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Abstract

Bigs(Nag sKo.5)05TiO3 +y wt.% Nb (y = 0-1) piezoelectric ceramics were synthesized by solid state reaction. The effect of varying Nb
concentration on various properties of BNKT ceramic has been investigated in detail. The effect of Nb-doping on dielectric and ferroelectric
property has been presented. An increase in its depolarization temperature and Curie temperature with Nb concentration was observed. The
electrical properties of pure and Nb-doped BNKT ceramic over a wide range of frequencies (20 Hz to 2 MHz) and temperature (30-430 °C) were

studied using impedance spectroscopic technique.
© 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

High performance piezoelectric materials find potential
applications in sophisticated research, medical and defense
devices like piezoelectric sensors, transducers and actuators. To
date, PZT is the most widely exploited and extensively used
piezoelectric material [1,2]. However, considering the toxicity
of lead present in PZT, there is a greater demand for the
development of environmental friendly lead-free piezoelectric
materials [3-5]. Several lead free materials are now being
investigated in search of potentially attractive alternatives to
PZT for specific applications.

Bismuth sodium titanate, Big sNag sTiO; (BNT) is a rhombo-
hedral perovskite like structure with Bi**, Na* ions distributed
randomly in the A-Site. It exhibits a high transition temperature
(T, ~ 320 °C), good ferroelectric properties, a large remanent
polarization (P, ~ 38 (C/cmz) and coercive field (E. = 73 kV/cm)
at room temperature [6-9]. In addition, bismuth potassium titanate
BipsKO05sTiO; (BKT) is an excellent lead free piezoelectric
ceramic, having a tetragonal symmetry at room temperature and
high transition temperature (7, = 380 °C) with a comparatively
lower coercive field (~60 kV/cm) [10]. Further, a complex system
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of BNT and BKT (Bigs(K,Na;_,)o5TiO3) shows a reasonably
good piezoelectric property near its morphotropic phase boundary
(MPB, 0.16 < x < 0.2), as compared to other lead free piezo-
electric ceramic [11-14]. Although the material with the
composition of Bigs5(NaggsKg 15)0.5T105 has been studied well
because this composition lies on the morphotropic phase boundary
[15,16]. BNKT50 is selected in this work because of the following
reason. The ferroelectric state of co-existence between the
rhombohedral phase of BNT and tetragonal phase of BKT at
morphotropic phase boundary are not as stable as the single phase
of BNT and BKT, respectively. In addition, an optimum poled
BNKTS50 ceramics are found to show relatively high piezoelectric
properties, a high T4-value and low dielectric loss, which makes it
a better composition for working at relatively higher temperature
[17]. However, BNKTS50 suffers from some problems as
mentioned below which need to be addressed before it can be
presented as a safer alternative to the lead based PZT ceramic:

(1) The depolarization temperature 74, of BNKT is still not
very high (~230 °C). It is required to increase the Ty-value.

(2) The coercive field (E,) is still high which causes problem in
the polling process. It is required to decrease the E. of the
samples.

BNKT system belongs to perovskite-type oxides with a
general formula ABO; where A-site is co-occupied by large
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radius cation viz. Bi, Na, K and B-site is occupied by a small
radius cation Ti. Many researchers have undertaken work to
enhance the dielectric and piezoelectric properties of BNKT by
various ionic substitution at A and B-site [18—20]. Various
results on different doping in this binary system have been
reported. However, Ty did not show any substantial increase
[12,21]. The purpose of the present study is to investigate the
effect of varying Nb-content on various physical properties of
BNKTS50 (x =0.5) ceramic. Further investigations were made
to obtain an optimum doping to achieve maximum response
with increased depolarization and Curie temperature.

1.1. Experimental procedure

Nb doped BNKT ceramic were synthesized by solid state
reaction. Powders of Bi,O3, K,CO3, Na,COj3, TiO,, and Nb,Os5
(purity > 99.99% Sigma-Aldrich) were used according to the
composition of Bigs(NagsKos)os TiOz +y wt.% Nb (y =0,
0.2, 0.4, 0.6, 0.8 and 1.0 wt.%). After mixing for 10 h, the
powder was calcined at 850 °C for 4 h. The obtained calcined
powders were regrind and mixed with binder (polyvinyl
alcohol) and dried at 150 °C. Pallets of 12 mm dia and
~1.5 mm thickness were sintered at 1050 °C for 4 h. The
obtained ceramic was finely grinded and subjected to powder
XRD in the range 20-70° of 26 using PW3710 Philips
diffractometer (CuK, radiation). After polishing and electrod-
ing (using high grade silver paste), the samples were subjected
to various characterizations. The variation of dielectric constant
with temperature at different frequency (100 Hz to 2 MHz) was
studied from room temperature to 550 °C using an Agilent
make (Model E4980A) impedance analyzer. Ceramic pellets
were poled by applying a field of 20 kV/cm at 70 °C for 1 h.
The Hysteresis loops were traced using a fully computer
interfaced P-E loop tracer based on modified sawyer tower
circuit.

