
　
第 46卷　增　刊

2007年　6月

中山大学学报 (自然科学版 )

ACTA　SCIENTIARUM　NATURALIUM　UNIVERSITATIS　SUNYATSENI
Vol.46　Sup.
Jun.　2007

　

SynthesisandCharacterizationof
La1-xSrxFe1-yMnyO3-δ forSOFCCathodeMaterials

①

QINBo, MAWen-hui, YANGBin, LIUDa-chun, DAIYong-nian

(ResearchInstituteofVacuumMetallurgyandMaterials, FacultyofMaterialsand

MetallurgicalEngineering, KunmingUniversityofScienceandTechnology, Kunming650093, China)

Abstract:Thesolidoxidefuelcelltechnologyofferssubstantialpotentialforcleanandefficientpowergeneration.La1-xSrxFe1-yMnyO3-δ

(LSFM) perovskitesarepotentialmaterialsusedascathodeforintermediatetemperaturesolidoxidefuelcell(ITSOFC).They(x=

0.1, 0.2, 0.3 and0.4;y=0.1, 0.2and0.3) weresynthesizedbyacitratemethod.Theformedprocessofperovskitestructurewas

analyzedusingTG/DTAanalysis.XRDshowedtheoptimumformationofasingleperovskitephaseis800℃.Electricalconductivity

wasmeasuredbyafour-probeDCmethodandLa0.6Sr0.4Fe0.9Mn0.1O3-δshowsthehighestconductivity.Theoxygennonstoichiometrywas

measuredbyIodometricmethod.Theseperovskitesdisplaytheoxygendeficientcomposition.LSFM, withincreasingthenumberofSr

andFe, increasetheamountofoxygenvacancies.ThesynthesizedLa0.6Sr0.4Fe0.9Mn0.1O3-δandLa0.9Sr0.1Ga0.8Mg0.2O3-δarechemically

andthermallycompatiblewellinXRDandSEMresults.Inconclusion, theLSFMcanbeconsideredasapromisingcathodematerial

forITSOFC.
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1　Introduction

SOFCisaclean, efficientpowergenerationtech-
nology

[ 1]
.Thecathodeisonecomponentofa

SOFC
[ 2]
.Theproperties

[ 3-4]
ofthecathodeplayasig-

nificantroleindeterminingtheSOFCperformance.O-
verthepastdecade, therehasbeenanincreasinginter-
estinmixedionicandelectronicconductingperovs-

kites.Thepresentworkaimsatevaluatingwhetherthe
LSFMisgoodornotforSOFCcathodematerialswith
La1-xSrxGa1-yMgyO3electrolyte

[ 5]
.

2　Experimental

TheLa1-xSrxFe1-yMnyO3-δwithx=0.1, 0.2, 0.3

and0.4 andy=0.1, 0.2 and0.3 perovskiteswere
preparedbycitratemethod.Theformationprocessof
perovskitestructurewasanalyzedusingSTA449CTG/
DTA.Thephasepurityofthecompoundsisevaluated
withpowderXRDusingaBrukerD8 ADVANCEdif-
fractometer.Electricalconductivityofsinteredbarswas
measuredasafunctionoftemperature ( 250℃ ～
850℃) underairatmospherebyafour-probeDCmeth-
od.TheoxygennonstoichiometrywasmeasuredbyIo-

dometricmethod.Thechemicalandthermalcompati-
bilitybetweenLSFMandLSGMwerestudiedusinga
XRDinstrumentandaXL30 TMPESEMSEMinstru-
mentrespectively.

3　Resultsanddiscussion

3.1　PreparationofLSFM
InFig.1, nomasslossoccursabove600℃ sug-

gestingthattheformationofaLSFMperovskiteisabout
600℃.Noadditionaldiffractionpeakswerefoundin
theLSFMbetween300℃ and1200℃.Afterheatingat
800℃, nosignificantchangeintensityandthepeak
positioninXRDpatternoccurred (Fig.2 ).Thisis
consistentwithTG/DTA.
3.2　Electricalconductivity

AstheamountofsubstitutionofSrandFeforin-
creases, theelectricalconductivityalsoincreases, as
showninFig.3.La0.6Sr0.4Fe0.9Mn0.1O3-δhasthehigh-

estconductivity.Itisabout26.0 S· cm
-1
at850℃.

