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ABSTRACT

The purpose of this study is to determine the oxidation state of Ce dopant when
doped into PZT ceramics and then correlate the nature of this dopant to the physical
and piezoelectric properties. The PZT (52/48 and 55/45) ceramics were prepared by
conventional mixed oxide method using Ce,(COs)3 as a source of Ce**. The mixed
powders were calcined and sintered at 800°C for 2 h and 1200°C for 2 h, respectively.
It was observed that the oxidation state and occupational sites of Ce ions had some
correlation to the physical and electrical properties of PZT ceramics. Analysis of the
ceramics via XRF technique indicated that the composition obtained from both PZT
systems was quite close to the nominal composition. However, Ce content lower than
1 mol% could not be detected by this technique. The XPS results revealed that Ce ions
are mainly in +3 valence state. Beyond 1 mol% doping, the XPS showed both +3 and
+4 valence states.

From Rietveld refinement of X-ray diffraction patterns, the crystal structure of
the Ce**-doped samples showed the coexistence of tetragonal and rhombohedral
phases in all compositions. The percentage tetragonal phase increased with increasing
Ce content. The XRD data suggested that the solid solubility limit of Ce was not
exceeding 1 mol%. The microstructure of PZT doped with Ce and undoped PZT
samples was mostly spherical, dense and uniform at the surface. Both decrease and
increase in grain size were observed with increasing Ce content. It was found that Ce**
dopant can effectively suppress the density of PZT ceramics. The observed variation
in physical properties implied that at low dopant content Ce predominantly entered the
A site of ABOj3 perovskite structure with +3 valence state and acted as donor dopant,
whereas at higher Ce content it fractionally occupied both A and B sites in PZT
ceramics. The trend in Curie temperature confirmed the different site occupancy of Ce
in the PZT systems. The maximum Curie temperature of the Ce doped sample was 400
°C for 0.75 mol% doping. The electrical and piezoelectric properties of the Ce-doped
sample indicated that Ce** doped PZT ceramics produced a soft characteristic at low
Ce content and hard characteristic at high Ce content. These should be due to the
fractional site occupancy of Ce ions both in A and B sites, as a function of Ce doping
content in PZT ceramics. The electrical and piezoelectirc properties agree well with
those of the XRD, SEM and density.
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