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ABSTRACT

This paper reports, the structural, dielectric ammensport properties of $Ba;- \Nb,Os [SBN] for x =0.4 and 0.5,
prepared by traditional sintering method (solid tetaeaction technique). The tetragonal tungstennbeotype
crystal structure, structural parameters such a® thattice constant (a =12.63946A, b = 12.63946A, ¢
=3.978203462A), average crystallite size (61.629817nm ), and texture coefficient (TC) have besterchined
using X-ray diffraction data. TGA-DTA analysis raigethat formation of oxide phase takes place beyl®60C.
Rod shaped surface morphology has been obtainegl.frdamental vibrational mode observed in fingentp
region by FTIR reveals formation of SBN ceramidse Variation of real of part dielectric constanf) @nd loss
tangent (tad) was studied at room temperature. The dispersibdielectric constant with frequency indicates
relaxor nature of SBN.

Key words: .Strontium Barium Niobate, Structural propertieglBctric Constant, Transport properties.

INTRODUCTION

Ferroelectric materials are an important class atemials whose main characteristic is the preseheespontaneous
polarization that can be changed with an exterleadtiéc field. In recent years, lead-free ferroélies have drawn
great attention due to worldwide concern over thdcity of lead-containing materials. Many studiesve been
conducted with the aim of finding lead-free comfioss competitive to their lead-based counterpansiew of
environmental concerns, lead free materials aragbebnsidered for many applications and strontitemiuon
noibates (SBa;.x Nb,Og) is among the few materials that are in the famfrdue to excellent novel technological
application properties. The ,8a;« Nb,Os (SBN) is an interesting and valuable crystal himst luminescent
lanthanide ions [1] pyroelectric, piezoelectric grttbtorefractive devices [2-3].These materials at&gactive for
volume holographic information storage [4], ferextic non-linear crystal showing a large numbeajgblications
such as data storage, switching, optical compwtimdymore recently as a tunable laser host [5-7].

These SBN ceramics can be synthesized easily libtlarger grain size and complex shape applicd8e®]. The

objective of this work is the synthesis of SBN éalectric material by low cost solid state reactionte at low
temperature. A detailed significant investigatidnttee microstructural, vibrational, and dielectpcoperties are
presented and discussed in this paper.
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MATERIALS AND METHODS

The high purity AR grade SrG{99.95%), BaC@(99.95%) and NiDs(99.999%) were used as starting materials.
Powder was ground for homogenization using agatéanim acetone medium for Lhour. This powder wasethin
stoichiometric proportion and ground for 4 hoursagetone medium to obtain desired stoichiomettp@resultant
compounds. This mixture was initially sintered 0@ °C for 10 hrs and further at 880for 48 hours in a muffle
furnace. The flow chart of material preparatiorsi®wn in figure 1. The available reports on thiderial are at
higher temperature [10-11].

The following stoichiometric samples were studiegl,;Bay.sNb,Og (SBN40), S§.5Ba.sNb,Og (SBN50).

S1C0; BaCO; Nb,O¢

¥ . 4 g

Mixed in stoichiometry grinded for
homogenization for4hr

Sintered at 1200 °C for
10 hrs 1in mutfle turnace

4

Fired again in muffle furnace at
850°C for 48 hours

¥

3% PVA (binder) 1z added to
make pellets

¥

Sintering of pellets

Fig.1: Flowchart of material preparation

The tetragonal tungsten bronze phase was confitmedray diffraction using Cr-Kradiations, (Philips Diffract
meter PW 3710). The TGA-DTA measurements were egwout in the range 25 to 1200 °C in air, at the of
10°C per min on SDT-2960 TA instrument USA. FTIRR&pa of powders were recorded by using iRerk
Elmer's Spectrum one Spectrometer in the raofj@l00-4000 ci with KBr solvent.This powder was pressed
into pellets in a hydraulic press at 10 tordcior 5 min. The surface morphology was studied using scanning
electron microscope (SEM JEOL-JSM 6360). The fregyelependence permittivitg’ and dissipation factor (tan

d) in the range from 20 Hz to 1 MHz were studiedhgsh precision LCR meter bridge (model HP 4284 A).

