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ABSTRACT

Polycrystalline samples of Bad=f\b O; and (:x)Ba(Fe sNbpy 5)O:-xBaTiO;, [referred as BFN and BFRT respectively] (x =

0.00, 0.15 and 0.20) have been synthesized by a-teigiperature solidtate reaction technique. The formation of the
compound was checked by anray diffraction (XRD) technique. The microstructure analysis was done by scanning electron
micrograph.The specbscopic data presented in impedance plane show the grain and grain boundary contributions towar
electrical processes in the form of sezicular arcsDetailed studies of dielectric and impedance properties of the materials in
a wide range of frequendt00Hz5MHz) and temperatures (ZB2°C) showed that these properties are strongly temperature
and frequency depende@opyright © 2012 VBRI press.
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disadvantage due to toxicity and volatility of polluting
substances. Researchers are directed towards more
environmentally friendly leadree relaxor materials.

In this way, many compositions with perovskite
structurewere recently prepared and characterif#d |

20].

Recently giant dielectric constant and dielectric
relaxation in A(FgB.,0;), (A = Ba, Sr and B = Nb,
Ta) [21], CaCuTi 012 [22], CACRS, [23] have been
pursued to understand the relaxation mechanism,
which describes the dielectric relaxation i.e. charge
redistribution, structural frustration or polaron
redistribution, ferroelectric relaxor, and Maxwell
Wagner space charge (pseudo rela2di)[

The relaxor ferroelectric (%)BaFe,Nb,,Os-
xBaTiO; known as BFNBT, are the active element in
a wide range of piezoelectric devices such as sensors
and actuators, ultrasound technologies and under
water acoustics. When properly oriented, they have
piezoelectric coefficients which are the highest yet
repored, with electromechanical deformations one
order of magnitude larger than those of conventional
high piezoelectric PbZrEPbTiO; (PZT) ceramics
[25, 2§. For instant, several researcher, such Intatha
et al. p4], Fang et al. 27], Nedelcu et alZ8g],
Yokosuka P9], Tezuka et al.30], Raevski et al.31]
and Saha and Sinh&7, 33 have reported that the
BFN-based electroceramics exhibit a relaxor behavior
by showing very attractive dielectric and electric
properties over a wide range of temperatures.
However, there still exit considerable debates
concerning the physical mechanisms governing their
electrical behavior J1]. To our best knowledge,
impedance studies of BFN and its perovskite solid
solution (:x)Ba(Fe sNbys)Os -xBaTiOs, where x =
0.15, 0.20,ceramic have not been reported so far.
This has prompted us to examine the impedance
spectroscopic properties of it with aim of achieving
better understanding of their structural, dielectric and
electrical behavior of the synthesized ceramics.

Experimental

The polycrystalline samples of (KBa(Fe sNbg 5)Os-
xBaTiOs;, (x = 0.00, 0.15, 0.20) respectively) were
prepared from high purity BaGO(99.8% M/S
Burgoyne Buirbridger, Indla FeOs; (99.9% M/S
Indian rare earth Ltd.) Ti£)99.8%M/S John Baker
Inc., USA), and NBOs (99.9%M/s. Loba Chemie Pvt.
Ltd., India) using a highlemperature solidtate
reaction technique. These materials were taken in a
suitable stoichiometry ratio and mixed thoroughly
with acetone in an agateortar for ~ 4 h and dried by
sow evaporation method. After that, the mixtures of
ingredients of powder were calcined in an alumina
crucible at 1200°C for ~ 8 h in air atmosphere. The
calcined fine powder was cold pressed into cylindrical
pellets of size 10mm of diameter and 2mm of
thickness using a hydraulic press with a pressure of
5x10 N/m? These pellets were sintered at 1250 °C
for 5 h in closed Alumina Crucibles. The formation

and quality of compounds were checked by XRD
technique. The room temperature (~30°C}ray
diffraction patterns of the above mentioned compound
were recorded using an-pay powder diffractometer

(Rigaku Miniflex, Japan) using Cyk adi ati on (A
1.5418 A) in a wide range of
26 < 80°) with scanning rate

The surface morphology of the gold sputtered
samples was recorded with different magnifications at
room temperature using a JEQBM5800 scaning
electron micrograph (SEM). The flat polished surface of
sintered pellets were electroded with air drying silver paste
and fired at 150°C for 2h before taking any electrical
measur ement . The dielectric
tangents (t wenedeaswdd assadumqiidn efs
frequency at different temperature {382°C) at different
frequencies using ammpedance analyze(PSM 1735)
while heating at the rate of 0.5° C iiwith a laboratory
made threg¢erminal sample holder.
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Fig. 1. X-ray diffraction pattern of ((k)Ba(Fe sNbgs)Os-xBaTiOs, (x
=0.00, 0.15, 0.20) compounds.

