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ABSTRACT

Composite solid electrolytes in the system (1-XYg), — X y-Al,O; were prepared by dispersing the nano particles
of alumina (60 nm) by mechanical mixing in thesgrece of acetone at room temperature. Charactiizavas
done by the X-Ray Diffractometry and ruled out tbemation solid solutions of these composite systerith
different mole percentages of alumina. Electricahductivity studies with temperature have shownlastantial
enhancement of the order of 1-2 orders of magniindée dispersed system for 3.14 mole percertieneitrinsic
conduction region with respect to the pure hostemak This enhancement of conductivity was obskteevary
with m/o alumina and peaking at a particular molergent was explained on the basis of creation dbran
vacancies in the space-charge region formed airttegfaces between the host and dispersoid padiclée fall of
enhancement at higher mole percent was attributed t the blocking effects of alumina particlestlimese
dispersed systems.
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INTRODUCTION

Until nineteen sixties, a very few devices basedamnconducting materials were available. Out g known
devices, majority of them were based on liquid agseelectrolytes. These devices were reportedffersfrom a
number of major shortcomings such as, limited tempee range of operation, less rugged, limitedfdtie and
difficulty in constructing miniature thin films. nlorder to eliminate the above shortcomings thess & need to
replace the liquid electrolytes with some suitable conducting solids. As an early attempt, iomehacting solids
such as alkali halides, silver halides were usenwéVer, these solids were remained unsatisfactbojces as
replacement of liquid electrolytes because of tipeior conduction. Since then the search for sdiiagng high
ionic conductivity was continuously on. This sifeatwas changed when two new kinds of solid systeamsely M
Aguls (where M = Rb, K, NH) [1-3] and NaB-alumina [4] exhibiting high Agand N&ion conductivitye =10"Q"
em™) in respective electrolytes at room temperatuig atrmoderately high temperatures were discoveteder a
large number of solid electrolytes with differenblile ion species, namely"HLi*, Na', K*, Ag®, Cu’, F, O, NOy’
etc.have been reported. Amongst, and N4 ion conducting solid electrolytes have been deuvadiofor high energy
density batteries because of their light weight aigh electrochemical potential [5,6]. Similarly¥@nd F ion
conducting solid electrolytes were found to be ukefaterials for solid state gas sensors [7].

Various attempts have been made to realize the ibigic conductivity and low electronic conductivibf solid
electrolytes at ambient temperature, they incl@jeStabilization of open channel structure by stiistg different
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cations and anions in Agl and Cul (b) formationpofymer metal salt complexes (c) Glassy electrslyad (d)
dispersion of insoluble, insulating, fine partickE#fsoxides like A}Os;, SIG; into ionic matrices such as Agl, Lil etc.
The focus of research in the field of solid stateiés, which was once dominated by crystallinedselectrolytes
has now been mostly directed towards the developraed characterization of polymer, glassy and disgmd
composite solid electrolyte systems. In the prestatly we have synthesized and characterized a sudia
electrolyte system by dispersing the nano-partiofesAlumina into a rare earth lead nitrate. dc ioodmductivity
with temperature has been measured by using ptalze dc technique with varying mole percentagalaina.
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Fig.1: XRD patterns of Pure Pb(NQ); (A), dispersed with 0.80 m/o of AlO; (B), 3.14 m/o of AJO; (C), 4.94 m/o of AJO; (D), 6.10 m/o of
Al,O3(E) and Pure ALO; (F)

