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Abstract: We investigated the reaction selectivity for a methanol oxidation reaction and an oxygen reduction
reaction at Pt—-Ru-C co-sputtered electrodes in the presence of methanol and oxygen. The Pt-Ru-C electrodes were
prepared by changing the preparation conditions of RF power and Ar gas pressure using a co-sputtered technique.
The prepared electrodes were characterized by SEM-EDX, XRD, and electrochemical measurements. Each Pt-Ru-C
electrodes at low RF power and low Ar gas pressure show methanol oxidation selectivity and oxygen reduction
selectivity, respectively. It is found that the alloy degree of Pt-Ru well explains these reaction selectivity.
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Fig. 1 Schematic of the three-electrode electrochemical cell.
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Fig. 2 Component ratio of Pt-Ru-C sputtered electrodes.
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Table1  Sputtering conditions (RF power and Ar gas pres-
sure) used for preparing Pt-Ru-C electrodes and
results of XRD measurement.

Peak position Pt (111)
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1 30 3 40.25 0.54
2 50 3 40.60 0.89
3 100 3 40.16 0.45
4 150 3 40.21 0.50
5 195 3 40.06 0.35
6 100 0.4 40.26 0.55
7 100 0.8 40.27 0.56
8 100 2 40.17 0.46
9 100 5 40.29 0.58
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a 26 / degree
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c:Pt-Ru-C(195 W, 3 Pa)
j@:Pt-Ru-C(mo W, 0.8 Pa

20 30 40 50 60 70 80
260 / degree

X3 XRD/NZ—>(a)100W, 3PaTIERL /-PtEHE. (b)30 W,
3Pa(c)195W, 3 Pa(d)100W, 0.8PaT{E& L 7-Pt-Ru-C
Fig. 3 XRD patterns of (a)Pt electrode prepared at 100W,
3Pa and Pt-Ru-C electrodes prepared at (b) 30W,

3Pa, (c) 195W, 3Pa, and (d) 100W, 0.8Pa.
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X4 (i)N,## L 70.5mol dm™ H,SO, + 1mol dm™ CH,OH
8 K, (i)O,82 1 L #0.5mol dm™ H,SO, + 1mol dm™
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Fig. 4 Linear sweep voltammograms at Pt-Ru-C (A : 30W,

3Pa, B: 100W, 0.8Pa) (i)in N,-saturated 0.5mol dm™
H,SO, + 1 mol dm™ CH,OH solution, (ii) in O,-satu-
rated 0.5mol dm™ H,SO, + 1mol dm™ CH,OH solution,
and (jii) in O,-saturated 0.5mol dm™ H,SO, solution.
Scanrate : 10 mV s™.
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Fig. 5 (A)Relationship between the charge amount ratio of

methanol oxidation (Q; /Q;) and RF power. (B)Rela-

tionship between the charge amount ratio of oxygen
reduction (Q"; / Q;; ) and Ar gas pressure.
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Fig. 6 Relationship between (A)the charge amount ratio of

methanol oxidation (Q; /Q;) or (B)the charge amount
ratio of oxygen reduction (Q’; / Q;; ) and shift of (111)
XRD peak.

JUEEBERRITEIRED &6 SRR T 2 IO T,
2 L1 OFFEA S Pt-Ru-C B F TR T K & £
HELTwRWEEZ bN5, Pt-Ru-CEBDO X ¥ /) —
WAL BOS AR 5 & OV 3 35 0 SUG BIRNE & 2 o ik
EORREMHERT 572012, 6D (A)(B) I2Q;/Q; &
Q:/Qu Z XRDMEICX D FES /APt (111) ¥—2 ¥
7 (F1) LT 7ay L7, K6(A) £, X
5 ) — WIBALSUSEIREX Pt (111) € — 2 250.5 degree
DRIZy 7 8952 & CTEREDS R L, R L CEERET
FOGEIRVEX > 7 MIEAT0.5 degree ##8 2 5 & 22K
TE2ZENbhb, Pt & RudEaibts s e pe (111)
DY — 7 PEAEMCY 7 52RO TEYY,
CORENP S X F 7 — VBALEIREDE  Pt-Ru-C [
28y Z ) T BMIZPtE RuBELEGEILLTwS L
Z2HNb, PCERUBGED A ¥ J — VIBILRUSIZ A 7 7
Yoy aF vk IO WTHPITE 5, Pt £ Rudt
BLAEELT 5 2 L THM Lo PtE T ORI RuJET-28
AT BEEDNL L), Ay 7 — VIBALRUSIAH S h
LA MWL 72720122 7 7 — Vg b E2sm B L7
LEZb b,

BEE®H Vol.14 No.3 2015 i



JAREMIL_ Paper

—Ji, Pt (111) ¥—2® ¥ 7 bH30.5 degree &8 2 72
BRSO N 2 B RFEEICEREKTIE Pt BLO RuD
HEALIZ &) B LT Pt OBEIC Ruli 72 ET 5
HEMEL Y BERITSIZAER 7 Pt OXTH 4 1P
OBBWAPT 57072 E2z0N5, LerLENL, E—
737 MRONSOHIPIZBIT B8R0 R R R CR I
M EAFHT 272012138 54 %8 L MG A% ETH 5,

