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Influence of Bi and Nb Codoping on the Behaviors of BaTiO;-Based PTC Ceramics

DING Shi-Wen* PAN Bin JIA Guang LI Lan-Fen
(College of Chemistry and Environmental Science, Hebei University, Baoding, Hebei 071002, China)

Abstract: A series of doped BaTiOs-based PTC ceramic powders used BiCl; and NbCls as donor dopant were
prepared by solid-state reaction at low temperature. The influence of sintering process on the PTC effect was
studied. The XRD and TEM were used to study the phases and micrographs. The results show that the
compounds are mutually miscible in the solid solutions and have a shape of uniform, substantially spherical
particles with an average partical size of 50~60 nm in diameter. As indicated by preparing ceramics, the PTC
effect is improved by doping double donor Bi and Nb. It was found that the R, is 12.93 Q and ratio of R ../R .,

is 1.920x10° respectively when the ceramics materials sintered at 1330 °C for 20 min.
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Fig.1 R-T curves of different proportional double donor

doped materials
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Table 1 PTC effect of different proportional double donor doped materials

No. Bi%(x)+Nb%(x) R /Q Ruw ! Roy a(10/25) / (%-°C)
1 0.1+0.3 15.82 2.901x10°* 10.20%
2 0.1+0.4 22.80 1.624x10° 8.75%
3 0.2+0.4 327.7 1.367x10° 10.85%
4 0.3+0.1 72.97 1.358x10° 15.80%
5 0.3+0.4 3547 2.114x10° 10.90%
6 0.4+0.1 12.93 1.920x10° 12.74%
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Fig.2 XRD patterns of the samples with and without

additives

2.3 TEM FERaO#H

XA L 48 2% BaTiOs B R ZEAT TEM JE 5143
Br, Qg 3 e, e SRR A ORL A B0 | B2 i
P38 5] Ride K2 50~60 nm, A 407 1 B
YW s b i B R —F a2 R T HLA O T
T, OR8] A A B R R ORI
AR WA, AR oKk A e RN b1 1
Wi F S R RS2 6 AT L ) 32 3% 357 388 n a2 T e
RGO T, IRBRL T XA WT 32 3] 7 i 4
W5 A U AT RO T A R A R, AT A5 3 G B
VA 38 04 R 5 I FLYE BaTiOs 3K 1A 2 BF 1 A i 1 [
I, A 2 KR O 4 K AR IE TR AT
HALHE TR GORL 2200 M TR GOk ik — 25
KR, e A5 BN BORL 4 5] 43 HOPE B 08 19 40 K 9t

ki,

3 R TEM B8 4
Fig.3 TEM image of sample
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Table 2 Influnence of heat sintering temperature on performance of PTC materials

T/C ¢ / min Ras /Q) Row ! Ry a(10/25) / (%-°C"Y)
1310 20 97.56 3.890x10* 13.47%
1320 20 50.75 1.031x10° 13.19%
1330 20 12.93 1.920x10° 12.74%
1 340 20 3257 1.613x10* 11.66%
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Fig.5 SEM images of the sample at different sintering temperature
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Fig.6 R-T curves of samples sintered at 1330 °C for

different soaking time
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Table 3 Effect of soaking time on properties of ceramic material

¢ / min T/C Ris/ Q Ruw ! Ru, a(10/25) / (%-°C)
10 1330 45.70 1.242x10* 10.63%
20 1330 12.93 1.920x10° 12.74%
40 1330 71.68 1.125x10* 11.76%
60 1330 180.4 6.954x10° 10.89%
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