Results and discussion

The sharp and single diffraction peaks of -((1
x)Ba(Fe sNbpy 5)Os-xBaTiO;, (x = 0.00, 0.15, 0.20)
compounds indicate horgeneity and better
crystallization of the samples. The room temperature
XRD patterns of the compounds are plofig 1. The
X-ray analysis indicates that the compounds were of
monoclinic structure at room temperature. All the
reflection peaks were indexagsing observed inter
planar spacing d, and lattice parameters of were
determined using a leastiuares refinement method.
All the calculations were done using standard
computer program POWDMULT3H].

Table 1.Comparison of observed (obs) and calculdted) dvalues (in A)
of some reflections of (fX)Ba(FesNbys)Os-xBaTiOs, (x = 0.00, 0.15,
0.20) compounds at room temperature with intensity ratio I/1

(hki) X=0.00 x=0.15 X=0.20
d (A) d (&) d (A

(100) [0]4.0337 (17)  [0]4.0295(69)  [0] 4.0187 (81)
[c] 4.0337 [c] 4.0295 [c] 4.0187
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(001) [0] 2.8553 (100) [0] 2.8625 [0] 2.8544 can no | on g er f 0 (| ooo(Wgh_t h e fi e
2.8553 100 100 . . .
& fc] 2_)8625 fc] 2_)8544 frequency 36 dhislbehavofis atso fgund|
(101) [0] 2.3329 (43) [0] 2.3369 (78)  [0] 2.3250 (88) in other Cmpounds studied by ug‘{_41]
[c] 2.3283 [c] 2.3287 [c] 2.3293
(111) [0] 2.0213 (55) [0] 2.0247 (85)  [0] 2.0179 (92)
[c] 2.0213 [c] 2.0184 [c] 2.0151
(210) [0] 1.8181 (26) [0] 1.8020 (72)  [0] 1.7957 (85)
[c] 1.8226 [c] 1.8036 [c] 1.7991
(201) [0] 1.6581 (66) [0] 1.6537 (93)  [0] 1.6518 (99)
[c] 1.6537 [c] 1.6441 [c] 1.6416
(220) [0] 1.4331 (56) [0] 1.4250 (86)  [0] 1.4238 (89)
[c] 1.4331 [c] 1.4276 [c] 1.4245
= [0] 1.3578 (30) [0] 1.3452 (83)  [0] 1.3439 (85)
Loz [c] 1.3573 [c] 1.3468 [c] 1.3441
(221) [0] 1.2816 (52) [0]1.2781(73)  [0] 1.2714 (89)
[c] 1.2800 [c] 1.2760 [c] 1.2739
(301) [0] 1.2175(29) [0] 1.2140 (76)  [0] 1.2122 (84)
[c] 1.2154 [c] 1.2139 [c]1.2118
A good agreement between calculated and
observed d valuesTéble 1) of all diffraction lines
(reflections) for x = 0.00, 0.15 and 0.20, suggests that
there is no change in the basic crystal structure of
system. Our results are in agreement with those by
Rama et al. 35 and Tezuka et al.30], who also
prepared this compound by sekthte reaction.
However’ Saha.l .and Sinh&8233] de.duced BFN Fig. 2. SEMmicrographs of ((&)Ba(FesNbs)Os-xBaTiOs, (x =
having a monclinic structure. The lattice parameters
. 0.00(A), 0.15(B), 0.20(C)) compounds at room temperature
of the compounds are given Trable 2
Table 2. Structural data for ((k)Ba(FesNbys)Os-xBaTiOs (x = 0.00, 1200 R e x - at30°C 7500
0.15, 0.20) compounds. . A x=0.00 at 130°
1000+ N ° = °
Sample  Structure  a(A) b (A) c(A) b (in \Y “ N a i:gig :: igof(-GOOO
degree) 8004 DA * x=0.20 at 30°C
o AAA AAA *  x=0.20 at 130°(_4500
x=0.00 Monoclinic 4.0337 4.0734 2.8553 90.12 46.92 6004 - AAA o)
x=0.15 Monoclinic 4.0296 4.0465 2.8625 90.25 46.67
x=0.20 Monoclinic 4.0188 4.0396 2.8544 91.11 46.34 400 3000
The surface micrographs of (¢{dBa(Fe sNbg 5)Os- 2004 1500
xBaTiO,, (x = 0.00, 0.15, 0.20) compounds arevgho
in Fig. 2. The nature of the micrographs exhibits the 3 1 z 3 T 0
polycrystalline texture of the material having highly logw
distinctive and compact rectangular/cubical grain
distributions (with fewer voids). The grain size of A, Fig. 3. Frequency dependence of dielectric constast ¢f ((1-
B and C compounds was found to be in thege of Xpa(FeflndOsxBaTiOs. (x = 0.00, 0.15, 0.20) compouinds at
0.2-2. 8 pum.
The frequency dependence of the dielectric
const ant -x)BagFe Nby JO5-XBATIO:L (X = 07 + X=000a30°C
0.00, 0.15, 0.20) ceramics at 30°C and 130°C are 0.64 4 x=000 at139°0' 20
plotted in Fig. 3. At 30°C and 130°C, the dielectric MR
constant (&') Iofa340 and 940dox i mu m %% + x=020at30°C |
x = 0.00, 3014 and 7295 for x = 0.15, 1908 and 2117 0.4 © x=020at130°G, [~
for x = 0.20 at 100 Hz. The nature of dielectric E “AAAA x B
permittivity related to free dipoles oscillating in an =03 L1.0
alternating field may be described in the following 0.2-
way. At very low frequencied w<<1/ 1, T i s '**—--_05
relaxation time), dipales f%] and &' = ¢
(value of the dielectric constant at quasitic field). 0.0 e
As the frequency increases ( wi o<t T —po%les begin
to lag behind the field and & M g%t I?/ décreases. When
frequency rea h e s t he characteristic frequenc (w
=1/1), the dielectric co@J uedtvo deepenge itdRoent
process) . At very high f ﬁa(é%{%‘)d%axa %% 9 le fcomloaunsatles
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normal behavior of dielectrics/ferroelectrics. But for x
= 0.15 and 0.20 ceramics, the nature of variation
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and
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value which increases on increasing peak position at a
certain frequency.
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Fig. 5. Variation of dielectric constangjj with temperature of ((1

