December 2009 Volume 5 Issue 4
A Tndéan Goarnal
— Fyfl Peper

M SAIJ, 5(4), 2009 [356-359]

Electrical properties of lanthanum and potassium doped barium
titanate ceramics

Trade Science Ine.

Bijun Fang?*, Na Jiang?!, Qingbo Du'?, Limin Zhou'?, Yugjin Shan?, Keitaro Tezuka®, Hideo I moto®
1School of M aterials Science and Engineering, Jiangsu Polytechnic Univer sity, Changzhou, Jiangsu 213164, (CHINA)
2K gy Laboratory for Polymer M aterials, Changzhou, Jiangsu 213164, (CHINA)

*Department of Applied Chemistry, Faculty of Engineering, UtsunomiyaUniver sity, 7-1-2 Yoto,

Utsunomiya 321-8585, (JAPAN)

E-mail : fangbj @em.j pu.edu.cn; shan@cc.utsunomiya-u.acjp
Received: 2" July, 2009 ; Accepted: 12t July, 2009

ABSTRACT KEYWORDS
Phase pure perovskite (Ba ,La, ,.K,..)TiO, (BLKT) ceramics were Lanthanum and potassium
prepared by conventional ceramic processing. X-ray diffraction (XRD) doping;
measurement indicates that the sintered BLKT ceramics exist in pseudo- Crystal structure;
cubic structure. The relaxor behavior induced by ionic doping is confirmed Relaxation;

by studying frequency and temperature dielectric behavior, polarization

Electrical properties.

relaxation and P-E hysteresis loops upon heating. Remanent polarization
(P) and coercivefield of the BLKT ceramicsareslight lessthan those of the
pure BT ceramics. Piezoelectric constant d,, of the BLKT ceramicsis 138-
165pC/N withinapellet.  © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

L ead zirconate-titanate, Po(Zr Ti, )O, (PZT),is
conventiona widey used piezod ectric ceramicsin sen-
sor, actuator and transducer applications*®. However,
duetocrucia environmental problemsarisen by lead-
based e ectronic materias, itisnecessary to search for
|ead-free piezod ectric materia swith excellent proper-
ties.

Bariumtitanate, BaTiO, (BT), hasbeen extensvely
used in capacitors, thermistors and piezoel ectric de-
vicesdueto itsenvironmenta harmony and good el ec-
trical properties*?, Electrical propertiesof bulk mate-
rialscan bemanipulated by cationsdoping, varying the
oxygen content or control of microstructure. Mixing
cations of different charge at the A sitesis the most

straightforward experimental method for systematicaly
tuning the properties of the perovskited®.

Inthis paper, theinfluence of smultaneousLaand
K doping on structure, phasetransition character and
manipul ation of electrical propertiesof theBT ferro-
€l ectric ceramicsare studied systematicdly.

EXPERIMENTAL PROCEDURE

(B, 4L 3, 1,sK 1,005) TIO; (BLKT) ceramics were
prepared by conventiona solid-state reaction method.
High-purity carbonates and oxides, BaCO, (99.9%),
La,0, (99.9%), K,CO, (99.9%) and TiO, (>99.9%),
wereused asraw materias. Inorder to obtain stoichio-
metric composition, theraw materia sweredried sepa-
rately beforeweighing.
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WEell-mixed stoichiometric raw materialswereca -
cined at 950°C for 10h and at 1000°C for 10h sepa-
rately with intermediate grinding. With the addition of
5wt% polyvinyl dcohol (PVA) binder theca cined pow-
derswereisogtatically pressedinto pelletsand sintered
at 1300°Cfor 2h.

Crystd structureof thesintered ceramicswas mear
sured by X-ray diffraction measurements (XRD, Rigaku
RINT-2200V Sdiffractometer) using well-polished pel-
lets. For electrica propertiescharacterization, silver
pastewasfired on both surfaces of thewell-polished
ceramicsaselectrodes. Didlectric property was mea-
sured using acomputer-interfaced impedance/gain-
phaseanalyzer (NF Electronic Instruments 2340 LCZ
Meter) from 20to 475K. Thistemperature range en-
compassesal thestructura transitionstemperature of
BT. P-E hysteresisloop was characterized by aRadi-
ant Precison Premier LCferrod ectric materid test sys-
tem, whereaSigmaM odel M 10 chamber wasattached
to measurethe P-E loops upon heating. Piezoelectric
property was measured by aZJ-3AN Berlincourt-type
quasistatic d,, meter. For piezoel ectric measurement,
the specimenswerepoled at 115-120°Cinsilicon ail
withan dectricfield of 2kV/mmfor 15min and then
sowly cooled down to room temperature with main-
taining haf of the applied eectricfied.

