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In a practical operation of fuel cells, a partial mixing of fuel and oxygen will
occur unavoidably. To solve this problem, a development of electrocatalyst having a reaction selectivity
is a certain way. In order to sophisticate the reaction selectivity, we constructed electrocatalysts by
combining techniques previously developed. In addition, electrode reactions using the constructed
materials were investigated. The following experiments were carried out: (1) formation and
characterization of small-size catalysts prepared by nano-indentation technique, (2) electrochemical
evaluation of reaction-selective catalysts, (3) preparation and evaluation of Pt-Ru-C sputtered
electrode, (4) electrochemical detection of H202 generated during 02 reduction using nano-size electrode,
and (5) electrode reaction study at membrane electrode assembly by impedance spectroscopy. Consequently,
an investigation of reaction selectivity from a structural viewpoint was progressed.




@

@

ex-situ

(PUC)

(3) Pt-Ru-C

Pt-Ru-C
4
H.0;
Pt
Pt
©)
Pt/C
(1)
(GC)
GC
Pt
GC

Pt
Pt AFM SEM

H,0;

Pt
Pt
H,0;
OH

)

7 Pt

Nafion

GC



(PU/C)
Ptaf
(3) Pt-Ru-C
Pt-Ru-C
pt-C
pt-C
XPS
4
Pt
Nafion
H,0,
H,0,
©)
Pt/C
Pt/C

Pt-Ru-C

Pt-Ru

Pt

Ptaf

4f

H202
Nafion

H20,

H20,

Nafion

Pt/C

Pt/C

Mitsuhiro Inoue, Kazuhiro Nagai, Sayoko
Shironita, Takayuki Abe, Minoru Umeda,
“  Post-annealing Effects on Reaction
Selectivity of Methanol Oxidation at
Carbon-based Platinum Co-sputtered
Electrocatalyst”, Electrochemistry, 83,
368-371 (2015).
DOI: 10.5796/electrochemistry.83.368

Weiqi Zhang, Sayoko Shironita, Minoru
Umeda, “Three-phase interphase modeling of
anode in membrane electrode assembly using a
porous microelectrode”, International Journal
of Hydrogen Energy, 40, 4349-4356 (2015).
DOI: 10.1016/j.ijhydene.2015.01.127

Hayato Itaya, Sayoko Shironita, Akira
Nakazawa, Mitsuhiro Inoue, Minoru Umeda,
“Effects of metal ions on Pt electrode
dissolution in H,SO, solution enhanced by the
presence of H,0,”, Journal of Renewable and
Sustainable Energy 6, 043112 (2014)

DOI: 10.1063/1.4891641 (7.28.2014)

Weiqi Zhang, Takahiro Maruta, Sayoko
Shironita, Minoru Umeda, “Anode and

cathode degradation in a PEFC single cell
investigated by electrochemical impedance
spectroscopy”, Electrochimica Acta, 131,
245-249 (2014).

DOI: 10.1016/j.electacta.2014.02.054

> )

Pt-Ru-C

, Vol.14, No.3, 74-78 (2015).
Sayoko Shironita, Weiqi Zhang, Tsukasa Sakai,
Minoru Umeda, “Evaluation of reaction
selectivity at various Pt/C electrocatalysts
using a porous microelectrode in the presence
of methanol and oxygen”, Electrochimica
Acta, 128, 265-270 (2014).
DOI: 10.1016/j.electacta.2013.10.139
Minoru Umeda, Sayoko Shironita, Tsukasa
Sakai, Masahiro Ide, Hironosuke Ikeda,
“Ex-situ microelectrode study of cathode
catalyst degraded by long-term endurance test
in  polymer electrolyte  fuel  cell”
Electrochimica Acta , 128, 259-264 (2014).
DOI:10.1016/j.electacta.2013.10.026
Weiqi Zhang, Sayoko Shironita, Minoru
Umeda, “Low Pt Loading and High Hydrogen




Oxidation Reaction Performance at
Pt/TiO,—SiO, Investigated by a Porous
Microelectrode” Catalysis Letters, 144,
112-116 (2014).

