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Abstract:Perovskite-typeoxidesofdopedLaCoO3-δpowdersweresynthesizedbyGlycine-Nitrateprocess(GNP).Thepowderswere

characterizedbyXRD, SEMandlasergranularityanalysis.Theresultsshowthatoxidesareuniformaggregateswithsphericalshape

andthegranularityofaggregatesdistributebetween0.5 ～ 50μm.Theoxygennonstoichiometryvaluesofthematerialsweremeasuredby

iodometrictitrationmethod.TheresultsindicatetheoxygennonstoichiometryofdopedLaCoO3-δceramicsincreasewithincreasingCo/

Feratio.ThemixedconductivitywasinvestigatedbyDCfour-terminalmethod, whichindicatesthecathodematerialsconductionsen-

hancewiththeincreasingofoxygennonstoichiometryandtemperature, aswellasapparentdensity.
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Perovskite-typeoxidesofdopedLaCoO3-δ with
nonstoichiometryhaveattractedgrowingattentionsfor
theirsuperiorcatalyticactivityandmixedelectronic-i-
onicconductionproperties, whichmakethempromising
candidatematerialsformanyimportantapplications,
suchascathodesforintermediatetemperaturesolidox-
idefuelcells

[ 1 -2]
.Thestructuresandpropertiesof

theseoxideswerewidelydiscussedandcertainresults
andexplanationshavebeengiven.Oxygenvacancies
arethoughttobeamajorkindofdeficiencyinperovs-
kite-typeoxides, whoseconcentrationanddistribution
decidethemixedconductivityandcatalyticactivityof
theoxides

[ 3]
.

However, thecomplicatedeffectsofthestructures
onpropertiesoftheseoxidesneedfurthermoreinvesti-
gationwhendifferentcationsdopeinperovskitestruc-
ture.Inthispaper, Sr

2+
andCa

2+
weredopedintoA

siteandFe
2+
wasdopedintoBsiteofLaCoO3 -δ.Oxy-

gennonstoichiometryvaluesandmixedconductivityof
theseoxideswereinvestigated.

1　Experiment

LaCo1-xFexO3-δ (LCF;x=0, 0.2, 0.4, 0.6,

0.8, 1) andLa0.8Sr0.04Ca0.16Co1-yFeyO3-δ (LSCCF;
y=0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9, 1 ) powdersweresynthesizedbyGlycine-Nitrate

process(GNP)
[ 4]
.Thepowderswerecharacterizedvia

X-raydiffraction (XRD) , scanelectronmicroscopy
(SEM) andlasergranularityanalysis.Oxygennonstoi-
chiometryvaluesofthematerialsweremeasuredbyio-
dometrictitrationmethod.Themixedconductivitywas
investigatedthroughDCfour-terminalmethod;the
powderswerepressedintodiscsthensinteredat1573K
for4h.Platinumelectrodeswerepreparedonbothsides
ofthediscs.TheapparentdensitywasmeasuredbyAr-
chimedesmethod.

2　Resultsanddiscussion

2.1　Structurecharacterization
TheXRDresultsexpressthatallthepowderssyn-

thesizedareperovskitetypeoxideswithoutanyother
phase, asshowninFig.1.Themorphologyofthepow-
derproductionsareobservedthroughSEM (Fig.2).

Fig.1　XRDpatternsofLa0.8Sr0.04Ca0.16Co0.4Fe0.6O3-δ

SEMimagesindicatetheoxidesareuniformparticles
withsphericalshapeandtheaggregatestructuresof
particlescanbeidentifiedobviously(Fig.2).There-
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sultofparticlesizemeasuredbylasergranularityanaly-
siswasshowninFig.3.Thegranularityofaggregates
distributebetween0.5 ～ 50μm.

Fig.2　SEMimagesofLa0.8Sr0.04Ca0.16Fe0.8Co0.2O3-δ

Fig.3　GranularitydistributingofLSCCFbylaseranalysis

2.2　Oxygennonstoichiometryvalues
Theoxygennonstoichiometryvaluesofthemateri-

alswereshowninFig.4.Thevaluesaremuchhigher
thanthosehavebeenreported

[ 5]
, itseemsthattheer-

rorsbroughtbymanualoperationandthemethoditself
shouldaccountforthat.

