(22H7) M EKIR IR E SR IR TR Fo i

The research Institute of Innovative Technology for the Earth (RITE)
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RITE was established in 1990 as a center of excellence to work internationally toward developing
innovative environmental technologies. We are addressing research and development of new technologies
for reducing greenhouse gas emissions in collaboration with industry, government and academic institutions
around the world.
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The Systems Analysis Group conducts systematic
research regarding policies and measures to
mitigate global warming and examinations on the
whole system and on scenario development. Also,
we make a comprehensive evaluation including
synergies and trade-offs between global warming
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examines more effective measures.
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We are developing biorefinery technology that
efficiently produces biofuels and green chemicals

from renewable biomass resources using =
microorganisms. e Al | | e
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The first mission of Chemical Research Group is

to develop advanced technologies to reduce the 1 3 ﬁ
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for 60 % of the total cost of CCS. To achieve this, SERELR ‘ t:i'. -

h tively working on th . i
we have been actively working on the TRAKIRUR et || AR sty || Rt
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Toward the deployment of CCS technology,
the CO, Storage Research Group conducts
research on safe and stable CO, geological
storage in deep saline aquifers for a long
term and works closely with international
organizations.
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We are developing inorganic membranes and membrane reactors for dehydrogenating processes, CO,
separation processes from CO, and CH, mixtures, carbon capture and utilization, and so on. In addition to
research and development, we are also making various efforts to promote the industrialization of inorganic
membranes with the cooperation of manufacturing and user companies.
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The Inorganic Membrane Research Center ( IMeRC )
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The Inorganic Membrane Research Center was established in April 2016 as an organization that promotes
the research and development of innovative environmental and energy technologies using inorganic
membranes, and carries out various initiatives for practical application and industrialization. We are working
on research and development, commercialization and industrialization of energy carriers, CO, / CH,
separation, and alternative distillation technologies.
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Research and Development
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In the following three fields, the Inorganic Membrane Research Center has three inorganic membranes
(silica membranes using counter-diffusion CVD, Pd membranes filled in pores, and zeolite membranes) and
membrane reactor is core technologies. It is working on advanced research and development.

@OHydrogen separation and purification; Dehydrogenation of organic hydride such as MCH, Hydrogen production
by pyrolysis of methane, etc.
@CCU (Carbon Capture and Utilization) : Synthesis of methanol and liquid hydrocarbon fuel from CO,, etc.
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Organization of The Inorganic Membrane Research Center
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-The Inorganic Membrane Research Center is composed of the Industrial Collaboration Division and the
Research Division.

-Experts such as membranes and hydrogen provide technical support as advisory boards.
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Development of inorganic membranes
in RITE Inorganic Membranes Research Center
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tE Ry
HiFLAFEIR In Inorganic Membranes Research Center,
we have been developed silica, palladium and
©CO53El & iESRBIE(CHFRTS zeolite membranes having unique character.
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They are mainly expected to be applied to
hydrogen separation/production technology
and CO, separation/utilization technology.
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Development of amorphous silica membranes prepared by counter-diffusion CvD method
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We employ counter-diffusion CVD (Chemical Vapor Deposition) method for silica membranes preparation. This
method can be formed high-performance silica membrane with good reproduction. In addition, the newly developed
silica membrane showed high heat resistance.
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Development of zeolite membranes prepared by seed-assisted hydrothermal synthesis
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Zeolite membranes has been developed for dehydration application. We have succeeded in synthesis a Si-rich LTA-
type zeolite membrane, which has high Si/Al ratio than LTA-type zeolite. This membrane has relatively high water
permselective performance and hydrothermal durability.
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Development of pore-fill type palladium membranes prepared by electroless plating
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We develop the pore-fill type palladium membranes by electroless plating method. The membrane can be expected
to reduce the amount of palladium used and improve durability.
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Development of CO, utilization technology for carbon recycle
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Recently, CO, utilization technologies have been actively researched and developed in countries around the world,
including the EU, as being effective in reducing CO, emissions. On the other hand, in the hydrogenation of CO,, water
iS generated by the reaction, which decreases the reaction rate. In other to solve this problem, highly efficient, energy-

saving CO, utilization technology has been developed at the Inorganic Membranes Research Center using a membrane
reactor.
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Kanazawa University and RITE will

DAC CO,Z 2 develop DAC (Direct Air Capture) and CO
(2B ) V x N . 2
FRHFREL ERERE2) utilization  technologies. The Inorganic
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FeEsTTE developing e-fuel using a membrane reactor.
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Application of membrane reactor to FT (Fischer-Tropsch) synthesis
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The water produced from the reaction caused catalyst deactivation and a reaction rate reduction in FT synthesis.

