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Determination of compositional fluctuation
region in solid solution of lanthanum-modified
lead zirconate titanate
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A method was developed to determine a compositional fluctuation region in
Pbi_,La,(Zr,Ti;_x)1-(,,403 (PLZT) solid solution in the tetragonal region. The
compositional fluctuation in PLZT extends two-dimensionally on the phase diagram. The
method described in this paper utilized the fact that the compositional fluctuation region
extends to the composition lines whose lattice spacing corresponds to the higher or lower
fluctuation limit. The fluctuation limits of the lattice spacings were estimated from X-ray
diffraction analysis. This method revealed that the compositional fluctuation in PLZT is
difficult to be eliminated by using a conventional dry method (mixed oxide method). The
shape of the region indicated that homogenization of Zr*t and Ti** was more difficult as
compared with that of Pb?* and La3®*. © 2001 Kluwer Academic Publishers

1. Introduction We have studied methods for the determina-
Perovskite-type (AB®) solid solution of lanthanum- tion of the compositional fluctuation region in the
modified lead zirconate titanate, Phla, ternary perovskite-type solid solutions of Ph(Zr
(ZrxTi1—x)1-(y40s (PLZT), has attracted great Ti1_x)1-y(Mg1/3Tag/3)yOz [6], Pb(ZiTii_x)1-y
attention of many researchers because of its interestin@1g1,3Nb2/3)yO3 [7], Pb(Z5Ti1 — x)1-y(Mg1/2W1/2)yO3
and excellent properties [1, 2]. The phase diagram fof8], and Pb(Z%Ti1_x)1-y(Co/3Nby/3)yO3 [9]. The
PLZT was studied in details by G. H. Haertling [1]. methods revealed that these solid solutions have a com-
The addition of lanthanum to the lead zirconate-leadpositional fluctuation when they were fabricated using
titanate solid solution system lowers Curie temperature@ conventional dry method (mixed-oxide method).
and brings about the diffuse phase transition. ElecThe methods also clarified that the compositional
tromechanical coupling coefficient shows a maximumfluctuation affected the temperature dependence of
when the composition approach the phase boundargfielectric constant [10].
between the rhombohedral ferroelectric phase and InPLZT, many properties significantly depend on the
the tetragonal ferroelectric phase. Three types ofomposition as mentioned above. To obtain the excel-
electrooptic birefringence characteristics (e.g., linearlent properties of PLZT, the compositional fluctuation
memory, and quadratic electrooptic behaviors) ards one of the most important factors. In this paper, we
observed in the corresponding compositional regions.present a method to determine the compositional fluc-
Solid solutions tend to have a compositional inhomo-tuation region in PLZT and discussions of character-
geneity (compositional fluctuation) [3-5]. In the caseistics of its compositional fluctuation estimated by the
of the solid solution having two compositional param- method.
eters, the compositional fluctuation is represented as
a two-dimensional region on the phase diagram. The
size and shape of the region depend on the condition2. Experimental procedure
of synthesis such as particle size, mixing level of raw-2.1. Sample preparation
powders, firing temperature and period, and so on. ISamples were prepared by the conventional dry
the solid solution has a large dependence of propertynethod. Reagent-grade powders of PbQQAaZrO,,
on the composition, the property depends both on thend TiG, were carefully blended in appropriate pro-
compositional fluctuation region. Though it is essentialportions and mixed thoroughly with an agate mortar
to establish methods to determine the compositiona&nd pestle. The mixture was pressed into powder com-
fluctuation region in solid solutions, such method forpacts. The powder compacts were sintered in a double
PLZT system has not been studied well. closed magnesia crucible [7] with a pellet of equimolar
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mixture of PbO and Zr@as a source of PbO vapor. For  The compositional fluctuation obeys the normal dis-
a measurement of the lattice constants the powder contribution curve generally. So the shape of the compo-
pacts were calcined at 1200 for 2 h and sintered at sitional fluctuation region can be assumed to be an el-
1200 C for 2 h. In this paper, the sintered sample is abdipse. The ellipse area should extend to the lines of
breviated as PLZT, y), wherex andy indicate the in-  composition that have higher or lower limit of the lattice
tended composition in Rb yLay(ZryTi1—x)1-(y/4)03.  spacing. When the lines for several planes whose equal
lattice spacing lines have various shapes are drawn, the
ellipse region that touches all of these lines will be
limited. The compositional fluctuation region can be

2.2. X-ray diffraction analysis regarded as this ellipse region.

The powder X-ray diffraction data for the fired samples
were obtained with Ni filtered Cu Kradiation. In order

to determine the lattice constants of tetragonal PLZT, ..
the 002 and 200 diffraction lines were chosen and pur%‘ Application of the method

Si powder (99.99%) was used as an internal standar _h_e relation between the lattice constants and compo-
to calibrate the systematic errors in the peak position. Sition for tetragonal Pl yLay (ZryTiz - x)1—(y/4)Os is

The fluctuation of lattice spacings were determineGIShOWn in Fig. 1. From this relatipn, equal .Iattice spac-
for the widths of the 0Q hkO, hoh, hhh, and 311 N9 lines were obtained on the diagram (Figs 2—-6). Itis
’ . ’ Hbvious that the shape of these lines differ from lattice

plane to lattice plane. Thus, the compositional fluctu-
ation region can be determined from the measurement
of g of these lattice planes.