x)Ba(Fe sNby 5)O3-xBaTiO;, (x = 0.00, 015, 0.20) compounds at

1.09 kHz and 2.26 kHz.
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Fig. 6. Variation of tangent loss (tdp with temperature of ((1

x)Ba(Fe sNbyp 5)03-xBaTiO;, (x = 0.00, 0.15, 0.20) compounds at

1.09 kHz and 2.26 kHz.

The variation of dielectr c
x)Ba(Fe sNby 5)Os-xBaTiOs, (x = 0.00, 0.15, 0.20)

const ant

almost constant up to 215°C, afterwards, it increases
rapidy= 0. 00 cer amic

Complex plane impedance plots of (1
x)Ba(Fe sNby 5)Os-xBaTiO;, (x = 0.00, 0.15, 0.20)
compounds plotting the ma gi nary part Z" a
pfar ttihcead @o mp | e >
temperature 240°C is shown Kig. 7(a&c). For x =

temper at ur @00,1039and0.2@dmporindy, a single semidircutara n o

arc was observed in the complex plane, and this can
be explained by a RC ewmmalent circuit Fig. 7a
inset). Generally, the impedance properties of

t emper at unaterials ariked dud 2os intragrein| Intergrain and

electrode processes.
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Fig. 7. Complex plane impedance plot of {XiBa(Fe sNbos)Os-
xBaTiG;, (x = 0.00, 0.15, 0.20) at 240°C an€ Rquivalent circuit
(inset).

