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HAMNRTRAX—ORMFAOD, BHEKBICERLTHATII VAT ANMERSN TS, xRk
FETREMAMREREINTEBY, AL FIA FEZZED 1 DThD. MU EKE L L TERT L AF LY
ua~x# . (MCH) %7 - fik L, MCH OBiKELISIZ L 0 AKFEZTY H L CRIAT 5. EifkFELEE,
Mz OARFEE L THERIRTWS., 7/ — RTKEB{EL, »Y—FThl=r%iET LT MCH &
KT 5. M KNS 1 BT MCH A8 ATREREND, BT R —ZRBHHFIND. EHFFRED
Pt Y — RREEETHLEIN O TWDY, LEO PtOMAIE 2 2 N & PCERENSBERD 5.

A, " EHKFCRSCEESEEZ R T HREAS S Y — RERRTL2ELZHNLE Lo, Rimsux
UTFo7TETHRIND.

F1E TR fix OKBIFRENIC OV TR, KRBT OFS L EE R~ £72, ML Bfif
IRFACSUE DR & BABIR OB >\ Tk, FEEZH SIS LT, AFFEORME TR LY.

% 2 25 [Ketjenblack HEFESB Y Y — NIt Xk 5 MLz U BMAKFBILR ] : ffi 2 D Ketjenblack $HEF 54> B (M/KB)
BV — RO M B KFEEE 2B L2, RwWKB 7Y — R, FAx U BMAKECIGITR L TRE 7208
BEEZTTR, | wt%DIE RuBEFETH 71%DEVMCH AL Y 7 75 —8hRE2 R+ RH L. RWKB W
YV — R kD s vz CERKFEALSOG O SOSHEEO R 217V, H OBMRTICE Y &BTmIZAER Lz BaEKE
fE (Ha) 25, @BFWEICEE Liz =2 ERUGT UGB Z SN L, EMitEo A EMIEITIC X D Ha
ARREEE, B UMEOKEILRED, BAKFLIEEORER FTHHLEEZHLNI L. ZOAF—AF, fit
OWEESED Y — NI bk,

FEIE (H—RT Ty 7HEFRu I Y — NIZBIF B RBEEHE) - FxOh—RT T 7IZHEELZ Ru b
V— RO M CEMAKFECIEEEZRG U, B MEESRELL, BRI L > TEMKRIIEES KX <
LT oFE RH L. MEGHROFERIZRERE~D M= U RERED IR T 2 F 2 M Lz, B
IRBERENCEAE LTz hA= B RuFHEICHE S, VP —"—E L TERT S Z & TRu Lo ML U@ sR)N
B HERF S, BIRETH 2 KFIAEDIH S L2 KO ER#EZH S L.

% 42 TRW/KB BRBMEIIRT 5 Ir OFRNEIE] : RWKB 7 Y — FORERBEELUWEHET H7-012, HOBER
LR TCICEIEME 28T It OFRMNERFIL7Z. Ru-I/KB Y — Ri%, RWKB # Y — KL R%OE VY FE(MCH)
EHEFF L7 F, BEBMAEICELL, Mz U EBMKEEIGICRT 2BELE S KB Lz, Ru-lr 7/
— FOFEMIIEHEFEO PtV — RE2EEL, PtREL Y — e LTOREM 2R LT,

% 5% [Ru-Ir BABAEICIIT 5 Ru-Ir 1 & ML= UBEMKRILIER] « X BRIAYYE, X BB, A
IV IZARNE AN =7 Y, Ru-lr BBEOX v Z 7 2V B—a U &EITo72. 4 Ru-lr EAREELIC
BT 5 Ru & Ir OREEICHOWTHRE L, ML U ERAZELIENE & OMBIC OV TEHR LT

% 6 & [ M= U BHARILEISICBT % Ru-Ir BEEEIEM) : Ru-Ir 7V — Ik D Mrz o EBiKRICRS
D USRI X OB E B 2 3T LT, ZOfE%R, It ETH OBBETIZ X > TAEKR L7 Hu?d, Ir 225 Ru
b~z ELF— =1, Ru EOIEMAKSER (HY) &, Ru ETWEEHALESNT Moo BRST 5 H THITT
LZEEWLMICLIZ. Ru-Ir 7Y — RIX, HoZERME () & b Kk FRBABEAEE (Ru) & U CARBEHREZ />
fELTHERT2F CEW bV B KR LR EZ R L2 E 2 60 L.

ETE B F2ENOE6EE TTELNIMEELE L O, ARTERIE L2, ABFZECTH LT L7 il
FERED /I L D28 E L, "= U EMAKFEEEUGD AT <, Ny BAFEEITIC X 2 NH; BES S CO,
TR TTIC X 28 L&A k7R Sk A BRI TSOSISAFRE ChH 2 E 2 S L.

% FSCE R, 32000 F & 3830300 3% 1 HTORHT 52, & L<ITFEILB800 354 1 #RH L T 7EE W,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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This doctoral thesis consists of 7 chapters.

Chapter 1: Introduction

The efficient use of renewable energy is essential to realize a sustainable society. A conversion of renewable energy into
hydrogen energy is one of effective systems on that account. Electrohydrogenation of toluene to methylcyclohexane (MCH)
coupled with water oxidation is a promising technology as a hydrogenation process in the organic hydride hydrogen storage
system. The purpose of this thesis is to develop an active cathode for the electrohydrogenation of toluene.

Chapter 2: Electrocatalysis of Ketjenblack-supported precious metal cathodes

Electrohydrogenation activities of Ketjenblack-supported precious metal (M/KB, M = Ru, Rh, Pd, Ir, Pt and Au) cathodes
were evaluated for the electrohydrogenation of toluene. At low loadings of precious metals of 1 wt%, the Ru/KB cathode
showed higher faradic efficiency for MCH formation than the other cathodes, though the working cathode potential was
more negative. The electrohydrogenation mechanism was proposed.

Chapter 3: Support-effects on the carbon-black supported Ru cathodes

Electrocatalytic activities of various carbon-blacks (CB)-supported Ru cathodes were evaluated. Strong-support effects were
observed. A relation between adsorption properties of CB materials to toluene and the electrohydrogenation activities of
Ru/CB cathodes were found. Catalysis of CB-supports was discussed.

Chapter 4: Effects of Ir addition to Ru/KB electrocatalyst

Synergy of Ru and Ir were observed at Ru-Ir cathodes for the electrohydrogenation of toluene. By the addition of Ir to
Ru/KB cathode, overpotential for the electrohydrogenation of toluene was drastically decreased without significant decrease
in FE(MCH).

Chapter 5: Structures of Ru-Ir electrocatalysts and electrohydrogenation activities
The Ru-Ir electrocatalysts were characterized using various techniques. Relations between structures of Ru and Ir on the
Ru-Ir electrocatalysts and electrohydrogenation activities of the Ru-Ir cathodes were discussed.

Chapter 6: Synergy of Ru and Ir for the electrohydrogenation of toluene to MCH

Kinetics of hydrogen evolution and catalytic hydrogenation of toluene, and kinetic isotope effects for the
electrohydrogenation of toluene on the Ru-Ir catalysts were evaluated. Based on the results, reaction mechanism and synergy
of Ru and Ir for the electrohydrogenation of toluene to MCH were proposed.

Chapter 7: Summary
This doctoral thesis was summarized.
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