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Abstract

Introduction: Voltage-dependent resistors, known as varistors, have
wide applications in the electrical and electronic industries due to their
protective role against the destructive effects of sudden voltage spikes.
This research investigates the impact of processing conditions and
chemical composition on the electrical properties of zinc oxide varistors.
Methods: Varistor samples were prepared using zinc oxide as the main
base material, along with a set of additive compounds including
chromium oxide, manganese oxide, yttrium oxide, antimony, bismuth,
and cobalt. The effects of milling conditions (type of mill and milling
time), the variation in the amount of some additive compounds, and their
influence on the microstructure and electrical properties of the samples
were studied. Additionally, the impact of different processing parameters
such as milling and sintering programs was examined. The phase
structure and microstructure of the samples were studied using X-ray
diffraction and scanning electron microscopy. The electrical properties,
including operating voltage and leakage current, were measured with a
special setup for this purpose.

Findings: The results showed that using a planetary mill for a shorter
time (around twenty minutes) significantly reduced contamination from
wear and improved the leakage current. Removing yttrium oxide from
the initial composition led to a decrease in the operating voltage and
leakage current. Increasing the amount of manganese oxide up to twice
its initial amount also resulted in a reduction of the operating voltage.
Higher sintering temperature and time created a downward trend in
operating voltage and an upward trend in leakage current.

Conclusion: The optimal processing conditions include short-term
milling with a planetary mill, removal of yttrium oxide, an increase in the
amount of manganese oxide in the initial composition, and sintering at
1210°C for 2 hours. These conditions resulted in varistors with desirable
operating voltage (less than 500 V/mm) and low leakage current (less
than 15 pA). These findings suggest that precise control of process
parameters and chemical composition can significantly enhance the
electrical properties of zinc oxide varistors. This research can aid in the
design and manufacture of zinc oxide varistors with optimal
performance.
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Extended Abstract

Introduction

Voltage-dependent resistors (VDRS) are crucial
components used to control voltage and leakage
current in electrical devices. Zinc oxide (ZnO) has
emerged as a primary material for VDRs due to
its high nonlinear current-voltage characteristics.
The objective of this study was to investigate the
effects of various processing parameters and
additives on the electrical performance of ZnO-
based varistors. The impact of different oxides
such as antimony (Sb), bismuth (Bi), cobalt (Co),
manganese (Mn), and yttrium (Y) on the
microstructure and electrical characteristics of
ZnO was explored, with a focus on controlling
leakage current and breakdown voltage.

Findings and Discussion

The SEM images revealed that the particle size
distribution of the raw materials significantly
influenced the final properties of the varistor. ZnO
particles had an average size of 0.2 um, Sbh,Os
particles were around 2 um, and Co,Oj3 particles
ranged from 0.5 to 3 um. The XRD patterns
indicated a mixture of phases, with significant
peaks corresponding to ZnO, Bi»0s, and Sh,0s.
Post-calcination, the formation of a spinel phase,
Zn;Sh,012, was observed, confirming phase
transitions during processing. The microstructure
of the sintered samples showed grain sizes
ranging from 4 to 5 um, with some variations due
to the use of high-energy milling. Electrical
testing revealed that the leakage current for the
samples exceeded 60 pA, and the working
voltage reached 546 V/mm. These results
indicated that the excessive milling time might
have led to excessively fine particles, which
affected the varistor's performance. The milling
conditions were further optimized by varying the
milling time and using different types of mills.
The best results were obtained with a planetary
mill for 20 minutes per step, which reduced ball
wear and minimized leakage current.
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The effect of adding yttrium oxide and
manganese oxide was also studied. Removing
yttrium oxide reduced the grain size and lowered
the working voltage to below 500 V. Increasing
the amount of manganese oxide further enhanced
the grain growth and decreased the leakage
current, which confirmed that manganese oxide
plays a key role in controlling the electrical
properties.

Conclusion

This study demonstrated that adjusting the
processing parameters, such as milling time,
sintering temperature, and the use of additives like
yttrium and manganese oxides, significantly
influenced the electrical properties of ZnO-based
varistors. A reduction in grain size was found to
lower the working voltage, while increasing the
manganese oxide content enhanced the varistor's
performance by controlling grain growth and
reducing leakage current. These findings provide
valuable insights into optimizing the design and
manufacturing of varistors with enhanced
electrical characteristics for practical applications.
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