The motion of charges could occur in a number of
ways: (i) dipole reorientation, (ii) space charge
formalism and (iii) charge displacement. Thus, the
complex impedance formalism allows for a direct
separation of the Iki grain boundary and the
electrode phenomena. Complex impedance (Cole
Cole plot) shows polydispersive nature of dielectric
phenomena with the possibility of distributed
relaxation time as indicated by the semicircular arc at
different temperatures witthéir center located below
the real xaxis. For a bulk crystal containing
interfacial boundary layer (graimoundary), the
equivalent circuit may be considered as two parallel
RC elements connected in series (inset of Fig.) and

( €9ives risg o twq gres in cautex plane, one for bulk

ceramics as a function of temperature at few selected
frequencies is shown iRig. 5. In the lowtemperature

regi on,

temperature (~6@ for x = 0.00, ~70°C for x = 0.15

(<150

°C), ¢

I

S

al

and ~125°C for x = 0.20) and then increases faster up
to a 282°C. The variation of tangent loss (faas a
function of temperature at 1.09 kHz and 2.26 kHz

frequencies for x = 0.00, 0.15 and 0.20 ceramics are

crystal (grain) and the other for the interfacial
boundary (grairboundary) respons&3,41.

The resistance was obtained from the
inferseetion obthessemiciicle andghedkis. ltavasc er t ai n
indicating the presence of relaxatispecies and nen
Deby type of relaxation process occurs in the
materials. Fig. 8 shows the ac conductivity of the {(1
x)Ba(Fe sNby 5)0s-xBaTiO;, (x = 0.00, 0.15, 0.20)
samples as a function of frequency at several
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temperatures between 120°C and 270°Che Tac
conductivity of the system depends on the dielectric
properties and sample capacitance of the material. In
x = 0.00 ceramics, presence of both the high and low
frequency plateaus in conductivity spectra suggests
that the two processes are contribgtito the bulk
conduction behavior.

Fig. 8. Variation of s, with angular frequency for (¢1
x)Ba(Fe sNho 5)O3-xBaTiO;, (x = 0.00, 0.15 and 0.20) at various
temperatures.

One of these processes relaxes in the higher
frequency region and conlbxtion of the other process
appears as a plateau in the higher frequency region.
The conductivity shows dispersion which shifts to
higher frequency side with the increase of
temperature. The strong frequency dependent
conductivity has been found above Izkfor x = 0.15
and 0.20 which is a typical feature of perovskite at

el evated temperature (>180
300000 1
o 120°c . ! + 1205
& 150°C . & 150°C
0000 180°C 80°C
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Fig. 9. Variation of Z with angular frequency for (1

x)Ba(Fe sNby 5)O3-xBaTiO;, (x = 0.00, 0.15 and 0.20) at various
temperatures.

The logarithnic angular frequency dependence of
Z' and Z" of ((1x)Ba(Fe sNbys)Os-xBaTiO;, (x =
0.00, 0.15, 0.20) at several temperatures between

120°C and 270°C is plotted iRig. 9 and Fig. 10
respectively. Z' decreases monotonically with
increasing frequency up teertain frequency and then
becomes frequency independent at lower temperature.
At higher temperatures, Z' is almost constant and for
even higher frequencies decreases sharply. As the
temperature increases, the peak of Z" appear for x =
0.15 and 0.20. Thepeak shifts towards higher
frequency with increasing temperature showing that
the resistance of the bulk material is decreasing. Also,
the magnitude of Z" decreases with increasing
frequencies. This would imply that relaxation is
temperature dependent, atitere is apparently not a
single relaxation time. There by relaxation processes
involved with their own discrete relaxation time
depending on the temperature. It is evident that with
increasing temperature, there is a broadening of the
peaks and at highédemperatures, the curves appear
almost flat.

1500001 *

100000{ 4

2100004 e

140000

70000

o C) ] : loge

Fig. 10. Vari ati on of z" with -angul ar
x)Ba(Fe sNbo5)Os-xBaTiO;, (x = 0.00, 0.15 and 0.20) at various
temperatures.

Conclusion

Finally, it can be concluded that the polycrystalline
sampls of ((:x)Ba(FgsNbys)Os-xBaTiO;, (x = 0.00,
0.15, 0.20) have confirmed the formation of the single
phase new compound at room temperature. Sintered
pellets were investigated for its dielectrigj @nd tarl)
properties in the temperature range of 3@82°C and in
the frequency range of 173 ¥z MHz. Studies of the
dielectric constant &) and tangent loss (tdp of
compounds suggested that the higher valug af the low
frequency region has been explained using Maxwell
Wagner polarization effect. Thi is associated with
heterogeneous conduction in the grains and grain
boundaries of the compounds
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