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Polycrystalline perovskite lead free material (Nag5Big5)o.91Bao.090TiO3 was prepared by solid state reac-
tion method. The crystal structure examined by X-ray powder diffraction indicates that the material was
single phase with tetragonal structure. Dielectric studies exhibit a diffuse phase transition and charac-
terized by a strong temperature and frequency dispersion of permittivity which relates cation disorder at
A-site and exhibits relaxor behaviour. The dielectric relaxation has been modeled using the Vogel-Fulcher
relationship, the calculated activation energy found to be E,=0.021eV. Complex impedance analysis

I)S{X/Og?fsf:raction indicates the system undergoing a polydispersive non-Debye type relaxation. Also, used to characterize
Relaxors grain and grain-boundary resistivities of Ba substituted (Nag5Big5)TiO3 ceramic. The phenomenon was
Impedance spectroscopy also interpreted by accounting for microstructural differences. The corresponding relaxation times were
Conductivity also used to confirm the interpretation of complex impedance spectra. Overlapping of grain boundary

and electrode relaxation processes can be separated above about 4000 C. Electrical modulus spectroscopy
studies have been performed. The conductivity parameters such as ion-hopping rate (@) and the charge

carrier concentration (K') have been calculated using Almond and West formalism.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

In recent times, lead-free piezoelectric materials, such as langa-
site single crystals, ferroelectric ceramics with perovskite structure,
and Bi-layered structure oxides have received a considerable
attention owing to their device applications. A large number
of ferroelectric and antiferroelectrics were discovered experi-
mentally; with perovskite-type structure with a general formula
A?*[B!BI! ]0s. In these compounds the A-ions (Na*, K* and Bi3*)
are located at lattice sites with a coordination number 12, while,
B-ions occupy with transition metal ions with inert gas electron
structure (s2p®) in their ground state, e.g. Ti**, Zr**, Nb>*, Ta>*, etc.
in octahedral positions [1].

Perovskite type sodium bismuth titanate (Bigs5Nag5TiO3, NBT)
was first reported by Smolenskii et al. [1]. NBT lead free relaxor
ferroelectric material with excellent piezoelectric properties, can
be effectively enhanced at morphotropic phase boundary (MPB) of
the composition. It has rhombohedral symmetry at room temper-
ature, it undergoes a series of phase transitions: (i) ferroelectric
rhombohedral to antiferroelectric tetragonal around 230°C, (ii)
antiferroelectric tetragonal to non-polar tetragonal around 320°C
with broad maximum of electric permittivity, which may originate
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from dielectric relaxation due to the response of electromechani-
cal interactions between polar regions and non-polar matrix [2],
(iii) cubic to tetragonal symmetry takes place in the tempera-
ture range of 520-540°C [3], where it is superparaelectric [4,5].
Further, NBT has relatively high Curie temperature (320°C), rel-
atively large remanent polarization (p; =38 wC/cm?2) and coercive
field (E. =73 kV/cm) at room temperature [1]. It is hard to be pole
for its high coercive field and its high conductivity. To solve these
problems and improve electrical properties, various types of com-
pounds were added into NBT to form solid solutions such as CaTiOs,
NaNbOs3, BaTiOs, etc. [6].

Among the NBT based system (1—x)BigsNags5TiO3-xBaTiO3
possesses rhombohedral (FR)-tetragonal (FT) MPB boundary at
x=0.06-0.07 [7]. Gao et al. reported the composition (1 — x)BaTiO3-
xBigsNagsTiO3 with x>0.3mol start to exhibit the relaxor
ferroelectric properties [8]. The polycrystalline NBT-6%BT system
has been reported to exhibit piezoelectric constant, d33 =125 pC/N
and k33 =0.55 near the rhombohedral/tetragonal MPB region [7].
These materials have indeed high electromechanical characteris-
tics which can be controlled either by doping or by compositional
change.

