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Our research target is to develop environmentally friendly energy-conversion systems. Our special focus is on high-temperature electrochemical devices
such as solid oxide cells, which are useful for high-efficiency energy conversion between chemical and electric energy. Research studies on the
mechanical reliability of solid oxide fuel cells (SOFCs) and solid oxide electrolysis cells (SOECs), which are tightly linked with physicochemical and
thermodynamic properties, have been performed through collaboration with other research groups inside and outside the university. A simulation code
was developed to evaluate the deformation based on transient distribution of chemical potential inside the materials. The mechanical and physicochemical
properties of the constituent materials have been measured at elevated temperatures in controlled atmospheres to be used for the simulation.
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(SOFC) @ 65% (LHV) DBE3=(L. 13 FEEMU oSt The ongoing NEDO’s project aims to develop advanced stack evaluation
— - N - N . techniques for solid oxide fuel cell (SOFC) to achieve super-high
RtT 2RO ZBIRL, XYy Y OBEEHE - AT AT ORISR efficiency of 65% LHV (lower heating value) and a lifetime of more than
ZT1oTW\W5, HIAEDLZNN EDEEZEHTHRTHRZED 130,000 hours. In this project, a research consortium organized by
TEH, BRND SOFC IR BIEICEE U TEEZHELT universities and institutes in Japan is collaborating with companies that
W3, BSHETESVRRFIBRICERLTEILNRFTOERE ha-v? d.eveloped SOsz. Under Iiligh—outp-n-lt condit‘ions, high .fuel
REEAREAD. BB A= R ta A b B T A AN S B8 utilization leads to different operating conditions at different locations

TS N - within a cell. The degradation behavior may also differ from the average
CILRDBING S Z # M IR T2 EL H D, HIARE operating conditions. Therefore, the local degradation of the cell should
[FE/LDEmNEEEITEMICETFREIE-TE D, EERE{LY be evaluated. Our laboratory contributes to the development of the

FRRE O EEMETE 70~ DL ORRAE BT >TW3 (Fig.1)e mechan'lcal reliability evalTlatlo'n method. We ?lso develop reliability
evaluation protocols for solid oxide fuel cells (Fig.1).

Development of advanced evaluation and
analysis technologies for the durability
of solid oxide fuel-cell stacks
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Fig.1 Apparatus for SOFC reliability assessment.
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Fig.2 Cell performance of plasma spray metal support SOFC.

Development of cell-toughening
technology for solid oxide fuel cells

In the NEDO project that began in FY2022, we have been developing
tough metal-supported SOFCs, which can be used in a wide range of
applications. A metal-supported cell with relatively high performance of
0.7 V and 700 mAcm-2 at 700°C was fabricated by a plasma spraying
method (Fig.2). Currently, we are working on further development to
improve the durability and reliability of the metal-supported cell.

Fundamental technologies for liquid
fuel production using high-temperature
co-electrolysis

To achieve carbon neutrality by 2050, electricity generation and
chemical-industry feed stocks and fuels for transportation must be
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decarbonized. Much attention has been given to a new fuel production
process using captured carbon dioxide and renewable energy. Co-
electrolysis of carbon dioxide and steam by solid oxide cells is proposed
to produce a syngas for liquid fuel production. Our laboratory has

evaluated the basic properties of co-electrolysis cells, finding
degradation due to electrode shape changes during electrolytic reactions.
To develop a co-electrolysis cell that can operate stably in the long term,
we are evaluating this factor by measuring the three-dimensional
electrode shape of a specially-designed model electrode cell (Fig.3).

Educational activities

Lab workers consist of five staff members (a professor, an associate
professor, an assistant professor, a researcher, and a technical staff
member) and 18 students (9 master’s students, and 8 undergraduates, 1
research student). Four graduate students and four undergraduate
students graduated in March.

Fig.3 Geometry evaluation system for co-electrolysis cell.
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