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HighMethanolToleranceofPdCo/CCatalysts
forOxygenReduction

①
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(CollegeofChemistry, SouthChinaUniversityandTechnology, Guangzhou510641, China)

Abstract:APdCo/Ccatalystwaspreparedbyanorganiccolloidmethodusingcitrateascomplexingagent, ethyleneglycol(EG) as

reducingagentandsolvent.AndthenanocompositionwascharacterizedbyX-raydiffraction(XRD) andenergydispersiveX-rayspec-

troscopy(EDX).XRDpatternsshowedPdparticleshadaface-centeredcubiccrystalstructureandsmallparticlesize.Itwasfound

thatthePd-PddistancedecreasedbytheadditionofCo, indicatingtheformationofPd-Coalloy.Theelectrocatalyticactivitieswere

evaluatedbyoxygenreduction, whichwasexecutedwithcyclicvoltammetricmethodwitharotatingdiskelectrodesystem.ThePd-Co/

CcatalystsshowedhighercatalyticactivitiesthanPd/Ccatalystsand, bettermethanoltolerancethanPt/C (Johnson-Matthey) forthe

oxygenreduction.TheresultsimpliedthatthePd-Co/Ccatalystmightbeagoodpotentialcathodiccatalystfordirectmethanolmem-

branefuelcell(DMFC).
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Directmethanolfuelcell(DMFC) havereceived
considerableattention, however, theircommercialvia-
bilitycontinuestobehinderedbyseveralfactors, in-
cludingthepoorkineticsofthecathodicreaction, the
highcostofthePt-basedelectrocatalystsandthecross-
overofmethanolforDMFC

[ 1-2]
.Toovercomethese

problems, onestrategyisthedevelopmentofnoplati-
numandmethanoltolerantcatalystfortheoxygenre-
ductionreaction(ORR)

[ 3]
.Pd, lessexpensivethan

Pt
[ 4]

, anditsalloyshavebeenwidelyusedascatalysts
formanyoxidation/reductionreactionsandwerecon-
sideredassubstituteofPtforcathodecatalystofDM-
FC

[ 5 -6]
.Butthehightemperatureoftheirprepared

processresultedinundesiredmetalparticlegrowthdue
tothesinteringofmetalparticles, thushinderingthe
activityenhancementofthealloycatalystsforORR.

Inthepresentstudy, anovelPd-Co/Ccatalyst
withhighactivityforORRandhighmethanoltolerance
waspreparedbyamodifiedorganiccolloidmethodat
moderatetemperature.Itwasfoundthattheadditionof
cobaltcouldimprovetheactivityofcatalystsignificant-
ly.

1　Experimental

Pd-Co/Ccatalystwaspreparedbyanorganic
colloidmethodinanethyleneglycol( EG) solution.

Palladiumchloride(PdCl2 ) , cobalt(II) chloridedi-
hydrateandsodiumcitrateweredissolvedinethylene
glycol(EG) andthenstirredfor0.5h.Carbonblack
VulcanXC-72Rwereaddedtothemixture(Pdmetal
loading:20%, andPd∶Co=2∶1inatomicratio) un-
derstirringconditions.ThepHofthesystemwasad-
justedto>10 withvigorousstirring.Themixturewas
thenplacedintoaTeflon-linedautoclaveandreacted
at160℃ for6 h.Themixturewasthenfilteredand
washedwithdeionizedwater3 to5 times, followedby
dryinginairat90℃.Thepowdersweresubmittedtoa
heattreatmentconductedinatubularovenunderH2 /
N2 atmosphereat300℃ for2h.

Thecatalystswereevaluatedwithoxygenreduction
usinganIM6eelectrochemistrystation(Zhnar, Germa-
ny).Acatalystcoatedglassycarbonelectrodewas
usedasworkingelectrode, withaplatinumwireas
counterelectrode, andasaturatedAg/AgClelectrode
asreferenceelectrode.

X-raydiffraction(XRD) wasperformedonaXD-
3Amachine( Shimadzu, Japan) withCu-Kαradia-
tion.

