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PreparationandCharacterizationof
La1-xSrxCr1-yMnyO3-δAnodeMaterialforSolidOxide
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Abstract:La1-xSrxCr1-yMnyO3-δ (LSCM) anodematerialofsolidoxidefuelcell(SOFC) waspreparedbysolidstatereactionmethod.

ThemicrostructureandpropertiesofLSCMwastestedviadifferentialthermalanalysis(DTA) andthermo-gravimetricanalysis(TGA),

X-raydiffraction(XRD), scanningelectionmicrocopy(SEM), ACimpedanceandfour-probedirectcurrentmethods.Single-phase

waspreparedafterbeingsinteredat1 250 ℃ and1 350 ℃ for15 hrespectively.TheelectronicconductivityofLSCMenhancedwith

thetemperatureincreasingandreached29.2S/cmat850℃ inair.TheACimpedancespectrashowLSCMhasgoodionicconductivi-

ty.
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　　SolidOxideFuelCell(SOFC) hasexperiencedin
thelastfewyearsforitshighelectricalefficiency, low
emissionsandamultiplefuelchoice.Theanodemate-
rialhastomeetseveralstringentrequirementsincluding
agoodelectronicconductivityandahighcatalyticac-
tivity.Itshouldalsohaveagoodmatchincoefficientof
thermalexpansionwithadjacentcomponents

[ 1-2]
.The

perovskitestructureoxideABO3arebeingconsideredas
anodematerials.InLaCrO3 materials, theconductivity

isenhancedbyadivalentionsuchasSr
2+
substitution

onAsite, decreasedpolarizationisattributedtothe
catalyticeffectofMn

4+
substituted

[ 3]
.Inthispaperwe

investigatedthecharacterizationofSr
2+
andMn

4+
-sub-

stitutedlanthanumchromo-manganiteperovskites.

1　Experimental

1.1　Preparationofpredecessor
La0.7Sr0.3Cr0.5Mn0.5O3-δ ( LSCM7355 ) composi-

tionwassynthesizedviasolid-statereaction.La2O3,

SrCO3, Cr2O3 andMnO2 weremixedinlightofthestoi-
chiometryofLSCM7355.Thepressedsamplesatloads
of150 MPahadtheshapeofpellets(Υ20 mm×3

mm) , andthensinteredatdifferenttemperaturesinair
inamufflefurnace.
1.2　Characteristic

Thewatercontentandthemasslossoftheprecur-

sorweremeasuredbyTG-DTAinArgon.Thepowder's

crystalstructurewasobservedbyXRD.Thegrowthof

crystalgrainwasobservedwithSEM.Theconductivity
wastestedbyACimpedanceandfour-probedirectcur-

rentmethods.

2　Resultsanddiscussion

2.1　TG-DTAanalysis
The weightlossofthe as-prepared powder

LSCM7355 wasobservedbyTG-DTAFig.1.Aninitial

weightlossofabout4.3%below420℃ correspondsof
thedecomposeofLa( OH) 3.Ma

[ 4]
think, inthe

processLa(OH) 3spanningtheAlkal-stypecarbonate,

around360 ℃ theAlkal-stypecarbonatedecomposed.

Theremovingweightlossof3.7% between420 ～ 625

℃.Anotherweightlossof7.7% isbetween625 ～

1400℃, duetotheseparateoutofcrystallatticeoxy-

genic, at977℃ hasabigexpendheatpeak.After997

℃ therearenearlynolossofheatandmolar, itisthe
processofperovskiteforming.

2.2　X-raydiffraction(XRD) analysis
Fig.2 illustratestheXRDpatternsofLSCM7355

anodepowdersinteredat1 250 ℃ and1 350 ℃ inair

for15 h, whichshowsthesingle-phaseperovskitewas
preparedafterbeingsinteredatboth1 250 ℃ and
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1 350 ℃ inairfor15 h.Alongwiththeincreasingof
temperaturethediffractionpeakofXRDpatternsbe-
comemoreacuity.Illustratehightemperaturemadea
morepuresingle-phase.

