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ABSTRACT

The nanoparticle of barium zirconate titanate (BZ£&jamic was synthesized by solid state reactiothoadeat
1200°C. Single perovskite phase having cubic symmist confirmed by X-Ray Diffraction. There are tvi@nsition
temperatures present around 200K and 330K. Thealiegd properties reveal that BZT is a relaxordetectric confirmed
by diffusion of two phases (tetragonal and cubiag#). The dielectric constant of BZT ceramics leitdil broad peaks
curve near the Tm. This behavior may be causetidjnhomogeneous distribution of*Zions into the Ti sites and/or by
the mechanical stresses on the grains. The brositmdisates the diffuse phase transition from felectric to paraelectric

phase. That is to say, there is diffuse transitienavior in BaZysTig 503 ceramics.
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INTRODUCTION

Relaxor ferroelectric materials have the considerahttention due to the wide applications in the
electromechanical transducers, acoustic sensors nauitllayer capacitors and medical ultrasonic €tt, 2]. The
piezoelectric property of these materials fac#itat the field of sensing and actuating elasticngles. Barium titanate
(BaTiGg) is the most common ferroelectric oxide in thegwskite ABG; structure, which is used as a capacitor because of
its high dielectric constant [3, 4, 5]. In orderramluce the dielectric loss at low frequencies, AM@s doped into BaTi©
to form barium zirconate titanate (BaZr;,Os) [6]. BZT has attracted great attention for itdgmtial applications for the
microwave technology [9, 10], due to its high dadte constant, low dielectric loss and large tuligb[11]. In recent
years, many studies are focused on preparatiompstiacture and dielectric properties of BZT maisri[7, 8 and 12].
The conventional preparation of BZT ceramics isdsstate reaction between oxides and carbonatkilattemperature.
The method requires repeated cycles of mixing iespeoxides and calcinations at high temperatarachieve complete
phase formation. Moreover, the powders are eagifjoanerated and often contaminated by impuritiesiporated from
grinding media or incomplete reactions, and thengs&e of the ceramics is inhomogeneous. Whenoztent increases
up to x ~ 0.20 is observed the limit between fdecieic/relaxor behavior [13, 14]. Ravez and SinjaB] reported a
typical relaxor like behavior in BZT ceramics wilr content up to % 0.25. Tang et al. [16] showed that the BZT
ceramics with a high Zr content (x = 0.30 and 0.BEgsent a “slim” hysteresis loop, which is a igg relaxor
ferroelectric behavior due to the existence of migolar regions. BZT presents good dielectric prige due to its low
dielectric loss and reasonable dielectric consfa@t19]. The microwave dielectric properties ofsthinaterial are

interesting for the development of capacitive andvolatile memory cells (DRAM’s and FERAM’s) [20]22
Experimental

The nanoparticle of barium zirconate titanate wepgred by solid state reaction method. The mixairbarium

carbonate (BaCg), zirconium dioxide (Zr@) and titanium dioxide (Tig) were mixed together in 1:0.5:0.5 molar ratio and
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ground for 7 hrs with a mortar and pestle to premarium zirconate titanate. Wet mixing was doni wthanol to obtain
a homogeneous powder mixture. This was followeg®ysintering in a furnace for 5 hrs at 600 °C #meh reground
before final sintering at 1200 °C for 5 hrs. Thg thixtures were granulated by adding 4 wt % plylvalcohol(PVA)
binder, and pressed into pellets having thicknédsdmm and the diameter of 10 mm by applyingespure of 10 MPa.
The pellets were dried at 100 °C for overnight éindlly sintered in closed double crucibles at pptied temperature of
1100 °C for 4 h with a heating rate of 5°C/min avadural cooling rate. The X-ray diffraction (XRDaftern was recorded
using D8-Discover system of M/s Brucker (Germarmgquipped with Cu-K radiation £=0.154 nm) with scan step of
0.002 and a counting time of 0.5s/step in the rangefe®®-807. The dielectric properties of the samples were suesd

with an Agilent 4285A precision LCR meter in theduency range 20 kHz to 2MHz.

