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ABSTRACT. The system BaosSro3Ti1xSnxO3 has been obtained by the peroxomethod. The paper studies the temperature dependencies of the dielectric permittivity
grand the dielectric losses tan & at a frequency of 1 kHz for the following temperature conditions of ceramics calcination: 1250°C, 1300°C, and 1400°C. The ceramic
material composed of Bao7Sro3TiosSno203 and calcinated at 1400°C in the temperature interval 20-120°C has a temperature coefficient of dielectric permittivity
TKe—0 and low dielectric losses. These properties make it suitable for manufacturing thermally stable capacitors of low dielectric losses.

CBOWMCTBA HA Bau7SrosTit+Sn0:s KEPAMUKA MOJTYYEHA NO NEPOKCOMETO[,

PE3IOME. lNonyyeHa e no nepokco MeToa cuctemata BaosSroaTit-xSn«Os. M3cneasanu ca TemnepaTtypHiUTe 3aBUCHMOCTY HA AMENeKTpuYHaTa NMPOHNLAEMOCT & 1
AvenekTpuyHUTe 3arybu tan & npu yectota 1kHz 3a cnefHWS TemnepaTypeH pexuM Ha unuyaxe Ha kepamukata: 1250, 1300, 1400 °C. KepamndHns matepuan cbe
cbeTaB BaorSrosTiosSno20s n3neyeH npu 1400 °C 3a temnepatyphus untepsan or 20 go 120 °C wma TemnepaTtypeH KOE(WLMEHT Ha AVeneKkTpuyHaTa
npoHuuaemoct TKer — 0 1 HUCKM AnenekTpuyHu 3arybu. Tean JaHHM ro MpaBsT NOAXOASLY 3a MPOM3BOACTBOTO Ha TepPMOCTAbUNHM KOHAEH3aTopW, KakTo M 3a

KOHOEH3aTopK C HACKU OUENEKTPUYHA 3ary6|/|.

Introduction

The ceramics obtained on the basis of BaTiOs of perovskite
structure is one of the most important materials in using
multilayer ceramic  capacitors, thermistors of positive
temperature coefficient, etc. It should be noted that the electric
properties of the BaTiOs ceramics can be controlled by slight
modifications by means of doting substances as SrTiOs
(Tsuzuki et al.,1998), Nd203 (Kohler et al., 1996), La203
(Natsuko and Makoto, 1997) and others or depressor agents
as MgTiOs, NiTiOs, ZnTiOs (Parvanova and Andreev 2002),
Bi20s (Yi Zhi et al., 1998), SnOz, ZrO2 and others. The paper
presents the results of the study on the dielectric properties
and resistivity of the solid solutions Bao.7Sro3Ti1xSnxO3 where
x=0.05; 0.10; 0.15; 0.20 mol. The materials were prepared by
using the peroxomethod. Technologically, it has certain
advantages over standard ceramic technologies: the titanates
obtained are characterized by higher purity and homogeneity;
no preliminary grinding of the input materials is required; the
synthesis temperature is considerably lower.

Sample Preparation and Measurements

The input titanates BaTiOs, SrTiO3 were prepared by using the
peroxomethod (Genov et ai., 1988; Maneva and Parvanova,
1995) based on the interaction of a TiCls and Me-salt (Ba?*,
Sr*) solution with H20 and alkalization with NHs to a fixed pH
value. The synthesized peroxo-compounds were sintered at
T=600°C and T=650°C, respectively, until metatitanates were

obtained. The later were identified by an X-ray phase analysis
by using a TUR-U-62 device. SnO2 has 99% purity. The
following compositions were synthesized: BaosSrosTi1xSnxOs
where x=0.05, 0.10, 0.15 and 0.20 mol. The powders were
pressed under P=200x10%Pa. 10% polyvinyl alcohol was used
as plasticizer. The resultant product was disks 7mm in
diameter and 4mm in thickness. They were calcinated at
Tca=1250, 1300, 1400°C for 3 hours, with a 0.5-hour retention
at 360°C and 400°C to gradually evaporate the plasticizer. In
order to make the contact required for the electric
measurements, the disks were metallized on both sides using
silver paste.

