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Potassium-modified PLZT [Pbggs(Laq_ ,K,)0.08(Zro.60Ti0.40)0.98+0.04-03 (z= 0.0, 0.1, 0.3, 0.5,
0.7)] ceramics were synthesised using sol-gel technique. Preliminary structural and
microstructural parameters were determined using XRD, SEM and TEM techniques.
Detailed studies of dielectric properties at 10 kHz in a wide temperature range suggest that
the compounds have diffuse phase transition of second order. Studies of spontaneous
polarisation, pyroelectric and piezoelectric properties yielded data for devices. © 2000
Kluwer Academic Publishers

1. Introduction Switzerland) and titanium isopropoxide
PZT is a solid-solution of ferroelectric lead titanate Ti[(CH3)2,CHO]s (>97% Ti content, M/s. E. Merck,
(PbTiQs) and antiferroelectric lead zirconate (PbZyO Germany) in proper stoichiometry. Glacial acetic acid
with varying degree of composition of the compoundsand distilled water were used as solvents. Ethylene
[Pb(ZrTiy _x)Os where O< x < 1]. The PZT ceram- glycolwas used as an additive in order to get monolithic
ics with compositions near phase boundary offers goodel. All the above acetates were dissolved separately
piezoelectric and other properties [1, 2]. It is well es-in acetic acid in the ratiof® g of salt in 1 ml acid and
tablished that substitution of 4 at the Pb-site of were heated at 12C for 30 minutes to remove the
PZT (abbreviated as PLZT) gives improved piezoelecwater content, and then cooled down td°80 These
tric and opto-electronic properties of the materials duesolutions were mixed in a beaker and stirred. During
to the high solubility of La in PZT, reduction of dis- stirring zirconium propoxide followed by titanium
tortion in perovskite structure in PLZT and formation isopropoxide were added in the mixture. Ethylene
of high-density samples. It is most interesting to ob-glycol was then added in the proportion of 1 ml to
serve diffuse phase transition (DPT) in complex PLZT10 g of lead acetate. After completion of the initial
[3-5]. Though some work has been done in the pasteaction the glycol was added, since residual titanium
to study the effect of substitution of single, isovalent,isopropoxide and zirconium propoxide alcolyze with
supervalent or subvalent dopants with varying concenethylene glycol to form a condensed solid. A small
tration at the Pb- and/or Zr/Ti-sites of the PZT [6—10], amount of distilled water was added to get the final
very little work on the effect of double doping at the sol. The sol was soaked at D for 24 h to get the
Pb-site have been reported [11]. Therefore, we havelear transparent gel. The gel was dried at°TDor
studied structural, microstructural, dielectric, piezo-72 h and a light brown powder was obtained. DTA
electric, hysteresis and pyroelectric properties of theanalysis of the gel powders at different temperatures
Phy.o2(Las — K 2)0.08(Zr0.60Tio.40)0.98+ 0.04z03 (z= 0.0,  was done by a thermal analyser (Shimadzu DT—40) to
0.1,0.3,0.5, 0.7) (PLKZT) system. select suitable calcination temperature of PLKZT. The

oven dried powdered gels were calcined at“&5€or

15 h. The powders were cold pressed into pellets at a
2. Experimental procedure pressure of 6< 10° Pa using a hydraulic press. The
Phy.o2(Las - zK2)0.08(Zro.60Ti0.40)0.98+0.04:03 (z= 0.0,  pellets were then sintered for 60 h at 12G0In order
0.1, 0.3,0.5, 0.7) (PLKZT) ceramics were synthesisedo prevent PbO loss of vaporisation during sintering
using: lead acetate trihydrate Pb(§Z0D0)-3H,O and to maintain the stoichiometry of the compounds,
(99.9%, M/s. E. Merck, Germany), lanthanum ac-an equilibrium PbO vapour pressure was established
etate hexahydrate La(GBOO) - 6H,0 (99.9%, M/s. with PbZrG; as setter and placing everything in the
B.D.H., UK), potassium acetate dihydrate §3OOK- covered platinum crucible. The density of the sintered
2H,0 (98%, M/s. Aldrich, USA), zirconium propoxide pellet samples was measured by Archemedes’ method
Zr(C3H;0), (70wt% in 1-propanol, M/s. Fluka, and was found to be 97-98% of their theoretical value.

0022-2461 © 2000 Kluwer Academic Publishers 1737



The formation of single phase compounds was
checked by X-ray diffraction (XRD) technique with
powder diffractometer (Philips PW 1877) using Cy K
radiation ¢. =0.15418 nm) in a wide range of Bragg
angles (20< 20 < 70°) at room temperature with the
scanning rate 3nin—! on powders as well as on sin-
tered pellets.

