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Development of lead-free PTC thermistor materials
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Barium titanate (BaTiO;; BT)-based solid-solution ceramics without lead were synthesized for the
development of a lead-free capacitor and PTCR (Positive Temperature Coefficient of Resistivity) use
far beyond 130°C. A ferroelectric or antiferroelectric lead-free perovskite-type (LFP) compounds
such as (Bi;nNaj;)TiO; (BNT, Curie temperature T.= 320°C), (Bi;»K;,)TiO; (BKT, 380°C),
NaNbO; (NN, 643°C) and BiFeO; (BF, 850°C) was selected as the other end member. The
(1-X)BT-XLFP (abbreviated as BT-LFPX, e.g. BT-BNTx for (Bi;,Na;;)TiO;) solid-solution ceramics
were fabricated and their electric properties were investigated. In the BT-BNT and BT-BKT systems,
the T, smoothly increased with X. On the other hand, in the BT-NN and BT-BF systems, the T,
decreased to Xx=0.4 (BT-NN) and x= 0.1 (BT-BF), and then increased with x. For these four systems,
the compositions (X) with a T, near 170°C were determined and these ceramics were characterized in
detail. In these systems, the non-doped BT-BNT ceramics showed a high electric resistivity, p, and
high dielectric constant. The La-doped BT-BNT ceramics demonstrated the low p values on the
order of 10 Qcm at room temperature and abruptly changed by 10° about 200°C.
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Table I. Candidates of end member for lead-free
PTCR materials

Compound Symmetry at RT T.(°C)
(Bi;,K,)TiO; Tetragonal 380
(Bi;;Na,;,)TiO; Rhombohedral 320
NaNbO; Orthorhombic 643
BiFeO, Rhombohedral 850
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Fig. 1 Sintering temperature change of BT-LFP ceramics
with the relative density D, > 90%.
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Fig. 2 Crystal structure changes in BT-LFP(X) systems at

room temperature.
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Fig.3 Curie temperature T, changes with X in BT-LFP(x)
system.
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Fig. 4 Temperature dependence of resistivity of
La-doped BT-LFP solid-solution ceramics sintered
under N, atmosphere.
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Fig. 5 Temperature dependence of resistivity of
BT-BNT and commercial Pb-contained BT
semiconductive ceramics
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