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ABSTRACT: The frequency dispersion behavior model for the complex permittivity of the
epoxy-carbon black composites was Investigated in terms of the relaxation type and
resonance type, respectively. Comparing the complex permittivity values of the composites,
filled with 2 vol% carbon black, that are obtained from three types of previously reported
model equations, the relaxation behavior was found to be coincided with that obtained from
the Havriliak-Negami model. The damping and asymmetrical factor values were increased
with increasing porosity in the composite. The emperical equation proposed here is found to
be very satisfactory in explaining the complex permittivity of the composites of more than
3vol% carbon black with resonance type. It is also found that the damping factor (y) and
the asymmetrical factor («) in this equation were dependent on the interface between the ma-
trix and filler. It is found that the y decreased as the filler content increased, but £ increased
reversely.

Keywords: frequency dispersion, complex permittivity, damping factor, asymmetrical factor, Cole-
Cole plot.
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Table 1. Typical Properties of Carbon Black
(Ketjen EC)

properties Ketjen EC
surface area (BET) (m?%/g) 1000
particle size (nm) 37
volatiles (%) 0.5
pore volume DBP (mL/100g) 360
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Figure 1. Comparison of the experimental values with
the calculated values for the complex permittivity of
composite.
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Figure 2. Comparison of the experimental value with

various models.
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Figure 3. Comparison of the experimental value with
the calculated value for the complex permittivity of
composite.
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Figure 4(a). Comparison of the experimental values
with the calculated values for complex permittivity at
carbon black 10 vol%.

¢ Real o Imag.(Experimental)
a0 ——Real -+ Imag.(Calculated by eq. 7)
= 20
2
B
% carbon biack = 7 vol%
Q.
X 10
Q.
E
3]
o
0 v .°;‘.".'.‘."‘°"4'°'.°..o° r ——rrt$r
0.p4 0.1 1 ‘>
Frequency(GHz)
10

Figure 4(b). Comparison of the experimental values
with the calculated values for complex permittivity at
acrbon black 7 vol%.
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Figure 5(a). The Cole-Cole plot for the complex per-
mittivity of composite by the calculated and experi-

mental values at carbon black 7 vol%.
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Figure 5(b). The complex permittivity of composite
by the calculated and experimental values at carbon
black 7 vol%.

A2 Q@ EY2e SHA A}
£ 9% oz Asre Hrnay

}o[r

o Experimental

Caiculated(eq. 8)
(y=3.562, x=0.85)
(¢}

4 o

Imaginary permittivity

5 0 5 10 15 20'25'30‘
Real permittivity

Figure 5(c). The complex permittivity of composite

by the calcalated and the experimental values at car-

bon black 7 vol%.
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