Journal of the Korean Electrochemical Society
Vol. 15, No. 1, 2012, 12-18 _
http://dx.doi.org/10.5229/JKES.2012.15.1.012 T A

A R} ARAA]E vpAFA
ARSI AET)] A 24 9 B4

AR %
A St oA A3 8

o011 1€ 20¢ H5: 2012 1€ 124 A1)

Composition Survey and Analysis of Non-Pt Oxygen Reduction
Catalysts for Proton Exchange Membrane Fuel Cells

Kyungjung Kwon*
Department of Energy & Mineral Resources Engineering, Sejong University, Seoul 143-747, Korea

(Received November 20, 2011 : Accepted January 12, 2012)
= =

TRk S8okllA &8 ¢ e IATEAASHA| ] He- A dgslol P & Z

H3 Q= Aol avte] Wg Fvfott. wpEbA] 53] H o] ARASHINESolA WES tiAleh=
EZE L] g A7t AAAIF = gl

W= sl sh=tl], o] #HolA wEd) fARE BT E40] ZdiEe Mas d4aEo]
gk tijte] & Aojt}. 7Y Mg fAR B4, S48 Ueile S AdiskE FE F
gliol AF7HA 7P wol At HeH AUAoR o, 2F, Q5FS A =
2o A7) §x] &t RDE (rotating disk electrode)S ©]-&3F W] Aoy} AgAXA
MEA (membrane electrode assembly) 238 Fste] Mgy} 448 vws|ny ks ALY
vl Sz 78 W) ke @98 e S-S & & ok o] E=ReAE 7 9
FF 945 7Nk, AR FAe R BYE FuRAPES BASN] vF AkAE] Eu)
kol =fo] ¥l g},

i
Kl
30
)
H
i)
T
d
¥
=
)
>
ol
2
ox
r i,
)
fo
2

i
A

L %0,

of

Abstract : The prohibitively high cost of Pt catalyst might be the biggest barrier for the com-
mercialization of proton exchange membrane fuel cells (PEMFC) of which wide application is
expected. Worldwide research efforts for the development of alternative to Pt oxygen reduction
reaction (ORR) catalyst are made recently. One of the important considerations in the catalyst
development is durability issue as well as economic aspect. From this point of view, platinum
group metals (PGM) except Pt can be a candidate for replacing Pt catalyst because the material
properties and the catalytic activity of PGM are expected to be similar to Pt. In contrast to Ir,
Rh and Os to which not so much attention has been paid as an ORR catalyst, Pd that is most
similar to Pt in terms of material properties and catalytic activity and Ru that is in the form of
chalcogenide have been studied intensively. Activity comparison between non-Pt and Pt oxygen
reduction catalysts by half cell test using RDE (rotating disk electrode) or PEMFC MEA
(membrane electrode assembly) operation indicates that Pd-based catalysts show the most
similar activity to Pt. In this paper we analyze the composition of PGM ORR catalyst in literature
to promote the development of non-Pt ORR catalyst.
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Fig. 1. Trends in oxygen reduction activity plotted as a
function of the oxygen binding energy (Reprinted with
permission from ref. 6 Copyright 2004 American
Chemical Society).
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Table 1. List of solute elements (figures in parenthesis
refer to their group number) added to PGMs (Pd, Ir, Rh,
Ru and Os) for oxygen reduction catalysts in literature

main component Solute element

element
Pd Ti(4), V(5), Ct/Mo/W(6), Mn(7), Fe(8),
Co/Rh/Ir(9), Ni(10), Cu/Au(11), C/
Sn(14), P(15), S/Se(16)
Ir V(5), Co(9), S/Se(16)
Rh Mo(6), Re(7), Co(9), S/Se(16)
Ru Cr/Mo/W(6), Re(7), Fe(8), S/Se/Te(16)

Os Mo(6), Ru(8), Se(16)
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Table 2. Difference between half-wave potential of non-Pt and Pt oxygen reduction catalysts (values were approximately

read from relevant graphs in the references)

main component element catalyst composition Eip-Eipp, mV reference comment
Pd Pd-Co -70 8 estimation from Tafel plot

Pd-C-Fe -50 11 estimation due to ill-defined iy,

Pd-Cr -70 12 estimation due to ill-defined i,
Pd-Fe +10 14
Pd-Fe-Ir -10 15
Pd-Mo -70 17
Pd-Ni -120 18
Pd-P -20 19

Pd-vV -60 23 estimation due to ill-defined i,
Pd-W -30 24
Ir Ir-Co -250 25
Ir-S -280 27
Ir-Se -110 28

Rh Rh-S -200 29 estimation from Tafel plot

Rh-Se -350 30
Rh-Ru-S -210 32
Ru Ru-Se -80 34
Ru-Te -200 36
Os Os-Ru -470 42
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Table 3. Comparison of operating voltage at 0.2 A/cm?> between non-Pt and Pt oxygen reduction cathodes (values were
approximately read from relevant graphs in the references)

main component element  catalyst composition operating voltage, V reference operating conditions
non-Pt Pt
Pd Pd-Co 0.67 0.73 46 H,/O,, 60C
Pd-Fe 0.76 0.73 14 Hy/Air, 65C
Pd-Mo 0.62 0.75 17 H,/0,, 60C
Pd-Ni 0.72 0.75 18 H,/O,, 60C
Pd-Ti 0.38 0.46 22 H,/0,, 60C
Pd-Co-Au 0.48 0.46 22 H,/0,, 60C
Ir Ir-V 0.69 0.78 26 H,/0,, 70C
Ru Ru-Se-C 0.47 0.65 34 H,/0,, 75C
Ru-Se-Cr 0.54 0.74 35 H,/0,,80C
Ru-Se-Mo 0.52 0.74 35 H,/O,, 80C
Ru-Se-W 0.51 0.74 35 H,/0,, 80C
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