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Lead-free PTC thermistor and its electrical characteristics
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The electric properties of BaTiO;-(Biy,Nay,)TiO3 (BT-BNT) solid solution ceramics were studied as
a lead-free PTCR (positive temperature coefficient of resistivity) thermistor material usable over
1300C. For determining the maximum switching temperature T, the phase diagram of BT-BNT
binary system was clarified. Two semiconductorization processes and their electric properties are
described. The lanthanum(La)-doped BT-BNT ceramics sintered in air still showed dielectric
behaviors, but the niobium(Nb)-doped ones had a low resistivity at room temperaturg¢ ogrr, on the
order of 10° Qcm and showed a PTC behavior. Sintering under a low O, atmosphere produces
BT-BNT ceramics with less than 10> Qcm compared to those prepared in air. Our current research
produced the BT-BNT ceramics with T, values around 220°C by increasing the (Bi;;Na,;) content in
the ceramics. We also propose a new method to prepare BT-BNT PTC thermistor ceramics by
sintering green bodies in contact with oxygen-containing a-zirconium (a-ZrOy) powders in air.
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Figure 1 Phase diagram of a BT-BNT binary system constructed from the results of di-, pyro-, and

ferro-electric measurements of BT-BNT ceramics.
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Figure 3 Temperature dependence of resistivity p of BT-BNT ceramics sintered at 1340 °C for 2 h in
N, atmosphere with 300-400 ppm of oxygen concentration.
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Figure 4 X-ray diffraction profiles (a,, b;) and photo-
graph (a,, b,) of a-ZrO, powders before and after
sintering process, respectively.
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Figure 5 Effect of oxidation of @-ZrO, during sintering
process on temperature dependences of resistivity of
BBNT ceramics. The resistivity data of (a and b)
non-doped 6 mol% BNT and (c) 0.4%La doped 5
mol% BNT ceramics are plotted. At sintering process,
mixture powders of &-ZrO, and normal ZrO, with
1:9 weight ratio were (a and c) put directly under the
green bodies and (b) set around the ones. All ceramic
samples were sintered at 1340°C for 2 h in air.
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