RESULTS AND DISCUSSION

1.TG-DTA analysis

Prior to solid state reaction, we have carriedTd®tDTA analysis of precursors mixed in stoichiorieeproportion
from room temperature to 1200°C, so as to undetstta@ decomposition behavior of the precursors. thieemo-
gram for the same is shown in Figure 2. The piows the three major regions. In the first regigfi(2-250°C),

the weight loss may be mainly due to the vapowratf water of crystallization and decompositio®, initial
weight loss of 2.365% occurred up to temperatucairadt 250° C, accompanied with exothermic reaction. This is
due to removal of absorbed water molecule preseptécursorsin the second region (3D€ to 808 C sharp
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weight loss of 11.5% might be due to the decomjmsirom 308 C to 808 C, which is due to evolution of GO
from carbonate precursors. Further increase in éeatpre no major observed weight loss was obsezliede 1100
°C indicating the formation of ceramic. Thus thedified formation mechanics of SBN as reported [12]

0
5BaCQ+2Nb,Os 600-800C  ,  BgNb0,+5C0O, *
0
5SrC@2Nb,05 600-800C ~ SENbO+5CO, 4
800-1000 °C
Ba\bO15+3Nb,0s > 5BaNBO;
0
SIND,045+3Nb,0s 8001000 €, s5gNpo,
SINBO, + BaNbhOs Morethan 110°C 2(StBay,) Nb,Os
Sample: SBN5 DSC-TGA File: C:\TA\Data\SDT\RKP\SBN5.001

Size: 55220 mg
Run Date: 13-Apr-2010 12:43
Instrument: SDT Q600 V20.9 Build 20

E

ro2

0.0

S
£
[6]
£
o
g E ul &
5 3 L 02 &
® o =)
s ] o
o 3
T 8
2
5 £
Loa &
-204
l-06
200 400 600 800 1000
Exo Up Temperature ("’C) Universal V4 5A TA Instruments

Fig .2 TGA —DTA Graph of SBN50

2. X-ray diffraction analysis:

X-ray diffraction patterns of gB8a;-,Nb,Og (X = 0.4, 0.5) for different compositions are shawifigure 3. From the
figure, the formation of pure perovskite tetragophlase of $Ba;_Nb,Og (JCPDS card no 00-039-0265) is
confirmed. The calculated lattice parameters forsamples (a =12.63946A, b = 12.63946A, ¢ =3.978803)
were found to be in good agreement with earlieoreg values [10-12]. The crystallite size was dateed from
the Debye-Scherer equation,[13]
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D= 0'9%,8 cosé)

Where D is the diameter of the crystallites of pewd is the wavelength of the CreKline, f is the FWHM in
radians and is Bragg's angle.
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Fig.3. Xray diffractogram of SryBa;-xNb,Os with x=0.40, 0.50

The lattice constants and crystallite size decseasth increase in strontium content from 95.17mn61.62 nm.
This is due to the smaller ionic radii of"§.54A°) as compared to B1.74 A °) [12]. It may be due partial
replacement of B4 with Sf? causing the shrinkage of the unit cell dimensigsilting in decrease in the lattice

parameter. Quantitative information concerning preferential crystallite orientation is obtainearr texture
coefficient. TCs (hkl) defined by relation [13],

Where | (hkl) is the measured intensity(tkl) is the ASTM intensity and N the reflectionnmper. The calculated
texture coefficient (TC) of each plane (hkl) is ukdied in Table 1, the orientation of planes at2j08 more in
SBN40 and at (551) in SBN 50 this reorientatioreet§ occurs due to doping.

| (hkl )
TC (hKI ): G

*Z I((hhkkl| )
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Table 1: Texture Coefficient of SBN 40 and SBN50

