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Abstract

In this work, the effects of Ba(Fe, Nb,s)O; (BFN) addition on the structure and dielectric behaviour of
Ba,, ,s(Na, sBi, 5), 0,Ti0; (BNBT) ceramics have been reported. The lead-free (1-x)BNBT-xBFN (where 0 < x <
1.0) solid-solutions were synthesized by traditional ceramics fabrication technique and sintered at tempera-
tures up to 1325 °C. The X-ray diffraction peaks of the compounds of the entire series were indexed. It is found
that the crystal structure of the obtained solid solutions changed from rhombohedral (R3c) to cubic (Pm3m)
with an increase in BFN content. The Fourier transformed infrared and Raman spectra also confirmed the
formation of solid-solutions. SEM studies were carried out to evaluate the purity and microstructure of the fab-
ricated ceramics. The dependence of phase transition broadening, phase transition temperature and dielectric
parameters with compositional changes were also studied.
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I. Introduction

Lead-based ceramics are widely used in the elec-
tronics industry for various electronic, microelectronic,
electro-optic and magneto-electric devices [1]. Most of
the products end up in a landfill within a few months
or years as they have a short service life. Attempts
to recycle lead in electronic products had mostly been
unsuccessful [2]. The disposed lead in the environ-
ment has subsequent effects on the ecosystem which
needs to be addressed. Most leading electronic manu-
facturers have prioritized their search for alternatives to
lead-containing ceramics. In recent years, complex per-
ovskites with Fe as one of the components having nom-
inal chemical formula A(Fe,,B,,)O; (A = Ba, Sr and
Ca; B = Nb, Ta and Sb) have lured researchers because
of their giant dielectric (10°~10°) response over a wide
temperature and frequency interval [3—7]. Reaney et al.
[8] for the first time reported the structural studies of
Ba(Fe, ,Na,,)O; (BFN). Saha and Sinha [9] reported
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that BFN possesses a partially disordered perovskite
structure exhibiting ferroelectric relaxation, character-
ized by a broad dielectric transition. Raevski et al. [4]
reported that the high values of the dielectric permittiv-
ity in BFN and similar ceramics can be accounted to the
Maxwell-Wagner mechanism. Afterwards, continuous
efforts had been made to study the dielectric behaviour
of BEN [5,10-14]. Ke et al. [15] demonstrated that with
suitable sintering conditions the value of dielectric per-
mittivity (&,) of BEN can be increased above 10°. The
microwave synthesis of BFN powder and its dielectric
properties had been studied by Charoenthai et al. [16]
for the first time by microwave synthesis technique.
They obtained pure perovskite phase having cubic sym-
metry with average particle size in the submicron range.
The reported dielectric constant and dielectric loss at
300°C and 1kHz was ~30000 and 0.6. Eitssayeam et
al. [17] studied the ferroelectric and pyroelectric proper-
ties of 0.8PbZr s,Ti 4304-0.2BakFe, sNb, ;O; ceramic
system and quoted the remanent polarization and coer-
cive field of 0.8PZT-0.2BFN ceramics to be 21 uC/cm?
and 6.4kV/cm, respectively. Chung et al. [18] stud-
ied the fluctuations in the dielectric behaviour of BFN
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ceramics upon the introduction of bismuth. When Bi
doping level was below 6mol% single-phase mon-
oclinic perovskite structure was obtained and above
6 mol% the ceramic structure changed to tetragonal
symmetry. Bi doped BFN ceramics showed the dielec-
tric relaxation properties and the giant dielectric con-
stant response by the boundary-layer mechanism. Lead-
free pseudo-binary compounds, (1-x)Ba(Fe, ,Nb, ,)O;-
xBaTiO; (0 < x < 1), were studied by Bhagat et al. [19].
They reported that the incorporation of BaTiO, signifi-
cantly reduced the dielectric loss and improved the fre-
quency and temperature stability of the dielectric prop-
erties of Ba(Fel/sz1/2)03. Dielectric and Mo6ssbauer
spectra studies of BFN ceramics with monoclinic and
cubic perovskite structures were undertaken by Raevski
et al. [20]. They reported that high value of the dielec-
tric constant in both structures is determined not by in-
trinsic ferroelectric properties, but rather by extrinsic
contribution due to the polarization of the Maxwell-
Wagner type at low temperatures and/or relaxation con-
tributed by the oxygen vacancies at high temperatures.
In recent work, Li et al. [21] studied Al-substitution for
Fe in Ba(Fe, ;Nb, )O; ceramics. They observed that
both pure BFN and Al doped BEN possess cubic crystal
structure with Pm3m (221) space group.

