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ABSTRACT

This paper presents a study on the permittivities of the carbon black/epoxy composite at microwave
frequency. The measurements were performed at the frequency band of 1 GHz ~ 18 GHz. The results show
that the complex permittivities of composites depend strongly on the natures and concentrations of the carbon
black dispersion. The frequency spectrums of dielectric constants and ac conductivities of composites show
the good conformities with descriptions of the percolation theory. The carbon black concentration
dependencies do not have conformities with the descriptions of percolation theory and there is no peculiar
concentration like percolation threshold, on that concentration, the conductivity of composite jumps up. A
new scheme, that is a branch of Lichtenecker-Rother formula, is proposed to obtain a mixing law to describe
the complex permittivities of the composites as function frequency and concentration of carbon black.
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Fig. 1 Scanning electron microscope photo of the carbon
black.

Table 1 Carbon Black Specification.

Density 1.87 glem®

DBP Absorption 420 ml/100g
Size of particle 25nm

Shape of particle Porous aggregate
Dielectric constant 25~30
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Table 2 Volume fraction of components in composites

We.ight Volme Volume
Material ~ fraction of fraction of fraction of
Name carbon carbon >
black black ( p)  CPOXY Tesin
CBO00 0.0 wt% 0.000% 100.000%
CBO01 0.1 wt% 0.064% 99.936%
CB02 0.2 wt% 0.128% 99.872%
CBO05 0.5 wt% 0.321% 99.679%
CB07 0.7 wt% 0.450% 99.550%
CB10 1.0 wt% 0.644% 99.356%
22 +3& 3
EL8HEL f=¢-je" 2 BdA ¢ &
FRAFoe" & &4FgoRA AFY HY] A
EE(0)% o=we,e" Y BAE HRH
Fig. 2 © B¥AEES Adsoq 22 Fa7d
&9 ALy 2 FHegolh A5y 51 g =
T 7HE 2d9 i watA gol AAE A
< F AR, s A A5y vl
a

X
Z7bgol sha Bael FiBol WA U
437 AR A¢ ¥+ Uk

-156-



{

—o—~p = 0,000 % Real
—8—p = 0.064 % Real
—o—p =0.128 % Real
—%—p=0.321 % Real
—+— p=0.483 % Real
—ﬂ—'p = 0.644 % Real
- p=0.000 % Imag
= p=0.064 % Imag
=0.128 % Imag
= 0,321 % Imag
=0.483 % Imag
= 0.644 % Imag

Permittivity

sixise

9
+
[N

(5]
o

Frequency {GHz]

Fig. 2 The complex permittivity of carbon black/epoxy

composites.
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Fig. 3 The frequency spectrums of the dielectric
constants of carbon black/epoxy composites.
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Fig. 4 The frequency spectrums of the ac electrical
conductivities of carbon black/epoxy composites.
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Fig. 6 The carbon black concentration dependencies of

the ac electrical conductivities of carbon
black/epoxy composites.
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Fig. 9 The frequency spectrums of the dielectric
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