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Abstract Ceramic powders of the Pb(Zn;;3Tay;3)Os-
introduced BaTiOs;-PbTiO; system were prepared
using a B-site precursor method. Perovskite formation
tendencies of the system compositions were deter-
mined by X-ray diffraction. Weak-field low-frequency
dielectric properties of the sintered ceramics were
investigated. Dielectric constant spectra were further
analyzed in terms of diffuseness. Internal microstruc-
tures of the ceramics were also examined.

Introduction

Barium titanate and lead titanate, BaTiO3z and PbTiO3
(BT and PT), are well-investigated perovskites of a
tetragonal symmetry (at room temperature). BT and
PT can be readily prepared by solid-state reactions
between constituent chemicals. Dielectric constant
spectra of the two compounds are quite sharp with
little frequency-dependent relaxation. Dielectric max-
imum temperatures of the BT-PT binary system were
in the range of 120-490 °C.

Compared with BT and PT, lead zinc tantalate
Pb(Zny;3Ta,;3)O5 (PZT) is a much less studied com-
position. Formation of a perovskite structure in PZT
has not been accomplished by any means so far [1-6].
Instead, only a pyrochlore structure resulted. However,
preparation of perovskite lead zinc niobate Pb(Zny ;3
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Nb,3)O5 (PZN) has been successful, when high pres-
sures [7, 8], flux-assisted crystal growth [9-11], or
mechanochemical reaction routes [12, 13] were
employed. Therefore, the inability to synthesize the
perovskite PZT can be attributed, at least in part, to
the smaller electronegativity difference [14] of Ta—O
(as compared with that of Nb-O in PZN), which would
favor the formation of the pyrochlore of higher
covalency. The failure can also be attributed to the
somewhat larger size [15] of the Zny,3Ta,/;; complex for
the sixfold lattice sites formed by oxygen octahedra. It
should be noted that PZT in the present paper does not
stand for Pb(Zr,Ti)Os, but rather for a Ta-analog of
Pb(Zny;3Nb,3)O3. Nor does the expression of Pb(Zn 3
Tay;3)O3 (or PZT as well) indicate the formability of a
perovskite structure.

In the present study, 20 mol% PZT was introduced
into the (Ba,Pb)TiO3 perovskite system and the effects
of the compositional modification on the perovskite
formation and dielectric properties were investigated.
In the powder synthesis, B-site precursor compositions
were separately prepared, prior to reactions with the
remaining components. The two-stage reactions of a
B-site precursor method [16, 17] (a more comprehen-
sive term for the so-called columbite process [18]) were
employed to suppress the formation of pyrochlore, the
presence of which (even in small quantities) has been
well documented to be detrimental to dielectric prop-
erties [1, 19, 20].

Experimental procedure

The 20 mol% Pb(Zn;3Ta,;3)Oz-modified (Ba,Pb)TiO;
system can be formulated as 0.2Pb(Zn;;Tay;)O03—



J Mater Sci (2007) 42:298-301

299

(0.8—X)B3.Ti03—XPbTiO3, i.e., (Pb0.2+xBa0.g,x)[(Zn1/3
T32/3)0.2Ti0.8]03 or 02PZT—(08—X)BT—XPT in short.
Several compositions (ranging from x = 0.0 to x = 0.8
at regular intervals of 0.2) of the system were selected
for investigation. Starting materials were high-purity
chemicals of PbO (99.5%), BaCO; (99.9%), ZnO
(99.8%), Ta,0s5 (99.9%), and TiO; (99.9%).

As the B-site compositions of [(Zny;sTays3)oz
Tigg]O, were identical throughout the compositions
(regardless of x), the precursor powders were prepared
as a common batch by wet-milling (ZrO, media) under
alcohol for 12 h of the required chemicals in stoichi-
ometric proportions, followed by drying and calcina-
tion at 1,200 °C for 2 h in a covered alumina crucible.
The steps from milling to calcination were repeated
one more time under identical conditions to promote
phase development. The precursor powders were then
mixed with appropriate amounts of PbO and BaCOs,
and calcined at 800-850 °C for 2 h. The calcination
procedures were again repeated one more time at
800-1,000 °C with intermediate milling and drying
stages. Calcined powders were examined by X-ray
diffraction (XRD, CuKo, 30 kV, 30 mA, scanning
speed = 4°20/min) after each heat-treatment stage to
identify the phases formed. Thus-prepared 0.2PZT-
(0.8-x)BT—-xPT powders (with the addition of 2 wt%
polyvinyl alcohol as binder) were pressed into pellet
forms (10 mm in diameter and ~2 mm in thickness),
followed by further isostatic compaction at ~100 MPa.
The samples were embedded in identical composition
powders and fired for 1 h at 1,250-1,300 °C in a
multiple-enclosure inverted-crucible setup [21]. Major
faces of the sintered ceramics were ground/polished to
attain parallel sides, onto which Au was sputtered as
electrical contacts. Low-frequency (1-1,000 kHz)
dielectric constant values of the ceramics were measured
under weak-field (1 V,,¢/mm) conditions, while the
temperature was lowered. The samples were fractured,
Au-coated, and the internal structures were examined
using a scanning electron microscope.

