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Permittivities of the E-Glass Fabric/Epoxy Composite Laminates Containing Carbon Black
Dispersion

Jin-Bong Kim", Tea-Wook Kim’

ABSTRACT

This paper presents a study on the permittivities of the E-glass fabric/epoxy composite laminates containing
carbon black dispersions at microwave frequency. Measurements were performed at the frequency band of 5
GHz~18 GHz. The results showed that the complex permittivities of the composites depend strongly on the
natures and concentrations of the carbon black dispersion. A new scheme is proposed to obtain a mixing law
for the estimation of the complex permittivities of the composite laminates as a function of concentration of
carbon black. Simultaneously, the complex permittivity of carbon black itself was also calculated by the
scheme. The experimental values of the complex permittivities of the composites were compared to those
calculated.
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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 250 A

Shape of particle Porous aggregation

Dielectric constant 2.5~3.0

pressure

upper & lower molds

i

pressure

Fig. 2 Mold set-up to manufacture the composite laminates.

Table 2 Carbon black concentration and material name

E-glass/CB-epoxy laminate

Material Name Weight Percent of Carbon Black in Epoxy
CB00 0.0%
CB02 2.0%
CB04 4.0%
CB06 6.0%
CB07 7.0%
CB08 8.0%
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Table 3 Properties of the component materials

Property value Unit
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)]
Name [mm] Vs U f
CB00 2.02 3829 61.71 0.00
CBO2 2.02 3829 60.91 0.80
CB04 2.03 3820 60.19 1.61
CBO06 2.02 38.29 59.28 243
CBO7 2.02 3839 58.77 2.84
CBO08 2.01 3858 58.18 325
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Fig. 3 Real parts of the permittivities of E-glass fabric/epoxy-
carbon black composite laminates.
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Fig. 4 Imaginary parts of the permittivities of E-glass fabric/epoxy-
carbon black composite laminates.
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Fig. 5 Frequency spectrum of z, 8 values.
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Table 5 Averages and standard deviations of dielectric constant and
conductivity of the carbon black

& 9
Average 2.76 24,891
standard deviation 0.15 936
stdev/average (%) 543 3.76
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Fig. 6 Permittivity of the carbon black.
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Fig. 7 Real parts of permittivities of E-glass fabric/ epoxy-carbon
black composite laminates. [freq = 5.85, 8.20, 9.00, 12.40,

18.00 GHz|
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