Another problem was that reaction control was difficult because the product followed the ASF (Anderson-Schultz-Flory)
distribution.
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We are proceeding with the development of CO, utilization technology
using a membrane reactor for the purpose of high efficiency and energy

R, /, saving in the production of e-fuel by FT synthesis using CO, as a raw
H, O @ ® material. Research and development items are as follows.
H
@ > @ ® @ Development of a membrane applicable to FT synthesis
fRZ U TRIGIE(CH 2459 B E(C LD ANtI- @ Development of a membrane reactor for FT synthesis
ASFRIDZEIR ® Search for the optimal process structure
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Development of inorganic membranes for FT synthesis using a membrane reactor
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This study was financial supported from New Energy and Industrial Technology Development Organization (NEDO).
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We will make the best use of the knowledge we acquired, erO ) %
and strongly promote the development of inorganic
synthesis. We then intend to unravel the “Science of *RBRAEE. KRIRIE. BIREDERE. BERHTX—D
Inorganic membranes” that we have left unattended.
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Industrialization Strategy Council
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-Sharing visions of manufacturers and user companies and planning/proposing joint research-
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Council members of inorganic separation membrane / support manufacturers, user companies, etc. work together to
share the vision of manufacturers and user companies, promote planning and proposing of joint research. We are
aiming for early commercialization and industrialization of innovative environmental and energy technologies using
Inorganic membranes.
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Implementation of research group activities for industrialization of inorganic membranes and
planning and launching of government-sponsored projects based on the results of the research
group
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The Industrialization Cooperation Council has set up a “Research Group” to develop needs, seeds matching, and
roadmaps for the practical application and industrialization of innovative environmental and energy technologies using
inorganic membranes. We have the following two Research Groups now.

a) CO, Separation Research Group, b) Common Basic technical field (Reliability Evaluation Method) Research Group
We conducted deeply surveys and studies through activities in both the Research Group meeting and its subsidiary
research, and they are preparing for projects aiming at practical application funded by government expense.
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Acceptance of researchers to The Inorganic Membrane Research Center (IMeRC) and conducting
workshops and technical consultation
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Industrialization Strategy Council has the workshop in fall every year. After the lecture, participants have the
experience to conduct the experiment on membrane. It was held at the office of Professor Uemiya of Gifu University
in 2019. Lectures including outline of Pd membrane and membrane reactor, Pd membrane separation technologies,
and experiment of membrane formation methods and guidance on performance and evaluation methods for prepared
membranes were provided in the workshop.
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Exclusive technology seminars for council members are held annually, in which the latest R&D trends, needs, and
seeds are introduced by IMeRC advisory board members, member companies, and the IMeRC with active discussions
among participants. The participants are pleased to take part in the seminars, not only because they can acquire
knowledge of inorganic membranes, which is useful for promoting the practical use and industrialization of the
membranes, but also because they have the opportunity to interact with other frontline researchers from member
companies and organizations.
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Investigation activities for overseas / domestic research institutes on inorganic membranes
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Some of the member of Industrialization Strategy Council visited The
Nanjing Tech University (Dingjiagiao campus) in China and we had the joint
symposium with specialists of membrane in China on the 1st China-Japan
Symposium on Inorganic Membranes, and also visited The Membrane

BNAEES (FRIEART) Industry Park.
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We also conduct patent and literature surveys related to the seminar lecture content, and periodically provide council
members with Needs and Seeds Technology Information, which has special comments from the IMeRC in the abstract.
In addition, We support the various activities of council members toward promoting the practical use and
industrialization of inorganic membranes by providing a summary of the remarkable lectures with explanation by RITE
on the which is one of the most popular international conferences related to inorganic membranes.
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