Texture Coefficient TC(hKI)
(hkl) (211) (410) (330) (311) (321) (002) (550) B5
SBN 50| 0.584615| 0.93721| 0.932001| 0.858841| 0.641871 1.423222| 1.038598| 1.582721
SBN40 | 0.705025| 0.62512| 1.137624| 0.819964| 1.292522| 1.48882 | 0.80242 | 1.128504

3. Surface morphology:
The SEM micrographs of SBN50 sample are as shovigure 4..

SUK -PHY

Fig.4 SEM image of SBN 50

These microstructures show different shaped ractstre of length of m to 5um and width 0.gm. The porous
spaces observed are of much advantageous for gesmgtications. These materials can absorb moistureater
into the porous spaces and are potential matdaalaicrowave sensors and other related application

4. FTIR study:

Ferroelectric SBN crystals have a tetragonal tuergsronze structure with space gratdbm(C,,?). For theP4bm
space group there are 138 possible vibrational abmodes and they can be classified according tdollmving
irreducible representations due to complex cryataicture of the material [14]

%= 19A, (z) + 15A+ 14B, + 18B,+ 36E(x) + 36E(Y)

Where X, y, and z indicate the polarization diretof the infrared active modes (z is the ferragle@xis). Three
modes belonging to the AE(X), and E (y) representations are acoustic mada the other modes, except A
modes, are Raman active; the number of such mede20. As we know general formula of a lattice céISBN
can be written as (Au(A2)2(B1)2(B2)sOs0 Which has different types of cationic sites arailable in this host crystal.
The A sites are partially occupied by?Sions, the A sites are randomly occupied by thé*@md B4 lattice ions,
while the B and B sites are completely filled by Ribions and in addition to this cationic disordegrthis also a
certain disorder on the?Oanion sublattice [15]. According to SBN crystale thuantum-chemical calculations
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(DFT) for the NbQ" anion and first approximation, the dynamics of isalaNbQ’~ anions have been taken into
account. The calculated vibrational frequenciestierfree Nb@~ ion are in fair agreement with the frequencies of
modes observed in experiment as reported elsehrEs].

At room temperature absorption spectra (FTIR) oN88 and SBN 50 remains same for both samples asgrsho

Fig (5). We observe a broad peak in the regiontd@50cm'.These peaks are due to superposition of fundamenta
modes F, (triply degenerate bending mode) ang(8ymmetric stretching mode) with assignme@gO—-Nb-O)
andv (Nb— O) respectivelyAt region 1600 to 1800cthand at 2800 to 3000Chwe find that bands due to sum of
the fundamental modes of,fand A4.However, it is observed that IR spectra at abO0t 800cm SBN50 shows
dominantly stronger peak than SBN40, these resudttsh the reported ones. [15-16]

ot O
- N
100~ 35 3 SBN40

804

60+

%T

404

204

560 ' 1OIOO ' 15l00 ' ZOIOO ' ZSIOO ' SOIOO ' 35lOO ' 4OIOO
WAVENMUBER (cm-1)

Fig .5.Absorption spectra (FTIR) of SBN40 and SBN®

As stated before the ionic radii of ‘§f.54A°) is smaller as compared to ‘Ha.74 A). Due to increase in
concentration of Sf in StBa- Nb,Og the average ionic radius of NpOenvironment decreases. There may be
stronger deformation of niobate octahedra for higiientium values. We have also observed SBN alystudied

so far contained only a small amount of hydroxyladOH), probably as a result of the humid atmospheréndur
the growth process.

5. Dielectric permittivity and ac conductivity
The dielectric permittivityd) of the sample was calculated using the relation

,_ Cd
g=—"
£,A

Where ‘C’is the measured value of capacitarfichedsample,'d ’ is the thickness, * A’ is the fage area, andy’
is the dielectric permittivity of free space.

