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ABSTRACT

Barium bismuth titanate is a compound of Aurivillius family which attracts the attention of scientists due to its excellent
physical properties. Antimony doped Barium bismuth titanate BaBisSbTisO1s compound, a member of perovskite family is
synthesized using solid state reaction route. This sample is calcined followed by a sintering process at 850 °C for 6 hours. The
sample is subjected to XRD analysis and got confirmation of perovskite structure in orthorhombic crystal system obtained in
single phase. The change in structure is analyzed due to antimony doping at B-site. The variation of dielectric properties with
temperature and frequency are analyzed. Phase transitions are found both at higher frequencies as well as low frequencies. A
revised Curie -Weiss law intimates the degree of diffuseness of phase transition. The activation energy is estimated in the
conductivity study as a function of temperature. The hysteresis curve for the sample confirm the ferroelectric and paraelectric
phase transition.
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. INTRODUCTION

The discovery of Aurivillius materials [1] with high curie temperature play an important role for their applications in high temperature
piezoelectric, pyroelectric and memory devices [2]. Different interesting physical properties of ferroelectric material of perovskite family are
superconductivity, conductivity, piezoelectric and multi dielectric properties have great importance in microelectronics and
telecommunication sector [3-5]. The structure of Aurivillius compound consists of n numbers of perovskites such as (An-1BnOzn+3)? unit cells
sandwiched within (Bi202)?*slabs along pseudo tetragonal axis (where n is an integer from 1 to 5) having general formula formula (Bi202)?*
(An-1BnOsn+1)>". The ‘A’ site is occupied by large mono, di or trivalent cations (e.g., Ba*,Na*,K*,Bi*3) having ionic radii ~1.34 to 1.64 A with
12 coordination number and ‘B’ site is filled by tetra-, penta-, or hexavalent cations (Ti**,Cr*3,Fe*3) of small dimensions with 6 coordination
number [6]. Barium bismuth titanate (BBT) has attracted considerable attention for its excellent physical properties among perovskite
family, which can be enhanced by doping antimony (Sb) at Bi site. The parent compound BBT has a structure of n=4 with barium & Bismuth
ions at A site & titanium ions at B site of the perovskite block [(Bi202)?*,(BaBi2Tis013)?] [7]. From literature survey, it reveals that, when Ba
is substituted by La in BBT with different concentrations (having general formula Bai-@r2)xLaxBisTisO1s (x=0-0.4)) exhibits enhancing
electrical properties [8]. Farther, J. D Bobic and B. D Stojanovic have reported some significant enhancement of properties when La is
doped in BBT using general formula BaBisxLaxTi4O15 x=0-0.30 [9, 7]. Looking to above literature survey, Sb modified of BBT i.e
BaBizShTisO1s is synthesized and the enhanced dielectric properties are studied.

Il. Experimental
A. Sample preparation.

The polycrystalline sample BaBisSbTisO1s has been synthesized by mixed oxide process or solid-state reaction technique. High
purity ingredient powder (>99.9%) of BaCOs (M/S Sarabhai M.Chemicals pvt. Itd), TiO2 (Merck Specialities pvt. Itd), Sb20O3 (Loba chemicals

pvt.ltd), Bi2Os(Central drug house pvt.ltd) are homogenously mixed in a suitable stoichiometric mass ratio and are thoroughly grounded in
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an agate mortar in air medium for 3 hrs followed by wet methanol medium for 2 hrs. The grounded mixture is calcined at 850 °C in an
alumina crucible for 12 hrs. The calcined powders are reground into fine powder with polyvinyl alcohol (binding agent) and pelletized into
cylinders of diameter ~1cm & thickness of 1-2mm in a hydraulic press at a pressure 4 x108 Nm2. Then sintering of the pellets are carried

on at 875°C for 12 hrs in a high temperature furnace.
B. Characterization

The creation of new compound is verified by XRD analysis. The X-ray diffraction pattern of the sample is recorded using a
diffractometer (Rigaku,Miniflex) at room temperature with CuKq radiations (A=1.54A°) in broad range of Bragg's angle 26 (20°<26<80°)
with scattering rate 3°/minute. For dielectric characterization, both sides of the sintered samples are polished with emry paper and
electroded with silver paint. The sintered pallets are then fired at 130°C for 30 minutes before taking measurement in order to remove
moisture in the pallets. The electrical properties are measured at different frequencies of 1kHz ,5KHz, 10kHz and 50KHz up to 1000KHz
using a HIOKI-3532-50LCR Hitester in a large temperature range (30°C t0500°C) with a rate of heating 2 °C/minute. The PE loops of the

sample are measured in automatic PE loop tracer (Marine India).

