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ABSTRACT

Polycrystalline ceramic samplesof (Ba,_ Gd,) TiO, (x=0.001, 0.002, 0.004 and
0.005) of perovskite structure family have been synthesized by ceramic tech-
nique. The electrical conductivities have been investigated over a wide
range of temperature and activation energy, PTCR (positive temperature
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coefficient of resistivity) and NTCR (negative temperature coefficient of
resistivity) were calculated. Thermoel ectric power of the material changed
its sign near the Curie temperature. The tetragonal phase at room tempera-

ture exhibited n-type behavior.

INTRODUCTION

Pure barium titanate (BaTiO,) isone of the best-
known ferroel ectric perovskite compound that have
been extensively studied by sintering inair, normally
exhibit eectrical conductivity of ~10** S/cm at room
temperature?. Conventional BaTiO, materialsare
manufactured by high-temperature solid-state reac-
tion between BaCO, and TiO, or by calcining chemi-
cdly derivedintermediates. By doping of precisely con-
trolled amountsof rare earth elements, can cause n-
type conduction of this composition®4. However,
dopantsin BaTiO, |ead tointeresting and sometimes
unexpected properties and makesit semiconductort.
Aliovaent dopants have aprofound influence on mi-
crostructural developmentsand resultant el ectrical
properties of BaTiO,-based ceramicg>?. Eventhough
rare earth doping at Ba-stewas studied by large num-
ber of researchers, thisisan attempt to investigatethe
electrical behaviour of Gd-doping withlittle concen-
tration (<0.005) by estimating dc electrical conduc-
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tivity, thermoel ectric power, activation energy and
Seebeck coefficient.

EXPERIMENTAL PROCEDURE

Samples of composition (Ba,_,Gd,) TiO, (BGT)
with arange of x=0.001-0.005, (0.001, 0.002, 0.004
and 0.005 here&fter calledasBGT , BGT, BGT, and
BGT , respectively) were prepared by the conventional
ceramic method. High purity (99.99%) chemicals,
BaCO, (Qualigensfinechemicas, Mumbai, INDIA),
TiO, (HiMedia, Mumbai, India), Gd,O, (HiMedia,
Mumbai, India), intheir stoichiometric proportionsand
werewel ghed, mixed and grounded thoroughly inan
agatemortar for 4 hrs. BGT sampleswerecalcinedin
air mediaat 950°C and at 1050°C for 8 hrsin an alu-
minacrucibles(M/s. ANTS Ceramics, Nashik, India)
withintermediategrindingsfor 2 hrs inaprogrammable
high temperature mufflefurnace (Indfur Electric Fur-
nace, Chennal, India). Thefinished powder waspressed
and plastified using agueous (5%) polyvinyl dcohoal into
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acircularly shaped disc pelletsof 10mm diameter and
thickness of 1.5mm using tungsten carbide dye and
plunger (M/sSandwick AsaLtd., Mumba, India), with
hydrostatic pressure of 45 kN/nv, gpplied by hydraulic
pressmachine(AIMIL, New Ddhi, India). Thepellets
were sintered at 1280°C and annealed at 1175°C for
1hr. Theheating and cooling ratefor dl thermal cycles
was 2°C/min. Thesintered pell ets were polished and
coated with silver paint and later cured at 400°C for
1hr. Thedcelectrica resstivity (p, ) wasmeasuredwith
two-probe technique, employing digital multimeter
(DMM 2000, Kethley make, USA) inthetemperature
range 30°C-300°C. Thermoel ectric power (TEP) was
determined by thedifferentia method using standard
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set up inthetemperature range of 25°C-400°C.
RESULTSAND DISCUSSION

Figure 1 showscurvesfor BGT samples plotted
p,. VStemperature. p, was evaluated from the mea-
suredresstance (R), multiplied by ageometrica factor,
Alt, where A and t are the area and thickness of the
testing samplerespectively. Itisobserved that themag-
nitude of resistivity jump and positivetemperature co-
efficient of resistivity (PTCR) coefficient for BGT,
sampleislarger thanthat of BGT,and BGT samples,
whereasitissuppressedin BGT, ceramics. Roomtem-
peratureresistivity (p,), maximumresistivity (p, ), re-
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Figurel: Temperaturedependenceof resigivity behaviour of BGT ceramics
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sigtivity jump (p, ./p<;) TCR(PTCRandNTCR) and
E, vauesaregiveninTABLE 1.