following equation using the least-squares analysis:

| (26 A 0.5A
(29) = {1+ B(20 — C)?} + {1+ B(20 —C —$)?}

0.420
wherel (20) is the intensity at an angle2$ is the line
splitting by the doublet of Cu K and K,,, and A, B 0415 x=0.2
andC are constants. By means of this fit, widths at half ' ‘
maximum intensity (WHI) for an X-ray of single wave-
length of K,, were obtained. From this method WHIs ’g 0.410
of Si were determined. The WHI of Si can be seen as =
a width establishing the resolving power of the appa- &
ratus. These values were plotted agaimsir?order to g 0.405 x=0.5
obtain the resolution width at any angle. The resolution §
width at the diffraction angle of the sample was sub- g
tracted from the WHI of the sample, resulting inavalue @ 0.400
B [11], which is the net width of the sample. Eé

0.395 x=0.1

x=0

3. Method
In general, lattice constants of solid solutions vary with 0.390
composition. The equal lattice spacing line on aternary
diagram for any lattice planes can be estimated from 0.385 \ ; |

1

the relation between the composition and the lattice 0 0.05 0.10 015 020 0.25
constants. Many tetragqnal soliq sol_utions that contain y in PbjyLay(ZexTis)1-6/4)03
PZT have the equal lattice spacing lines whose shapes
differ from lattice plane to lattice plane. This is due Figure 1 Relation between lattice constants and composition for
to the different dependencies of the length of a- andPbi-yLay(ZrxTi1—x)1-(y/4)0s. (@):a-axis, 0):c-axis.
c-axes on the composition. So, the fluctuation of each
lattice p_Iane is differently affected by the compositional PbZrOs X PTiOS
fluctuation. 0.6 05 04 0 0

The fluctuation of the lattice spacings can be deter- <
mined from the value oB. The plots of8 cos6 vs.
sin 6 (wheref is the Bragg angle) for diffractions from
a certain plane and its higher order diffractions must 0.10
theoretically be fitted on a straight line [12]. The slope ! 1)’
of this line corresponds to the fluctuation of the lattice -Ho.15
spacing,Ad/d. The higher limit of fluctuation of the

(100)
N 0.05

lattice spacing can be assumed todger- (Ad/2) and 0.20
the lowerdy — (Ad/2), whered, is the average lattice 0.25
spacing. The compositions whose lattice spacing cor- v
responds to the higher fluctuation limit or lower one are

on a curve on the phase diagram. Figure 2 Equal lattice spacing lines for (100) plane of PLZT.
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Figure 3 Equal lattice spacing lines for (001) plane of PLZT.
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Figure 4 Equal lattice spacing lines for (111) plane of PLZT.
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Figure 5 Equal lattice spacing lines for (101) plane of PLZT.
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Figure 6 Equal lattice spacing lines for (311) plane of PLZT.
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Figure 7 Plots of 8 cosé vs. sind for PLZT-(0.2, 0.05) prepared by
the dry method with the conditions of calcining at 12@for 2 h and
sintering at 1200C for 2 h.

Fig. 7 shows the plots g8 cosé vs. siné for the
h00, 00, hhh, hOh, and 311 diffraction peaks of PLZT-
(0.2,0.05) prepared by the dry method with conditions
of calcining at 1200C for 2 h and sintering at 120C@
for 2 h. The plots 0h00, 00, hhh, andhOh diffractions
were fitted on straight lines, so that the slopes were es-
timated. The intercepts of the lines at gin= 0 for all
the diffractions must be theoretically the same, which
depends on the crystallite size of the sample. The plots
of (3n n n) diffraction peaksif > 2) could not be ob-
tained because of difficulty of the measurement. Thus
the plot of (311) planes was linearly connected with
the intercept mentioned above, and then the slope was
estimated. Fig. 8 shows the lines of compositions cor-
responding to the fluctuation limits of lattice spacings
and the compositional fluctuation region ellipse esti-
mated from these curves. It was obvious from Fig. 8 that
the compositional fluctuation region was considerably
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In the case of PLZT, many properties (e.qg., dielectric
constant, electromechanical coupling coefficient, elec-
trooptic birefringence and hysteresis loop) have large
dependence on the composition [1, 2]. This means that
these properties must be affected greatly by the compo-
sitional fluctuation. To obtain the excellent properties
from PLZT, or to study the structure and the properties
of PLZT, it is necessary to prepare the sintered body
having no compositional fluctuation.

0.20 5. Conclusions

In this study, we developed the method for the de-
termination of the compositional fluctuation region in
Figure 8 Compositional lines corresponding to higher and lower fluc- Phy _ yLay(erTil—x)l—(y/4)O3 by using X_ray diffrac-
tuation limits of lattice spacings and compositional fluctuation region tion analysis. The shape of the equa| lattice Spacing

estimated for PLZT-(0.2, 0.05) prepared by the dry method with the,. . 3
conditions of calcining at 120GC for 2 h and sintering at 120C lines for tetragonal PLZT on the phase dlagram dif

Y

for2h. fered from lattice plane to lattice plane. The composi-
tional fluctuation region could be determined by mea-

surements of higher and lower fluctuation limits of sev-

PbZrOs X POTIO eral lattice spacings. This method revealed that PLZT

prepared by the conventional dry method had the com-
positional fluctuation in both A-site cations and B-site
cations. The shape of the compositional fluctuation in-
dicated that homogenization of B-site cations was more
difficult than that of A-site cations. Elimination of the

0.05

O'IOly compositional fluctuation was difficult even if the sam-
ple was sintered with conditions of a high temperature
and a long period.
0.15
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