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The performance of energy conversion and material transformation devices that contribute to carbon neutrality, such as water electrolysis, fuel cell,
and carbon dioxide electrolysis, is critically dependent on the catalytic materials used in the electrodes. The characteristics of catalytic reactions are
strongly influenced by the geometric, electronic, and chemical properties of the material’s surface atomic structure. Furthermore, electrode materials
in electrochemical devices are often heterogeneous material composites (such as metals, alloys, and oxides), and the mechanical stability and
conductivity, which are governed by the interface structure between these materials, significantly affect electrode performance. Our laboratory
conducts fundamental research on catalytic reactions on electrode surfaces and their effects, using well-defined model electrodes. Our goal is to
develop practical, high-performance electrodes based on these insights.

KERAMFEHREICRIZFTRARFESEDREHENH Elucidating the Impact of Surface Atomic
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BRETH 3. RBTEIRRDNMESNTHD, RITRET electrolyte membrane water electrolysis (PEMWE). Because the anode
& Ir BIEMAERES TV, LALGBHS, Ir BBOTHELHD of PEMWE operates under strongly acidic and high potential conditions,
EMiRRTERTH DD, PEMWE OLE&ELRERICHEIFEHRED the usable element is severely limited. Iridium (Ir) oxides are currently
KIERYFARDENTND, RAE TR [rOs 5 &k O R fit employed in practical PEMWE devices. However, since Ir is an
. N extremely scarce and expensive element, substantial reduction of Ir
RELTHRHENTNS RUO (DWT, RERELRES NI E usage is required for the widespread deployment of PEMWE. In this
ERBETETIAEZERL, ChSOMEDESE - ZERICE L study, single-crystal thin-film model catalysts with well-defined surface
By RERECEETRAMOEEZRE L .

O IrO2z, RuO: Bf5RBEETIVEED OER &, TEM
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EHEERL, BESHRPICEITS OER FEEE—EERTTOD model catalysts

REMZFMUT. IrOz2, RuOz EBICHEELE. REMDOFIIIE Single-crystal thin-film model catalysts of IrO, and RuO, were fabricated

(100) > (001) > (110) &4 b, (100) EASEM - REUOWME T using an arc plasma deposition method, and their OER activity in acidic

BN-RERETHZENASHIC ATy —F. RESE SR electrolyte as well as their stability under constant-current conditions

The oxygen evolution reaction (OER) proceeds at the anode of polymer

structures were prepared. Using these model systems, we investigated
the effects of crystal orientation and dissimilar element doping on the
catalytic activity and stability.
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Fig. 1 Influence of Crystal Facets of IrO, and RuO,
on OER activity and stability

Fig. 2 Enhancement of OER Activity on RuO,(110) by Ti Doping
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Fig. 3 Identification of Catalytic Species on Pb electrode
for Zn Electrowinning

were evaluated. For both IrO, and RuO, the order of initial activity and
stability was (100) > (001) > (110), clearly indicating that the (100) surface
exhibits superior performance in terms of both activity and stability. On
the other hand, the stability number (S-number), determined from the
catalytic activity and the amount of metal dissolution after the reaction,
showed the highest value for the (100) surface in the case of RuO, whereas
almost no significant dependence on crystal orientation was observed for
IrO; (Fig. 1).

(O Enhancement of OER Activity on RuO2(110)
by Ti Doping

The OER performance of RuO,(110) model catalysts with trace amounts
of Ti doping was evaluated, revealing that both OER activity and
stability are dramatically enhanced by Ti doping. Furthermore, surface
structural analyses demonstrated that the enhanced catalytic
performance induced by Ti doping originates from a synergistic effect
of electron donation from Ti sites to Ru sites and the introduction of
anisotropic lattice strain resulting from Ti incorporation (Fig. 2).

Identification of Catalytic Species
on Pb electrode for Electrowinning

Lead electrodes are used as anodes in zinc electrowinning; however, the
chemical structure of the lead oxide films that form on Pb during
electrolysis and determine OER activity remains poorly understood. In
this study, operando Raman spectroscopy was applied to Pb electrodes,
enabling in situ observation of potential-dependent changes in the
chemical species and composition of the surface oxide films during
electrolysis (Fig. 3).

Research project, award

We have conducted many research projects, e.g., NEDO, ASPIRE,
F-REL In addition, collaborative research was conducted with multiple
companies. Our students have presented two papers at an international
conference and 6 papers at domestic conferences. Prof. Todoroki
received the 83rd Achievement Award from the Japan Institute of Metals
and Materials. In addition, one student received the Outstanding Student
Presentation Award at the Electrochemical Society of Japan (Fig. 4).
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Fig. 4 Certificate of academic award
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