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Abstract— Ceramic samples of the (1—x)SrTi03—(x)BiSc03 system with x = 0, 0.05, 0.1, 0.2, 0.3, 0.4, and 
0.5 have been synthesized for the first time. X-ray diffraction data showed that the samples with x = 0.2, 0.3, 
and 0.4 at room temperature comprise the mixture of two phases: (i) cubic nonpolar phase with Pm3m struc
ture and (ii) tetragonal polar phase with PAmm structure. The temperature dependences of permittivity and 
dielectric loss tangent of these samples exhibit anomalies characteristic of ferroelectrics with diffuse phase 
transitions.

Strontium titanate SrTi03 (STO) possesses a cubic 
structure at room temperature and exhibits phase tran
sitions to a tetragonal phase at 110 K, then to an 
orthorhombic phase at 65 K, and eventually a rhom- 
bohedral phase is formed below 10 K. Although STO 
exhibits no ferroelectric activity, it is considered as a 
potential ferroelectric system in which the ferroelec
tric phase transition is suppressed by quantum fluctu
ations [ 1]. However, the substitution of Sr ions in sub
lattice A and/or Ti ions in sublattice B of the perovs- 
kite-like (AB03) structure of STO by other ions 
introduced either as impurities or as components of 
solid solutions with STO can initiate the ferroelectric 
phase transition [2]. Compound BiSc03 (BSO) pos
sesses a monoclinic structure at room temperature. 
The question concerning structural phase transitions 
(including ferroelectric) in this compound is still 
open [3].

The STO—BSO system is new and practically 
unstudied. Since the terminal compounds in this sys
tem possess different room-temperature structures, 
one can expect that the STO—BSO system at certain 
concentrations would exhibit transitions from one to 
another structure, including the transitions via inter
mediate phases possessing ferroelectric properties due 
to a partial substitution of Sr ions by Bi ions and Ti ions 
by Sc ions. It should be noted that BSO has been 
widely used in recent years for the creation of binary 
and ternary solid solutions such as BaTi03—BiSc03 
[4], (Kq 5Bio 5)Ti03—BiSc03—PbTi03 [5], and some 
other.

The present study was aimed at obtaining ceramic 
samples of the STO—BSO system and characterizing 
the synthesized compounds as potential ferroelectrics.

Ceramic samples of the (1—x)STO—(x)BSO system 
w ith x =  0, 0.05, 0.1, 0.2, 0.3, 0.4, and 0.5 have been 
synthesized from mixtures of ScC03, T i02, Bi20 3, and 
Sc20 3 powders taken in preset stoichiometric ratios. 
The synthesis was performed in two stages involving 
the heat treatment at 1073 K (4 h) and 1123 K (4 h). 
Prior to sintering, the synthesized powder was com
pacted by means of cold isostatic pressing at 400 MPa. 
The compacted blanks had the shape of 25-mm-long 
cylinders with a diameter of 8 mm. These compacts 
were sintered at various temperatures depending on 
the composition, beginning with 1623 K for a sample 
with x = 0. As the BSO content x was increased, the 
sintering temperature was decreased (to 1543 K forx = 
0.5) for the same treatment time of 5 h. the synthesis 
and sintering stages were carried out in air.

The structure of sample was studied by X-ray dif
fraction (XRD). The measurements were performed 
on a Rigaku Ultima IV diffractometer using Ni-fil- 
tered CuA ,̂ radiation. The dielectric permittivity s and 
loss tangent tan5 were measured at a frequency of 
1 MHz on an RLC meter of the BR2876 type.

Figure 1 presents the typical XRD diffractograms 
of ceramic samples measured at 295 K. An analysis of 
these patterns showed that the samples with x = 0.05 
and 0.1 possess cubic Pm3m structures (i.e., retain the 
structure characteristic of pure STO at room tempera
ture). As the BSO content x increases from 0.2 to 0.4, 
the samples become two-phase, which is manifested 
by the appearance of reflections assigned to a phase 
with a tetragonal PAmm structure in addition to the 
reflections typical of the cubic phase. The most pro
nounced evidence for the presence of a phase with a 
tetragonal symmetry is splitting of the (210) peak 
(characteristic of the cubic structure) into three peaks
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Fig. 1. Typical XRD diffractograms of ceramic samples of the (1— x)STO—(x)BSO system with various compositions x. In the 
XRD pattern for the sample with x = 0.5, black circles indicate the reflections due to Bi20 3 and Sc20 3 oxide components.

corresponding to reflections from the (102), (201), 
and (210) planes in the tetragonal structure.