Measurements of dielectric constan} &nd tangent
loss (tand) of the silver electroded samples were car-
ried out using a GR 1620 AP capacitance measuring

\ assembly with a three-terminal sample holder in a wide
temperature range (30—35D) at 10 kHz.
The microstructures of the samples were analysed
by TEM (JEM 200 CX) and SEM (CAMSCAN 180).

The temperature variation of remanent polarisati (
and coercive fieldi,;) of the samples were recorded at
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0% TABLE | Comparison of cell parametera & c), density @), grain

size and particle size of PLKZT

z 0.0 0.1 0.3 0.5 0.7

z=07

a (,&) 4.0049 4.0221 4.0952 4.1039 4.1303

c (A) 4,0102 4.0356 41155 4.1329 4.1330

d(g-ccl) 7.871 7.751 7.670 7.622 7.550

" L : L 1 Av. Grain size 2.80 2.40 2.70 3.20 3.75

70 60 50 40 30 20 (SEM) (um)

«— 20 (degree) Av. Particle size 120 165 240 — —
(TEM) (A)

Figure 1 Comparison of XRD of the PLKZT.

1mm = 55A

1imm = 80A
Figure 2 TEM micrographs and diffraction patterns (inset) of PLKZT fe£ 0.0, 0.1, 0.3.
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50 Hz with an acfield of 20 kVem~t using adual-trace 3. Results and discussion

oscilloscope attached to the modified Sawyer-ToweThe room temperature XRD patterns of the calcined

circuit. powders and sintered pellets of PLKZT samples were
The piezoelectric coefficients and parameters weréound similar. All the XRD peaks were indexed and

measured on the poled samples (15 kvh! dc field)  calculated lattice parameters were refined using least-

using HP 4194A Impedance/Gain Phase Analyser andquares method of computer package “PowdMult”. It

Berlincourtdsz meter. is found that the crystal structure of PLZT is not af-
Measurement of pyroelectric coefficient was per-fected by the substitutions of the™kions even upto

formed on the poled samples using laboratory fabri-7 mole% (Fig. 1). However, a small change in the lat-

cated experimental set-up with temperature sweep ratéce parameters was found (Table 1). All the iloped

of 2°C-min~1. PLZT compounds have tetragonal structure at room

TABLE Il Comparison of some observed interplanar spaaﬁt)g(easured from XRD and TEM of PLKZT, with observed intensities in parenthesis

0.0 0.1 0.3
z 0.5 0.7
hkl dxrD drem dxrD drem dxrp drem dxrD dxrD
001 4.005(15) — 4.036(8) — 4.116(10) — 4.133(13) 4.133(21)
101 2.834(100) — 2.849(100) — 2.903(100) — 2.912(100) 2.921(100)
111 2.314(12) 2.312 2.325(17) 2.323 2.368(20) 2.371 2.374(15) 2.386(12)
200 2.003(16) 2.007 2.011(33) — 2.048(33) 2.049 2.053(21) 2.067(43)
201 1.793(5) — 1.799(14) — 1.833(14) — 1.838(9) 1.841(11)
211 1.637(23) — 1.643(58) 1.642 1.673(56) — 1.672(32) 1.681(28)
220 1.418(24) 1.413 1.422(18) — 1.448(22) — 1.451(20) 1.462(19)
221 1.336(8) 1.310 1.341(9) 1.346 1.366(7) 1.364 1.370(9) 1.379(7)

#3.888  lvm WD39

Figure 3 SEM micrographs of PLKZT foz= 0.0, 0.1, 0.3, 0.5 and 0.7.
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TABLE Il Comparison of dielectric, hysteresis, pyroelectric and

piezoelectric parameters of PLKZT Pb @a, Ko o @ T 0 008008 Os
z 0.0 0.1 0.3 0.5 0.7 10 kHz
Diffusivity (y) 172 175 188 196 184 e
Activation energy 0.90 0.31 0.45 0.52 0.88 6 - —A—r03
Ea (eV) —w—z=0.5
Pr (uC-cm?) 17.90 1610 18.65 21.21 24.40 - ——707
Ec (kV -cmrl) 6.5 576 625 688 7.75 2
PTatT, 126.2 654 778 943 110 w
(nC-cm=2.cC™h §
ds3 (10°12C-N"1) 569 492 388 340 284 s,
Ko 054 039 041 025 032 )
Qm 421 317 305 280 188 k=
ka1 010 015 038 023 0.19 =
FC (kHz. m) 066 088 103 101 114 8o
g
=
2 .
2.5
Pb0.92(Lal—z Kz ) 0.08(Zr0.60Ti0.40 ) 0.98+0.04z 03
| 10 kFlz 4
—8—z=0.0
—e—z=01
—h—2=03
2.0+ —v—z=05 0
—e—2=0.7 r T T T T
0 75 150 225 300 375
~ Temperature(°C)
<
2154 Figure 5 Variation of tangent loss (ta8) of PLKZT with temperature
w at 10f Hz.
=
k|
3 Figs 4 and 5 show the variation efand tans with
2 107 temperature at Hz for all the compositions. Here the
_;_if dielectric peak is broadened. This broadening of the di-
a electric peak and variation @f,ax can be attributed to
the variation of grain sizes and structural disorder [14]
054 inthe arrangement of the cations at the A-site (occupied
by PI#+ along with L&t and K+ additives), and/or at
the B-site (occupied by Zt with lattice site vacan-
cies). This leads to microscopic heterogeneity in the
0.0 e L D composition and a distribution of different local Curie
0 75 150 225 300 375

