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ABSTRACT

In this study, the effects of sintering temperatures, dwell times, heating
and cooling rates, and sintering surrounding on microstructures, electrical
properties and conduction mechanisms of both ZnO-Bi,O; (ZB) and ZnO-
Bi;03-CoO (ZBC) varistors were studied. The microstructures of the ZB and
ZBC specimens sintered at different temperatures were observed under the
scanning electron microscopy. The average grain size increased from about 10
to 40 um and grain boundary thickness increased from about 1 to 3 um when
the sintering temperature increased from 900°C to 1200°C. The ZB and ZBC

specimens sintered at different temperatures were compared and found that the

amount of the bismuth phase reduced with an increase of the sintering
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temperature but did not reduce as much as that found in samples doped with
Co0O. As expected, CoO may prevent the evaporation of bismuth of ZnO-
Bi,O; varistors. The analysis from transmission electron microscopy (TEM),
electron probe micro-analyzer (EPMA) and X-ray diffraction (XRD) indicated
that the zinc atom in the ZnO structures was completely substituted by cobalt
atom. Furthermore, the cobalt was also found to dissolve throughout the ZBC
varistors affecting on the higher oxygen absorption in the grain boundary and
resulting in the increase of potential barrier at grain boundaries and an
enhancement of the nonlinear coefficient. Thus, the conductivity of oxygen-ion
at grain boundary has been suggested to be another important factor for the
conduction mechanism.

Results from transmission electron microscopy found that the bismuth
crystalline phase could be observed along grain boundary and it has not yet
been reported before. The bismuth crystalline phase in as-sintered samples
were found to consist of two types of domain structures; cubic and tetragonal
structures.

The investigations on the current-voltage (I-V) characteristics of binary
(ZB) and ternary (ZBC) composition specimens were carried out. The
nonlinear coefficients of ZBC varistors were higher than those of the binary
composition (ZB). This finding here supported the hypothesis that cobalt oxide
can improve the nonlinear characteristics of zinc-bismuth based varistors. |
Nonlinear I-V properties of ZBC samples sintered in two different
surroundings; ZBC powder and alumina powder were investigated and found
that in the alumina surrounding, bismuth lost clearly from the green body and

resulting in degradation of the nonlinear property. At the sintering temperature
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higher than 1150°C under the alumina surrounding, the specimens became
ohmic propetties and at 1200°C the electrical resistivity of 200 ohm-cm was
obtained.

The techniques and procedures developed and used in this study are
hoped to be able to apply for a better varistor fabrication. Moreover, results
obtained from this work are expected to contribute some more -knowledge to
provide promising solutions on conduction mechanisms, which may lead to a

new and a higher nonlinear coefficient varistors.
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