2. Result and discussion

The PXRD patterns of Pure and Nb-doped BNKT ceramic is
shown in Fig. 1. A pure perovskite phase was observed for pure
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Fig. 1. X-ray diffraction pattern with various doping concentration of pure and
Nb-doped BNKT ceramic at room temperature.

BNKT ceramic. Apart from a slight shift of the peaks (for Nb-
doped BNKT ceramic) towards higher angle, no other
significant difference in the XRD pattern was observed. The
obtained XRD patterns were subjected to cell refinement using
X’Pert High Score Plus software and found to have tetragonal
symmetry (space group 4 mm) with cell parameters
a=b=3837A and c=4.132 A and o = f=y=90°, which
is in good agreement with earlier reported value [22].

Fig. 2 shows the temperature dependence of dielectric
constant for pure and Nb-doped BNKT ceramic at 1 kHz. A
three fold increase in the value of dielectric constant was
observed in the doped samples (Table 1). The value of dielectric
constant at room temperature for pure and Nb-doped (0.2%,
0.4%, 0.6%, 0.8% and 1.0%) BNKT ceramics were found to be
371, 1837, 1483, 1247, 1021 and 2961, respectively. In
addition, for the present case, a higher value of dielectric
constant than that of BNKT synthesized at MPB was observed
[23]. This increase in dielectric constant by Nb-addition is due
to an increase in the superparaelectric clusters in the ceramic
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Fig. 2. (a) Variation of dielectric constant with temperature for various doping concentration of Nb at 1 kHz. Inset figure shows the peak corresponding to 7 for all the
samples. (b) Variation of dielectric constant for 0.4% Nb-doped BNKT ceramic at different frequencies.



Table 1

The values of Ty, T, and € of pure and Nb-doped BNKT ceramics at different frequencies.
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Freq (kHz) BNKT BNKT + 0.2% Nb BNKT + 0.4% Nb BNKT + 0.6% Nb BNKT + 0.8% Nb BNKT + 1.0% Nb
Td Tm é (k) Td Tm é (k) Td Tm é (k) Td Tm é (k) Td Tm é (k) Td Tm é (k)
O (O O O O O O (O (QOIENQS) O O
1 260 400 10.66 220 410 3486 270 420 23.67 280 405 1948 265 400 3635 270 370 3045
5 265 405 4.07 230 410 2230 290 435 17.58 290 415 1328 270 400 2290 275 380 20.84
10 265 410 296 235 420 18.06 300 440 16.16 305 420 11.00 275 405 18.20 280 385 17.50
50 270 415 1.63 240 435 1336 300 450 12.61 315 425 7.17 280 410 1055 285 390 11.67

[24]. The behaviour of the dielectric constant is also strongly
dependent on the BKT concentration above the MPB [25]. The
variation of dielectric constant with temperature reveled two
phase transitions which corresponds to the depolarization phase
transition in lower temperature range (230-285 °C, inset,
Fig. 2) and Curie phase transition at higher temperature range
(380—420 °C). Further, the value of T, and T4 was found to
increase with Nb concentration till 0.4%, beyond which it
decreases (Table 1).

A Similar trend for these properties with different doping
was observed by many researchers. Jiang et al. have reported
the variation of 7, with Mn doping concentration of 0.2, 0.4 and
0.5 wt.% and found that the value of T, is maximum for the
0.4% Mn-doped BNKT ceramic [23]. Fu et al. have studied the
variation of dielectric constant of BNBT ceramic as a function
of Nd,Oj variation in the range of 0.2%, 0.4%, 0.6% and 0.8%
and found that the maximum value of dielectric constant is for
0.4% Nd,0O5-doped BNBT ceramic [24].

