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UM =ghp, glef 27, whEE™
(Seok-Sou Kim", Han-Gu Cho’, Tae-Gon Park”, Chun-Hyun Park™)

Abstract

In this thesis, the microstructure and electrical properties of ZnO varistors were investigated according
to ZnO varistors with various formulation. A~E’s ZnO varistor ceramics were exhibited good density,
95% of theory density and low porosity, 5%, wholly. The average grain size of A~E's ZnO varistor
ceramics exhibited 11.89m, 13.57um, 15.44m, 11.92pm, 12.47um, respectively. Grain size of C's ZnO
varistor is larger and grain size of A and D’s are smaller than other varistors. In the microstructure,
A~E’s ZnO varistor ceramics sintered at 1130C was consisted of ZnO grain(ZnO), spinel
phase(Znza3Sbee7Q4), Bi-rich phase(Bi:0s) and inergranular phase, wholly. Reference voltage of A~E'’s
ZnO varistor sintered at 1130°C decreased in order D, E > A > B > C’s ZnO varistors. Nonlinear
exponent of varistors exhibited high characteristics, above 30, wholly. Consequently, C's ZnO varistor
exhibited good nonlinear exponent, 68. Lightning impulse residual voltage of A, B, C and E’s ZnO
varistors suited standard characteristics, below 12kV at current of SkA.

Key Words : ZnO varistor, Spinel phase, Bi-rich phase, Inergranular phase, Reference voltage Nonlinear
exponent, Lightning impulse residual voltage.
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Table 1. Formulation of ZnO varistor.

ZnO vlgl2H9 F9 HEEA (mol%)

Sample — 3 B 0, Sbi0s  Col0s  NiO  MmOs  Zr0: B0 Si0z _ ALOs
A 96.0 05 1.0 05 0.2 05 05 05 0.1 0.2
B 96.0 10 1.0 05 0.2 05 05 05 0.1 0.2
C 96.0 10 05 0.5 0.2 05 05 05 0.1 02
D 96.0 05 1.0 05 0.2 05 05 05 0.1 0.3
E 96.0 05 1.0 05 0.2 0.5 0.5 05 02 04
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Table 3. Microstructure with variation formuration of ZnO varistor.
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Table 2. Density, shrinkage and porosity of ZnO

varistor

Al 9% FEE NEFE&

A 5.498 16.9% 4.89%

B 5512 16.4% 4.64%

C 5.491 16.8% 5.00%

D 5.496 16.2% 491%

E 5.495 16.5% 4.93%
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Fig. 1. EDAX analysis of sample E.
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Table 4. V-I characteristics parameter of ZnO varistors.,

SEAA AR
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A4 No. a 3.06kV(85%) 3.6kV(100%)
Visou(kV) Vin() T{zA) P, (W) L(zA) Py (i)
A 534 565 41 20 30 54 90
B 493 5.26 36 32 48 150 208
C 437 452 68 60 63 300 456
D 5.36 575 33 16 24 42 72
E 547 574 48 17 18 39 66
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Fig. 2. V-I characteristics of ZnO varistors.
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Table 5. Residual voltage with lightning impulse
current.

AlH HEFATAY kY, 8X20us)

No 2.5kA 5kA 10kA

A 9.69 10.72 12.18

B 9.54 10.86 12.04

C 8.66 9.83 1145

D 11.60 12.77 1512

E 9.83 1071 12.18
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Fig. 4. Wave of residual voltage with lightning
impulse current.
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