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Abstract : The discovery of ferroelectricity in BaTiOs, opened plethora of research
activities in ferroelectric materials having similar structure as well as unveiling
ferroelectricity in other crystal structures. Barium based tungsten bronze (TB) oxides
having high dielectric constant and low loss, can be effectively used as transducers,
actuators, capacitors and also in memory devices. All these characteristics stimulated the
researchers to replace toxic and hazardous lead based materials by barium based TB
materials from scientific and industrial studies. In the present research work,
polycrystalline samples of Ba,SrRTi;V;05 (R = Gd, La) were synthesized by a high
temperature solid state reaction technique and a comparative study of the dielectric
properties of the samples.. Preliminary structural (XRD) analyses of these compounds
show the formation of single-phase orthorhombic structures at room temperature having
average crystallite size of the order of some nanometer for all the compounds. The
scanning electron micrographs (SEM) provided information on the quality of the samples
and show more or less homogeneous distribution of grains over the entire surface of the
samples. The dielectric properties suggest that the Gd modified compound undergoes
ferroelectric-paraelectric phase transition at two temperatures well above the room
temperatures (i.e., 371°C) whereas no such phase transition is observed in La modified
compound in our experimental range.

Keywords: Ceramics; X-ray diffraction; Ferroelectricity; Dielectric properties; Electrical
conductivity.
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1. Introduction

Materials of tungsten-bronze (TB) structure belong to an important
family of dielectric materials, which display interesting ferroelectric, pyroelectric,
piezoelectric, and nonlinear optical properties. The TB structure consists of a
skeleton framework of BOs octahedra, sharing corners to form three different
types of tunnels parallel to the c-axis in the unit cell of material of a general
formula, [(A1)2(A2)4Ca][(B1)2(B2)s]Os0[1]. The nine-coordinated C-site has the
smallest space to occupy among all the three different types of tunnels created by
the framework of the octahedra. Hence, varieties of cation substitution at
different interstitial sites (A;, Az, C, By and B;) are possible [2-5]. The structural
flexibility and the chemical versatility of TB family make it more usable for
many devices application such as electro-optic, actuators, elasto-optic, electro-
optic memory, optical devices [6-11] etc. A lot of works on the niobate and
vanadate compounds of TB structural family have been reported in the past [12-
15]. Looking to the above, we have synthesized and studied the structural and
electric properties of some rare earth doped vanadates and in this paper we
have compared the dielectric and conductivity properties  of
Ba,SrRTisV;03(R=Gd, La).

2. Experimental
2.1 Sample preparation

Appropriate stoichiometric ratio of precursors; BaCOs, SrCO; Gd,0s,
La,03, TiO,, V,0s5 of high purity (>99.9%) were weighed, and initially mixed
mechanically in dry and wet (Methanol) atmosphere by an agate mortar for 3 h to
obtain homogeneous mixture of the  polycrystalline samples, Ba;SrRTisV;0s3
(R = Gd, La) i.e., Ba,;SrGdTizV;03 (BSGTV), Ba,SrLaTizV;03 (BSLTV).
Subsequently, it was calcined in an alumina crucible at an optimized temperature
and time (950°C, 12h). Compact disks of 10 mm diameter and 1-2 mm thickness
were prepared from calcined powders at a pressure of 4x10° N/m? with polyvinyl
alcohol (PVA) as binder, using a hydraulic press. The pellets were then sintered
in an air atmosphere at an optimized temperature and time (950°C, 12 h) and then
polished with fine emery paper to make their faces flat and parallel. The pellets
were finally coated with high purity conducting silver paint, and then dried at
150°C for 2h before carrying out electrical measurements.
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2.2. Characterization

The formation of the compounds were confirmed from the X-ray diffraction
(XRD) of the calcined powder using an X-ray powder diffractometer (Rigaku,
Miniflex) at room temperature with CuK, radiation (A=1.5405 A) in a wide range
of Bragg’s angles 20 (20°< 20 <70°) having a scanning rate of three degree per
minute. The dieelectric properties and ac conductivity for both the compounds
have been measured as a function of frequency (100 Hz-1 MHz) at different
temperatures (33-500 °C) with a computer-controlled impedance analyzer (PSM
1735, model: N4L). For the measurements, Ag paste was painted on either side of
the disk and fired at 150 °C for 1 hr.