The temperature dependence of dielectric constant showed
an increase in the temperature of dielectric maxima with
frequency, which confirms the relaxation behaviour of 0.4%
Nb-doped BNKT ceramic (Fig. 2b). A similar behaviour was
observed for all the samples. This relaxor behaviour can be
explained on the basis of compositional fluctuation and/or
random local electric fields and stress-induced phase transition
due to Na* and Bi" ions distributed randomly in the A-site
[9,10]. Further, the effect of Nb addition will also depends on
the site on which Nb>* ions have entered. The Nb ions enter at
B-site due to the similar ionic size of Nb™* (0.69 A) and Ti**
(0.60 A) [27]. 1t is well known that for higher sintering
temperature, easily volatile ion bismuth is evaporated and
oxygen vacancies are created for neutralization. These defects
viz. bismuth and oxygen vacancies are considered to be the
most mobile charges and play an important role in various
electrical parameters of the sample. This oxygen vacancies
created during sintering at higher temperature is also
accompanied by the Ti valance transition from Ti** to Ti**
[28]. This transition is due to the placement of an electron in the
empty 3d. In addition, the Nb ions that substitute Ti ions at B-
site also undergo similar transition from Nb* or Nb** to
compensate the charge due to oxygen vacancy [29].

Smolenskii et al. in 1970 reported that the dielectric
dispersion of relaxor ferroelectric materials deviates strongly
from Curie—Weiss law as the temperature T}, was approached
from high temperature [26]. They found that Curie—Weiss
behaviour is retained for the temperature range far greater than

T, The temperature, at which the deviation from Curie—Weiss
behaviour occurs, is close to the temperature of onset of local
polarization, Ty (burn temperature; temperature at which the
polarization becomes zero for any relaxor ferroelectric
material, far above its Curie point) due to the development
of correlations between the dipoles. To explain the low
frequency dielectric dispersion in PMN, Smolensky proposed a
quadratic law given as

2
1L @-Tof 0
&€  €&m 26md

where ¢ and ¢, are the dielectric constant and its maxima and §
measure of diffuseness. However, it was found that this qua-
dratic law is not suitable to explain the behaviour of all relaxor
compounds. Further, the variable power law was introduced to
explain the temperature dependence of dielectric constant and
is given as

Y

1 - 1 + ﬂ (2)
& & C

where y is the diffuseness exponent whose values varies
between 1 and 2 and C:2emc‘32 in which § is diffuseness
parameter [30,31]. The values of y and § are both materials
constants depending on the composition and structure of
materials [32]. For y = 1, the equation reduces to Curie—Weiss
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Fig. 3. Plot between log(1/e — 1/e,) versus log(T — Ty,) for all samples at
1 kHz.
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Table 2

The values of diffuseness exponent of the phase transition and diffuseness degree of pure and Nb-doped BNKT ceramics at various frequencies.

Frequency (kHz) BNKT BNKT + 0.2% BNKT + 0.4% BNKT + 0.6% BNKT + 0.8% BNKT + 1.0%

Nb Nb Nb Nb Nb
Y 8 Y 8 Y 8 Y 8 Y 8 Y 8

1 1.58 18 1.56 14 1.34 18 1.50 12 1.64 16 1.20 6
5 1.72 26 1.66 20 1.56 26 1.59 16 1.76 23 1.31 15
10 1.81 29 1.74 24 1.70 31 1.68 20 1.82 28 1.40 19
50 1.91 32 1.89 33 1.93 42 1.86 29 1.90 42 1.47 25

law and for y =2, equivalent to quadratic law proposed by
Smolensky. Fig. 3 shows the variation of log(1/e — 1/¢,,) with
log(T — Ty,) for pure and Nb-doped BNKT ceramic at 1 kHz. A
similar behaviour was observed for all the frequencies (figures
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not shown here). The curve is fitted with above equation to
calculate the value of y and §, which is the expression of the
degree of dielectric relaxation and the measure of the degree of
diffuseness of the phase transition, respectively. The obtained
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Fig. 4. Nyquist plot of BNKT +y wt.% of Nb (a) y=0%, (b) y=0.2%, (c) y=0.4%, (d) y =0.6%, (e) y=0.8% and (f) y = 1.0%.
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values of these parameters for various frequencies are listed in
Table 2. The values of y were calculated by their slope and
found to lie in the range 1.49-1.62. The observed diffuse phase
transition may be due to the presence of more than one cation in
the sub-lattice that produces heterogeneities in the structure
and is significant for the relaxation process [33].

