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ABSTRACT

A fast Ag" ion conducting composite electrolyte system: QZF8gl:0.25AgCl]: 0.1TiQ has been prepared by
guenching route of material preparation. At thistipalar composition the system exhibits betterigoconductivity and
can be used in solid state battery fabricationraslectrolyte. Some basic dielectric parameters ssc dielectric constant
(€"), dielectric loss €”) and tangent loss (tah were studied as a function of temperature anduiacy. Frequency
dependence of dielectric constae® @nd dielectric losse() exhibit frequency dispersion, which is due tdgrzation
effect and contribution of charge accumulationhat ¢lectrode-electrolyte interface. The observdthbier ofs’ & €” in
the present study may be associated with spacgelediiect arising from the electrode. The variatbés” and tard with

temperature indicated that present system shovee spiearge polarization and dipole relaxation charaaf system.
KEYWORDS: Composite Electrolyte, Dielectric Constant, Dietict oss, Dispersion
INTRODUCTION

The dielectric relaxation as well as conductivié§axation can be explained and understood easibytjh ionic
conduction studies in solids. At sufficiently highemperature all materials are liable to showeasing movements of
ions, either intrinsic to their lattice as in thases of ionic solids, or extrinsic due to impuiitypurely covalent lattice
including many polymers. This is normally expectedead to dc conduction, although in many caseeetks evidence of

low frequency dispersion in data which on supeafiainalysis may be considered to represent dc cbiod1-3].

Generally materials exhibits fast ion conductionambient temperature known as fast ion conductars o
superionic solids. Silver ion conducting superiositids are well known due to their high ionic cantivity at ambient
temperature [4]. Majority of these Adgon conducting superionic solids a large numbesystems have been developed
and reported in glassy/amorphous and compositeeBa8]. In these systems Agl was used as a hdstsaerial. After
the investigation of a superionic solid solutiod:75Agl:0.25AgCl] [9-10] a number of glassy/amorphand composite
electrolyte systems have been reported in the jpasfhich this solid solution was used as a holstisglace of traditional
host matrix Agl [11-13]. The Agion conducting superionic systems in compositesph&ave attracted wide spread
attention in recent year due to their possible etdgical application in solid state batteries,|faell, sensor etc. [4].
The new alternative host salt [0.75Agl:0.25AgCl]xad system/solid solution which not only exhibite@nsport
characteristics similar to Agl but has several dpart parameters superior to those of conventisi salt Agl. The — o -
like phase transition takes place at a subsequesdiyced temperature at ~135°C [9-10]. It has Ibeported that this new
solid solution: [0.75Agl:0.25AgCl] yield better cqusite electrolyte as well glassy/ amorphous edde systems
[11-13].
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In the present paper, we report here the dielectizxation studies of a new quenched compositetrelgte
system: 0.9[0.75Agl:0.25AgCl]: 0.1T¥KO The present system was prepared by melt quenatate of preparation
(quenched in liquid nitrogen). At this particulayngposition the present system shows better iomdectivity as well as
other transport parameters. Several transport pessn such as: conductivityo)( ionic mobility (), mobile ion
concentration (n), ionic drift velocity {vand transference numbeg{itetc. as well as structural characterizationX®D
and DSC have already been reported on this systéq]. In the present paper, some basic dielepaifameters such as:
dielectric constante{), dielectric loss ") and tangent loss (tah etc were studied as a function of frequency and

temperature.

EXPERIMENTAL DETAILS

Sample Preparation

Commercially available reagent grade chemical camgs; Agl and AgCl (purity >98%) [Supplied by Rdide
Pvt. Ltd. India] and Ti@ (purity >99%) [Loba Pvt. Ltd. India] were used, sigpplied. The Agl & AgCl were mixed
homogeneously to form the new host salt [0.75Ag2BAgCI] and heated at ~ 78D in electric furnace. The heated
precursor melt was cooled rapidly (i.e. quenchetiguid nitrogen). Finally the finished product wd®roughly ground
and then pure TiPwas mixed in the form of 0.9[0.75Agl:0.25AgCI]:1d@iO, superionic system. This mixture was heated
at ~ 708C in electric furnace and then cooled rapidly Geenched in liquid nitrogen. The details of malepi@paration
have already been reported [14-15]. The finishestipct was thoroughly ground then pressed at 2-&mdnto form
pellets of dimension of area 1.3 tand thickness 0.1 to 0.25cm. The surfaces of jsallere coated with silver paint for