Transport and relaxation properties can be described at
higher temperatures with reference to interparticle interaction.
Impedance spectroscopy has been recognized as a powerful tech-
nique to distinguish the grain and grain boundary conductivity
contribution of many oxide ceramics [9-11]. Traditionally, DC and
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Fig. 1. XRD pattern for BNBT90.

fixed frequency AC measurements have been the preferred meth-
ods to characterize electro ceramics but these provide little or
no information on electrical microstructure. Bauerle [10] was the
first to show that AC methods could be used to separate the vari-
ous resistances (R) and capacitance (C) values associated with the
electrode reaction, grain boundary regions and grain interiors in
ceramic solid electrolytes. From this study, it became apparent
that AC techniques, particularly in the range 10-2-107 Hz, now
commonly referred to as impedance spectroscopy (IS) could pro-
vide a method to probe the electrical microstructure of ceramics.
The electrical conductivity studies indicate the nature of dominant
constituents or charge species involved in the conduction on the
application of an electric field.

In view of the important properties exhibited by the mate-
rial and also conductivity, impedance spectroscopy studies
have not been reported in the literature survey, an attempt
has been made to study the structural, electrical proper-
ties of (NagsBig.5)0.91Bag.090TiO3 ceramics. The permittivity (&%),
impedance (Z*), electrical modulus (M*), and conductivity (o*)
spectroscopy techniques have been studied over the wide range
of temperature (35-600 °C) and frequency region (45 Hz to 5 MHz).

2. Experimental

Polycrystalline (NagsBig5)0.91Bao090TiO3 (abbreviated as BNBT90) ceramic has
been synthesized by high temperature solid state reaction technique. Initially, analar
grade Na,COs;, Bi;03, BaCOs, and TiO,, were mixed in stoichiometric ratio and
grounded in agate mortar and pestle in methanol and calcined at 800 °C for 2 h. After
confirming the formation of single phase composition by X-ray diffraction, adequate
amount of polyvinyl alcohol was added and grounded well. Then the powder is
pressed into pellet of 11 mm diameter and 2.5 mm thickness using an uniaxial pres-
sure of 7 MPa in a stainless steel die. The pressed pellets were sintered at 1150 °C for
2 hin an air atmosphere. Silver electrodes were deposited on the polished surfaces
of pellet to perform experimental studies.

The crystal structure of the material has been analyzed by X-ray diffractometer
(Philips with CuKa radiation (A = 1.5406A)). The lattice parameters were estimated
using Computer Program package-interpretation and Indexing program by E. Wu.
School of Physical Science, Flinders University of South Australia. The microstruc-
ture on the specimens of present investigation was obtained with scanning electron
microscope (SEM) (JEOLJY: Model 5800F). The measurement of permittivity (&*),
impedance (Z*), electrical modulus (M*), and conductivity (¢*) as function of tem-
perature (35-600°C) and frequency (45 Hz to 5 MHz) have been carried out using
computer interfaced LCR Hi-Tester (HIOKI 3532-50, Japan).

3. Results and discussion
3.1. Phase analysis

Fig. 1 shows the X-ray diffractogram of BNBT90 in the 20 range
10-60°. All the peaks were indexed. XRD analysis on the material
reveals it is a single phase with tetragonal structure.

Whereas XRD patterns with high Ba2* concentration show
strong (200) peak splitting which is indicative of the tetragonal
phase and at low concentration of Ba2* they show (2 0 0) peak trans-
formed to a single peak which suggests rhombohedral symmetry,

Table 1
Lattice parameters.
Lattice Cell volume Density % density Porosity
parameters (A) (A3) (g/cm?)
Pexp Pcal
a=b=3.76 58.28 6.30 6.42 98 0.02
c=3.89
Table 2

Crystallite size.