The Nyquist plot of pure and Nb-doped BNKT ceramic at
different temperatures over a wide frequency range (20 Hz to
2 MHz) are shown in Fig. 4. The impedance data below 200 °C
do not take the shape of a semicircle in the Nyquist plot; rather it
presents a straight line with large slope, which suggests an
insulating behaviour of BNKT ceramic below 200 °C. The slope
of the line was found to decrease with increasing temperature in
such a way that at 200 °C and beyond it they are found to bend
towards Z'-axis and a clear semicircle can be traced out of it. The
presence of a depressed semicircle shows the presence of grain
(bulk) as well as the grain boundary contribution in all the
samples. No other contribution due to electrode was seen in the
curve. The decrease in the radius of curvature with increasing
temperature shows the increase in the conductivity with
temperature for all the samples. This semicircular pattern in
the Nyquist plot can be expressed as an equivalent electrical
circuit consisting of a parallel combination of two resistive and
capacitive (with a constant phase element) elements [21]. The
experimental data for all the samples were fitted with an
equivalent circuit using Z-View software and is shown in Fig. 4.

A good agreement between the experimental data and the
fitted curve was obtained for all the samples. From the obtained
value of the combination of resistance and capacitance for grain
and grain boundary, respectively, the relaxation time was
calculated using the relation = RC and is also listed in Table 3.
The relaxation time was found to decrease with increasing
temperature for all the samples. The relaxation time is a
thermally activated process; hence the variation of these
relaxation times was plotted with inverse of temperature and
is shown in Fig. 5. The magnitude of the value of tin the order of
10~* s suggests a hopping conduction mechanism in the system.
The obtained plot was fitted with the Arrhenius equation:
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Table 3
Relaxation time and activation energy of conduction for relaxation for various
Nb doping using Arrhenius equation.

% Nb 7, X 107%(G) Eg (eV) 7, x 107°(GB) Egg (eV)
0.0 0.31685 0.46 0.2119 0.45
0.2 0.03483 0.55 0.1419 0.59
0.4 0.01966 0.66 0.0110 0.76
0.6 0.00503 0.67 0.0061 0.78
0.8 0.39482 0.60 0.2919 0.50
1.0 0.02399 0.36 0.0211 0.44

G, grain; GB, grain boundary.

where 1, is the characteristic relaxation time constant, kg is the
Boltzmann constant and E,, is the activation energy for con-
duction relaxation. The value of E,, for all the samples were
obtained after fitting the curve and are listed in Table 3. An
increase in the value of E,, with doping concentration till 0.6%
was observed; beyond which it was found to decrease. A similar
behaviour was observed in the case of grain boundary as well.
In addition, decrease in the activation energy for relaxation for
higher doping concentration (>0.6%) which suggest an in-
crease in the relaxation phenomena in the sample. This may be
due the pinning of microscopic dipolar pair because of excess
Nb ions in the sample. However, the exact reason for this could
not be traced out yet. We are still working on the relaxation
behaviour of this system with increased Nb concentration and
will be reported in the near future.

2.1. Conductivity analysis

The ac and dc conductivity data were obtained from the
impedance data. DC conductivity can be obtained from the
Nyquist plot, which ideally resembles a semicircle whose
diameter is located on the real x-axis. The dc conductivity is
given by

d

RA “4)

Odc =
where d, A and R are the thickness, surface area of the electrode
and bulk resistance (calculated from the x-intercept of the
impedance Cole—Cole plot). The ac conductivity of the sample
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Fig. 5. Relaxation time of (a) grain (b) grain boundary with inverse of temperature.
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can be obtained by using the relation
2?

d
_¢ 5
A (Z/2 +Z”2) ( )

Oac

where Z' and Z” are the real and imaginary parts of impedance.
2.2. Temperature dependence of dc conductivity

The variation of dc conductivity with inverse of temperature
is shown in Fig. 6. The dc conductivity for all the samples was
found to increase linearly with temperature. However, a slight
variation in the value with doping concentration was evident
from the curve. The curve was fitted with the Arrhenius
equation for conduction given by [34]

—E,

o —Aexp<kBT> (6)
where E, is the activation energy, kg is the Boltzmann’s
constant and A is pre-exponent factor. The obtained value of
activation energy for dc conduction is listed in Table 5. With the
doping concentration, the E, was found to increase till 0.4%,
beyond which it decreases. This suggests that the incorporation
of Nb ions concentration less than 0.4% restricts the conduction
process and hence enhance its usable temperature range. How-
ever, incorporation of higher Nb concentration (>0.4%) is
found to amplify the conduction process due to the presence
of more mobile ions. This increase in the conduction process
beyond a specified temperature range usually restricts the
usability of any ferroelectric material for real time application.
Hence, a moderate doping of Nb will be an added advantage for
various applications, where an increase in the conduction
process in a specified temperature range is a problem.

