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Abstract—X-ray structural, X-ray phase, and dilatometric analyses were used to explore specific features of
the formation of solid solutions in the (1 — x)SrTiO3;—xBiScO;3 system with x = 0.0, 0.1, 0.2, 0.3, 0.4, and 0.5.
It was found that the synthesis of solid solutions from the initial Bi,O3, Sc,03, TiO,, and SrCO3 components
is accompanied by a considerable increase in the linear dimensions of the samples, depending on their com-
position. Solid solutions with x > 0.1 are formed through intermediate phases (SrsBigO4 at x = 0.2;
St 7By 7,04 atx = 0.3; and Sty 55Big 7501, 33 at x = 0.4 and 0.5). It was shown that the samples with x = 0.2,
0.3, 0.4, and 0.5 have two phases: one with a cubic Pm3m structure and one with a tetragonal 14/mcm struc-

ture.

INTRODUCTION

A problem of great interest to physical materials
science is the development of lead-free ceramic mate-
rials [1—3]. Lead-free ceramic systems are sought
among solid solutions whose phase equilibrium dia-
grams include a morphotropic interface at which the
physical properties of the system can reach their
extreme values [4, 5]. The SrTiO;—BiScO; system is a
new system of great interest for investigations regard-
ing the development of future functional materials
with ferroelastic and ferroelectric properties.

In this system, SrTiOj; is a virtual ferroelectric with
a cubic structure at room temperature [6]. As the tem-
perature decreases, a series of phase transitions (a fer-
roelastic transition from a cubic to a tetragonal struc-
ture at 110 K; a transition to a rhombic phase at 65 K
and the final formation of a rhombohedral structure
below 10 K) takes place in the strontium titanate.
None of these transitions is ferroelectric. Unlike
SrTi0;, the BiScO; compound has been studied
poorly since it is difficult to produce. Because of the
large difference between the ionic radii of Bi and Sc,
BiScO; compound is formed only under the condi-
tions of high-temperature synthesis at high pressures
of ~6 GPa [7]. At room temperature, BiScO; has a
monoclinic structure. The question as to the presence
of any structural phase transitions in this compound
remains open. Since the edge components in the
SrTi0;—BiScO; system have different structures at
room temperature, it may be expected that at some
concentrations, a transition from one structure to
another will take place in solid solutions based on this
system. In other words, the phase diagram will have a
region of morphotropic solid solutions.

The aim of this work was to experimentally deter-
mine and study the specific features of the formation
of lead-free ceramic solid solutions based on the
SrTiO;—BiScO; system.

EXPERIMENTAL

Standard ceramic technology was used to synthe-
size (1 —x)SrTi0;—xBiScO; compounds with concen-
trations x = 0.0, 0.1, 0.2, 0.3, 0.4, and 0.5. The initial
components were Bi,O;, Sc,0;, TiO,, and SrCO;
powders taken in a stoichiometric ratio. The billets
were formed as cylinders 25 mm long and 5 mm in
diameter via cold isostatic pressing (400 MPa). The
billets were synthesized at a temperature of 800°C,
and sintering was performed at 1300°C.

The synthesized materials were studied by dilatom-
etry on a NETZSCH DIL 402 C high-temperature
dilatometer, and by X-ray structural and X-ray phase
analyses on a Rigaku Ultima IV powder diffractometer
(CuK,, radiation).

The results from the dilatometric analysis are
shown in Fig. 1. As can be seen from this figure, the
length of all test samples withx = 0.1, 0.2, 0.3, and 0.4
changed monotonically with growing temperature.
The temperature dependences of relative deformation
were qualitatively similar for all the compositions
studied. For example, the elongation of the samples
was negligible during heating to a temperature of
~850°C; the samples then elongated considerably at
temperatures from ~850 to ~1050°C; and a section
with a weak temperature dependence of relative defor-
mation was observed above ~1050°C. The maximum
elongation of the samples depended on their composi-






REFERENCES

. New Piezoelectric Ceramics with 7, > 1000°C for
Operation to  800°C,  Synmthesis  Report no.
BREU/CN9200254, 1995, pp. 1—-15.

. CRAFT—Program “lead—Free Piezoelectric Ceram-
ics Based on Alkaline Niobate Family, 1998.

. Turner, R.C. et al., Appl. Acoust., 1994, vol. 41, p. 299.

. Smolenski, G.A., Isupov, VA., Agronovskaja, A.L., and

Popov, N.B., Phys. Solid State, 1961, vol. 5, p. 2584,

. Seung-Eek Park and Shrou, TR., IEEE Trans. Ferro-

electrics and Frequency Control, 1997, vol. 44, p. 1140.

. Smolenskii, G.A., Bokov, VA., Isupov, VA, et al., Fiz-

ika segnetoelektricheskikh yavlenii (Physics of Ferro-
electric Phenomena), Leningrad: Nauka, 1985.

. Inaguma, Y., Miyaguchi, A., Yoshida, M., etal., J. Appl.

Phys., 2004, vol. 95, no. 1, p. 231.



