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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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Fig.1 Schematics of cell shape/deformation
measurement.

Reliability and Durability Tests of Solid Oxide
Fuel Cells and the Development of a High-
Toughness Cell

In the NEDO project “Development of Systems and Elemental Technology
on Solid Oxide Fuel Cells (SOFCs),” research and development have been
conducted to meet the recent demand for further generation efficiency and
the development of high-toughness cells. Under high-output conditions,
high fuel utilization causes different operating conditions at different
place within a cell. The degradation behavior may also differ from the
average operating conditions as well. Therefore, the cell’s local degradation
should be evaluated. Additionally, a metal-support cell has been developed
to achieve high toughness, to extend the application range of SOFCs.

In this project, a research consortium has been organized by the University
of the 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 listed below.
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Fig.2 Cell-shape profiles of the experimental and the
simulated results at 800°C in air.
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Fig.3 Cell-shape profiles of the experimental and the
simulated results at 800°C in 1%H,.

Internal stress and cell deformation of an
anode-supported solid oxide fuel cell

To ensure the durability and reliability of solid oxide fuel cells (SOFCs), we
aimed to investigate elastic and inelastic deformation as well as fracture
probability, considering the electrochemical, thermal and mechanical
properties of SOFCs’ constituent materials. Although SOFCs are required to
operate for over ten years, an evaluation method for the cell’s structural
integrity has not been established. Two approaches—simulation techniques
and measurement development—were attempted to solve the problem. In
this study, we have developed equipment to measure the cell shape and
deformation under various conditions. Thermal stress analyses with a finite
element method (FEM) were also used to simulate the cell behaviors. The
comparison of both techniques’ results enables to discuss deformation
behaviors at an actual cell. For example, in an actual cell, the cell curves as
the cathode side becomes concave during the heating process. In the anode-
reduction process, the electrolyte releases compressive stress through the
anode’s inelastic behavior. The expansion will make the cell shape so that
the cathode side is convex. The results of the cell-deformation profile from
the simulation and experiment agreed well with each other under a heating
process but differed in the anode reduction process. The simulations implied
that the reason was initial residual stresses of the actual cell.

Educational activities

The lab members consist of 4 staff members (a professor, an associate
professor, a researcher, and a technical staff member) and 24 students
( 1 Ph.D. student, 15 master students, and 8 undergraduate students), including
1 international student. 5 master students and 4 undergraduate students
graduated in March.
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