4. F&D

AW TR, A28y 5 ) ¥ 7 5%l L T Pt-Ru-C
ANy Z) Y TBBEER L, o BRIE, 2
)=V E BRI L2 G ANy ¥ ) VRIS LD,
A5 ) — VAL BUSEIRYE F 7213 W 3R 00 SOG BN & A
T2 eWbhroiz, ZNENOFILERED B,
XRD I & ) Pt-Ru O G GALEIRE L TnbH Z L 28
Mg E iz,

Eiri3

AWFFe o —#iE , BHFE JSPS (24350091) DB % %
725D THbH, VT NVOEEICBWC I HHEWE
IR K FZFARR 2L~ & — IEHH L EFE9,

ZE 3Rk

1) W. Vielstich, V.A. Paganin, F.H.B. Lima, E.A. Ti-
cianelli : Nonelectrochemical pathway of methanol
oxidation at a platinum-catalyzed oxygen gas dif-
fusion electrode. Journal of the Electrochemical
Society, 148, A502 (2001)

2) L. Colmenares, E. Guerrini, Z.Jusys, K.S. Nagab-
hushana, E. Dinjus, S. Behrens,W. Habicht, H.
Bonnemann, R.J. Behm : Activity selectivity, and
methanol tolerance of novel carbon-supported Pt
and Pt3Me (Me=Ni, Co) cathode catalyst, Journal
of Applied Electrochemistry, 37, 1413 (2007)

3) G C. Lamy, C. Coutanceau, N.A. Vante : Methanol-
tolerant cathode catalysts for DMFC, in @ H. Liu, J.
Zhang (Eds.), Electrocatalysis of Direct Methanol
Fuel Cells,Wiley-VCH,Weinheim, 2009 (Ch. 7)

4) T. Sakai, S. Shironita, M. Inoue, M. Umeda : Cur-
rent-potential curves at powder catalyst-packed
porous microelectrode in the presence of both meth-
anol and oxygen, Electrochemistry, 79, 349 (2011)

5) S.Calabrese Barton, T Patterson, EWang, T.F Full-
er, A.C West : Mixed-reactant, strip—cell direct

10)

11)

12)

13)

14)

15)

methanol fuel cells, Journal of Power Sources, 96,
329-36 (2001)

K. Shukla, R.K. Raman, K. Scott : Advances in
mixed-reactant fuel cells, Fuel Cells, 5 (4), 436-
447 (2005)

D.C. Papageorgopoulos, F. Liu, O. Conrad : A
study of RhxSy/C and RuxSey/C as methanol-
tolerant oxygen reduction catalysts for mixed-
reactant fuel cell applications, Electrochimica Acta,
52, 4982 (2007)

R. Kothandaraman,W. Deng, M. Sorkin, A. Kaufman,
H.F. Gibbard, S. Calabrese Barton : Methanol anode
modified by semipermeable membrane for mixed-
feed direct methanol fuel cells, Journal of the Elec-
trochemical Society, 155, B865 (2008)

Y. Matsumoto, K. Horii, K. Nagai, M. Umeda, Y.
Usui, S. Tanaka : Methanol oxidation at Pt-Ru-C
ternary electrode prepared by co-sputtering tech-
nique, ECS Transactions, 12 (1), 215-220 (2008)
M. Umeda, H. Ojima. M. Mohamedi, I. Uchida :
Methanol electrooxidation at Pt-Ru-W sputter de-
posited on Au substrate, Journal of Power Sources,
136, 10 (2004)

M. Umeda, H. Sugii, I. Uchida : Alcohol electrooxi-
dation at Pt and Pt-Ru sputtered electrodes under
elevate temperature an pressurized conditions,
Journal of Power Sources, 179, 489 (2008)

M. Umeda, K. Nagai, M. Shibamine, M. Inoue :
Methanol oxidation enhanced by the presence of
0, at novel Pt-C co-sputtered electrode, Physical
Chemistry Chemical Physics, 12, 7041 (2010)

L. Giorgi, A. Pozio, C. Bracchini, R. Giorgi, S. Tur-
tu : H, and H,/CO oxidation mechanism on Pt/C,
Ru/C and Pt-Ru/C electrocatalysts, Journal of Ap-
plied Electrochemistry, 31, 325-334 (2001)
M.Watanabe, S. Motoo : Electrocatalysis by ad-
atoms. II. Enhancement of the oxidation of metha-
nol on platinum by ruthenium ad-atoms, Journal
of Electroanalytical Chemistry and Interfacial, 60,
267-273 (1975)

N.Wakabayashi, M. Takeichi, H. Uchida,
M.Watanabe : Temperature dependence of oxy-
gen reduction activity at Pt-Fe, Pt-Co, and Pt-Ni
alloy electrodes, Journal of Physical Chemistry B,
109, 5836-5841 (2005)

/8 BB Vol14 No3 2015



