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ABSTRACT

In this work, the major aspects have been carried out to establish the
relationships between preparation conditions and the ceramic properties of the
combination of Lead Zirconate Titanate (PbZrys,Tips03) - Barium Iron Niobate

(BaFe( sNby sO3) system.

Firstly, perovskite powders of BFN have been prepared by a solid state reaction
technique via ball milling. Phase formation and morphologies of the calcined
powders have been investigated. It has been found that a single-phase cubic BFN

powders are successfully obtained at a calcination temperature of 1200°C. After that,



the BFN ceramics were fabricated by uni-axial pressing and sintering between 1250-
1400°C. The sintering temperature affects the density and dielectric properties of
BFN. The highest density of the BFN was found at 94.7% of theoretical being
achieved upon sintering at 1400°C. The increase of dielectric constant with sintering
temperature and frequency is likely to be due to the increase in conductivity in the
samples. The Mdssbauer spectra of these sintered BFN ceramics suggest that the
behavior of the dielectric properties with temperature is not related to the presence of

2+
Fe .

Secondly, the solid solution of (1-x)PZT-xBFN powders (x = 0.1, 0.2, 0.3, 0.4
and 0.5 or denoted as P9B1, P8B2, P7B3, P6B4 and P5BS5 respectively.) were
prepared from the starting powders. Some of starting powders were in nano-sized and
agglomerated. After calcination, all calcined powders were mixed between
micrometer-sized powder and nanometer-sized powder. The interstitial holes between
the large particles are filled with fine particles, leading to the increase in density. The
XRD results of calcined (1-x)PZT-—xBFN powders showed that the perovskite

structure of PZT started to form at 800°C. It showed clearer at higher calcining

temperature and most pronounced at 1100°C.

Thirdly, (1-x)PZT-xBFN ceramics are prepared from calcined powder by
isostatic pressing and sintered between 1150-1300°C. Maximum density of ceramic
was found at 1250°C for P9B1 and P8B2, at 1200°C for P7B3, P6B4 and at 1300°C
for P5BS5 respectively. The evolution of the tetragonal phase, (200)/(002) transformed
to a single peak (200) which indicating cubic symmetry. They were identified as a

single PZT phase materials having the symmetry from tetragonal to cubic when the



ratio of BFN increased. From TEM and TED micrographs, nanostructures such as
nano-domain as well as twin crystal pattern were found in some sample conforming
ferroelectric properties of the ceramics. The dielectric properties of (1-x)PZT-xBFN
ceramics can be distinguished into two set. In first set (P9B1, P8B2 and P7B3), the
broadness of dielectric constant peak increased and Curie temperatures were shifted to
below 30°C while the dielectric loss was still less than 0.05. On the other hand, the
second set sample from P6B4 and P5B5 have large broad peak and high dielectric

constant.

Finally, the (1-x)PZT-xBFN ceramics of x = 0.1 and 0.2 have interesting
dielectric properties. Therefore, this part has emphasized in the samples from (1-
x)PZT-xBFN system where 0.1 < x < 0.2. The formation of cubic phase increased
with increasing BFN content. Moreover broadness of dielectric constant peak
increased and Curie temperatures showed a tendency to decrease with increasing x
content. The maximum value of ds; (290 pC/N) was observed at P§B2 sample and the
maximum value of k, (71%) was observed at P86B14 sample. According to the
results, it can be concluded that adding BFN can improve the piezoelectric and
dielectric properties of PZT ceramics, pointing the way to further developments and

extending applications.
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