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oReport summary (English)

Principal investigator: Kyushu University, professor Yu Hoshino
R & D title: Development of energy-saving and low-cost CO; separation materials and
processes using amine-containing gels

1. Purpose of R & D

The purpose of this project was to develop an energy-saving and low cost CO, separation process that
captures CO> from the post combustion exhaust gas in order to realize a highly efficient carbon cycle
chemical system on a global scale. Specifically, the purpose was to develop a solid CO, absorbent,
membranes that allows fast and selective CO, permeation, membrane modules and process consisting
of the membranes by making full use of the pK, tuning of amine-containing gels. This research realizes
an energy-efticient and low-cost CO separation from medium- and low-pressure post-combustion
exhaust gas, and enables CO, conversion and recycle as a useful substance.

2. Outline of R & D

This project started in October 2014 as "Development of CO, separation membrane / process by pKa
control of phase transition type gel" in JST-ALCA Innovative Technology Area. After passing through
the two stage gates, from November 2017, the project was transferred to the JST-ALCA Practical
Technology Project "Development of energy-saving and low-cost CO; separation and concentration
materials and processes using amine-containing gels". The project was completed in March 2022 after
passing through the stage gate twice. In the first half of the research period, research and development
was carried out by the Hoshino team, the Taniguchi team (composite membrane) and the Miura team
(supporting membrane) of Kyushu University and the Kodama team of Tokyo Institute of Technology
(process development). In the latter half of the research period, research and development was carried
out by Hoshino team, Taniguchi team (module development), Miura team (support film development),
Inoue team (process simulation), Nakamura team (surface processing) of Kyushu University, Kodama
team (process simulation) of Tokyo Institute of Technology, Asahi Sunac Miyachi team (scale up),
JGC co. Sato team (process evaluation).

(1) Contents:

For solid absorbent, the synthesis and processing method were examined, and the reversible absorption
kinetics was accelerated to the limit. As for the separation membrane, we developed a composite
membrane in which gel particles were coated on a porous support membrane. Separation membrane
that selectively permeates large amount of CO, was developed by optimizing the composition, pKa,
structure, and coating process of the amine-containing gel particles. We also developed a separation
module with membranes stacked and a CO; separation device using a vacuum steam sweep.

(2) Achievements:

By optimizing the composition, pK,, structure, and manufacturing process of the amine-containing gel,
we succeeded in developing a solid CO» absorbent that can reversibly absorb CO; at high speed in
response to small temperature changes. We also succeeded in developing a separation membrane that
selectively permeates large amount of CO, by optimizing the composition, pK,, structure, and film
formation process of the amine-containing gel. Furthermore, we have developed a CO2 separation
membrane module with this membrane stacked and a steam sweep type CO2 separation and
concentration system. It was demonstrated that this system can separate and concentrate CO2 with a
purity of 95% or more from low-concentration, high-humidity CO2-containing gas that simulates the
exhaust gas of coal-fired power plants and LNG-fired power plants.

(3) Future developments:
Transfer technology to start-up companies (Japan Carbon Circulation Lab Co., Ltd.), raise funds
based on market principles, and accelerate social implementation of results.



