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Barium titanate asa ferroelectric and piezoelectric ceramics

Surinder Paul, Devinder Kumétanokamna and Gagandeep

Abstract: Barium titanate is a member of a large family ofmpmunds with the general formula AB@alled
perovskites, as the crystal size of barium titanateeases and at critical crystalline size crystalicture of
barium titanate transformed from cubic to tetragomaansformation of crystal structure is also tgltace at
Curi temperature. Cubic structure show paramagershavior while tetragonal is ferroelectric. Ditat
methods of synthesis result in to the differenstalfine size of barium titanate crystal structureferroelectric
phase barium titanate provide its great importandee field of technology and have an amount gfliaption
due to its excellent dielectric, ferroelectric aidzoelectric properties. In this review papertualg on variation
of critical crystalline size of barium titanate aitglferroelectric and piezoelectric behavior isganted.
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1. Introduction
Ferroelectric ceramics were born in the early

Ferroelectric materials have broad applications irl19403 with the discovery of the phenomenon of

tPransdulcelrs, aclzltuator('js_, dca}pac:éto_?, anhc_i hmimor"?érroelectricity as the source of the unusuallyhhig
articularly well studied is BaTi) which has iajectric constant in ceramic barium titanate

rh%mborl;_edral (R),horthorhorrr]lbm ((;) tetragonal (T)capacitor. Ferroelectrics are materials which show
and cubic (C). phases. The cubic Structures  aggayric polarization in the absence of an external
paraelectric while the tetragonal, orthor_homb|c an pplied electric field and direction of the polatipn

the rhombohedra forms are ferroelectric in natite. may be reversed by an electric field. If the "cestaf
the.Curle temperature (arognd 120 °C) paraeleptra:ravity.. of the positve and negative charge
cubic BaTiQ transforms into the ferroelectric distributions within a volume of material do not

tetragonal Structure, which is. importan_t parametelyincide, the material is said to have an eledifole
relating to its dielectric application. The dielectand moment. The net dipole moment per unit volume is

ferro?lectrlqhpr_opertleds hOf BiTgCl)arg lknown 0 gefined as the spontaneous polarization which is
correlate with size, and the technologica trenwisial . magnitude of polarization within a single ferrodiec
decreasing dimensions makes it of interest to eXami yomain in the absence of an external electric field

this correlation when sizes are at the nanofcile Spontaneous polarization is a fundamental propity

D#e to |_ts_h|ghb d|_electr|_c constﬁnt abnd low I(()jssa" pyroelectric crystals, but it is reversible and
characteristics, barium titanate has been used [Q,ientationable in  ferroelectrics only. Most

applications, such as capacitors and multilay rroelectric phase originates from a non-polar
cz?\pacitors_ (MLCS.)‘ Dop_ed barium titanate has foun rototypic phase and all of the polarization is
wide gppllcauor] n se_m|conductors, PTC thermistors, o ientationable. Its magnitude in a single cilyista
and piezoelectric devices, and has become oneeof t irectly related to the atomic displacements tttatio

most important ferroe[egtnc ceramics. In th's_ BV in ferroelectric reversal and may be calculatednfro
paper, a study on variation of critical crystallisige o a1omic positions within the unit cell if knowhe

of barium titanate and its ferroelectric ~andig gejectricity disappears above a critical terapee
piezoelectric behavior is presented. Tc, called as Curie temperature, above which it
behave paraelectric. Spontaneous polarization in
ferroelectric state is associated with Spontaneous

electrostrictive strain in the crystal. Ferroelecttate
show lower symmetry then paraelectric state. At the
transition temperature crystal structure is chalfyed
Ferroelectric material with high dielectric congdtan
show high volumetric efficiency (capacitance peit un
Devinder Kumar volume). BaTiQ, based ceramics having a perovskite
Department of Physics, type structure show dielectric constant valuesigh h
Govt. MAM College, as 15,000 as compared to 5 or 10 for common ceramic
Jammu- 180001, J&K, India. and polymer materials. The high dielectric constant

