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The ac-electrical properties of graphytized and degraphytized carbon-blacks filled rubbers were inves- 
tigated at room temperature in the frequency range 100 Hz-10 kHz. The volume fraction of the fillers 
varies from 15% to 60%. The observed conductivity for graphytized filled samples was found to be 
much higher than degraphytized filled samples. This behavior was interpreted m terms of the defective 
zones which were dramatically reduced by the graphytization process. The Voet model was applied for 
both categories of filled rubbers which exhibit two distinct mechanisms of electrical conduction de- 
pending on the filler concentration. 

KEY WORDS Filled rubbers, carbon-black, graphytic, electrical properties. 

INTRODUCTION 

The electrical conductive polymer composites are becoming an increasingly im- 
portant class of materials for variety of applications in industry and technology. 
The applications of such composites include wire and cable sheathing, shielding 
against electromagnetic interference and antistatic  material^.^ The technological 
importance of such mateiials is due to its mechanical and electrical properties which 
can be improved by changing the content and type of For electronic 
applications the main question concerning the composite is how the electrical con- 
ductivity changes with the content of the conductive filler. However, one of the 
most important class of the composites is a mixture of rubbers with graphite and 
carbon blacks powder or fibers which have the subject of extensive r e ~ e a r c h . ~ - l ~  
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The work included in this paper is concerned with studying the ac-electrical 
properties of filled rubbers with different volume graphite concentration varies 
from 15% to 60%. Two types of specimens were used. The filler in the first type 
of specimens is in the form of graphytized and the second is degraphytized carbon- 
blacks fillers. 

The ac-impedance of both categories was measured at room temperature in the 
appropriate frequency range (100 Hz-10 kHz) of the used apparatus. The ac- 
electrical conductivity and dielectric constant were determined from the ac-imped- 
ance and phase angle results. 

EXPERIMENTAL 

Samples of graphytized (Corax N660) and degraphytized (Corax N600) carbon- 
blacks filled rubbers were commercially manufactured in the form of sheets by 
Degussa A. G (Germany) as 1 mm thickness sheets. Discs specimens of 2 cm 
diameter were cut from the composite sheets. The ac-electrical measurements were 
carried out using an electrical bridge described in details elsewhere. 19-m The ac- 
impedance and the phase angle were measured using a gain-phase meter. The 
applied frequency was varied from 100 Hz to 10 kHz. The magnitude of the applied 
field was less than 200 Vlm. This was necessary to avoid any perturbation in the 
sample bulk. 

RESULTS AND DISCUSSION 

The measured values of the phase angle (+) of graphytized and degraphytized 
carbon-blacks filled rubbers is negative as shown in Figure 1 for both graphytized 
and degraphytized samples at 100 Hz and 1 kHz, respectively. Therefore, the 
composite material can be considered to consist of capacitive and resistive networks, 
it can be represented by a bulk resistance and a capacitor in parallel. In this case 
the ac-impedance ( Z )  as well as the dielectric constant (E) can be represented by 
complex quantities such as, 

where Zr = Z cos + is the real component, Zc = Z sin + is the imaginary component 
of the complex ac-impedance ( Z * ) ,  and E'  and E" are the real and loss dielectric 
constants respectively. The E '  and E" are related to the components of impedance 
and frequency ( f )  by the relations, 

E '  = ZC/215TfZ~C() (3) 

E" = Zrl2.rrfZ2C,, (4) 
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FIGURE 2 ac-impedance ( Z )  vs. fillers content at 1 kHz for graphytized and degraphytized carbon- 
blacks filled rubbers. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
7
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



138 Y .  RAMADIN et al. 

-10 

- 1 2  

-7 4 

-1 6 

0 5 - 1  8 

- 2 0  

-2  2 

- 2  4 

- 2  6 

1 kHz 

- 2  8 
0.5 0.6 0 7  08 0 9  10  Vl” 

FIGURE 3 In conductivity vs. V”’ (volume fraction) for graphytized and degraphytized vs. filler 
content for graphytized and degraphytized carbon-blacks filled rubbers. 

where Z is the measured ac-impedance, and C,  is the capacitance of the electrodes. 
The ac-conductivity (u) can be determined from the relation, 

where E,) is the permittivity constant. 
Figure 2 shows the variation of the ac-impedance with filler content. A dramatic 

decrease in ( Z )  with filler content was observed. The decrease in (2) is more 
pronounced in carbon-blacks filled graphytized samples with much lower values 
compared to degraphytized samples. This observed difference in ( Z )  for graphy- 
tized and degraphytized samples can be related to defective zones and to preferred 
orientation of the graphytized fiber crystallites.21~22 W. G. PengZ3 showed that 
graphytization process reduces dramatically the number of defects and the concept 
of graphite-layer stacks with distinct stacking height becomes valid. 