MATERIALS AND METHODS

The fine powder of host material, Pb(j9Owas obtained by crushing and sieving the singystals grown by
solution growth method. The starting salt of.98urity was supplied by Fine Chemicals (Mumbaiditn The
dispersoid, insulating alumina powder of 99f@irity, was used as received from Adolf Miller Qoany (U.S.A.) of
average particle size 60 nanometers. The powddreafamples were prepared by mixingthd ,0; of 0.80, 3.14,
6.10 and 11.52 mole percentages in Ph{pid the presence of acetone and ground in an agait&r for about an
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hour and dried at 16G. Powder X-ray diffractograms on these systemswecorded at room temperature using
Xpert (Phillips) machine. The radiation used irsthias filtered Cuk(: = 1.542K) and the scanning speed wds 3
per minute. These are shown as Figl. The pellet2mm diameter and 3-4mm thickness were preparedd a
pressure of 0.19Gpa. in a steel dye and wererethtat 300°C for 24 hours for attaining uniformnsigy
throughout the sample. These pellets were applild siver paint on either flat sides to act as tilecking
electrodes and mounted on the sample holder fatumivity measurements. And then the entire sarhplder was
kept inside the muffle of the furnace and allowleel sample to anneal at £@0for about three hours to attain good
electrical contacts. Applying one-volt dc potehtiaross the sample and carried out the condugtstitdies using
Agilent digital multimeter. The temperature rargwered was from about 1 to up to the melting point of the
host material.

RESULTS AND DISCUSSION

Fig.1 shows the powder X-ray diffractogram patteshpure Pb(NG),, purey-Al,Os; and dispersed with 0.80, 3.14,
6.10, and 11.52 mole percentageg-#f ,O; composite systems. A general observation fronfithee is that there
are no new peaks or there is any shift in the josibf the peaks. This rule out the possibilityamy solid-state
reaction taking place or formation of any solidusimn in the system. It is also observed that hasm/o of AbO;
increased the disturbance in the baseline increases
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Fig.2: Variation of conductivity with temperature for pure Pb(NO;), and dispersed systems of 0.80, 3.14, 6.10 ancdb2Im/o of ALOs.

Fig.2 shows the variation of conductivity as a fiime of reciprocal temperature from about 4000 up to the
melting point for the systems dispersed with ddfgrm/o of alumina. The filled squares indicate dlaga for pure
Pb(NGy),. The plot can be divided into four regions of coctivity and are hamed as extrinsic precipitatedt;msic

associated, extrinsic motion (unassociated) anthgit formation regions respectively from the lé@mperature
end [8]. The enhancement of conductivity is obsdrfor the dispersed systems with m/o 0.80, 3.146at0 where
as for the systems with m/o 11.52 the plot alncogticide with the pure system. The maximum enhaectrof 2-3
orders of magnitude was observed for system disderdth 3.14 m/o with respect to the pure in thé&iesic

regions of conductivity shown by triangles in tigufe. This enhancement was started decreasitigldi52 m/o
dispersed system which was nearly equal to thptiod system as shown in the figure by triangle® flbts for all
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the mole percentages were found to be merged wthigh temperature, which is the intrinsic formatieegion of
conductivity of the host material where the effefctiispersion appears to be negligible.

Ln(o) S/lcm

Fig.3: Varation of dc conductivity with mole percer at 300°C

Fig.3 illustrates the variation of conductivity tvitmole percent at 300 indicating the peak enhancement at 3.14
m/o after which a slow fall can be observed. Thieamcement of ionic conductivity was reported imgndispersed
solid electrolyte systems such as Lil-@4 by Liang [ 9],CuCl- A}O; by Jow and Wagner[10], Agl-AD; ,Agl-
Si0, , Agl-Flyash by Shahi and Wagner[ 11,12], Srg¢OAI-Os5, Ba(NG;),- AlL,O; by Reddy et al[ 13,14], alkali
nitrates dispersed with alumina by Madhav Rao §®l18] etc. The enhancement of conductivityliese systems
could not be explained by the classical doping raaidms. There is no relevance of classical dopiaghanisms in
explaining the enhancement of conductivity in thegsgems. Several theories based on different raddele been
proposed to explain the experimentally observedgel@nhancements. However, no single theory or humidd
explain the features observed in all these systeonspletely. Some of the theories that partiallgcaeded in
explaining this phenomenon are the following. Therfation of space charge region at the interfadbebiphasic
semiconductors was introduced by Wagner [19], ltiisrwas modified by Jow and Wagner [20] in orteexplain
this enhancement in Cull Al,O; dispersed system. Maier [21] has proposed a seantgative model, which
could overcome some of the inadequacies of Jowdagher's model and was able to explain the defeetristry
involved in dispersed solid electrolyte systems.