3. Results and Discussion
3.1 Structural studies

Fig.1 compares the XRD pattern of the BSGTV and BSLTV compounds at
room temperature. All the reflection peaks are found to be sharp, which are
different from that of ingredients and confirms the formation of new single-phase
compound. All the peaks were indexed taking their 26 values using a computer
program package, “POWDMULT”[16] in different crystal system and cell
configuration. On the basis of the best agreement (based on least — squares
refinement) between observed (obs) and calculated (cal) interplaner distance d
(i.e., £ (dops — dcar) = minimum), an orthorhombic unit cell was selected. The
least-squares refined unit cell parameters of these compounds are:
a=34.5929(17), A b=3.5927(17) A, ¢ = 7.8619(17)A for BSGTV and a= 7.5513
A(12), b= 8.1027 A, c=18.6666 A(12) for BSLTV(estimated error in
parenthesis). The coherently scattered crystallite size (D) of the compound was
determined using Scherrer’s equation; D =0.89\/ (Byoc0s0hq), Where
L =1.5405 A and By, = peak width of the reflection at half maxima [17] . The
contributions of strain, instrumental error and other unknown effects in the peak
broadening have not been taken into account during the crystallite size
calculation. The average crystallite size of BSGTV and BSLTV are found to be
13nm and 14 nm respectively. The SEM micrograph of the compound with
different magnifications at room temperature is shown in Fig.1 (inset). The
avarage grain size evaluated from the histogram was 1.6 and 1.3um BSGTV and
BSLTV respectively. It was found that the grains were homogenously and
uniformly distributed over the entire surface of both the samples. For BSLTV
ceramics the grains are spherical and irregular in shape, where as elongated and
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rectangular shaped grains are observed in BSGTV compounds. A similar type of
microstructure was found in other materials of same family [18, 19].
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Fig. 1: Room temperature XRD pattern, SEM (inset) and histogram of
Ba,SrGdTisV,04 (right) and Ba,SrLaTisV;O4, (left) ceramics

3.2. Dielectric study

Fig.2(a) and (b) shows the temperature variation of relative dielectric
constant and loss tangent for both the compounds at some selected temperature.
Two frequency independent dielectric anomalies (at 255°C and 371°C) are
observed in case of BSGTV compound in which the upper transition at 371 °C is
a ferroelectric to paraelectric transition, while the lower transition at 255 °C is a
ferroelastic to ferroelectric transition, but in case of BSLTV no dielectric
anomaly is observed in the experimental temperature range. Such types of two
phase transitions are found only in the orthorhombic tungsten bronze
ferroelectrics [16, 17]. The farther increase in &, value with temperature may be
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due to space charge polarization, that comes from the mobility of ions and
imperfections in the materials. These combined effects produce a sharp increase
in the relative dielectric constant at higher temperatures [18, 19]. The maximum
value of dielectric constant (emax) at T, for 50 and 100 kHz are374and 315 for
BSGTV but in case of BSLTV compound there is no transition and hence no emax
within the experimental temperature range. It is also observed that the tand values
of La modified compound (0.008) is less compared to that of Gd modified

compound (0.06).
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Fig. 2: Temperature variation of € and tand (insert) of Ba,SrGdTi;V;05, and
Ba,SrLaTi;V;03, ceramics

3.3 Conductivity study

The Arrhenius plots of the electrical conductivity (dc) of both the

compounds are as shown in the Fig.3 (a) and (b).
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Fig. 3: Variation of o4 With inverse temperature of Ba,SrGdTiszV;05, and
Ba,SrLaTisV;05 ceramics
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It is cleared that, there is an increase in electrical conductivity with rise in
temperature, confirming the negative temperature coefficient of resistance
(NTCR) behavior of both the compounds. The activation energy for the
conduction process are derived from the slope of the plots, which follows the
Arrhenius relation 6,= 0egtand = 64.eXP(-Eo/KT). The (dc) activation energies
of the materials were estimated to be 0.44 and 0.61eV for BSGTV and BSLTV
respectively.

4. Conclusion

The BSGTV and BSLTV of tungsten-bronze family were prepared, and
their structural and dielectric electrical characteristics were investigated. The
ferroelectrics phase transitions in the BSGTV compound is observed well above
the room temperature, where as no such phase transition is observed in BSLTV
compound. As these ceramics exhibit high dielectric constants, low dielectric
losses at higher temperature, so might have potential application in temperature-
compensating capacitors. Comparatively, low room temperature dielectric
constants observed in the ceramic samples indicate that may have attractive
benefits in electrooptic and infrared pyroelectric detector applications at lower
temperature. The negative temperature coefficient of resistivity (NTCR) property
observed in both the compound can be used in developing highly sensitive
thermal detectors, sensors, etc.
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