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Influence of sintering process on Bi,O3; vaporization of
Zn0-Bi,03 based varistor ceramics

XU Dong"?, CHENG Xiao-nong', ZHAO Guo-ping', YAN Xue-hua', SHI Li-yi’

(1. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Research Center of Nano Science and Technology, Shanghai University, Shanghai 200444, China)

Abstract: ZnO-Bi,0; based varistor ceramics were sintered by using different sintering processes, open sintering,
sintering inside a closed crucible and sintering within a powdered bed. The phases and microstructures of the varisotr
ceramics were investigated by XRD and SEM. The effects of sintering process on electrical properties and
microstructures of ZnO-Bi,O3 based varistor ceramics were discussed. The results show that the sintering process and
sintering temperature have obvious effect on the microstructure and electrical properties of the samples. Optimal values
for the electrical characteristics of the varistor ceramics by three kinds of sintering processes are obtained when the
sintering is conducted at 1 100 . At 1 000 , the samples sintered within a powdered bed show better electrical
properties than those subjected to the other two processes, while at 1 100 or 1 200 , the open sintering samples
exhibit better electrical properties. These results also show that Bi,O; vaporization in three sintering processes is in the
order from strong to weak as follows: sintering within a powdered bed, sintering inside a closed crucible, open sintering.
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Fig.1 Schematic diagram of different sintering processes:

(a) OS; (b) CS; (c) PS

1
Table 1 Sintering schedules of samples sintered at different

temperatures by different processes

Sintering temperature/ oS CS PS
1000 C2A C3A C4A
1100 C2B C3B C4B
1200 c2C C3C C4C
1300 C2D C3D C4D

Rigaku D/max 2200 X

(SEM, FEI QUANTA 400)
6 14 7.0
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Fig.2 XRD patterns of ZnO-Bi,O; varistor ceramics sintered C2B—C4B—C4A—C3B—
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3 SEM
Fig.3 SEM images of ZnO-Bi,O; varistor ceramics sintered by different processes: (a) Sample C2A; (b) Sample C2B; (c¢) Sample
C2C; (d) Sample C2D; (e) Sample C3A; (f) Sample C3B; (g) Sample C3C; (h) Sample C3D; (i) Sample C4A; (j) Sample C4B;
(k) Sample C4C (1) Sample C4D

2 X
Table 2 Effects of sintered processes on relative X-ray diffraction peak area ratio of varistor ceramics
Sample No. Bi,05(310)/Zn0O(101) Bi,Sb3Zn,04(222)/Zn0O(101) Zn78b,014(311)/Zn0O(101)
C2A 0.051 0.069 0.468
C2B 0.040 0.051 0.228
c2c 0.015 0.031 0.430
C2D - 0.027 0.338
C3A 0.044 0.072 0.509
C3B 0.045 0.054 0.220
C3C 0.041 0.048 0.371
C3D 0.033 0.037 0.327
C4A 0.084 0.080 0.476
C4B 0.091 0.059 0.240
Cc4C 0.107 0.059 0.328

C4D 0.085 0.044 0.286
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Table 3 Bi,Ozvaporization loss and boundary characteristic parameters of ZnO-Bi,O; varistor ceramics sintered by different
processes
Sample No. w(Bi,05)/% G/um DpleV o/nm Np/(10'ecm™)  Ng/(10"2cm )
C2A 19.5 7.9 0.87 12.7 5.09 6.44
C2B 27.3 8.7 0.99 6.5 21.76 14.21
c2c 71.4 11.9 0.89 9.1 9.97 9.11
C2D 94.6 15.4 0.71 13.0 3.96 5.12
C3A 18.0 7.2 0.86 13.2 4.62 6.12
C3B 22.8 10.7 0.99 8.1 14.08 11.45
C3C 35.9 12.4 0.97 12.4 591 7.34
C3D 55.9 154 0.89 53.3 0.30 1.58
C4A -39.2 7.5 0.92 28.6 1.05 3.01
C4B —33.0 10.2 0.93 11.4 6.71 7.67
Cc4cC -23.1 13.2 0.69 54.9 0.21 1.18
C4D -6.4 18.7 0.93 21.5 1.88 4.04
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