  10-8(R.m)-' a 

300 Hz 
1 kHz 
10 kHz 

62.57 1.57 
63.33 1.277 

316.22 1.1 

Thus, for a polymer matrix with dielectric constant, E ~ ,  incorporating 
uniformly distributed spherical inclusions of material with dielectric 
constant, E ~ ,  volume concentration of inclusion (1 - y ) ,  the dielectric 
constant of the composite can be estimated from the simplified 
Bruggesman's equation [ 141 which is an extension to Maxwell-Wagner 
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formula [6,22,23].  
& *  = &,(1 + 3 y )  

Figure (10) shows that the above equation fits the observed dielec- 
tric constant rather well. The small difference between theory and 
experiments is due to that mica particles have a flake shape and not 
spherical as we assumed. 

3.4. The AC Conductivity versus Frequency 

Normally, analyzing the dependence of the observed AC conductivity 
can be done using the simplified formula [23 -251 

t 

., 
0 2 4 6 8 10 12 14 16 18 20 22 24 

MICA VOLUME CONTENT ( % )  

FIGURE 10 Fitting plot of the dielectric constant of the composites as a function of 
the volume content of mica at frequency 10kHz. 
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392 M. A. HIJLEH et al. 

where, n and B are conductivity coefficients. The fitting procedure is 
based on the least square method, and the estimated coefficients are 
listed in Table (IV). Figure (11) exhibits the fitting of Eq. (7) on the 
observed AC conductivity of the mica/PS composite as a function of 
frequency. This applicability may be an indication of that the con- 
duction mechanism takes place in this polymer composite may be due 

TABLE IV The estimated coefficient B and n 

0.0 0.38 0.85 
10 3.10 0.86 
15 3.02 0.85 
30 3.16 0.97 
50 7.24 0.94 
70 45.75 0.77 

- 
2 0  40 

FIGURE 1 1  Fitting plot of logaA, versus IogJ 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
0
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



MICA-POLYSTYRENE COMPOSITES 393 

to hopping conduction between the extrinsic localized molecular-ion 
states which results from the existing impurities. 

4. CONCLUSIONS 

The research work presented in this paper deals with the electrical 
properties of mica/polystyrene composite. The electrical conductivity 
and the dielectric behavior were studied as a function of mica con- 
centration and the applied electric field frequency. From the obtained 
results the following conclusion are: 

1. The observed AC conductivity showed frequency and mica content 
dependence. 

2. The dielectric constants showed mica content and frequency 
dependence. 

3. The observed electrical results fit approximately the reported em- 
pirical equations concern the AC conductivity and dielectric 
behavior of polymer composites. 

4. The observed relaxation and polarization effects of the composite 
are mainly attributed to the dielectric behavior of the mica filler. 

5. The results were explained on the basis of the interfacial (space- 
charge) polarization, dipolar polarization and on the decreases of 
the hindrance of the polymer matrix. 
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