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Toward the development of sustainable energy system Professor
Tatsuya Kawada

Energy Resources
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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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BEAE L TRRRI B (SOFC) (.07 A AV 2 (ZETZESIY
HREAVWTEAH RO KENSENERTCRETILET. BNT SOFCs generate electricity from natural gas or hydrogen with high
N N - efficiency using O’ ion conducting ceramics. It has been commercialized
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WIx77—LType S_dt ELTEAENTLES, 25 d% = in Japan as ENE-FARM Type-S. However, for wider social acceptance,
RICETT 15 FEBADRPMWAE P SRED - FLERKOEE improvements are still needed for longer-term durability over the next 15
HEEGRERBRIREAEEINTWD, BIFAERETIENEDO & years and improved reliability during rapid start-up and shutdown. With
SEE EERBCYTREIE XY v o D= ESHE - BTRTOMR the support from the NEDO project “Research and development of
N - advanced evaluation and analysis technology for SOFC stacks,” we are
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AR CRBORREL SCRBRBKP EHFTRIEL SOFC making joint research with multiple laboratories at Tohoku University
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HASHEOEELTHRZENTVD, SEEE. RBEOROLE and Keio University as well as SOFC developers. This year, a device was
THD L) "EEDODEERE—NTRIIZ2NHEBERIIEESE developed to reproduce the stress state in SOFCs in various operation
B UT (Fig. 1) e () PAYYASELLBEAOZ7OY T modes (Fig. 1). In addition, our laboratory has started evaluating a pure
b HEEREE LTSI U#IkEE SOFC OIHfi% B U H,-SOFC in a project commissioned by Aisin Corporation from the
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Improving the reliability of solid oxide
fuel cells

Ministry of the Environment.
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Fig. 1 Accelerated reliability test of SOFC under temperature gradient using gas manifold with 9-segment heaters.
Simulation predicted large stress at the edges of the air electrode.
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Associate Professor Riyan Achmad Budiman

Keiji Yashiro
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B OEREMOREEZT-> T\, ERERICEZINTWL
ZEMPIRE(LDEERBICHAT T, TEFILEBERVZZD5BE
ROFEZREFE U, (Fig. 2).
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Fundamental technologies for liquid fuel
production using high-temperature co-
electrolysis

An SOEC enables the production of liquid fuels through co-electrolysis
of carbon dioxide and steam using surplus renewable electricity.
Professor Yashiro, who was in our laboratory as an associate professor
and moved to Shimane University last April (still at Tohoku University
with a 20% cross appoint), is working on the basic technology of SOEC
co-electrolysis in a NEDO project. To elucidate the mechanism of
electrode morphology change, which is a concern for electrolysis
operation, we have developed an in-situ observation technology for
model electrodes (Fig. 2).

Basic research on solid state ionics

In oxide ion conductors used in high-temperature fuel cells and
electrolytic cells, oxide ions are transported through oxygen vacancies.
Some oxides dissolve water in oxygen vacancies and are known to
conduct protons. The transport and interfacial phenomena of these
materials have been studied in solid-state ionics. However, some aspects
still remain unclear. Recently, we found that light irradiation affects the
interface of oxide ion conductors and now are conducting research to
elucidate the mechanism.

Education

The laboratory consists of 5 (6) staff members, 1 professor (and 1
associate professor: cross appointment), 2 assistant professors, a
researcher, and a technical staff, as well as 18 students: 1 doctoral, 9
masters, 7 undergraduates, and 1 research student. Our laboratory holds
a student symposium every year with Seoul National University and
Korea Advanced Institute of Science and Technology (KAIST), and other
institutions. This is planned and implemented by students from both
countries. This year, we welcomed approximately 40 students and faculty
from Korea to the Science Campus Hall of Tohoku University, where they
gave oral and poster presentations.

Fig. 2 Operando measurement of the morphology change of a model electrode for SOEC.

o
]
°
o
3
=
3
o
E]
=
o
O
m
S
S
=
)
E]
3
o
E]
=
=
(7]
2
=
a
o
®
=
)
=
>
o
<
)
E]
o
o
o
(7]
o
@
o
w
<

21



