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Table 1 Mean grain size, resistivity before oxidation and oxygen coulometry results of

Baj_,La, TiO3z samples

Az 2P (Peak TIT)(mol /mol)

x/mol% d/pm Resistivity/Q-cm Tonset (Peak TII)/°C

Experiment Calculation
0.25 50 241 / / /
1.5 40 0.99 1266 0.0030 0.0075
3.0 5 1.80 1244 0.012 0.015
5.0 2 1.45 1225 0.020 0.025
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Fig. 1 Dependence of the dosing current on tem-
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B 2 Bag.gssLao.o15TiOs £ 7E Po,=260Pa F& L (B E4bEE S 1380°C) #) TEM B A
Fig. 2 TEM micrographs of precipitates of the-monoclinic compeound BagTii7O40 in Bag.gssLag.015TiO3
sample, reoxidized by heating to 1380°C in an atmosphere-of Po,=260Pa
(a) Bright field image; (b) HREM image of the precipitate marked in Fig.2(a) with A; (c) and (d) Electron
diffraction patterns taken-at the area of the grain marked in Fig.2(a) with A and B
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Fig. 3 Dc resistivity dependence on the temperature of samples with different La after reoxidation up to

different maximum temperatures
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248 TBIMEE N 1.5mol% FEMEARR MW HEAIMEEEMEHBEEZE. NFE2 /K
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Table 2 Electric properties of samples with 1.5mol% La after reoxidation up to different

maximum temperatures

Tl’lljleao)f °C pmax/pRT ,-Tmeasuring/oc Ptotal/Q'Cm p1/Q'Cm pz/Q~cm pg/Q~cm

2 49 1 4 /
Lotz 2 265 10.8 1 10 /

2 133 6 127 /
1217 1234 274 164.1k 4 164.1k /

2 252 13 10 200
1380 2RQ 88 573.4k 5 4.0k 569k

(a) ZERARBIIREE T, A S0 0 KRB E Atk . X P00, 725 FH A ir i o &t
A IE R 7. 412R Ti B 72008 e S T, A4 U 7R B R = 58 S A A RE R T £
BagTii7Ou0 JTIEYIMIAFTE. 72X HE AL AR XE X 7t J2 phy T S0 AL 1 T 3 it 9 8 R 72 R 45tk 2 A
R T F At TiOo 1M 7= 42 ) BagTirOao A, B F Ti B T I P BURBARAR 1), XA~ 72 H
R AT ST, AR Y S SR R SR

(b) FEBL R B BE T, F R (4 2 kL Y 0 A SR Ak . X A2 2l % i 4 Y o A O R R
] 100 S S R 7 N SRR IS, DT . 1R TE R P9 DX T VE k. A TEM (i
ATERRAE, WP IS, FEHE M B &R P A R 2 T 5E )
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Fig. 4 Impedance spectra for 1.5 mol% La-doped samples with’maximum reoxidation temperature of
1217°C and 1380°C
(a) Cole-cole plot; (b) Z2 and Mz dependences on frequency
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Fig. 5 PTCR ceramics equivalent circuit and cole-cole plot (a) 2RC; (b)3RC
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Mechanism Investigation of Grain Boundary Reoxidation of

Barium-lanthanum Titanate (Ceramics

PU Yong-Ping!, CHEN Shou-Tian?, LANGHAMMER H. T.2, MAKOVEC D.*

(1. Shaanxi University of Science and Technology, Xianyang 712081, Chian; 2. Xi’an Jiaotong University,
Xi’an 710049, China; 3. Martin-Luther-University Halle-Wittenberg, 06108 Halle, Germany; 4. Ceramics
Department, Jozef Stefan Institute, 1000 Ljubljana; Slovenia)

Abstract: BaTiOj3 ceramics doped with different La concentrations were sintered under a reduc-
ing atmosphere of Hy/Ar (1:99), subsequently, reoxidized in oxygen partial pressure Pp,=260Pa
(mixture with Ar and Oy gas).The behaviour of oxygen in the reoxidation process was investigated
by an oxygen coulometry. The microstructure of the raw sintered and reoxidized samples were
analysed via TEM. Temperature dependence of resistivity and complex impedance spectroscopy
of reoxidized samples-at different maximum'temperature were measured. Results showed that
three oxygen uptake peaks with different onset temperature could be observed during the heating
circle. Peak I (onset. about 250°C) was attributed to the filling up of oxygen vacancy. Peak II
and IIT were related 'to the oxidizing of reduced phase. Respectively, Peak II (onset about 800°C)
was the formation of oxidized phase at the vicinity of the grain boundaries, which was controlled
by grain boundary diffusion. Peak III (onset about 1250°C) was the oxidized phase expanding
towards the grain centre and controlled by oxygen bulk diffusion, meanwhile, the rich-Ti phase
BagTi17049 was precipitated. During the transformation from reduced phase to oxidized phase

the development of two potential barriers at grain boundaries resulted in the strong PTCR effect.

Key words barium-lanthanum titanate ceramics; grain boundary reoxidation; positive temper-

ature coefficient resistance effect



