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Abstract
Ceramics of (BgsSi.4)(Zr1«Tix)Os (x=0.40,0.50) samples were prepared by solid staéetion method. Micro structural study was
performed by scanning electron microscope reve#iedparticle sizes are in the range of 0.8 um. $inectures are irregular in
shape. Dc resistivity property was studied withpexst to temperature from room temperature to 673elfperature of maximum
resistivity (T.a) are around 443 K and 378 K. dc dielectric constaat dielectric constant and dielectric loss wetadied with
respect to temperature from room temperature to & 100 Hz frequency. At higher temperature tieéedtric constant of BSZT40
and BSZT50 is high. In the low frequency rangeiplig®on factor is determined by the influence of @mnductivity.

Index Terms. Ceramics, Barium Zirconate, Microstructure, DCdiivity, Dielectric Constant and Dielectric loss
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1. INTRODUCTION

Since the discovery of ferroelectric propertiesBaTiO;, a
large number of ferroelectrics with the perovsldgteucture
having a general formula ABQOperovskite has extensively
been studied in search for new materials for devic
applications[1-2]. The growing interest in seardhsoitable
materials for device has led to the developmentlanfe
number of complex ferroelectric ceramics with a evigriety
of composition and stable structure. BajiGbased solid
solutions are environment friendly dielectrics wigihmilar
performances by as many Pb-based electro cerafisr
properties can be tuned by composition and coimgpliheir
micro structural characteristics (porosity levetaig size,
secondary phases, core-shell structures, etc.).

It is well known that SrTi@ forms solid state solution with
BaTiO; without much decrease in dielectric permittivi3] [
The Sr ion may take 12 co-ordination sites withheigear
neighbors and four more distant ones. This modifica
assumes opposite displacement of Sr ion out of cidtEdron
centre and is able to induce a dipolar moment whose
occurrence leads to modification of Tc. BaSriiave
currently become very attractive for applicatiomslecoupling
capacitors, storage capacitors, and dielectricd firlnable
elements for high-frequency devices [3,4]. The higectric

constant and low loss makes one of the promisimglidates
for dynamic random-access memory (DRAM) and tunable
microwave device applications [5].

Barium zirconate titanate Badii;« Os; [6-7] as an important
member of the BaTi©- based ferroelectric materials family ,
has been chosen as an alternative tq {89TiO; solid state
solution for tunable microwave applications. Bdady.,Os;
ceramics present high voltage resistance charsiitsri
because Zf is chemically more stable than®TiFurthermore
BazrTi,,O; ferroelectric in the paraelectric state reveals
relatively more outstanding temperature stabiligmpared
with (Ba,,Sr)TiG; [7,8]. BaZTi,.,O5; (BZT) system is one of
the most attractive materials due to its phase &ion
mechanism [9, 10] local polar characteristics [1did
dielectric/tunable properties for microwave appgiimas [12,
13]. BaTig(BT) is known to form complete solid state
solution with BaZrQ (BZ).It has been reported [14] that at 15
atoms Zr substitution the three transition tempeest of
BaTiO;, rhombohedra to orthorhombic ,orthorhombic to
tetragonal and tetragonal to cubic, merge near room
temperature and the doped material exhibits enldance
dielectric constant. Due to their novel properiésSr doped
BaTiO; and BazrTiQ, inspired us to work on micro
structural, electrical and dielectric  properties of
(Bag 6Sh.4)(Zr14Tiyx)Os ceramics.
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2. MATERIALSAND METHOD:

Ceramic powders of (BaSr.4)(Zr1«Tix)Os (x=0.40, and 0.50)
were prepared by conventional solid state reacti@thod
from weighed amounts of Barium carbonate (BgC@'s. s.
d. fine-chem. Ltd, Mumbai, India, purity 99.99%)r@&htium
carbonate (SrC¢), Zirconium oxide (Zr@ and Titanium
oxide (TiQ) (all HiMedia, India, purity 99.99%). The starting
materials were ground for 4 hrs and calcined aBIRTor 12
Hrs. They were further ground for 2 hrs and sulejg@dor pre-
sintering at 1273 K. This product obtained was agabund
for 2hrs and pressed into circular shaped disefe{Hiameter
10 mm and thickness 2-3 mm) using 5% PVA as a bmdi
agent. Pellets were sintered at 1273 K for 8 hrhke T
morphology of the sintered pellets was investigateg
scanning electron microscope (SEM) using JSM/8QM8/S
JEOL, Japan. Behavior was studied using Wayne K200
LCR meter with variation of temperature range frooom
temperature to 800 K at 100 Hz frequency range.

3. RESULTSAND DISCUSSION:
A) Microstructure Study:

Structural details of the samples are discussexivbisre [15].
Figure 1 displays the scanning electron micrographshe
synthesized samples. The average grain size weslai@d by
line intercept method and is given in Table I.

Grain Size=1.56 C/M*N

b) BSZT 50
Figl. SEM micrographs of a) BSZT40 and
b) BSZT50 Ceramic samples.