radii mismatch is the lowest [28]. Thus, the possi-
ble B-site substitution formula for the solid solution
of Bagos(Na,;,Bi,/)0,TiO; and Ba(Fe,,Nb,,)O; is
Bay 460,04 N8 471 Blg 4710 F€0 5. NP 5, Th(1 ) O3

In this work, (1-x)BNBT-xBFN (0 < x < 1.0) pow-
ders were synthesized by conventional solid-state reac-
tion method, pressed and sintered up to 1325 °C. X-ray
diffraction, scanning electron microscopy, FTIR, Ra-
man spectroscopy and dielectric studies were used to
characterize the samples. From all these experimentally
obtained data the formation of the solid solution was
confirmed and the effect of composition on the phase
transition broadening and phase transition temperature
were also analysed.

II. Experimental

The polycrystalline Ba, ,¢(Na, ,Bi, »))4,TiO; and
Ba(Fe,,Na,,)O; powders were prepared separately
by solid-state reaction technique using high purity
(>99.9%) carbonates/oxides, i.e. BaCO;, Na,CO,,
Bi,0;, TiO, and Nb,O,. Following thermochemical re-
actions were carried out in an air atmosphere at 1140 °C
and 1300 °C, respectively:

0.06BaCO; + %*Na,CO; + 2Bi, 0, + TiO, 2, Bay(Na, 12Bi12)004TiO; + CO,(2)

BaCO, + 1 Fe,0, + 1 Nb,0, —— Ba(Fe, ,Nb, ,)O, + CO,(g)

A close observation of the periodic table and lit-
erature survey suggests that the most likely replace-
ments for the lead-based materials having in mind
the environmental factors are the Bi-based com-
pounds [22,23]. Among the Bi-based systems, (1-
x)(Bi; ,Na, ,)TiO;-xBaTiO; is considered to be one of
the potential lead-free candidates for dielectric and/or
piezoelectric applications. It exhibits a rhombohedral-
tetragonal morphotropic phase boundary (MPB) around
0.06 < x < 0.08 with noticeable piezoelectric, di-
electric and electro-magnetic properties [24,25]. How-
ever, the non-lead pseudo-binary solid-solution of
Ba, (c(Na, »,Bi, ») 94 T1O; and Ba(Fe, ,Nb, ,)O; (abbre-
viated hereafter as BNBT-BFN) has not been investi-
gated/reported by any research group and this is the mo-
tivation of our research work.

The aim of the present study is to investigate the
effects of BFN addition on the various quantities of
interest like the structural and dielectric properties of
BNBT ceramics. It is very well established in the
literature that the ionic radius of the doped/foreign
cations and their mixed-valences are key parame-
ters governing the electrical properties of the parent
materials. Taking into account the various parame-
ters, namely the tolerance factor, the charge balance
and the Coulombic and strain interactions, transition
metal Fe and Nb in Ba(Fe, ,Nb, ,)O; are more likely
to be incorporated into the B site of BNBT matrix
since in this situation the involved degree of ionic
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The completion of the reactions and the formation of
desired compounds were confirmed by X-ray diffraction
technique. BNBT was then mixed with varying amount
of BFN. Wet mixing was carried out with methanol as
the medium for homogeneous mixing. A series of (1-
x)Ba oc(Na, »Bi, ) 4 TiIO;-xBa(Fe, ,Nb, ,)O; (where
x =0, 0.05, 0.10, 0.25, 0.50, 0.75, 0.90, 0.95 and 1.0)
samples were compressed into thin (~1.5 mm) cylindri-
cal disks with an applied uniaxial pressure of 5 tons.
The prepared samples were finally sintered at tempera-
tures between 1180 °C (x = 0) and 1325 °C (x = 1.0) for
4 h except for x = 0.50. Great difficulty was encountered
in sintering of the 0.5BNBT-0.5BFN solid solution. The
sintering temperature of this composition (1150 °C) was
less than for the composition preceding it as well as
succeeding it. In addition, any slight variation from this
temperature resulted in melting of the solid solution.

