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ABSTRACT

Fine powdersof Lg, Sr,.Ca, Fe M ,0,(M=Al, Co, Ni, Cu, and Mn) were
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prepared by a co-precipitation method. The structural, morphological and
thermal properties of fine powders were characterized by X-ray diffraction
(XRD), scanning €l ectron microscopy (SEM), and thermo gravimetric analy-
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sis(TGA). The electrical conductivity of cathode materials was increasing
dightly with theincreasing of dopant of Al, Co, Ni, Cuand Mn. The dielec-
tric constant of the cathodes measured as a function of frequencies, it is
seen that the doping of different oxides dielectric constant increases.
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INTRODUCTION

Intermediatetemperature solid oxidefud cdls(IT-
SOFCs) operating at 600-800°C have attracted con-
siderableinterest in recent yeard*2. Lowering the op-
eration temperature can minimizevarious problemsas-
sociated with high temperature operation, such asionic
interdiffusonsbetween dectrode/d ectrolyteinterfaces,
sintering of eectrodes. In addition, advantages operat-
ing cost andfast startingtimearealso drivingforcesfor
research of IT-SOFCs. However, amajor issuewith
the reduced operating temperatureisthe decreasein
thecatalytic activity of the cathodefor oxygen reduc-
tion®. Thus, thereisinterest inidentifyingimproved
cathodesfor IT-SOFCs.

Currently, LaFeQO, isregarded as one of the most
promising materialsdueto their innovative usein ad-
vancetechnologies*9. These perovskite-type oxides
areactiveoxidation cata ysts, environmenta monitor-

ing films, can be employed as as cathodes and mem-
branesin solid oxidefud cells, aselectrode materials,
asmagneticmaterids, and asactivemateridsfor chemi-
ca sensorsfor thedetection of humidity, alcohols, and
gases such as oxygen, CO, NO and NO,/"*4. The pri-
mary object of thisstudy was synthesi zefine nano pow-
dersof La, Sr,,Ca, ,FeO,(LSCF) andLa, Sr,.Ca,,
M, Fe,O,(M=Al, Cu, Co, Mn, Ni) compositionsfor
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applicationsas SOFC cathodes.
EXPERIMENTAL

La,Sr,,Caq,,FeO0,(LSCF) and L, Sr .,Ca,,
M, ,F€,.0,(M=Al, Cu, Co, Mn, Ni) was prepared by
co-precipitation method using analytically pure La
(NO,),.6H,0, Sr(NO,),, Ca(NO,), AI(NO,),.xH,0O,
Co(NO,),.xH,0, Cu(NQ,),.xH,0, Ni(NO,),.xH,0,
Mn(NO),.xH,0 and Fe(NO,),-4H,O weremixed and
dissolvedindidtilled water withtherequired molar ratio
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Figurel: TheTGA curveof theassynthesized powders
recorded inair at aheatingrateof 10°C
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Figure2: Thepowder X-ray diffraction pattern at tem-
perature 600°C calcined for 4hrs La Sr ,Ca, FeO,
(LSCF)andLa, S ,Ca M Fe O,(M=Al Cu,Co,Mn,
Ni)(LSCMF)
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Figure 3: The powder X-ray diffraction pattern of
La S ,,Ca,,Co, Fe O, (LSCCF)calcinated at tempera-
tures of 600, 700, 800, 900 and 1000°C

and excessive NaOH solution was added into the meta
nitrates solution rapidly so that all themetal ionspre-
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Figure4: SEM micrographsof La,  Sr ,Ca, FeO,pow-
derscalcined at temperatures (a) precur sor (b) 600, (c)
700, (d) 800, (€) 900 and (f) 1000°C

cipitated. Then the precipitate waswashed with dis-
tilled water to remove the redundant OH-. After that,
the precipitate wasdried at 80°C to obtain the precur-
sor powders. Theas-dried precursor wasground and
then calcined at thedifferent temperature. Thecrystal
phase of materialswasidentified by XRD.

Thedidlectric constant and ac conductivity mea
surementswere carried out in thefrequency rangefrom
1M to 1K Hz a room temperatureusing LCR meter(HP
4824A).

RESULTSAND DISCUSSION

Figure 1 showstheweight lossof LSCF, LSCCF
and LSCMF samplesduring hegtingupinar. Asshown,
thereisavery dow welght lossfrom room temperature
up to around 200°C, which was attributed to the des-
orptions of physically adsorbed water and | oss of re-
sidud™.

Figure 2 Showsthe X-ray diffraction (XRD) pat-
ternsof theLg Sr,,Cq ,FeO,(LSCF) and La, Sr,,
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Figure5: Particle size distribution of as calcinated at 1000°C powder samples (a) La, Sr ,Ca, ,FeO (L SCF), (b)
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Figure®6: Dielectric constant vs. frequency for L SCF se-
riessinteringtemperatureat 1200°C

Cq M, ,Fe O, (M=Al, Cu, Co, Mn, Ni) powders
calcinated at 600°C. Single phase powderswith acu-
bicABO, perovskitetype structure similar to that of
L SCF were obtained*®. X -ray diffraction patternsfor
different heat treated L SCCF powders are shown n
figure 3. The X-ray patterns before cal cination show
an amorphous phase. After calcinationstheorthoferrite
LaFeO, canobservein samplescal cinated at 600, 700,
800, 900, and 1000°C. Theas prepared L SCCF pow-
dersshowswesk crystalinity of the perovskitesphase.
Formation of the perovkite phaseiscompleted at 600
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Figure7: AC Conductivity vs. frequency for LSCF series
sinteringtemperatureat 1200°C

°C asobserved by XRD resultsinfigure 3.

The SEM micrographsof the LSCF prepared pow-
der areshowninfigure4. The as-prepared agglomer-
ates, Substantial particle growth was observed upon
cacinationsfor 4 h at 600 to 1000°C™*, The particle
size digtributions of the 1000°c temperature powder
sampleswere presented infigure5.

Theroom temperature diel ectric constant versus
frequency isshowninfigure6. They haverddively high
dielectric constant, ¢ intherange 100-1400 at 1 KHz.
Thedid ectric constant showsvery littlevariationinthe
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frequency range 20K Hz—1 MHz for all doping cath-
odes. It is seen that the diel ectric constant increases
progressively with the substitution for B-site. Thedi-
electric constant decreases with theincreasein fre-
guency and at high frequency!*>¢. TheAC conductiv-
ity with respect to frequency isshowninfigure7. The
low frequency region correspondsto thedc conductiv-
ity wheretheinter-well hopping responsiblefor dc con-
duction completely dominatesover theintrawel hop-
ping associ ated with pure ac conduction.

The phenomenon of the conductivity dispersionin
solidsisgenerdly analyzed using jonscherslant® o(w)
=c0+Aw", wherec, isthe DC conductivity fr apar-
ticular temperature, A isatemperature dependent con-
stant and nisthe power law exponent which generally
variesbetween 0 and 1 depending ontemperature. The
exponent nrepresentsthedegree of interaction between
mobileionicswiththelatticearound them. Theprefactor
A determinesthestrength of polarizability.

CONCLUSIONS

Perovskite-type mixed oxides, suchasLg S,
Ca, Fe, M, ,O,(M=Al, Co, Ni, Cu, and Mn) cath-
odematerialsfor intermediate temperature solid oxide
fuel cdl (1T-SOFCs) were prepared and character-
ized. The TGA results, it was associated with theloss
of lattice oxygen. The decreasein dielectric constant
withfrequenciesshowsthedielectricdispersonat low

frequency regions.
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