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Ir-Ru Catalystsfor the Electrochemical Oxidation of Methanol
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Abstract

Catalytic abilities of platinum group metals were evaluated toward each of the two steps for the
electrochemical oxidation of methanol: the adsorptive oxidation of methanol to COad and the desorptive
oxidation of COad to CO,. Platinum and iridium were found the most active for the former as well as
ruthenium for the latter. Novel Ir-Ru combination was predicted and proved to have such a high catalytic

ability for overall oxidation of methanol as well-known Pt-Ru, using three types of catalysts: ad-atoms,

highly dispersed particle ones without support and with carbon support. Applicability of this catalyst to

direct methanol fuel cells was discussed.
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Fig. 1 Direct methanol fuel cell.
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Table 1 Experimental condition for the electrochemical deposition of precious metals.

Pt Ru Rh Pd Ir Os Au
Electrolyte* H,PtCl; | Ru(NO(NO,);) | RhCl33H,0 | (NH,),PdCl, | H,lrClg 6H,0" | OsCl; 3H,0 HAuCI,
0.001M 0.001M 0.001M 0.001M 5mg/dl 0.001M 0.001M
Potential/ -50 -50 -50 -50 —1000 —1000 -50
mV vs RHE
Time/ min. 1 1 1 1 30 30 1

* As the supporting electrolyte, 3 M H,SO, was used.

1100ml of aqueous solution of 50 mg/dl H,IrClg 6H,O was boiled with 2ml ammonia and 1ml ethanol till the reddish solution turns

to yellowish, and then was diluted with 3 M H,SO,.
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Fig. 2 Voltammograms of Ptin 3M H,SO, with or

without addition of methanol at 50mV at 25°C.
The difference was plotted as "Oxidation of
Methanol." Sweep rate: 10mV/s.
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Fig. 3  Voltammograms for methanol oxidation

current on Pt group metalsin 0.1M CH;0OH /
3M H,SO, at 25°C. Sweep rate: 10mV/s.
Methanol was added while the potential was
held at 50mV. Current was normalized using
ammount of CO adsorption on each electrode
shownin Fig. 4.
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Fig. 4  Voltammograms for COad oxidation current
on Pt metalsin 3M H,SO, at 25°C. Sweep
rate: 10mV/s. CO was adsorbed at 50mV.
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Fig. 5 Methanol oxidation voltammograms on Ir and
Ir-Ru (Ru was deposited on Ir for 10~30s) in
1M MeOH / 3M H,SO, at 25°C. Sweep rate:

10mV/s.

2.5E+02 T T T

2.0E+02

Ir-Ru

""""

Ru depositing time i
il
180s 60s 30s

1.56E+02

1.0E+02

5.0E+01

0.0E+00 L

500 750
Potential vs. RHE [mV]

1000

Fig. 6 COad oxidation voltammogramson Ir and Ir-
Ru (Ru deposition on Ir for 30~180s) in 3M

H,SO, at 25°C. Sweep rate: 10mV/s.
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Fig. 7 Chronoamperograms for methanol oxidation
on Ir and Ir-Ru (Ru deposition on Ir: 10~180s)
in 1M CH;OH / 3M H,SO, at 25°C at 500mV
vs RHE.
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Fig. 8 Comparison of chronoamperograms for

methanol oxidation on Ir-Ru and on Pt-Ru (Ru
deposition: 60s for the both) in 1M CH;OH /
3M H,S0, at 25°C.
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Fig. 9  Procedure for the preparation of Ir-Ru highly

dispersed catalysts.
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Fig. 10 Cyclic voltammograms of unsupported highly
dispersed Ir and Ir-Ru in 3M H,SO, at 25°C.
Sweep rate: 10mV/s.

0.4 T T T
) i
S 600mV
g) \‘_
% 03} - ) -
2 550m=/. \
E .,.f' N .\‘ _______ .\ \
5 T 0.2 ,-" * ‘\\
Dc.> E .'J - '.“QOOmV__. .‘.“\‘
= RN Y
£ -
N
o
©

100

Ru content / %

Fig. 11 Sustaining methanol oxidation current on
unsupported highly dispersed Ir-Ruin 3M
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