Sozopol, Bulgaria, June 28-30, 2018

Influence of the Doping Additives on the Properties of the
Synthesized Barium Titanate

Ivaylo Lazarov! and Anka Zheglova?

Abstract — In this paper are investigated influence of the
different doped additives on the properties of the synthesized
barium titanate. For composition BaTiOs + 1mol%HsBO3 have
been obtained the highest values for the density, relative
shrinkage and the relative permittivity at the temperatures of
sintering 1200°C and 1250°C. The adding of the 0.05mol%6Bi203
and 0.05mol%Sn0O:z increases the values of the relative
permittivity. For these compositions is observe the diffuse phase
transitions in the temperature dependencies of the dielectric
permittivity.
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. INTRODUCTION

Barium titanate is one of the most studied ferroelectric
materials due to its excellent properties and high values of the
dielectric permittivity. BaTiOs — based ceramics are widely
uses in manufacture of multilayer capacitors (MLCC)[1],
thermistors[2], electric-field tunable devices[3], sensors[4]
and piezoelectric actuators[5]. Barium titanate is typical
ferroelectric ~ material with perovskite  tetragonal
microstructure (ABO3) at room temperature and the Curie of
temperature about 120°C. When heated above the Curie of
temperature, it passes from ferroelectric to parra-electric
phase. It is structure changes from tetragonal to cubic.

Much efforts have been developed to improve its dielectric
properties such as increase the dielectric permittivity and
decrease the dielectric losses.In order toobtain the required
dielectric properties of modified barium titanate ceramics are
added various doped additives suchas MnQO2[6], NbO,[7],
Sn[8], WI9], Ca[10], Zr[11].The doped additives influence
also on the homogeneity, the particle size, the density, the
structural defects and Curie of temperature.

The aim of this study is to determine the influence of the
doping additives on the properties of the synthesized barium
titanate.

Il. EXPEREMENTAL

Samples of the study compositions were prepared using
solid-state reactionmethodtaking commercial barium titanate
BaTiOs. As doped additives are used boric acid H3BOs,
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bismuth trioxide Bi,Os; and stannic oxide SnO; such as the
starting powders are in stoichiometric proportions. The
starting powders in the required amounts have been
homogenized in 3% of polyvinyl alcohol solution for 4 hours
at planetary mill Pulvirisete 5. After drying the materials have
been formed in the form of disks with diameter 11mm and
thickness of 2-3mm:, by compression at a pressure 300MPa.
Synthesis was carried out in air for 2 hours at five different
temperatures — 1050°C, 1100°C, 1150°C, 1200°C and 1250°C.
After a mechanical treatment, silver electrodes have been
formed by applying a coating of silver paste on the ceramic
disks, calcined at the temperature of 900°C for 1h.

I11. ANALYSIS OF THE RESULTS

A. Density and relative shrinkage

The results of the measured density at different sintering
temperatures are presented in Fig.1 and are given in Table I.
The density increases for compositions BaTiOs +
1mol%H3;BOszand BaTiO3s+0.05mol%SnO,with increasing the
temperature of sintering. The density has maximum values for
composition BaTiO3;+0.05mol%Bi>0; at temperature of
sintering 1200°C. At the temperature of sintering 1250°C the
density decreases for this composition.

TABLE |
THE VALUES OF THE DENSITY AT DIFFERENT TEMPERATURES OF
SINTERING FOR STUDY COMPOSITIONS

Composition tsintering, Density p,

[°C] [g/cm’]
1050 3,41
1100 3,67
BaTiO3+1mol%H3;BO; 1150 4,12
1200 5,52
1250 5,61
1050 3.9
1100 5,18
BaTiO3+0.05mol%Bi,0; 1150 5,25
1200 5,28
1250 4,18
1050 3,27
1100 3,28

BaTiO3+0.05mol%Sn0; 1150 3,332
1200 3,98
1250 5,16

183


mailto:iv.lazarovt@mail.bg

Sozopol, Bulgaria, June 28-30, 2018

The highest values of the density have been obtained for
composition BaTiOs + 0,05mol%Bi20s at low temperature of
sintering. At high temperatures of sintering were obtained the highest
values of the density for compositions BaTiOs+1mol%H3BOs.
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Fig. 1.Dependence of the density of the ceramic materials on the
temperature of sintering

The results for obtained values of the relative shrinkage for study
compositions are given in Table II.

TABLE I
THE VALUES OF THE RELATIVE SHRINKAGE AT DIFFERENT
TEMPERATURES OF SINTERING FOR STUDY COMPOSITIONS

Composition tsintering, relative
[°C] shrinkage,
[%]
1050 -1,82
1100 -3,64
BaTiOs+1mol%HsBO; 1150 -7,27
1200 -16,36
1250 16,36
1050 -4,55
1100 -13,6
BaTiO3+0.05mol%Bi,03 1150 -13,6
1200 -14,56
1250 -7,27
1050 0
1100 0
BaTiO3+0.05mol%Sn0; 1150 0
1200 -5,45
1250 -13,64

For composition BaTiO3+0.05mol%Sn0O2 do not observe relative
shrinkage at low temperature of sintering. The relative shrinkage
increases with increasing the temperature of sintering for
composition BaTiOs+1mol%H3BOs. For composition
BaTiOs+0.05mol%Bi203 have been obtained the maximum values of
the relative shrinkage at the temperature of sintering 1200°C.