In order to study the variation of ac-conductivity with filler content a plot of 
In u versus V‘”, where V is the volume fraction of the fillers, was constructed 
according to Yoet This model was originally proposed for low concen- 
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FIGURE 4 log(Z) impedance vs. filler content for graphytized and degraphytized carbon-blacks filled 
rubbers. 

tration content of the filler. It relates the conductivity with the volume fraction of 
the filler by the relation, 

In u = KV1I3 

As shown in Figure 3 a straight line up to the volume fraction of the filler 45% 
can be constructed for both graphytized and degraphytized samples. The slope (K) 
of the lines is nearly the same. The figure shows two distinct regions which are 
more obvious in degraphytized carbon-blacks filled samples. These two regions can 
be observed clearly in the plot of Log 2 with filler volume fraction as shown in 
Figure 4. This may indicate that there are two different mobilities of the charge 
carriers during the electrical conduction process. In the first region the filler dis- 
tributed-homogeneously in the volume of the insulating host. Therefore, it can be 
suggested that the conduction process in this region in both categories of the samples 
is nonohmic which is mainly due to electronic movement or  to the electronic 
emission effect. The difference in ac-conductivity in the first region for graphytized 
and degraphytized samples is mainly due to the structural differences as a result 
of degraphytization process of the fillers, namely, packing density, layer diameter, 
stacking height, defective zones and lubricostratic disorder. At high concentration 
the fillers particles begin to form agglomerates, (in contact with each other), which 
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FIGURE 5 The ac-conductivity vs. frequency for different contents of graphytized carbon-blacks 
filled rubbers. 

make the electrical conduction process to be ohmic in nature. The phase angle 
approaches zero at high concentration, as shown in Figure 1, and the ac-conductivity 
becomes nearly independent of frequency as shown in Figures 5 and 6 for different 
contents of graphytized and degraphytized carbon-blacks filled rubbers, respec- 
tively. The difference in the ac-conductivity between the two categories of speci- 
mens is mainly attributed to the defective zones which are highly reduced by the 
graphytization process. 

Figures 7 and 8 show the variation of the real component of dielectric constant 
(E') with frequency for different fillers concentration. For degraphytized filler sam- 
ples, E' is nearly independent of frequency up to filler concentration 45%. However, 
for graphytized filler samples E' is independent of frequency only for 15% filler 
concentration. This constancy in E' with frequency may be due to interfacial po- 
larization (the Maxwell-Wagner process) of the unidirectional fibers which enhances 
E '  and compensates for the decrease in E' caused by orientation polarization. This 
phenomenon occurs in heterogenous systems when one component has a higher 
electrical conductivity than the other.zs In general, E'  for graphytized filler samples 
is higher than degraphytized filler samples and this difference increases by increas- 
ing the filler content as shown in Figure 9. 
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FIGURE 6 The ac-conductivity vs. frequency for different contents of degraphytized carbon-blacks 
filled rubbers. 
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FIGURE 7 
filled rubbers. 

Dielectric constant (E') vs. frequency for different contents of graphytized carbon-blacks 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
7
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



142 Y. RAMADIN et al. 

FIGURE 8 Dielectric constant ( E ' )  vs. frequency for different contents of degraphytized carbon- 
blacks filled rubbers. 

FIGL 
filled rubbers. 

9 Dielectric constant (E ' )  vs. fillers content for degraphytized and grap --jtized carbon-blacks 

CONCLUSIONS 

The present study of the ac-electric properties of the graphytized and degraphytized 
carbon-blacks filled rubbers reveals the following results. 

1. The ac-impedance of graphytized carbon-blacks filled rubbers decreases dra- 
matically with fillers content and has much lower ac-impedance compared with the 
degraphytized samples. 

2. The composite materials exhibit two distinct conductivity mechanisms namely, 
ohmic and non-ohmic type depending on the filler content. 

3 .  Voet-model is applicable for this type of fillers up to filler concentration 45%. 
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4. The dependence of ac-conductivity on frequency is highly pronounced in 
degraphytized samples where it is nearly independent of frequency for graphytized 
samples with filler concentration more than 30%. 

5. The dielectric constant E’ is independent of frequency up to 45% filler content 
for degraphytized samples, while for the graphytized sample E’ is frequency up to 
15% filler content. 
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