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Abstract

This research studied fabrication and properties of composite ceramics with
formula (l-x)Pb(Zro.szTio_‘;s)O;; —I(Bi;; 25Lao_75)Ti3012 (Whe]l X = 0, 0.1, 0.3, 0.5, 0.7,
0.9, 1.0 weight fraction). The ceramics were prepared by a solid-state mixed-oxide
method and . sintered at temperatures between 950-1250 °C for 4 h with a
heating/cooling rate of 5 °C/min. It was found that the optimum sintering temperature
was 1150 C at which all samples had densities at Jeast 95% of theoretical values,

Chemical composition, microstructures, physical, electrical and mechanical properties

were also investigated.

_ Chemical composition was exam ined using an X-ray diffraction technique, It
seemed that a rather large solubility limit (~ 50 wt% PZT in BLT) was observed for

BLT-rich phase and a somewhat smaller solubility limit (~ 10 wi% BLT in PZT) was

observed for PZT-rich phase. Scanning electron micrographs of ceramic surfaces

showed a plate-like structure in BLT-rich phase (0.3-1.0BLT) while an equiaxed grain

maximum value of dielectric constant was found in 0.9PZT-0.1BLT ceramic (g =
1375). The dielectric constant decreased with further increasing the amount of BLT
and the minimum value was found in BLT ceramic (& = 158). Ferroclectric
measurements of these samples showed that addition of small amount of BLT into
PZT increased coercive field and remanent polarization to 18 kV/em and ~ 12.5
uClem?, respectively. Further increasing the amount of BLT in PZT degraded the
ferroelectric properties of the ceramics. This behavior was in agreement with their
microstructures and dielectric properties,

Mechanical properties of the ceramics were determined using Vickers and
Knoop indentation methods. The results showed that hardness values measured by

minimum hardness was found in monolithic PZT ceramic (i.e. Vickers hardness =
2.48 GPa and Knoop hardness = 2,08 GPa). The small addition of BLT into PZT
(10wt%), or vice versa, significantly increased the hardness and Young's modulus.

The maximum hardness was found in 0.1PZT-0.9BLT (i-e. Vickers hardness = 6.54



GPa and Knoop hardness = 5.51 GPa). Fracture toughness was found to be minimum
in monolithic PZT (0.96 MPa.m'?) while the maximum value was achieved at the
composition of 0.5PZT-0.5BLT (3.37 MPa.m'®). It can be concluded from this
research that the PZT-BLT composite ceramics with good electrical and mechanical
properties could be successfully fabricated. The most important factor controlling
these properties was the concentration of PZT and BLT. The best electrical and
mechanical properties could be achieved at the compositions of 0.9PZT-0.1BLT and
0.1PZT-0.9BLT, respectively.



