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Abstract

The varistor samples were fabricated using the conventional electroceramic process.
Zinc oxide powder (99.9% purity), bismuth oxide powder (99.9% purity) and cobalt
oxide powder (99.5% purity) were used as starting materials. ZnO powder was added
with Bi,O3 and CoO for various concentrations from 0.5-2.0 mol% and 0.75-10 mol%
respectively. The powder mixture was milled in a polyethylene bottle with zirconia
grinding media and ethanol for 24 hours. After drying and sieving, the mixture was
pressed into a disk-shape mold with a diameter of 15 mm and a thickness of 2 mm. The
green specimens were sintered at temperatures ranging from 1050 to 1150 °C for 4
hours. The crystal structures within the ceramic samples were determined by X-ray
diffraction (XRD). The microstructure of the samples was investigated using the
scanning electron microscope (SEM) and optical microscope (OM). For electrical
measurement, specimens were coated with silver paste and then measured with 1-V
instrument. The result shows that high nonlinear coefficient (a) of ZnO-Bi;03-CoO
varistors with high density can be achieved by sintered in the ZnO-Bi,03-CoO powders
surrounding. From the J-E characteristics, the specimens added with 1.0 mol% Bi,O;
and various CoO concentrations ranging from 0.75 to 10 mol% promotes the nonlinear
coefficient of ZnO-Bi,03-CoO varistors. We found that the highest nonlinear coefficient
of about 17.6 and highest breakdown electric field at 980 V/cm were obtained from the
7Zn0-Bi,03-CoO varistors added with 1.0 mol% Bi,O3 and 10 mol% CoO sintered at
1,100 °C. From this research, it is possible to prepare the ZnO-Bi,03-CoO varistors thin
film of higher nonlinear coefficient and breakdown voltage.

Keywords: Zinc Oxide Ceramic/ Nonlinear Coefficient/ Sintering/ Microstructure
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szaafnnuazide

A = Angstrom (=10 m)
AlAs = Aluminum Arsenide
A/m’K’ = Ampere per square metre and square kelvin
a.u. = Arbitrary unit
BEI = Back Scattered Electrons Image
Bi,0, = Bismuth Oxide
BM = Biological Microscope
BSE ¢ = Back Scattered Electrons
\

Cds = Cadmium Sulfide
CH.OH = Ethanol
CoO = Cobalt Oxide
eV = Electron Volt
eV/K = Electron Volt per kelvin
exp = Exponential
g = Gram
GaAs = Gallium Arsenide
g/cm3 = Gram per cubic centimetre
g/mol = Gram per mole
IGL = Inter Granular Layer
JCPDS = Joint Committee on Power Diffraction Standard
K = Kelvin

2
m = Square metre
mA/cm’ = Milliampere per square centimetre
NA = Numerical aperture of objective lens
0, = Oxygen gas
PSI = Pond square inch
SE = Secondary Electrons
SEM = Scanning Electron Microscope

SiC = Silicon Carbide



Usznadinnuazide (9a)

SrTiO, = Strontium Titanium (ITT) Oxide
TEM = Transmission Electron Microscope
TiO, = Titanium (IT) Oxide

uv = Ultra Violet

V/em = Volt per centimetre

VDR = Voltage Dependent Resistor

XRD = X-Ray Diffractometor

ZnO . = Zinc Oxide

ZnS = Zinc Sulfide





