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ABSTRACT

Polycrystalline samples of Zr doped BaTiO, with ageneral formulaBa(Zr, Ti, ) O,(x=0.0, 0.05,0.1, 0.2) have been
synthesized by sol-gel technique. Structural analysis of the compound shows that thereis a dight distortion in the
perovskite crystal on Zr doping at Ti -site. Detailed analysis of dielectric constant(E,) and dissipation factor (tan
d) at different temperatures (roomtemperatureto 200°C) at 10kHz, 100kHz, 1M Hz and frequencies(100Hz to 4MHz)
showslittlerelaxor type behavior upto 10 atomic percent Zr doping at Ti-site. A diffuse phase transition is observed
in these compositions. D.C. resistivity after Tc shows a dight temperature dependence indicating suitable for
temperature sensitive detector. Higher amount of Zr diminishes Ferro-electric property. The competition between
randomness and interaction between the polar micro-grains may be the cause of temperature independent of

resistivity at higher temperature.

INTRODUCTION

Someferrodectricswith perovskitestructureof gen-
eral formulaABO,(A=monoor di, B=tri, tetraor pen-
tavaent ions) haveagrest technol ogical importance be-
cause of their potentia applicationsasdynamica and
non-volatilememory components, transducers, sensors
and many other activeand passivedevices. It hasbeen
found that the desired device parameters can be ob-
tained by suitabledoping of singleor multi - dementsat
A and/or B-gteof the perovskite compounds satisfying
thefollowing conditions (i) chargeneutrdity and (i) tol -
erancefactor ti¥ as

t=ﬁ+%/yZY_B+% (@]

WhereY" istheaverageionicradiusof A- siteat-
oms, Y-, istheaverageionicradiusof B-siteatomsand
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r,istheionicradiusof O*. To satisfy perovskitestruc-
turet should bewithintherangeof 0.8=t=1.1. Barium
titanate (BaTiO, ), animportant member of ABO,) fam-
ily, isto date the most extensively investigated ferro-
dectricmaterid. Itisextremdy interestingfromtheview-
point of the solid state scientist becauseitsstructureis
far smpler than that of any other ferroel ectric known
so far thusoffering agreat promisefor better under-
standing of theferrod ectric phenomenon. BaTiO, with
suitablesubstitution at Ba-stewasfound to have semi-
conducting and PTCR (positivetemperature coefficient
of resistance) properties. Although alot of work(?® has
been done on Ba- site and carrying on thistendency,
not much has been reported on Zr modified BaTi03.
Sincetheionicradiusof Zr*(0.87A) and Ti*(1.10A)
are of sameorder, and valency, thiselement hasbeen
chosen as modifier. Here we report our work on the
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synthesisand characterization (structurd, dielectricand
electrical properties) of Ba(Zr Ti  0,(x=0.05,0.1,0.2)
complex system. The tolerance factor(Goldschmit
Scale) t of the compoundswere calculated using the
equation (1) and werefound to be within the range of
0.91-0.924. This clearly showsthat the compounds
have a distorted perovskite structure (for ideal
perovskite, t =1).

EXPERIMENTAL

Sampl e preparation: Polycrystalline samples of
Ba(Zr, Ti, )0,[BZT] with different Zr concentra-
tions(0<x<0.2) were synthesized as described bel ow.
Barium acetate(99.9%, Aldrich, USA), zirconium ac-
etate weretaken together in proper stoichiometry and
dissolved inminimum quantity of doubly distilled weter.
To obtain zirconium acetate, an agueous sol ution of
zirconyl nitrate(99%, Loba Chemic; India) wasfirst
converted into its hydroxideform by adding ammonia
solution (M/ss.d. fine-chem, India). Thehydroxidewas
then filtered. The precipitate wasthoroughly washed
with doubly distilled water and kept in ahot water bath
after adding acetic acid(99.9%, M/sE-Merck, India)
to obtain aclear solution of zirconyl acetate. It was
then transferred to abeaker contai ning the sol ution of
acetatesof barium and zirconium. Therequired volume
of titanium isopropoxide(99% pure, M/s E-Merck,
Schuchardt, Germany) dissolvedin anequa volume of
n-butanol (M/sE-Merck India) wastakento which the
abovemixtureof acetateswasadded dowly with con-
stant stirring by amagnetic stirrer. Finaly, 1.5mol of
citricacid(99.5%~M/sE-Merck, India» and 1 mol of
glycerol (M/sE-Merck, Indid) wereadded asachdating
agent for eechmol of BZT. Theresultant mixturewas
dried at 60°C in an air oven for 24h to form aclear
transparent gel. Thegel wasdried at 100°C for 72 hr.
and alight brown powder was obtained. The pow-
dered gelswerethen calcined at 550°C for 15hr. The
powderswere cold pressed into discs (pellets) of 10
mm.diameter and 1-2mm. thickness at apressure of
5x10°N/m? using ahydraulic press. The pelletswere
sintered at 1100°C for 2hrs.

