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ABSTRACT

The composite solid electrolyte, KNO, dispersed with alumina (Al,O,), has
been investigated through XRD, DSC and D.C. lonic Conductivity tech-
niques. The composite containing 10 m/o alumina exhibits maximum con-
ductivity, about 2 orders of magnitude higher than that of pure KNO,. The
enhanced conductivity is attributed to the excess cation vacancies gener-
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ated in the space charge region of the matrix phase surrounding the alumina
particles as a consequence of stabilization of cations at the dispersoid sur-
facedueto internal adsorption. XRD and DSC studiesreveal that there was

no new phase formed.
1.INTRODUCTION

Compositesolid e ectrolytescompriseanew class
of ion-conducting materia ssuitablefor practical appli-
cations, astheir e ectrical and mechanica properties
can beeasily controlled by variation of the concentra-
tion of the dispersed component. Conductivity of com-
positesisgoverned mainly by theionictransport via
interfaceregions of theionic crystal™. lonic conduc-
tors containing dispersed second phase particle (DSPP)
arecdled“ compogteionic conductors’. Theaddition
of DSPPto normd ionic conductorscausesanincrease
inthe conductivity. This phenomenon hasattracted a
great deal of attention from both chemistsand physi-
cists, sincethe pioneer work by Liangin 19732,

Mechanismsfor enhancingionic conductivity are
important from thepoint of view of their gpplicationsin
the development of fuel calls, sensorsand solid state bat-
teries
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Heterogeneous doping has been widely used for
theenhancement of ionic conductivity intherecent times.
Two-phase composites consist of anionic conductor
and ahighly insulaing dispersoid, suchasAlLO,, TiO,,
SiO,,Fe,0,, ZrO,, MgO etc.*". The conductivity of
some composite solid electrolytes may exceed that of
pure components by several orders of magnitude. A
number of theoretical model s have been proposed to
account for the conductivity behavior of these hetero-
geneously doped solid e ectrolyted®Y,

Therefore, itisof consderablescientificand prac-
tica interest to find heterogeneous additives capabl e of
increasing theionic conductivity. Now that thefocus
haschanged from alkdi haidesor slver hdidesto pre-
dominantly alkali nitrates, sulfatesand carbonates, we
have considered KNO, asthe host material asapart
of our sudiesinadkdi nitrates. Alumina, frequently used
asachemicalyinert additive, isunderstood togivemore
enhancement in conductivity ascompared to other in-
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sulating oxides. Inthiswork thee ectrical, therma and
structura propertiesof KNO,_-Al O, compositesare
presented.

2.EXPERIMENTAL

KNO, powder obtained fromAnaar Grade BDH
(British Drug House) chemical of 99.5% purity, isfirst
dissolvedindoubledistilled water and then allowed to
grow single crystals. The crystals so obtained are
crushed in an agate mortar and then sieved. And the
dispersoid (Al O, of size 60 nm) of 99.8% was used,
asreceived fromAdolf Meller Co. U.S.A.. Boththe
powderstakenin aparticular compositionwere mixed
inthe presence of acetonefor about an hour, until the
acetonegot evaporated completely. Pdletsof 10-12mm
diameter and 3.4mm thicknesswere prepared by using
asted dieat apressure of about 0.46GPa. The pellets
so obtained weresintered at 250°C for about 24 hours.
After polishing the surfaces, carbon dag was applied
for dectricd contact. Thepellet wasmountedinaspring-
loaded crystal holder and annealed at 150°C for
12hoursbeforethestart of an actual experiment. A con-
stant rate of heating of about 2°C per minutewasmain-
tained. Thetemperaturerecorded was by aCr-Al ther-
mocouple. A small dc voltage of 1 Volt was applied
across the sample and the current was measured by
using Keithley 614 el ectrometer.

3.RESULTSAND DISCUSSION

X-ray diffractogramson potassum nitrate (pureand
dispersed with 10 m/0Al,O,), at room temperature,
areshown infigure 1. On comparing the patterns of
pure and dispersed systemsin figures 1(a) and 1(b)
that thereareno new peaksindicatethat no solid solu-
tionisformedinthese systems. Such observationsin
caseof NaCl-Al,0 ¥, KCI-ALOM, CsCl-ALLO,M
and NaNO_-Al,O ™ solid electrolyte systems have
asoruled out theformation of solid solutionsin them.

