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Effect of Nb Doping on (Sr,Ba)TiO3 (BST) Ceramic Samples
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Abstract. The effect of doping the Sr0.3Ba0.7Ti(1−5y/4)NbyO3 ceramic with different concentration of Nb is studied
by scanning electron microscopy (SEM), X-ray diffraction and thermoelectric analysis. It is observed that the grain
size decreases as the Nb concentration increases. The critical temperatureTc has a linear decrease at a rate of
19◦C/mol% of Nb. The temperature dependence of the dielectric permittivity presents strongly broadened curves,
which suggest a non Curie-Weiss behavior near the transition temperature. The diffuse phase transition coefficient
(δ) was also determined and its value leads to the conclusion that the degree of disorder in the system increases with
the presence of the Nb cation.
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Introduction

Doping with isovalent or aliovalent ions of the A or B
sites of the ABO3 perovskite system is a widely used
procedure to modify the relevant properties of the ce-
ramic such as dielectric permittivity, dielectric losses,
pyroelectric coefficient, critical temperature, etc. A
good example is the doping of BaTiO3 or BaTiO3 based
ceramics [1–3].

In particular, the SrxBa1−xTiO3 (BST) system has
attracted attention due to its many potential application
in devices such as capacitors, phase shifting in antenna
and radar equipment, ferroelectric memory for comput-
ers and many more [4, 5]. Doping of BST to fine tune
its properties for particular applications is therefore an
interesting line of research.

Doping of the Sr0.4Ba0.6TiO3 (BST40) and Sr0.3-
Ba0.7TiO3 (BST30) compositions with different ele-
ments is particularly attractive because of the high
dielectric permittivity, low losses and transition tem-
peratures close to room temperature of the undoped
system. For example, it is known that when the
Sr0.4Ba0.6TiO3 (BST40) ceramic samples are doped
in their B site, their dielectric properties will strongly
depend on the particular dopant and Nb5+ is one of the
most commonly used for the above mentioned com-

position [6–8]. However, as far as we know, the ef-
fect of doping on the dielectric properties of BST30
has not been thoroughly investigated [9]. For this rea-
son, the present work is dedicated to the study of
the influence of different amounts of Nb5+ doping
on the dielectric properties of Sr0.3Ba0.7TiO3 (BST30)
ceramics.

Experimental

The composition of the samples under study are given
by Sr0.3Ba0.7Ti(1−5y/4)NbyO3 wherey= 0, 0.01, 0.05
and 0.1. The samples were prepared by the traditional
ceramic method [10] by mixing high purity SrCO3,

BaCO3,TiO2 and Nb2O5 in an agate mortar for 2 hours,
die-pressed into 22 mm diameter, 10 mm thick tablets
and then calcined for 2 hours at 1100◦C in open air.
The tablets were crushed and milled again for 3 hours.
The resulting powders were die-pressed into 10 mm
diameter, 1mm thick disks and sintered at 1350◦C for
4 hours.

A qualitative X-ray diffraction (XRD) analysis was
performed afterward to determine the presence of
different phases in the samples. For such study, a
PHILIPS PW-1710 with Cu anode (λkα1= 1.54056Å
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andλkα2= 1.54439Å) at 40 kV and 30 mA was used.
For grain-size analysis, Scanning Electron Microscopy
(SEM) was performed in fractured samples using a
10 kV JEOL microscope model M5400. The dielectric
permittivity dependence with temperature was mea-
sured with a RLC bridge by Philips model PM632,
at 1 kHz.

Results and Discussion

Due to the similar electronegativity and ionic radii of
the Nb5+ and Ti4+ ions, it may be assumed that the

Fig. 1. SEM micrographs of the Sr0.3Ba0.7TiO3 sample sintered at 1350◦C for 4 hours.

Nb5+ ion will occupy the B sites in the perovskite
structure. The Ti4+ for Nb5+ substitution will therefore
introduce an excess positive charge and electrical neu-
trality will demand the presence of Ti vacancies. A bet-
ter chemical representation of the doped ceramic will
be given by the formula Sr0.3Ba0.7Ti(1−5y/4)Vy/4NbyO3

where V represents Ti vacancies.
XRD analysis showed the samples to be iso-

structural with BST with very little or no second phases
present.

