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ABSTRACT

Lead zirconate titanate (PZT) BO;- P,T;0;) were prepared by mixed oxide method at 2COrystalline
nature of the synthesized PZT has been confirmettiay powder diffraction studies. The particleesend strain
is calculated from X-ray peak broadening analysjs using Williamson-Hall plot. The crystallite size also
calculated using Debye-Scherrer's formula. Als® Hurface morphology and particle size of the semplere
imaged using scanning electron microscopy (SEMBldaitric measurement demonstrates that decreadieliectric
constant with increase in temperature. The tentpeeadependence of the ac conductivity indicateat the
conduction process is due to singly ionized (indelectric region) and doubly ionized (in paraekéctegion).
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INTRODUCTION

Lead zirconate titanate (PZT) — a ferroelectri@osic material has piezoelectric properties andorecial behavior.
This material is used to convert electrical enemy mechanical energy and vice-versa. The materaperties of
PZT have been the subject for significant reseanchecent years due to its excellent applicatiomgmicro-
electromechanical (MEMS) and nano-electromechaifiidBMS) devices. Since it is a potential candidatesensor
applications the material needs further researdbrdvand nano sensors are precisely calibratecors within a set
range of specifications. It is a well known fereatic material and it has wide application as sashransducers,
actuators, sensors and motors. Because of itsdeghity, low hydrostatic piezoelectric coefficienfscharge and
voltage it is useful for hydrophones and ultrasaléwices. It has been focused on composite faticaf PZT
based piezoelectric materials for sensing and antudZT is also used in the manufacture of ceraesomators
for reference timing in electronic circuitry. Beingyroelectric, this material develops a voltagéedence across
two of its faces when it experiences a temperathemge. As a result, it can be used as a heatrs@miw to sol gel
processing techniques, PZT films were preparedgusiare costly and intensive techniques such asprfesing,
electron beam evaporation, and ion beam depoditiorCommercially used PZT ceramics are always ffiediby
different dopants and are divided into the “soffbifor doped) and “hard” (acceptor doped) groupschvtzre
normally prepared by substituting the A-site ori®dons with donor and acceptor dopants, respelgtiy2].
Compared with the undoped composition, hard PZWwsHower permittivity, piezoelectric coefficientadelastic
compliances, low dielectric and mechanical loskmgered resistivity, pronounced ageing, and pindeebelectric
hysteresis in aged state. In contrast, soft PZTwshloigher properties, larger losses, improved tigiis low
ageing, square polarization loops, easy poling deagdoling [3,4]. Electrical properties of PZT ceramiwere
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determined by many researchers. Piezoelectric aaghetic properties of PZT composite were studiedibien-
Kuang Liu etal. [5]. The optical characterizatioh RZT prepared by sol-gel method indicates thatdbgap
decreases with increase in temperature [6]. QunnGizs given the vibrational analysis of spherigahmetry
problems in piezoelectric and piezomagnetic md&ef#d. Ernst Gunter Lierke etal has given theimas aspects of
the possible applications of piezoelectric compositaterial as actuators, motors and transducersSf8]ctural,
dielectric and electrical properties of lead ziratntitatanate and Cagli,O,, ceramic composite has been reported
by Arun Chamola etal [9]. The influence of graimesbn the intrinsic and extrinsic elastic dielecproperties of a
ferroelectric PZT system was studied by Clive An&all, et al [10]. PZT ceramic fibers prepared bigel route
when heat treated at 1000°C had ferroelectric ptg@ad showed square-shaped hysteresis loop héthemnant
polarization (Pr) of 2pC/cm2 and coercive field (Ec) of 9kV/cm. [11]. Rietectric and dielectric reliability of lead
zirconate titanate thin films was studied by Ron@ldPolcawich et al. and they showed excellentbdity, with
99% of the devices surviving to 109 cycles unddrpotfar drive [12]. In the present work, we are gdmg the
synthesis of Lead zirconate titanatg4®s- P,T;05) (52/48) by mixed oxide method. The synthesizeaqmys were
characterized by powder X-ray diffraction (XRD) asdanning electron microscope. The thermal ancechiét
properties have also been discussed in detail i;mn tbmmunication. The electrical properties haveo dbeen
discussed in detail.