The highest values of the relative shrinkage have been obtained
for composition BaTiOs+1mol%HsBOs at the high temperatures of
sintering.

Fig.2 shows dependence of the relative shrinkage versus
temperature of sintering.
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Fig. 2.Dependence of the relative shrinkage of the ceramic
materials on the temperature of sintering

B. Dielectric permittivity

In the Fig.3 are showed the variation of the dielectric permittivity
as a function of the temperature of sintering.
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Fig.3. Dependence of the relative permittivity on the temperature of
sintering

The highest values of the relative permittivity have been obtained
for composition from doped with 1mol%H3sBOsbarium titanate at the
temperatures of sintering 1200°C and 1250°C.The adding of
0.05mol%Bi20z to barium titanate reduces the temperature of
sintering. The highest values of the dielectric permittivity have been
obtained for this composition at low temperature of sintering.

The values of the relative permittivity at the Curie temperature and
the Curie temperature for composition BaTiOz+1mol%HsBOs are
given in Table I1I.

Fig.4.shows the temperature dependencies on the
permittivity for doped with 1mol%H3sBOsbarium titanate.

It is found that dielectric permittivity have been the highest values
for samples sintered at temperatures 1200°C and 1250°C. It is
observed dielectric peaks in the temperature dependencies of the
relative permittivity about 110°C. The diffuse phase transitions have
been obtained for samples sintered at temperature 1050, 1100 and
1150°C.

relative
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Fig.4. Temperature dependencies on the relative permittivity for
composition BaTiOs+1mol%H3BOs at different temperatures of
sintering
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Table 111
THE VALUES OF THE DIELECTRIC PERMITTIVITY AT THE CURIE

Table IV
THE VALUES OF THE DIELECTRIC PERMITTIVITY AT THE CURIE
TEMPERATURE AND THE CURIE TEMPERATURE FOR DOPED WITH
0.05MOL%BI203 BARIUM TITANATE

TEMPERATURE AND THE CURIE TEMPERATURE FOR DOPED WITH
1MOL%H3BO3 BARIUM TITANATE

The

Lsintering, max &r Curie

[°C] temperature,
[°C]

1050 467 113
1100 487 112
1150 101 112
1200 3627 111
1250 3729 112

temperature dependencies for

BaTiO3+0.05mol%Bi.03 are shown in Fig.5.

composition

tsintering, max & Curie

[°C] temperature,
[°C]

1050 972 103

1100 958 120

1150 420 117

1200 1179 96

1250 841 114

The temperature dependencies for composition

BaTiO3+0.05mol%Sn0O; are shown in the Fig.6.
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Fig.6. Temperature dependencies on the relative permittivity for
composition BaTiO3+0.05mol%Sn0O: at different temperatures of
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Fig.5. Temperature dependencies on the relative permittivity for
composition BaTiO3+0.05mol%Bi203 at different temperatures of
sintering

The adding of 0.05mol%Bi203 leads to reduce the temperature of
sintering. It is observed the diffuse phase transitions for the
temperature dependencies at all the temperature of sintering. The
values of the relative permittivity at high temperature of sintering are
lower than for composition from doped with 1mol%HsBOs barium
titanate.

The values of the relative permittivity at the Curie temperature
(max &) and the Curie temperature for composition
BaTiO3+0.05mol%Bi203 are given in Table IV.

sintering

The highest values of the dielectric permittivity have been
obtained for samples, sintered at temperature 1250°C. It is observed
diffuse phase transitions. For samples sintered at temperature 1200°C
have been obtained lower the values of the dielectric permittivity, but
on the temperature dependence have been found dielectric peak at
the temperature near to the room temperature. The values for the

dielectric permittivity are the lowest than all studies compositions.
The values of the relative permittivity at the Curie temperature

(max &) and

the Curie

temperature

for

BaTiOs+0.05mol%Sn0O; are given in Table V.

Table V
THE VALUES OF THE DIELECTRIC PERMITTIVITY AT THE CURIE
TEMPERATURE AND THE CURIE TEMPERATURE FOR DOPED WITH

0.05M0OL%SNO2 BARIUM TITANATE

composition

tsintering, max &r Curie
[°C] temperature,
[°C]
1050 171 32
1100 62 40
1150 169 31
1200 865 31
1250 962 89
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IVV. CONCLUSION

Doped BaTiO3 ceramics were prepared by a solid state
reaction method are investigated. The adding of 1mol%H3;BO3
leads to obtain the higher values of the density, the relative
shrinkage and the dielectric permittivity at temperatures of
sintering 1200°C and 1250°C.The diffuse phase transitions
have been obtained for doped with 0.05mol%Bi,O; and
0.05mol%SnO,  barium  titanate. The adding of
0.05mol%Bi,03 reduces the temperature of sintering.
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