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Abstract

Solid solution of 32 mol% of Lead Titanate in PMN—-PT system has been prepared by columbite precursor method. Room temperature
X-ray diffraction study reveals the formation of perovskite phase with tetragonal structure. Dielectric measurements have been carried out
at different frequencies (0.1 kHz—1 MHz) as a function of temperature (RT t6@B85he phase transition was found to be of diffused
type. The polarization studies show ferroelectric nature of the material with a high value of remnant polarRatie81(u.C/cn? and
spontaneous polarizatioRd) ~29w.C/cn?. Strain versus electric field(E) behavior shows piezoelectric nature of the material with high
value of maximum strain 0.14% at 60 kV/cm. Pyroelectric coefficient at room temperature has been founckta®a g.C/cn? K.
© 2003 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction [2]. It has also been reported that compositions near MPB
of this system are showing good pyroelectric beha{ddr
Lead Magnesium Niobate (PMN), a prototype relaxor fer- but not much has been reported on both the pyro- and piezo-
roelectric, demonstrates diffuse phase transition phenomenae|ectric properties of the same composit[sih
and around 10C a quite high dielectric constar&0,000) Here, the PMN-PT (68:32) composition is prepared by
[1]. The high value of dielectric constant, good voltage sta- columbite precursor method and a systematic study of di-
bility, excellent electrostrictive effects and lower sintering electric, piezoelectric, pyroelectric and electromechanical

temperature of PMN make it important for multilayer capac- properties of PMN—PT (68:32) composition has been pre-
itors, actuators and electro-optic device applicatif8]. sented.

With PbTiG; (PT), PMN forms a binary solution, (&
x)PMN—xPT, and the transition temperature of the system
increases with the increase in mol% of PT (Lead Titanate) o Experimental
in the system3]. 0.9PMN-0.1PT is a pronounced candi-
date to replace Barium Titanate (BT) in multilayer ceramic  Polycrystalline samples of PMN-PT (68:32) were pre-
capacitors because of its low sintering temperature as wellpared by high temperature solid-state reaction via columbite
as higher dielectric constant at room temperature than thattechnique[6]. The starting materials were of oxide chem-
of BT. This system also has a morphotropic phase boundaryicals with purity better than 99% (all Aldrich). MgO and
(MPB) between 0.70PMN-0.30PT and 0.65PMN-0.35PT Nb,Os powders were ball milled in distilled water for 8h
compositions. The compositions near MPB of PMN-PT sys- using ZrGQ balls as grinding medium. The slurry was dried
tem exhibit excellent piezoelectric properties, thus making by heating at 89C on a hot plate with continuous stirring.
the material important for actuator and sensor applications The dried powder was crushed in an agate mortar and cal-
cined in platinum crucible at 120@ for 4 h. This columbite
(MgNb,0Og) was then crushed and sieved and the powder
* Corresponding author. was again recalcined for 4h at 950. TiO, and 4wt.%
E-mail address: omprakasht@hotmail.com (O.P. Thakur). excess PbO were mixed with columbite in stoichiometric
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ratio and ball milled in distilled water using Zpalls. The INTENSITY (arb. units)
final calcination was done at 70Q for 4 h. This calcined
powder was again crushed, sieved and mixed with 4 wt.%
of polyvinyl alcohol (PVA) binder to impart the mechani-
cal strength to the green pellets. Pellets of 12 mm diameter S
and 1.25mm thickness were pressed with an applied pres-
sure of 10t using uniaxial press. Binder was removed from
the green pellets by slowly heating the pellets up to €00
and then holding for 1 h. The pellets were then sintered at
1250°C for 4h[7]. The electrical contacts were made by
coating silver paint on the flat surfaces of the sintered and
ground pellets. s
X-ray diffraction (XRD) of the pellets was performed on
PW 3020 Philips type diffractometer using Cua Kadiation.
Dielectric constantg;) and dielectric loss (tas) were calcu-
lated from the capacitance measurements using 4284A HP
LCR meter at different frequencies (0.1 kHz—1 MHz) as a
function of temperature (RT to 23&). Using Sawyer Tower
circuit, hysteresisR-E) loop was taken with computer in-
terfaced Loop Tracer. The piezoelectric and electromechan-
ical parameters were measured in accordance with the 1961
IRE standards on piezoelectric cryst§8j. Strain versus
electric field G-E) behavior was taken using SS-50 Strain 3
Measurement System (Sensor Tec. Ltd., Canada). The sam-
ples were poled under corona discharge by applying electric
field of 6kV for 0.5 h. The pyroelectric coefficient was de-
termined by measuring pyroelectric currehtysing Keith- =3
ley electrometer at a heating rate 6f@min. The pyroelec- Fig. 1. XRD of the sintered 0.68PMN—0.32PT.
tric coefficient ;) was determined using the relatiom: =
(I/A)(dT/dr)~1, wherel is the pyroelectric current (mea-
sured after repetition of three cycled),is the electroded  and their grain boundaries are visible, along with a few pores

area and @dt is the heating rate. situated upon the grain boundaries.
Fig. 3shows the variation of dielectric constant)(with

temperature at different frequencies (0.1 kHz—1 MHz). There
is a gradual increase in dielectric constant up to X5@nd

this can be attributed to the dominance of interfacial po-
larization over dipolar polarizatiofil0]. Strong dielectric
dispersion without any relaxor behavior has been observed
around 190C. The strong dispersion in dielectric constant
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3. Results and discussion

Fig. 1 shows the room temperature XRD pattern of the
sintered sample. The diffraction pattern shows the intense
lines of perovskite phase. These diffraction lines were in-
dexed in different crystal systems and unit cell configura-
tions using a computer program package ‘Powdmult’. Out
of these a suitable tetragonal unit cell was selected for which
> Ad(= dops— dcal), Where O’ is inter-planer spacing, was
found to be minimum. The lattice parameters of the unit cell w
were refined using least square fit method. The lattice pa-
rameters& and ‘c’ are 3.9882 and 4.0549 A, respectively, "
with c/a, 1.016, and are in agreement with earlier reports
[9]. By using the relation6]

EHT= 20.0 KV WD~ 12 mm PHOTO- 18101

Ipyro

Pyrochlore %= [—
(Uperov+ Ipyro)

i|><100,

pyrochlore phase was found to bl 5%.

