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Abstract

Ba0.8Sr0.2Ti1�5x/4NbxO3 ceramics, x = 0, 0.01, 0.05, 0.10, were fabricated by conventional solid-state reaction. With increasing niobium content

the ferroelectric phase transition temperature decreases linearly, and the dispersivity of the transition increases. Niobium B-site decreases transition

temperature more pronounced than Sr2+ at A-site. The heterovalent substitution of Nb5+ in low content causes local defect dipole, while more

substitutions introduce disorder to disturb the long-range dipole correlation. Ba0.8Sr0.2Ti1�0.5/4Nb0.1O3 ceramic shows weak ferroelectric loop at

room temperature far from its transition temperature, 153 K.
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1. Introduction

Barium strontium titanate ceramics (Ba1�xSrxTiO3 or briefly

BST) are well known ferroelectric materials which have been

used extensively as capacitor dielectrics for the last decades.

Barium strontium niobate (Ba1�xSrxNbO3 or briefly BSN)

ceramics have excellent ferroelectric [1,2] and pyroelectric

properties [3–5]. BST has a high dielectric constant, good

stability and mechanical properties [6], and BSN has attractive

electro-optic properties [7,8]. BST is often employed to lower

the Curie point for microwave devices, such as phase shifters,

tunable filters, delay lines, and tunable oscillators [9,10]. The

microstructure and properties of BST ceramics can be

improved with heterovalent dopants [11].

Normal ferroelectrics have first-order phase transition at the

Curie point (Tc) accompanied by a sharp permittivity peak,

while relaxor ferroelectrics (relaxors) are characterized by a

broad and frequency dependent maximum peak of permittivity.

Relaxors are normally formed by doping foreign ions into the

crystal lattice of ferroelectrics. There is an intermediate state

between them, which is called the diffuse phase transition

(DPT).
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The dielectric properties of Ba0.8Sr0.2TiO3 thin films have

also been investigated [12], but the investigation of Nb2O5

doped Ba0.8Sr0.2TiO3 has not been reported systematically. The

transition temperatures of Ba0.7Sr0.3TiO3 ceramics will

decrease from room temperature by doping. The transition

temperatures of Ba0.8Sr0.2TiO3 ceramics can be controlled to

room temperature by doping to obtain proper temperature

dependent dielectric constant.

In this study, dielectric and ferroelectric properties of BST/

BSN composite ceramics (Ba0.8Sr0.2Ti1�5x/4NbxO3) system

were investigated. The characteristics of relaxors are discussed.

2. Experimental details

Ba0.8Sr0.2Ti1�5x/4NbxO3 (BSTN) ceramics with x = 0, 0.01,

0.05, 0.10 and Ba1�ySryTiO3 (BST) ceramics with y ranging

from 0 to 0.9 in 0.1 step, were prepared by the conventional

mixed-oxide method with the starting materials of BaCO3,

SrCO3, TiO2 and Nb2O5 powders, which are shown in Table 1.

The raw material was weighed out in stoichiometric propor-

tions, ball-milled in alcohol, dried and then calcined at 1100 8C
for 2 h. The obtained powders were pressed into pellets with a

diameter of 11.8 mm and thickness of 1.0 mm prior to sintering

at 1280 8C for 4 h. The silver paste was painted on the polished

samples as the electrodes and fired at 800 8C for 10 min. The

dielectric constant and loss of the samples were measured at
d.
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Table 1

Lattice constants and volume of Ba0.8Sr0.2Ti1�5x/4NbxO3 ceramics.

x Composition purity BaCO3 (g) 99.0% SrCO3 (g) 99.0% TiO2 (g) 99.0% Nb2O5 (g) 99.5%

0 Ba0.8Sr0.2TiO3 11.9598 8.9472 4.8424 0

0.01 Ba0.8Sr0.2Ti0.9875Nb0.01O3 11.9598 8.9472 4.7819 0.1603

0.05 Ba0.8Sr0.2Ti0.9375Nb0.05O3 11.9598 8.9472 4.5398 0.8015

0.10 Ba0.8Sr0.2Ti0.875Nb0.10O3 11.9598 8.9472 4.2371 1.6030
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different temperatures and different frequencies by a HP 4192A

LF Impedance Analyzer.