SEM micrographs corresponding to fractured
Sr0.3Ba0.7TiO3(y = 0) samples are presented in Fig. 1
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A duplex or bimodal grain size distribution showing
large grains in a small grain matrix is presented on
Fig. 2(c). Kolar et al. [11] state that during the sin-
tering process of BST Ba2+ ions move faster than
Sr2+ ions resulting in Ba and Ti rich regions favoring
the formation of a polytitanate (Ba6Ti17O40) which, at
temperatures around 1280–1300◦C, forms an eutectic
with BaTiO3. The grain distribution pattern and the
fingerprint-like topography of the large particles indi-
cates a liquid phase assisted grain growth during the

Fig. 2. SEM micrographs of the Sr0.3Ba0.7Ti(1−5y/4)NbyO3 samples sintered at 1350◦C for 4 hours for (a)y = 0.01, (b) y = 0.05 and (c)
y = 0.1.

sintering process where surface melting occurs at iso-
lated points of the sample volume [12].

Table 1 condenses the grain size information cor-
responding to the different compositions. Figure 2
presents the SEM micrographs for they = 0.01, 0.05
and 0.1 compositions.

From the values presented in Table 1 and the
micrographs of Fig. 2 it is possible to observe a decrease
in grain size with the increase on Nb concentration in
the samples.
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Fig. 3. Dependence of the permittivity and dielectric losses with temperaturey= 0, 0.01, 0.05 and 0.1 compositions of the or the
Sr0.3Ba0.7Ti(1−5y/4)NbyO3 ceramic system.

Considering the findings of Chen et al. [1], relative
to the mechanism of grain growth inhibition in highly
donor-doped BaTiO3, the fact that for this air-fired sam-
ples niobium acts as a powerful grain growth inhibitor
when added in concentrations of≤0.5 mol%, is to be
expected, in particular for the 0.01 and 0.05 BST doped
samples. That is, grain size decrease is most likely re-
lated to Nb content and Ti vacancies. It is worth men-

Table 1. Grain sizes for the Sr0.3Ba0.7Ti(1−5y/4)NbyO3 samples with
y = 0, 0.01, 0.05 y 0.1.

Composition Large grains (µm) Small grains (µm)

0 8 1

0.01 – 0.61

0.05 – 0.55

0.1 – 0.50

tioning that no sign of a liquid phase was found in these
cases in any stage of the sintering process.

Figure 3 shows the dependence of the permittivity
and the dielectric losses with temperature measured at
1 kHz for all the studied compositions. In the curve cor-
responding to BST30 (y= 0), the characteristic crys-
talline phase transitions that this system presents as
the temperature is decreased, that is, cubic-tetragonal
(c/t), tetragonal-orthorhombic (t/o) and (orthohombic-
rhombohedral (o/r), are indicated. The displacement
toward higher temperatures shown byTmaxcorrespond-
ing to the t/o and o/r transitions for the samples doped
with 1% Nb and the fact that the maxima corresponding
to those transitions are not present in the 5% and 10%
Nb lead us to think in a coalescence of the three phase
transitions in the 5%y 1% Nb doped compositions,
similar to the situation reported in [13]. A broadening
of the c/t transition in theε vs. T curves evidences a
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Fig. 4. Dependence of the transition temperature (Tmax) with Nb
concentration.

Fig. 5. Dependence of the inverse permittivity with (T − Tmax) for the Sr0.3Ba0.7Ti(1−5y/4)NbyO3 ceramic system withy = 0.01, 0.05, 0.1.

growing departure from a Curie-Weiss behavior with
the increase in Nb concentration, close to the tran-
sition temperature. In contrast to the behavior of the
Sr0.3Ba0.7TiO3 (y = 0) composition where the temper-
atures for the dielectric permittivityTmax and dielectric
losses maximaTdl nearly coincide, in the Nb doped
samplesTmax is higher thanTdl and the difference
between them grows as the Nb concentration increases.
Such behavior suggests a change in the type of tran-
sition that the BST30 system undergoes when doped
with Nb.

Figure 4 shows a fast decrease ofTmax as a function
of Nb concentration of the order of 19◦C/mol%, much
faster than the value of 3,75◦C/mol% reported in the
literature for BST [14].