As an example, Fig. 2 compares the XRD patterns 
of samples with x = 0 and 0.3. Note that the presence 
of double diffraction peaks from each plane— which is 
most pronounced for the (210) reflection, while the 
(102)/(201) peaks exhibit overlap that hides their exact 
structure— is caused by the presence of both CuKal 
and CuKa2 radiation components rather than by some 
features of the crystalline structure. The peaks due to 
CuKal and CuKa2 radiation are taken into consider
ation during the full-profile analysis of XRD patterns 
so as to refine the exact peak positions. The experi
mental XRD patterns were processed using a Rigaku 
PDXL program package. The profiles were smoothed 
according to the Savitzky—Golay method [6] and the 
background was subtracted using the Sonnevild—Vis- 
ser procedure [7].

The XRD pattern obtained for a sample with x = 
0.5 displays additional reflections due to Bi20 3 and 
Sc20 3 oxides, which indicate that the initial compo
nents in this mixture do not completely enter into the 
reaction for the formation of a ceramic. For this rea
son, this composition was excluded from the subse
quent stages of investigation.

Since the samples with x =  0.2, 0.3, and 0.4 are 
characterized (according to the room-temperature 
XRD data) by the coexistence of two phases— polar 
phase with a tetragonal P4mm structure and nonpolar 
phase with a cubic Pm3m structure— it can be 
expected that the coexistence of these phases and their 
thermal evolution will lead to specific features in the 
dielectric properties, which are characteristic of the 
ferroelectrics with diffuse phase transitions.

Figure 3 shows the temperature dependences of 
permittivity s and loss tangent tan8 for the samples

with x = 0.2, 0.3, and 0.4. The s(7) curves exhibit 
broad maxima, the heights em and temperature posi
tions Tm of which depend on the composition. As the 
BSO content x  increases, the peaks increase in the 
height and shift toward higher temperatures. It is 
important to note that cooling a sample below Tm is
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Fig. 2. XRD patterns of the ceramic samples containing 
(a) only a cubic phase (x =  0) and (b) a mixture of cubic 
and tetragonal phases (x =  0.3). Vertical bars C and T indi
cate peaks of the cubic and tetragonal phase, respectively.
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Fig. 3. Temperature dependences of (a) dielectric permit
tivity e and (b) loss tangent tanS for ceramic samples of the 
(1—x)STO—(x)BSO system with x =  0.2 (7), 0.3 (2), and 
0.4(5).

accompanied by an increase in the dielectric losses. 
This behavior is characteristic of the ferroelectrics 
with diffuse phase transition [2]. This character of the 
ferroelectric phase transition is inherent in many mul
ticomponent ceramic systems. It can be related to 
composition fluctuations, which lead to disorder in

Experimental data and calculated characteristics of ceramic 
samples of the (1 — x)STO—(x)BSO system

BSO con
tent x Tm, K Q:w>

104K Td, K

0.2 100 167 6.84 320

0.3 312 180 10.42 505

0.4 443 295 19.08 570

the ion sublattice A and/or B of the perovskite struc
ture.

As a result, local regions with different chemical 
compositions and, hence, Curie temperatures appear 
in the crystal. When the temperature is varied, these 
regions (polar nanoclusters) are sequentially involved 
in the phase transformation process and the phase 
transition takes place in a certain temperature interval. 
The growth in tan5(7) on heating the samples above 
-500 K, which can be seen in Fig. 3b, is probably 
related to an increase in the conductivity with the tem
perature.

As is known, the permittivity 8 of the ferroelectrics 
with diffuse phase transition (in contrast to the usual 
ferroelectrics with “sharp” phase transition) obeys the 
Curie—Weiss law not immediately above Tm, but at a 
somewhat higher temperature TA called the Burns 
temperature [7]. The Burns temperature corresponds 
to a situation were the first polar nanoclusters appear 
in the paraelectric matrix during the diffuse phase 
transition from a high-temperature (paraelectric) to 
low-temperature (ferroelectric) phase [8]. The Td 
value is experimentally determined as a point at which 
the e(7) curve for T >  Tm begins to deviate from the 
behavior corresponding to the Curie—Weiss law 
described by the formula

8 ( 7 )  = Q:w 
T -  Tm (1)

where Ccwis the Curie—Weiss constant.

An analysis of the temperature dependences of the 
permittivity at T > Tm in the samples studied allowed 
us to determine their Curie—Weiss constants and the 
Burns temperatures. Experimental data and calcu
lated characteristics of ceramic samples of the (1— 
x)STO—(x)BSO system with x = 0.2, 0.3, and 0.4 are 
summarized in the table.

Thus, we have experimentally confirmed for the 
first time that, in the new STO—BSO binary system 
where both terminal compounds are not ferroelec
trics, intermediate compositions can be synthesized 
that exhibit anomalous dielectric properties charac
teristic of the ferroelectrics with diffuse phase transi
tion.
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