SEM photograph is illustrated iRig. 2 It is found that
some grains are well developed up to the size of abeuh?2
(calculated by linear intercept method). A number of grains Fig. 2. SEM of the sintered 0.68PMN-0.32PT.
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Fig. 3. Temperature dependence of dielectric constaptwith tempera- Fig. 5. Variation of log(¥er — 1/ermax) VS. 09 — Tmax)-

ture at different frequencies.

near phase transition temperature (Curie temperature) can b@f 'y’ is calculated. Value ofy is found to be~2, which

due to a Debye-type hopping of defects or impurities over a suggests that the phase transition is of diffused 2.
distribution of barriers. This can also be accounted due to the The diffuse phase transition in the material may be due to the
possibility of marginally softening of lattice mode, which structural disorder and compositional fluctuations in solid
on softening interacts increasingly with the defects and pro- solution. The value of, and tar$ at room temperature and
duce a frequency dependent relaxafibh]. Absence of re-  transition temperature at 1 kHz are 2000, 0.025 and 16,500,
laxor behavior may be due to the large mol% of PT in the 0.040, respectively.

system. Fig. 6 shows the polarization versus electric fieRHE)

Fig. 4shows the temperature variation of taat different behavior of 0.68PMN-0.32PT sample. This figure shows
frequencies (0.1 kHz—1 MHz). The temperatures of peak di- that the material has good ferroelectric nature with~
electric loss and peak dielectric constant do not coincide up 29uClen? and P; ~ 21uClen?, which are quite high as
to 100 kHz frequencies. Kramers—Kronig relation indicates compared to previous reported valji#3]. At the maximum
that this can be the consequence of temperature dependeraipplied field of 19 kV/cm, coercive field, is found to be
relaxation near Curie temperatytel]. ~8.77 kV/cm. The high value dE; as compared to earlier

The nature of phase transition is ascertained by calculatingreported one$l14] can be due to smaller grain size of the
the degree of diffusiony). Fitting &; at T > Tmaxin formula material[15].

[12] The piezoelectric charge coefficienk$), and the planar
electromechanical coupling coefficies,) are found to be
er (D) = +(T = Tmax)?, 325 pC/N and 40%, respectively. These values are found to
€rmax be similar with the earlier reportg{z ~ 410 pC/N anckp ~
a graph between ld@/er — 1/ermax) versus [0gl — Tmax), 30%) [5]. Piezoelectric voltage constangsg), calculated

shown inFig. 5, is plotted. From the slope of the graph value using the relatiorgss = d33/eqer, is found to be 7 Vm/N.
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Fig. 4. Temperature dependence of dissipation factorsjtaith temper-
ature at different frequencies. Fig. 6. Variation of polarization vs. electric field.
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Fig. 7. Variation of strain with biaxial electric field. Fig. 9. Variation of pyroelectric coefficient with temperature.
Table 1

The hysteresis plots between strain and electric fiSHEY

at room temperature with biaxial and uniaxial fields are Pyroelectric figures of merits of the PMN—-PT (68:32) composition at RT

illustrated inFigs. 7 and 8A typical butterfly loop, which Pyroelectric coefficientp; (MC/CWZ? K) 3 x 107
is a feature of piezoelectric system is observed for biaxial \C/O'taget ?_9“’9 Oi me”_ttﬁ v ((VAC"‘ /;]/3/) fg'gg

. . . o i urrent figure or merity; (NAcm. .
field. A maximum strain of 0.14 and 0.18% is observed - figure of meritF, (cm3/J)/2 0.0059

for biaxial and uniaxial fields, respectively. The saturation

of strain in both cases was found around 60kV/cm. The

hysteresis observed is due to the polarization reorienta-

tion [16] and confirms the piezoelectric nature. However, electric figures of merit was calculated using specific heat

pure PMN, being electrostrictive, does not exhibit strain 2 5 j3/cni K and is listed inTable 1

hysteresis.

The temperature variation of the pyroelectric coefficient,

pi, is shown inFig. 9. The room temperature value of py- 4 symmary

roelectric coefficient is % 10~2 wC/cn? K and it increases

with the rise in temperature. The peak valuemf is 65 x PMN-PT (68:32) system reveals perovskite phase with

102 u.Clen? K which is slightly less than the earlier re-  tetragonal structure. It exhibits good ferroelectric character-

ports (~100 x 10-2uClen?K) [5]. The peak position is  igtics with a diffuse phase transition behavior. Addition of

found to be same in both pyroelectric coefficient and dielec- pT jn PMN near the vicinity of MPB makes the material

tric behavior plots taken with the variation of temperature, piezoelectric, which can be used for high power applica-

that confirms the phase transition is around 00Pyro-  tjons. High value of strain of this material can be exploited
in actuator applications while pyroelectric properties can be
used for bolometer applications.
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