The formation of defects in these systems can leersiood in the following way. The interaction beem the
mobile ions of host matrix MX and the dispersoideRds to the formation of vacancies of the molalespecies in
the space-charge region near the MX/D interfacd=-ramkel defect solids, this can happen either wthermobile
ions are attracted to the phase D leaving the w@earat the interface or repelled into the hosicionatrix MX to
form the interstitials. Of these the formationvatancies was thought to be more appropriate tiaformation of
interstitials in the systems namely GaFAlL,O; [22], AgCIl — ALO; [23,24], Sr(NQ), - Al,O3 [25], CSNQ - Al,O5
[26], which are known to be Frankel type defedidso The increase in the concentration of vaceéit the
interface could be due to the presence of hydrgryups also known as nucleophilic groups on thésarof the
alumina particles which can attract either catiommion depending on the' Ralue of the alumina particles. This
increase in the concentration of defects in theesgharge region contributes to the enhancemertrafuctivity in
these systems. The rise and fall of enhancemerdrafuctivity with a peak in between, with m/o ofimina can be
understood as follows: Initially, for low mole pert of the dispersoid the total surface area ofamtrbetween the
host material and the dispersoid particles, whichesponsible for formation of space-charge reg®msmall. As
mole percent increased, a stage is reached where th not enough host material to surround theedsoid
particles which tends to the fall of total effeetisurface area of contact. This is attributed ¢oféti of enhancement
after reaching to a maximum value [25]. In the preéssystem this maximum enhancement occurs for r8/bdand
6.10 m/o and the fall began at 11.52m/0. Romai[27] gave the explanation for the enhancememwbafiuctivity
macroscopically by proposing random register magdaig the percolation theory. According to whidie sample
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can be thought of as a three-component systemstimgsdf non-conducting (insulator) bonds, normalyducting
bonds and highly conducting bonds of which the tas is considered responsible for the enhancerbeminey
[28] correlated the enhanced conduction in AgCl I,Q4 system with the presence of grain boundaries or
dislocations formed by the plastic deformation anienary recrystallization of AgCI. The role of &), particles
was thought to limit the grain size of AgCl andbiliae more conductive polycrystalline microstruguJow and
Wagner on the other hand interpreted the increasetber of grains produced with m/o, increase tleesgharge
layers, thereby increasing the conductivity. Thisrease in number of grains, as per Roman et ali2 fjterpreted
in terms of the increase in the formation of higbtyducting bonds. The enhancement of conductinitiie present
system Pb(Ng), - y-Al,O3 in which host is to be a Frankel type defect sfd] can be explained by assuming
alumina to act as a macro-dopant, which incredsmesdancentration of mobile point defects in theiifacial region
between the host and dispersoid. Once the threshéddis crossed in which enhancement was maximam, t
amount of alumina present is large so that thegbestof alumina come closer to one another andiitg effect of
alumina predominates. Hence the decrease in cawiyds observed. The defect mechanism involvedthie
present system is thought to be due to the adsorjfi nitrate ion on to the surface of alumina Ileguwthe anion
vacancies at the interface. The increase in m/algb; creates more and more such vacancies contribtditige
enhancement of conductivity.

CONCLUSION

The Composite solid electrolyte system (1-x)Pb{NO x y-Al,O3 is a new system in which the dispersion of nano-
particles of alumina has shown a strong enhancenferdnductivity in the extrinsic region of condivitty. These
enhancements were observed to increase with motemqtereaching to a peak for a threshold mole peraad
subsequently fall of enhancement for higher peegg®. This phenomenon was explained on the bagsroétion

of space charge region at the interface betweehdbktand dispersoid particles.
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