Average crystallite Average micro

size (nm) strain &
(x1073)

Debye-Scherer technique Williamson-Hall technique

31 52 6.10

i.e., observed above and below of MPB region, respectively. The
reflection at 47°, which is assigned as (002), (200) is confirmed
to be a tetragonal phase [12]. The bulk density of sintered material
has been measured by the Archimedes method; the experimental
density achieved is 98% to that of theoretical density. The values of
lattice parameters, density, and porosity of the material have been
given in Table 1. The insert of Fig. 1 shows the SEM micrograph of
polished surfaces of the sintered pellet of BNBT90. The grain size of
the sample has been calculated from linear intercept method. The
observed average grain size from micrograph is 0.97 pm.

The average crystallite size of BNBT90 has been estimated from
reflections of 26 values of XRD profile using Debye-Scherer equa-
tion,

ko
" B cosf

where t is the averaged dimension of crystallite, the Scherer con-
stant (K=0.89), A is the wavelength of X-ray (A=1.5406A) and
B=FWHM (full width half maxima) of broadening diffraction line
on the 26 scale (radian). The average crystallite size has been cal-
culated by using the above formula and is given in Table 2.

Fig. 2 shows the Williamson-Hall plot approach [13]. The slope
of the plot Bcos6/A versus 4sin(0)/A (Fig. 2) gives the value of
microstrain and intercept results crystallite size. The values of aver-
age crystallite size and micro strain of the BNBT90 ceramic have
been tabulated in Table 2.
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Fig. 2. Williamson-Hall plot.
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Fig. 3. Temperature dependence of (a) dielectric constant (¢') and (b) tan § loss at different frequencies.

In Williamson-Hall method, the broadening due to strain
is completely removed and so the crystalline size is larger,
when compared to Debye-Scherer method. In BNBT90 system A-
site is occupied by Na'*=0.97 A, Bi3*=0.96A, Ba%*=1.34A, and
Ti4* =0.68 A ion occupied by the B-site of the perovskite. A simple
description of the geometric packing within perovskite structure
can be characterized by tolerance factor t, which is defined by fol-
lowing equation [14],

(ra+T10)
V2(rg + o)
where 14, g and 1, are ionic radii of A-site cation, B-site cation and

anion, respectively. The value of t=0.81 has been estimated and it
is with in the limit of stable perovskite structure.

t= (2)

3.2. Dielectric studies

The temperature dependence of the dielectric constant (¢!) and
dielectric loss tangent (tan§) in the 1-100 kHz frequency range is
depicted in Fig. 3a and b. The dielectric response plot exhibited a
diffuse phase transition (DPT) and the temperature of the dielec-
tric maximum (T, ) shifts towards higher temperature side with
increase in frequency which confirms the relaxor behaviour of the
BNBT90 material. The ‘tan §’ exhibited a frequency dependent phe-
nomenon (Fig. 3b). At lower frequencies this anomaly in the loss
curve is not much evident as the sample shows higher values of
losses and perhaps due to the presence of the other relaxations
particularly at higher temperatures.

The diffuse phase transition of BNBT90 can be described by the
modified Curie-Wiess law,

el el = AT — Tm)Y (3)

where A is a constant and y is the diffusivity parameter [15,16]. For
normal ferroelectrics y is less than 1 and it is 1-2 for relaxor ferro-
electric. Fig. 4 shows the variation of In (e /e — 1) with In(T - Tiy,)
for BNBT90 at 1 kHz. To estimate the value of y, the experimental
data has been fitted to Eq. (3).

The plot shows a linear behaviour with temperature and the
value of y computed to be 1.83, which clearly indicates the DPT
behaviour. It is expected that some disorder in the cation dis-
tribution (compositional fluctuations) causes the DPT where the
local Curie points of different microregions statistically distribute
around the mean Curie temperature [17].

Fig. 5 shows the variation of inverse of temperature T, with
In(v)Hz. It can be observed from the figure that the frequency
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Fig. 4. Dependence of In (e /e; — 1) on In (T — Ty, ) for BNBT90 at 1 kHz.

