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Fig. 1. SEM images of the ZnO varistor samples prepared

with various Ga** contents.
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Table 1.  Microstructure and macro electrical parameters of ZnO varistors before and after aging.
PSS confjfl/% dpm By o/(VimY) J/(pAem®) o N/A0Pm?) N/A0Sm?) gV KK
#1 0 8.2 373.1 1.76 54 0.87 1.40 145 235
B #2 0.2 7.9 423.2 1.34 57 0.92 1.51 .60 217 —
bt #3 0.4 7.7 440.4 0.89 63 1.07 1.64 .62 199 —
By 0.6 7.4 454.4 0.84 66 1.13 1.78 181 1.97 —
#5 0.8 7.3 478.5 1.12 61 1.25 1.75 158 214 —
#4-87% 436.3 1.12 61 1.26 1.77 1.60 — 0.394
LA -3.98% 33.30% ~7.60% 11.50% ~0.56% -11.60% — —
fﬁ #4-89% 427.2 1.15 58 1.29 1.74 1.51 — 0437
= LR ~5.99% 36.90%  -12.10%  14.16% -2.25% -16.57% —  —
#4-91% 418.1 1.23 55 1.34 1.69 1.38 — 0.550
pR s ~7.99% 46.40%  -16.70%  18.58% -5.06% -23.76% — @ —
125 [ (1) — 7m
— Bi
1j3 2?6
B /pm
€l 2 Zn, Bi, Al, Ga JCHRFE ZnO EBEBHBOREH B a4m (o) WEBEAR; (b) BLR S0 FR (9 5310 3 BE

Fig. 2. Distribution of Zn, Bi, Al, Ga in the microstructure of ZnO varistor sample: (a) The measurement path; (b) the intensity of

typical elements.
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Fig. 3. E-J characteristic curves of samples before aging (a), (b) and after aging (c), (d).
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Fig. 4. C-V characteristic curves of ZnO varistor before aging (a) and after aging (b).
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Fig. 5. Dielectric loss variation curves of ZnO Varistor.
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Abstract

The insulation level of power equipment in power system is based on the overvoltage protection level of
metal oxide arrester represented by zinc oxide valve blade. Owing to its superior nonlinear voltage current
characteristics and surge energy absorption capacity, ZnO varistor is widely used as the core component of
power system arrester. The electrical characteristics of ZnO varistors are determined by their complex
microstructures and grain boundary characteristics. Therefore, to further improve the insulation level of power
grid equipment, doping is required to further improve the grain boundary characteristics of ZnO varistors. In
order to obtain more stable ZnO varistors, the stability characteristics of Ga doped ZnO varistors are
investigated. The microstructural and electrical characteristics of the obtained experimental samples are tested
by scanning electron microscope, voltage current nonlinear characteristics, capacitance voltage characteristics,
X-ray diffraction spectrum, energy spectrum scanning, dielectric loss, and AC acceleration aging. The
experimental results show that with the further increase of gallium doping, gallium ions occupy the vacancies on
the zinc oxide lattice, increasing the interface state density, and improving the Schottky barrier height. On the
one hand, the leakage current density of ZnO varistor is reduced, on the other hand, the migration of free
electrons in the depletion layer is suppressed, and the stability of ZnO varistor in the high charge rate
environment is improved. Aluminum ions are dissolved into the ZnO lattice to generate a large number of free
electrons, thereby reducing the resistivity of ZnO grains, which can effectively reduce the residual voltage ratio
of ZnO varistor when large current passes through it. When the doping amount of Ga reaches 0.6%, the leakage
current is 0.84 pA/cm?, the residual voltage ratio is 1.97, the nonlinear coefficient is 66, and the Schottky
barrier height is 1.81 eV. At 115 °C, AC accelerated aging voltages of 87% FE} 4, 89% FE ,,x and 91% E, ., are
applied to the test sample separately. The aging time is 1000 h, and the aging coefficients are 0.394, 0.437 and
0.550 separately. This research will help to further improve the protection level of zinc oxide surge arresters,

achieving the deep limitation of grid overvoltage, and improving the security and stability of power systems.
Keywords: ZnO varistor, aging stability, electrical properties, charge rate
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