The sintered (1-x)BNBT-xBFN (0 < x < 1.0) pel-
lets were characterized by X-ray diffraction technique
at room temperature, using diffractometer (X pert PRO,
PanAnalytical) with CuKe radiation (4 = 1.5406 /0%) and
over a wide range of Bragg angles from 10° to 70°.

The Fourier transformed infrared (FTIR) spectra of
(1-x)BNBT-xBFN (0 < x < 1.0) samples were recorded
in the transmission mode with Alpha-T Bruker FTIR
spectrophotometer in the range of 500—4000 cm®®-1.

The sintered pellets were polished properly to ensure
the parallel surfaces. The circular faces of the pellets
were coated with silver paste and fired at 500 °C for
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Figure 1. Rietveld refined XRD patterns (a), XRD patterns of the selected regions - 20 range: 30°-34° (b) and measured
density of Ba, y(Na,,Bi; ;) 9, TiO;-Ba(Fe, ,Nb, ,)O; ceramics (c) (symbols represent the observed data points and
the solid lines their Rietveld fit)

30 min. The metal coating acts as the electrodes for the
electrical measurements. The frequency (1 Hz—1 MHz)
and temperature (50—400 °C) dependent dielectric con-
stant (real and imaginary parts) of the different composi-
tions were measured using a computer-controlled Alpha
high-resolution dielectric analyser (NOVOCONTROL
Technologies, GmbH & Co. KG, Germany). The tem-
perature was varied at a rate of 2 °C/min.

III. Results and discussion

Figure la displays the observed, calculated and dif-
ference profiles of Rietveld refined XRD patterns of
the sintered (1-x)BNBT-xBFN ceramics having x =
0.00, 0.05, 0.10, 0.25, 0.50, 0.75, 0.90, 0.95 and 1.00.
All the samples except x = 0.50 are a pure phase
with a perovskite structure. It has been reported that
rhombohedral-tetragonal symmetry exists at MPB com-
position in Ba0_06(Nal/zBi1/2)0.94TiO3 [24,25] and the
space group R3c is found to fit well the X-ray diffraction
pattern [26]. The crystal structure of Ba(Fe, ,Nb, ;)05
at room temperature is reported to have cubic symme-
try with Pm3m space group [21]. It could be seen that
diffraction peaks of Ba0_06(Nal/zBi1/2)0.94TiO3 x=0)
and Ba(Fe,,Nb,,)O; (x = 1) are consistent with the
earlier reports [21,27]. The shift in the peak positions
and changes in intensities of the peaks can be noticed
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(Fig. 1b) with the addition of BFN to BNBT matrix.
The room temperature crystal structure of the samples
gradually changed from rhombohedral-tetragonal to cu-
bic symmetry with increasing x. The crystal structure of
the samples with x < 0.25 was found to be rhombohe-
dral (R3c) and that with higher BFN content (x > 0.75)
were found to be cubic (Pm3m). The XRD pattern of
solid-solution with composition x = 0.50 was found to
contain the peaks corresponding to both tetragonal as
well as cubic symmetry, revealing a mixed phase with
53% contribution from rhombohedral-tetragonal phase
(space group: R3c) and 47% contribution from cubic
phase (space group: Pm3m) as evident from the Rietveld
refinement.