Surinder PauPX) and Gagandeep
Department of Physics,

Arni University, H.P, India

Email: surinderpaul79@gmail.com

Manokamna
Department of Chemistry,
V.M. University Salem, Salem, India

BaTiO; ceramic based disk capacitors are simple to
make and have captured more than 50% of the
ceramic capacitor market. The volumetric efficiency
can be further enhanced by using multilayer ceramic
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(MLC) capacitors. Ferroelectric thin films havedistribution of sizes making these powders highly
attracted attention for applications in many elegit  sinterable as well as attractive for the produciidn
and electro - optic devices. Some of the importanhin dielectric layet® Wanget al. [9] used two
ferroelectric materials being used for making thinypical wet-chemistry synthesis methods, stearid ac
films include the perovskite type materials such age| and acetic acid gel. In the first method, bariu
BaTiO;, PbTiQ; etc. Applications of ferroelectric thin gcetate, tetrabutyl titanate, isopropyl alcohol and
films utilize the unique dielectric, piezoelectric, giacial acetic acid were starting reagents. 0.1 afol
pyroelectric sand electro- optic properties Or?etrabutyl titanate was dissolved into isopropyl
ferroe.lectrlc ma_te_rlals. . falcohol at room temperature and then 0.3 mol of
P;e;oelectncny refers to _the. generation 0glacial acetic acid was added and stirred to form a
electricity or of electric polarity in dielectricrystals > .
eﬁltanyl acylate compound. Next, 0.1 mol of barium

when subjected to mechanical stress and convers ; . : .
) Acetate dissolved in an aqueous solution of aeetit

the generation of stress in such crystals in respoo _
an applied voltage. Callydefines piezoelectricity as was dropped into the above compou_nd gradgally. The
pH value was between 3.0-4.0 using glacial acetic

“electric polarization produced by mechanical strai P"! o~ . X
in crystals belonging to certain classes, th&cid. After stirring the mixture for 30 min., a

polarization being proportional to the strain andransparent sol was obtained. Aging at 95 °C was
changing sign with it.” In 1880, the Curie brothersPerformed until a gel formed, followed by drying at
found that quartz changed its dimensions wheh20 °C for 12h in an oven, and finally, the dried g
subjected to an electrical field and generatedtiidat ~ was calcined in air at different temperatures ttaiob
charge when pressure was applied. Since that timBaTiCsnanopowders. The average particle size of this

researchers have found piezoelectric properties Bbwder was from 50-80 nm. For the second method
hgndreds .Of ceramic and plastic mgtenals. Man¥iso used by Wanet al. [9] starting reagents were
piezoelectric materials also show electrical efalie bfe\rium stearate, tetrabutyl titanate and stearid. ac

to temperature changes and applied, symmetry . ) . :
crystal lost, and a net dipole moment is creatéds T %n appropriate amount of stearic acid was firsttatel

o .
dipole moment forms an electric field across th ha beaker at 73 C’dgng theﬁ a f|>|<e((jj amorl;*r:\t Of
crystal. The materials generate an electrical a@har arium stearate was added to the melted steanc aci

that is proportional to the pressure applied. They and dissolved to form a yellow transparent solution
used widely in sensors and actuators, such Next, stoichiometric tetrabutyl titanate was added

microphones, acoustic emitters, ultrasonic sersods the solution, stirring to form a homogeneous brown
emitters, and actuators. Barium titanate (Ba)iO SOl naturally cooling down to room temperatured an
show its application in capacitors and piezoelectridrying for 12h to obtain a gel. The gel was caldiaé
transducers. Barium titanate ceramic is important f different temperatures in air to obtain nano-crijista
ultrasonic transducer, mostly for fish finders. Itof BaTiOs with the size of particles from 25-50 nm.
undergoes, in cooling, cubic-to-tetragonal, tetr@d® \na5dq et gl 19! reported preparation of BT particle

to—orthorhombic, and orthorhombic;-to-r_hombohedra\INith various size with a hot uniaxial pressing neeth
e oo e bont 181 and Cur poit o  gran 2 56 1 was oo

Y y P Y- at room temperature. let al. synthesized BaTiQby

2. Synthesis of Barium titanate the oxalic acid precipitation method which is very
similar to the sol-gel acetate method. Particlee siz
prepared by this method was 38.2 i Barium
titanate nanoparticles synthesized by oxalic acid
rprecipitation method which is very similar to tha-s

gel acetate method. But acetic acid was replaced by
and Ti(OR) in benzene. BaTiQ nanoparticle the oxalic acid, molar ratio between oxalic acidl an

prepared with particle size less than 20 nm and XREtra butyl titanate was 2.2:1; Ti solution waspaned

patterns show that tetragonal and cubic phasedstoe 0?;5;%\"2%?;5;22 :'(Ijtyl'l'trzt:mpZ:Ecllgtc;itzheafrzga
in the nanoparticles. Dielectric measurements étxhib . T
P this method was 38.2 #f. Bouloset al. [2005]

a broad band around 70 °C due to the low-frequen red ticle size for BaTi d

dielectric dispersidfl. BaTiO, powder synthesized by ' E:O_r ed faver?rge Fiaié%eoélze 205r0 Oaglﬁbw :(5370

the hydrothermal method at temperatures betweé)rp ";‘;]”e rom !Qa_ or o was ab-
nm*¥, Cubic barium titanate powder with particles of