In a perovskite system, oxygen vacancies play an important
role in conduction process. The activation energy for
conduction for oxygen in these systems is nearly 1eV.
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Fig. 6. Variation of dc conduction with inverse of temperature for pure and Nb-
doped BNKT ceramic.

Activation energy for the present case was found to be much
below 1 eV for most of the samples. These orders of activation
energy can also be due to some other relaxing species like
mobile dipoles and holes.

The major parameters which affect the conduction
behaviour of a system are electrode effect and the defect
process. The variation of ac conductivity with frequency at
400 °C is shown in Fig. 7. A similar behaviour was observed at
all the temperatures where Nyquist plot can be traced. In the
region below 100 kHz, it is apparent that there is a significant
contribution from the dc conductivity corresponding to a
frequency independent plateau. Further, an increase in the
conduction with frequency beyond 100 kHz is due to the
existence of microscopic inhomogeneities in the sample and in
such case the conduction process can be explained on the basis
of hopping conduction [35]. The conduction behaviour with
frequency can be formalized to investigate any material using
power law given by Jonscher as

Oac(w) = A’ (7)

where A and S are constants at a given temperature. S is a
measure of the electrical relaxation behaviour, whose value
usually lies in the range of 0—1 [36]. However, to eliminate any
contribution of dc conductivity in the sample the modified
equation was used which is given as

Oac(®) = 04qc + A’ ®)

where oy is the dc conductivity [37]. The value of A and S are
obtained by fitting the conductivity versus frequency curve at
various temperatures by considering the above relation. In
present case, the system was found to fit into the above power
law, which explains the short range hopping of charges from
one site to another, separated by energy barrier of different
heights. The obtained values of A and S for different frequen-
cies are listed in Table 4.
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Fig. 7. Variation of ac conductivity with frequency at 400 °C.
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Table 4
Fitting parameters for frequency dependence of ac conductivity.
Temp (°C) Pure 0.2% Nb 0.4% Nb 0.6% Nb 0.8% Nb 1.0% Nb

A (1077) s A (1079 S A (10719 s A(1077) s A (1077) S A (1077) S

300 2.30 0.71 4.57 0.48 5.91 0.91 0.45 0.73 0.20 0.87 3.71 0.61
320 3.78 0.68 1.35 0.58 0.60 0.85 1.19 0.67 0.33 0.83 2.95 0.63
340 4.68 0.66 0.68 0.63 0.02 0.78 2.54 0.62 4.84 0.61 247 0.65
360 0.42 0.85 0.29 0.67 0.03 0.74 3.00 0.60 442 0.62 2.01 0.66
380 1.19 0.77 0.25 0.68 0.04 0.72 2.95 0.60 4.08 0.63 1.67 0.67
400 1.03 0.77 0.29 0.67 0.04 0.72 2.54 0.61 3.13 0.64 1.40 0.68

The variation of ac conductivity with inverse of temperature
at 1 kHz is shown in Fig. 8. The electrical conductivity in
dielectrics are due to the ordered motion of weakly bound
charge particles under the influence of external field and the
conduction process are always dominated by the type of charge
carriers. Various properties like piezoelectricity/ferroelectri-
city, dielectric along with poling requirement are greatly
influenced by the conduction process in the sample. Further, the
defects associated material like oxygen vacancy, space charge
polarization also contributes to it. Hence, the study of electrical
conductivity is very important. The variation of electrical
conductivity at higher temperature (dominated by the intrinsic
conduction process) is given by Eq. (6). The Arrhenius plot of
the ac conductivity was also traced in order to determine the
activation energy in the temperature range where In o exhibits a
linear variation with inverse of temperature (Fig. 8 shows the
trend at 1 kHz). The activation energies were calculated by
curve fitting (Eq. (6)). The obtained activation energy at 1 kHz
is for all the samples are listed in Table 5. The activation energy
of all samples is less than 1 eV, which shows the conduction is
due to the thermal motion of oxygen or due to the formation of
associations between oxygen vacancies and residual cations in
the grain boundary [38].