RESULTS AND DISCUSSIONS
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Figure 1: XRD Pattern of Bazry sTiosO3 Ceramic

X-Ray Diffraction Analysis

The XRD patterns of the BagdTiosO; hanoparticles after final sintering at 1200 °C sinewn in the figure 1.
It shows the pure phase formation of the BZT narntopes.

The composition Ba(TiZres)Os, was indexed in cubic system (space group Pm-3m)tlae pattern was very

similar to the standard PDF-2 card No. 36-0019 (fabic Ba(T§ 7521025 05). It has been suggested that the solid solution
Ba (TiyxZry)O5 does not exist for x>0.42 [26]. However, in thegant investigation the solid solution Ba(sHr, 5)Os; was

found to exist as a single phase perovskite.

The crystallite size was determined by using thee@er formula [13] form the most instance peaklj31

091
= 1)
B cosé@

Where) is the wavelength of X-ray usetljs the Bragg’s angld is the full width at half maximum (FWHM) in

radian. The lattice parameter for this cubic systeas estimated by using the relation:
2sinf _ 1 2 2 2
7 _a‘/(h + k2 +12) 2
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Specific surface area (surface area per unit ntasspe calculated by the following relation

S= @ (3)
Do,

Where D is the crystallite size, is the X-ray dénsi

The X-ray density was calculated by using the fdemu

Py = M 4
* NV

Where M is the molecular weight of the sampless khe Avogadro number, a is the lattice constadtmastands
for the number of formula units in a unit cell.

The lattice parameters for the BZT ceramic were B = ¢ = 4.1005 A that confirms the cubic structure

The crystallite size of the calcinated powder ikdate by Scherrer formula and found to be 55.30&(hm. The strain
found 1. 10° and the X-ray density is 6.56 gm/tm
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Figure 2: W-H Plot of BaZr(sTip 03 Ceramic

The ceramic compositions were synthesized in tleseprt study through successive calcinations angl tiome

sintering etc. These processing may be resporfeibtbe formation of a single phase solid solutidrthe same.

Dielectric Analysis

Figure 3 shows the temperature dependences ofctlieleonstant of the BZT ceramic in the frequemagge
20Hz to 2 MHz. Firstly, it can be found that theri@utemperature (J), corresponding to the maximum relative
permittivity(emay, Of the BZT ceramic is 300K. . There is low teargiture transition is also visualized near arousidl K

having a broad peak. The dielectric constant irsgeawith increasing temperature and decreases agpowe higher
frequency range.
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Figure 3 shows that the value &f increases gradually to a maximum valug)(With increase in temperature up

to the transition temperature and then decreasemthiy, indicating a phase transition. The maximofdielectric

permittivity, £ . and the corresponding temperature maximupy @epend upon the measurement frequency.

The magnitude of dielectric constant decreases witihease in frequency and the maximum is shiftiaghigher
temperature.

3354

330 o

325+
320
315 4

310 J @

Dielectric Constant(s')

305

300 -[ :

> 16010004

T T T T T T T
100 150 200 250 300 350 400 450

Temperature(K)

Figure 3: Dielectric Constant Behaviour of Sample# the
Temperature Range 80K To 450K at Different Frequenies

Dielectric tangent loss (tdhwas calculated using the relation
tanS:% (6)

As shown in Figure 4, the dielectric loss valuesths ferroelectric phase were reduced substantllsoom
temperature in the paraelectric phase (abagye The imaginary part of the spectrum shows thatehs an increase in
dielectric loss peak temperature with increaserégudency. This indicates that the dielectric paktion is of relaxation
type in nature such as dipolar glasses. In analoiffy spin glasses, such a behavior of the dynamgceptibility in
disordered ferroelectric is supposed to be concewith the existence of the broad spectrum of raiax times. It is
generally considered that the Debye model is baseithie assumption of a single relaxation time. ioelel fails because
of the existence of a distribution of relaxatiomdis. Such a distribution of relaxation time impligmt the local
environment seen by individual dipoles differs fraite to site. This is a reasonable assumptionmarghous materials.
As a rule [23], this relaxation occurs in disor@mic structures, particular, in solid solutions.
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Figure 4: Dielectric Loss Tangent (tai®) Behaviour of the
Samples in the Temperature Range 80K to 450K