MATERIALSAND METHODS

Mixed oxide method was used to obtain piezoelectraterial (Lead zirconate,O; and Lead titanate,P;0O3) of
composition (52/48) respectively. Oxide powders@PBrO, and TiQ) with high purity were used as raw materials
to synthesize PZT ceramics. For lead zirconate%3db lead oxide and 18.5% of zirconium oxide arketa
Similarly for lead titanate 35.35% of lead oxidedalR.65% of titanium oxide was taken. These two gere are
mixed in a ball mill for 48 hours. The powder isthmessed at 25 to 120 MPa slowly at a heating odte
20° C /min and the final temperature is 8@ The preparation of PZT is shown in the Fig.hésw chart.

Characterization of PZT

X-ray powder diffraction data of PZT were collectedt room temperature using Rich Seifert
X-ray powder Diffractometer with CuKa radiation £ 1. 5406 A) in the @ range from 10 to 70at a scanning rate
of 1 min*. The morphology and microstructure of as-prep&&d was observed by a scanning electron microscope
(JEOL JSM 6460 LV). Thermal gravimetric analysisG@) and differential temperature analysis (DTA) wer
employed to determine the thermal stability and plete formation of the synthesized PZT compounda: fFiermal
behavior of PZT was studied at®@0nin™ by using a SDT Q 600 V 8.2 Built 95 thermal anatyZThe experimental
conditions were: (a) continuous heating from roemperature to 86 for 20Cmin™.; (b) Nitrogen gas dynamic
atmosphere (90ctmin™); (c) alumina, crucible; (d) sample of mass: 32y for 26Cmin®. PZT was subjected
to dielectric studies using a HIOKI model 3532-5CR. HITESTER with a conventional two terminal sample
holder. The sample was electrode on either sidé wit-drying silver paste so that it behaves likpaallel
capacitor. The studies were carried out from 318RB%3 K for frequency varying from 50Hz to 5 MHz.

RESULTSAND DISCUSSION

4.1 Structural analysis

X-ray powder diffraction analysis is used to chéuok crystalline purity of synthesized PZT compoufid.2 shows
the powder X-ray diffraction of synthesized PZT.eTltudies on crystalline materials require an ateur
determination of crystallite size as well as thenmistrain induced in the material. X-ray diffracti(XRD) is a well
known technique for this purpose. Based on XRD giples, humerous approaches such as the use ofr&che
equation, integral breadth analysis, single lingrapimation, Hall Williamson method, Rietveld rediment method
etc. have been developed for the crystallite seterdhination. The average particle size (d) isnestiéd from the
broadening of the X-ray diffraction peaks from Stbegs equation. The maximum intensity peak oc@ir®=55°.
The average crystallite size calculated from Sdwerrformula is found to be 17.35 nm. The shift Xaray
diffraction peak position can also occur from thris induced in the unit cell and this effect &fagn can be
investigated using Williamson-Hall (W-H) plot. Figshows the W-H plot of PZT. The particle size atdin can
be obtained from the intercept at the Y axis (2&lmand the slope (0.16027) respectively. The shifK-ray
diffraction peak position can also occur from thenis induced in the unit cell. This effect of $tracan be
investigated using Williamson—Hall plot. The pdsisize and strain can be obtained from the infgratthe Y-axis
and the slope, respectively.
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The crystallite size (D) of PZT was determined BbRe-Scherrer’s formula using equation
D=KM(B1c09) (1)

where K=0.897=1.5405& andp,., is the peak width of the reflection at half intiéyisAs the powder sample was
used for XRD, the effect of the strain, instrumeatsl other unknown factor causing the broadeninthefpeak
were ignored. The average value of the crystadlite of PZT is found to be 17.3%.

