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H igh M ethano] Tolerance of PdCo,C Catalysts
for ()xygen R eduction

WANG Rong fang LIJ Junmin LIO Shi jun
( Colk8ge of Chemisﬂf’y South Chma University and Techno pgy (Fuangzhou 510641, Ching

Abstrac:t A PdCo/C catalyst was prepared bY an organjc collojdmethod using citrate as canplexing agen} ethylene glyco]( EG) as
reducing aentand sojvent And thenanocanposition was characterized by X-ray d iffractin ( XRD) and energy disPersive X_ray spec
troscopy ( EDX). XRD pattems shoved Pd Particles had a face centere] cupic ciysta] structure and smal] particle size Jtwas fund
that he Pd— Pd distance decreased by the addition of Co  indicating he fomation of Pd-Co alpy The electocarlytc activites were
evaluated hY oxygen rcducfpr} wh ich was executed with cyclic voltamm etric method with a rotating d isk electrode systen The Pd-Coy
C camalysts showed higher cataytic activities than Pds C cata]ysts an(i better methano] tolerance han Pt/C ( ]ohnson_Matthey) for e
oxygen redquctima The resu]ts imp Jied that the Pd-Coy C cata]ystmight be a good Potentia] catadic catalyst for directm ethanoJm em-

brne fuel cell ( DMFQ),
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Directmethano] fue] ce]]( DI\/IFQ have receved
considerapje attentiop howeve,r their caoommercial via
bility contjnues © he hindered by severa] fact)r§ n
cluding the poor kinetics of the cathadic reactiop he
hi€h costof e Pt hased electrocataysts and the cross
over of methano] pr DMHE'"?  To overcane these
Prob kms one syate®y is he develomment of no plat
nun and mehano] tolerant catalyst for the oxygen re
duction reaction ( ()RR)”]. Pd less expensive than
Plt‘”’ and its a]joys have heen widey used as catalysts
formany oxigation, reductpn reactions and were con
sidered as supstitute of Pt for cathode catalyst of [\M-
FC % But he high tempPeraure of feir Prepared
process resujted m undesired mew] pPartcle growth due
10 the sintering of mew] partic]e§ thus hindering He
activity enhancanent of the a]loy caalysts for ORR

In the Present study a nove| Pd-Co,C caalyst
with hig¢h actvity forORR and hi€hmethano] olerance
was prepared hY a maod ified organic colloid method at
maoderate ttmperaure Jtwas pund that the additpon of
cohalt could inprove the activity of catalyst significant
Iy

1 Exberinental]

Pd Co/C catalyst was prepared by an omgang
collod method i an ethylene g]yml( EG) solution
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e]ecuocamlysx§ Pd— Co/(; oxygen reduction reacti(lg directmetano] fue] cel]
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Palladium chloride( PdC]y, cobalt( 1] chbride d+
hydrate and odiun citrate were dissolved in ethylene
glyeol( EG and then stirred forg 5h  Cahon black
Vulcan XC72R were added 10 the mixum( Pd meta]
loading 20%’ and Pd:Co= 9 :1 matammg ratig un.
der stirng condjtions ‘The PH of he systan was ad
justed 0> 1 With vi€orous stirring The m Kture was
then Placed into a Teflon— lhed autoclave and reacted
at160°’C Prg h The mixture was then filered and
washed with deionized waterz 05 tines folpwed by
dwing in ajr atgy ‘C, The pPowderswere supm itted 10 a
heat treament conducted in a tupular oven underHZ /
N amosphere at3gn’C forp h

The cat]ystswere evaluated w ith oxygen reduc tpn
using an Vg e electiochem sty Station( Zhna’r (Gema
ny). A cata]yst coated Llassy cathon electrode was
used as woking electiode with a Platinum wire as
and a saturated Ag A8C]| ekctade
as refrence electrode

Xy difflaction( XRD) was perpmed on a X[)-
3A machine( Sh'rnadzg ]apan) with CuK, mrdia
tion

counter electrode
2

7 Results and d iscussion

Fig1 campares the XRD Patterns of e Pd/C and
PdCo/C caulysts prepared by the oigang co]pid meth
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PdCo/ C
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od The diffraction peaks of PdCos C were characteristic
of a face_centered cubiC( FCQ 1attic’e but the reflec
tionswere shifted © h8her angfs canpared to that of
Pd/(; indicating a contraction of the Jattice dJue to al
oy fomatpon The lattice Parameters for e Pd-Co/C
catalystswere snaller than fose {)rPd/g signaling a
pProg€ressive increase n the conversion of Co into the al
loyed sate Jtwas found that the addition of Comade
the average particle size snaller and the specifc surfice
area lager
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Indensity / a.u.

