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Abstract:Nano-compositeprotonconductingmembranesofanintermediate-temperatureH2Ssolidoxidefuelcellwerepreparedusing

asol-geltechnique.Themembraneshavebeencharacterizedandobservedusingscanningelectronmicroscope(SEM) andenergydis-

persiveX-ray(EDX).Electrolyteperformancepreparedbyaconventionalrouteandanewtechniqueofgel-solutionpreparationwas

compared.Relationofionicconductivityperformanceofmicroandnano-compositeelectrolytesofLi2SO4+Al2O3 withtemperaturevari-

ationwasexplored.Themicrostructure, compactivity, mechanicalstrength, andconductivityofmembraneswereimprovedcomparing

withthoseofthesamebulkcompositionpreparedfrommixturesoflithiumsulfateaswellasaluminapowder.Theremarkableenhance-

mentinionicconductivitywasobtainedfornano-compositeLi2SO4 +Al2O3.Thelessgascrossoverandbetterstabilityofanintermedi-

ate-temperatureH2Ssolidoxidefuelcellwithnano-compositeLi2SO4 +Al2O3 proton-conductingmembraneswereobserved, andthe

maximumpowerdensityofupto135 mW· cm-2andmaximumcurrentdensityofabout480 mA· cm-2 wereachievedat750℃ and

101.13kPa.
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　　H2Sisaseverepollutantthatisaby-productof
manyindustrialoperationssuchasprocessingofnatural
gas, coking, anddesulfurizationofcrudeoilorcoal.
TreatmentofH2Sisconsideredasaworldwideprob-
lem.Manyprocesseshavebeendevelopedtoremove
andrecoverH2S, includingadsorptionandabsorption,
conversiontoelementalsulfur, andoxidationtosulfur
oxides.Fuelcelltechnologyoffersameansofelectro-
chemicalconversionofhydrogensulfideforproducing
electricityandelementsulfur

[ 1-4]
.Thesolidoxide

proton-conductingmembranefuelcellisoneofthemost
promisingcandidatefuelcells.Inthepresentwork,
somenewcompositemembranesusingaLi2SO4 -Al2O3

nano-compositepreparedapplyingacustomizedsol-gel
techniquewillbedeveloped, andfuelcellperform-
ancesbetweendifferentmembranespreparedusingcon-
ventionalprocedureandsol-geltechniquearecom-
pared.

1　Experimental

Twotypesofmembraneswithadesignedcomposi-
tionwerepreparedusingthefollowingprocedures.First
isaconventionalroute(designatedmicrocomposite)
forpreparingceramicmaterials.Theappropriatea-
mountsofLi2SO4 andAl2O3 ( betterweightratioof
Li2SO4 andAl2O3 60∶40) wereweightedandmixed

wellwithasmallamountofwater
[ 4]
.Themixturewas

intheformofapaste, becausetheamountofwaterwas
insufficienttoaffecttotaldissolution.Thepastewas
driedinair, andthengroundtopowderuntiltheparti-
clesizewassmallerthan25 μm.Analiquotofthe
powderwasweighted( 0.8 ～ 1g) , loadedintoamould
withadiameterof2.54cm, pressedandsinteredinair
inanoven.

TheanodeandcathodematerialsusedwereaMo-
Ni-S-basedcompositeanode, aNiO-basedcomposite
cathode.Detailsofthepreparationofanodeandcath-
odeaswellasafuelcellteststationareinref[ 5] .
DatawererecordedwithaGamryelectrochemicalmeas-
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urementsystem(PC4-750).EISmeasurementswere
performedtodeterminecellresistance.Potentiodynam-
icmeasurementswereconductedtodeterminethecell
current-voltageperformanceintheircompensationmode
usingtheGamrysystematascanningrateof1 mV·
s
-1 [ 4 -5]

.

2　ResultsandDiscussion

2.1　Effectofparticlesize
Twosizesofaluminaparticleswereusedinthe

Li2SO4-Al2O3 compositions:micron( 0.35 ～ 0.49μm)

α-Al2O3 fromAlfaAesarandnano-sized ( about20

nm) aluminapreparedusingoursol-gelprocedure.
Figs1 and2 showtheSEMphonesofmicroandnano-
sizedmembranes.Agreatnumberofvoids, micro-de-
fects, andcrackswereseeninsamplespreparedusing
micro-compositeLi2SO4-Al2O3 fromFig.1.Incontrast,
thenumberofmicro-defectsintheinterfacialzoneand
bulklithiumsulfatematrixwassignificantlyreduced,
thedensityandcompactibilitywereincreasedinsam-
plespreparedusingnano-compositeLi2SO4-Al2O3 from
Fig.2.

