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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

FY2017 is the last fiscal year of the NEDO project “Development of
Systems and Elemental Technology on SOFCs.” In order to achieve a low
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cost for widespread dissemination of SOFCs and a low degradation rate of
less than 0.125%/1000h, we have mainly developed and established an
evaluation method for improving the durability and reliability of the cell
structures. In particular, the targets have been evaluated for the deformation
and mechanical strength of the cells and materials, and we developed a
novel simulation code of SOFCs considering variation in material
properties as a function of temperature and oxygen potential. In this
project, the research consortium is 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.

Mechanical strength of SOFC materials
under operating conditions

Our group has attempted to construct a multiscale model which can
simulate elastic and inelastic deformation and fracture probability
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Fig.1 Small punch (SP) test equipment

Fig.2 Evaluated results of mechanical properties of 8YSZ, 10GDC, LSCF6482
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considering the electrochemical, thermal, and mechanical properties of
the constituent materials. Under SOFC operation, internal stress is
generated due to the strain mismatch resulting from differences in the
thermo-mechanical and chemo-mechanical properties of materials. This
triggers mechanical damage such as cracking, buckling, and delamination
on a cell. In particular, ceramics inherently have brittle characteristics,
which lead to immediate fracturing without plastic deformation. Weibull
distribution is widely used to characterize the fracture properties of
ceramics. In this study, Weibull distribution analyses of fracturing were
carried out for SOFC materials, 8YSZ electrolytes, 10GDC barrier layers,
and LSCF6428 cathodes at various temperatures. The small punch test
method was employed to measure the fracture strength as well as elastic
modulus of the materials (Fig.1). The temperature dependences of fracture
stress and strain were discussed (Fig.2).

Multiscale analyses of SOFC deformation

Thermal/chemical expansion and creep deformation is critical for
mechanical deterioration of SOFCs. We proposed a new method of multi-
scale analysis for plate-like devices, such as a planner SOFC. To
characterize the macroscopic nonlinear mechanical behavior of the in-
plane periodic structure, the numerical plate testing method was employed.
We introduced a surrogate model composed of homogeneous layers that
are expected to exhibit the same macroscopic responses. Representative
numerical examples were presented to demonstrate the capability of the
proposed multi-scale analysis method (Fig.3 and Fig.4).

Educational activities

The lab members include 5 staff members (a professor, an associate
professor, an assistant professor, a researcher, a technical staff member)
and 23 students (PhD students: 2, master’s students: 11, undergraduates:
10) including 4 international students. One PhD student completed the
degree in September. Eight master’s students and five undergraduate
students graduated in March.
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Fig.3 Calculation model of SOFC cell.

Fig.4 Simulated cell deformation in each mode.
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