1.70

1 (Na, . Bi, . JBa, , TiO,
1.69

] o
1.68

1.67
1.66 °
1.65
1.64
1.63 °

1.62 - °

1.61 T T T T T T T T T T T T T

In(v)Hz

Fig. 5. Variation of Vogel-Fulcher relationship for BNBT90.



7124

a 9x10°-
8x1 0: -*‘* (Nan.4ssBin.455)Ban.nanios _a 3000C
™0 —o0—310°C
6x10° \* —a—320°C
5x10°- —v—330°C
0
G gt —e—340C
N T —a—350°C
3x10° 1 \ *\ e 400°C
20y XX —»—500'C
1x10° *
0 5 M&m
h T T RAAAAI B T AR |
10 10° 10* 10° 10°
Frequency(Hz)

K.S. Rao et al. / Journal of Alloys and Compounds 509 (2011) 7121-7129

2.5x10° . .
b (NaI)ASSBlU.ASS)BaO.090TlOJ —n *3OODC
L] PN 0
2.0x10°4 ° 3500C
1.5x10°
N 1.0x10°
5.0x10°
0.0
T T T T 1
10 10° 10°* 10° 10°
Frequency(Hz)
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V= Vo exp [ (4)

derivative of 1/Ty, is smaller at lower frequencies. This indicates
as f—0, a static freezing temperature (Ty) is approached. The
frequency dependence of the temperature of the permittivity max-
imum Ty, has been modeled using the Vogel-Fulcher empirical
relationship [18,19].

e

kg(Tm — Tf)
where v, Vo, kg and E; are, respectively the operating frequency, pre-
exponential factor, Boltzmann constant and the activation energy.
Tris the freezing frequency. Tyis regarded as the temperature where
the dynamic reorientation of the dipolar cluster polarization can no
longer be thermally activated. An excellent fitting of Vogel-Fulcher
relation with experimental data successfully explains the relaxor
behaviour in BNBT90 ceramic. The values of E; v,, and Trare found
to be 0.021eV, 2.2 x 108 Hz, 305 °C.
3.3. Impedance and modulus spectroscopy studies

The modulus plots give emphasis on elements of the ceramics
with smaller capacitance, while impedance plots highlight the ele-
ments with largest resistance. Fig. 6a represents the real part of
impedance (Z') as a function of frequency. Z! has higher values at
lower frequencies and decreases up to 10 kHz and attains a constant
value beyond. At lowest frequency, BNBT90 exhibited the value of
Z'=158.940kS2 (300°C) and is increases to 822.893 k2 (500°C).

a 1N aoAssB i0‘455)B ao.o9oTi03 —n—460°C
—o0—480°C

—a—500°C

—v—520°C

—e—540°C

% —<—560°C

»—580°C

>
N9
0o 2, *. 3 b’%\
L D08 A 2.
10°* 10° 10°
Frequency(Hz)

Fig. 7. (a) Normalized peak Z'/Z1!

max

N
I

x
s
£

The increase in impedance shows the decrease in conductivity as
discussed above. The Z!! curves are also decreasing with increase
of temperature. Further, irrespective of temperature, all the curves
in both Z! and Z!! plots are found to be merging above 10kHz,
which is ascribed to release of space charge effect. The asymmet-
ric broadening of Z!1 peaks (Fig. 6b) suggests that there is a spread
of relaxation times, i.e., the existence of a temperature dependent
electrical relaxation phenomenon in the material [20]. At higher
values of Z! and Z!1 at lower frequencies and temperatures indi-
cating a higher effect of polarization.

The normalized imaginary part, Z11/Z}l  of the impedance as a
function of frequency at several temperatures in BNBT90 has been
shown in Fig. 7a. It seems that high temperature (=400 °C) triggers
another (grain boundary) relaxation process. From the Arrhenius
plot (Fig. 7b) the activation energy has been evaluated and found
to be 0.85eV.