The inverse permittivity curves against temperature
for compositionsy= 0.01, 0.05, 0.1, taken at 1 kHz, are
presented in Fig. 5. According to the method reported
by Cross [15]. The curves were divided in three regions
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labeled 1, 2, 3. Region 1 corresponds to the ferroelectric
phase. Here, by linearly extrapolating the experimental
points to the temperature axis, the Curie Temperature
(Tc) for this material is obtained. Region 2 is the part of
the curve close to the transition temperature evidencing
a diffuse phase transition up toT0, while region 3 shows
the linear behavior of 1/ε with temperature follow-
ing a Curie-Weiss law. The Curie-Weiss temperature
(Tcw) is found also by extrapolation of the experimen-
tal data to the temperature axis. The difference between
the Curie-Weiss temperature and the Curie temperature
(1T) is characteristic of the nature of the paraelectric-
ferroelectric phase transition. In these ceramics1T
tends to increase with Nb concentration indicating an
enhancement of the diffuse character of the transition.
For the paraelectric phase, it was possible to show that

Fig. 6. Dependence of (a) inverse permittivity with(T − Tmax)
2 and (b) ln(1/ε 1/εmax) vs. ln(T − Tmax) for the Sr0.3Ba0.7Ti(1−5y/4)NbyO3

(y = 0.05) sample.

the inverse permittivity follows a (T − Tmax)2 law. The
diffuseness coefficientδ associated to the cationic dis-
order of the system was determined using the quadratic
expression proposed by Smolienskii [16, 17]:

1/ε− 1/εmax= B(T − Tm)
2 (1)

where

B = 1/2εmaxδ
2

This dependence is presented in Fig. 6(a) for they =
0.05 composition. The slope of the line obtained from
the linear regression of the data corresponds toB in
Eq. (1). The diffuseness coefficientδ obtained from this
value is also presented in Fig. 6(a). Uchino and Nomura
[18], reported that not all diffuse phase transitions obey
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Table 2. Curie temperature (Tc), Curie-Weiss Temperature (Tcw),
1T = (Tc − Tcw) and diffuse phase transition coefficient (δ) for
the Sr0.3Ba0.7Ti(1−5y/4)NbyO3 samples withy = 0.01, 0.05, 0.1.

Y Tc (
◦C) Tcw (

◦C) 1T (◦C) δ

0.01 −1.59 10.33 11.92 23.54

0.05 −83.37 −38.83 44.54 46.35

0.1 −173.93 −67.33 106.60 48.33

exactly Smolienskii’s relation, and developed a more
general expression:

1/ε − 1/εmax= (T − Tmax)
γ /c′ (2)

whereC′ andγ are constants and 1≤ γ ≤ 2. The lim-
iting values ofγ lead to Curie-Weiss law, forγ = 1,
and Smolenskii’s quadratic expression, forγ = 2. The
plot of ln(1/ε−1/εmax) vs. ln(T−Tm) for they = 0.05
sample shown in Fig. 6(b) allows the determination of
γ for this composition. Using linear regression of the
data, a value of 2 was found forγ , in good agreement
with the result shown in Fig. 6(a). The values ofTc,
Tcw, 1T = (Tcw − Tc) andδ are presented in Table 2.
From these data, the increment of the value ofδwith Nb
content is evident and in good agreement with the di-
minishing of the grain size in the samples as discussed
by Uchino [19]. A possible explanation of this behavior
may be attributed to the enhancement in the degree of
disorder having two ions to occupy the same lattice site.
Neighboring domains will then have different compo-
sitional order regarding the positions of the ions in the
lattice sites giving rise to a broad transition tempera-
ture distribution instead of narrow one designated as
Curie Temperature. Cationic disorder in the lattice also
affects long range interactions resulting in a weaker
ferroelectric state and a lower transition temperature.
In summary, cationic disorder not only broadens the
transition temperature distribution but also shifts its
maxima toward lower temperatures. Furthermore, the
substitution of Ti4+ by Nb5+ will produce vacancies
in the crystal structure that will grow in number with
Nb content, contributing also to disorder in the ceramic
structure.

Conclusions

A monophasic Sr0.3Ba0.7Ti(1−5y/4)NbyO3 compound is
obtained isostructural with BST up to 10% Nb concen-

tration. A notable difference is observed in the grain
size distribution between the non-doped samples and
those with different concentrations of Nb. Bimodal or
duplex grain-size distributions are not observed with
the incorporation of the Nb ion to the crystalline struc-
ture. No liquid phase is detected in the Nb doped sam-
ples and the grain size decreases with increasing Nb
doping. A linear behavior of the transition temperature
(Tmax) with Nb concentration is observed decreasing
at a rate of 19◦C/mol% for the range of compositions
studied. The dielectric losses decrease and the transi-
tion becomes more diffuse with Nb concentration. This
behavior may be attributed to the enhancement in the
degree of disorder having two ions to occupy the same
lattice site. This disorder not only broadens the transi-
tion temperature distribution but also shifts its maxima
toward lower temperatures.
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