X-ray diffraction (XRD) with CuKa radiation

(l = 0.15406 nm) was performed to examine the phase

structure of the specimens at room temperature. The ferro-

electric hysteresis loops of ceramics were measured at room

temperature by Radiant Precision Workstation (RT6000HVS,

Radiant Technology, Inc.).

3. Results and discussion

Fig. 1 shows the X-ray diffraction patterns of the BSTN

ceramic samples with different niobium contents. By compar-

ing with a standard Ba0.77Sr0.23TiO3 (JCPDS No. 44-0093,

a = 3.977 Å, c = 3.988 Å), the XRD patterns confirm that the

samples show only the pure phase without the tungsten bronze

phase of BSN for four compositions sintered at 1280 8C for 4 h.

Therefore, Nb5+ can occupy the site of Ti4+ in the crystal lattice

without giving rise to a change of Ba0.8Sr0.2TiO3 structure.

However, a slight peak shift and peak broadening with

increasing Nb content can be observed.

Fig. 2 shows the temperature dependence of dielectric

constant (e) with x = 0 (BST) at 1, 10 and 100 kHz. The

ferroelectric to paraelectric phase transition temperature (Tc) is

68 8C (e peak maximum). The phase transition peak is very

sharp, which is in agreement with the results of Wu [13] and

Kongtaweelert [14].
Fig. 1. XRD pattern of Ba0.8Sr0.2Ti1�5x/4NbxO3 ceramics sintered at 1280 8C
for 4 h with Nb composition of x = 0, 0.01, 0.05, 0.10 measured at room

temperature.
For pure BaTiO3 ceramics, there are four structures and

three transition temperatures as mentioned below:

rhombohedral ðRÞ �!�80 �C
orthorhombic ðOÞ�!5

�C
tetragonal

ðTÞ �!120 �C
cubic ðCÞ

Garcı́a [15] studied Nb2O5 doped Ba0.7Sr0.3TiO3 materials

and obtained four phases and three phase transitions

at:ðRÞ �!��110 �CðOÞ �!��50 �CðTÞ �!ffi 30 �CðCÞ
The structure of Ba0.8Sr0.2TiO3 has tetragonal phase at room

temperature. There are three phase transitions in Fig. 2. The

first transition occurs at 68 8C which belongs to a C/T transition

of the material. This is in agreement with the findings in Ref.

[16]. The peaks at�20 8C and�75 8C were T/O and O/R phase

transition, respectively. Hence, the transition regulation is

ðRÞ �!�75 �CðOÞ �!�20 �CðTÞ�!68 �CðCÞ

Fig. 3 shows that the Curie point (C/T transition) decreases

with Ba/Sr in BaySr1�yTiO3 ceramics as

Tc ¼ 23:04þ 519:76y� 152:43y2; (1)

with y denoting the Ba-content.

The dielectric measurement for x = 0.01, 0.05 and 0.10 was

carried out. Fig. 4 shows that the widths of peaks of permittivity

enlarge, and the DPT effect of the peaks of dielectric constant

curves enhances with increase of Nb content.
Fig. 2. Temperature dependence of dielectric constant for Ba0.8Sr0.2TiO3

ceramics sintered at 1280 8C for 4 h.



Fig. 3. Curie temperature versus Ba/Sr for BaySr1�yTiO3 ceramics.

Fig. 5. Effect of niobium content on transition temperature for Ba0.8Sr0.2Ti1�5x/

4NbxO3 ceramics from the results of Figs. 2 and 4 at 1 kHz frequency.
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Fig. 5 exhibits that amount of Nb can reduce the phase

transition temperature linearly. The fitting equation was

obtained as

Tc ðKÞ ¼ �1874:2xþ 341; (2)

with y denoting the Nb content.

The R/O phase transition was not analyzed, because the

measurement was not very exact as the T/C phase transition in

the present work and even in Ref. [15].

Compared with SrO doped BaTiO3 at A-site, Nb2O5 is much

more effective on decreasing transition temperature at B-site

from Fig. 5 or Eq. (2).