dielectric measurements.
Dielectric Studies

The frequency and temperatutependence dielectric measurements in terms 6f B, and G have been made
on the present composite electrolyte system: (S@yl:0.25AgCl]: 0.1TiQin the frequency range of 42Hz to 5MHz and
temperature range of 30-200°C. these data haveussehcalculate other parameters such as: Z’¢’Z%’ and tam using
standard relations and experimental constants [AGHIOKI LCR bridge (model 3532-50 Japan) was ug$ed these

measurements.
RESULTS AND DISCUSSIONS

The basic dielectric parameters have been meassiagd Z,06, D and G data in the frequency range of 42Hz to
5MHz and temperature range of 30-200°C for thegmesystem. The dielectric parameters have beelnated using

standard relations and constants which are disdussew in brief.
The complex permittivity is given by
e*=¢'-j&" = ¢ —j(0lweg) Q)

heree’ & ¢" are real and imaginary parts of dielectric pefivitty and ¢ is conductivity, the real and imaginary

parts of complex permittivity can be measured usimgedance data by the following equation:
e* = 1/(joCZ*) 2)

Where Z* is complex impedance, C s A)/l, here ‘I is thickness of the sample and Aci®ss section area of the
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sample. In the present investigation dielectricstant or real part of dielectric constant has meduated using relation:
g =Csll ggA 3)

Where ‘G’ is capacitance of the sample apglis dielectric permittivity for free space. The gant loss is

expressed as:
tamw =¢" ¢=- 212" 4
where Z' (= Z co®) and Z" (= Z simf) are real and imaginary impedance of the sample.

Frequency Dependence Dielectric Studies

The real component of the dielectric constahtwas studied as a function of frequency in theperature range
of 30-200C for quenched composite electrolyte system: 078j8gl:0.25AgCl]: 0.1TiQ. The variation of dielectric
constant£') with temperature is shown in Figure 1 for theteyn. All these plots depict dispersion at highegdiency and
decrease in dielectric constant with increasinguencies. It is observed that both the dielecwitstant and its dispersion
are higher at higher temperature. It can also lea §®m these plots that dielectric constant iscsthindependent with
frequency in lower frequency region for all temperas. Variation of ) with frequency could be attributed to the
formation of space charge region at the electrauté electrolyte interface [16], which is familiarknown aswm @™
variation or non Debye type of behavior. The spattage region with respect to the frequency isarph in the form of

ion diffusion [16].
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Figure 1: Log F vs. LogE’ Plots Composite Electrolyte System: 0.9
[0.75agi:0.25agcl]: 0.1tig at Different Fixed Temperatures
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Figure 2: Log F vs. LogE” Plots for Plots Composite Electrolyte System: 0.9
[0.75agi:0.25agcl]: 0.1tig at Different Fixed Temperatures

In the low frequency region variation of dielectcienstant is almost independent, which is dueeactintribution
of accumulation of charge at the interface and @bbpbdue to an interfacial ionic polarization caiigy the localized Agy
ion motion in its potential well. At high frequendiis observed variation is attributed to highipeic reversal of the field
charge carrier so the dielectric constant decreasts increasing frequency. The lag vs. log f behavior for new
alternative host salt at various fixed temperatunethe range of (30-20GQ) is shown in Figure 2. It is observed from
Figure 2 that dielectric loss’ decrease slightly with increasing frequency iméo frequency region ang’ decreases
sharply with increasing frequency in higher frequeregion. This type of behavior f can also be associated with space
charge effect arising from the electrode [16-18jeTirequency dispersion is attributed to the po#ion effect and
contribution of charge accumulation at the elearetectrolyte interface [19-20]. It is also obsenfim Figure that the
dielectric losse” increases with increasing temperature, whichtisbaited to both the conduction and dipole relaat
loss [21]. The dispersion of dielectric laSsat higher frequency may also be due to the highoglic reversal of the field
at the electrode-electrolyte interface. It is atlmarly seen from this Figure 2 that dielectricslgsbecomes high at lower
frequency due to free charge motion within the mialte [22]. These high values do not correspondti¢obulk dielectric
process but are due to free charge build up aintieeface between the electrolytes and electrobtetower frequency
region there is particularly time for charges taldwp at the interface before the field changes divection and this
contributes to very large apparent value of dieleddss. This phenomenon leads to the so calledlectivity relaxation
[23].
Temperature Dependence Dielectric Studies