X-ray diffraction
Theformationand qudity of thedesired compounds

were checked by X-ray diffraction (XRD) with apow-
der diffractometer (Philips PW 1877) using Cuk  ra-
diation (A=1.5418A) in a wide range of Bragg angels
(20<26<60°) at room temperature with the scanning
rate 2°C/minon sintered pellets.

Theflat polished surfaces of sintered pelletswere
electroded with high purity silver paste and dried at
150°C for 2hrs. beforetaking any electrical measure-
ments. The capacitance(Cp), dissipation factor(D),
absol ute value of impedance | | and resigtance Rp of
the compoundsweremeasured in paralel modeusing
aHIOKI 3235 LCR Hitester (Japan) and alaboratory
madethree-termina sampleholder asafunction of fre-
quency (100Hz - 4AMHz) and temperature (30-200°C).
Theéectrical resstivity of thecompoundswasstudied
using aprogrammable Electrometer(K eithley-617).

RESULTSAND DISCUSSION

The XRD patterns of each member of thefamily
areshowninthefigure 1. Theexperimentally observed
(d,,) and calculated d-values(d_,) with their observed
intensity ratio (/1) of all four members of the above
family aregivenin TABLE 1. All thereflection pesks
wereindexed intetragona system using observed d-
vaueswith the help of astandard computer program,

Intensity (arbitrary unit ) ——

18

Bbo.

— ]

05

Eg{*tiaz)ea

=

Figurel: Comparison of XRD patternsof BZT
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TABLE 1: Comparison of observed (0) and calculated (c) val-
uesof d (in nm) with 1/ in parenthesesof Ba(Zr Ti, )O_at

roomtemperature.
hkI X=0 X=0.05 X=0.1 X=0.2
100 (0) 0.40402(16) 0.40402(16) 0.40402(15) 0.40402(13)
(0 040406 040412 040326  0.40287
110  (0) 0.28488(100)0.28847(100)0.28444(100)0.28847(100)
(0 028346 028517  0.28456  0.28753
111 (0) 0.23237(31) 0.23679(31) 0.23266(30) 0.23679(28)
(0 023130 023268 023219  0.23404
200 (0) 0.20123(30) 0.20145(31) 0.20145(30) 0.20145(28)
(0 020081 020123  0.20163  0.20143
210 (0) 0.17989 0.18241(11) 0.18016(9) 0.18241(8)
(9 017947 018058  0.18020  0.18288
211 (0) 0.16421 0.16448(38) 0.16448(31) 0.16448(35)
(9 016376 016441  0.16440  0.16498

TABLE 2: Comparison of structural, dectrical and dielectric
parameter sof BZT (x=0.05,0.1 and 0.2)

Parameters X=0.05 X=0.1 X=0.2
a(nm) 0.4001(3) 0.4024(6)  0.4016(1)
c(nm) 0.4016(1) 0.4041(2)  0.4042(6)

cla 1.0037 1.0041 1.0065
dcprr(Qm)  23x10°  65x10° 8.025x10°

g™ (at To) 433.5 367.3 330.0

tand (at Tc) 0.0365 0.0495 0.0787
Te (K) 374 362 350

y 1.46 1.84 -
Average particle
size(A) 303 196 185
1200 03
Ba {Zrx T} 03
£: @ X= 005
1000+ g %= 04
o ¥X=02
1 " tanbe X=005 ’
For o Ti e
f;f BOO |- f
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Figure2: Variation of dielectric constant and losstangent
asfunction of frequency of BZT at roomtemperature

“POWD”. The cell parameters refined by least -
sguarestechnique, aregivenin TABLE 2. Theaverage
linear particlesize of these compoundswas cal culated
by Scherrer’s equationt [P=0.89)/B, ,cos0] where 3,
,isthehaf-pesk width. Thecdl| parametersarechanged
very littlewith changein Zr4+ion at Ti - site. ASZr
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Figure3: Variation of diglectric congtant and losstangent
asfunction of temperatureof BZT at kHz

content increases, the c/aratio increasesand particle
Szedecreaseswhichimpliesthat thecd | becomessome-
what distorted whichisevident from the splitting and
broadening of the peak (211).

