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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 advanced evaluation and
analysis technologies for the durability of
solid oxide fuel cell stacks and the
development of a high-toughness cell

NEDO’s project involving the development of advanced evaluation and
analysis technologies for the durability of solid oxide fuel cell (SOFC)
stacks was launched in FY2020. It aimed to develop advanced stack-
evaluation techniques to achieve super-high efficiency of 65% LHV and a
lifetime longer than 130,000 hours. In this project, a research consortium
organized by the University of the Tokyo, Kyoto University, Kyushu
University, AIST, CRIEPI, and Tohoku University collaborates with
companies that have developed SOFCs. Under high-output conditions,
high fuel utilization causes different operating conditions at different
places within a cell. The degradation behavior may also differ from the
average operating conditions. Therefore, the cell’s local degradation
should be evaluated. Our lab contributes to the development of the
mechanical reliability evaluation method. Additionally, a metal-support
cell has been developed to achieve high toughness, which extends the
application range of SOFCs. Our research activities are described as
follows.

Mechanical properties of Ni-YSZ composites
under solid oxide fuel cell operating
conditions

To ensure the durability and reliability of solid oxide fuel cells (SOFCs),
understanding the mechanical properties of nickel and yttria-stabilized
zirconia (Ni-YSZ) cermet is very important. Ni-YSZ cermet not only
works as an anode but also as a cell-supporting body. Its mechanical
properties undergo changes not only because of extrinsic conditions but
also due to Ni, YSZ, and pore proportions. In our study, Ni-YSZ and NiO-
YSZ composites’ elastic and fracture behaviors are investigated using
changing Ni and pore volume fractions as a main parameter. At 800°C,

HEHR R ER
Associate Professor
Keiji Yashiro

Lab member photograph

o THRBIEMULDL, BLETH S Ni-YSZ TIiE 30% D Ni &
BORMETRINICHEEREBENE(L U, TN NiFESEN
30%ERBECDT, BFR EIRESHIEIENZEEH STEIERIZEE)IC
Zhofcl LItHIGLTWS, BIEREEEDOWAEHTILEDIEM
ICEWED UfehY, 800CTOETOESWIERICERTNEA -
foo BHERRDAD NI ERLVRILEOFEIF. EREIFTIEN
BAHFEZETHoeh. 800 CTIE NI EOFEDANKILEICLERK
En e ofce MEDZEIE. SOFC MRHCDWTGEERSRMG T
O TEN R ICEETHDIEERLTWS,

HEEE

2020 FEOHAREDAV/N—(F, B8, EHE 14 AR
B4, KiifER ZOBBE4 2. BXRE 128, 2HZE
8 BDFLE 20 ADIEN 24 ZTHEMSN. 3AICIHMELREZ 8 &
METU. BRICFHE. FHME 4 BREFERELTRBISER U,

Porosity / After the reduction treatment
0.28 0.32 0.36 0.40 0.44

1200 + 1 v o1 v oot
- SOvol®aN1O-50vol" oYV 5E

100 - I RT/ i\.ir
s |le O BOOPC/ H,
&
— gu_
.‘aq -
s ®
= 6‘]_
=2
£
s .
g 401 - L
= 9 O X
-~ o Vv O

20 =

O

P IR I I P
036 034 032 030 028

YSZ volume fraction

Fig.1 Elastic modulus of NiO-YSZ at room temperature and 800°C.

NiO-YSZ composite stiffness monotonically increases with increasing
NiO, whereas for Ni-YSZ, the reduced form shows drastic changes in
elastic modulus and strength around 30 vol% Ni where the deformation
behavior and fracture transition from brittle-like to ductile. Both stiffness
and strength show linear decreases with porosity, of which the degree of
deterioration at 800°C was duller than it was at room temperature. The
influences of Ni content and porosity on elasticity are quantified using
multiple-linear regression analysis. Pore volume fraction shows large
negative effects on elasticity at room temperature in air. However, at
800°C, Ni volume shows larger negative effects than pore volume does
under reduced atmospheres. These results indicate that mechanical
properties of SOFC materials must be evaluated under operating
conditions.

Educational activities

Lab workers consist of four staff members (a professor, an associate
professor, a researcher, and a technical staff member) and 20 students (12
master’s students and eight undergraduates). Eight graduate students and
four undergraduate students graduated in March.
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Fig.2 Fracture stress of NiO-YSZ at room temperature and 800°C.
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