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ABSTRACT

Caciummodified BaTiO, (BT) ferroelectric systemwas synthesized by partial
precipitation route. For single perovskite phase and dense grain morphology
formation 900°C and 1300°C temperatures were optimized as cal cination and
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sintering temperatures, respectively. Dense packing of grains with average
grainsize~13.3umwasobserved in Ba, , Ca, ,, TiO, system. Room tempera-
ture (RT) dielectric congtant (&) and dielectric loss (tand) of Bg,,,Ca, ,, TiO,
ferroelectric system at 1 kHz were found to be ~1425 and 0.04, respectively.
Development of polarization vs. eectricfield (PE) loop with P~5.8uC/cn and
E~3.5kV/cm confirmed theferroelectric nature of the Bg, , Ca, ,, TIO, samples.
Transition temperature (T ) was found to be ~120°C at 1 kHz with relaxor

behavior. © 2009 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Recently, |ead-free materialshave attracted much
attention with therising demand of the global environ-
ment protection. A great deal of efforts had been de-
voted to study the diel ectric propertiesof barium tita-
nium based material§+¢. Modified BaTiO, ceramics
arewiddy usedinthefabrication of multilayer ceramic
capacitorsand nonvol atile memory devicesbecause of
their high dielectric constant and low dissipation factor.
Many effortshave been madeto modify thedielectric
properties of these ceramics. Substitution of isovalent
ionsfor thehost lattice cationsin perovskitelattice plays
aggnificantroleinthesemodifications Thesematerids
form solid solutionswith BaTiO,and dter itsstructura

features, resultinginashiftin phasetrangtiontempera
turea ong with modified diel ectric properties”. Being
alead freeferroe ectric system, modified bariumtitan-
ateisanenvironmentdly friendly materia, thusmaking
it agood candidate for various applications such as
capacitors, positivetemperature coefficient resistors,
high-dengity optica datastorage, ultrasonic transducer,
piezoel ectric devicesand semiconductors®.
Processing temperature and microstructure of the
ferroel ectric cerami cs depends on the synthesisroute
used. The purity of the starting precursors affectsthe
processing temperaturesand hencethe material prop-
erties. Generally, in ceramics prepared from complex
solid solution systems, the compositiond fluctuation as
well asthe purity among ceramic particlesisvery im-
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portant®. Themodified BT solid solutionsare conven-
tionally synthesized through solid-oxide route**13,
Chemical solution methods are also used to produce
morehomogeneous, finer particlesizeandlow impurity
level powdersthan that produced by the solid-oxide
method!*+¢l, But, the chemical synthesisrouteisvery
complex. Ontheother hand, thesolid-oxidesynthesis
has advantageswith respect to theuseof relatively low-
cost raw materials and simple processing steps. Both
chemical and solid statereaction routeshaverelative
advantages and disadvantages over each other. It be-
comesimperativeto devise some other synthesispro-
cessto combinethe advantages of both theseroutes.
Therefore, inthe present study, modified chemica route
isusedto get the benefit of both solid statereaction and
chemical routes. In this process, barium acetate
trihydrate, calcium acetate and TiO, powderswere used
for thesynthesisof Bg, ,.Ca, ,, TiO, samplesto get some
of the benefits of both the solid-oxide and chemical
routes.

Inthe present paper, Ba, ,,Ca, ,, TiO, systemwas
synthesized in single perovskite phase by modified
chemica route. Thestructura, surface morphologicd,
dielectric and ferroel ectric properties have a so been
discussed.

2.EXPERIMENTAL

Inmodified chemicd route, barium acetatetrihydate,
calcium acetateand titanium oxide (al from Aldrich,
USA) wereused as precursors aong with 2-methoxy
ethanol as solvent and acetic acid as catalyst. Barium
acetate and cal cium acetate were dissolved and trans-
parent solutionwas prepared using 2-methoxy ethanol
asthe solvent and acetic acid asthe catalyst. Finally,
the stoi chiometric proportion of titanium oxide was
mixed inthetransparent solutionsand stirred for 4 hrs.
After drying thedurry inoven, BT sampleswerecal-
cined at 900°C for 4 hrsand single perovskite phase
formation was confirmed by X-ray diffraction (XRD)
technique. In order to examinethe phases present in
themodified Ba, ,,Ca, ,, TiO, system, XRD analyses
of the powder and pellets were performed on a PW
3020 Philipswith Cu Ko radiation (A\=1.5405A). The
modified Ba,,Caq, , TiO, powder was pressed at
60MPa for pelletization and sintering was done at
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1300°Cfor four hours. These pelletswere polished and