Fig. 8 shows the complex impedance plots at different temper-
atures. It is observed that one semicircle is obtained from lower
temperature and two semicircles could be obtained at higher tem-
perature with different resistance for grain (R, ) and grain boundary
(Rgp). Hence grain and grain boundary effects could be separated at
these temperatures. It can also be observed that the peak maxima
of the plots decrease and the frequency for the maximum shifts to
higher values with the increase in temperature. The dielectric relax-
ation in the system can be assessed through complex impedance
plots. The centers of the semicircles are laying below the real-axis,

4x10°
3 103 N30.455Bi0.455)B30.090Ti03
10°
2x10°
1x10°
04
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at different temperatures, (b) Arrhenius plot of Z!! peak frequencies.
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revealing the non-Debye type relaxation in BNBT90. The complex
impedance in such situations can be described as

R
o

Zx(w)=2"+iZ"" = —————
1+ (iw/wo)

(5)

where o represents the magnitude of the departure of the electri-
cal response from an ideal condition and this can be determined
from the location of the center of the semicircles, when o — 0, Eq.
(5) gives rise to classical Debye’s formalism. It can be seen that the
complex impedance plots are not represented by a full semicircle,
rather center that the semicircle arc lies below the Z! axis (a>0)
suggesting the dielectric relaxation to be of a non-Debye type. This
may be due to the presence of distributed elements in the material-
electrode system [21]. Since the relaxation times of the relaxator
materials within polar clusters are distributed over a wide spec-
trum at higher temperatures, their response to external fields is ina
different time domain. This results in the deviation from Cole-Cole
plots. As the measuring temperature increases Cole-Cole plots split
into two discrete semicircles, inferring the possible average profile
of various Cole-Cole semicircles. The split semicircles may be due
to secondary element like interfacial capacitance or defects. The
first semicircle (may be ascribed to a parallel combination of bulk
resistance, R, and Capacitance () in the high frequency region,
corresponds to the behaviour of intragranular of the material or
bulk properties. The second semicircle (may be attributed to paral-
lel combination of grain boundary resistance, Ry, and capacitance
Cgp), in the low frequencies region, and represents the grain bound-
ary contribution. It is known that the conductivities of grains and
grain boundaries may be different owing to the different underlying
processes, and thereby they relax in different frequency regions.

Impedance can be represented as

Ze = (R +jo0Cp) '+ (Ry)! +jaoCp) (6)
where
71 _ Ry Rgb
1+(@RyGp)? 1+ (wRgnCop)?
and
i wR2Cy, @R, Cp -

B 1+ (waCb)2 1+ (CURgngb)z

The values of Rg and Ry, could directly be obtained from the
intercept of the ends of the semicircle on the Z!-axis whose vari-
ation with temperature is shown in Fig. 8b. The temperature
variation of Cg, Cgp, and Rg and Rgy, is shown in Fig. 9a and b. It
observed that the values of Rg and Ry, decrease with rise of temper-
ature. The capacitance (Cg and Cgy,) is estimated using the relation.

®max RC = 1 (8)

Table 3
Activation energy values (eV) of conduction (E) and relaxation (e) for grain (g) and
grain boundary (gb) of BNBT90.

Temperature Grain Grain Grain Grain
range (°C) conduction boundary relaxation boundary
activation conduction activation relaxation
energy, Eg activation energy, eg activation
(eV) energy, Eg, (eV) energy, egy,
(eV) (eV)
500-580 0.47 0.71 0.88 0.83
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where wmax (=27fmax) is the angular frequency at the maximum
of the semicircle. The Cg and Cg;, are obtained from Cole-Cole
plots at different temperatures. The decrease in the value of
Rz of BNBT90 is associated with an increase in conductivity
with the rise in temperature. Also, a decrease in Ry, values
with the increment in temperature suggests the lowering of the
barrier to the mobility of charge carriers aiding electrical con-
duction at higher temperatures [22]. From Fig. 9c, it is observed
that 7g (grain relaxation) and tg, (grain boundary relaxation)
decrease relaxation time with increase in temperature. The val-
ues of Rg, Rgp, Tg, Tgp Show an Arrhenius behaviour. The grain
and grain boundary conduction and relaxation activation ener-
gies are tabulated in Table 3. It is evident from the table that,
the conduction mechanism is basically dominated by grain bound-
ary conduction through hopping electrons created through oxygen
vacancies.

