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Our research group is working on establishing science and technology for the social implementation of new energy conversion technologies, such as
high-efficiency power generation, hydrogen production, and carbon dioxide decomposition with renewable energy, which are key to the realization of
carbon neutrality. Particular attention is paid to solid oxide fuel cells (SOFCs) and solid oxide electrolysis cells (SOECs). Technologies have been
developed to improve their performance and reliability through collaborations with companies as well as research groups inside and outside the
university. The physicochemical and mechanical properties of solid state ionic materials, which form the basis of these technologies, are elucidated from
the standpoints of thermodynamics, solid-state chemistry, and electrochemistry, with the aim of discovering new functions and improving performance.
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Toward social implementation of solid oxide
fuel cell and electrolysis technologies

Solid oxide fuel cell (SOFC) is a technology that uses oxide ion-
conductive ceramics to obtain electricity from natural gas or hydrogen
with high efficiency, whereas solid oxide electrolysis cell (SOEC)
produces hydrogen or synthetic gas through a reverse reaction. They are
expected to be a key technology for achieving a carbon-neutral society.
Our laboratory has been entrusted with the NEDO project “Research and
Development of Advanced Evaluation and Analysis Technology for Solid
Oxide Fuel Cell Stacks” and is conducting basic research to improve
reliability, including the development of a severe test system for single
cells (Fig. 1). As for SOEC, we are participating in the NEDO project on
“co-electrolysis,” a technology that simultaneously electrolyzes water
and carbon dioxide using renewable energy, and in a project commissioned
by the Fukushima International Research and Education Institute
(F-REI), which aims to demonstrate a highly efficient hydrogen energy
system. In addition, through the activities of the SOFC/SOEC Social
Implementation Center, the Co-Creation Laboratory, and the Joint
Research Division, various joint research projects are being conducted
with companies along with other laboratories in the university.
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Fig. 1 Accelerated reliability test of SOFC under temperature gradient using gas manifold with 9-segment heaters.
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Basic research on solid-state ionics

Some solid materials have defects such as vacancies and interstitial ions
in their crystals, which jump to adjacent sites and exhibit electrical
conductivity using specific ions as carriers. Solid-state ionics, which
deals with ion transport and interfacial phenomena in solids, is expected
to play an important role in building a carbon-neutral society by being
applied to electrochemical devices that interconvert chemical and
electrical energy, such as SOFC/SOEC and all solid-state lithium-ion
batteries. Our research focuses on materials used in fuel cells and
electrolysis, such as materials that conduct oxide ions through a vacancy
mechanism and materials that exhibit proton conductivity when water
vapor dissolves in oxygen vacancies (Fig. 2). This year, we have developed
an embedded probe method to measure chemical potential changes near
the electrode/electrolyte interface during electrode reactions. It was
confirmed that sample deformation and changes in electrode composition
are induced by the internal chemical potential changes. Furthermore, we
developed a higher harmonic impedance analysis method for
electrochemical systems, and we have worked to elucidate solid-state
ionic phenomena from various aspects. Recently, we discovered that light
irradiation affects the interface phenomena of ionic conductors, and we
have been conducting research to elucidate the mechanism and to explore
the possibility of its application to energy conversion.

Education

Our laboratory consists of six staff members, including 1 professor and
1 cross-appointment professor, 2 assistant professors, 1 researcher, and
1 technical staff, as well as students: 1 doctoral student, 7 master’s
students, and 7 undergraduates. Our laboratory, together with other
laboratories focusing on solid-state ionics on campus, holds an annual
Student Symposium with Seoul National University, Korea Advanced
Institute of Science and Technology (KAIST), and other institutions in
Korea. This year, all graduate students went to Seoul National University
to give oral and poster presentations.
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Fig. 2 Various approaches to the properties of the electrode/electrolyte interfaces.
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