~100-200 °C by reacting fine Ti(particles with a about 20 nm by heat-treating polymeric precursors
t ly alkali luti H>12) of Ba(OHJiCl,, - . Cooos P
strongly alkaline solution (p ) of Ba(OHTTCls containing barium and titanium in air at 600 °C&br

titanium alkoxide and Ti@gels were used as titanium

sources at reaction temperatures in the range @f 10An increase in .the heat-treatmerjt te_mperatgre Q)OQD
400 °C. Hydrothermal BaTiDpowders have a fine generates grain growth, resulting in BaTigarticles

in
particle size in the range of 50-400 nm and narrO\f/eVeral hundreds of nanometers in'fze

In proveskite barium titanate, size play importasie
for paraelectric to ferroelectric transition beloav
critical size. Barium titanate nanoparticles systhed
by solvothermal method in which Precurso
BaTi(OR) was prepared by mixing with Ba(OR)2
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3. Results and discussion transformation occurs on cooling BaTiChelow
1460 °C. Of utmost important parameter relatingsto
dielectric application is the ferroelectric — pdeatric
BaTiO; is member of perovskite family ABOAbove transition which occurs at the Curie temperature
its Curie point (approximately 130 °C) the unitlésl (around 130 °C). At this temperature, paraelectric
cubic. Below the Curie point the structure is sligh cubic BaTiQ transforms into the ferroelectric
distorted to the tetragonal form with a dipole moine tetragonal structure following an elongation alang
along c direction. Other transformations occur agdge. The tetragonal phase is stable until 0 °@raevh
temperatures close to 0 °C and -80 °C: below heC tit transforms into the orthorhombic phase by
unit cell is orthorhombic with the polar axis pdeato  elongation along a phase diagonal. Finally, thera i
a face diagonal and below -80 °C it is rhombohedréw temperature transition at — 90 °C where the
with the polar axis along a body diagonal. A typicaorthorhombic phase transformed to the rhombohedral
ABO; unit-cell structure is given in Figure 1. Thephas&"
BaTiO; unit cell consists of a corner-linked network
of oxygen octahedra with Tiions occupying sites (B fesagonal g
sites) within the octahedral cage and thé*Bans ‘\
situated in the interstices (A sites) created by th 2 a
linked octrahedra. When an electric field is applie
this unit cell, the T§" ion moves to a new position

. . . . 130°C
along the direction of the applied field. Becaule t ‘\ ¢
crystallite and, hence, the unit cell is randomly Cuble
oriented and the ions are constrained to move on e
along certain crystallographic directions of thetun \ 2

cell.
tatragonal
P " ’ H0°C

N

rhombohedral ol

3.1 Sructure and phase transitions:

orthorhomblc

............... »  Directlon of polarlzation

ABQ, Unit Cell

Figure 2. Phase diagram of BaTiO

3.2 Application of BaTiOs as Ferroelectric materials:
! The applications for ferroelectric ceramics are
: covering all areas of our workplaces, homes, and
automobiles. One category of applications for
ferroelectric materials is that of high-dielectric-

constant capacitors, particularly Multilayer capaci
Polanization Up Folarization Down (MLCs). MLCs are extremely important to our

everyday lives in that they are essential to albof
Figure 1. Perovskite ABQ unit cell for BaTiQ illustrating  currently produced electronic components, and, as
180° polarization reversal for two of the six pb#si gych, they constitute a significant portion of the
polarization states produced by displacement ofcétéral  mtipillion dollar electronic ceramics business as
cation in the tetragonal plane. The views of “pataion 4,6 -~ Typical applications include general-use
up” and “polarization down” (representing 180° p@dation . . .
reversal) show two of the six possible permanenglscreFe capacitors and MLCs, voltage-variable
polarization positions. capacitors, and energy-storage (_:apgé%rgnother

application of ferroelectric material is BaTi®ased

BaTiO; assumes five different crystal structured’1C ceramic possessing electrically conducting
namely, hexagonal, cubic, tetragonal, orthorhombi®roperties at room temperature and rather abruptly
and rhombohedral. The hexagonal and cubigh@nging to a highly resistive material at some
structures are paraelectric while the tetragonaflévated temperature at Tc. Applications include
orthorhombic and the rhombohedra forms argWitches, sensors, motor starter and contftier
ferroelectric in nature. Figure 2 shows hexagondr€'roelectric materials found applications in
BaTiO; structure is stable above 1460 océlectrooptics and photonics due to their change in

Reconstructive hexagonal phase to cubic phaé)eptical properties and ferroelectric polarizatioithw
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