1. RESULTS AND DISCUSSIONS

A. Structural and microstructural studies.
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Figure 1 Room Temperature XRD and ‘d’ spacing values with h k | of BaBizSbTisO15

The XRD pattern of BaBisSbTisO15 at normal temperature are as in the Fig 1. The XRD analysis confirms the formation of single-phase
new compound with a variation in XRD pattern of the ingredient oxides [8]. The reflection peaks of the XRD graphs are noted by using
‘peak fit' computer software. By listing 20 values of the peaks, the value of lattice parameters, volume and interplanar spacing (both
observed and calculated) are estimated by using POWD MULT software [10]. As seen from literature survey the parent compound has a
tetragonal structure at room temperature [9]. But Nalini et al. [11] have noticed an orthorhombic structure of BBT sample. The orthorhombic
structure is also confirmed by Irie and coauthors [12] of the same BBT compound. By taking into account to the best agreement of
interplanar spacing (d) (Ad=dobs-dca=minimum) an orthorhombic structure is confirmed in Sb modified BBT compound. The lattice
parameter of the unit cell (orthorhombic) are found to be a=6.2869 A, b=9.58 A ,c=9.1499 A with volume 551.08 A3.The volume of the Sh
modified compound is decreased as the ionic radius of Sb is less than that of Bismuth. The size of particle (P) of calcined sample is
calculated from the widening of peaks of XRD graphs applying Scherer's equations P=kA/Bw2 cos Bnu , k=constant =0.89, A=1.54 A, B
=diffraction peak width at half intensity. Crystal size is found by taking average of all the data of P and is calculated as 19.38 nm.
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Figure 2 SEM micrograph and Histograms showing the grain size distribution of BaBizSbTisO1s

The microstructure of the sample is studied through SEM analysis. The SEM image of samples are given in fig 2 with good
magnification. It is found that the microstructure of the compound is dominated by the spherical and irregular clustered like grains. The
mean grain size calculated from histogram by gaussian fitting is 3.85um. Thus, it is clear that a single grain consists of several crystallites.

B. Dielectric study
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Figure 3 (a)(left) and (b)(right) Temperature variation of relative dielectric constant (¢r) & loss tangent (tand) of BaBisSbTisO1s

The dielectric study of BaBi3SbTisO15 compound is analyzed as temperature verses relative permittivity (€r) graph which is as in
figure 3 (a). The relative permittivity (&r) rises with rise in temperature for all studied frequencies. At a temperature of 216°C a small transition
peak is found indicated by high ¢ value. This peak occurs due to structural phase transition from tetragonal to orthorhombic structure [6].
Then &r decreases followed by a rise in its value up to 402°C, where another peak is observed. This peak is due to the ferro to paraelectric
phase transition with maximum dielectric constant 284.21. This type of successive phase transition is observed in other Sb modified
compounds of ferroelectric materials [6]. The materials with large dielectric constant and high curie temperature are found to be extensively
used in the perovskite solar cell and storage devices [9]. No such double peaks are found in pure BBT compound as studied in literature

survey [9] but when Sb is substituted at A site successive peaks are noticed.