Figure 2 shows the SEM micrographs of the cross
section of the BNBT-BFN ceramics after sintering. The
SEM images reveal that grains are distributed through-
out the samples with no or very few voids, indicat-
ing that the sintered samples had attained high density
(5.03 g/cm? for x = 0 to 4.78 g/cm? for x = 1.0). Poly-
crystalline grains with grain sizes ranging from 3—10 um
were found for the chosen compositions. The substitu-
tion of Fe/Nb for Ti led to an obvious change in the
grain shape and size. The average grain size for the
BNBT sample is found to be =3 wm. As the substitution
level of Fe/Nb increased to 0.25, the grains became sig-
nificantly larger (6 um) and grew into granular shapes
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Table 1. The crystal data and refinement factors of (1-x)Ba, os(Na, ,Bi; /)y 9, TiO3-xBa(Fe, ,Nb,,)O; ceramics obtained from
X-ray powder diffraction data at room temperature (R - rhombohedral and C - cubic)

Parameters x=0.0 x=0.05 x=0.10 x=0.25 x=0.50 x=075 x=090 x=095 x=1.0
Crystal system R R R R R+C C C C C
Space group R3c R3¢ R3¢ R3c R3¢  Pm3m Pm3m  Pm3m  Pm3m  Pm3m
a(A) 5.518 5.534 5.552 5.672 5525 4.059 4.029 4.047 4.053 4.056
b (A) 5.518 5.534 5.552 5.672 5525 4.059 4.029 4.047 4.053 4.056
c(A) 13.513  13.509  13.617 13.50 13.48 4.059  4.029 4.047 4.053 4.056
V (A% 356 35839  363.62 37645 35643 66.89  65.43 66.30 66.6 66.77
Rexp 6.4 6.4 6.39 6.35 6.23 6.22 6.12 5.84 6.27
R, 8.3 9.5 12.47 15.82 10.06 10.16 791 14.49 10.94
Ryp 10.2 13.5 15.38 28.115 13.81 12.95 10.39 17.2 13.70
Rp 5.22 12.05 9.25 27.31 2.82 2.96 13.16 6.3 6.26 19.44
x° (GOF) 2.59 4.34 5.78 19.59 491 4.32 2.87 8.65 4.76
D 1.6 0.58 0.35 0.119 0.17 0.20 0.5 0.13 0.16
cla 2.45 2.44 2.45 2.38 2.44 1.0 1.0 1.0 1.0 1.0
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Figure 2. Scanning electron micrographs of (1-x)Ba, os(Na,,Bi; ;) 9, TiO;-xBa(Fe,,Nb, ,)O; ceramics: a) x = 0, b) x = 0.05,
¢)x =0.10, d) x = 0.25, e) x = 0.50, f) x = 0.75, g) x = 0.90 h) x = 0.95 and i) x = 1.00

with grain boundaries slightly blurred as compared to
the lower compositions. The grain size continuously in-
creases with increase in BFN content (x) and there are
two possible reasons. The first one could be the differ-
ence in ionic radii, i.e. the ionic radius of Fe and Nb
are greater than the ionic radius of Ti which they re-
place [r(Fe,;’") = 0.645A, r(Nb,’") = 0.69A and
r(TiVI4+) = 0.605 A]. The second possible reason is that
this growth is due to the Ostwald ripening, a thermo-