slver paste was gpplied onthe surfacesfor doing e ec-

trical characterization. Surface morphology of the
sampleswas studied using Jeol T-330 Scanning Elec-

tron Microscope. Relative dielectric constant (g ) and

dielectricloss(tand) were measured asthe function of

frequency using Hioki 3532-50 LCRHITESTER. Us-

ingaSawyer Tower circuit, hysteresis(P-E) loopswere
taken with acomputer interfaced loop tracer.

3. RESULTSAND DISCUSSIONS

Figure 1 showsthe TGA/DSC graphof Bg, ,.Ca,
TiO, powder. A weight | oss of ~10.23% was observed
up to 200°C, whichisattributed to the evaporation of
absorbed water and solvent. A large wt. |0oss ~16%
around 300°C is due to the decomposition of acetyl
and bonded akyl groupsand their combustion*”. The
weight lossat around 800°C (5.65%) isdueto thede-
composition of residual BaCO,. Whenthetempera-
ture was higher than 900°C, the weight of the
Ba,,.Ca,,, T1O, dry gelsno longer decreased, which
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Figurel: DTA-TGA curvesof BCT (96/04) powder
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Figure2: XRD pattern of Ba ,Ca, ,TiO,system calcined
at 900°C for 4 hrs
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hints about the cal cination temperature to be ~900°C.

Figure 2 showstheroom-temperature XRD pat-
ternof Ba, ,,C3, ,, TiO, sample synthesized by modi-
fied chemical route. Thediffraction pattern showsthe
intense lines of perovskite phase. Thepeaksin XRD
patternsarefound to be sharp, distinct indicating good
homogeneity and crystallization of the system®. In
Ba,,Ca,,, 110, samples, synthesized by modified
chemicd route, single perovskite phase peaksare ob-
tained at 900°C cal cination temperature, whichissig-
nificantly lower than the earlier reportson modified BT
system synthesized by solid state reaction route**2%,
Atthiscdcinationtemperature, thereisno trace of sec-
ondary phase. Low calcinations temperature in
Ba,,Ca,,,T10, samples synthesized by modified
chemical route can beattributed to thefineparticlesize
of theprecursors. Inthisroute, mixing betweenthepre-
cursorsistaking placeat atomiclevel. Lower the par-
ticlesizehigheristheratio of surfaceareato volume.
Since surfacesare higher energy regions, they will al-
waysact to minimizethelr area, and thuslower their
energy when possible?, which leadsto lower calcina
tionstemperature. In addition, thedifferencein particle
Size between the precursors used may a so accelerate
the calcination reaction and lower the processing tem-
perature. Sincein thismodified chemicd route, the par-
ticlesizefor barium acetate and cal cium acetateis of
nano meter sizeorder and titanium oxideisof micro
meter sizeordert?,

Figure 3 illustrates the SEM micrographs of
Ba,,Ca,,,T10, samples synthesized by modified
chemical route. Presence of porefreeuniformgrainsin
Ba, Cq) TiO, ceramic samplessuggest the advan-
tageof usng mod|f| ed chemical routeover conventiond
solid statereaction route. Averagegrain size, estimated
by linear intercept method, wasfound to be~13.3um
inBa, .Cq,,,TiO, ceramic samples.

