EaE B2
202241 A 20 H

LY A1 A N =
Proceedings of the CSEE

Vol.42 No.2 Jan. 20, 2022
©2022 Chin.Soc.for Elec.Eng. 827

DOI: 10.13334/j.0258-8013.pcsee.212077 XEHE: 0258-8013(2022) 02-0827-08 HESHS: TM 21 HEMAFIRAG: A

ZnO [EBMEKAERIRE A MR ot 5T 1%

MR, M, %, W, mEL, RZFE

(L) RAARRCEEEH G AL ERRREFEERFENIALGE AL THRAR),
FET HiKE 100084)

Dielectric Relaxation Characteristics of ZnO Microvaristor/silicone Rubber Composite
HE Jinliang, SUN Gang, HU Jun, XIE Jingcheng, HUANG Zhiwen, YUAN Zhikang"

(State Key Laboratory of Control and Simulation of Power System and Generation Equipments(Department of

Electrical Engineering, Tsinghua University), Haidian District, Beijing 100084, China)

ABSTRACT: Keeping uniform distribution of electric field in
high voltage equipment is an effective method to prevent the
insulation materials from aging or failure. ZnO microvaristor/
silicone rubber(SiR) composites have been used in electric
field grading structures for high voltage equipment due to the
nonlinear conductance and dielectric properties. In this paper,
ZnO/SiR composites with volume fraction of 5%~40% ZnO
were prepared. The relaxation processes of ZnO/SiR
composites with different volume fractions of ZnO have been
obtained by using broadband dielectric spectroscopy(BDS) in
the frequency range of 0.1Hz~1.0MHz and the temperature
range of —40°C~160°C. Three kinds of relaxations have been
found, i.e. S relaxation, IDE relaxation and a relaxation, which
are caused by the movement of polymer branch chain, ZnO
microvaristor, and the transition to viscous flow state of
silicone rubber, respectively. By linear fitting the logarithm of
IDE(intermediate dipolar effect) relaxation time and inverse of
temperature, it reveals that the mechanism of IDE relaxation in
ZnO/SiR composite is the migration and accumulation of
thermally activated carriers in ZnO microvaristor. This work
provides basic data for the relaxation process of ZnO/SiR
composites and supplies reference for the application of

ZnO/SiR composites in high voltage equipment.

KEY WORDS: ZnO microvaristor; silicone rubber; nonlinear

material; dielectric relaxation
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Fig. 1 SEM photos of ZnO microvaristors and
ZnO/SiR composite
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Fig. 2 Imaginary part of dielectric permittivity &’ of

ZnO/SiR composites with different ZnO volume
fractions at different temperatures
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Table 1 Fitting results of a-relaxation and IDE-

relaxation of ZnO/SiR composites at different temperatures

ZnO RJE/ a b IDE 5%
é’l\é C Ag a by wN/s Ag as b, Z'IINz/(lO’SS)

80 0.15 1.00 1.00 0.60 0.18 0.44 1.00 27.00
100 024 095 1.00 039 0.16 047 1.00 12.50
10% 120 0.44 094 1.00 031 0.14 0.53 1.00 5.65
140 0.59 093 1.00 0.19 0.12 0.58 0.97 3.12
160 047 091 1.00 0.08 0.10 0.63 0.80 242
80 0.14 096 1.00 049 0.14 039 1.00 14.70
100 0.18 097 1.00 036 0.13 044 1.00 6.61
5% 120 0.18 098 1.00 0.19 0.11 0.53 0091 4.04
140 0.19 1.00 1.00 0.09 0.10 0.57 0.71 3.31
160 020 096 1.00 0.04 0.09 0.59 0.81 1.63

%2 7T [EZnO & ZnO/SiR £ &+ 1} IDE shi&Hl & 4R
Table 2  Fitting results of IDE-relaxation of ZnO/SiR

composites with different ZnO contents

ZnO IDE % oo/
EE % A& a b, N2 /(10%s) (10713 S/m)
5 0.087 0.59 0.81 1.63 2.52
10 0.105 0.63 0.80 2.42 3.34
20 0.332 0.68 0.50 6.51 3.42
30 0.415 0.35 1.00 8.14 6.82
40 0.784 0.35 1.00 9.10 10.00
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Insulation is one of the core problems in high
voltage systems. Keeping uniform distribution of electric
field in high voltage equipment is an effective method to
prevent the insulation materials from aging or failure.
ZnO microvaristor/ silicone rubber (SiR) composite
shows nonlinear conductance and dielectric property,
which can control the distribution of electric field
adaptively. It provides a new research idea and technical
feasibility to solve the problem of uneven electric field
distribution in high voltage equipment.

In this paper, ZnO/SiR composites with volume
fractions of 5%~40% ZnO are prepared. The
morphology of ZnO microvaristors is shown in Fig. 1(a)
and the prepared ZnO/SiR composite with 40% ZnO in
volume fraction is shown in Fig. 1(b).

The relaxation processes of ZnO/SiR composites
with different volume fractions of ZnO have been
obtained by using broadband dielectric spectroscopy
(BDS) in the frequency range of 0.1Hz~1.0MHz and the
temperature range of —40~160°C. Three kinds of
relaxations are found. They are [ relaxation, IDE
relaxation and « relaxation, which are caused by the

(b) ZnO/SiR composite

Fig.1 SEM photos of ZnO microvaristors and ZnO/SiR composite
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movement of polymer branch chain, ZnO microvaristor,
and the transition to viscous flow state of silicone rubber,
respectively. To resolve the contribution of each
relaxation mechanism, the experimental data &’ versus
frequency are fitted in terms of the phenomenological
Harriliak-Negami function described Eq. (1). Fig. 2
shows the fitting results of the composite with 10%
volume fraction in ZnO at 160°C.
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Fig. 2 Fitting result of imaginary part of dielectric permittivity &’

of ZnO/SiR composites with 10% ZnO at 160°C

The fitting results of IDE relaxation of ZnO/SiR
composites with different ZnO contents are shown in
Table 1. The IDE relaxation times and inverse of
temperatures are linear fitted. With the increase of ZnO
content, the activation energy of the composite increases.
It reveals that the mechanism of IDE relaxation in
ZnO/SiR composite is the migration and accumulation of
thermally activated carriers in ZnO microvaristor.

Table 1 Fitting results of IDE relaxation of
ZnO/SiR composites with different ZnO contents

Content of IDE relaxation oo/
Zn0/% A& a b, Zine/ (1075s) (10713 S/m)
5 0.087 0.59 0.81 1.63 2.52
10 0.105 0.63 0.80 2.42 3.34
20 0.332 0.68 0.50 6.51 3.42
30 0.415 0.35 1.00 8.14 6.82
40 0.784 0.35 1.00 9.10 10.00




