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ABSTRACT

In the current era of advanced technologies, researchers especially materials scientists
and solid-state chemists are involved in the synthesis of novel materials with unusual
properties or with the discovery of new properties in earlier known materials. Oxide
ceramics have a long tradition of being exploited in the electronic industry for their
insulating properties. The dielectric ceramics are used in industrial applications as
capacitors, ceramic engines, optical communications devices, electro-optic applications,
laser materials, and as substrates in electronic or photo-electrochemical devices. Apart
from the bulk materials consisting of micron-sized particles nanomaterials and their
properties have become the most challenging areas of current scientific and technological
research. In order to tune the dielectric properties with respect to the length scale we
decided to look at the role of interfaces on addition of nanoscale particles to micron-sized
particles of the same composition thus, keeping all parameters nearly similar
(composition, crystallographic parameters etc) except reducing the grain size of the
particles and hence varying the interfacial density. Since the microstructure is influenced
by the nature and extent of sinteribility we have looked at the microscopic features
carefully along with detailed thermal studies and surface area analysis. We have chosen
the well-known dielectric oxide materials like NaNbQO;, NaTaQOs, SrTiOs;, BaTiOs,
PbTiO;, SrZrOs;, BaZrOs, and PbZrO; as our subject of investigation, since the variation
of the nano-component leads to the changes in the microstructure would also be reflected
in the variation of the dielectric properties. Our studies show that addition of
nanoparticles to micron-sized particles leads to several interesting morphological changes

(surface area, grain size) which result in an oscillatory variation of the dielectric
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properties. We have observed an enhancement of the dielectric properties at an optimum
concentration of micron and nano sized particles. In an attempt to understand the unusual
effect of nanoparticles on the morphology and the dielectric properties of sintered
compacts of such a mixtures of micron and nano sized particles, we embarked on the
extensive study of the surface area and thermal properties along with microstructural
investigation during the sintering process. Henceforth such mixtures of nano and
micron-sized particles would be identified with the prefix ‘ny’ and referred as np-
composites throughout this thesis. This interesting oscillatory variation of the dielectric
constant with increase in the amount of nanoparticles in the composites is observed for
the first time. Our aim has been to understand the oscillatory behaviour of the dielectric
constant and the generality of this behaviour in all the titanates, niobates, tantalates and

zirconates studied by us.

Chapter I deals a brief introduction of nanomaterials and its synthetic methods,
characterization techniques, dielectric property and fractal geometry. In addition, a brief
survey of the research activity that has taken place in the area of advanced technological

materials like thermoelectrics, ferroelectrics, piezoelectrics, dielectric insulators, etc.

Chapter II described the synthesis of nano-crystalline (NaNbOs and Sro.4H12Nb,06.H;0)
and submicron particles (Nb,Os, SINb,O¢, BazMgNb,Og and BazZnNb,Oq) by the reverse
micellar route and citrate polymeric precursor method respectively. These materials were
characterized by using powder X-ray diffraction, FT-IR spectroscopy, thermo gravimetric

and differential thermal analysis, scanning electron microscopy and transmission electron



microscopy techniques. Enhancement of the dielectric constant is observed in the sintered
disks of the micron sized (~ 0.75 pm) NaNbOs; particles (obtained by the solid-state
method) with addition of small amount of NaNbOs; nanoparticles (~ 18 nm).
Enhancement of the dielectric constant by 76 % and reduction of the dielectric loss by ~
49 % is obtained at 1.5 wt % doping of NaNbO; nanoparticles. Oscillatory nature of
dielectric constant is observed at lower wt % of nanoparticles (< 5 wt %). There is a
significant change in the morphology of grains of the sintered disks leading to highly
dense particles. These microscopic changes appear to be governed by the variation in the
interfaces as introduced by the addition of the nanoscale dopants having high surface to

volume ratio and are responsible for the oscillatory variation of the dielectric properties.

Chapter III provides the synthetic methodologies for the synthesis of mono-dispersed
and uniform nanoparticles of NaTaO3 (~ 40 nm) and SrTa;O¢ (~ 36 nm) by using the
reverse micellar technique. However, tantalates like Ta,Os, SrTa;0s, BasMgTa,09 and
Ba;ZnTa,09 were obtained by the citrate polymeric precursor method in submicron range.
These materials were characterized by using powder X-ray diffraction, FT-IR
spectroscopy, thermo-gravimetric analysis (TGA), differential thermal analysis (DTA),
scanning electron microscopy (SEM) and transmission electron microscopy (TEM)
techniques. The dielectric constant is enhanced by the addition of small amount of
nanoparticles of NaTaO; to the micron sized (~ 1 um) particles of NaTaOs (obtained by
the solid-state method). The dielectric constant is increased by 120 % and the dielectric
loss is reduced by ~ 40 % is obtained by the addition of 5 wt % nanoparticles of NaTaO3

to the micron-sized NaTaOs. Oscillatory nature of dielectric constant is observed at lower
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wt % of nanoparticles (< 5 wt %). There is a significant change in the morphology of
grains of the sintered disks leading to highly dense particles. These microscopic changes
appear to be governed by the variation in the interfaces as introduced by the addition of
the nano-scale dopants which are responsible for the oscillatory variation of the dielectric

properties.

Chapter IV described in detail the studies of nu-composite of titanates (SrTiOs, BaTiO;
and PbTiO3) with respect to their morphology, thermal, surface area, dielectric property
and fractal geometry. An interesting oscillatory variation of the dielectric constant
and dielectric loss with increase in the amount of nanoparticles is observed for the
first time in the nu-composite of all titanates. A significant linear relation is observed
in the surface area and dielectric characteristics with varying the concentration of nano-
additive. Enhancement of the dielectric constant by greater than 50% and reduction of the
loss by ~ 20 % is observed at 0.5, 1 and 2 wt % doping of nanoparticles of SrTiOs,
BaTiO; and PbTiO; respectively. There is a significant change in the morphology of the
grains beyond 2 wt % of nano-additive, where coalescence of small particles on the
surface of the large grains is observed, leading to fractal geometry of grains in the
sintered disk of SrTiOs;. Below the critical dopant concentration (3 wt % of nanoparticles)
there appears to be a rough surface geometry of the micron-sized grains. The microscopic
changes (surface roughness, fractal geometry) appear to be governed by the variation in
the interfaces as introduced by the addition of the nanoscale dopants and seem to be
responsible for the oscillatory variation of the dielectric properties. Sintered disks of nu-

composites of BaTiO3; show sharp ferroelectric transition and high dielectric constant at
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specific compositions. The variation in the dielectric constant at T. is also reflected in the
behaviour of the ferroelectric transition as studied by differential scanning calorimetry
(DSC). The variation of the dielectric properties and the ferroelectric transition of the
BaTiO3 composites could be related to subtle changes in the microstructure. Similar

behaviour is also observed for PbTiO3 np-composites.

Chapter V deals the synthesis and dielectric properties of nj-composites of zirconates
(SrZrOs, BaZrOs; and PbZrQs). Significant variation is observed in the dielectric constant
with optimal properties at lower wt % (< 5 %) of nano-dopant. Enhancement of the
dielectric constant by greater than 50 % and reduction of the loss by ~ 20 % is observed
at 1, 5 and 0.5 wt % doping of nanoparticles of SrZrO;, BaZrO; and PbZrO3 respectively
at room temperature. There is a significant change in the morphology of the grains

observed in the sintered disk of np-zirconates.
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