Inspiteofthis, theresultscanstillreflectthevar-
iationoftheoxygennonstoichiometryvalueswithdiffer-
entdopingionconcentration.Theresultsimplyoxygen
nonstoichiometryvaluesofdopedLaCoO3-δ decrease
withincreasingdopingFecontent.Wetentativelyinter-
pretthistohigherFe-Obindenergy( 408.8 ±13 kJ/
mol) thanCo-O( 368±21kJ/mol) andoxygenvacan-
ciesformationisdifficultinhighFe-contentstructure.
Inaddition, theCoionsareapttostayatlowervalence
statesomoreoxygenvacanciesgeneratetobalancethe
valencewhen moreCoexist. The δ valuesof
LaCo1-xFexO3-δ system are usually lower than

La0.8Sr0.04Ca0.16Co1-yFeyO3-δwhichindicatestheSr
2+

andCa
2+
dopedinAsitealsoaffectoxygenvacancies

concentrationsignificantly.

Fig.4　Thecomparisonofnon-stoichiometricoxygen
ofLSCCFandLCF

Fig.5　ThemixedconductivityofLSCCFandLCF

2.3　Mixedconductivity
ThemixedconductivitiesofLSCCFareinvestiga-

tedbyDCfour-terminalmethod.Itisshownthatthe
cathodematerialsconductionsarestronglyinfluenced
byoxygenvacanciesaswellastemperature(Fig.5 ).
Justlikethoseofsemiconductormaterials, theconduc-
tivitiesofLSCCFimprovewhentemperaturerosefrom
473Kto1123K.Theconductivitiesalsoimprovedwith
Cocontentsincrement(moreoxygenvacancies) , al-

thoughtheeffectisnotobviousduetotheinfluenceby
apparentdensity(Tab.1).

Tab.1　TheapparentdensityofLSCCF

y δ
Apparent

density(g/cm3 )

Mixedconductivity

(S/cm, 923K)

1.0 0 4.3575 9.6759

0.8 0.17 4.1264 5.5752

0.6 0.34 4.0492 12.2455

0.4 0.56 5.3836 412.1816

0.2 0.74 5.0261 140.9884

Itisobservedthatsampleswithhigherδvalues
butlowerdensitymayexhibitlowerconduction.From
therelationshipbetweenconductivityandtemperature
oroxygenvacancies, weconfirm thesmallpolaron
hoppingprocess

[ 6]
inthematerialsinexperimenttem-

peraturesrange.

3　Conclusions

XRDresultsindicatedthatallthepowderssynthe-
sizedareperovskitetypeoxideswithoutanyother
phase.SEMimagesshowtheparticlesareuniformag-
gregateswithsphericalshape.Granularityoftheaggre-
gatesmeasuredbylasergranularityanalysisdistribute
from0.5μmto50μm.Oxygennonstoichiometryvalues

ofLaCo1 -xFexO3-δandLa0.8Sr0.04Ca0.16Co1-yFeyO3-δ

decreasewithincreasingFecontent.Sr
2 +
andCa

2+
do-

pinginAsiteresultinincreaseinδvalues.Thecon-
ductivityofLa0.8 Sr0.04 Ca0.16 Co1-yFeyO3-δ improves
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withtemperatureincrementfrom 473Kto1123Kand
Cocontentsincreasingaswellasapparentdensityin-
creasing.
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摘　要:采用甘氨酸 -硝酸盐法 (GNP) 合成了掺杂钙钛矿型氧化物 LaCoO3-δ系列粉末, 并通过 X射线衍射分析 、 扫描

电镜和激光粒度分析等技术对粉末进行了表征。结果表明合成的粉末为均匀 、 近似球形 、 粒度在 0.5 ～ 50μm的颗粒团聚

体。采用碘滴定法测定了合成氧化物的氧非化学计量值, 结果说明氧空位浓度随掺杂铁含量的提高而降低。采用直流四端

子法考察了合成材料的混合电导率, 结果表明材料的混合电导率随温度 、 氧空位和密度的提高而提高。
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