DOI 10.1007/s10562-013-1105-4

Weiqi Zhang, Sayoko Shironita, Tsukasa Sakai,
Minoru Umeda “Factors controlling the
methanol oxidation and oxgen reduction
reaction at Pt/C electrocatalysts”,
Sate-of-the-art Fuel Cells and Hydrogen
Technology in Japan p.175-180 (2014).
Sayoko Shironita, Tsukasa Sakai, Minoru
Umeda, “Nafion thickness dependence of
H,0, yield during O, reduction at Nafion/Pt
microelectrode studied by scanning
electrochemical microscopy”, Electrochimica
Acta, 113, 773-778 (2013).

DOI: 10.1016/j.electacta.2013.07.046

Sayoko Shironita, Masafumi Ueda, Yosuke
Matsumoto, Minoru Umeda, “Novel
O,-enhanced methanol oxidation performance
at Pt—-Ru—C sputtered anode in direct methanol
fuel cell”, Journal of Power Sources, 243,
635-640 (2013).
DOI:10.1016/j.jpowsour.2013.06.054
Mitsuhiro Inoue, Tatsuya Iwasaki, Minoru
Umeda, “Two-step conditioning method for
high power-generating direct methanol fuel
cells”, International Journal of Hydrogen
Energy, 38, 8992-8999 (2013).

DOI: 10.1016/j.ijhydene.2013.05.006

Sayoko Shironita, Ko Karasuda, Kazutaka
Sato, Minoru Umeda, “Methanol generation by
CO, reduction at a Pt-Ru/C electrocatalyst
using a membrane electrode assembly”,
Journal of Power Sources, 240, 404-410(2013)
DOI: 10.1016/j.jpowsour.2013.04.034

Akira Kishi, Mitsuhiro Inoue, Minoru Umeda,
“Evaluation of H,0O,-generation during oxygen
reduction at electrodeposited Pt particles on
mask scratched electrodes”, Applied Surface
Science, 279, 245-249 (2013).
DOI:10.1016/j.apsusc.2013.04.074

Sayoko Shironita, Ko Karasuda, Masatoshi
Sato, Minoru Umeda, “Feasibility
investigation of methanol generation by CO,
reduction using Pt/C-based membrane
electrode assembly for a reversible fuel cell”,
Journal of Power Sources, 228, 68-74, (2013).
DOI: 10.1016/j.jpowsour.2012.11.097

Minoru Umeda, Yosuke Matsumoto, Mitsuhiro
Inoue, Sayoko Shironita, “O,-enhanced
methanol oxidation reaction at novel Pt-Ru-C
co-sputtered electrodes”, Electrochimica Acta,
101, 142-150 (2013).
DOI:10.1016/j.electacta.2012.09.066

Minoru Umeda, Kazuya Sayama,Takahiro
Maruta, Mitsuhiro Inoue, “Proton activity of
Nafion 117 membrane measured from
potential difference of hydrogen electrodes”,

IONICS 19, 623-627 (2012).
DOI: 10.1007/s11581-012-0791-z

Akira Kishi, Mitsuhiro Inoue, Sayoko
Shironita, Minoru Umeda, “Electrochemical
degradation of electrodeposited Pt particles on
mask scratched substrate using a landmark for
ex situ scanning electron microscopy”, Applied
Surface Science, 258, 7497-7502 (2012).
DOI:10.1016/j.apsusc.2012.04.071

Pt-C
82 , 3.15
(2015) ( ).
Pt-Ru-C
11.20
(2014) (
).
Pt Fe?*
11.20
(2014) (
).

11.19 (2014)
( )
Minoru Umeda, “Reaction Selectivity at
Pt-Ru-C  CO-Sputterd Electrodes in The
Presence of Methanol and Oxygen”, ECAT
(International Symposium on Electrocatalysis
2014), 10.28 (2014) Whistler, Canada.
, Cr-N
PEFC

2014 9.27
(2014) ( ).
Weiqi Zhang, Sayoko Shironita, Minoru
Umeda, “Anode and Cathode Degradation
Modeling of Polymer Electrolyte Fuel Cell
Using a Porous Microelectrode” ISE 65th
Annual Meeting, 9.1 (2014) Lausanne,
Switzerland.
Sayoko Shironita, Shengnan Hua, Minoru
Umeda, Kazuma Miura, Kunio Nakatsuyama,
Kenichi Souma, “Heat Treatment Conditions
on Nitriding Stainless Steel as Bipolar Plate in
Polymer Electrolyte Fuel Cell”, ISE 65th
Annual Meeting, 9.1 (2014) Lausanne,
Switzerland.
Weiqi Zhang, Sayoko Shironita, Minoru
Umeda, “Mor and Orr Selectivity At Pt/C
Electrocatalyst ~ Investigated By  Porous
Microelectrode, IGCN 2014, 6.21 (2014),




Nagaoka, Japan.

