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RELAXOR BEHAVIOR OF BaBiaTi4Or5 CERAMICS

J.D. Bobi61, M.M. Vijatovie 1, 
S, Greidius2, J. Banys2, B.D

tnstitute for l,{ultidisciplinary Researches, I{neza l/iseslaya l, I t 000 Belgrode,
lt'ctculltt o.f P hltsics I.'i l n ius Lin it, e rs ity, 9 Sau lcte ki o st r.

e-rna il : .je li:nabobiolri;yahoo.conr

022'2 It ilnius,

Farnily of bismuth oxides was discovered more than 50 years ago by
The lattice structure of the Aurivill Ius lami ly of compounds IS composed of n
like perovskite (r\,. B,,0:n*.

.i
:)" unit cells sandwiched between (B izOz,)'* slabs along

tetragonal c-axis. Majority of Aurivillius oxides are normal feroelectrics with fairly
Curie temperature, while only a few of them such as BaBiaTiaOl5,
BaBi:Ta:Or, etc. exhibit relaxor behavioLn. Relaxor materials are charactelized
frecluency dispersion having broad dielectric anomaly in their dielectric behat,ior near
dielectric maximr:m. The latter properlies are vely useful for wide range of
owing to their excellent high dielectric and piezoelectric responses over a wide
temperatures [2].

In present work, BaBiaTi4Or5 - BBiT was prepared by noncoventional solid
rraction from mixture of oxide: BaO, TiO2 and Bi2O3 which was millecl for 6 h.
powders were heated at 750oC for 4 h. Ceramic samples were prepared by
sintering of isostatic pressed (298 MPa) pellets at ll30"C for I h. Dielectric
were investigated in a wide range of temperatures (20-800'c) and frequencies (l
MHz).

lic

80

{- 1 kHz-1

7nl

r(x)
t00

T (K)

l'ig. l. Tentperuttre tleperdettce o1 clielecrt'lc cotlstonr (e') and b1 lossfacror,(t:") of tlBir

Fig. la. displavs tenllreratLlre dependence of dielectric constant (e') of
cerarl'tics deterniined durine coolins in BBiT ceramics. The results give an evidence ol
diffuse phase transition accompanicd b), a lelaxation of the pelrnittivity. The
71,, of the rnaximLrm permittivitl, (r,,,) is shifted from 402"C to 4t7oC as the
increases fi'om I kHz to I NIHz. The ternperature corresponding to e,, also increases

the increase of fi'equency (Fig. lb). T['re associated imaginary permittivity (e") exibits
maximum at temperature close to the low temperature inflexion point of s' and
maximum is also shiftes towards the high temperature side as the frequency increases
behavior is typical for relaxor ferroelectric.
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''2.4

c ,^^

En = o.oJ3ev

v., = 2.0! *108 Hr

Tr = 651K .).
'.;a

,i:

11 .a

I 1.Ll

10 c

. .ctnperaruro".t,or)),rr,,'-),,,"^i*,u,Tl')'or',),',r,,7)')i',,',r, the.Brt-i.rceratrtics(rhe

,, ,lot, ,nprn.ront lhe experinl€ntttltlLtta antl the.solid tine is the.ftt to the L'ogel-FuLcher

relation).

The broad clielect|ic constant peaks at temperat[tre 7],, was freqtrently dependent. A
'-.:.1 Curie-Weiss relationship is used to study tlie diffuseness behavior of a

: c'"'tric phase transition where valr'te of j'inclicates the degree of diffuseness of BBiT

. :rl. The value of i,calculatecl fi'om the slot of the cttrve is fotrnd to be 1.88 which

- . : the near-relaxor nature of BBiT ceramics.

