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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.

Key Words : CO, reduction, Pt-Ru electrocatalyst, Acidic aqueous solution

1. @BUBHIC

HITH L) MEREDH ), HATANVF - ot rv

BAED W F 72 ERRIE LI EE 2 R E O —> T
DY, MEMETAO—HTH D CO, T ALZHIMTE S
B oBRESHE SN Tw b, 2o e LTk
TEER MR B EBIF 5N B A BIfEIE. X DA
IANF—, KT ZAPTCO, W AEHEHWENEWTE
BHESALFNRITEIER BT S, BITIgEE LT
X Cu® Hg BhiZ 2 Wb o ohn 2 ki
Cutiz w7z d Dl Hy A2 Brn/z 7 —a U )Es)s
80% LLE X EMEARL TS LA LAY S, Thb
OEBMBETIZ IV UL EOIEFITE W CO, LB ELE =

F—~DOEWDNVY;TH,0 205 ® H, #E & X754,
FEHIITHR Ve —F T Giner 1&. Pt B Z HW72HE12,
BB TCO,MILTESLI L2 1963 FEICRMLTY
5%, L L7%d s, CO,RICHRDT Pt B il i 2 1 12 5
WaELTLE) EEhTWwAET 1Y,
COHHBHLIIOWT, PtEBAGERMICWAET 5
CO,BILRIIARYV T % EDRER DS CO TH 5 LR
BENTWE T, Zhidk e OBFEOMEIZBIT S A b
VY EYTRLY VX M) — DRI S LTSN BY,
CORMBDODH L EBRGITR I N COEILEM (0.35V
vs. DHE) & CO,/CO #% i W 1k 3% 55 % £ (-0.104 V

BREIE Vol.17 No.3 2018 "7



JAREML__ Paper

vs. SHEY) Z W2, RiBEDOIEIDBETHL I EH
5. TANVF—OFEGPEAEICHFGTH LV WA T T
t AN RSN S P, & 2T, DHE I Nafion 117
JELICHEE SN TE Y., TOEAMIE SHE B & IZIFHEL
W E b TS P,

CO,BILDOBMFALEEZ S L. CO,RBITBAEY % Pt
BHWEHP OB STy — v —N—2REIELRE
Thb, ZOHOT7Tu—FLLTiE2o0%2 61, 1
DI AN F—NEIZLBBETH S, LrL, F0O
BRI T 5 70 I MBS MIEER L VL L, Pt
AR TILEEE O/ S 2 3T H, J84: BUb & 55 SO 2
ROAERAEEMERLZENTERV, ) 12077
O —F LR ICE DA T AN F— % /N E L F 5 Bz
BTHETLIETHD, WAEZRIVF—ZGHOTHESIIIHE
ZRITEV) HIISH L TIE, fidkod) CO oWsh
ANVF=AEEG L CHEREME D ETCO,EITAHHET -
TWwWbE32L, TOFMOREEL LT CO,EILEMA
HEEMISETIENEZET 5 L PRTE %,

Z 2 THA L CO, T A B B E AL I\ B AR
filllt 2 BRR XL, Pt & A b 5 L EBMEMO Pt OF&
TARBEDZAL L CO A5 LIZL K B L o 2% 8
H 5D Pt-RuG&fiicEH L Twb, ABETIE, Pt &
Ru O LKL % % 2 72 B2 © Pt-Ru MR il i 2 OF Pt-Ru &
2%y F R BT A ERMEETR T T CO, IR &
CO, RILIRTHERAL IR TENAL 2 574l L 72D THE T %, CO,
FRICHIAEM L CO,ITTEA & R BB O 2 % 3
M AIODINT X—=4 L LT, CO,BIULKFERILIGTE
PE CO T MR DWAE N ik T 587 A —F L L
TR L7,

2. REBRAE

2.1 Pt-Ru EtEMEDER

BRI %L~ 4 2 vk (PME)® \[C M LE
e L7z (K1 a)o Byl ixss s — K ol (Pt/
C. Pt-Rw/C) RO — K ko Mna)E B AR (Pt
black., Pt-Ru black) ® 2 fif % i L7z, fiH L 724
Fh—R VDR T EiZ Pt:Ru=1:0 (TECIOES0E.
M #EaE T¥), 1:1 (TEC66E50. HIH 48 T3¥).
2:8 (TECRuE43 (2:8)), HPEERTE), 1:9
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1:0 (TEC90300, M &E4ET3), 1:1 (TEC90220,
M EERTE) Thb, A%y ZlEL I A8y ¥
% (CS-200S. ULVAC) % H v T ¢ 8mm ® Au ik
WEM LI ¢ 6mm ® Pt 721X Pt-Ru ~JC A%y ¥ &
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ARG 2R Sz (K1 b )P, 2Ry &) ¥ 74k
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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 ZIEv/70OBHE@. ANy 2EED RUFERAL L
YTIDFED

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

®1 ANV 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
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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) DE2ZDOHEBRIFIELTORILEET 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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2T, Rumy F (2x2x50L mm. 7VvY¥&E) %2
Wl L7z CO, 3t AATEAIZIX 5 (SR 33 @ ) -0.02V
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Coulombic charge / uC

00 041 02 023
Potential / V vs. SHE

3 CO,#3#10.5mol dm™ H,SO,7k;&#& =12 T B Pt-Ru black
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BEMKEY

Fig.3 Dependence of coulombic charge between 0.35V and

0.8 V vs. SHE in Fig. 2 on the initial hold potential.
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R4 CO,83%10.5mol dm™ H,SO, KB &HIZH T BPt-Ru/Au (Pt:Ru= 2:8) DELADYEREEMTORILALETS
L () ECOLEBTHBEMLY — O ENMERRIFEKEN ()
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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and CO,-reductant reoxidation for the various Pt-Ru
electrocatalysts.
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