The frequency dependence of the dielectric pemititti{c’) for all the samples was studied at room tempeeat
Figure (6) reveals the variation of dielectric pétivity with frequency from 20Hz to 1MHz. Dieledtr permittivity
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decreases as frequency increases from 20 Hz to 4 $hiBwing usual dielectric dispersion behavior .dkerease
in permittivity with frequency can be explainedtbe basis of Koops theory.

In general, the decreases in permittivities apgd at lower frequencies and slower at higherdeagies. Similar
results were observed for other systems of ferobeds, the low frequency dispersion in SBN is aleed due to
space charge effect and slowly all polarizationistags at higher frequency except electronic paaris When the
frequency increases, the number of mechanisms\adoin the dynamic polarization decreases. At vgh
frequencies, only the electronic contribution af ffolarization remains. [17-18]

The dielectric structure is assumed to be congistifi well-conducting grains which are separatedphoyprly
conducting grain boundaries. At lower frequencies grain boundaries are more effective for conditgtiand
permittivity than grains. Therefore permittivitg’) is high at lower frequencies and decreases agquéncy
increases. Since it is observed that in dielecthesthe permittivity’) is directly proportional to the square root of
conductivity ) [19].Hence the permittivityg() high at lower frequencies and decreases as freguanreases,
decrease in permittivity is due to jumping frequen€ electrics charge carriers can not follow theraation of the
applied ac field beyond a certain critical frequenc

5000+
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—e— %(SBN50)
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Fig .6. Frequency dependence of the dielectric permittivity(e’) of SBN40 and SBN 50

High frequency studies in SBN ceramics the effdcthe hopping of off-centred ferroelectric ionsstelso been
proposed by several authors. The tetragonal tundstenze phase ceramics (SBN ) exhibits at highyuency
relaxation in the paraelectric phase and its origas ascribed to the crystalline network owinghe motion of
active ferroelectric NB ions. It is observed that at lower frequency, diedectric constant of SBN 40 shows higher
values than that of SBN 50. In tungsten bronze tgbaxor ferroelectrics, the complexity of the sture makes
interpretations more difficult. Disorder usually yntakes place in in Aand A sites. i e its origin is probably
related to the relaxor behavior of this materiauténg from the cationic disorder of 8mand B&?in A; and A
sites The relaxation phenomena depend on the stnordontent. The dispersion is more pronounced rinich
compositiong20-21].
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The variation of dielectric loss tangent @nwith frequency is shown in Fig (7). The loss tangdecreases
continuously with increase in frequency and attaim®nstant value at higher frequencies.

5000,
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Fig .7.Variation of dielectric loss tangent (ta8) with frequency of SBN40 AND SBN50
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To understand the conduction mechanism and thedfypelarons responsible for conduction, the vaabf AC
conductivity carried out at room temperature aarecfion of frequency is represented Fig (8 ). A@Qdiactivity of
samples can be evaluated using the relation

o =21E,¢ f tand

where f is the frequency of the applied fiedd,is the permittivity of free space; is the real part of relative
permittivity of the sampledans is the loss factor ansl ac conductivity.

In large polaron hopping the ac conductivity desesawith frequency and in small polaron hoppingdcmtivity
increases with frequency. From graph the condugtisiobserved to increase with increase in frequdar all the
samples.

-5.6

= SBN40 u

87« SBNS5O .
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Fig .8. Variation of AC conductivity carried out at room temperature as a function of frequency of SBRO
and SBN50

Due to hopping of charge carriers between localstates the linear variation of ac conductivity eved. On the
basis of theoretical models it can interpretednaficating that the ac conductivity originates frammigration of
ions by hopping between neighboring potential wiillsionic solids, the electrical conduction isedto migration
of ions and this ionic transport depends on theumgrequency. Thus, ac conductivity is pndpmal to
angular frequency confirming linear nature, ethieventually gives rise to dc conductivity at tlogvest
frequencies. [22]

CONCLUSION

The solid state reaction method is useful for theparation of SBN. The tungsten bronze crystalctiine was
confirmed from X-ray studies. Rod shaped surfacepimmogy was obtained. Typical absorption peak8Qft to
450 cm' in FTIR spectrum confirms the bond formation ie #amples and decreasegirand with increase loss
tangent (ta8) in frequency for these samples suggests thedi@ledispersion behavior. The dispersion is more
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pronounced in Sr-rich compositions. The frequenepethdence of ac conductivity show that acistasce
follows universal power law.