Fig. 9 shows the P-E Hysteresis loops of pure and Nb-doped
ceramic at room temperature. The value of remnant polariza-
tion (in the order of 36 wC/cm?) was found to increase with Nb
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70F E
< _-75E E
E E 3
S 8of E
T BNKT + 0.2 %Nb
g-s 5F BNKT + 0.4 %Nb &
- v BNKT + 0.6 %Nb
90F . BNKT+0.8%Nb E
o5f < BNKT+1.0%Nb :
' Fitted Line
. YT FETETTTTTI FETTTTTITE FUTTTTTETY FYTTTRET] FETETTTT] AU
100 15 1.6 1.7 1.8 1.9 2.0

10007 (k1)

Fig. 8. Variation of ac conductivity with inverse of temperature at 1 kHz.

concentration till 0.4%. However its coercive field was also
found to increase as compared to pure sample. The ferroelectric
properties were strongly influenced by composition and its
homogeneity, defects, external field and orientation of domain,
which eventually contribute to the material response. Uniform
oriented domain structure actually increases the ferroelectric
properties. For 0.4% Nb-doped BNKT ceramic, high value of
P, shows the presence of more uniform domain structure [39]. It
may be concluded that with the increase of doping concentra-
tion beyond 0.4%, the uniformity of the domain structure is
disturbed.

According to Haertling and Zimmer, the empirical relation
between remnant polarization, saturation polarization and
polarization at fields above coercive field is given by the

Table 5
Activation energy for dc and ac conduction with doping concentration.

% Nb Ey (eV) E,. (eV)at 1 Hz
0.0 0.63 0.41
0.2 0.37 0.36
0.4 0.84 0.53
0.6 0.50 0.45
0.8 0.46 0.36
1.0 0.36 0.26
75 bz 1} | L} o L} s 1} v L} s 1 |'""
—— BNKT
60F—— BNKT +0.2% Nb .
45f —— BNKT +0.4% Nb |
—— BNKT + 0.6% Nb
o~ 30E—— BNKT + 0.8% Nb .

BNKT + 1.0% N

-
[4)]

Polarization (uC/cm
[=]
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Fig. 9. PE Hysteresis loop for pure and Nb-doped BNKT ceramic.
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Table 6
Comparison of various ferroelectric parameters of Pure and Nb-doped BNKT
ceramics.

Sample name P, (pLC/cmz) E. (kV/cm) Ry
BNKT 33.00 26 1.78
BNKT + 0.2% Nb 29.00 28 1.85
BNKT + 0.4% Nb 36.00 30 1.93
BNKT + 0.6% Nb 30.00 31 1.62
BNKT + 0.8% Nb 35.00 27 1.68
BNKT + 1.0% Nb 27.50 36 1.77
relation [40],
P, PrLig

Ry = — + LIk 9

a=p T p )

where Ry, Py and Py g, are the squareness parameter of
Hysteresis loop, saturation polarization and polarization at
an electric field equal to 1.1 times the coercive field, respec-
tively. For an ideal Hysteresis loop the squareness parameter is
equal to 2. Using this relation, a quantification of changes in the
Hysteresis behaviour for each sample can be done. The square-
ness parameters for all samples were calculated. Further, an
increase in Ry, for doping samples shows a better switching
behaviour of polarization can be achieved with increased Nb
concentration. The variation of P,, E. and Ry, with doping
concentration is listed in Table 6.

3. Conclusion

Pure and Nb-doped BNKT ceramics has been synthesized by
conventional solid state reaction technique and a pure
perovskite phase for all the samples was achieved. The Curie
and depolarization temperatures were found to increase with
doping concentration till 0.4% of Nb. Further, a higher value of
dielectric constant was obtained as a result of doping. All the
samples under test were found to exhibit relaxor behaviour with
diffuse phase transition. These behaviours were analyzed using
various models. A higher degree of relaxation and diffused
character was observed for the sample with 0.4% Nb
concentration. A single and slightly depressed semicircle in
Nyquist plot for all the samples confirmed the effect of bulk as
well as grain boundary contribution. The Nyquist plots were
fitted for two parallel combinations of R and C. Activation
energy for relaxation (E,,) for BNKT ceramic was found to
increase with Nb doping till 0.6%. The order of (E,,) in the
present case suggested the hopping conduction mechanism in
the system due to the thermal motion of oxygen. This was
further confirmed from the order of activation energy (E,)
observed for dc conduction. In addition, the value of activation
energy for ac conduction was found to decrease with increasing
frequency. The value of E, ac conduction also suggested a short
range hoping conduction. A higher value of remnant
polarization in the case of 0.4% doped sample was observed.
On the basis of all experimental observations, 0.4% Nb doping
can be considered as an optimum doping to achieve an

enhanced and improved performance of BNKT ceramic in a
wide temperature and frequency range.
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