RESULTSAND DISCUSSION

Figure1 showsXRD pattern of the BLKT ceramics
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Figurel: XRD pattern of the BLKT ceramicssintered at
1300°C for 2h
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sintered at theoptimized condition. Thesintered BLKT
ceramicsexistin pure perovskite structure. However,
due to the co-dopings of 2.5mol% lanthanum and
2.5mol % potassium, room-temperature crystal struc-
ture changesfromtetragonal phase of thepure BT ce-
ramics to pseudo-cubic phase of doped BLKT. The
sntered BLKT ceramicsexhibit large density, reaching
94.53% of thetheoretical dendty, confirmingsuchsin-
tering conditionisoptimum.

Temperature dependence of dielectric constant of
the BLKT ceramicsisshownin Figure2. DuetoLa
andK co-dopings, theva ueof diglectricmaximum (g, )
isdightly smdler thanthat of thepure BT ceramics, and
thetemperaturesof thewe l-known rhombohedra FE
phase-orthorhombic FE phase, orthorhombic FE phase-
tetragona FE phase-cubic paragl ectric (PE) phasetran-
stionschangefrom 183K, 278K and 393K to 100.0K,
275.8K and 353.2K, respectively. The dielectric re-
sponse peaks appeared at 353.2K become broader
accompanied by dight frequency dispersion ascom-
pared to pure BT ceramics. However, the dielectric
congtant above T . canbefitted well by Curielaw inthe
temperature range 354-430K. Such character indicates
that the structural phasetransitionisafirst-order FE
phasetrangition, whichisconfirmed by dielectric ther-
ma hysteres ssincethermd hysteressisgpparent inthe
temperaturerange 350-390K with AT=3K. Thechange
of the phase transition character can be attributed to
compositiond fluctuationand/or structurd disorder in-
troduced by chemicd modification, whichleadsto mi-
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Figure2: Temper aturedependence of dielectric constant of
the BLKT ceramicsmeasur ed at several frequenciesupon
heating
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croscopic chemical heterogeneity and defect creation'®.

Fgure3 showsP-E hysteressbehavior of theBLKT
ceramicsat variousfrequencies. Frequency relaxation
inremanent polarization (P) ispronounced for anac
drivefield level of 2kV/mm, wherethe P. magnitude
decreasesfrom 5.74uC/cm? at 1Hz to 2.28uC/cm? at
10Hz. Combined with the phenomenaof didlectricfre-
quency dispersionaround T___and thedlight diffused
phase transition, the BLKT ceramics exhibit slight
relaxor naturesimilar to that reportedin perovskite-
based rel axor solid solutions. Theorigin of relaxor be-
havior can be attributed to the development of a
guenched random field associated with the composi-
tional/structural disorder. Inthe BLKT ceramics, the
orderingintheA-site position of the perovskite struc-
tureisrdated to the chemical heterogeneity introduced
by ionic doping. With the decrease of temperature, cor-
related polar clusters nucleate but cannot inducelong-
rangeferroel ectric ordering. If the magnitude of ran-
domfiddissufficient to overcomethelong-rangefer-
rodectricinteractions, polar clusterswill dominatethe
relaxor process. Accordingly, therelaxor behaviorisa
reflection of underlying cation ordering resultinginthe
formation of local random field®19,
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Figure3: P-E hysteresisloopsof theBLKT ceramicstaken
at maximum a.c. eectricdrivefidd of 2kV/mm. Thefrequency
dependence of remanent polarization deter mined fromthe
hysteresisloopsat 2kV/mm isshown in theright plot. The
dataarefitted using Eq. (1) and thefitting parametersare
shownintheplot

Thefrequency dependence of P can be modeled
by usingtheexistingmode of random field sates:

@

where w isfrequency, t_isacharacteristic relaxation
timeand nisan exponent. Thedatashownin Figure3
areanalyzed using Eq. (1) and thefit patternisplotted

