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【提出用】

◎Water rotational relaxation time near
the surface of pottery with glaze

◎Water content in rice after immersing
and taking out from water

Water molecules in water-retaining materials, e.g. foods and biological matters, behave unlike
bulk water because of the interaction with material molecules. Dielectric and/or infrared
spectroscopy allow measuring the rotational relaxation time and the hydrogen bonding
strength of water that are associated with water diffusion coefficient and water activity.

◎Water rotational relaxation time in a Medaka fish egg

◎Micrographs of a sake rice(Yamada-Nishiki)
immersed in water

before after

pottery side

pure water
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【提出用】

Electrode Microstructures of Solid Oxide Fuel Cell (SOFC)  
& Electrolysis Cell (SOEC)

Electrode microstructures strongly affects the performance and reliability of solid oxide fuel 
cells (SOFCs) and electrolysis cells (SOECs). Numerical simulation tools such as lattice Boltzmann, 
phase field, kinetic Monte Carlo and discrete element methods as well as machine learning tools, 
e.g. CNN, CGAN, UNIT, LSTM, PINN, etc. are developed to investigate the electrode characteristics 
from initial powder to long time operation. Three dimensional microstructures reconstruction by 
FIB-SEM and operando observations play inevitable role for understanding the phenomena and 
model validation. 

Efficient utilization of thermal energy is becoming even more important to reduce final energy 
consumption. In order to reduce exergy loss, heat cycles which operate at small temperature 
difference, and  component technologies such as efficient heat exchangers and gas-liquid 
separators are developed under collaboration with industry partners. 

Next Generation Heat Pumps & Heat Engines

• Novel steam/refrigerant cycles (2 phase expansion/compression, Lorenz cycle)
• 3D measurement of frost microstructure
• Heat exchangers and gas-liquid separators, etc.

High temperature chamber 850℃, VA-C=0.5 V
H2:N2:H2O = 10:87:3 %, O2 = 100%

Operando observat ions  of  patterned Ni -GDC e lectrodes
under  rea l  operat ion.

SOFC/SOEC Experiment & Evaluation Electrode microstructure 
multiscale characterization

Quant i tat ive  character izat ion of  e lectrode microstructures  
us ing  h igh  resolut ion focused ion beam scanning  e lectron 
microscope (F IB-SEM)
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Reconstruct ion of  f rost  3D microstructures
Large  temperature  g l ide  

Lorenz  heat  pump

Hor izonta l  f rost  growth from 
AgI pattern Dense f rost  f rom PET surface

High 
performance  
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Solid Oxide Fuel Cell, Solid Oxide Electrolysis Cell, Heat engine, Heat pump Dw204