3.3.1. Electrical modulus

Fig. 10a shows the variation of (a) real part of modulus, (b)
imaginary part of modulus as function of frequency. M! increases
with increase in frequency and almost takes a constant value
beyond 10 kHz. At low frequency and high temperature region, M’
approaches zero confirming an appreciable electrode and/or ionic
polarization [23].Itis evident from Fig. 10b that there is a shiftin the
peak frequencies of M!! to higher frequency side as temperature
increases. Increasing temperature, the DC conduction is attributed
to long range motion of ions that are thermally activated.

The low frequency side of the peak represents the range of fre-
quency in which the ions can move long range, i.e., ions can perform
successfully hopping from one site to the neighboring site. The
high frequency side of the M'! represents the range of frequencies
in which the ions are separately confirmed their potential wells,
and the ion can make only the localized motion within the well
[24-27]. Also, M'! peak frequencies increase with increase in tem-
perature and the shift in frequency of M1 peaks corresponds to the
so-called conductivity relaxation. The activation energy of DC con-
duction 0.68 eV is obtained from Arrhenius plots (Fig. 11) of M1
peak frequency. The reciprocal of frequency of the M!! peak repre-
sents the time scale of the transition from long range mobility and
is identified as the characteristics relaxation time. Fig. 11b shows
the normalized imaginary part of the electrical modulus M'1/MLL
as a function of frequency at several temperatures in BNBT90.

The M''/MLL, parameter exhibits a peak or maximum value
with slightly asymmetric degree at each temperature. The region
to the left and right side of this peak indicates the mobile carri-
ers over long distance and confined to potential well, i.e., over a
short distance, respectively. The frequency range at and around
the peak indicates the transition from short to long range mobility,
considering the decrease in frequency [28].

3.4. Electrical conductivity studies

Fig. 12 shows the variation of the AC conductivity as a function
of frequency at some elevated temperatures in BNBT90.
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Fig. 12. Variation of AC conductivity as a function of frequency at different temper-
atures.

From Fig. 12, the occurrence of plateau like region in low
frequency, at high temperature region reveals the frequency
independent conductivity, i.e., DC like [0, ]. The conductivity sub-
sequently increases with increase of frequency, which varies
approximately as a power of frequency (»") (where n is a func-
tion of temperature as well as frequency) at all temperatures. The
characteristic frequency which is the onset of " dependence shifts
towards higher frequency side with increase in temperature which
attributes to the relaxor behaviour of the material. The conductiv-
ity spectra obey Jonscher’s law and AC conductivity is found to vary
with angular frequency,

0 = 0o + Aw" 9

where o, is the DC conductivity, Aand n (0 <n<1) are the tempera-
ture dependent parameters. This power law is a universal property
of materials and is related to the dynamics of hopping conduction.

The values of o, and A(T) have been determined by fitting fre-
quency dependent conductivity data from Eq. (9). As shown in
Figs. 13a and b and 14, ion hopping rates (wp ) have been calculated
using the formula proposed by Almond and West [29],

o= ()" (10)
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Fig. 14. Experimental and theoretical fit for AC conductivity as a function of fre-
quency at 340°C.

The ion hopping rates, wp are following the Arrhenius relation and
is thermally activated process,

%) (11)

Wp = We €XP (
where we is the effective attempt frequency, Hy, is the activation
enthalpy for hopping or migration of ions. From Fig. 15, the value
of Hy, is found to be 0.24 eV.

