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Modification Mechanism of ZnQ Varistor by Core-shell Structure Formed by Coating

WANG Chaofan'2, HE Junjia!, ZHANG Xiaoxuan!, FU Zhiyao?, SONG Li'
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology, Huazhong University of Science and Technolo-
gy, Wuhan 430074, China; 2. Northwest Branch of State Grid Corporation of China, Xi’an 710048, China; 3. State Key Laboratory of
Disaster Prevention & Reduction for Power Grid Transmission and Distribution Equipment, State Grid Hunan Electric Power Com-

pany Disaster Prevention & Reduction Center, Changsha 410129, China)

Abstract: The performance of ZnO varistor directly determines the protection level of the arrester and the insulation level
of power system. In order to optimize the comprehensive performance of ZnO varistor, SiO2 was uniformly coated on the
surface of ZnO particles by sol-gel method, and powder particles with obvious core-shell structure were obtained. When
the Si*"/Zn>* (molar ratio) is 0.075, the ZnO varistor prepared by sintering at 1050 °‘C has a potential gradient of
651.37 V/mm, which increases by 115.6% compared to uncoated samples, the nonlinear coefficient reaches 73.02, which
increases by 104.5%, and the leakage current density is 0.73 pA/cm?, which decreases by 77.5%. Based on the differences
in the test results of the crystal phases of different samples, combined with the performance differences in macroscopic
electrical properties, microscopic grain boundary barrier properties, and dielectric response properties, the grain growth
control mechanism, solid solution reaction mechanism and oxygen transport mechanism of the ZnO@SiO: core-shell
structure formed by the coating were investigated for improving the performance of ZnO varistor.
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Table 1 Micro-structural parameters of the different sintered

varistor samples

T il FEIREE - d/pm o pl(g-em™)
750 0 4.42 0.37 538
ZSB-1 0.0375 2.99 0.36 5.04
ZSB-2 0.075 2.49 0.33 4.97
ZSB-3 0.15 2.45 0.29 4.60
ZSB—4 0.3 1.55 0.28 4.40
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Table 2  Electrical parameters of the different sintered varistor

samples
T il EE/REL 7 Eima /(V-mm™) a JU(pA-cm™)
750 0 302.15 35.70 3.24
ZSB-1 0.0375 526.92 63.79 0.89
ZSB-2 0.075 651.37 73.02 0.73
ZSB-3 0.15 1112.89 54.08 1.06
ZSB-4 0.3 2102.48 41.43 2.32
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Table 3 Comparison of electrical parameters of grain bound-

ary barriers of different samples

N Np Ns Wd
Rl BERECT eV ey 106 (10 m)
750 0 1.06 412 1.89 4.59
ZSB-1 00375 158 2.96 1.97 6.66
ZSB2 0075 1.73 257 1.93 751
ZSB3 015 141 321 1.94 6.04
ZSB4 03 1.19 3.69 191 5.18

R4 N[EVRE R SN L PR
Table 4 Grain boundary and grain resistance values of

different varistor samples
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Fig.12 Imaginary part of complex permittivity of different varistor samples at low temperature
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