Results and discussion

An X-ray result of the B-site precursor [(Zny;3Ta5/3)o.
Tigg]O, powder is illustrated in Fig. 1, along with the
proﬁles of [(Zn1/3Ta2/3)1/2Ti1/2]02 and T102 rutile
(ICDD Nos. 39-292 and 21-1276, respectively) for
comparison. Angular positions of the precursor powder
were located between respective reflections of [(Zny3
Tay;3)12Ti1/2]O, and TiO,, indicating mutual dissolu-
tion of the two components into each other. Therefore,
it can be concluded that the structure of the synthe-

sized powder is a monophasic solid solution formed
between the two rutiles. Theoretical resolution of the
precursor composition [(Zny;3Tay;)02Tips]O, as 0.4
[(ZH1/3TE[2/3)1/2Ti1/2]02 + 06T102 validates this conclu-
sion. Moreover, positions of the precursor pattern were
slightly closer to those of TiO,, confirming the nominal
ratio of [(Zn1/3T32/3)1/2Ti1/2]021Ti02 = 4:6.

X-ray diffractograms of the 0.2PZT-(0.8-x)BT—xPT
system are contrasted in Fig. 2, in which only a
perovskite structure was observed throughout the
compositions. Hence, the perovskite yields of Inerov./
(Iperov. + Ipyro.) Were 100% in spite of the incorpora-
tion of 20 mol% PZT of pyrochlore-prone nature. The
pattern of x = 0.0 was (pseudo)cubic, whereas several
reflections started to split as the values of x increased,
leading to a morphotropic phase boundary around
x = 0.2. Development of the tetragonal symmetry was
most pronounced at x = 0.8. It is interesting to note
that the tetragonal symmetry of BT was completely
diluted at x = 0.0 (0.2PZT-0.8BT) by the incorporation
of 20 mol% PZT, whereas that of PT still survived at
the same condition of x = 0.8 (0.2PZT-0.8PT). This
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Fig. 1 XRD result of the B-site precursor composition [(Zny;
Tay;3)02Tips]O2, as compared with the profiles of rutile [(Zny/s
Tay3)1/2Tiy2]O, and TiO,
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Fig. 2 XRD patterns of the 0.2PZT—(0.8-x)BT—xPT system
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difference can obviously be attributed to the greater
tetragonality value of PT (c/a = 1.065, ICDD No.
6-452), as compared with 1.011 of BT (ICDD No. 5-626).
Relative densities of the sintered ceramics were 94.0—
97.5% of theoretical.

Dielectric constant spectra of the system ceramics
are displayed in Fig. 3. Dependence of the dielectric
maximum temperature upon composition is also plot-
ted in the inset. At x = 0.0, the spectra were rather
broad, with the maximum values of 7,150 (-114 °C),
6,550 (-97 °C), 5,520 (72 °C), and 3,860 (43 °C) at 1,
10, 100, and 1,000 kHz, respectively. A very strong
shift in the peak temperatures (71 °C over the
1-1,000 kHz range) at x = 0.0 is noticeable. Moreover,
the values at 1 MHz showed a quite broad plateau,
which might be quite useful for practical applications.
At 0.4 < x, however, the phase transition modes were
quite sharp with almost negligible frequency depen-
dence. For instance, the maximum values of x = 0.6
were 14,100, 14,000, 13,800, and 13,700 all at 275 °C at
the four frequency decades.

The dielectric constant spectra in the paraelectric
temperature range were analyzed in terms of diffuse-
ness. Two relative measures of the diffuseness charac-
teristics are the diffuseness exponent (y) and the
degree of diffuseness (C/K.x), details of which can
be found elsewhere [4, 5, 22-25]. Intermediate results
are presented in Fig. 4, where final values of the two
parameters are included in the inset. As shown, the two
parameters were considerably larger at BT-rich com-
positions, whereas the values decreased almost contin-
uously with increasing x (PT fraction). The overall
decreases in the two parameters are, of course,
intimately associated with the dielectric constant spec-
tra (Fig. 3).
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Fig. 3 Dielectric constant spectra of the system ceramics.
Variation of the dielectric maximum temperature with compo-
sitional change is included in the inset
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Fig. 4 Log(1/K-1/Kax) versus log(T-Tp.x) plots, with deter-
mined values of the diffuseness exponent (y) and degree of
diffuseness (C/Kyax) plotted in the inset

A representative microstructure (x = 0.4) of the
fractured surface is shown in Fig. 5. Typical morphol-
ogy of well-developed multifaceted polyhedral perov-
skite grains with little porosities is observable.
Moreover, the fracture modes were preferentially
intergranular. Other compositions of the system also
showed similar internal structures, with average grain
sizes of 2-3 um.

Summary

A fixed amount of 20 mol% Pb(Zny;Ta,;3)O5 was
substituted into the (Ba,Pb)TiO; system and subse-
quent properties were characterized. Only a rutile solid
solution was identified in the common B-site precursor
composition of [(Zn3Tay3)02Tiog]O,. After the reac-
tions of the precursor powder with the remaining
components, only a perovskite structure was detected
throughout the system compositions. (Pseudo)cubic

Fig. 5 Fractomicrograph of x = 0.4
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symmetries developed at low values of x (i.e., BT-rich
compositions), whereas tetragonal symmetries became
pronounced with increasing x. Dielectric constant
spectra of the BT-rich compositions were quite broad
and exhibited frequency-dependent dielectric relaxa-
tion. In contrast, the spectra became quite sharp with
little dispersion at high values of x. The dielectric
maximum temperatures of the ceramics increased
almost linearly with the compositional change: -
114 °C (x = 0.0) to 367 °C (x = 0.8) at 1 kHz. Magni-
tudes of the two diffuseness parameters decreased
continuously with increasing x in general. Microstruc-
tures of the sintered ceramics were composed of well-
developed perovskite grains of 2-3 pm in size.
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