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Study on the numerical model of complex permittivity of composites based on the
percolation theory

Jin-Bong Kim'", Sang-Kwan Lee’, Chun-Gon Kim™

ABSTRACT

In this paper, we proposed a numerical model the complex permittivity for the E-glass fabric/epoxy
composite laminate containing electrical conductive carbon black. The model is based on the percolation theory
and for the composites over than the percolation threshold and in higher frequency band in that the AC
conductivity is fully proportional to the frequency. The measurement for the complex permittivity wasperformed
at the frequency band of 0.5 GHz ~ 18.0 GHz using a vector network analyzer with a 7 mm coaxial air line.
The proposed model is composed of the numerical equationsof the scaling law used in percolation theoryand
constants obtained from experiments to quantify the model itself. The model describes the complex permittivity
as the function of frequency and filler concentration. The model was verified by being compared with the
measurements.
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Fig. 1 Definition of percolation and its clusters: (a) shows parts of a
square lattice; in (b) some squares are occupied with big dots;
in (c) the ‘clusters’, groups of neighboring occupied squares,
are encircled except with the ‘cluster’ consists of a single
square. From Stauffer et al. [2].

Fig. 2 Example for percolation on a 60x50 square lattice, for various
p as indicated. Occupied squares are shown as *, empty
square are ignored: (a) shows the clusters when p<pc (b) the
infinite cluster is marked when p>pc. From Stauffer et al. [2].
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Fig. 3 Density of sites which are connected to a point on the largest

percolation cluster on a square lattice, at p - pc =0.035 (solid
circles) and p - pc =0.022 (open circiels), within a box of L
around an occupied site. The slope for L < & is df - d
=-0.1, and the plateau for L > & is Pe. From Kapitulnik

et al. [6].
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Fig. 4 Section of the infinite cluster at pc: only few sites contribute to
the backbone of the cluster. From Stauffer et al. [2].
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Fig. 6 SEM image for the overall cross sectional view of the E-glass
fabric/epoxy containing carbon black.

an agglomeration

Fig. 7 SEM image of the resin rich region on the cross section of
the E-glass fabric/epoxy containing 2wt% of carbon black.
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is assumed to be near zero.
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Table 2 Characteristic constants for the composite laminates

CB composite laminates; x= 0.70, y= 0.30
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Ky 1.218E-08 1.965 2.535E-08
K> 1.159E-03 5.241 7.323E-03
K3 2.299E+02 2.583 9.703E+02
K4 -3.653E-02 3.288 4.469E+00
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Fig. 10 Real (e') and imaginary (e') parts of permittivity of E-glass
fabric/epoxy containing carbon black. Solid lines are calculated
from the semi-empirical models based on the percolation theory
and the dots are the average values of experimental data.

Each plot is drawn in log-log scale.
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Fig. 11 Real (%) and imaginary (¢'t) parts of permittivity of E-glass
fabric/epoxy containing carbon black. Solid lines are calculated
from the semi-empirical models based on the percolation
theory and the dots are the average values of experimental
data. Each plot is drawn in linear-linear scale.
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