Fe?' Pt
EQCM
, 5.30 (2014) (
).
Pt-Ru-C
, 5.29 (2014)
( )-
fipr EIS
PEFC

, 5.29 (2014)
( )-
Sayoko Shironita, Takayuki Abe, Mitsuhiro
Inoue, Yuta Takahashi, Minoru Umeda
“Oxidation and Reduction Selectivity at
Pt-Ru-C Sputtered Electrodes in the Presence
of Methanol and Oxygen”, 4. 30 (2014)
Niagara Falls, Ontario, Canada.
Minoru Umeda, Hayato Itaya, Sayoko Shironita
“H,0, and Fe*'-Induced Pt Electrode
Dissolution in H,SO,4 Solution”, 15th Topical
Meeting of the International Society of
Electrochemistry, 4.28 (2014) Niagara Falls,
Ontario, Canada.

Pt-Ru-C
,3.31(2014)
( ):
Zhang Weiqi
PEFC
, 3.30 (2014) (
).
Fe’' Pt
3.30(2014) ( ).
, “Study

of Pt dissolution in acidic solution containing
H,0, and Fe**”

, 10.17 (2013) (
).
Weiqi Zhang, , o
PEF
, 10.9
(2013) ( ).
, PEFC
ex-situ
,10.9 (2013)
( )-
, , , EQCM
Pt

, 109 (2013) (
).
@ Zhang Weiqi
Pt
Ti02-Si02 ,
, 9.27 (2013)
( )
@ EQCM
Pt

Fe2+ ,
,9.27 (2013) (
).

@Sayoko Shironita, Hiroshi Kuboyama, Weiqi
Zhang, Minoru Umeda, “Hydrogen
electrooxidation at small amount Pt loadingon
TiO2-Si02 thin film”, ISE 64th Annual
Meeting, 9.10 (2013) Queretaro, Mexico.

(@9Weiqi Zhang, Tsukasa Sakai, Sayoko Shironita,
Minoru Umeda, “Investigation of MOR and
ORR selectivity at Pt Celectrocatalysts in the
coexistence of methanol and oxygen”, ISE 64th
Annual Meeting, 9.9 (2013) Queretaro, Mexico

Weiqi  Zhang,Takahiro Maruta, Sayoko
Shironita, Minoru Umeda, “Anode and Cathode
Degradation in PEFC Single Cell Investigated
by Electrochemical Impedance Spectroscopy”
EIS 2013, 6.18 (2013) Okinawa, Japan.

@) Sayoko Shironita, Tsukasa Sakai, Minoru
Umeda, Weiqi Zhang, “Reaction Selectivity of
Methanol and Oxygen at Pt/C Electrocatalysts
Studied by Porous Microelectrode”, 4.8 (2013)
Pretoria, South Africa.

Minoru Umeda, Masahiro Ide, Hironosuke
Ikeda, Sayoko Shironita “Scanning
Electrochemical Microscopy Study of PEFC
Cathode Catalyst after Long —Term Endurance
Test”, 13th Topical Meeting of the International
Society of Electrochemistry, 4.10 (2013)
Pretoria South Africa.

@9Zhang Weiqi,

, Pt/C

-

80 , 3.31(2013)
( )-
60Zhang Weiqi
. PUC

, 11.15 (2012)
( )

@D Sayoko Shironita, Masafumi Ueda, and
Minoru  Umeda, O,-Enhanced Methanol
Oxidation at Pt-Ru-C Ternary Sputtered
Electrode", PRiM 2012, Oct.10.(2012) Hawaii,
USA.

@2 Minoru Umeda, Tsukasa Sakai, Sayoko
Shironita, ‘“Nafion thickness dependence of
H,0, generation during O, reduction at
Nafion/Pt microelectrode: scanning
electrochemical microscopy study”, EMNT
2012, 8.16 (2012) Linz, Austria.




Pt-Ru-C
DMEFC 19
, 5,16 (2012)
( )-
p.118-121 ( 151) 11.27 (2014).
@
UMEDA Minoru
20323066
@
SHIRONITA Sayoko
90580994
A

MATSUBARA Hiroshi
00202325
SAITO Nobuo
40313572

LEE Choong-Gon
Hanbat



