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ABSTRACT

In this study, two major aspects have been carried out in order to study the
phase transformation of lead barium zirconate, (Pb;.xBay)ZrOs ceramics.

Firstly, (Pb;.xBayx)ZrOs ceramics for the composition range 0 < X < 0.30 were
prepared by mixed oxide solid state reaction method with calcination temperature
1000 °C for 1 h and sintering temperature 1300 °C for 3 h. Phase formation,
densification, microstructure, piezoelectric and mechanical properties were studied as
a function of compositions X. Permittivity, dilatometric and calorimetric
measurements were used for studying the details of AFE-FE and FE-PE phases
transitions. It was found that the density of the ceramics decreases with increasing

amount of Ba>", whilst the average grain sizes are between 1 to 2.3 pm. The structure



of as-calcined powder revealed that the fraction of the orthorhombic phase is
decreasing with increasing Ba®" content. The ds3 values of the samples increases from
~ 0 to 87 pC/N with increasing Ba®" concentration from X = 0 to 0.30. The
mechanical properties of the ceramics were studied by Vickers and Knoop
microhardness testers. The values of Vickers and Knoop hardness are in the range of
4.10 - 6.48 and 4.15 — 5.67 GPa, respectively. The AFE-FE and FE-PE phase
transition temperatures progressively decreases with continuously increasing Ba®"
concentration. The AFE-FE phase transition is detected for compositions 0.00 < x <
0.10. The maximum dielectric constant gradually increases with increasing of
compositions X up to 0.20. For higher Ba*" concentration, the lowering of maximum
dielectric values is accompanied by progressive broadening of the permittivity peak.
The linear thermal expansion curve transforms from the AE-FE phase accompanied
by a large volume expansion, and further transforms to the PE phase accompanied by
small volume contraction. The enthalpy obtained by DSC method indicated that the
proportion of FE:PE phase in samples gradually decrease with increasing of Ba®"
content.

Secondly, polycrystalline samples of (PbggoBag10)ZrO; (PBZ10) were
prepared by a mixed oxide, solid-state reaction method. Excess PbO (-1.5, 0, 1, 3, 5 or
10 wt %) was introduced prior to powder calcination to compensate for any PbO that
may have been lost from the samples due to volatilsation during heat treatments. X-
ray diffraction revealed that, compared to samples made from stoichiometric starting
mixtures, a starting excess of PbO of > 1 wt % increased the proportion of the
rhombohedral PBZ10 phase which coexisted with the antiferroelectric orthorhombic

phase. Microstructurally, excess PbO produced an increase in average grain size,



from ~ 1 um for no excess to ~ 3.6 um for 1 wt % excess PbO. The fractured
surfaces indicated predominantly intra-granular fracture in samples with lower 3 wt %
excess PbO, whereas the 5 and 10 wt % excess PbO samples displayed mainly inter-
granular fracture. Dielectric constant-temperature plots showed a maximum peak
value of 12700, for the 3 wt % sample which was also the most dense sample. The

DSC results indicated that AFE-FE phase are around 73 °C for all samples.
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