2.3　SEMresultsforLSCM7355

Fig.3 illustratestheSEM imagesofLSCM7355

anodesinteredat1 350 ℃for15 h.Onecanseethe
crystallooksslickandhasnosharprefractingangle.
Butthesizeofcrystalgrainisnon-uniform.itisdiffi-
culttogetdensematerial.Thelowdensificationcaused
thedecreaseofconduction.

Fig.3　SEMimagesofLSCM7355 sinteredat1350℃

2.4　TheelectricityofLSCM7355

Fig.4istheconductivitiesofLSCM7355 testedat
250 ～ 850 ℃indifferentatmosphereswithfour-probe
directcurrentmethod.Inairbelow650 ℃, thecon-
ductivitycurvepresentlinearity, theconductivitychan-

geswithtemperaturecorrespondingthesmallpolaron
mechanics

[ 5]
.After650 ℃, largeamountsofoxygen

vacancyforming, theconductivitysignificantlyen-
hancedfortheincreasedoxygenpartialpressure.The
totalconductivitymeasuredat850℃ inairis29.2 S/
cm.ThefigurealsoshowsLSCM7355 havegoodre-
versibleabilityafterdeoxidizedinthemethaneandhy-
drogengas.

Fig.4　ConductivityofLSCM7355 indifferentconditions

Fig.5 showsthe AC impedance pattern of

LSCM7355 measuredwiththeelectrochemistryworksta-

tioninair.TheACimpedancechartareformedwith

twohalfcircularity.TheACimpedancespectrashow

LSCM7355 hasgoodionicconductivity.

Fig.5　TheACimpedanceofLSCM7355

at400 ℃ and800 ℃

3　Conclusions

( 1 ) LSCM7355 anodematerialhasthesingle-

phaseafterbeingsinteredbothat1 250 ℃ and1 350

℃ for15 h, respectively.

( 2) Theconductivityenhancesfollowedthein-

creasingoftemperature, theconductivitymeasuredat

850℃ inairis29.2 S/cm.

( 3) IntheCH4 andH2 atmosphere, theconduc-

tivityislowerthanthatinair.Butthereversibleability

ofLSCM7355 afterdeoxidizedinCH4 andH2 isgood.
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固体氧化物燃料电池阳极材料 La1-xSrxCr1-yMnyO3-δ的合成及性能研究

马学菊, 马文会, 戴永年, 杨　斌, 刘荣辉
(昆明理工大学材料与冶金工程学院∥真空冶金国家工程实验室, 云南 昆明 650093)

摘　要:采用固相法制备 La1-xSrxCr1-yMnyO3-δ
(LSCM) 固体氧化物燃料电池 (SOFC) 阳极材料, 用 TG-DTA和 X射线衍

射分析仪分析了 LSCM材料中钙钛矿相的形成过程, 用 SEM、 直流四探针 、 交流阻抗等方法对合成材料的结构与性能进行

研究。研究结果表明:用固相法制备所得到的非晶产物分别在 1 250 ℃和 1 350 ℃下烧结 15 h都能得到单一的钙钛矿相,

对 LSCM样品电性能研究表明, 其电子电导率随温度的升高而增加, 在 850 ℃时空气状态下的电子电导率可达 29.2 S/cm;

LSCM交流阻抗图是有由两个半圆组成的, 显示出良好的离子电导率.

关键词:固体氧化物燃料电池;La1-xSrxCr1-yMnyO3-δ;阳极材料;固相法;电导率
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新型氧化添加剂 EGM影响柴油机性能和排放特性的研究

刘永启, 王延遐
(山东理工大学交通与车辆工程学院, 山东 淄博 255049)

摘　要:提出了用含氧柴油添加剂 EGM降低柴油机碳烟排放的方法, 建立了超声波 EGM-柴油在线混合装置, 在 4JB1直

喷柴油机上试验研究了含氧添加剂对发动机性能和排放特性的影响。结果表明, 在大负荷时随着混合燃料中的 EGM增加,

碳烟和 CO的排放显著降低;对 NO
x
的排放影响很小;在小负荷时 HC的排放增加。

关键词:乙二醇 -乙酸酯;含氧添加剂;柴油机;排放

中图分类号:TK421
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