The magnitude of the carrier concentration term K! has been
determine by the relation [30],

1_ 091
K! = o (12)

Fig. 16 shows the temperature dependence of the charge carrier
concentration (K1). The charge carrier concentration is observed to
be increasing with raise in temperature under investigation. This
reveals the generation of charge carriers with increase of temper-
ature and an active participation of oxygen vacancy conduction
in BNBT90. Therefore, the activation energy calculated from the
Arrhenius plot of conductivity represents the energy required for
the migration of ions.

Fig. 17 shows, Arrhenius AC conductivity plot with inverse of
temperature at different frequencies. At low temperatures up to
at about 200°C, the conductivity does not show any apprecia-
ble change for all the frequencies of measurement. At 1kHz, the
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Fig. 13. (a) Variation of (a) n as function temperature, (b) A as a function of temperature.
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Fig. 17. Variation of conductivity as a function of inverse of temperature.

Table 4
DC and AC conductivity activation energies of BNBT90.

Temperature (°C) Conductivity activation energy (eV) AC

DC 1kHz 10kHz
590-500 0.26 047 0.20
300-250 0.01 0.08 0.04
140-60 0.05 0.02 0.04

value of room temperature conductivity is 2.5 x 109 (S/cm) and is
increased to 1.74 x 1076 (S/cm) at 595 °C. Hence, the conductivity is
observed to be increased with increase of temperature suggesting
the NTCR behaviour like semiconductors. The non-appreciable vari-
ation of AC conductivity with temperature indicates the existence
of multiple relaxation in BNBT90.

Further, at low temperatures, the magnitude of conductivity
varies by about four orders in the frequency range under study
and this behaviour changes with increasing temperature. As the
temperature increases, the magnitude of conductivity is close to
each other at all frequencies, curves appear to be merged at high
temperatures indicating predominance of an onset of intrinsic
conductivity mechanism. The activation energy for AC and DC con-
ductivities in different temperature regions has been obtained from
the Arrhenius plots (Fig. 17). The activation energies of AC and DC
conductivity in the material have been evaluated and are given in
Table 4.

The activation energy values for DC conductivity are found to
be less than the AC conductivity. This may be due to hopping of
charge carriers in the considered temperature region. Further, the
AC conductivity activation energies are decreased with increase
in temperature. The values of activation energies suggesting the
conduction process is thermally activated and is controlled by
defect-ion complexes and migration of charge species under the
applied electric field. Further, the polarization field, grain bound-
aries may assist the charge species to migration and contributing for
conductivity. The sodium ions are most mobile ions and generate
the A-site vacancies. It is suggested that the sodium ion vacancies
may combined with bismuth ion vacancies which undergoes from
3+state to 4+ state or vice versa [3]. The samples are sintered at high
temperature there is a chance for creation of oxygen ion vacancies.
The values of activation energies reveal that oxygen vacancy migra-
tion may not be actively involved in the conduction mechanism in
BNBT90.

4. Conclusions

The polycrystalline material (Nag 5Big 5)0.91Bag.090TiO3 was pre-
pared by conventional solid state reaction method and confirmed
as tetragonal structure from XRD pattern. Dielectric studies showed
a diffusive phase transition with frequency dependent dielec-
tric maximum and relates to cation disorder at A-site, exhibits
relaxor behaviour. The dielectric relaxation was modeled using
Vogel-Fulcher relationship. Impedance studies reveal a non-Debye
type of dielectric relaxation. Electrical modulus behaviour in the
material indicating a time scale of the transition from long range
mobility and are identified as the characteristics relaxation time.
The conductivity parameters such as ion hopping rate (wp) and the
charge carrier concentration (K') were calculated using Almond
and West formalism. The increase in conductivity with increase in
temperature was attributed to the increase in hopping rate with
temperature. The charge carrier concentration remained almost
constant over the entire temperature range, which in turn reveals
that there was no creation of charge carriers over this temperature
range.
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