Figure 2 showsthefrequency variation of rea part
of dielectric constant(e_) and losstangent (tand) of all
the doped compoundsa room temperature. A decrease
in dielectric constant was observed with increasesin
frequency becauseat lower frequenciesthe compounds
exhibit different typesof polarizations(i.e., interfacid,
dipolar, atomic, ionic and eectronic). Dueto large con-
centration of defects present in the polycrystalline
sampl es, the space charge polarization increasesand
thereby ¢ of the compoundsbecomehigh. Thisextrin-
sctypeof polarizationisnoticegbleinthelow frequency
(i.e. <70KHz) region but negligibleat low tempera-
ture®. AsZr content increases, thevalue of dielectric
congtant £, increases dueto grain boundary structure
of thematerid. Thetand first decreases with increase in
frequency and becomeslowest (+102) at 78kHz for
compound with x=0.05, whereasit becomeslowest at
82 kHz for compoundswithx=0.1and0.2. Againthe
vaueof dielectric congtants becomehigher inthefre-
quency range (70-85kHz) which have been shownin
figure5(a) for x=0.05and 0.1. The peak in frequency
vsdidectricresponse curvein thefrequency range 75-
85kHz may bedueto dipolar resonanceof polar grains.
Figure 3 showsthe temperature dependenceof dielec-
tric constant and tan & for al the doped samples.The
dielectric peak getsbroadened over small temperature
interval for samples containing 5% and 10% Zr con-
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Figure5(a): Frequency variation of dielectric constant for
BZT (x=0.05,0.1) in thefrequency range (70-90kHz)(b):
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tent-indicating the presenceof diffusephasetransition
inthecompounds. At high temperature, dielectricloss
ishigher whichisdueto spacechargepolarization. From
thevariousexperimenta techniques, it hasbeen estab-
lished that diffuse phasetransition occursmainly dueto
thecompositiona fluctuationand/or substitutiona dis-
ordering inthearrangement of cationsin one or more
crystall ographic sitesof the structure. Thisleadsto the
micrascopi cinhomogeneity inthecompound and causes
adigtribution of loca Curiepoints. Further, thediffuse-
nessin thedidectric peaks of thecompoundsisrepre-
sented by the physical quantity diffusivity, y, whichhas
been ca culated from thefollowing expressiont.
(Ve,—L/e,">) =C (T-T )y @)
where g_ isthe dielectric constant at temperature T, £ "™ isits
maximum value at Tc and C isa proportionality constant.
Thevaueof yisaround 1 for anormal dielectric
(i.e. obeying Curie-Weisslaw), and isequal to 2 for
completely disordered dielectricsshowing DPT®. The
valuesof y cal culated from the d ope of the curves (1/
e-Ue ™) versusIn (T-T ) shownin figure 5(b) are
listedin TABLE 2. Thevauesof y in our compounds
are1.46 and 1.84 for x=0.05and 0.1 respectively which
shows disorder type phasetransition. Higher Zr con-
tent probably causes more disorder causing lessferro-
eectric. Dispersonindidectric constant with frequency
increaseswith higher concentration of Zr*.For sample
containing 20% Zr the average particlesizeis 185A.
Thesmdler grain Sized soincreasesthe scattering am-
plitude which may be manifested through increasein
dielectricloss, resstivity and thusdiminishesferrodec-
tric property. It has also been observed that ferroel ec-
tric-para electric transition temperature(T ) for
compounds(x=0.5, O.1) i.e. thepeak inthe ¢ versus
T curve{ Figure4(ab)} shiftstowardshigher tempera-
ture side with increasing frequency from 10kHz to
1MHz. Thisshowsdight relaxor behavior of thesecom-
poundswithlow Zr substitution at Ti - Ste. Aninhomo-
geneousdistribution of Ti**and Zr+may betheorigin of
itsrelaxor behavior. Thevalueof £ andtan & for poly-
crystalineBariO, a roomtemperatureisaround 1500
and 1.2 respectively at 10kHz. Thesevaluesare con-
sistent with thereported valuesof Marutakeet a.l. At
aparticular frequency (10kHz), thevaluesof ¢ and
tand of these doped samplesarenot very high ascom-
pared to undoped BaTiO, which may be dueto ran-
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domnessof polar micro-grains.

Figure 6 showsthevariation of resistivity p as a
function of temperaturefor modified compounds(BZT)
at constant biasing electricfidd (20V/cm). Theress-
tivity increaseswith increasein temperature and be-
comes maximum near Tc and then decreases slowly
withtemperature.

Theresistivity above Tcisnearly independent of
temperature, which may be dueto competition between
randomness and interactions between polar micro-
grainssmultaneoudy®®. Therefore XRD andresigtivity
dataindicatethat ferroel ectric property diminishesdue
to higher degreeof digtortion a Ti- Steduetothehigher
concentration of Zr*.0On substitution 20%Zr a Ti-Site,
reasonably constant activation energy over abroad tem-
perature range are most desirablefrom the standpoint
of developing ahighly sengitivethermal detector.

CONCLUSIONS

AsZr content increasesthe c/aratio increasesand
particlesizedecreasesindicating distortion of Ti0, oc-
tahedron fromthe splitting and broadening of the XRD
peak(211). Theresistivity of the Zr-doped compounds
at Ti-sites of BaTiO, is found to be of the order of
10®Qcm., which shows temperature independency
above Tc. The compounds prepared by sol-gel tech-
nique exhibit better homogeneity and formation of a
single phase compound. Theaddition of Zr at Ti-site
upto 10 atomic percent producesrelaxor ferrod ectrics.
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Larger Zr doping diminishesferrod ectric property, en-
hancesdisorder but improvesresistivity sensitivity for
useastherma detector. Thematerial with appropriate
Zr concentration at Ti-site may be used asatuned fre-
quency selector intheradio frequency range.
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