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ABSTRACT

Bismuth layer-structured ferroelectric (BLSF) corapd barium bismuth niobate (BBN) with a chemicahfoala
BaBiLbNb,Og has been prepared using a solid-state reactiohrigpie. Preliminary structural and microstructural
properties of the compound were investigated thinoXgray diffraction technique and SEM-microphotagjna
respectively. Its dielectric properties have beeralgzed within a wide range of temperature and desty.
Relative dielectric constant of the material is found to be higher at a lowsrquency suggesting a normal
behavior of ferroelectrics. Studies of temperatfireguency dependence of dielectric studies shovadaoed
anomaly (with shift in peak) suggesting the occoeee of diffused-relaxor type of ferroelectric phasmsition
well above the room temperature. Temperature deparel of the ac-conductivity at selected frequenaigsthe
values of activation energies in the different o suggest that the conduction process in thermahte mainly
due to singly ionized oxygen vacancies in the fdertric region.
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INTRODUCTION

As lead-free piezoelectric and ferroelectric matsribismuth layer-structured ferroelectric (BL$Bmpounds have
attained considerable importance due to their piateapplications in research and industries in fbem of
multilayer capacitors, high temperature sensor;vaatile random access memory (NVRAM), etc [1-Bhese are
the oxides of Aurivillius family with a general fowla (BbO,)(A,.1B1Osn+1), Where the A-site is occupied by lower
valence larger size cations (such a$, Ka', B&*, C&*, SF*" or PK"), the B-site by higher valence smaller size
cations (such as, T4 Nb>* or W?*) and ‘n’ the number of perovskite {AB,Ozn:1)> unit cells intergrowth between
(Bi,0,)* layers [7-9]. The perovskite blocks offer largesgibilities in terms of compositional flexibilithat allows
various combinations of cations A and B. Selectiepants may be added to the Aurivillius phasesnttaece or
decrease certain material properties. From theatitee survey we found that most of the works rezbion the
ferroelectric materials are confined to bariumnidtte (BaTiQ) and lead zirconate titanate (PZT) based compounds
[10-11]. But very little attention has been madefemoelectric materials of Aurivillius family. Thipaper reports on
the structural, microstructural, dielectric andnsport properties of the lead-free ferroelectricnpound barium
bismuth niobate (BBN).

EXPERIMENT

The polycrystalline sample of barium bismuth ni@bBaBpNb,Og of bismuth layer-structured ferroelectric (BLSF)
family was prepared by a solid-state reaction regke using high purity (99.9%) ingredients; Ba{Bi,O; and
Nb,Os (all from M/S Loba Chemie, Inc. Bombay,India) initable stoichiometry. To compensate bismuth-loss at
high calcination and sintering temperatures, e3tfawt of BLO; was added to the mixture. The ingredients was,
first, mixed in dry air and then, in alcohol mediuand finally, calcined at an optimized (repeatedting)
temperature of 950°C for 10h. Using polyvinyl alobiPVA) as binder, the calcined powder was coragiitto
pellets at 4x10ON/m?pressure. These pellets were sintered at temperafur050°C for 10 h so as to get maximum
density (95% of theoretical density).
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The preliminary structural analysis of calcined plevs was performed at room temperature using da&ined
from X-ray diffractometer (Rigaku Miniflex, Japamjth Cuk, radiation £=1.5405 A) in a wide range of Bragg’s
angles B (20%<26<80°) at the scanning rate of 3°/min. Surface molgdn of the surfaces of BBN-sample was
carried out using microphotographs obtained thraaagnning electron microscope (SEM, JEOL JSM-5800).

For analysis of electrical properties of the matesmooth flat surfaces of the pellet were paiméth high-purity
air-drying silver paint, and then dried at 150°€ 4oh. Now, using phase sensitive multimeter (P&Mdel 1735)
along with its accessories, different electricatadavere recorded within a wide range of temperatuaad
frequencies, and then various electrical parameters analyzed.

RESULTS AND DISCUSSION

Structural and Microstructural Analysis
Fig.1 shows the XRD-diffraction pattern and SEM-rofthotographs of barium bismuth niobate (BBN) ainmno
temperature. Most of the XRD-reflection peaks wadexed in different crystal system and unit celhfigurations
using a computer program ‘POWDMULT’ [12]. With theest agreement between observed (obs.) and cadulat
(cal.) d-spacing (i.eyAd = dyps- d.q = minimum), the material is found to be a singleg in tetragonal crystal
system with the lattice parameters: a = 5.6017 @) c = 26.1442 (24). The crystallite size of ample was
roughly estimated through broadening of few XRDKksea@ a wide 8 range using Scherrer's equation [13]; D =
KM (B12c09na), Where K = 0.89), = 1.5405 A and,,,= peak width of the reflection at half intensitis trystallite
size was found to be in nanometer range (<50nm-8ticrophotograph of the surfaces of sintered BRixhple
exhibits almost uniform densely packed and unifgrdistributed grains separated by grain boundafibe.average
grain size estimated through linear intercept mgisdound to be 39 nm.
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Fig.1 XRD-diffraction pattern and SEM-microphotograph of BaBi;Nb,Og at room temperature