DSCtracesof potassum nitrate pureand dispersed
with 5 and 10 mole percent of aluminaare shownin
figure 2. The known*¢7 transition at 138°C and its
melting at 337°C gppear intheform of two endotherms
inthisfigure2(a). Thefigures2(b) and 2(c) imply that
trangition temperatureisdightly changed and melting
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Figurel: X-ray powder diffractionfor (a) KNO,Pureand
(b) KNO,-Al,O, (10 m/0) solid electrolyte systems
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Figure2: DSC curvesfor (a) KNO, pure(b) KNO_-AIL,O
(5m/o) (c) KNO,-AlO, (10m/o)
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pointispracticaly unaffected in the dispersed systems.
A smadll and very broad hump isobserved intherange
250°C- 275°C. Thishump could be dueto theforma-
tion of an amorphous phase within the space charge
layer that isexpected to form between the host materia
and thedispersoid particleg’®29,

Thetemperature dependence of dcionic conduc-
tivity with reciprocal temperaturefrom roomtempera-
tureto nearly themelting point of host materia for pure
and dispersed with 1, 5, 10 and 20 mol e percent alu-
minaisshowninfigure3. Conductivity in pure KNO,
can beseentoincreaselinearly withtemperatureup to
itstransition temperature (137°C) followed by abend
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Figure3: Log(s) versus1000/T for KNO,and KNO,ALLO,
at different moleper centages
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TABLE 1: Activation ener giesfor KNO,-Al, O, composites

Mole loge loge Temperature Activation
per centages(140°C) (200°C) range(°C) energy(E)(eV)
0 -8.493 -6.726  110-250 0.89
1 -7.590 -6.648  110-250 0.59
5 -7.017 -5.801  110-250 0.67
10 -6.622 -3.702  110-250 0.52
20 -7.025 -7.148  110-250 0.57

inthe conductivity plot. From about 300°C and then
after it gppearsto beenteringinto theformation region,
whereconductivity islargely duetointrinsic defects. In
the dispersed systemsthe enhancement in conductivity
isobserved toincreasewith m/owith athreshold at 10
molepercent wherefrom enhancement startsfalingwith
further increasein molepercent i.e. for 20 mole per-
cent. Themaximum enhancement a 10 molepercent is
observed to be about 2 orders of magnitude with re-
spect to pure KNO, intheextrinsic conduction region.
It may benoticed fromtheplot that conductivity values

for pure at about 140°C and 200°C are 108 and 10°
S/cm whereas these are 10° and 102 S/cm respec-
tively for KNO,-10m/oAlO,. Variation of logs with
mol e percent of aluming, at different temperatures, is
showninfigure4. It canbeseenfromthisfigurethat the
maximum enhancement occurs at 10 mole percent of
aduminainthissysem.

The observed enhancement in the conductivity of
the KNO,-Al O, system isdiscussed interms of the
formation of spacechargelayer at theinterface between
the host matrix and the di spersoid. The mechanism of
formation of spacechargelayer inaFrenkel typede-
fect solidisunderstood asfollows. Thedefect species,
whichisinvolvedinionic conduction of thematrix, may
berepelled from or attracted to the interfaceresulting
intheformation of aspace chargeregion®578, Thus, in
aFrenke solid, if thecationsare attracted to theinter-
face, the vacancy concentration in the space charge
regionwill beincreased relativeto thebulk value. Re-
pulsion of cations by theinert phasewill increasethe
concentration of interstitial sin the gpace chargeregion.
The space chargeregionisthusassociated with anin-
creased concentration of defects. Thusadditional con-
tributiontothetota conductivity fromthe spacecharge
region accountsfor the enhancement inionic conduc-
tivity. KNO, being aFrenkel disordered materia!*! the
stabilization of K* ionsat theAl O, surface, thereby
Creeting excesscation vacanciesat theinterfaceismore
probabl €519,

Theactivation energiesfor KNO,-Al,O, compos-
itesderived from logo versus 1000/T plotsvary be-
tween 0.89t0 0.52 eV where 0.89 correspond to pure
nitrateand 0.59t0 0.57 for dispersed systems. These
are shown in TABLE 1. It may be noticed from the
tablethat the activation energy for the dispersed com-
positesin general islesser than that of pure KNO,.
However, itisindependent of thea uminacontent, and
isfairly constant Theseresultslead to the conclusion
that the enhanced conductivity inKNO,-Al, O, com-
positesisdueto theincreased concentration of cation
(K*) vacancies®2,

Whenthe concentration of Al O, islow, dl the par-
ticlesare completely surrounded by the host matrix.
Conductivity of the system increaseswith increasing
concentration of Al O, becauseit amountsto thein-
creasein the highly conducting bonds between disper-
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soid particleand host matrix. Subsequently, when the
tota volumeof theinterfacelayersismost effectively
linked together, thetotal number of highly conducting
bonds become maximum, consequently samplewould
show maximum conductivity.

As the concentration of Al O, further increase,
Al O, particles cannot be completely covered by the
interfacelayerssmply becausethe availablehost can-
not envelopdl theAl, O, particles, number of non-con-
ducting bondsincrease and therefore conductivity de-
Crease§7—10,24] .

4. CONCLUSIONS

The composite solid el ectrolytes KNO, di spersed
withauminahasbeeninvestigated through XRD, DSC
and two probedcionic conductivity techniques. The
compositecontaining 10 m/o d uminahasthe maximum
conductivity, about 2 orders of magnitude higher than
that of pure KNO,. The enhancement of conductivity
isinterpreted intermsof theformation of space charge
region between the host matrix and dispersoid. Thefor-
mationsof cation vacanciesare more probablethan the
interditidsintheinterfacid region.
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