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ABSTRACT

In this work, the study of relationships between preparation conditions and the
dielectric properties of Barium Iron Niobate (BaFeosNbys03) based materials have

been carried out in four main research aspects.

Firstly, single-phase cubic Ba(Fe,Nb)os03; (BFN) powder was synthesized by
solid-state reaction at 900, 1000, 1100, 1200°C for 4 hours in air. X-ray diffraction
results indicated that the BFN oxide mixture calcined at 1200°C, crystallizes to the
pure cubic perovskite phase. The crystallite size of the BFN increases slightly with
increasing temperature, while the lattice strain progressively decreases. BFN ceramics
were produced from this powder by sintering at 1350-1400°C for 4 hour in air.
Samples prepared under these conditions achieved up to 97.4% of the theoretical

density. The temperature dependence of their dielectric constant and loss tangent,
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measured at difference frequencies, shows an increase in the dielectric constant with
sintering temperature and measurement frequency which is probably due to disorder
on the B site ion of the perovskite. The Mdéssbauer spectra of these sintered BFN

ceramics suggests the presence of a superstructure on the B-cation sublattice.

Secondly, the impedance spectroscopy were studied in the frequency range
from 100 Hz to 1 MHz and in a temperature range from 293 — 600 K. The non-Debye
type of relaxation phenomena has been observed in the BFN ceramics as confirmed
by Cole — Cole plots. The higher value of ¢' at the lower frequency is explained on the
basis of the Maxwell-Wagner (MW) polarization model. Complex impedance
analysis enable us to separate grain and grain boundary contributions of materials, and
it is found that grain boundary resistance is greater than grain resistance irrespective

of composition at higher temperatures.

Thirdly, Sintering of BaFeyosNbosOs: BFN requires the use of high
temperatures to achieve satisfactory densification of this material. The aim of this part
is to determine the effect of LiF on the sintering and electrical properties of BFN
ceramics (the LiF was added as a sintering agent). The results show that LiF lowers
the sintering temperature by 150 - 200°C without affecting the formation of BFN.
Ceramics doped with 2 - 3% LiF show optimum densities of about 93 - 94% of the
theoretical value when sintered at low temperatures (1000 - 1100°C). Samples
containing 2-3% LiF show very broad dielectric constant curves over a wide
temperature range, with room-temperature values of 7154 in the 2%LiF sample and
2527 in the 3%LiF sample. The dielectric constants gradually increase up to 300°C to

the values of about 38862 in the 2%LiF sample and 40471 in the 3%LiF sample.
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Furthermore, the addition of 2-3% LiF to BFN causes a reduction of the dielectric loss
from 4.29 in undoped BFN to less than 1.2 for LiF-containing samples, at room
temperature.

Finally, the physical properties of PZT can be tailored by improving synthesis
and processing techniques and by making suitable substitutions of A and or B sites. In
this study, Pbg gsBao 16(Zro.s2Tio.4sF€0.08Nbo.0s)O3 ceramics were prepared by solid state
reaction and the effect of the processing parameters on the ferroelectric, dielectric and
pyroelectric properties was determined. Optimal dielectric properties were achieved in
Pbo.s4Bag 16(Zro.50 Tio.4sFe0.0sNDo.0g) O3 ceramics by calcination at 1100°C and sintering
at 1250°C. Hysteresis loop measurements of these materials indicated a remanent
polarization (P,) and spontaneous polarization (P,) of 15.88 uC/cm?and 26.29 pC/cm?
respectively. TEM micrographs showed nano—domains in the ceramic samples
confirming their ferroelectric properties. The dielectric properties also show
ferroelectric behavior, with a Curie temperature of approximately 220°C. The values
of pyroelectric coefficient (p;) are shown continuous increase with the increase in

temperature up to a maximum value of -.800 nC/cm? K at ~.120°C.
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