Dielectric constant’ has been studied as a function of temperatunagabus fixed frequency (i.e. 1MHz, 100
KHz, 10 KHz, 1 KHz and 100 Hz). The legvs. temperature plots for new host salt: [0.75A@5AgClI], at various fixed
frequencies is shown in Figure 3. It is observedlimplots that dielectric constasitincreases slowly up to approximately

125°C, beyond this temperature quick change occuts then dielectric constant again increases faintly temperature.
It is has been reported earlier that the presesteryexhibitf— o -like phase transition at about £85
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Figure 3: Variation of Dielectric Constant with Temperature at Different Fixed Frequencies for
Composite Electrolyte System: 0.9[0.75agi:0.25agrf). 1tio,
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Figure 4: Variation of Dielectric Loss with Temperaure at Different Fixed Frequencies for
Composite Electrolyte System: 0.9[0.75agi:0.25agcf). 1tio,
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Figure 5: Variation of Tangent Loss (Tard) with Temperature at Different Fixed Frequencies ér
Composite Electrolyte System: 0.9[0.75agi:0.25agcf). 1tio,
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Hence in the present investigation the dielectmmstant exhibits abrupt change with temperaturehast
temperature. It is clear from this study that thelegttric constant strongly depend on frequencgo dtl is obvious from
these plots that is high at lower frequency and dielectric constdecreases with increasing frequency. It is wethkn
that electronic, ionic, dipolar; ion jump or oriatibn and space charge polarizations contributedibkectric constant.
Among these all type of polarizations orientatiowd &pace charge polarizations depend on the plrfigrfection of the
ionic conduction in superionic solids. The presewestigation shows slight increase in the dieleatonstants’ with
temperature, which seems to be due to combinedteffeion jump polarization and space charge poédion [16]. At
higher temperature there is an increasing hoppiegontributing to the ion jump polarization arehbe it enhances the
dielectric constant with increasing temperaturés Hlso inferred that the electronic and ionicapiaiation are not affected
significantly by temperature in the temperaturegeanf the present study. Figure 4 depicts the teatpee dependence of
dielectric loss €") plots for host salt at various fixed frequencidisis clearly seen from Figure 4 that dielectioss
increases with increasing temperature and attajpsaét value than decrease slightly with temperaitiie also obvious
from these all plots that the value of dielectdsd increase with decreasing fixed frequency. Hanpeesent investigation
the highest value of’ was obtained at 100Hz for the system. It is atsbcates that the variation of dielectric loss &dir
plots with temperature has exhibited broad distimetxima; with increasing frequency, the temperatmaxima shift
slightly towards higher temperatures and with iasieg temperatures. The maxima shift towards hidreguencies
indicating dipolar relaxation character of dielectoss in the system. The temperature has aneinfle on dielectric loss,
in the present investigations. The present systbows dipole relaxation which is attributed to thease charge
polarization and may be due to the bonding effe¢he system. Relaxation phenomenon is associdtbdive frequency
dependence of orientational polarization and hemitle polar dielectric substance. In static or spwhrying frequency
the permanent dipoles align themselves along tipéieabfield direction, upon them and thus contréétlly to the total

polarization of the dielectric [24-25].

