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Thermoelectric Power and Percolation in Zn,(SiO,);., Composites

Student: Shao-Chi Chen Advisor: Prof. Juhn-Jong Lin

Institute of Physics
National Chiao Tung University

ABSTRACT

Percolation theory in natural phenomena has been known for several decades. Typical
examples include forest blaze, contagious disease and the properties of electrical-transport, etc.
In particular, the percolation behavior of electrical conductivity in the metal-insulator

composites M, 1, ., (where M =metal;"-I-=insulatorand x is the volume fraction) has long

been of great interest. In a sample “with-the -metal volume fraction larger than the critical
volume fraction, i.e.,x > x, the resistivity is given by a simple power law: p = p,(x-x.)™" ,

where x_ is the critical volume fraction and t is a critical exponent. The thermoelectric

power in a metal-insulator composite has also been discussed. In 1991, Bergman and Levy
proposed that the behavior of thermoelectric power should depend on electrical (o) and
thermal conductivity () ratios of the two constituent components. For o, /oy, <<7,/7wm

— q
and x> x. (which is pertinent to our case) Moc (7—“")/*0I (i)(x—xc)“, where S
O

M T 71 M

is thermopower of the composites, | and M stand for the insulator and metal.

We have set up a system which can measure thermoelectric powers at low temperatures

in a “He variable temperature cryostat. By measuring thermoelectric powers and resistivities



of a series of Zn«(SiO,);.x composites, we have studied the percolation behavior of
thermoelectric power and resistivity. According to our experimental result, the critical volume
fraction (x.) for the thermoelectric power is 0.261-0.265, which is close to the critical volume
fraction for resistivity (x,=0.262 +£0.003). This value lies between the three-dimensioned

critical volume fraction (x.(3),,, =0.119) and the two-dimensioned critical volume fraction

min

minimum (x_(2),,, = 0.347), confirming that x_(3) < X.(2), as theoretically by H. Kesten ,

min

1980.
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