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ABSTRACT

The effect of ZrO, addition on the microstructure and electrical properties of Ni-Mn oxide NTC thermistors was studied. Major
phases present in the sintered bodies of Ni; jMn,_,Zr,O, were the solid solutions of Ni-Mn-Zr oxides with a cubic spinel structure and
the ZrO, with a tetragonal structure. The ZrO, was formed by the partial decomposition or incomplete formation of the Ni-Mn-Zr
oxides during sintering, With increasing the amount of added ZrO,, the ZrO, phase increased. The relationship between log resistivity
(log p) and the reciprocal of absolute temperature (1/T) of the NTC thermistors prepared was linear, indicative of NTC characteristics.
The resistivity, B constant and activation energy of the thermistors increased with increasing ZrO, content.
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Table 1. Samples Fabricated in This Study

Contents (mol)

Sample NiO M0, 710,
ZA 10 20 0.0
7B 1.0 18 02
7C 10 16 04
7D 1.0 14 0.6
ZE 10 12 0.8
7F 1.0 10 1.0

Oﬂ polyvmyl alcohol Swths HWal &
- ]%0}04 Fatath. 2 ¥ Tkgmm’S) ¢HS 7}
el Smmel A4 1L5mme] ¥AE 7HAE daady
AEAE Azt FEAES 1200°C, 1250°C R 1300°C
o] oA 4AjZE Bt THE S T LT 2Ete] &
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X-ray Spectroscopy(EDS)7} H-2Hgl FA AR @R A H €
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3. MEZn o 0¥

Fig. 12 1200°ColA 4417+ B9 &A% A2 RHS
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2 Fesle Al 24As i 5~ 17umd 9 2

Fig. 1. SEM images of the surface of samples (a) ZA, (b) ZB, (¢) ZC, (d) ZD, (e) ZE and (D ZF sintered at 1200°C (scale

bar=6.66 um).
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Image, 255

F g. 2. SEI and elemental mappings of sample ZC sintered at 1200°C.
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ible 2. Density of the Samples Sintered at 1250°C
Sample Density (g/cm3)
ZA 5.12
7B 5.20
7C 5.24
7D 5.28
ZE 533
ZF 5.38
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Fig. 3. SEM images of the surface of sample ZE sintered at
(a) 1250 and (b) 1300°C (scale bar=6.66 fLm).
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Fig. 4. XRD patterns of the samples (a) ZC and (b) ZF sintered
at 1200°C.
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Fig. 5. Resistivity p versus T plot for the samples sintered at
(a) 1200, (b) 1250 and (c) 1300°C.
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Table 3. Resistivity at 140°C, B,4q/350 Constant and Activation
Energy for the Ceramics Sintered at 1200, 1250 and

1300°C
Sintering Resistivity Biaono Activation
temp. Sample 140°C constant energy
(0 (Qcm) X) (eV)
ZA 89 2786 0.239
ZB 126 3028 0.260
zC 148 3314 0.284
1200 7D 233 3850 0.330
ZE 296 3930 0.337
ZF 521 4200 0.360
ZA 126 3118 0274
ZB 156 3403 0.292
1250 ZC 204 3642 0312
ZD 268 3732 0.320
ZE 380 3956 0.339
ZF 548 4174 0.358
ZA 169 2709 0232
ZB 195 3535 0.303
1300 zC 255 4288 0.368
ZD 456 4386 0.376
ZE 667 4449 0382
ZF 1153 4547 0.390
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Fig. 7. Resistivity at 140°C as a function of ZrO, composition

for the Ni; (Mn»_Zr,0, (0<x<1.0) thermistors sintered
at 1200, 1250 and 1300°C.
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