The variation of tangent loss (8rwith temperature at different fixed frequenciesshown in Figure 5 for the
system. It is obvious from this Figure that in tdese curves tangent loss @pinas a relaxation peaks as maximum
temperature {t.,) which depend on the frequency. It is clearly sieem Figure 5 that as the frequency increase dak jf
the relaxation of tangent loss shift towards higleenperature region. Hence all these systems dghilaxation behavior
and also the present system shows higher valuamf 4 at higher frequency and temperature. From the éeatpre
dependence of tangent loss studies it is obvicatspgtesent system shows the dipole relaxation wisichainly due to the

space charge polarization [26-27].
CONCLUSIONS

A fast silver ion conducting composite electrolgtestem: 0.9[0.75Ag1:0.25AgCl]: 0.1Tihas been synthesized
by quenching route of material preparation. Thejdency dependence of dielectric parameters&( €”) exhibited
frequency dispersion behavior, which indicated tpatsent system shows space charge effect arisimy the
electrode-electrolyte interface. It is also obsdrtreat present system exhibited higher values &f¢” at lower frequency.
It can be observed from temperature dependenceiebécttic constante() study, thate’ increase with increasing
temperature, which is due to combined effect of jump polarization and space charge polarizatidime variation of
dielectric loss and tangent loss with temperatodicated that present system shows maxima at petitemperature at

fixed frequency which shows space charge poladraind dipole relaxation character of system.

Impact Factor (JCC): 3.2816 NAAS Ratj 2.74



A New Fast Ag+ lon Conducting Composite ElectrolyteSystem: Dielectric Investigations 85

ACKNOWLEDGEMENTS
The Author is thankful to department of physicsl&atronics for providing necessary experimentailitsc

REFERENCES

1. L.L. Hench and J.K. WestPrinciples of Electronic CeramicsJohn Wiley & Sons New York 1990.

2. V. Raghvan;Material Science and Engineering”- A first courdg@rentice —Hall (New Delhi) 1998.

3. S. R. Elliott,Phys. of Amorphous Materialasngmann (New York) 1990.

4. S. Chandra;Superionic Solids — Principles and ApplicatioiiNorth Holland, Amsterdam) 1981.

5. M.C.R. Shastry and K.J. R&bplid State ionig1 331 1992.

6. Shahi K. and J.B Wagner. Bolid State Cherd2 107 1982.

7. A. Chiodelli and A. MagistrisSolid State lonigsl8-19356 1986.

8. R.C.Agrawal and R.K. Guptd, of Mater Sci34 1131 1999.

9. R.C.Agrawal, R. K. Gupta, R. Kumar and A. Kumhiater Sci.29 3673 1994.

10. R.C Agrawal., R. Kumar R.K. Gupta, M. SaleemiNén-Crystalline Solids|81110 1995.

11. R.C Agrawal. And R. K. Guptd. Mater. Sci.32 3327 1997.

12. R.C. Agrawal, R. K. Gupta, C.K. Sinha, Kumar and”GPandeyonics10 113 2004.

13. R. C. Agrawal, Mohan L. Verma, R. K. Gupta and BaRer,Solid State lonicd73136 2000.

14. R. K Nagarch, R. Kumar and R. C. AgrawalNon — Cryst. Solid352450 2006.

15. R. K Nagarch and R. KumafSolid State lonics-Materials and Applications” (&d B.V.R. Chowdari, et al
(World Scientific, Singapore) 2006.

16. J.R. Macdonald, (edsImpedance Spectroscapiiley New York, 1987.

17. S. Selvasekarapanian and M. Vijay Kunidgterials Chemistry and Physi&8 29 2003.
18. R. Suresh and K. Hariharan, Materi@semistry and Physi@&) 28 1990.

19. R. Mishra and K.J. Ra&olid State lonick061131998.

20. F.S. Howell R.A. Bose P.B. Macedo and Moyrihan .JPhys. Cheml97478 639

21. S. Kumar K. Harihararylater. Chem. & Phy80 28 1998.

22. A. Kyristis P. Pissis J. Grammatakakisof Polym. Csi. Part B: Polym. Oh$89533 1737
23. J.C. DyreJ. of Non Cryst. Solid35219 1991.

24. S. R. Elliott ‘Phys. of Amorphous Materiald”angmann New York 1990.

25. M.M. El-Desoky K. Tahoon M. Y. Hassanater. Chem. & Phys$39 180 2001.

www.iaset.us edit@iaset.us



86 R. K. Nagarch

26. N. E. Hill W.E., VAghan A. H. Price, M. Devicd3ielectric properties and Molucular Behaviovan Nostrand
Reinbuld Landon 1969.

27. Ravi Kumar V. and N Veeraiahl, of Phys. Chem. Solid€911998.

Impact Factor (JCC): 3.2816 NAAS Ratj 2.74