Acknowledgement:
One of the authors Dr. Vijaya Puri is gratefulllkaowledged to UGC for the Award of Research Scéen@'.

REFERENCES

[1] M.O. Ramirez; D. Jaque, L.E. Bausa, J. Gasailg, A.A. KaminskiiPhys. Rev. Lett 95 ,2674012005)

[2] S.N. Murty, K.V.R. Murty, K.C. Mouli, A. Bhanuathi, S.B.Raju, G. Padmavathi, K.L. Murtiyerroelectrics
158,325 (1999

[3] Y. Xu, Ferroelectric Materials and their Ap@itons, Elsevier Science Publishers, NewY¢1991)

[4] M.-H. Li, X.-W. Xu, D. Qiu, T.-Ch. Chong, H. Kmagai,M. Hirano,). Crystal Growth211, 2252000

[5] Goulkov M, Imlau M, Granzow T and Woikk Appl.Phys94 ,4763(2003)

[6] Granzow T, Woike Th, W'ohlecke M, Imlau M andelémann WPhys. Rev. Le®9 ,127601 (2002 )

[7] Ram’irez M O, Romero J J, Molina P and Baust Appl. Phys. B31 827(2005)

[8] S.G. Lu, C.L. Mak, and K.H. Wongd, Am. Ceram. Soc84, 79,(2001)

[9] T. Fang, N.Wu, and F. Shial, Mat. Sc. Lett.13, 1746(1994)

[10] Myoung-SupKim, Joon-Hyung Lee, Jeong-Joo Kifdge Young Lee, Sang-Hee ChoJournal of the
European Ceramic SocieB2 ,2107,2002)

[11] Yong-Quan Qu, Ai-Dong Li, Qi-Yue Shao, Yue-Eghang, Di WuC. L. Mak, K. H. Wong and Nai-Ben Ming
Materials Research Bulleti®7, 503,(2002)

[12]Qing-Wei Huang a, Pei-Ling Wang, Yi-Bing Cheji@png-Sheng YarMaterials Letter$6 , 915,(2002)

[13] S S Shinde, P S Shinde, C H Bhosale and K jpiRaJ. Phys. D: Appl. Phy=l1 105,(2008)

[14]A. Speghini, M. Bettinelli, U. Caldi "no, M.GQRamirez, D. Jaque, L.E. Bausa, J. GarcigSbl€hys. D: Appl.
Phys 39,4930,(2006)

[15]dJamieson P B, Abrahams S C and Bernsteid J&hem.PhysA8, 5048(1969

[16]D. Kasprowicz , A. Lapinski , T. Runka , A. peni , M. Bettinelli Journal of Alloys and Compound38
,30,(2009)

[17]George M, Nair S S, Malini K A, Joy P A and Aaraman M RJ. Phys. D: Appl. Phy€0 ,1593,(2007)

[18]E Buixaderas, M Savinov, M Kempa, S Veljko, @rfba, J Petzelt,R Pankrath and S KapplarPhys.:
Condens. Mattefl7 ,653,(2005)

[19]Shaikh A M, Bellard S S and Chougule BJKMagn. Magn. Mater195, 384,(1999 )

[20]C. Elissalde and J. Rav8zMater. Chem.10, 681,2000)

[21]P. A. Jadhav, M. B. Shelar and B. K. Choug@lshives of Physics Research 92, 010):

[22]P. Dasaria , K. Sambasiva Rao , P. Murali Knestand G. Gopala KrishnaActa Physica Polonica A ,19
(2011)

115
Scholars Research Library