The variation of telnperature of the rjielectric maxilnum 7,,, as a function of ln(r'') is

: i.(j on Fig. 2. The clieiectric relaxation rate follows the Vogel-Fulcher relation with

r.0l j eV, yo = 2.09 x 108 Hz, and !: 651 K. Atl these paralneters indicate that

:: .Ti1O15 is a relaxor ferroelectric.
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TheinfraredspectraofABolperovskiteshavebeensttrclieclextensively.Factc:
group analysis for BaTiO: with cubic symmetry ['pot" g'oup Pl3I: Or'r) predicts onli

infrared bands (three 
"';i;';;;;;t'inr'u"a 

utiiut 'Loa"t 
of 'E1u slmmetrv) and or'r

optically silent (neither ini.ur.i nor Raman a.tir"jmode of -!-2* symmetry [1]' The thre:

infrared active modes 
'ur.""o,r*o,rly 

called tt.'t 'tt"t"t1ing 
modes (B-o bond-lengtl-'

rnoclulation), and the t;;"i;;e in wnicn tne ZlOo octahedron vibrates against the ';

atoms. In tetragonar ,r*;;; 1rpur. group p4mml to,t), tz fundamental optical rnode'

with the following i.r"au.iti.'l"pr.J.ntaiion ,,"- .*p..*a, 3At, 4E and 81 [2'3]' The

perovskiteStructurer,*".,p,uiritytohostionsofclifferentsize,soalargenumbero:
different dopants "un'#"*o.modated 

in the BaTio: lattice that rnakes BaTio:

semiconductive. Doping of BT cerami., i. ,.rf i,oportuni for obtaining very interesting

characteristics for potential applications'

The aim 
"f 

thi, ;;d;ir-io inr.rtigute the influence of La- ancl Sb- doping on the

BaTio: synthesized th::'Jh'i# ;;;i;irntirl"a' Infrarecl spectroscopv was used in

addition to the XRD, Raman spectroscopv ^"a 
S.r1a-ii":1ii^l:^lt in order to find

evidence of the structural phase in undoped.and doped BaTio.r ceramrcs'

BaTiO: powclers were preparecl Uy tt''t poty"'tric organolnetallic-precursors method

(pechini process) uring rruriu,l uirJ iir*iu. .itrut., and for doping were used lanthanitm

'itrate 
and antimony o..,o*. The powders *.r.-irlltu,i.ally pressid into pellets 8 mm in

diameter ancl average ittitttnt" of about 2'5 mm at pressrtt'e 9f 91'l MPa' Sintering was

nerfonned at 1300.c f;;; h and the heating.u* *ur l0 'c/rnin with nature cooling in an

airatmosphere.Far-infraredreflectivityn-,.u,.',.,.n.,rveremacleinspectralrange(50-700-" ;f rt room temperature with BOMEM DA8 spectrometer'

Figure Lrro*"ir1.'in ,p..uurn or tnJ-gurio: ancl La- and Sb-doped BaTiO'

ceramics sintered "t 
r:ooic rtr's 1.,. rh. bands in the lower wave ttumber range (50-700

cm-'lareduetoTi-O'iU'ution''fnett'taracteristicpeakisfounclforallsamples'The
modes at lg0 and +zo .,r.,i uetong to the,,r, ..pr.r.ntution to which the soft phonon mode

associated with the r.""rr.."r. irr"r" trunritiin olTc:395 K belongs' The broad band

over 50-1g0 crn-, is due to soft phonon.8..*,t.'oftfte overdamped ciaracter of the soft

phonon, it is clifficult to d"t"r*in. the frequencf . fn. int.ntity of thlee peaks of the doped

BT 0.5 motoo srr. ,,.,rip.j'[uriu* ,i,unu,. una'iiraup..t 0 5;o]1: La appear on 183' 184

ancl r85 .r-'. r.rp..til:l; "f;. ilt;t,ti* "itnt 
rnodes at t80' 2s0 and 470 cm-' decrease

for BaTiO; and La- and Sb-doped BaTiO:' *tp"tti"fy 
'Tl.re 

mocles at 382' 439 and 612

cm-, can be obs"rrJ in 
-.ur. 

Sb- dopecl gaTiO,. ihis suggests a change of crystal

structure. These resttlts are in agreement ;ith o" p"'iout investigations [4]' All

observations related,"'iir irai*" t[e formation-of prr. singte phase of BT and La and Sb

References
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Fig. t . IR spectra of the BaTiO:, La- and Sb-doped BaTiO: ceramic obtained by

Pechini method and sintered at I 300"C for I h.
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EFFECToFANTIMoNYDOPINGoNPRoPERTIESoFBARIUM
TITANATE CERAMICS

