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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
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Toward the deployment of CCS technology, the
CO2 Storage Research Group conducts research
on safe and stable CO2 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, CO2 separation processes
from CO2 and CH4 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.
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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
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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.
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Development of zeolite membranes prepared by seed-assisted hydrothermal synthesis
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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. 2&5‘2%(3 NEDO 0) 5%&& U E5NEHDTY,
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Membrane reactors using inorganic membranes
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Membrane reactor combined “reaction” and “

Briefl _mel ) O separation” is expected to saving the energy
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Membrane reactor is roughly divided three categories such as “Extractor-type” which is removed targets or impurities, “Distribu-
tor-type” which is supplied raw material through the membrane and “Active contactor-type” that uses the membrane pores as
the reaction field. They have advantages for equilibrium reaction, sequential reaction and parallel reaction, respectively.
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Development of MCH dehydrogenation membrane reactor
toward construction of the hydrogen society
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To realize the hydrogen society, development of hydrogen storage and transportation technology, which can be stable supply, is required.
Methylcyclohexane is expected to one of the “energy carriers”. In RITE Inorganic Membranes Research Center, hydrogen separation and
purification process from energy carrier is developed utilizing advantage and knowledge of our inorganic membrane separation
technologies.
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Energy carrier and dehydrogenation process
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MCH as hydrogen carrier can use existing infrastructure such as tanker because that can be handled the same as petroleum at
normal ambient temperature and pressure.

A more highly efficient and compact dehydrogenator is required for medium-scale hydrogen applications with on-site hydrogen
production.
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Modularization of membrane reactor for MCH dehydrogenation
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We developed and evaluated novel membrane reactor module which structure is combined with bundling 6 silica membranes
and metal flange directly and thermal conduction fin for efficient heat transport. MCH conversion using the module was exceeded
thermodynamic equilibrium limitation, and improved heat transmission by changing the fin structure.
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MCH dehydrogenation membrane reactor for practical use
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We can operate a 100 kW fuel-cell (assuming a required hydrogen amount of 70 Nm3/h) using membrane reactor bundled
about 300 silica membranes.
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We challenge to technology for carbon-recycling using knowledge and advantage obtained from this project such as
development of silica membranes and modularization of membrane reactor.
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This study was financially supported from New Energy and Industrial Technology Development Organization (NEDO) and
Toyota Mobility Foundation.
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Investigation of CO:2-free hydrogen production technology
by methane decomposition
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To realize a hydrogen society, a method is required to produce hydrogen at low cost. Focused on methane, which can be stable
supplied for a long time from the shale gas revolution, hydrogen and solid carbon are produced by pyrolysis, and hydrogen
production costs can be reduced by selling the carbon. In RITE Inorganic Membranes Research Center, investigation of
CO:-free hydrogen production technology by methane decomposition was developed.
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Application of membrane reactor for the process
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Development of a hydrogen permselective membrane
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Silica, palladium membranes are candidates for hydrogen permselective membranes. we are working on the development of a
membrane that has high hydrogen permeability and selectivity in a high-temperature environment and has heat resistance.
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Development of a catalyst and membrane reactors.
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The membrane reactor using palladium membrane was achieved around 90% of methane conversion (membrane reactor
using silica membrane: 70%) at 600°C, 0.4 MPa. That conversion exceeded that using packed-bed reactor.
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In the future, we improve the performance of hydrogen permselective membrane. Furthermore, we consider the membrane
reactor application to other difficult-to-react systems.
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This study was financially supported from New Energy and Industrial Technology Development Organization (NEDO).
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Development of CO: utilization.technology for carbon recycle

C5+ selectivity [-]
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CCU (CO: capture and utilization) technology has been actively researched and developed in countries around the world,
as one technology to realize carbon neutrality. In the hydrogenation of CO2, 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 develop DAC (Direct Air Capture) and CO:z utilization technologies in “Moonshot R&D program?”,
and strive to realize a carbon recycling society.

We are proceeding with the development of CO. utilization technology using a membrane reactor for the purpose of high efficiency
and energy saving in the production of e-fuel by FT synthesis using CO. as a raw material. Research and development items are as
follows.

