Available online at www.scholarsresearchlibrary.com

jed S,
)
\p) 2%,

& .
Scholars Research Library g””/ %
= I
s} N
Scholars Research Archives of Applied Science Research, 2013, 5 (3):241-246 2z vg
(http://scholarsresearchlibrary.convarchive.html) C\’\-D

Library
| SSN 0975-508X
CODEN (USA) AASRC9

AC conductivity and complex impedance analysis of
Ba(NO3),-KNO3; mixed crystals

S. Shashi Devi?, S. Narender Reddy® and A. Sadananda Chary”

*Department of Physics, Vardhaman College of Engg, Shamshabad, R. R. Dist, Andhra Pradesh, India
bDepartment of Physics, Osmania University, Andhra Pradesh, India

ABSTRACT

Ac conductivity studies and complex impedance spectroscopic studies were carried out on Ba(NO3)2-KNO3
mixed crystals in the temperature range from room temperature to melting points of their respective systems and the
frequency range from 50 KHz to 1 MHz Dielectric constant, loss tangent, capacitance and AC conductivity, in
these systems are presented. Dielectric constant, loss ,capacitance and AC conductivity are found to
increase with temperature and with mole percent of Ba(NO3)2 in KNO3. These dielectric properties are
interpreted in terms of space charge polarization and increased concentration of defects in the interfacial
layer formed between the host and the dispersoid.
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INTRODUCTION

Measurement of lonic conductivity is a very semsitand useful experimental tool in understandimg defect
properties of crystals. As well they are usefudinumber of possible technical devices. To undedsthese defect
properties we have undertaken the study of ioni@uaotivity in pure and mixed pellets of alkali aalitaline earth
nitrates. Composite solid electrolyte systeb®sed on alkaline and alkali earth nitrates, especially Bagy
and KNO3  exhibitan appreciably high ionic conductivity ambient temperatures.This nitrate based
composite mateials has been successfully used as an electrédytanintermediate temperature solid state fuel
cells. Intermediatetemperatures ar@amportantfor solid state fuel cell§1-3]. Composite Solid Electrolytes
(CSE) containingan ionic conductor is a conducting material whican showa dramatic increase in
conductivity over that ofthe pure ionic conductor [4]. The enhancementin conductivity of bi-phase
composite electrolytehasbeen demonstratedor a variety of system$s—7], and it has become known that
the enhancemenis due mainly to enhanced electricabnductivityalong the interface layer between the
ionic andinsulating phases. This enhancementcadnductivty is dependent on the compositions amicro-
structures of the CSEB-7].

Small-signal AC impedance measuremeast® gaining in popularity as a technique for invgat- ing the
electrochemical properties of materiadsd used in solid state electrolyte cells. Bauefiest applied it in
1969 to analyse the response of geliectrolyte cells to sinusoidgberturbationsSince then this technique has
been used to characterizzwide range of materials which includgolymers,oxides, glasses, halides and
ceramics and ithasbeeninstrumentaldevelopment of bottelectrodeand electrolyte materials for solid state
electro-chemical devices such as batteries, sendasd,cells, super capacitors anelectrochrorcs.
Several theories were proposed to desctiitecomplex impedance spectroscof8~10].

In this paper, we report the dielectficoperties and complex impedance spectroscopic stuafi&a(NO3)2-
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KNO3 mixed crystals.
MATERIALSAND METHODS

The starting materials were from Qualigens finermltals (SQ) of 99.5% purity. Ba(NO3)2 and KNO3
wereobtained by crushing single crystals grown loyvsevaporation method. The powders of the samplee
mixed in the presence of acetone and were grouad egate mortar for about an hour. The pellesppiroximate
diamder 8mm and thickness 2-3 mm, wepaintedwith silver paste and sandwiched between fled
silver electrodes of the sample holder. Thesee kept at?/; of their melting point for about 4 hrs before
the start of anactualexperiment. The temperature of the furnace weo@drolled using a PID type
(Indotherm 401Dith an accuracy of £C. Employing HP 4192A_F impedance analyzer with a HP-16048B
test fixture carried out the impedance measurement3he sample was allowed to remain at each
tempegaturefor about 30min in order to attainniformtemperature and the impedance was measured
by applying an AC signal of 1V (peak foeak).

RESULTS AND DISCUSSION

Fig. 1shows the complex impedance plotey Ba(NO3)2-KNO3mixed crystalswith 49 m/o, 91 m/o, 95 m/o,
at differenttemperatures. IrFig. 1(a)—(c)an inclined straightline noticed at low frequencies corresponad
electrode—electrolyte interface capacitanagsingout of the roughness of the surface of gample[8-9].
Fig. 1(c) indicates that, at highefrequertiesthe depressed semi-circle does not seerpassthrough the
origin. This could be due ttwo reasons. One is that, the semicircleuldappear at these frequencies.
Secondly, the regance at high frequencies satigR=0 condition.The depressed semi-circle with its origin
belowthereal axis indicates the presencedistributed elements in the material and materidéctrodesystems,
which means that the relaxation time is notirgle-valued but is distributedcontinuoudy or discretely
around a mean relaxationtime [11,12] The slope of the line decreasesth increasing roughness and
for a perfectly flat surface the angle i80° with real axis. Thistype of frequency response can be
represented bgconstant phase element (CPE) which lmasmpedance Z A(jo)", where n has
values between 0 and 1 and A is a constant. Unbdesecircumstances the system between the elecrode
can be equated to an equivalent ciramoimpasing of a parallel combination with the addi of interface
capacitance in series.