Table 1: Grain size, electrical and dielectical data of
(Bag ¢Sry.4)(Zr1Tix)O3 ceramics

Co | Gra | DcresistivityIn | Dc AC didectric
mpo | in Qcm? dielectric | constant at 100
sitio | size Hz
n in
(X) | pm
PRT | PTc Te ERT | €max | ERT Emax | Tec
in x10*
K
0.40 | 0.81| 7.5| 129 | 443 | 215| 266 310| 553 | 74
5 5 8 6 3
0.50 | 0.80| 7.5 171 | 378 | 211| 238 310|2.75 |71
5 2 8 7 3

Where C is the length of the scale, M is magnifaabf the
micrograph and N is number of intercepts of graiAs. a
result of co-doping, abnormal grains were obsermezkramic
samples. The grain size of BSZT40 and BSZT50 isoatm
same. The concentration of Ti increases there ishamge in
the grain size as shown in the figure. This is tu&r** rich
and stronger than fiions and may be the low sintering
effect. The structures are irregular in shape. fonmation of
large grains with irregular shapes could be a tesfilthe
variations on the kinetics of movement from bougdsy
boundary, since the grain-boundary energy is degr@nsh the
grain-boundary orientation and grain-boundary nigb[iL6].
An average grain size observed from the SEM images
bigger than the one calculated from the Scheregsation.

B) Electrical Study

The dc resistivity of the sample as a function evhperature
for SBZT40 to SBZT50 samples is plotted in figure 2
Resistivity parameters estimated from plot are sanmad in
Table 1. The temperature of maximum resistivity,(J for
the SBZT40 and SBZT50 to ceramics was around 44#dK
378 K above 513 K. Resistivity increases with iase in
temperature up to 443 K and 378 K a then the lidearease
in resistivity as a function of temperature is doe¢he oxygen
vacancies, which act as mobile charge speciestingefiee
electrons. The low resistivity at high temperatigedue to
desorption of chemisorbed oxygen atoms at the grain
boundaries upon heating, resulting in a decreageotential
barrier height.

It is considered that the microstructure variatigndoping can
affect the electrical resistivity [17]. Lowly dogjncan reduce
the electrical resistivity by charge compensatiowl @arrier
generation; where as highly doping (excess dopiag)cause
to raise the resistivity by grain boundary pinniagd grain
refinement as well as increase and overlapping adérgial
barrier at grain boundaries.
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Fig2. DC resistivity as a function of temperature

Figure 3 represents the temperature dependenceletiic
constant was measured from room temperature td&@in3he
dc field. Dielectric parameters estimated from plate
summarized in Table 1. As the temperature incredisésctric
constant is also increases. At higher temperaheealielectric
constant of BSZT40 and BSZT50 is high. The coneiatn
of Ti increases there is decrease the value ofecliét
constant. This is may be due to the irregular gséde of the
samples as shown in SEM micrographs. Since thegehar
hopping is thermally activated process, dielegbatarization
increases with increase in temperature resultingdérease of
€.

Figure 4 shows the variation of dielectric constént as a
function of temperature for from room temperatur&®0 K at
frequency at 100 Hz forBSZT40 and BSZT50 ceramids.
higher temperature above 523 K, increases up to phase
transition temperature and then decreases whitleisiormal
behavior of most of perovskite materials. The ahitialue for
¢ at the lower temperature range is responsible tfer
polarization caused by ionic conduction, while bedavior of
gr at the higher temperature range is characterigtidipolar
relaxation. The frequency dependant dielectric hieina
illustrates no dielectric dispersion, which may dige to the
orientation polarization. The increasesnfis mainly because
of the domain contribution. The high value af at higher
temperature can be explained by the temperaturendiept
characteristic of domain wall motion and/or thergase in the
drift mobility of electron [18]. At low temperaturelomain
movement is intricate so that the extrinsic role dofmain
walls to the dielectric response is small. At lemperature,
domain movement is intricate so that the extringite of
domain walls to the dielectric response is small.
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Fig3. DC dielectric constant as a function of tempemtur
of BSZT40 and BSZT50
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Fig4. AC dielectric constant as a function of temperatire
100 Hz frequency of BSZT40 and BSZT50 ceramic $amp

Figure 5 shows the frequency dependence of thépdigm
factor (tam) for all the studied samples. All the samples show
the same behaviour where &aincreases with increasing
temperature maxima are observed in the studied éeahpe
range. In the low frequency range dais determined by the
influence of ion conductivity.
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Figb. Dissipation factors as a function of temperature at
100 Hz of BSZT40 and BSZT50 ceramic sample

CONCLUSIONS

The samples BSZT40, BSZT50 were synthesized byd soli
state reaction route. Microstructural study wadqrered by
SEM which reveals the particle sizes are irreguahape and
are in the range of around 0.8 micrometer. Tempezatof
maximum resistivity (Ta0 are around 443 K and 378 K. The
dielectric constant is very high these samples waed for
storage capacitors. In the low frequency rangeiphion
factor is determined by the influence of ion corttuity.
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