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Abstract

The microstructure and electrical properties of ZnO-PreOn-CoQ-EriQ; based varistors were
investigated with Er0s additive content of the range 0.0 to 2.0 mol%, Most of the added Er:0Qs were
segregated at the nodal points and grain boundaries, and it coexisted with PrsOi: in the bulk
intergranular layer. The average grain size was decreased in the range of 7.44 to 562 gm at 1300C
and 1836 to 9.11 at 1350C with increasing Er:0s additive content. The density of ceramics was in
the range 4.87 to 508 g/cm’ at 1300TC, and 535 to 562 g/em’ at 1350TC. At 1300C, the varistors
without Er:0O; exhibited 29.66 in the nonlinear exponent and 28.23 #A in the leakage current, whereas
the varistors with 0.5 mol% Er:03; exhibited a high nonlinearity, which is 52.78 in the nonlinear
exhibited and 975 #A in the leakage current. At 1350°C, the varistors without Er0s; exhibited a very
poor nonlinearity indicating 2.08 in the nonlinear exponent and 133.79 xA in the leakage current,
whereas the varistors with 1.0 mol% Er:0: exhibited a relatively high nonlinearity, which is 26.79 in
the nonlinear exponent and 592 #A in the leakage current. Therefore, ErsOs was additive, which
greatly improve the nonlinearity. It is believed that ZnO-05 mol% PrsOi-1.0 mol% CoQ-0.5 mol%
Er:0; based ceramicss will be usefully used as a basic composition to develop the advanced

PrsO1-based ZnQ varistors.
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Fig. 1. SEM micrographs of ZPCE ceramics with ErQ; additive content sintered at 1300C and
1350°C. (A} 1300°C, (B) 1330C, a: 0.0 mol%, b: 0.5 mol%, c: 1.0 mol%, and d: 2.0 mol%.
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1350°C, a: 0.0 mol%s, b 0.5 mol%, ¢ 1.0 mol®s, d 2.0 mol%.

Fig. 2. XRD of ZPCE ceramics with ErQ; additive content sintered at 1300°C and 13507C. (A) 130
07T, (B) 13507, a' 0.0 mol?, b 0.5 mol%, ¢ 1.0 mel®%s, and d- 2.0 mol%.
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Fig. 3 EDAX analysis of ZPCE ceramics containing 2.0 mc;l% Ery0O: sintered at 1300C and 1350°C. (A)
13007C, (B} 1350T, a' Zn0 grain, b: grain boundary, and ¢! bulk intergranular phase.
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1. 1300C % 1350CAAM £ZA€ ErO; A7l ©t& ZPCE dlgAHY -V ® C-V §4 #an

Table 1. I-V and C~V characteristic parameters of ZPCE varistors with Er:Qs additive content sintered

at 1300 and 13507TC.

Sintering Er:03 Vima Vb a I, Ny N dy t
temperature  content  (V/mm)  (V/gh) {(uA) 0% (10%em® (V) {nm)
() {mol%4)
0.0 337.43 251 29.66 2823 1.67 364 0.85 21.83
05 41625 2.90 5278 975 121 280 074 2393
1300 1.0 45769 298 45.01 15.79 1.24 463 1.84 37.23
20 575.36 323 44.88 19.16 0.65 267 1.17 41.31
0.0 83.85 0.16 208 133779 1461 6.28 0.29 430
1350 05 105.80 1.66 34.83 7.38 410 5.08 0.67 12.40
10 231.29 222 36.79 592 2383 4.89 0.90 17.23
2.0 324.72 2.96 29.87 13.25 1.50 3.66 0.95 24.39
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