@ Development of a membrane applicable to FT synthesis @ Development of a membrane reactor for FT synthesis ® Examine for
the optimal process structure
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Development of inorganic membranes for a FT synthesis membrane reactor
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membrane reactors applicable to FT synthesis. We challenge to e
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Membrane Reactor for FT (Fischer-Tropsch) synthesis
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The experimental results demonstrate the hydrogen distributor-type membrane reactor (HD-MR) has a higher ratio of
liquid fuel than packed bed reactors (PBRs). By simulating a dual-membrane reactor (Dual-MR) equipped with
hydrogen-permeation membrane and water-vapor-removal membrane, it is revealed that both the conversion
rate of carbon dioxide and the yield of liquid fuel are enhanced.
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This study is financially supported from New Energy and Industrial Technology Development Organization (NEDO).

RESEARCH & DEVELOPMENT PROGRAM

RITéE i e 6 MOONSHOT @ EDO

R > 5 —

peEE——



COZHFAULEXY /—IVLER
[CB T DBl

Technology development of methanol:synthesis for CO. utilization
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Carbon dioxide (CO2) is one of the causes of global warming, therefore, this significant reduction is critical global challenge and attach
special importance to Carbon Capture and Utilization (CCU) technologies.

In RITE Inorganic Membranes Research Center, we shed light on methanol synthesis using CO:2 as raw material. Membrane reactor
that combine “membrane” and “catalyst” has been developed utilizing advantages and knowledge of our inorganic membrane
separation technologies.
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Methanol synthesis using CO2 as raw material
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Methanol synthesis using CO2 as raw material is
expected to be significant reduction of CO:2
emission. In addition, a further reduction can “-ﬂ

be expected by applying a membrane reactor.
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Development of zeolite membranes for dehydration from water/methanol binary mixture

CO2 + 3H2 — CHsOH + H:0
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We have developed a long-scale dehydration mem- ( EEE'I‘E * %E'El:'ﬁh’t%ﬁﬁiﬁl:Eﬂ?%*ﬁ%j)
cnablcs highly efficient metnanol synthests. | [<BKBOERES) 1.

The dehydration membrane is a Si-rich LTA mem-
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brane* developed by RITE, and is characterized by g&\ﬁgﬂ% SAEZH
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its high permeation separation performance com- ) . V51 MER
pared to other dehydration membranes that are SEYIICTRBRET MERIAZNI—ORE B%*EEJZE/

partially in practical use. I | W
At present, we have succeeded in synthesizing a (O) BiKER RZRY ) »
long dehydration membrane, and in the future, we

are studying a synthesis method for the purpose BIRM4 - EFlénilhn(jté,ﬁﬁlf%dﬁnjtj

of improving reproducibility and mass production. \_

*B. Liu et al., Sep. Purif. Technol., 239 (2020) 116533, M. Seshimo et al., Membranes, 11 (2021) 505.R¢&

A?éd)ﬁﬁ:ﬁ Future plan

COZERELIEXY /—LaBBERGECERTERERANBKEEZERT ST &T.
BIXRIWF—DDOE0FXZE COABMFIAFEMICET D EEDIC. ZDRKIEDOMAERHZ
EH TN,

By developing a practical dehydration membrane that can be applied to a membrane reactor for methanol synthesis using CO2
as a raw material, we will contribute to energy-saving and highly efficient CO 2 effective utilization technology, and promote the
development of other uses for the dehydration membrane.
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This study is financially supported from New Energy and Industrial Technology Development Organization (NEDO).
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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 technologies for environment and energy using inorganic
membranes.
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Implementation of research group activities for industrialization of inorganic membranes
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The Industrialization Strategy Council has set up “Research Groups” to develop needs and seeds matching, and roadmaps
toward the practical application and industrialization of innovative technologies for environment and energy
using inorganic membranes. We have the following two Research Groups now.

@The Membrane Reaction Process Group
@The Common Infrastructure Research Group to evaluate the membrane performance
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Hosting excusive technical seminars for council members
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Exclusive technology seminars for council members are held periodically, in which the latest R&D trends, needs, and
seeds are introduced by our advisory board members, member companies, and organizations with active discussions
among the 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 opportunities to interact with other frontline researchers from member companies and
organizations.
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Acceptance of researchers to The Inorganic Membrane Research Center (IMeRC) and
conducting workshops and technical consultations
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Industrialization Strategy Council holds the workshop periodically. After receiving the lectures, the participants have
the opportunities to conduct some experiments on inorganic membranes.
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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
e Tech University (Dingjiagiao campus) in China and we had the joint symposium
5’55’*%@%5?@](%?1%*’—?) with the specialists of membranes in China on the 1st China-Japan Symposium

on Inorganic Membranes, and also visited The Membrane Industry Park.
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