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Electrical Conduction near Percolation Threshold in Conducting Polymer-
Insulating Polymer Composite

Xiao Hong YIN,Katsumi YOSHINO
Department of Electronic Engineering, Faculty of Engineering,Osaka University,

Yamada-Oka, Suita,Osaka 565, Japan

Hideo YAMAMOTO, Toshiro WATANUKI, Isao ISA
Central Research Laboratory, Japan Carlit Co.,Ltd.,
2470 Honda, Shibukawa, Gunma 377

Shinichi NAKAGAWA Mikio ADACHI
Technical Research Center, The Kansai Electric Power Co.,Inc.,
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New types of conductor-insulator composites are prepared in which conducting polymer coated
insulating polymers (polyethylene in spheres,nylon 6 and nylon 66 in fibers) with well controlled size
and shape are used as conductor and noncoated polyethylene spheres are used as insulator. The
dependence of electrical conductivity on concentration of coated insulating polymers near the
percolation threshold is studied in detail. The percolation threshold depends on the shape of the
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coated insulating polymers but does not depend on the type of coated insulating polymers.The
percolation threshold decreased with increasing length of coated fibers.In the composite made of
polypyrrole coated polyethylene spheres and noncoated polyethylene spheres, the critical exponent
t is evaluated to be 2.0x0.2.1In the composite made of polypyrrole coated nylon fibers (4004m, 800
um) and noncoated polyethylene spheres, larger value t(3.0 £0.4)is obtained. The dependence of

conductivity on applied voltage is also studied.
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Fig.1 Depedence of electrical conductivity of composites
made of polypyrrole-coated nylon 66 fibers (with
length of 800 m,600xm and 400 m, respectively)and
noncoated polyethylene spheres on the concentration
of coated nylon 66 fibers.
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Fig.2 Dependence of electrical conductivity of composites
made of polypyrrole-coated nylon 6 fibers (with

length of 800xm,600um, and 400xm,respectively)
and noncoated polyethylene spheres on the concentra-

tion of coated nylon 6 fibers.
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Fig.3 Percolation threshold as a function of the ratio of fiber

length to the diameter of polypyrrole-coated nylon
fibers.
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Fig.4 Logarithmic plot of the conductivity as a function of
reduced volume fraction of the coated polyethylene

sphere.
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Fig.5 Logarithmic plot of the conductivity as a function of
reduced volume fraction of the coated nylon 66 fiber
with length of 400xm.
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Fig.6 Logarithmic plot of the conductivity as a function of
reduced volume fraction of the coated nylon 66 fiber
with length of 800gm.
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Fig.7 Logarithmic plot of the conductivity as a function of

reduced volume fraction of the coated nylon 66 fiber
with length of 4004m.
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Table 1. Percolation threshold Pc and critical exponent t
of four types of composites made of conducting poly-
mer coated insulating polymer and noncoated insulat-
ing polymer.

coated insulating polymer Pc t
nylon66 (400 m) 0.102 2.8
nylon66 (800 m) 0.025 2.9
nylon6 (400xm) 0.095 3.4
polyethylene (sphere) 0.20 2.2
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Fig.8 Voltage dependence of the elctrical conductivity of the
polypyrrole-coated nylon 66 with length of 600xm
and noncoated polyethylene sphere composites on the
concentration of coated nylon 66 fiber.
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