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Abstract 

A method was developed to determine a compositional 
JEuctuation region in the ternary solid solution system 
PbZrU~PbTi0,rPb(Co1,3Nbz,~/O~ (PZTCN) in 
the tetragonal region. The compositional fluctuation 
in the ternary system extends two-dimensionally on 
the phase diagram. The method described in this 
paper utilized the fact that the compositional jluc- 
tuation region extends to the curves of composition 
whose lattice spacing corresponds to the higher or 
lower fluctuation limit. The fluctuation limits of the 
lattice spacings were estimated from X-ray d@rac- 
tion analysis. This method revealed that PZTCN 
prepared by a conventional dry method (mixed oxide 
method) had a considerably large compositional 
fkctuation. 0 1998 Elsevier Science Limited. All 
rights reserved 

1 Introduction 

The perovskite solid solution system PbZrOs- 
PbTiOs (PZT) exhibits many excellent electric 
properties. The large dielectric and piezoelectric 
constants of PZT are found near the morphotropic 
phase boundary (MPB),’ which exists near 
53.5mol% of PbZrOs content.* In ternary solid 
solutions between PZT and another complex per- 
ovskite compound, the MPB extends along a line 
on the phase diagram. 3,4 Therefore, various useful 
properties can be obtained among the various 
compositions along the MPB line. 

Generally, solid solutions tend to have a compo- 
sitional fluctuation. It is known that many solid 
solutions with the perovskite structure also have 

*To whom correspondence should be addressed. 

a compositional fluctuation. The fluctuation is 
especially large when they were fabricated using a 
conventional dry method (mixed-oxide method).5-7 

The compositional fluctuation in the ternary 
system is represented as a two-dimensional region 
on the ternary diagram. The electric properties 
depend on both the size and shape of the region, 
which depend on the condition of synthesis. 
Therefore, it is essential to establish a method to 
determine the compositional fluctuation region in 
the diagram. The relation between the region and 
synthetic conditions should be clarified. However, 
methods for the determination of the composi- 
tional fluctuation has not been studied well. In the 
previous papers, we reported the methods for the 
determination of the compositional fluctuation in 
the ternary solid solutions of PbZr03-PbTi03-Pb 

(Mgl/3Ta& 03,’ PbZrOs-PbTiO3-Pb (Mgi/sNb2/3) 
03,9 PbZr03-PbTiOs-Pb (Mg1,2Wt,2) Os.‘O 

The ternary solid solution of PbZr03-PbTi03- 
Pb (Coi,sNb& 03 (PZTCN) is well-known as the 
material that exhibits high dielectric constants 
(750-1500) and high radial coupling coefficients 
(4&45%)4 near the MPB. This paper describes the 
method to determine the compositional fluctuation 
region in PZTCN. 

2 Experimental Procedure 

2.1 Sample preparation 
Samples were prepared in the following manner. 
Reagent-grade powder of PbO, Zr02, Ti02, Co0 
and Nb20s in appropriate proportions were care- 
fully blended and mixed thoroughly with an agate 
mortar and pestle. The mixtures were pressed into 
powder compacts. The powder compacts were sin- 
tered in a double closed magnesia crucible9 with a 
pellet of equimolar mixture of PbO and Zr02 as a 
source of PbO vapor. For a measurement of the 
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lattice constants the powder compacts were sin- 
tered at 1200°C for 1 h. 

2.2 X-ray diffraction analysis 
The powder X-ray diffraction data for the fired 
samples were obtained with Ni filtered CUKCV 
radiation. In order to determine the lattice con- 
stants of tetragonal PZTCN, the 002 and 200 dif- 
fraction lines were chosen and pure Si powder 
(99.99%) was used as an internal standard to cali- 
brate the systematic errors in the peak position. 

The fluctuation of lattice spacings were deter- 
mined for the widths of the 001, hk0, hOh, and 102 dif- 
fraction peaks. These peak profiles were fitted to the 
following equation using the least-squares analysis: 

1(28) =A/{ 1 + B(28 - c,‘> 

+ 0.5A/{ 1 + B(28 - c - A)*} 

where Z(28) is the intensity at an angle 28, 6 is the 
line splitting by the doublet of CuKc~i and Kcxz, 
and A, B and C are constants. By means of this fit, 
widths at half maximum intensity (WHI) for an X- 
ray of single wavelength of Kc11 were obtained. 
From this method WHIs of Si were determined. 
The WHI of Si can be seen as a width establishing 
the resolving power of the apparatus. These values 
were plotted against 28 in order to obtain the 
resolution width at any angle. The resolution width 
at the diffraction angle of the sample was sub- 
tracted from the WHI of the sample, resulting in a 
value B,” which is the net width of the sample. 

3 Method 

In general lattice constants of solid solutions vary 
with composition. The equal lattice spacing line on 
ternary diagram for any lattice planes can be esti- 
mated from the relation between the composition 
and the lattice constants. Many tetragonal solid 
solutions which contain PZT have the equal lattice 
spacing lines whose shapes differ from lattice plane 
to lattice plane. This is due to the different depen- 
dencies of the length of a- and c-axes on the 
composition. So, the fluctuation of each lattice 
plane is differently affected by the compositional 
fluctuation. 