4.2 Surface morphology

The scanning electron microscopy (SEM) is a usééahnique to study the topography, morphology and
composition of the materials with much higher reioh. Micro structural features such as grain ,sige&in
boundary, and pores were characterized by meassanining electron microscopy (SEM). When a bealmigiily
energetic electrons strikes the sample, the secpriiectrons, X-rays and back-scattered electroa®gected from
the sample. The samples used for SEM observatiae welished down to optical quality. Depending tie t
samples, different etching methods were used tealegrain boundaries. For soft PZT ceramic sammesin
boundaries in good contrast were observed aftemifilectching at 105C for 30 minutes in air. Before the SEM
observation, a layer of gold (about 20 nm) was dipd on the etched surface by sputtering to atlmdelectron
accumulation on the sample surface. A JEOL JSM @468canning electron microscopy was used to conthe
observations. Figure 4 shows the typical SEM imaighe PZT powder. From SEM analysis, the primaaytiple
size of the powder has been determined and ituaddo be in the range ofth-500nm. The distribution of the
particle size of the pellet is not uniform, andrity be due to agglomeration of particles that tedutluring the
preparation of pellet. It is observed that the dampre uniform and the grains are in the ordani@fometers. It
can be noticed that the samples are uniform angriies are in order of micron size. These micrplysarevealed
that the grain structure of the samples is demsgkdree and smooth [5,13]. The micrographs irtdithe existence
of uniform microstructure in the materials. The igsaof equal sizes appear to be distributed homegesly
throughout the surface of the samples. It can adiiat the samples are uniform and the grainsrakder of
micron size.

4.3Dielectric studies

The dielectric analysis is an important charadterihat can be used to fetch knowledge based eretéctrical
properties of a material medium as a function ofgerature and frequency. Based on this analyss;dpability of
storing electric charges by the material and cdipabif transferring the electric charge can beeased.

The dielectric constant is calculated using thenfda
¢' = CtkoA (2)

whereC is capacitance (F},the thickness (m)A the area (m2), aneb the absolute permittivity in the free space
having a value of 8.854 *1¢ Fm ..

For a dielectric characterization, PZT crystalsgnaind well to get powdered sample. Then the poediPZT was
pressed well under high pressure and made intdlet pé dimension of having diameter 7.41mm len@B87mm
breadth; thickness 3.15 mm. The surface of the Eamps coated with silver paste which acts as mdet. The
experiment was carried out from 50Hz to 5MHz fdifedent temperatures varying from 313-353K. Figarid 6
show the variation of dielectric constant and diele loss with respect to various frequencies nagmdrom 100 Hz

to 5 MHz. It has been observed that the dieleadostant decreases with the increasing in frequehlog high
value of dielectric constant at low frequencies rbaydue to the excitation of bound electrons,dattiibrations,
dipole orientation and space polarizations. It figpacal characteristic of dielectric/ferroelectrimterials. The fall in
dielectric constant arises from the fact that pp#ion does not occur instantaneously with theliegion of
electric field because of inertia. At low frequesssiall polarizations (electronic, ionic, orientatiand space charge)
contribute [14]. The larger value of dielectric stant and dielectric loss at low frequency arisest the presence
of space charge polarization near the grain boynidderfaces, which depends on the purity and péide of the
sample [15]. Non switching linear responses indtetectric graphs are ascribed to space chargeipatian. The
dielectric constant was almost constant upto 280 Theng increases gradually and attains a maximum value at
Curie Temperature.After it decreases. This dielectric analysis indicatgbase transition and this may be due to
ferroelectric to para electric phasehe T. (Curie Temperature) of pure PZT is 350 to 870 which is seen from
the dielectric constant temperature graplut the dielectric peaks are broadened and this bwyue to the

177
www.scholarsresearchlibrary.com



N. G. Renganathan et al Der Pharma Chemica, 2015, 7 (10):175-185

characteristic behavior of disordered perovskitecttire with diffuse phase transition. From thephraf the loss of
tangent which increases with increasing frequericig iclear that conductivity increases and abové’30is
observed. This increase in the conductivity isilaited to the increase in polarizability of the eré&ls around 300

to 400 C where T lies. But at higher temperature beyongd & transformation occurs from piezoelectric phase t
non piezo electric phase. Undoped PZT, as in thresemt case, possesses p type conductivity (hole typ
semiconductor) and this occurs because of leaceawdporation from PZT during the formation stafyed due to
this space charge both centers of negative changdswhole carriers increase dramatically and tloegeses an
internal field inside the grains of PZT and thisldi may inhibit domain motion. This inhibition obohain motion
reduces the dielectric loss and this is reflectetthé dielectric loss vs Temperature graph.

