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Toward the development of sustainable energy system Professor
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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), 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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Development of Systems and Elemental
Technology on SOFCs

Forthe NEDO project “Development of Systems and Elemental Technology
on solid oxide fuel cells (SOFCs),” in order to meet the recent demand of
further improvement of generation efficiency, we conducted research and
development using the developed evaluation method. Under high output
conditions, the operating condition of fuel cells are possibly different at
each place in a cell. The degradation behavior may be different from
general operating conditions as well. Therefore, the local degradation of
the cell should be evaluated. In addition, a high-toughness cell has been
developed to extend the range of SOFC applications.

For this project, a research consortium was organized by the University of
Tokyo, Kyoto University, Kyushu University, AIST, CRIEPI, Tokyo Gas,
and Tohoku University. The consortium also collaborates with Japanese
companies that have developed SOFCs. Our research activities are
mentioned below.
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Fig.1 Tested anode support cell.

Fig.2 Appearance of Cell-deformation measurement system.
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Fig.3 Cell model for FEM analysis: (a) full cell model; (b) cross-section
view of the cell model.

Internal stress state and shape variation
analysis of an anode-supported solid oxide
fuel cell through anode reduction treatment

Our group has attempted to construct a multiscale model that can simulate
elastic and inelastic deformation and fracture probability while considering
electrochemical, thermal, and mechanical properties of constituent
materials of solid oxide fuel cells (SOFCs).

Designing SOFCs having high mechanical reliability requires understanding
of the mechanical stress state of a cell and a stack under various conditions.
In this research, we developed equipment that can measure the deformation
of a button-type anode-supported cell (Fig.1, 2) under various operation
processes. In parallel, the shape profiles and stress states corresponding to
those processes were simulated with FEM (Fig.3). In the cell deformation
profile, the calculated profile showed good agreement with the measurement
result for each process. After heating, the most dangerous part of the cell was
its electrolyte. The deformation amount for the cell was small, but the
internal stresses easily increased because the constituent materials had
high rigidity. After the reduction of the anode, the rigidity and brittleness
of the anode was lost, and stresses were released with elastic and plastic
deformation, which, however, had a negative effect on the cathode as
compressive stress increased (Fig.4).

Educational activities

The lab members consist of 4 staff members (a professor, an associate
professor, a researcher, and a technical staff member) and 22 students (1
Ph.D. student, 13 master students, and 8 undergraduate students), including
1 international student. Six master students and five undergraduate students
graduated in March.
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Fig.4 Cell-shape profiles of the experimental and the simulated results for each
process: (a) Initial state; (b) After heating process; and (c) After anode reduction.
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