Fig.1　SEMimageofmicro-compositemembrane

ofLi2SO4-Al2O3atsintered

temperatureof850℃

Fig.2　SEMimageofnano-compositemembrane
ofLi2SO4-Al2O3atsintered

temperatureof850℃

2.2　Conductivity
Electricalconductivityofmicroandnano-compos-

itesamplesatdifferenttemperaturesisshowninFig.
3.Itwasfoundthattheconductivityincreasedwith
temperaturewhenthetemperatureisbelow953K.The
conductivitykeptalmostthesamewhilethetemperature
exceeded953K.Thesamplepreparedfromnano-com-
positeLi2SO4 -Al2O3 hadelectricalconductivityabout

0.22 S·cm
-1
, oneorderofmagnitudehigherthanthat

reportedformicromaterialsabove953Kduetotheen-
hancedhomogeneityandphysicalinterfacialinteraction
betweenthenano-compositecomponents, Li2SO4 and
Al2O3.

Fig.3　Temperaturedependenceofconductivity

formembranespreparedbymicro-
compositeandnano-compositematerials

　◆:nanoLi2SO4 +Al2O3, +:microLi2SO4 +Al2O3

2.3　Fuelcellperformance
Figure4exhibitstherelationshipofcurrentdensity

andpowerdensityforacellwithmicroandnanomem-
branesat680 and750℃, respectively.Themaximum
powerandcurrentdensitiesoffuelcellformicrocom-
positemembranewere40mW·cm

-2
and200mA·cm

-2

at680℃, andwere70 mW·cm
-2
and400 mA·cm

-2

at750 ℃, respectively.Whilethemaximumpower
andcurrentdensitiesoffuelcellfornanocomposite
membranewere65 mW·cm

-2
and395 mA·cm

-2
at

680℃, andwere135mW·cm
-2
and480 mA·cm

-2
at

750℃, respectively.Thefuelcellofnano-composite
membraneissuperiortothatofmicrocompositemem-
branesincetheformerhashigherelectricalconductivi-
ty, morecompactivityandlessgascrossover.Inaddi-
tion, italsocanbeseenfromFig.4thattheincreaseof
temperaturecansignificantlyimprovethecellperform-
ance.
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Fig.4　Powerdensityvscurrentdensityfornanoandmicro

Li2SO4+Al2O3 membranecellsatvarioustemperatures

　750 ℃:◆ nanomembrane;×micromembrane
　680 ℃:■nanomembrane;+micromembrane

3　Conclusions

A nano-compositeLi2SO4 -Al2O3 electrolytehas

beenpreparedbyapplyingasol-geltechnique.Mem-
branespreparedusingnano-compositeLi2SO4 -Al2O3

demonstratedhighdensityandcompactivityaswellas
conductivityabout0.22S·cm

-1
mainlyduetothefor-

mationofanimprovedhomogeneousmicrostructureand
interfacialcontactbetweenLi2SO4-Al2O3 resultedfrom
nano-particlesizealumina.Theappropriateratioof

Li2SO4 andAl2O3 isabout60:40 byweight, andthe
heatingtreatmenttemperatureofmembranesisaround
850℃.Thefuelcellperformanceofnano-composite
Li2SO4-Al2O3 electrolyteissuperiortothatobservedin
micro-compositeLi2SO4 -Al2O3 system.
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摘　要:应用溶胶 -凝胶法制备了中温硫化氢固体氧化物燃料电池的纳米复合质子传导膜。用 SEM和 EDX对纳米复合膜
进行了观察和表征, 并与传统工艺制备的电解膜 (微米级 ) 的性能进行了比较。探讨了微米级和纳米级的复合 Li2SO4 +

Al2O3膜的离子传导性随温度变化规律 。与传统的工艺采用相同组分制备的微米级电解膜相比, 纳米复合膜的微观结构 、

致密性 、 机械强度和离子传导性均得到改善, 而最显著改善是膜的离子传导性能。纳米复合 Li2SO4 +Al2O3膜的中温硫化

氢固体氧化物燃料电池的性能较稳定, 察觉不到膜两侧的气体穿过膜扩散到另一侧。在 750 ℃和 101.13 kPa下, 电池的最

大输出功率密度为 135 mW· cm-2, 最大电流密度为 480 mA· cm-2。
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