dynamically driven process where crystal growth takes
place by a dissolution-precipitation mechanism, usually
when a secondary phase is present, to attain a lower
value of chemical potential as well as the Gibbs free
energy [29]. The Ostwald ripening could be recognised
in the samples with composition having x = 0.50 where
a mixed phase was confirmed by XRD. The larger aver-
age grain size of 10 um has the sample with x = 1.00.
Figure 3 shows the FTIR spectra of the BNBT-BFN
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ceramics in the mid-infrared region. Peaks correspond-
ing to the metal-oxygen bond can confirm the forma-
tion of a perovskite structure [24]. In the unit cell of
the perovskite BNBT, Ba, Na, and Bi are at the A-
site, Ti at the B-site and oxygen at the face centre. Re-
duced masses of Bi—O, Ba-O, Ti—-O and Na-O are in
decreasing order hence their metal oxide (M—O) bonds
have their characteristic wavenumbers in increasing or-
der. However, there could be variations in the above-
mentioned trend owing to degenerate infrared-active vi-
brations of a particular M—O bond. Considering these
facts, it can be inferred that in the FTIR spectra of the
BNBT, a sharp peak near 610cm™! represents the Ti—O
stretching mode [25], an intense band at 642 cm’! may
be accredited to the bonding of either Ba—O or Bi—-O
and a comparatively weak band at 842 cm™' may be ac-
credited to Na—O bond. Earlier reports suggest that the
peaks corresponding to Ti—O stretching mode and TiOg
polyhedron absorb near 395 cm™ [25] and 410cm™, not
present in the spectrum as these are beyond the recorded
range [26,27]. Further, with the increase of BFN content
(x), the peak at 642cm’' becomes narrower, decreases
in intensity and shifts towards the lower wavenumber
side. The narrowing of the peak may be attributed to
the increasing number of chemical environments. The
two dominant peaks at 642cm’! and 842 cm™! coalesce
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Figure 3. FTIR spectra of
(1-x)Bay o5 (Na,,Bi; )y 94 TiO5-xBa(Fe, ,Nb; ,)O; ceramics at
room temperature
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to form a single peak around 573 cm™ for x = 0.75.
The peak at 573cm’! may be attributed to the Fe-O
stretching and bending vibration which is characteris-
tic of octahedral FeO, groups in the perovskite com-
pounds [28]. The peaks for x = 0.90 again become nar-
row and sharp which may be a confirmation of weak
intermolecular interactions due to a decrease in a num-
ber of chemical environments. All the compounds con-
tain weak band at 2800-2900cm™! which correspond to
carbonate groups, may be due to atmospheric CO,. Dur-
ing palletisation with KBr some water molecules are ad-
sorbed from the atmosphere and hence H-O-H bend-
ing and O-H stretching modes of vibration at 1639 and
3443 cm! are also present for the entire series of BNBT-
BFN ceramic system.

Figure 4 shows the first-order Raman spectra of the
sintered (1-x)BNBiT-xBFN ceramics with x = 0.00,
0.05, 0.10, 0.25, 0.50, 0.75, 0.90, 0.95 and 1.00. The
peaks of BNBT which were expected to be Lorentzian
in line-shape were found to be Gaussian line-shape [30].
Numbers 133.3 (19.2), 281.3 (53.4), 536.2 (49.7), 615.3
(28.11) and 799.4 (79.2)cm™ in graphs mark the peak
position with FWHM in parenthesis. Gaussian peak pro-
file observed in the Raman spectra of BNBT may be
attributed to the particle size distribution in the sam-
ple [30]. Acute and multiple Lorentzian peaks were ob-
served in BFN in contrast to BNBT. As shown in Fig.
4a, no new peaks are observed with increasing BFN
content (x), thereby indicating the formation of solid so-
lutions of BNBT-BFN and consequently the absence of
formation of any new phase. Since the Raman peaks of
BFN differ significantly from that of BNBT (Fig. 4b),
the evolution of the structural changes of BNBT-BFN
solid solutions due to change in composition, can be
correlated with XRD and dielectric data. Also, the Ra-
man bands are quite broad. Broad Raman bands are an
indicator of cation disorder at the coordinated sites and
overlapping of Raman modes [31].

3.1. Dielectric properties

Temperature dependences of the dielectric constant
and loss for the BNBT-BFN ceramics at 1 kHz, 10kHz
and 100 kHz are shown in Figs. 5 and 6. The phase tran-
sition in the samples with lower BFN content (0 < x <
0.25) is diffuse which becomes sharp with the predomi-
nation of the cubic phase (x > 0.75). The ceramics with
lower BFN content have two dielectric anomalies at T,
(depolarization temperature) and 7, (temperature cor-
responding to the maximal dielectric constant) as ob-
served from Fig. 5, whereas only one significant phase
transition is noted in the sample with higher BFN con-
tent (x > 0.50). With the increase in BFN concentra-
tion, the phase transition at first becomes more diffuse
till x = 0.25. The widening of the ferroelectric phase
transition in solid solution, in which similar crystallo-
graphic points are arbitrarily occupied by different types
of ions, is attributed to the fluctuations in composition
[32]. The phase transition broadening becomes an ex-