M.M. Vijatovicl, J.D. Bobi61, T' Ramo5ka2' J' Banys" B'D' Stojanovi6l

trnstitutefor Muttidisciptinarv 
i"iiff:#i;,W?:;3,;*Betgrade' 

Kneza viiestava 1'

2Faculty of Physics, Vilnius (Jniveiity, Sauletekio aI.9, Vilnius, Lithuania

e-mail: miravij at@Yahoo'com

DoprngofBaTio3(BT)ceramicsisveryimportanttoobtainrequiredcharacteristics

TemPeratttre-

temperature range --

BT i i:--'-:
r'l " '. *:r.+i 

]

'"'"10

*'otu;f",ll3'*lll'fl';" 
and Sb- doped barium titanate powders were prepared b:

polymeric precursors -"ir'"iio'r mot%^Sb PTS1' 
0'3 mol% S-u prs^1 and 0'5 mol% Sb -

BTS5). obtained p"*d;;";;;" pressed and sintered at 1300"c for 8h in air atmosphere

tll. 
XRD results indicated only the presence of BaTio3. In all sintered samples u'as

detected well crystallized tetragonal phase. nig. 1 depictt sly micrographs of sintered

samples and it can U. 
"U..*.a 

Tfrat aniimony his significant effect on grain growth as u'ell

as on densification of obtained ceramics (higher then 90% TD) I2l'

Fig.2. Die

The Positions t
samples lower temPet

broaden as the concen

Sb has the highest

concentration dielectn

constant value at I (X)
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Fig. l. SEM micrographs of (a) pure-BT' (U BfY ' @) BTS j and (d) BTS5

BTS3
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Temperature dependence of dielectric permittivity was established in the

temperature range -200 to 175'C and at frequencies of 100 KHz and I MHz (Fig. 2).

t ,:i,,,.

.sntr
Temperature (oC) Temperature ("C)

Fig. 2. Dielectric permittivity vs. temperuture for pure and Sb-doped BT ceramics

The positions of all structural transitions are shifted to lower temperatures. In doped

samples lower temperature transitions can not be clearly detected. Peaks become more

broaden as the concentration of Sb increases. Bariurn titanate ceramic doped with 0.3 mol%

Sb has the highest dielectric constant value and with further increase in dopant

concentration dielectric constant become lower. Observed Curie tempelatures and dielectric
constant value at 100 KHz are given in the table.

SAMPLE Tc-r(oC) t'(T"oo*) e'(Tc)
BT

BTSI
BTSS
BTS5

120

119

100

98

730
698

10825

7090

r 336
1 016
l 1088
7475
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DIELECTRICINVESTIGATIONSoFBARIUMTITANATE
DOPED WITH DEFERENT CONCENTRATION OF

LANTHANUM OR ANTIMONY

T. Ramoskal, J' Banysr, M. Vijatovic2, B' Stojanovic2

rFaculS, of Physics, l/ilnius tJniversiffi, Sauletukio al 9' Vilnius' Lithuania
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e-mail: juras. banYs@ff.vu.lt

The dielectric properties of barium titanate doped with different concentration

lanthanum or antimony are investigated. There are samples with 0'3 mol%o, 0'5 molo/o

lanthanum and 0.1 n1oix, o.: mol7o, 0.5 mol%o antimony concentrations. All samples were

fr"pu..d by Pechini procedure. Dielectric measurements in the temperature range of 170 K

to 420 K and frequency range of I kHz to I MlIz show three phase transitions, which

temperatures matches those of bulk barium titanate'

6000
5000

4000

3000

2000

8888
7000

T

ql

900
800
700
600
500

400

300

200
100 f50 200 250 300 350

TemPerature (K)

142

400 450 500

n 0,1mol% Sb
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rJ 0,3mol% La
rl 0,Smol% La

Fig. l. Real part of dielectric constant dependency of barium titanate dopedwith different

concentt"ationoflanthanumoran'timonyatthetemperaturerange
of t 20 K to 150 K at frequencY I MHz

Curie temperature shifts to the lower temperatufe when lanthanum or antimony

concentration grows. At low frequencies, the samples present conductivity' Conduction-
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free loss spectra are calculated using a compact solution of the Kramers-Kronig

transformation and an approximation based [1]:

,, T 0l'(r'l) 
-..,,fld.r: *j [1nl -.rer
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