The temperaturedependence of dielectriconstant(K) in Ba(NO3)2 and KNO3 and theinixed crystalswith
49,91,and 95mole percentages ateownin Fig. 2 at frequency 900 KHz. It also showsvery gradual
increase in dielectric constant at le@mperatures[9,13] up to about 15€. Subsquently, the increase in
temperatureresults in a higher rate of increase in dielectric constant timéhermally generated defects. As
we proceed,thereis a peak at about 280 in the case of pureat21®C for 49 m/o and at 226 for
95 m/o. Thisanomaly could be due to tlsructural phase transition[14h the 91 mole percent system the
sudden increasin dielectric constant can be seen to take placa @mperature (19°C) which is far
below the transition temperatur@20C). This behaviour is akin to the results obtainedthie DC ionic
conductivity studieq9]. This mole percentorre-sponds to the threshold where maximemhancement was
noticed. It is obvious thatincreased defectconcentrationgives rise to larger dielectrconstant at the
lowest tempeature.Fig.3displays the frequency variatiorof dielectric constant in 91mole percentage
at different temperatures. It can be clearly sé&®m the figure that the dielectriconstant decreases
exponentially with frequencyto finally become almost constant at vemgh frequencies. Athigh
temperatureand low frequency the large valwd dielectric constant is due to ionic migratiofl5]. The
higher value of dielectric constant at low frequesc for a giventemperaturejmplies thatthe contributions
from different polarizatons, namely space charge, dipolar, ionic and etadt are present. At higher
frequencies theontributionfrom space chargeolarizationdiminishes andat very high frequencies (1
MHz) the polarizatimspresent could be ionic and electrorfff.
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Fig. 1. Complex Impedance plotsfor Ba(NO3)2-KNO3 49 m/0,91m/0,95m/o.

Fig. 2. Thedielectric constant ver sustemperature Ba(NO3)2-KNO3 mixed crystals at 900K Hz frequency
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Fig. 3. Thedielectric constant ver sus Frequency for (91 m/o) at different temperatures.
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Fig. 4. Thedidectric loss versusfrequency Ba(NO3)2-KNO3 for (91 m/o) at different temper atures.

Frequency variation of loss tangent in 91 maecpnt of Ba(NG), in KNO3 at different temperatures
are shown ifrig4. At low tempeaturesloss tangent variation is almost frequericglependent. This is
a general behavior of iongolidswhere the loss isttributedto both conductionprocess and space charge
polarizationof which thelatter decreases witfrequency

AC conductivity, o(w) of ionic conductorsexhibits a frequency independent behavioatlow
frequencies. This low frequency ‘plateaig’identified with the true DC ionic conductivitji5].

Fig. 5 shows the variation of AQondictivity between the temperatures °®0and 306C for pure
Ba(NQ;), and KNG and their different mole percentages of 49m/o,91amd 95m/o. This data isrecorded at

1 MHz for pure and mixed systems.NO3 clearly indicatesthe structural transitions existing at
135, 220 and285°C (which is not completely covered) where aactivity variation becomes sudden at
IV—I1l transition(between 150 and 1%0) then becanes gradual in the Ill phase, a sudden fall betw@®0
and 228C correspondingto llI-Il transiton  which once again starts increasingwas go to high
temperature.The unusual fall ofconductivityduring Ill-Il transition could battributedto the blocking
of nitrate ion[16] which preventsthemovement of defects, if any. It is quitateresting to note that there
is a maximum enhancementf about 2 orders of magnitude in 91 m/o Baghin KNO; . One more
striking feature to beoticed here is that discontinuitiescorrespondingto structural phase transitions
existing in the pureform disappear in the mixed systefia7]. Likewise, absence of these sudden
changes is also noticed in case of other mpelecenages. However, magnitudes of conductivity desser
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as compare to that in 91 mole perceystem.
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Fig. 5. AC condutivity versustemperaturefor Ba(NOs), in KNO; at 1000KHz frequency.

Capacitance versus frequency for pure Bafl@nd KNQ and their mixed systems at 49,91 and 95 m/o at@40
temperature are shown in fig.6. At low frequendies capacitance is found to be almost constantaliomole
percentages. As the frequency increases the capaeits found to be increasing for all mole perages. And it is
found to be maximum for 91 m/o where there is foumaiximum enhancement in conductivity. The increimse
capacitance at higher frequencies couldaleib- uted to the lowering of the activation ridar at higher
frequencies as compared to that at lower faqies[18-27.
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Fig. 6. Capacitance ver susfrequency for pure Ba(NOs), and KNOzand their mixed systems at 49,91 and 95 m/o at 240°C temper ature.
CONCLUSION

Complex impedance analysis studies on BafplO and KNG; with different mole percetages showed a
significant enhancemenin the AC conductivity in mixed systemstlwirespect to the pure. The
maximumenhancement observed was about 2 orders nmdgntude for 91 m/o . These results lead to the
conclusion that the enhanced conductivity in Ba(N®D&NO3 composites is due to the space chagkarization
and increase in number of K+ ion vacancies. The ireeega number of cation vacancies greatly out- weighy
change of migration parameters due to lattice &hge, and large increases are observed in ion ctamte. As
well formation of solid solution in the mixed systda(NO3)2—KNO3 enhances ionic conductivity. Agairhigher

m/o the decrement in conductivity could be duehtoformation of less number of cation vacanciethasontent of
Ba(NO3)2 is less.
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