P (@) = Py exp (-1/7)""

and thefitting parametersare shownintheplot. A good
correl ation between theexperimenta dataand theran-
domfield model can beseenin Figure 3. Accordingly,
when electric driveisgreater than coercivefield (E ),
theelimination of irregularity occurs, which resultsin
thecomplete switching of theremanent pol arization.
Figure4 showspolarization behavior of theBLKT
ceramics. At room temperature, duetotheLaand K
co-dopings, remanent polarization (P) and coercive
field aredight lessthan those of thepure BT ceramics.
With theincrease of temperature, the hysteresisloops
become narrower accompanied by the decreaseof P,
and E_sincethermal oscillationsincrease astempera-
tureincreases, which resultsin the decrease of polariz-
ability dueto the sharpness of theanharmonic termg
and domainwallsreorient easily at elevated tempera-
tures. Polarization decreases sharply between 388K
and 393K, whichislarger than the pseudo-cubic FE-
cubic PE phasetransition determined by didectricmea
surement. Theexistence of polarization abovethe Cu-
rietemperatureindicatesthat FE phaseclustersremain
to someextent. At 398K no hysteresisremainsand ¢’
issinglevaued a ava ue characteristic of the PE phase.

12 12

8 100°C 8

4 Pt 4
— o g 0 =
E ‘ e
s * ¥ 4 g

4 o
< -8 P 4 2
= -2 . A2 QT
6 10f16-12-8 4 0 4 B 1216(16-12-8 4 0 4 8 1216 e
- - 002 =
m - Lt . [
N 5 115:: 126°C - N
= 120 °c T
= # °
e O 0.00 &'

5/
10

46128 4 0 4 B8 1216-16-12.8 4 0 4 8 1216
Electric field ( kVicm )

Figure 4 : P-E hysteresis loops of the BLKT ceramics
measur ed at different temperatures

The value of piezoelectric constant d_, is 138-
165pC/N within adisk sample, whichiscomparable
tothat of thepure BT ceramics. Thevariationof d,
vauewithinapdletisan ordinary phenomenoninfer-
roel ectrics, which can be attributed to theinhomoge-
neity of composition and/or theexistence of micropolar
regions.
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CONCLUSIONS

Pure perovskite BLKT ceramics were prepared
by conventiona mixed oxide method. DuetothelLa
and K co-dopings, theBLKT ceramicsexistin pseudo-
cubic structure at room-temperature. Furthermore, the
valueof ¢ and thetemperaturesof ferroel ectric phase
trangitions decrease accompanied by dight dielectric
frequency dispersion of the BLKT ceramicsas com-
pared tothe pure BT ceramics. Therelaxor behavior
was confirmed by studying dielectric and polarization
relaxation, which can be scaled well with therandom
field statesmodel. Therelaxor behavior arisesby the
creation of chemical, compositiona and structura het-
erogeneity induced by localized cationic ordering. Pi-
ezoel ectric constant of the BLK T ceramicsiscompa:
rableto that of thepureBT ceramics, whichispromis-
ing lead-free piezoelectric materid.

ACKNOWLEDGMENT

Theauthorsthank the Internationa Scientific Co-
operation Project of Changzhou Scientific Bureau (Grant
No. CZ2008014) andthe Natural Science Fundamentd
Research Project of Jiangsu Collegesand Universities
(Grant No. 08K .JB430001) for financial support.

= Fyl] Peper
REFERENCES

[1] B.Jaffe, R.S.Roth, SMarzullo; JAppl.Phys., 25,
809-810 (1954).

[2] B.Noheda, J.A.Gonzalo, L.E.Cross, R.Guo, S.-
E.Park, D.E.Cox, G.Shirane; Phys.Rev.B, 61, 8687-
8695 (2000).

[3] B.-J.Fang, C.-L.Ding, W.Liu, L.-Q.Li, L.Tang;
Eur.Phys.J.Appl.Phys., 45, 20302/1-5 (2009).

[4] E.J.Lee, JJeong, Y.H.Han; Jon.J.Appl.Phys., 43,
8126-8129 (2004).

[5] H.Y.Tian, Y.Wang, J.Miao, H.L.W.Chan,
C.L.Choy; JAlloy.Compd., 431, 197-202 (2007).

[6] JPAttfield; Crystal Eng., 5, 427-438 (2002).

[7] J.Sigman, D.PNorton, H.M.Christen, PH.Fleming,
L.A.Boatner; Phys.Rev.Lett., 88, 097601/1-4
(2002).

[8] Z.-GYeg; Curr.Opin.Solid State Mater.Sci., 6, 35-44
(2002).

[9] Y.mry, S-K.Ma; Phys.Rev.Lett., 35, 1399-1401
(1975).

[10] J.Ryu, S.Priya, K.Uchino; Appl.Phys.Lett., 82, 251-
253 (2003).

[11] L.L.Hench, J.K.West; Principles of electronic ce-
ramics, John Wiley & Sons, Inc., New York, 244-
272 (1989).

— P plericly Science
ﬂuVWMW