S.K. Roy et al. / Processing and Application of Ceramics 13 [4] (2019) 418-426

BFN 0.95

1 n 1 L 1 n L M

BFN 0.90

1 i 1 i 1 i 1 i

BFN 0.75
1 i ] . 1 . ] n
BFN 0.50

1 i 1 " 1 " 1 i

BFN 0.25
1 1 1 1

n n n n

BFN 0.10

1 n 1 L 1 n 1

BFN 0.05

1 n 1 n 1 n 1 i

w-

200 400 600 800 1000

Raman shift (cm'1)

BNBT

281.3

133.3

Intensity (arb. unit)

; 536.2

#8153

1790.4

200 400 600 800
Raman Shift (cm™)

1000

Figure 4. Raman (1-x)Ba, oc(Na,,Bi, ;)9 ¢, TiO;-xBa(Fe, , Ta; ,)O; ceramics along with the Raman spectra of
Ba, os(Na,;,Bi; ;) 4, TiO; and Ba(Fe;,Nb,,)O; as well as their fitted peaks with Gaussian components and
deconvoluted with Lorentzian components

6
] x103 =0.00 x10% x=0.05 5L X103 x=0.10
£ r =
| E T
£s 8 84t
= @ 4L 1]
C 4} c c
() 2 3
o o (&}
L3l o sl 23t
T g 5
2,0 8 2
g —— 1kHz o, —1kHz ° 2} —1kKHz
1t ——10kHz o ——10kHz =] ——10kHz
—— 100kHz —— 100kHz —— 100kHz
L= . ... T 1 e 1 P U
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
Temperature (°C) Temperature (°C) Temperature (°C)
2
x103 x=025 x10° x=0.50 | x10° x=075
o [—1kHz € | —1kHz — 1kHz
E [ —10kHz 8 | —10kHz € | —10kHz
£ °[ —100kHz 2 | — 100kHz £ | —100kHz
S 4 3 & [
[&] ') 1 o
o = o
2 3t £
B 2 B 1+
(7] ] [}
2,1 ] 2
2 { a 2
o a
1t ol ol
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
)
Temperature (°C) Temperature (°C) Temperature (°C)
8
S X10° x=0.90 x103 x=0.95 x10° x=1.00
— 1 kHz o | —1kHz =6 —Lmi
< —— 10 kHz c —— 10 kHz 5 b o— z
8 | —100kHz % 2| — 100kHz g | — ooz
c B Q o
S [&] O 4t
Q P o
o = %
'g 1+ D1}
2 D 50
< o °
of ol of
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450

Temperature (°C)

Temperature (°C)

10kHz and 100 kHz

423

Temperature (°C)
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Figure 6. Temperature dependence of the loss tangent of Ba, os(Na, ,Bi; ;) 94 TiO;-Ba(Fe,,Nb,,)O; ceramics at 1kHz, 10 kHz
and 100 kHz

plicit function of the composition only when the long-
range cooperative interactions between ions are weak
enough. Thus, the substitution of Ti** with Fe®* or Nb>*
ions into the B site of BNBT matrix seems to weaken
the long-range cooperative forces between the B site
ions, causing the composition fluctuation effective for
the phase transition broadening. Hence, diffuse ferro-
electric phase transition for 0 < x < 0.25 could be
due to the convergence of a large number of local fer-
roelectric phase transitions, which are caused by fluctu-
ations in the local composition [31]. In addition to the
effects on short-range forces, a direct long-range inter-
action between ions can originate from the local per-
manent electric dipoles with random orientations due to
ion pairs (Fe**,Ti*"), (Fe’*,Nb’*), (Ti**,Nb’*) etc. ar-
ranged together in the neighbouring B positions [32].
This causes an additional disturbance to the long-range
cooperative interactions in crystals and may be respon-
sible for a rapid phase transition broadening with an in-
crease in the amount of BFN. Again, when BFN con-
tent is higher than 75% the phase transition broadening
reduces due to the strengthening of long-range coopera-
tive forces.