points. In order to determine the degree of diffuseness
in the materials the following expression was used [15]:
(e — 1/emax) o< (T — T¢)¥, whereg is dielectric con-
stant at temperaturé andemax is its maximum value
atT.. The values of (diffusivity) calculated from the
graphs of In(1¢ — 1/emax) vs. In(T — T¢) were found
temperature. A similar observation was made in theg be between 1 (for normal ferroelectrics) and 2 (com-
PLZT (8/65/35) compounds with different concentra- pletely disordered ferroelectrics), which confirm the
tion of K* ions [12]. diffuse phase transition in the materials. The value of

Fig. 2 shows transmission electron micrographsmaximum dielectric constanta,) increases with the
(TEM) and corresponding selected area electrofncreasing doping concentration of ikwhich implies
diffraction (SAED) patterns (inset) of the calcined that addition of K increases the dipole moment of the
PLKZT powders. The interplanar spacings (d) ob-|attice [16]. The reciprocal dielectric constant is a lin-
served from SAED and XRD are very much compara-ear function of temperature below and abdyexcept
ble (Table II). This confirms the presence of crystallinewithin the range of+20°C around it. Moreover, the
phase in the materials. It is also observed from TEMiemperature gradient of the reciprocal dielectric con-
that the particles of PLKZT powders produced werestant in the ferroelectric and paraelectric phase is about
spherical. It can be seen that the particles are well disg : 1 indicating the phase transition is of second order
persed and the average particle size is abal20A.  [14]. The ac electrical conductivity is related to the
However, the larger particles150A showed some ag- dielectric constant, loss and temperature by the expres-
glomeration [13]. sions:o =w ¢ go tan§ and o =0y exp(—E/KgT),

Fig. 3 shows scanning electron micrographs (SEMwheres, is the dielectric constant at free spaaeis
of sintered PLKZT pellets. The grains are nearlythe angular frequencyg is the Boltzmann constant
spherical. The average grain size (Table 1) is uniformand E, is the activation energy. Activation energy has
and the size distribution is quite narrow. been calculated from the plots ofdnvs. 1¢/T in the

Temperature(°C)

Figure 4 Variation of dielectric constant) of PLKZT with temperature
at 10 Hz.
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paraelectric region. The values of activation energy of
the compounds are given in Table IlI.

The room temperature hysteresis loops of PLKZT are
shown in Fig. 6. High electric field¥20-25 kV- cm™1)
was required to obtain saturation polarisation. The re-
manent polarisationR;) and coercive fieldE.) were
determined from the hysteresis loop. It was observed
that the hysteresis loop at30Dfor z=0.0-0.5 is mem-
ory type. It becomes linear type with high coercivity for
z=0.7, which, may be due to the higher tetragonality
in the compound [17]. The temperature dependence of
P. of the materials are shown in Fig. 7. It has been
observed that the polarisation appears to be quadratic,
which again indicates a second order phase transition
atT; [18]. The values o andP; at 30°C are given in
Table Il1.

The variation of thep” of PLKZT with temperature
is shown in Fig. 8. The transition temperature of the
materials obtained from the pyroelectric measurement
(Table 1) is in good agreement with that obtained from
dielectric and polarisation studies.

It has been observed that the piezoelectric strain coef-
ficient (ds3) of PLKZT decreases with increase of" K
concentration. The values of electromechanical cou-

r
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Figure 7 Temperature dependence of remanent polarizat@h ¢f

pling coefficientsKy, k1), frequency constant (FC) and p| k77 at 50 Hz.

mechanical quality factorQy,) are listed in Table IlI.

—

6.15 uC/cm?

H

7.00 uClem?

—
1.51 kV/cm

2

'—'
4.85 uC/cm

—
4.23 kV/cm

'_.l
3.38 kV/cm

Figure 6 Room temperature P-E hysteresis loop of PLKZT at 50 Hz.
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4. Conclusions
The sol-gel prepared PLKZT ceramics were found to

be very fine and homogeneous. The interplanar spacintp:

of the materials calculated from TEM and XRD were
found to be very much comparable. The particles ap-

pear to be spherical. The grain size increases with the;

increase of doping concentration of KThe transition

temperature, dielectric constaRt,andE; increase and 18.

Qn decreases with the increase of Koncentration. So
a composition of donar and acceptor doped PZT ma-

T 10.
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