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INTRODUCTION

Alloying precious metal with the transition metal (TM:
Co, Fe) has been reported in literature for the
improvement ofORR activity inlow temperature fuel
cells especiallywith Pt and Pd. Palloys show ~30 mV
positive shiftin half-wave potential of ORRelative to Pt.
On the other handPdalloys show 85 mV shift inhalf-
wave potential of ORRelative tothat of Pd. The ORR
activity improvements either explainedn the bas of
lattice contraction andconsequent changes ithe
electronic properties upon alloying drased onthe
thermodynamic guidelineportedin the literature [12,
3]. We discuss theontribution of eachactor such as
lattice parameter, electrochemical surface surfamea
(ESA) and surface segregation IORR activity
improvementwith Pdalloys and comment on the huge
improvement observed with Pd alloys

EXPERIMENTAL

Alloys of Pdbasedwith transition metal (TM)f various
compositions were synthesized by a singletep
borohydride reduction method at low temperaturé@30
For a typical synthesisof PdTM alloy catalyst, the
required amount of Pd(NJ.2H,O was mixed in 400 mL
of water and heated upto “@) the pH of the solution was
adjusted to 10 by adding 1% NHEOsolution. After
adjusting the pH required amount of 0.01 M
Co(NGO;),.2H,0 was added to the above solution and
stirred for 10 min. to mixit properly. Then, theequired
amount ofcarbonslurry was addedto obtained 20 wt%
precious metaloading) to it and subsequently reduced
with dropwise addition of 1% NaBH, solution The
catalyst prepared was filtered, washed with distilled
water, anddried in an oven for 12 h. After dryinghe
caalyst was collectedgroundwell and used for further
analysis. Forthe comparisonPt and Pd catalystwere
also synthesized using similar metha without using
cobalt The catalyst was subjected to haattment in
inert and reducing atmospher&he catalysts synthesized
were characterized using various physical tepsand
electrochemically  characterized in  an  RRDE
configuration

RESULT AND DISSCUSSION

Fig. 1 shows the cyclic voltammograms (CVs) and ORR
voltammograms of Pt, Pd, and;@b, PdCo. The ESAs

of the catalysts were estimated from thggfegion of the
voltammograms. Pt and its alloys show comparahjg H
area. At the same time, we observe a doubling of the ESA
with the Pd-alloy (for e.g., Pd ~45 fng™*and PgCo ~85

m? g ). This perhaps happens because of the stabilization
of Pd with Co at potentialbeyond the Iy region.
Further evidence for the stabilization of Pd is obtained
from the electrochemical results. The ~30 mV ORR
activity improvement with PRalloy (Fig.1c) is usually
explained by the lattice contraction and shifthe center

of d-band positionj.e. electronic effectin the literature

[1, 2]. The inset to the Fig. 1c shows the -Cofrected
ORR voltammograms of the Pd ands;@d normalized
with ESA of the respective catalys@@n normalizing the
backgrounecorrected ORR voltammograiyy the ESA,
we still observe an activity improvemensf ~55 mV.
Thus, with Pealloy, the ESA account for ~30 mV
improvement in ORR activityPCo, with almost same
ESA as that ofPt shows comparable improvement in
ORR activity A comparisorof the ORR voltenmograms
of the asprepared and heateated catalysts provides an
estimate of the activity improvement due to surface
segregation of Pdnd it is found to be about 15 m¥n
activity improvement with exgnded, and contracted
lattices and everwith oxide phase of theatalyst suggest
the need for an alternative explanation for the activity
improvement in alloy catalystsThe rest of the
improvement (-8 mV) may be attributedto the
contribution dued theelectronic effectthough m clear
shift wasobsened in the XPS peak position B&kCo and
Pd, and only peak broadening was observed).
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Fig.1 a) CVs ofthe carbonsupported Pd, Pt, f&o, and
Pd&;Co; the ORR voltammograms db) Pt,andP#Co and
¢) Pd andPd;Co, respectivelylnset to Fig. 1¢ showSV-
corrected ORR voltammograms of Pd and;Ged
normalized with respective ESA
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