The temperature dependence of the capacity and dielectric
losses (tand) were tested at a frequency of 1 kHz by using a
General Radio impedance meter (model 1687). The
temperature dependence of the capacity was measured in a
Heraeus Votsch temperature chamber in a temperature range
from -40°C to +120°C at steps of 5°C.

Results and Discussion

Figs. 1 and 2 show the dependencies of the dielectric
permittivity &r and the dielectric losses tan & of the materials on
the concentration of Sn4* ions. For all three compositions &
increases smoothly, passes through a broad maximum and
decreases at a concentration of Sn#* ions higher than 0.1 mol.
The permittivity has the highest values for materials calcinated
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Fig. 1. Dependence of the dielectric permittivity & of the materials on the
concentration of Sn
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Fig. 2. Dependence of the dielectric losses tan 5 of the materials on the
concentration of Sn

at the highest temperature. A similar dependence is also
observed in the composition studied by Parvanova in which
the depressor agent is Mg2*. The character of change in the
curves of tan 3 is the same as that for & [Fig. 2].

The resistivity pv of the compositions decreases with
increasing the concentration of Sn#* ions and reaches its peak
value for the material calcinated at the lowest temperature.

The properties of BaTiOs ceramics in which the ions (Ba?*)
and (Ti**) are replaced simultaneously with other ions of
suitable valence and ionic radii, depend on the influence of
each admixed ion. By replacing Ba2* ions in the solid solutions
with Sr2* ions, the phase transition temperature T. decreases
inearly, the ceramics (Ba, Sr) TiOs having higher peak values
of permittivity than pure BaTiOs (Cava et al., 1996; Parvanova,
2002; Tavata and Kawai, 1997).

In the system BaO-TiO2-SnO2 small amounts of SnO:
stabilize two new phases of barium titanate — Ba.TisO12 and
BazTisO12 (Jaffe et al., 1971). With increasing the concentration
of Sn# ions the contribution of these phases to permittivity

increases and reaches its peak value at x=0.1 mol, whereas &
and tan & pass through a broad maximum.

The dependence of the resistivity pv of materials on the
concentration of Sn** ions is presented in Fig. 3. The resistivity
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Fig. 3. Dependence of the resistivity py of materials on the concentration
of Sn

5000 |-
[ ]
[ 1
4500 - /
4000 -
3500 |
w
® i
S 3000 | '/
5 2500 F /-
AWz
2000 | = 24 \\
[ \\'
1500 | +* 3 ‘lu
[ YVVVVYY VVVV”““?‘;;;;
1000 + \4
500 bt—t

20 40 60 80 100

Temperature T, °C

-20 O

Fig. 4. Dependence of the dielectric permittivity & on the composition of
the material calcinated at a temperature of 1400°C; 1) x=0.05 mol; 2)
x=0.10 mol; 3) x=0.15 mol; 4) x=0.20 mol

decreases with increasing the concentration of Sn4* ions and
reaches its peak value for the material calcinated at the lowest
temperature. When calcinating the titanates of Ba and Sr
oxygen vacancies occur which participate in the material
conductivity (J. lin and T. Wu, 1990). The concentration of
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these vacancies increases with increasing the concentration of
Sn#* ions and as a result the strength of materials decreases
(Fig. 3). The fact that the material calcinated at the lowest
temperature has the highest py shows that the concentration of
the oxygen vacancies in it has the lowest value.

The dependence of the permittivity & of the material
calcinated at 1400°C on the temperature is shown in Fig. 4.

With increasing the concentration of Sn#t ions the peak
values of ¢ of the material decrease and the phase transition
region expands. The temperature of the tetragonal rhombic
phase transition increases, the rhombic phase stabilizes and &
remains constant in the temperature interval under study.

The experimental dependencies of permittivity and dielectric
losses obtained can also be related to the various
polarizabilities of the ions Ti4* and Sn4*. Sn* has a higher
electronic polarizability that causes an increase in the
spontaneous deformation of the elementary cell. As a result &
and tan 6 decreases with increasing the concentrations of the
ions Sn#, i.e. the ferrohardness of the materials increases.
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