As frequency increases, the polarization with larglexation times cease to respond and hence theate in
dielectric constant. The same type of frequencyeddpnt dielectric behavior is found in ferroelectreramics [16].
When the frequency is increased, the orientatidaration decreases since it takes more time étectronic and
ionic polarization. This decreases the value oftred dielectric constandr reaching a constant value at higher
frequency correspondingly to interfacial polarieati On the other hand the dielectric constant wgthperature can
be attributed to the fact that the orientation peédion is connected with thermal motion of mollesuso dipole
cannot orient themselves at low temperatures. Wherntemperature is increased the orientation ofdipele is
facilitated and thus increases the orientationdnmation which leads to increases of the dieleatonstant with
temperature. However after a certain temperatwdttarmal energy is very high to restrict the gaktion which
leads to the disordered state (paraelectric). Hameehave observed a transition from ferroeledtiparaelectric
phase with the temperature.

Fig. 7. Shows the temperature dependence of dieletnstant) at five different frequencies ranging from 100Hz
to 5SMHz. Transition is seen at higher frequencidse dielectric constant was almost constant up3@®G, thene
increases gradually attaining a maximum value af Curie temperature and thereafter it decreastbs further
increase in temperature. This indicates a phassitian from ferroelectric to paraelectric phasdhett particular
temperature called Curie temperaturg)(The dielectric peaks are broadened rather thetragp peak (as in normal
ferroelectrics) around .J which is one of the characteristic of disordepaniovskite structure with diffuse phase
transition. This broadening is due to the composifiuctuation [17] or substitution disorderingthme arrangement
of cation in one or more crystallographic sites][itBthe structure leading to a microscopic heteragty in the
composition and thus in a distribution of differdotal Curie points. The temperature dependendargfent loss
(tand) of PZT with selected frequencies (1,10,100 KHd arbMHz) is shown in Fig.8. It was observed tiaaigent
loss is constant upto transition temperature aed thcreases to a maximum value due to space cpatgegzation
and again decreases with increasing temperature §1&0]

Fig.9 and 10 give the variation in resistivity acahductivity with the frequency for PZT. The a.sigtivity and
A..C. conductivity was calculated using the follagirelation:

P = A2z fCd
op=1lp

whereC is the capacitance,is the thicknessA is the area of the crystal, ahi$ the frequency of the applied field.
It is seen in Figure 10 that A.C. resistivity dexged rapidly as frequency increased. Obviouslyrseveeend was
observed for a.c conductivity (Fig. 10) for PZT erél [21].

4.4l mpedance spectral analysis

Fig.11 show the complex impedance spectrum (Z' ¥salled Nyquist plot) of PZT ceramic measuredliffierent

temperatures as a function of frequency. The efifet¢mperature on impedance behavior of the nateample is
clear shown with rise in temperature. The impedapectrum is characterized by the appearance otseutar

arcs. This pattern of arcs changes with rise inpemature and this is indicated in the figure. Esemicircular arc
in the impedance pattern may be attributed to allehrcombination of resistance and capacitance ditts are
becoming semicircular with increase of temperatditee arcs are moving closer to the origin with @ase of
temperature. A single semicircular arc in the campinpedance diagram indicates that the materale klectrical
conduction only from the grains and not from theigrboundaries. The shift in the arc towards origi
temperature increases in the complex plane diagrdivates the resistive behavior of the sample Wwiniay be due
to the conduction taking place due to grain boupdAt low frequencies dispersion occur (not showng to
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polarization. At higher frequencies it becomes amimdependent of both frequency and temperaturailaé®

variations of imaginary part of impedance with freqcies at lower temperature occur and this magus to
increase in a.c conductivity with temperature. Ahler frequencies the imaginary part of impedandebéts peaks
and these peaks shift towards higher frequencissinéreasing temperature and this occurs in adeoiag manner

with a decrease in peak height. This may be dukeonally activated dielectric relaxation procasshie materials
and this may be due to reduction in the bulk resist with temperature.
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Figure 1. Flow chart for synthesisof PZT
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Fig.4 SEM imagesof PZT
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CONCLUSION

In the present work, we have prepared Lead Zireotitnate (PZT) (Z,0s- P,T;03) with composition by mixed
oxide method. From SEM analysis, the primary pkrtsize of the powder has been determined andatisd to be

in the range of Im-500nm. X- ray diffraction pattern shows the cajlgte nature of PZT. The average value of the
crystallite size of PZT is found to be 17,38. Thermal studies show that the synthesized PZfeisnally stable up
to 360C. Dielectric measurement demonstrates that deziaadielectric constant with increase in tempeamatilihe
temperature dependence of the ac conductivity atdit that the conduction process is due to sirghjzed (in
ferroelectric region) and doubly ionized (in paesttic region).
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