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ABSTRACT

Solid oxide fuel cells (SOFC) are considered as one of the most promising
power generation technologies. The current high operating temperature
(700-1000°C) of SOFCs hinders their commercialization. Recently ceria —
based composite materials are widely used because it is found to have a
high conductivity below 600°C. This paper analyzes the conductivity of
the doped ceriabased chloride composite systems, by varying the chloride
combination asK Cl and eutectic LiCI-KCl. The calciumdoped ceria(CDC)
has been prepared by the mechanochemica milling. Thethermal decompo-
sition processand structure of the sampleswere characterized by TGA and
XRD respectively. The ionic conductivity of CDC/Salt composites was
determined by electrochemical impedance spectroscopy (EIS). The CDC/
LiCI-KCl samples show significantly enhanced conductivity when com-
pared to that of the CDC/KCl samples. This shows that the use of the
eutectic salt in the composite electrolyte can effectively lower the opera-
tion temperature of SOFC due to improved ionic conductivity.
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INTRODUCTION

Fuel Cellsarewonderful deviceswhich converts
thechemical energy of thefue sinto electrical energy.
Solid Oxide Fuel Cells(SOFCs) aregaining more at-
tention now-a-days because of their high efficiencies
andlow emissiong*3. And dso naturd gaseslikemeth-
ane can beused asfudl. But itshigh operating tempera-
ture (around 1000°C) is the major factor which hin-
dersitscommercidization.

Many works have been carried out in an attempt to
reducethe operating temperature. Therearetwo ways

inwhichit can bedone. Oneway isto reducethethick-
ness of the el ectrolyte and the other isby the usage of
new el ectrolyte materials. A good conductivity at the
intermediate temperature (600 °C-800 °C) was
achieved by theusage of thenew dectrolyte materials.

Inthebeginning, theY ttriastabilized Zirconia(Y S2)
waswidely used asan electrolyte. But it had low ionic
conductivity at intermediate temperature. Calcium
doped Ceria(CDC) wasfound to beapotential elec-
trolytewhich wasfound to have agood ionic conduc-
tivity at theintermediate temperature. But pure CDC
wasfound to have some e ectronic conductivity which
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sgnificantly reducedtheoverd| performanceof thefud
cdl|34,

Then the usage of the several composite el ectro-
lyteswasanalyzed. Compositeeectrolytesareaphys-
cal mixture of two or more solid phasesthat possess
differentionic conductivity properties. Compostema
terid susudly show enhanced conductivity, mainly due
to the high conductivity intheinterfaceregionsformed
between the components. Moretheinterfaceregions
morewill betheionic conductivity. Varioussaltslike
chlorides, carbonatesand sul phateshave been used for
making the compositesand theionic conductivity in-
creased because of that>7.

Low melting eutectic sdtslike LiCl-SrCl, wer used
with the doped ceriaand found to havegood ionic con-
ductivity®®. Thesdtswith thelow melting pointswere
preferred as theionic conductivity in the composite
began only after thesalt meltg®Y., Inthe present study,
anew eutectic sdt (LiCl-KCl) was mixed with the Cdl -
cium Doped Ceria(CDC), whichwas prepared by the
mechanochemica milling™24, Thecompositeswere
characterized by TGA, XRD and SEM and their con-
ductivitieswasanayzed with Electrochemical Imped-
ance Spectroscopy (EIS) and the results were com-
pared with the CDC-K Cl composite.

EXPERIMENTAL

Calcium doped ceria(CDC) was synthesi zed by
the mechanochemica method withthestarting materia
of CeO, aswell as CaO (weight ratio 4:1). Ethanol
was added asamilling mediumto prevent excessive
abrasion. Themixturewasthen milled usng aplanetary
ball mill at 250 rpmfor 6 and 8 hoursunder two differ-
ent millingmediumsi.edry andwet. It wasthendried at
60-70 °C to evaporate the ethanol. Then the doped
ceriapowder milled under various conditionswas cal -
cined at 950°C. Single phase of the calcium doped
ceriaand doping of calcium oxidein ceriawere char-
acterized by X-ray diffraction analysis (XRD) (Philips
X’pert pro super Diffractometer with Cu Ko radiation)
in2srangeof 10-90° at 2°/minute. The crystal size of
the powderswasfound using the Scherrer formulaand
the onewith the smaller size has been chosen for pre-
paring composites. Thesix hoursdry milled doped ce-
riapowder wasfound to haveacrystal size of around
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700nm whereas other powdershave crysta sizeinthe
range of about 900nm. The powder with the smaller
Szewaschosen because asthe Szedecreases, thegrain
boundary areawill be more, leading to theincreased
conductivity'®. The composite was prepared by wet
and dry mixing of thecomponents. TheLiCl and KCI
(molar ratio 1:1) werefirst dissolvedin methanol. Then
the CDC powder was added to the mixture followed
by thorough grinding. After grinding, thedurry wasdried
and calcined at 300 °C in air for 1hour to get the com-
posite effect. Theweight ratio between CDC powder
and chloride (containing crystallinewater) wasmain-
tained as 12:59.

Another composite CDC/K Cl wasprepared by the
dry mixingmethod. The prepared CDC wasmixed with
K Cl salt maintaining aweight ratio of CDC: KCl as
12:5. Themixturewaswell ground in an agate mortar,
calcined at 650°C in air for 1h.