Dielectric Analysis

Temperature dependence of relative dielectric @msg,) and tangent loss (Ténof BaBiLNb,Os sample at 1)
10%, 10° and 16 Hz are shown in Fig.2. The value gfis found to decrease with the increase in frequamitich
indicates about the typical ferroelectric behawdbthe material. The higher value gfat lower frequencies exhibits
the simultaneous presence of all the types of [zaltons, (i.e., space charge, orientation, iomd &lectronic
polarization) that deceases with the increase equency [14-15]. However, due to experimental ks we
could not proceed above 1 MHz. With the increaseemperatureg, gradually increases up to a maximum value
gmax at @ temperature (called transition temperaturg) (Where transition takes place between ferroatedts
paraelectric phase. Also, the value af i$ found to increase with the increase in freqyemtich suggests
occurrence of the relaxor behavior of the matgtial17].

The variation of tangent loss (@nwith temperature at selected frequencies exhiit®ry low value of tahat
room temperature. It remains low up to a high tenajpee beyond which it shows a significant increasenly due

to oxygen vacancies. At higher temperatures, oxygagancy increases, gets activated and becomes muirie
which increases the polarization. It is also obsdrthat taB decreases with the increase in frequency which
suggests about the decrease in polarization witlnitrease in frequency [18].
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Diffuseness of the dielectric peaks has been aedlyhrough empirical formula [19]: €l l/ema = C (T-To),
where exponent gives the value of degree of diffuseness. Figd@wshthe variation of (2/~1/emsy) With (T-T,) and
using linear fit method, the value pfis estimated to be 1.18 at®1dz and 1.73 at fOHz. It suggests about the
diffuse type phase transition suggesting the exégtef relaxation process in the material.
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Fig.2 Temperature dependence of dielectric constart,) and tangent loss (tad) of BaBi,Nb,O, at 1%, 10, 16 and 16 Hz
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Fig.4 Temperature dependence of ac-conductivitysg;) of BaBi,Nb,O at 1¢, 10!, 1¢ Hz

AC Conductivity Analysis

The AC conductivity ¢,J of barium bismuth niobate has been estimatedffarent temperatures using formuta,

= g€ tam, whereo is the angular frequency anglis the permittivity of free space. Fig.4 shows tlmperature
dependence of,. at selected frequencies where different slope gémrappear in different regions indicating
multiple activation process with different energies
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With the increase in temperature, it exhibits adinvariation in the low-temperature region sugpgrthe existence
of thermally activated transport properties in thaterials. But at higher temperatureg, shows an increasing
behavior mainly due to the increase in polarizgbil\t very high temperatures, its values almofitda a straight
line along with the merging tendency of curveslitihe frequencies which suggests about the tygiehlvior of dc
component. The ac-conductivity is very much reldtedctivation energy (Ethrough the Arrhenius equatiosy, =

oo exp (-E/KgT); whereg, is the pre-exponential term ang; #he Boltzmann’s constant. The value of activation
energy of the BBN sample is found to be less thaV 1t suggests about the ferroelectric behavidhe material
which may be due to the presence of singly ionedyen vacancies in the conduction process [20-22].

CONCLUSION

Barium bismuth niobate (Bapib,Og) was prepared through a high-temperature solig-staaction technique.
XRD analysis confirms its formation in single phastagonal crystal system. Crystallite size of thenpound is
found to be in nanometer range. Microstructuralymisithrough SEM-microphotographs indicates thenftion of
almost uniform and densely packed grains sepataiegtain boundaries. Dielectric constag) ©f the sample is
found to be high with the ferro-para phase tramsitivell above the room temperature. The transit@nperature
(To is found to increase with the increase in fregyewhich suggests about its relaxor behavior. Takies of
degree of diffusenegsindicates diffuse type phase transition in theamak The tangent loss (t&nof the sample is
found to be low at lower temperature but exhibitsgmificant rise at high temperatures. Both theleaditric constant
(s;) and tangent loss (t&nof the sample exhibit decreasing trends withitlegease in frequency. AC-conductivity
of the compound is found to increase with the iaseein temperature. The value of activation enshgpws that the
conduction process in the material is due to sim@ijzed oxygen vacancies in the ferroelectricaagi
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