The variation of inverse dielectric constant with respect to

temperature is shown in Fig. 6. The dielectric behavior follows

the modified Curie–Weiss law above the Curie point (Tc) in the

form as [16]:

log
1

e0
� 1

e0m

� �
¼ log C þ g logðT � TmÞ (3)
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Fig. 4. Temperature dependence of dielectric constant for Ba0.8Sr0.2Ti1�5x/

4NbxO3 ceramics sintered at 1280 8C for 4 h for x = 0.01, 0.05, and 0.10.
where em and Tm represent the maximum of electric permittivi-

ty and the corresponding temperature, g and C are fitting

parameters to the experiment data. Fig. 7 shows the relationship

between log((1/er) � (1/em)) and log(T � Tm), and the straight

lines are the fitting results by Eq. (3). The relation between g

and x can be fitted as the following equation:

g ¼ 2:09

1þ exp½�33:7ðx� 0:0115Þ� (4)

Fig. 8 shows a fit of g with x from Fig. 7 by Eq. (4). The g is

1.25 for Ba0.8Sr0.2TiO3, which is close to the normal

ferroelectric transition (g = 1). The g increases and DPT

phenomenon enhances with the increase of Nb5+ content.

Therefore, niobium substitution at B-site results in relaxor from

ferroelectrics for Ba0.8Sr0.2TiO3.

Fig. 9 shows electric hysteresis loops of Ba0.8Sr0.2Ti(1�5x/

4)NbxO3 ceramics with x = 0.05 and 0.10 at room temperature.

Remanent polarization, Pr, of Ba0.8Sr0.2Ti(1�5x/4)NbxO3 cera-

mics decreases with x. It is astonishing that the electric
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Fig. 6. Temperature dependence of the inverse dielectric constant for BSTN

ceramics.
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lines are linear fits to experiment data.
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Fig. 9. Hysteresis loops of Ba0.8Sr0.2Ti(1�5x/4)NbxO3 for x = 0.01, 0.05, 0.10 at

room temperature.
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hysteresis loop can be detected for BSTN ceramic with

x = 0.10, because the temperature difference is about 150 K

from transition temperature to room temperature. The

hysteresis loop of Ba0.8Sr0.2Ti(1�5x/4)NbxO3 ceramics with

x = 0.05 bends on the top and bottom sides, which might be due

to leakage currents. There is not any hysteresis loop when

x > 0.10 due to formation of VSr and VTi and small amounts of

second phase.

The effects of reducing phase transition temperature by

adding SrO and Nb2O5 to Ba0.8Sr0.2TiO3 are different.

Hysteresis loop is changed to a line for Ba0.6Sr0.4TiO3 ceramics

at room temperature with Curie temperature near 280 K [16],

while a hysteresis loop still exists for Ba0.8Sr0.2Ti(1�0.5/

4)Nb0.1O3 ceramics at room temperature with a relaxor

ferroelectric transition at 153 K. This result indicates that the

effects of niobium substitution for titanium on dielectric and

ferroelectric properties are different from those caused by Sr
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Fig. 8. Variation of g and log C versus x for Ba0.8Sr0.2Ti1�5x/4NbxO3. Solid

square represents g, and corresponding line is a fit by Eq. (4). Solid circle

represents log C.
substitution on the Ba site. Dielectric constant peak drops to

low temperature rapidly, but ferroelectricity weakens slowly.

Imperfection disturbing the dipole correlation is the possible

reason.

4. Conclusion

The dielectric and relaxor ferroelectric characteristics of

niobium doped barium strontium titanate ceramics have been

investigated. The XRD patterns exhibit that Nb5+ can occupy

the site of Ti4+ in the crystal lattice. The phase transition

temperature shifted to lower temperature is a linear relationship

with Nb2O5 content. The relaxor property of ferroelectric phase

transition is enhanced by niobium dopant. The action

mechanisms of Nb5+ on dielectric property for BST can be

inferred that heterovalent substitution at B-site causes lattice

imperfections to produce local defect dipoles and due to

electronic compensation for niobium content less than 0.05,

and disturbs long-range dipole correlation to decrease phase

transition temperature to 153 K for 0.10 niobium content, but

ferroelectricity remains to room temperature.
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