Figure4 showsthefrequency dependenceof ¢ and
tand at room temperature (RT) of Bg, ,,Ca, ,, TiO, ce-
ramicsamples. At RT, valuesof ¢ andtand a 1kHz are
found to be 1425 and 0.04, which is comparable to
earlier reportson modified BT system(®. Initidly, both
g, andtano decreaseswiththeincreasein frequency.
Thefdl ine arisesfromthefact that polarization does
not occur instantaneously with the application of the
electricfield, whichisfurther duetotheinertiaof the
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dipolesandthedelay in responsetowardstheimpressed
dternating electricfieldleadsto dieectriclossand de-
clineine . Atlow frequencies, dl typesof polarization
contributesand asthefrequency isincreased, polariza-
tionswith large rel axation times ceaseto respond and
hencethe decreasein g *4. At lower frequenciese is
maximum because the contributionsfrom the space
chargepolarizationislarge. Thespacechargepolariza
tion arisesby the accumul ation of chargesmainly due
to vacancies of oxygen at thegrain boundariesand at
thedectrodeinterface. At higher frequencies, contri-
butionsfromthepolari zetionshaving highrelaxationtime
ceasesresultinginthedecreasein e . Thesametype
of frequency-dependent did ectric behaviour isfound
in many other ferroe ectric ceramic systemg®27,
Figure 5 showsthetemperaturevariation of ¢ at
different frequencies (0.1kHz-1MHz) of Bg ,Caq, ,
TiO, samples. Valuesof ¢ at different frequenciesin-
creaseswith theincreasein temperatureand transition
temperature (T ) at 1kHz was found to be around
~120°C, whichincreaseswith theincreasein frequency.

Figure3: SEM micrographsof Bao'%CaOMTiO'ssampIe
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Figure4: Variation of (a) €, and (b) tand with frequency of
Ba,,Ca,,TiO,systemsintered at 1300°C
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Figure6: P-E hysteresisloop of Ba,,Ca, ,TiO, system
sintered at 1300°C

Thisisatypical characteristic behavior of relaxor fer-
roel ectric systems?!, Thissuggeststheintroduction of
mi croscopi ¢ inhomogeneous behavi or with the substi-
tution of Ca?* iond?\. Earlier reportshave shown tran-
gtion of normal to relaxor behavior with Ca?* substitu-
tionmorethan 10%in BT system®. A series of impu-
rity doped BaTiO, systemssuch as Sn, Hf, Ceand Y
haveal so shown aferroel ectric to relaxor behaviour at
higher doping concentrations®!. Here, modified chemi-
cal routeinvolves starting powders of different sizes
(barium acetate and cal cium acetate are of nano meter
Szeorder and titanium oxideisof micro meter sizeor-
der). Thishintsthat starting powder sizemismatchis
contributingin theintroduction of microscopicinhomo-
geneous natureinthemodified BT system. It can be
seenfromfigure5that ¢ at different frequenciesin-
creaseswith theincreasein temperature. € of any ma-

= Fyl] Peper

teria, ingenera, isinfluenced by dipolar, electronic,
ionicand interfacia polarizations®. Interfacia polar-
ization increases dueto the creation of crystal defects
and dipolar polarization decreasesduetotheincrease
inrandomnessof the dipol eswith temperature. How-
ever, thetemperature effect onionic and eectronic po-
|arizationsisvery smal®. Theincreaseine withtem-
perature suggeststheincreaseininterfacia polariza
tion.AtT , valuesof ¢ at 1 kHz wasfoundto be~5200.

Figure 6 showsthe (P-E) loop of Bg, ,,Ca, ,, TiO,
sample. Here, devel opment of ferroe ectric hysteresis
loop hintstowardstheferrod ectric nature of themate-
riadl. Thecoercivefield E_ and remnant polarization P,
arefound to be ~3.5kV/cm and 5.8uC/cm?, respec-
tively. Thevaueof P isinagreement withtheearlier
reportswhereasthevalueof E_ issmaller than the ear-
lier reported value®. Since, smdler thegranszemore
isthefield required to switch thedirection of domains.
Therefore, thissmall valueof E_ can beattributed to
larger grainsize™,

4. CONCLUSIONS

Single perovskite phaseformation study of Bg,
Ca,,, TiO, systemwascarried out by modified chemi-
cal technique. 900°C processing temperature was op-
timized as the calcination temperature for single
perovskite phaseformation. Presenceof porefreedense
homogeneousgraindistributioninBg, ,,Cq, , TiO, ce-
ramic sampleshintstowardstheadvantage of modified
chemical route. Roomtemperaureva uesof £ andtand
at 1kHz were found to be ~1425 and 0.04, respec-
tively. T, withrelaxor typeof behavior wasfoundto be
~120°C. Development of P-E hysteresisloop suggests
theferroelectric natureof theBg, ,,Caq, ,, TIO, system.
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