














e are working on membrane science, including synthesis, 
characterization, simulation, and applications in energy and 

environmental processes. We have been involved in various 
national and international projects, ranging from fundamental 
research to more application-oriented research. For example, 
zeolite membranes, a type of micro-porous inorganic membrane, 
have been industrialized based on technology that was developed 
in our department. Since then, the membrane dehydration 
process has gained acceptance as an energy-efficient alternative to 
azeotropic distillation. There are many other fields where 
membranes can offer innovative processes. Our laboratory is 
currently working on the following topics:
-   Development of acid-stable inorganic micro-porous membranes 
for dehydration applications and catalytic membrane reactor 
applications
-   Development of inorganic micro-porous membranes and mixed 
matrix membranes for gas separation, for example carbon dioxide 
separation and hydrogen purification
-   Membrane separation combined with fermentation for efficient 
bio-fuel production
-   Catalytic membrane reactors for water treatment

Molecule sieving by means of a micro-porous membrane
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ecently,  space infrastructure, such as earth observation 
satellites, positioning satellites, communication satellites, 

has been developing rapidly. Huge amounts of spatial and 
geographic data collected by space infrastructure are being 
analyzed through Data Science and AI technologies and applied 
to environmental monitoring, disaster monitoring and simulation, 
urban development, natural resource management, smart 
agriculture, etc. Also, ground infrastructure, such as GNSS 
(Global Navigation Satellite Systems), sensor networks, and 
cellular phone networks, is being integrated with space 
infrastructure and cross-cutting, multi-disciplinary research is 
being conducted. For example, environmental issues such as 
climate change and global warming and the occurrence of 
disasters such as massive earthquakes, super-typhoons and 
torrential rain are becoming serious problems. Satellite remote 
sensing data is being analyzed and used in collaboration with 
space agencies to deliver emergency disaster maps.

Aiming to solving various social issues by utilizing space technologies
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itrogen on earth passes from the atmosphere to the ocean, 
land, and living organisms, and is then released back into 

the atmosphere. However, through human social activities, large 
amounts of nitrogen compounds are being discharged into the 
environment, seriously disrupting the balance of the global 
nitrogen cycle. As a result, eutrophication of soil and oceans, 
acid rain, and climate change are occurring. In order to restore the 
nitrogen cycle balance to normal, it is necessary to develop ways 
to recover nitrogen compounds discharged into the environment.
Therefore, we are working on the recovery of ammonium ions, 
one of the forms of nitrogen compounds contained in factory 
effluents. Since there are many ions contained in the effluents, the 
most recent challenge is to create a special membrane 
(ammonium-selective ion exchange membrane) that can recover 
only ammonium ions from them. The recovered ammonium ions 
are converted to ammonia, which is used for CO2-emission-free 
ammonia power generation. This research is expected not only to 
normalize the nitrogen cycle balance, but also to provide a 
solution to energy problems.

Ammonium-selective ion exchange membrane under 
development
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