The tand verses temperature graph shown in figure 3 (b) exhibits two peaks with a low value of loss with temperature. The low
value of tand suggests good quality of ferroelectric material for application purpose as storage devices as well as high efficiency perovskite
solar cell. The tand value increases slowly with the rise in temperature up to some transition value in the high temperature for different
frequencies.
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C. Modified Curie Wiess Law & diffusivity

The response towards the Curie Weiss (C-W) law in ferroelectric material is better understood from figure 4 (a) which is
temperature dependent reciprocal of permittivity (1/e = (Tm-Tcw)/C.) For the compound showing diffuse phase transition, a deviation from
C-W behavior is observed. Itis observed that the parameter (1/ &) deviates from the Curie-Weiss law within a certain range of temperature
which is called as Curie-Weiss range and in this range the crystal exhibit unusual dielectric and ferroelectric properties [6]. The reciprocal
of dielectric constant is a linear function of temperature on both sides of Tc except within the range of + 6°C. The difference between Tm

and Tcw, (i.e., ATcm) (calculated manually) is found to be ~6°C. Thus, the deviation from normal C-W law is observed.
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Figure 4. (a) and (b) 1/ & ~ temperature graph (left) & In (1/er -1/emax) ~ yIn(T-Tc) graph (right) of BaBizSbTisO1s at 500Hz frequency of
BaBisSbhTisO1s at 500 Hz frequency

For more confirmation of degree of diffusivity of Sb substituted compound modified Curie Weiss law is utilized which is given by
In (1/&r -1/€max)=yIn(T-Tc)+InK

where T is the temperature, K is a constant, and y diffusivity of phase transition. If the value of y varies between 0 to 1 then the material
is classical ferroelectric in nature and for the value in between 2, it is of disorder type material [11, 12].The value of y is calculated from
the slop of the graph represented in Figure 4 (b).The value of y is found to be 1<y <2. Thus, a deviation from normal ferroelectric behavior
is observed which indicates occurrence of diffused phase transition [14]. The diffuse phase transition occurs due to the disordering of the

substituted ion at cation site of the host compound which is also found in the barium bismuth family.
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D. Polarisation Study
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Figure 5 Room temperature P-E loop of BaBizShTisO1s

The polarization (P) ~ electric field (E) plot is as shown in figure 5. Presence of hysteresis loop with remanent polarization (2Pr)
0.044uCcm & coercivity (2Ec) 026kVem? confirms the presence of ferroelectricity in the material. The proper ferroelectric polarization

loop is not found due some lossy characteristics of the materials [14].

E. Conductivity study
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Figure 6: Variation of ac conductivity with temperature of BaBisSbTisO1s

The conduction mechanism is a very important study in the electrical analysis. The temperature dependent conductivity 0ac at
different frequencies is shown in fig 6. From the plot it is clear that gac rises when temperature rises up to some temperature 350° C and
then remains independent of temperature i.e parallel to the temperature axis. On other word this type variation of curve obeys the Arrhenius
relation i.e 0ac= 00 exp(-Ea/KsT),where Ea is the activation energy, Ks is Boltzmann constant and T absolute temperature. Two distinct
regions are taken as per the variation of slopes at low and high temperature for the different frequencies. The value of activation energy is
estimated utilizing above equation. The change in slopes informs different mechanism involved in conduction process. The change in slope

occurs at phase transition temperatures ( 402°C). Thus, ferro to paraelectric phase transition is, confirmed at that temperature
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Table-1 Values of activation energy calculated from above figure 6

Frequencies Ea (eV)

Region-I Region-II Region-I11
50KHz 0.2399 0.0920 0.6459
100KHz 0.2080 0.0746 0.6582
500KHz 0.0693 0.01149 0.4430

IV. CONCLUSIONS

Mixed oxide process is used to synthesize BaBisSbTisO15 compound at a calcination temperature 850°C for 12 hrs and then
corresponding compound is sintered at 875° C for 12 hrs. Orthorhombic crystal structure is confirmed from XRD analysis with particle size
~19.38 nm . The effect of antimony substitution on BBT compound is clearly visualized in dielectric analysis, with occurrence of double
peaks at temperature 216°C and 402°C as analyzed from the - temperature curve. The law value of tan & indicates good ferroelectric
nature of the compound. The presence of P~E loop suggests presence of ferroelectricity in the material. Thus, the compound can have
potential used in solar cell devices. Different activation energy in different regions confirms different conduction mechanism in the
compound.
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