Thethermal property measurements of the com-
positeswere carried out using thermogravimetry analy-
ss(TGA) with aheating rate of 5°/minuteinthe syn-
theticair. SEM (Scanning Electron Microscopy) im-
agesweretaken to anayze the surface morphol ogy of
the composites. Energy dispersive spectroscopy
(EDAX) wastaken for the confirmation of elemental
composition of thecomposite. Powder X-ray diffrac-
tion (XRD) patternsof the sampleswere collected us-
ing Philips X pert pro super Diffractometer with Cu Ko
radiation for phaseandyssand crysta sizecdculation.

TheCDC-LiCl/KCl and CDC-LiCl nanocomposite
materials were pressed under 300 MPainto pellets,
followed by sintering at 175 °C and 387 °C for 1 hour.
Theéectrica conductivity of the composite el ectro-
lyteswas measured by Solartron 1355 Frequency Re-
sponseAndyzer inthefrequency rangefrom 1 mHz to
1IMHz with an applied signal of 20mV.

RESULTSAND DISCUSSION

TheX-ray Diffraction pattern of the6 hrsdry milled
CeQ, based powders doped with CaO as shown be-
low in Figure 1 wasanayzed using the JCPDSfileand
the doping was confirmed. Figure 2 and 3 show the
powder XRD pattern of both the single CDC and the
composite e ectrolyte CDC-LiCI-KCl, CDC-KCI at
room temperature. It showed that no peak for crystal-
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Figure2: XRD patternsof sintered powder of pure CDC and CDC-LiCIl/KCl composite

line salt appeaed in the pattern. The eutectic salt/KCl
became amorphous after thorough grinding followed
by heat treatment. Thewell dispersed satinthe com-

posite electrolyteisexpected to provideagoodionic
transport path.
Thermogravimetricandyss(TGA) of thecompos-
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Figure3: XRD patter nsof sintered powder of pure CDC and CDC-K Cl composite
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Figure4: TGA graph of asprepared CDC/LiCl-K Cl composite
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Figure5: TGA graph of asprepared CDC/K Cl composite
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Figure6: SEM imageof asprepared CDC/LiCI-K Cl composite

iteswascarried out and theresultsareshownin Figure
4andFigureb. It canbeclearly seenfromthecurvein
Figure4 that two main weight lossprocessestook place
inthetemperaturerangeof (i) roomtemperatureto 150
°C (i1) around 400°C. The graph also indicated that the
compositewas stablein thetemperaturerange of 150

°C-400°C.

Theinitial masslosswasduetothelossof water in
thetemperaturerange of room temperatureto 150°C.
The second losswasdueto themelting of thesatinthe
temperature range around 400°C, in the case of LiCl-
K Cl eutectic composite. Fromthe Figure5, it can be
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Figure7: SEM imageof theCDC/LiCI-KCl sintered pellet
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Figure8: Temper aturedependence of conductivity of CDC/K Cl and CDC/LiCI-K Cl composites

seen that themajor masslosswasin thetemperature
range of 450 °C-700 °C. It was due to the melting of
the KCl inthe composite.

Figure 6 showsthe SEM image of theas prepared
CDCI/LIiCI-KCl composite. Itindicated theuniform dis-
tribution of powder particlesand the powder particles
weredistinct i.e., agglomeration of powder particles
Research & Reotews On

has not happened. The particleswerefoundtobeina
spherica shape.

Astheparticlesweredistributed uniformly, it will
help in an effective sintering of the powder leading to
thereduced porosity. Figure 7 showsthe SEM image
of thesintered pdlet of CDC/LiCI-K Cl composite. The
imageconfirmed theeffect of thesinteringi.e, lessporos-
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ity. Theparticlesizewasaso found to beintherange
of 200-400 nm which could be an added advantage
for conductivity to happen.

The conductivity of CDC/KCI composite and
CDCJ/LiCI-KCl compositewererecorded at different
temperatures. It wasfound that, the CDC/K CI com-
posite showed very low conductivity at lower tempera:
turesand increasedto 1.9 x 102 S/cm at 700 °C. On
the other hand, for the CDC/LiCl-K Cl eutectic com-
posite, theconductivity wasappreciable (a lower tem-
peratures) when compared to CDC/K Cl compositeand
increased to avalueof 3.1 x 10 S/cm at around 400°
Citsdf and thereafter increased further upto 5.6 x 100
3S/cm at 700°C.

Thus, the eutecti c based composite showed higher
conductivity at lower temperatureitself (400 °C) than
the KCI based compositeat 700 °C. Figure 8 displays
thetemperature dependence of conductivity of CDC/
K Cl and CDC/LiCl-KCl compositedectrolytes. The
conductivity of the eutecti c based compositewasmuch
higher than the conductivity of KCl based composite.
Therefore, from the above results, it may be concluded
that the CDC based eutectic composites can be used
asandternativepotentia e ectrolytefor SOFC opera
tion at intermediatetemperatures (bel ow 600 °C).

CONCLUSION

Calcium doped Ceriawas prepared using mecha-
nochemica millingand optimizedfor thesmd ler crysta
size. The optimized powder wasthen madeinto com-
positesby wet and dry mixing with LiCI-KCl and KClI
respectively. XRD analysisconfirmed the doping of
caciumin ceriaand aso confirmed the amorphous na-
tureof thesalt inthecomposite. SEM characterization
confirmed thesmall grain size of the compositewhich
increased the conductivity. The CDC/LiCI-KCl com-
posite showed enhanced conductivity than the CDC/
KCl at lower temperature (around 400°C) itself. Thus
the doped ceriabased eutectic compositesystem CDC/
LiCl-KCI can be used asapromising electrolytefor
thelow temperaturesolid oxidefud cells.
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