Thetemperaturedependenceofelectricalconductivity
throughthesmallpolaronmechanismcanbeexpressed
by
[ 6]
:
σ = (A/kT

s
) exp( -Ea/kT)
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Fig.1　 DTA/TGcurvesoftheLSFMprecursor

Fig.2　XRDpatternofLSFMaftersinteringat800℃

TheplotoflnσTversus1 /TforLSFMsuggests
thattheadiabaticmechanismprevailsoverthemeasure-
menttemperaturerange(Fig.4).
3.3　Oxygennonstoichiometry

Theseperovskitesdisplaytheoxygendeficient
composition.LSFM, withincreasingthenumberofSr
andFe, increasetheamountofoxygenvacancies.
La0.6Sr0.4Fe0.9Mn0.1O3-δhasthehighestoxygennonstoi-
chiometryvalue0.23.

Fig.3　1/Tdependenceoflnσtfor
La1-xSrxFe1-yMnyO3-δsample

Fig.4　Theoxygennonstoichiometryδfor

La1-xSrxFe1-yMnyO3-δ

3.4　ChemicalcompatibilityofLSFMandLSGM
ThecompositionsofpowdersofLSFMandLSGM

aftersinteringat1250℃ exhibitpureperovskiteas
showninFig.5.Thisindicatesthatthecompositeis
stableinairathightemperature.

Fig.5　XRDpatternsofLSFMand
LSGMsinteredat1250℃

3.5　Thermalcompatibility
ThepreparedLSFMcathodefilmisingoodcon-

tacttotheLSGMelectrolyteat1250℃ (Fig.6).The
LSFMcathodefilmisporous(Fig.7) , whichisgood
forpermeationandreductionofoxygen.

Fig.6　SEMimagesofLSGM-basedLSFMcathodefilm

Fig.7　SEMimageofLSFMcathodefilm

4　Conclusions

( 1) Theoptimumheattreatmenttemperatureis
800℃;

( 2) Theelectricalconductivityenhancesasthea-
mountofFeandSrincreases.La0.6Sr0.4Fe0.9Mn0.1O3-δ

hasthehighestconductivityabout26.0 S·cm
-1
at

850℃.Themechanismofelectricalconductivityisadi-
abaticmechanism;

( 3) LSFM, withincreasingthenumberofSrand
Fe, increasetheamountofoxygenvacancies.La0.6
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Sr0.4Fe0.9Mn0.1O3-δhasthehighestoxygennonstoichi-
ometryvalueof0.23;

( 4) ThecompositionofpowdersofLSFMandLS-
GMisstableathightemperature;

( 5) TheLSFMpaintedontheLSGMelectrolyteis
porous.
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固体氧化物燃料电池阴极材料 La1-xSrxFe1-yMnyO3-δ的合成与性能表征

秦　博, 马文会, 杨　斌, 刘大春, 戴永年
(昆明理工大学材料与冶金工程学院真空冶金及材料研究所, 云南 昆明 650093)

摘　要:固体氧化物燃料电池技术提供清洁 、 高效的发电方式。 La1-xSrxFe1-yMnyO3-δ (LSFM) 钙钛矿作为中温固体氧化物

阴极材料受到人们的关注。本文用柠檬酸盐法合成了 La1-xSrxFe1-yMnyO3-δ (x=0.1, 0.2, 0.3, 0.4;y=0.1, 0.2, 0.3) 钙

钛矿阴极材料。使用同步热分析仪 (TG/DTA) 研究了钙钛矿结构的形成历程。 XRD衍射结果证明单一钙钛矿相的最佳形

成温度是 800℃。采用直流四探针法测试了样品的电导率, 其中 La0.6Sr0.4Fe0.9Mn0.1O3-δ显示了最高值。用碘量法测量了 LS-

FM中的非化学计量氧值。随着 Sr与 Fe的增加, 非化学计量氧值增大。通过 XRD与 SEM分析, La0.6Sr0.4Fe0.9Mn0.1O3-δ与

La0.9Sr0.1Ga0.8Mg0.2O3-δ之间显示出较好的化学和热相容性。结果表明 LSFM有望作为中温固体氧化物燃料电池的阴极材料。

关键词:柠檬酸盐法;LSFM钙钛矿;阴极;电导率;相容性
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