Thetemperature coefficient of resistivity, o.(TCR)
isdefined as
@ =2.303{log [R/R,] / [T ~T,]} x 100 (%/°C) 1)
whereR, and R, aretheresistivity at temperature T,
and T, respectively. The obtained o, ., valueisin

PTCR

TABLE 1: Electrical dataof BGT samples

Sample code &

Electrical Par ameters BCT, BGT: BCGTs BGT,
prr X10%(Q.Cm) 531 3.62 1021 29.6
pmacX 10°(Q.Cm) 1.90 3.08 3.35 1.19
pmad PR 35.8 85 328 40
Tc(°C) 115 155 70 100
TCR PTCR 21078 191037 4610128 1761095
(%°C) NTCR 42t025 -37t0-65 -23t0-61 -22t0-89
Activation  +Es 0.27 0.18 0.22 0.11
energy (eV) g, 0.99 0.18 0.20 0.30

therange+2t0+12%/°C and o, v ueintherange
—210-8.6 %/°C. Thelittlerisein p_. isdueto the
formation of incompl etely compensated surface Sates
and also dueto the grain-boundary Schottky barrier
that is not completely suppressed below the Curie
point”, Hence, all our samples demonstrated mixed
TCReffecti.e.,, PTCR and NTCR behaviour. Here,
Gd* ion act asan eectron donor and el ectrical charge
compensation resultsin variation of electrical con-
ductivity. Our resultsarein good agreement with the
reported work by T. Murakami et al'®. Gd-ion oc-
cupiesB&* siteyield donors. Thishasinfluenced the
change of structural parametersand also decreasein
electrical conductivity.

Theactivation energy (E,) obtained fromtheincli-
nations of log conductivity (log s, ) vsreciprocal of
absolutetemperature (1/T) curve. E, isfound tobeabout
0.11eV t00.27 eV inthe positive temperature coeffi-
cient (PTC) region, whichisinfineconformity withthe
reported values by Tennery and Cook!®, whereasin
theNTCregion, itisabout 0.18 eV t0 0.98 eV.

Thermoel ectric power of thesemateriadsreldivey
high in the tetragonal phase i.e—4000uV/°C to —
5000 V/°C. Transition to cubic phase 3000 V/°C to
+500uV/°C isaccompanied by the changein sign of
thethermod ectric power. Thetemperature dependence
of the Seebeck coefficient (S) for BGT,, BGT, and
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BGT, isshownin Figure 2. Sis negative for all the
samplesat room temperatureand transformsitssignat
itstrangtiontemperature. Thisvaidatesthesign of the
majority carriersintheseceramicsinthetetragona phase

and p-type naturein the cubic phase.
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Figure2: Thermoelectric characteristicsof BGT ceramics
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CONCLUSIONS

BGT ceramicswith <0.005 Gd-concentration ex-
hibit PTCR property from roomtemperatureuptoT_
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and then NTCR behavior, with nearly same range of
temperature coefficient of resstivity (TCR) values. The
room temperatureresstivity ishigh dueto amphoteric
behavior of Gd**. Grain-growthinhibition and electri-
cal charge compensation is observed for higher con-
centration of Gd. Thermoel ectric power of these mate-
ridsisrdativey highinthetetragond phase. Transtion
to cubic phaseisaccompanied by thechangeinsign of
thethermoe ectric power.
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