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ABSTRACT

This research project, PbZrO3;-Al;03 and Pb(Zrg 43Tig 52)O03-Al,03 nanocomposite
ceramics were prepared by a solid-state method. The properties of the nanocomposites
were studied as a function of Al,O3 nanoparticles additive.

In case of PbZrOs, the Al;O3; nanoparticles inhibited densification relative to
unmodified PbZrOs;, necessitating an increase in sintering temperature of the
nanocomposite to achieve equivalent high-density to the monolithic ceramics PbZrOs.
Microstructures, Vickers hardness and dielectric properties of PbZrO; ceramics with co-
additions of 0.5-5 vol% (~0.25-2.5 wt%) Al,O; nanoparticles were investigated. The
addition of Al,O3 nanoparticles also inhibited grain growth, with average grain size

decreasing from ~ 13 pm for PbZrOs, to ~ 1 um for the nanocomposites after being
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sintered at 1300 °C. Mode of fracture also changed from predominantly inter-granular in
PbZr0O;, to a mixed-mode intra- and inter-granular fractures in the nanocomposites.
Vickers hardness values increased from 2.9 GPa for PbZrOs, to 4.1 GPa for the sample
with only 1 vol% Al,Os, but there was a more gradual increase for higher AlOj3
contents. Plots of relative permittivity versus temperature indicated subtle differences
which were attributed to a chemical reaction between the additive and matrix phases. X-
ray powder diffraction on a 10 vol % (~ 5wt %) sample indicated that lead aluminium
oxides were the principal reaction product.

In case of Pb(Zrg4sTios2)05;(PZT) the XRD patterns showed strong peak
splitting which was an indication of tetragonal PZT phase, however the splitting was
slightly less well defined in the alumina-containing samples. Density and linear
shrinkage increased with increasing amount of Al,O3 up to 1 vol% and then decreased
for 2 vol% addition. The decrease in density at higher Al,O; additions indicated that the
sintering mechanism of the sample was not complete. Average grain sizes of the samples
were also found to decrease with the addition of Al,O3 nano-particles, indicating that the
Al,O3 particles inhibited grain growth. Increasing the AlO3 content from 0.5 to 2 vol%
produced no further change in grain size. Intergranular fracture with partial intragranular
fracture was found for the monolithic PZT ceramics. The fracture mode changed to
mainly intragranular for the sample with only 1 vol% AlyOs addition, indicating the
reinforcement of the second phase nanoparticles at the PZT grain boundaries. Hardness
of the nanocomposites tended to improve with the addition of the nanoparticles. The
maximum hardness was obtained at PZT-1 vol% Al,O3. The lower hardness at a higher
Al,O; content, 2 vol%, was likely to be due to the lower sinterability and lower density
of the samples.

From the study, mechanical properties of PbZrO3 and Pb(Zrg43Tig 52)O3 ceramics
have been improved by a concept of “nanocomposites”. However, chemical reactions
between the Al,O; nanoparticles and the matrixes have been occurred in the

nanocomposites.
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