The result indicates that there is diffuse phasesition in the BZT ceramics. Diffuse phase tramsits generally
characterized by broadening of the dielectric camstmaximum at the transition temperature, a |aemaration between
the maxima of dielectric constant and dielectrgsland a deviation from the Curie-Weiss law inwieenity of T¢ [24]. It

is known that the dielectric permittivity of a naaihferroelectric above the Curie temperature folldive Curie-Weiss law
described by
/e = (T - T)/C (T>To) (7)
Where T is the Curie-Weiss temperature and C is the Qiwégss constant.
The change of inverse dielectric constant with eespo temperature is shown in Figure 5. It carséen that the

dielectric behavior doesn’t completely follow Cukiéeiss law at temperatures above the critical p@igt. According to

Curie-Weiss law, the Curie-Weiss temperature canliained from linear extrapolation of inverse dadtic constants in

the high-temperature region.
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Figure 5: Temperature Dependence of the Inverse Pmnittivity of the
BZT Ceramic Prepared by Solid State Reaction Method

A modified Curie-Weiss law was proposed by Uchit@leto describe the diffuseness of the ferroeleqghase

transition as [25]:
Ue=1len= (T -Ty)" IC (8)

Where y and C are assumed to be constant, and Tm represent dielectric constant maximum drel t
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corresponding temperature, is diffuseness constant. The parametegives information on the character of relaxor
ferroelectric material: foy = 1, a normal Curie-Weiss law is followed i.e.@mal ferroelectrics, wheregs= 2 describe a
complete diffuse phase transition i.e. typical xetaferroelectrics. The plots of Ingt1/e) as a function of In(T—J) for
the BZT ceramics prepared by two methods are shHawkigure 5. A linear relationship is observed. Tepe of the

fitting curves by Eqg. (8) is used to determinethalue.

The value of diffuseness constaris 1.74 which confirms the relaxor nature of BZ8ramic.
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Figure 6: Dependence of In (Ef1/ey) on In(T-Tr,,) at 1.5MHz
The broadened dielectric maximum @nvs temperature curve) and its deviation from €dwWeiss law are the

main characteristics of a diffuse phase transitibthe material. The diffuse phase transition ardiation from Curie-

Weiss type law may be assumed to be due to disogder
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Figure 7: Dielectric Constant and Dielectric LossTangent (Tand) Behaviour of the BZT Ceramic in
the Frequency Range 75 Khz To 2mhz for Different Teperature (85, 294 And 441K)
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Figure 7 shows the frequency dependency of diéectinstant and dielectric loss of BgdFipsOs ceramic.
The dielectric constant decreases with increasiaguency. The dielectric constants for all the terafure were very
stable in the frequency range 1 kHz to about 1 Midzgeneral, dielectric constant decreases duéddodecrease in
polarizability of the atoms in the structure. Aghifrequency, a dielectric loss peak is observesimfentioned earlier,
several possible causes exist for such dispersidnding the hypothesis of the influence of thetaotresistance between
the probe and electrode, and resonance due todmddctric constant. Similar frequency dispersi@hdwvior was also

reported for other ferroelectric materials [27,28)is behavior is verified by changing the elecéadea.
CONCLUSIONS

The BZT ceramic was prepared by solid state reacgtiethod at 1200 °C. The prepared BZT ceramic bage
perovskite phase with cubic symmetry. There are thansitions found in the dielectric behavior of B£eramic one is
near 200K and other is 330 K. The diffuseness emnsis greater than 1 which indicates the relaxaroklectric
behaviour. Moreover, the dielectric properties d&doelectric phase transition temperatureg,)(df BZT ceramics are

strongly dependent of Zr content in the lattice.
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