2　Resultsanddiscussion

Fig.1comparestheXRDpatternsofthePd/Cand
PdCo/Ccatalystspreparedbytheorganiccolloidmeth-
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od.ThediffractionpeaksofPdCo/Cwerecharacteristic
ofaface-centeredcubic(FCC) lattice, butthereflec-
tionswereshiftedtohigheranglescomparedtothatof
Pd/C, indicatingacontractionofthelatticeduetoal-
loyformation.ThelatticeparametersforthePd-Co/C
catalystsweresmallerthanthoseforPd/C, signalinga
progressiveincreaseintheconversionofCointotheal-
loyedstate.ItwasfoundthattheadditionofComade
theaverageparticlesizesmallerandthespecificsurface
arealarger.

Fig.1　X-raydiffraction(XRD) patternsfor

thePd/CandPdCo/Calloyselectrocatalysts

Fig.2showsthecyclicvoltammogramsofthePd/C
andPdCo/C.Thehydrogenadsorptionanddesorption
peakswerelocatedatabout-0.1VandthePdredox
peakswereatabout0.6VforPd/Cand0.9VforPd-
Co/C, respectively.Itwasfoundthattheareasofthe
hydrogenadsorptionanddesorptionpeaksforthePd-
Co/CcatalystswerelargerthanthatforthePd/Ccata-
lysts, indicatingtheelectrochemicallyactivesurfacear-
eaofthePd-Co/CcatalystwaslargerthanthatofPd/C
catalyst.

Fig.2　CyclicvoltammogramsofPd/Cand
PdCo/Cin0.1 mol/LHClO4underN2

atmosphere;scanrate=50mV/s, 20℃

Fig.3showstheslowsweepvoltammogramsonthe
Pd/C, Pt/C (Johnson-Matthey) andPdCo/Cin0.5

mol/LHClO4 +0.5 mol/LmethanolunderO2 atmos-
phere.ThePt/Cexhibitedalargeanodiccurrentata-
bout0.6VvsAg/AgClduetothemethanoloxidation.
Themethanoloxidationcausedtheonsetofanetca-
thodiccurrenttoshiftcathodicallybyca.250 mVdue
totheformationofamixedpotentialwhichshouldnega-
tivelyaffectthecathodeperformanceoftheDMFCs.
ThePdCo/Celectrocatalystshowednomixedpotential
inthepresenceofbothoxygenandmethanol.Itwasal-
soobservedthatthemethnoloxidationpeaksonPd-Co
catalystsshiftedtomorepositivepotentialsascompared
tothePd/Ccatalyst, indicatingPd-Cocatalystsshowed
higheractivityformethanol-tolerantoxygenreduction.

Fig.3　SlowsweepvoltammogramsforPt/C,
PdCo/CandPd/Cin0.5 mol/LHClO4 +0.5 mol/L

methanolunderO2 atmosphere.

3　Conclusion

PdCo/Celectrocatalystwassynthesizedbyamodi-
fiedorganiccolloidmethodinanethyleneglycol(EG)
solution.TheformationofPd-Coalloyenhancedthe
activityfortheORRsignificantly, comparedtoapure
Pd/C, andthiscatalystshowedgoodmethanoltoler-
ance, whichmaymakeitagoodpotentialcathodiccat-
alystforDMFC.
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PdCo/C氧还原催化剂及其抗甲醇性能

王荣方, 刘军民, 廖世军
(华南理工大学化学科学学院, 广东 广州 510640)

摘　要:以柠檬酸钠为络合剂, 在乙二醇体系中采用有机溶胶法制备出了 PdCo/C催化剂, XRD研究结果表明催化剂具有

面心立方结构, 粒度小, 分散性好, 同时元素钴的加入使催化剂的 Pd-Pd间距缩小。采用电化学方法评价了催化剂对于

氧气还原反应的活性 , 结果表明:PdCo/C催化剂具有比 Pd/C要好的氧还原活性, 同时具有 Pt/C催化剂无法比拟的抗甲醇

中毒能力。
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