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ABSTRACT
The sample La doped BiBa(z&i04)0s a new member of the ferroelectric family, was
synthesized by a mixed-oxide technique at a lowparature of 85C. Preliminary
structural study of the compound at room tempegatuas done using XRD. Electrical
properties of the sample were measured in a wituéimcy (1810°Hz) and temperature
range (room temperature-580). Temperature dependence of dielectric propefties
dielectric constant, and loss tad) of the materials has been analyzed at selected
frequencies which indicate that compounds havesitian temperature well above the
room temperature. The temperature dependence efeatrical conductivity €,) was
also studied.
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1. Introduction

The polycrystalline lead zirconate titanate [Pb(XDE; PZT] ceramics have gained much
attention in recent years due to their excelleptediric, piezoelectric and ferroelectric
properties exhibiting tremendous applications mfield of electronics and electro-optics
[1-4]. PZT is the solid-state solution of ferrogter PbTiO; (T.=49CC) and
antiferroelectric PbZrgXT.=230C) having two ferroelectric phases: tetragonaliinich
composition and rhombohedral in Zr-rich compositisf6]. The boundary line between
these two phases is called morphotropic phase loyr®PB) at which the electrical
and electromechanical properties of the materialfsmiece to a great extent [7]. The PZT
ceramics has perovskite AB6tructure in which A-site is occupied by?Pons and B-
site by Zf* or/and Tf* ions. Its physical properties and device pararsetamn be
modified with suitable Zr/Ti ratio, substitution Ator/and B-sites, preparation techniques
& conditions, etc [8].

However environment friendly alternatives to thgi¢dead containing PZT are
needed. To date no MPB piezoelectrics have beeelajgad which has the potential to
replace PZT for acoustic material application. Bifmbased materials are considered to
be the best alternatives [9-10]. Bismuth ferritedzthmaterials are also of great interest
due to their simple perovskite structure and thenuftaneous coexistence of
ferroelectricity and antiferromagnetism [11-12]. Bothe search of an alternative we
studied the La doped BiBa(§z&i0.4)0Os; Composite Ceramic.
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2. Experimental details

The polycrystalline ceramics BiBa(§z&i.4)Os were prepared by high-temperature solid-
state reaction technique using ingredient oxidésDf BaCQ, FeO; andTiO,(99.9%
purity, M/S Loba Chemie, Inc. Bombay, India) in amgriate stoichiometry. The well
mixed ingredient oxides in alcohol medium were iced at an optimized temperature
(830°C) for 5 hour. Using polyvinyl alcohol (PVA} &inder, the calcined powders were
converted into pellets at 4x1Q/m?pressure. These pellets were sintered at an opiimiz
temperature (860°C) for 3 hour so as to get maxinuensity (97% of theoretical
density).

Preliminary structural analysis of calcined powdems made from the data
obtained using X-ray diffractometer (Rigaku MinkleJapan) at room temperature with
Cuk, radiation £=1.5405 A) in a wide range of Bragg’'s anglés(20°<20<80°) at the
scanning rate of 3°/min. To analyze dielectric pmies of materials, the smooth flat
surfaces of pellets were painted with high quaditydrying silver paint and, then, dried
at 150°C for 1 hour to remove moisture. Now diglegbarameters were analyzed from
the data obtained by using a Phase Sensitive Metéim(PSM; Model 1735).

3. Resultsand discussion

3.1. Structural analysis

The XRD pattern of BiBa(ReTip4)O; at room temperature are shown in figure.-1(a)
andl(b). The average crystallite size (P) of tlielisd compound was calculated by this
method from the broadening of the XRD peaks ofediffit Bragg's angles using
Scherrer’s equation; R = KAMBy, coBng [13,14] where K (constant)= 0.88, is the
half peak width (in radian) an@,, is the Bragg angle and was found to be 202 A. As
powder sample has been used, the peak broaderény doechanical stain, instrumental
divergence and other sources were ignored in caloual

|t B )

3a{in degree)
Figure 1(a): XRD of the sample (20% La)
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Figure 1(b): Intensity vs. 8 graph

And the analysis from figure-1(b) that after dopimigLa some peaks of the sample is
shifted in along with @ direction from the parent sample. Red line indidathe parent
sample (no La is doping) and black line indicat8é2of La doped.

3.2. Didlectric analysis

The variation of dielectric constard,J of La doped BiBa(Rg;Tio.4)Os with temperature

at 1, 10, 50 and 100 kHz is shown in figure-2. Vhkie ofe, is found to decrease with
the increase in frequency which refers to the nbfwedavior of ferroelectric/dielectric
materials. The higher value of dielectric constahtlower frequencies indicates the
simultaneous presence of all the types of poldomat (space charge, dipolar, ionic,
electronic, etc) [13, 14]. It was observed thatdbmpound undergoes phase transition of
diffuse type at 20, 195C, 192C, 188C respectively at 1kHz, 10kHz, 50kHz and
100kHz.

1000
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Figure 2: Variation of Temperature vs, at different frequencies
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The smooth switch over af from low symmetry ferroelectric phase to more syatno
paraelectric phase indicates that the phase timmsi of diffuse nature. A particular
temperature cannot be regarded as a Curie temperatiner than a region called Curie
region is to be considered. The dielectric peak feasd to be broadened indicating the
existence of diffuse phase transition .The degrealisorder of diffusivity can be

estimated by using the empirical relatin N yln(T—TC) +InK, where
“r ®max
T is the temperature and K is a constant. This e@hemsition was confirmed by the
appearance of the hysteresis Ioop (Figure- 3) whliedws the variation of polarization as
32 INSTER ke 5 a function of the applied electric
field on the poled sample at
room temperature 30.
Remnant polarization has been
calculated from the taken
photograph  using Digital
Oscilloscope, which is the

/,.-‘ ALL BBEE -Gl Variation of polarization
. - (UC/enf) with applied electric
SdvE field of kV/cm. We have got a

proper Hysteresis loop because
of the nature of the material.

Utilities .
However even with smaller

o RIS (cmnant  polarization  the

existence  of  ferroelectric
Figure 3: Polarization (P) — Electric Field (E) loop of the  properties in the material can be
sample (20% of La doped) concluded. Careful analysis for
the existence of ferroelectric-Para electric phasesition of the whole family is being
attempted.

The temperature dependence of dielectric los)tahthe sample at at 1kHz,
10kHz, 50kHz and 100kHz is also shown in figurdt4s also observed that the taat
high frequencies is much lower than the correspandilues at low frequencies. This
kind of dependence of taron frequency is typically associated with losseoaérgy by
conduction process.

Figure-5 shows the variation of. with inverse of absolute temperature {I)
of the compound at different frequencies. The Vianeof thes,. over a wide temperature
range indicates that the material has thermallwatetd transport properties obeying
Arrhenius equations,.= o, exp (-E/KgT), where the symbols have their usual meanings.
It is observed that the ac conductivity of the miate increases with rise in temperature,
having negative coefficient of resistance. At higfrequencies, the activation energy
(calculated from the ac conductivity curve) is derathan that of lower frequencies
(above T). This behaviour suggests that the conduction ar@ism of this compound is
due to the hopping of charge carriers.
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Figure 4: Variation of temperature vsané at different frequencies
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Figure5: Variation ofo,. with (10%/T)
4. Conclusions
Polycrystalline ceramics of La doped BiBafkE,,)O; were synthesized through the
high temperature solid-state reaction techniquemFdielectric analysis, we get that the
dielectric constant of the material is very highhés a diffuse type of phase transition.
Interestingly the tangent loss of the materialdoisnd to be low up to a very high
temperature close to the transition temperature.
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