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A Study on the Microstructure and Electrical Characteristics
of ZnO Varistor for d.c. Arrester

UMS'e zlole! wef@? x=o|2° wEs’
(Seok-Sou Kim'?, lke-Sun Choi', Tae~Gon Park?, I-Gon Cho®, and Choon-Hyun Park’)

Abstract

The microstructure and electrical characteristics of A~C's ZnO varistors fabricated according to
variable sintering condition, which sintering temperature was 1130 C and speeds of pusher were A! 2
mn/min, B! 4 mm/min, C: 6 mm/min, respectively, were investigated. The experimental results obtained
from this study were summarized as follows : The sintering density of A~C’s ZnQ varistors sintered
at 1130 T were decreased by sintering keep time to shorten, such as A! Shour, B: 4.5hour and C:
3hour. A’s ZnO varistor exhibited good densification nearly 98 % of theory density. In the
microstructure, A~C's ZnQO varistors fabricated variable sintering condition was consisted of ZnO
grain(Zn0), spinel phase(Zn233ShesrQ4), Bi-rich phase(Biz03), wholly. Varistor voltage of A~C's ZnO
varistors sintered at 1130 C increased in order A <B <{C's ZnO varistors. C's ZnO varistor exhibited
good characteristics that nonlinear exponent was 31.70. Leakage current of A~C's ZnO varistors
exhibited below 2 mA at rated voltage. Lightning impulse residual voltage of A’s ZnO varistor suited
standard characteristics, which was 3.85kV at 25kA, 44 kV at 5kA and 516 kV at 10 kA. After
continuous lightning impulse current test of A’s ZnQO varistor exhibited good discharge characteristics
which ZnO varistor reveals no evidence of puncture, flashover, cracking in visual examination. After
high current impulse test of A's ZnQO varistor exhibited good discharge characteristics, which variation
rate of residual voltage was 0.4 % before and after test, and revealed no evidence.

Key Words : ZnO varistor, ZnQO grain, Spine! phase, Bi-rich phase, Continuous lightning impulse current
test, High current impuise test
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Table 1. Formulation of ZnO varistor. (mol%)
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Table 2. The sintering condition by pusher speeds.

No. g8l&%= S8 #FANG 9Yods

A 2mn/min 033TC/min  9.0hr 0.69C/min
B  4m/min 067C/min  45hr 1.37°C/min
C  6mn/min 1.00C/min  3.0hr 2.06'C/min
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Table 3. Density, shrinkage and porosity of samples.

No. A FEE 7 E&
A 5.645 g/cm 17.5% 2.34%
B 5524 g/cut 17.4% 4.43%
& 5498 g/cnf 16.5% 4.88%
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Table 4. Microstructure by sintering condition.

No. Microstructure ZnO Grain Size

A 15.44 pm
B 13.57 m
C 11.92 gm
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Fig. 1. X-ray diffraction pattern of sample A.
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Fig. 2. EDAX analysis of samplc A.
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Table 5. Test list and reference of ZnQO varistor
for DC arrester.
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Fig. 3. V-I characteristic wave of samples by
sintering condition.
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Table 6. V-1 characteristic parameter of samples
by sintering condition.

SAANAY

No. a
Vi0ua(kV) Vim(kV)
A 2.28 2.59 18.06
B 264 2.87 2756
C 292 314 31.70
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Fig. 4. Leakage current of samples by sintering
condition.
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Table 7. Leakage current characteristic of

samples by sintering condition.

A A FH(pa) [BAHH2.6kV)x ]
o 40% 60% 80% 1009
1 6.1 50 1430
B 0.1 2 7 132
c 0.1 08 2.7 32
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Table 8. Lightning impulse residual voltage of
samples by sintering condition.

HEAANGAYL (W, 8/20ps)

2.5kA 5kA 10kA
A 3.85 44 5.16
B 4.27 4.95 5.71
C 4.88 5.44 6.54
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Table 9. Result of continuous lightning impulse
current test for sample A.

No. &#A8s FHARM) ATHGR)

53] 5.04 4.40

A 103] 5.04 444
153] 5.02 4.44

203 5.04 4.44
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Table 10. Result of high current ‘impulse test
for sample A.
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