mo]/[LHC I—2+ 0. 5 mo) [ methano] under () amos
Phere The PyC exhibited a lar€ anodic currentat a
boutg ¢V Vs A&/A&C 1 due 10 the mefhano] oxidation

The methano] oxidation caused the onset of a net ca
thodic current 10 shift cathodically by ca 250 mV due
10 the fomaton of am xed Potentia] which should nega
tively affct the cathode Perfomance of the DMFCs

The PdCo/C electiocatalyst showed no mixed Potentia]
in the Presence of hoth oxygen andmethano] Jtwas al
so opserved that the methno] oxidation Peaks on Pd-Co
catalysts shifted tomore positive potentials as campared
©0 he Pd/C catalyst indicating Pd-Co catalysts showed
h Bher activity for mehano] tolerant oxygen reductjon
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F& | X-raydiffracton (XRD) Patems pr
the Pd,C and PdCoy C alloys electrocata]ysts

Fi€ 9 shows the cyclic wltamm Brams of the Pd,/C
and PdCo/( The hydregen adsom ton and desorPtpn
peaks were Jocated atapout—q 1V and the Pd redox
peakswere at apoutg ¢V PrPd/C and 9V for Pd
Co/(; respectively Jtwas found that e areas of he
hydrogen adsomtion and desomPtion peaks for the Pd
Co/C cata]ysts were higer han that for the Pd/C cat
1YSt§ indicating the electrochan cally actjve surfice ar
ea of the Pd-Co/C catastwas laiger than that of Pd/C
catalyst
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Fig 2 Cyclic volammogiam s of Pdy C and
PdCo/C i | moyLHCI), underN,
amospher? scan ratt = 5() mV/§ 20C

Fig8 3 shows the sjow sweep votammograms on He
Pd/C PyC ¢ JohnsonMathe) and PdCo/C i, §

Current dcnsi(y/(vacm‘:)
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Fig 3 Slov sveep voltanmograms r Pt/g
PdCo/C and Pd/C ing 5 moy LHCO,+ o 5 moyL
mmhanolundcr()z amosphere

3 (Conclusion

PdCo,C electocan]yst was synthesized by amad i
fied o18an ¢ coJloidmethod h an ethylene gl}’col( Eq
solutpbn The fomaton of Pd-Co alloy enhanced he
activity r he ORR sign ificantly canpared t0 a pure
Pd/C and this catalyst shoved 80d methano] ©Ofr
ance whichmaymake it a £20od Potentja] cathod € cat
alyst prDMFC

A cknow Jedg€men t

W e would lke t© thank the Stat Naurmr] Science
Foundation of Chiha for the fmnancia] support ( Project
N©2047603 4).

R eferences

[1] OIAH G A Bevond Qil and Gas
mY).
2639 )

[ 2] ARIOA § SRNNVASAN § ANTONUCCIV DMF-
Cg; Fram Fundamenta] A sPects to Technogy Develop
ment | JFuelCells 2001,  133—161

(3]  FEINANDEZ JI, WALSH DA BARD A ] Themo

theMethand Econa
Angew Chem Int E{ 2005 44 2636 —



) 46

dynam ic Guidelines for the Desgn of Bimeta]lic Catalysts
pr OxyBen Elecworeductian and RaPid Screening by
SM [ . JAm Chan So¢ 2005 127 357—365

[ 4] MUSTANW E KEPLER K PRAKAS] ] InvestBa
tons of carhon supported COPd3 catalysts as oxygen cath

odes n PEM fuel cel]s[ j] J Elctrochen Carmmun

2006 & 406— 410
[5] LEEK SAVADOGO ) ISHHHARA A eta] Metha

PdCo/C

nolTolermt ORR Electrocatalysts on Pd3D Transiton
Me@]AlPYy PrDMECs [ J. JElectochen So¢ 2006,

153 A&0— 24

FEMANDEZ J I, RAGHUVEER V. MANTHRAM A

et a] PdTi aad Pd-CoAu E ectrocamlysts as a Re
pPlacement forPJatihnun fr oxygentR educton n PEMEC s
[ J. AmChan So¢ 2005 127 13100— 13101

%G, WNER, BHE
(o IXFAFRFFIR, SR 7 N 510640)

’

PdCo/ C

PdCoG
0643

Pd/C

PdCo,C XRD

Pd— Pd

PyC