With the inclusion of BFN into BNBT matrix,
the phase transition temperature displaces towards the
higher temperature and attain its maximum for the com-
position with x = 0.75. The room temperature dielec-
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tric constant (egr), dielectric constant at the Curie tem-
perature (&,4,) and loss tangent (tan¢) all have their
maximal values for the composition with x = 0.50 at
1 kHz and they are 1197, 1.54 x 10° and 2.12, respec-
tively (Fig. 7). The colossal dielectric constant near x =
0.50 may be attributed to various factors. The interac-
tion of local permanent electric dipoles viz. (Fe** Ti*"),
(Fe** ,Nb°*), (Ti**,Nb>*) etc., with random orientations
is weak so the dipoles get easily polarized and the sam-
ple possesses higher magnitudes of dielectric constant
under external alternating electric field [32]. The do-
main wall vibration is also one contributing component
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Figure 7. Compositional dependence of dielectric parameters
of Ba, ys(Na, ,Bi; /)99, TiO;-Ba(Fe, ,Nb; ,)O; ceramics at
1kHz
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to the dielectric constant (which is also called orienta-
tional polarization). The other contributing component
is ionic polarization. If some of the Nb>* ions substitute
Ti** ions, cation vacancies may be created to maintain
charge neutrality [33]. These cation vacancies may in-
crease the ionic polarisation and in turn, contribute to
the dielectric constant. A grain boundary is thought to
have a lower dielectric constant than the ferroelectric
grain, as dipoles within the grain boundary are more
randomly oriented as compared to the grains, so with in-
creasing grain size, the fraction of grain boundary vol-
ume decreases and the corresponding ceramics dielec-
tric constant increases. For the series (1-x)BNBiT-xBFN
samples with x = 0.00, 0.10, 0.25, 0.50, 0.75, 0.90 and
1.00, grain size is the largest for x = 0.50 and in accor-
dance with the above theory dielectric constant is also
maximal for x = 0.50. The similar kind of increment
in dielectric constant due to the increase in grain size
is explained by Lin et al. [34] by modifying Ginsburg-
Landau-Devonshire thermodynamic theory. It is also a
proven fact that any sample which possesses a spatial
variation of charge density contributes to the dielectric
susceptibility of a medium. The colossal dielectric con-
stant near x = 0.50 at lower frequencies arises from
intrinsically formed heterogeneous regions within the
sample which represent a kind of Maxwell Wagner po-
larization effects. This agrees with the SEM micrograph
as this composition marks the beginning of the Ost-
wald ripening after which the smaller crystals coalesce
to form a bigger crystal. With x > 0.75 the dielectric
response again decreases as the interaction between the
local dipoles increases and the strong local interaction
reduces the average polarization of the samples.

IV. Conclusions

Lead-free (1-x)Bay o5 (Na, ,B1; ) 9, TIO5-
xBa(Fe, ,Nb,,)O0;; 0 < x < 1.0 ceramics were
prepared successfully following an industrially viable
solid-state reaction technique. The Rietveld refinement
of XRD data indicated that each composition of the
series except x = 0.50 is a pure phase with perovskite
structure. The composition with x = 0.50 was found to
have a mixed phase of tetragonal and cubic symmetry,
where 53% contribution comes from rhombohedral-
tetragonal phase and 47% contribution comes from the
cubic phase. As the substitution level of Fe/Nb (i.e.
x) is increased the average grain size get increased
from ~3 pum to 10 wm. The origin for the increment in
grain size could be pinned down to the fact that ionic
radius of Fe and Nb are greater than the ionic radius
of Ti which they replace and to the Ostwald ripening.
The grain shape changed from cuboidal like grains to
granular like grains. The phase transition with lower
BEFN amount (0 < x < 0.25) is diffuse which becomes
sharp as the cubic phase predominates (x > 0.75). With
the inclusion of BFN into BNBT matrix, the phase
transition temperature displaces towards the higher

temperature and attain its maximum for the composition
with x = 0.75. The room temperature dielectric constant
(egr) has its maximal value for the composition with x
= 0.50 at 1kHz. The colossal dielectric constant near
x = 0.50 may be attributed to various factors namely
the interaction of local permanent electric dipoles
under an external alternating electric field, domain wall
vibration, ionic polarization and increasing grain size.
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