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Abstract : When the Pt electocatalyst is used, CO, is reduced at an electrode potential close to the theoretical
reduction potential. However, CO, reduction is inhibited by the strong adsorption of the CO,-reduced species (CO)
on the electrode surface. Comparing the CO, reduction potential at the Pt electrocatalyst to the CO,/CO standard
redox potential, the former is nobler than the latter, suggesting that the gain in the energy will contribute to the CO
adsorption. To decrease the gain in energy by the design of the electrocatalysts, we focused on Pt-Ru powder and
sputtered electrocatalysts in this study. Based on the evaluations of the CO, reduction onset potential and CO,-reductant
reoxidation onset potential, the Pt-Ru powder electrocatalyst was suggested to induce the decrease in the adsorption
energy of the CO, reduced species on the electrode surface.
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(b)

Cu wire
$0.56 mm Capillary
| glass
Au wire $1.65 mm
$50 pm Au substrate
Powder ¥
10~20 m| catalysts 8 mm $6 mm
i #:4)50 am Sputtered catalyst
Pt Ru
Sample atomic atomic
ratio  ratio
Pt/C 100 0
Pt-Ru/C (1:1) 50 50
Bowiler Pt-Ru/C (2:8) 20 80
Pt-Ru/C (1:9) 10 90
Pt black 100 0
Pt-Ru black(1:1) 50 50
Pt-Ru/Au (1:0)* 100 0
Pt-Ru/Au (1:1)* 48 52
Sputtered Pt-Ru/Au (2:8)* 20 80
Pt-Ru/Au (5:95) 5 95
Pt-Ru/Au (2:98) 2 98
* Atomic ratio was evaluated by energy X-ray
spectroscopy (EDS)
K1 ZIEvs/70OBHE@. ANy 2EED RUFERL L
YTIDEED

Fig.1 The porous microelectrode (a), the sputtered electrode
(b), and the summary of samples used in this study.

®1 ANy EUTEHE
Table 1 Sputtering condition.

Electri
Sample Target DC/RF ectrie
power/W
Pt DC 300
Pt:Ru=1:0
Ru — —
Pt RF 300
Pt:Ru=1:1
Ru DC 400
Pt RF 250
Pt:Ru=2:8
Ru DC 450
Pt RF -
Pt:Ru=5:95
Ru+Pt DC 200
Pt RF -
Pt:Ru=2:98
Ru+Pt DC 200
No.3 2018
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Potential / V vs. SHE

RlI2 CO,83%10.5mol dm™ H,SO,Ki&&H 3T BPt-Ru black
(Pt:Ru=1:1) DE2ZDOHNEPRIFIELTORILEET S
L, PERRIFEEE : 59
Fig.2 Cyclic voltammograms at each 5-min initial hold poten-
tial in a CO,-saturated 0.5mol dm™ H,SO, solution at
the Pt-Ru black (Pt:Ru= 1:1)powder electrode.
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Coulombic charge / uC

00 01 02 023
Potential / V vs. SHE

3 CO,#3#10.5mol dm™ H,SO, k&&= 12 T B Pt-Ru black
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Fig.3 Dependence of coulombic charge between 0.35V and

0.8 V vs. SHE in Fig. 2 on the initial hold potential.

BEEH Vol.17 No.3 2018 9



600 T T ! y
< 400 |
= 200 j
g o l
8 -200}: Initial hold potential (vs. SHE)

-400t Loty oty
e:0.174 V £:0.204 V
-600 '

0 02 04 06 08

Potential / V vs. SHE

R4 CO,£3%10.5mol dm™ H,SO, KB &HIZH T BPt-Ru/Au (Pt:Ru= 2:8) DELADYEREEMTORILALETS
L () ECOLETHBEMLY — O ENMERRIFERKEN ()
Fig.4 Cyclic voltammograms at each 5-min initial hold potential (left)and the dependence of coulombic charge
derived from the CO ,-reductant reoxidation on the initial hold potential (right) in a CO,-saturated 0.5mol dm™
H,SO, solution at the Pt-Ru/Au (Pt:Ru= 2:8) sputtered electrode.
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Fig.5 Pt- or Ru-content dependence of the CO, reduction
onset potential for the various Pt-Ru electrocatalysts.
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Fig.6 Definition of CO, -reductant reoxidation onset poten-
tial (upper : the enlargement of Fig.2) and Pt- or Ru-
content dependence of the CO,-reductant reoxidation
onset potential for the various Pt-Ru electrocatalysts
(lower).
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Fig.7 Relationship between onset potentials of CO, reduction
and CO,-reductant reoxidation for the various Pt-Ru
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