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Abstract
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This research studied the effects of a two-stage sintering technique on
phase formation, microstructure and dielectric properties of lead nickel
niobate-lead zirconate titanate ((1-x)Pb(Ni,,Nb,,)O0,-xPb(Zr, ,Ti,,)O, or (1-
X)PNN-xPZT) ceramics when x = 0.6, 0.7, 0.8, 0.9 and 1.0 The ceramics were
prepared using mixed-oxide method. The mixed powders were calcined at
950 °C for 4 h with heating/cooling rates of 5 °C /min. The normal sintering
technique was carried out at a 1200 °C single temperature. For the two-stage
sintering, the first sintering temperature (T,) was varied from 850 °C to 1150 °C
whereas the second sintering temperature (T,) was assigned at 1200 °C for all
cases.

The phase formation of the ceramics was investigated using X-ray
diffraction technique (XRD). It was found that the single phase of (1-x)PNN-

xPZT ceramics in all composition can be obtained via only two-stage sintering



technique. Therefore, this two-stage sintering method was also able to avoid
the pyrochlore formation. Densities of the sintered products were determined
by using the Archimedes principle. It was evident that the first sintering
temperature (T,) increased, the density of almost all the samples decreased.
The grain size and microstructure of the ceramics were examined by scanning
electron microscopy (SEM). The grain size of two-stage sintered ceramics was
found to increase with an increasing PZT content. The pure and highly dense
ceramics with two-stage sintering were better than those obtained from the
normal sintering. The dielectric properties of these ceramics were measured
as functions of both temperature and frequency. It was found that the results
exhibited a mixture of both normal and relaxor characteristics. The maximum
transition temperature of this system was 281 °C at the composition x = 0.8
with the relative permittivity of 25064 at 1 kHz. Consequently, this work
suggested that the optimum condition for forming the highly dense (1-x)PNN-
XPZT ceramics was double-sintering temperatures at 850/1200 °C, 2 h dwell

time, and 5 °C /min heating/cooling rates.
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Executive Summary
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