
n our daily lives, we generate garbage. This garbage is 
called municipal solid waste (MSW), and most of it is 

transported to incineration facilities, where it is incinerated and 
turned into municipal solid waste incineration (MSWI) ash. 
Most of the MSWI ash is currently transported to final disposal 
sites and landfilled. In Yamaguchi Prefecture, MSWI ash is also 
recycled as a raw material for cement production. The incineration 
process leaves many of the elements contained in the MSW in the 
MSWI ash, including various valuable elements. For example, 
MSWI ash contains Fe, which is used to make structural steel, 
steel frames, and steel pipes used in construction, and Al, which is 
used to make beverage cans and spray containers. On the other 
hand, iron ore and aluminum ingots are dependent on imports. 
Therefore, our research focuses on the recycling of MSWI ash to 
explore effective recovery technologies for the effective 
utilization of valuable elements such as Fe, Al, Au, Ag, and Ti, 
which are treasures lying dormant in the waste, and to implement 
such technologies in society.

Municipal solid waste incineration ash used in this research.
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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

http://web.cc.yamaguchi-u.ac.jp/~bunshi/
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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

http://piano.chem.yamaguchi-u.ac.jp/
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ur research interest is to investigate the reaction mechanism 
and the molecular property using theoretical calculation.  

Current research is focused on three fields: (1) theoretical 
investigation of metal-catalyzed reaction mechanism, (2) 
theoretical estimation of molecular properties with a large 
π-conjugated aromatic system, and (3) development of a new 
functional molecule and a route for synthesizing it.
Theoretical investigation of metal-catalyzed reaction mechanism 
is a key project.  A transition metal complex has been used as a 
catalyst in various organic synthesis reactions. Those catalyst 
reactions exhibit various structures as well as bonding and 
reactivity to which the metal atoms’ d orbitals contribute, making 
them very interesting.  Moreover, multiple electronic system 
catalysts exhibit large molecular sizes, facilitating a flexible 
electronic state. Consequently, it becomes easy to control 
structure and reactivity. We are conducting a theoretical 
investigation into transition metal-catalyzed reactions and 
searching for transition state structures, rate-determining steps, 
and active species.

New Heck catalytic cycle with Pd(II) complex

https://ds0n.cc.yamaguchi-u.ac.jp/~rdesign_lb/index.html
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