The fluctuation of the lattice spacings can be 
determined from the value of/L The plots of j3 cos 
8 versus sin 8 (where 0 is the Bragg angle) for dif- 
fractions from a certain plane and its higher order 
diffractions must theoretically be fitted on a 
straight line. I2 The slope of this line corresponds to 
the fluctuation of the lattice spacing, Ad/d. The 

higher limit of fluctuation of the lattice spacing can 
be assumed to be (lo + (Ad/2) and the lower 
&(Ad/2), where do is the average lattice spacing. 
The compositions whose lattice spacing corre- 
sponds to the higher fluctuation limit or lower one 
are on a curve on the ternary diagram. 

In general the compositional fluctuation obeys 
the normal distribution curve. So the shape of the 
compositional fluctuation region can be assumed 
to be an ellipse. The ellipse area should extend to 
the curves of composition that have higher or 
lower limit of the lattice spacing. 

Innumerable ellipse regions satisfy this require- 
mcnt (Fig. 1). When the curves for several planes 
whose equal lattice spacing lines have various 
shapes are drawn, the ellipse region which touches 
all of these curves will be limited (Fig. 2). The 
compositional fluctuation region can be regarded 
as this ellipse region. 

4 Application of the Method 

The relation between the lattice constants and 
composition for tetragonal Pb (Zr,Tii_,)i_, (Coii3 
Nb2&03 is shown in Fig. 3. From this relation, 
equal .lattice spacing lines were obtained on the 
diagrams (Figs 4-7). Figure 8 shows the plots of ,8 
cos 0 versus sin 0 for the OOI, hkO, hOh and 102 dif- 
fraction peaks of Pb(Zro.zTio.8)0.8(Co113Nb2~~) 0.20s 
fired at 1200°C for 1 h. The plots of 001, hkO and 
hOh diffractions were fitted on straight lines, so that 
the slopes were estimated. The intercepts of the 
lines at sin 8=0 for all the diffractions must be 
theoretically the same, which depends on the crys- 
tallite size of the sample. The plots of (n 0 2n) dif- 
fraction peaks (n > 2) could not be obtained 
because of difficulty of the measurement. Thus the 
plot of (102) planes was linearly connected with the 
intercept mentioned above, and then the slope was 
estimated. 

/ b 
PbTi0.t PbZrO., 

Fig. I. Curves of compositions corresponding to the distribu- 
tion limit of lattice spacing for a certain lattice plane, and the 

possible compositional fluctuation regions. 
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Figure 9 shows the curves of composition corre- 
sponding to the fluctuation limits of lattice spa- 
cings and the compositional fluctuation region 
ellipse estimated from these curves. The composi- 
tional fluctuation region was revealed to be con- 
siderably large. PZTCN had larger compositional 

Pb(ComNbm)O3 

f 

PbTiO3 PbZr03 

Fig. 2. Relation between a compositional fluctuation region 
and curves of compositions corresponding to the determina- 

tion limit of lattice spacings for several lattice planes. 
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Fig. 3. Relation between lattice constants and composition for 

Pb (Zr,Tit~,)t-, (Cot/sNb2/@3. 

Fig. 4. Equal lattice spacing curves for (001) plane of PZTCN. 
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Fig. 7. Equal lattice spacing curves for (100) plane of PZTCN. 

fluctuation than other ternary systems, such as 
PbZrOs-PbTi03-Pb(Mgi,jTa2,s)Oj, * PbZrOs-Pb- 

TiO3-Pb (Mgi/sNb2/3) 03, 9 PbZrOs-PbTiOs-Pb 

(Mgi/zWi/z) 03. lo As for PZTCN, dielectric con- 
stant and radial coupling coefficient have large 
dependence on the composition.4 This means that 
the electric properties can be affected greatly by the 
compositional fluctuation. In order to obtain the 
excellent electric properties from PZTCN, it is 
necessary to prepare the sintered body having the 
compositional fluctuation as small as possible. 

Pb(CotnNbm)Os 

PbTi03 
* 

0.2 0.4 PbZrOs 
x 

Fig. 5. Equal lattice spacing curves for (102) plane of PZTCN. 

Pb(ComNbzn)O3 
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x- 

Fig. 6. Equal lattice spacing curves for (101) plane of PZTCN. 
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Fig. 8. Plots of /I cos B versus sin 0 for Pb(Zro_2Ti0.&,.8 (Col,j 
Nb213)0.203 fired at 1200°C for 1 h. 

Pb(ComNbm)O3 
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Fig. 9. Compositional fluctuation region estimated for 
(Zra.zTi,&.s (Co113Nb2&203 fired at 1200°C for 1 h. 

Pb 

5 Conclusion 

The compositional fluctuation region in the ternary 
solid solution of PbZrOs-PbTiOs-Pb (Cor,3Nb,,s) 
Os, system could be determined by a measurement 
of width of several X-ray diffraction peaks. The 
shape of the equal lattice spacing lines of PZTCN 
differed from lattice plane to lattice plane, as well 
as the other ternary system investigated previously. 
This method revealed that PZTCN prepared by a 
conventional dry method had a large composi- 
tional fluctuation. 
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