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B CO2 separation nanomembranes with overwhelming B Catalyst technology for CO, conversion and small
high CO, permeability conversion system

®Nanocatalysts and
electrochemical process
system for highly efficient
conversion of CO, to
useful substances

®Novel thermochemical
catalysts and processes

®Kyushu University has
developed a nanomembrane
that is only 1/2500 as thin as
the diameter of a hair.

®Developed nanomembranes
show highest CO, permeance , for simultaneous O,

which is 20 times higher than CO, separation nanomembrane removal and CO, CH,, CO

\ conventional membranes conversion Electrochemical process Thermochemical process
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ACS Catal. 2022,12, 4,2639-26350

. Prof. Ken-ichi SHIMIZU (Hokkaido Univ.)
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Carbon resource recycling society
with decentralized deployment of DAC-U systems
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Membrane Separation Technology for CO, Recovery with High Scalability
and Distributed Arrangements

Atmospheric_ Co, With innovative separation nano-membranes developed in-team that have overwhelmingly high
concentration CO, permeation capacities, the direct recovery of CO, from the atmosphere will be achieved by
o . . . .
0.04 % Realized membrane separation, which was thought to be impossible.
for th
fir(;: tinﬁe The CO, recovery team is in charge of the development of the membrane separation unit in the
membrane Over 1000 times "A; - N ; : :
Gl B | by ultra- Direct Air Capture and Utilization (DAC-U) system" that continuously and consistently performs
N v # Sepa ration concentrated thin films  everything from atmospheric CO, capture to carbon fuel production.
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Development of Separation Nano- with high CO, selectivity

Membranes with High CO, Permeability
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- Thickness: below 100 nm ——— CO, selective molecular

- Self-supporting D——— layer 882/0"“ alrc)Ulbr?f'jt 1.05 000 GPU
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- Surface modification ability layer level
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Fabrication of CO, selective layers
—Screening for CO, affinity molecul
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Introduction CO, capture and reduction (CCR) v No need for €O, separation and purification

using dual functional material Vv Reaction proceeds even in containing O,

CO,,

Oy, Ny \q

G

Exhaust gas, O Alkaline

HH

OCO

““\S(HCH

CH, production
H (Ru-Ca, Ru-Na, Ni-Na, etc.)

CO production

This work

» We developed novel catalyst for

R. J. Farrauto et al. Chem. Eng. J., 2019, 375, 121953.
J. R. Gonzdlez-Velasco et al. Appl. Catal. B, 2019 256, 117845
K. Kuramoto et al. ACS Sustainable Chem. Eng., 2021, 9, 3452. >

Few catalysts are
effective for CO

selective CO production through

CCR.

This catalyst performed at lower
temperature than conventional

systems. (350 °C)

CO,(ad) H,

Pt NaIAI O,

@EDO

MOONSHOT

& DEVELOPMENT PROGR.

O Pt ®©Na
O Al 0O

L. Li, S. Miyazaki (co-first author), Z. Maeno, K.
Shimizu et al., ACS Catal., 2022, 12, 2639

» The effect of basic components on selectivity was examined.

» A continuous CO, capture and reduction system was developed.

Catayst "L ool (4l omole) R
Pt(1)/Al,05 37 0.001 11.1 0.08 9
Pt(1)Na(3)/Al,03 1559  0.158  93.2 0.19 89
Pt(1)K(6)/Al,03 57  0.007  31.1 0.12 19
Pt(1)Mg(3)/Al,05 98 0013  50.8 0.12 22
Pt(1)Ca(6)/Al,03 310  0.041 84.1 1.07 5
Pd(1)Na(3)/Al,05 100  0.006  31.3 0.16 11
Ru(1)Na(3)/Al,04 39 0006 174 0.61 6
Cu(1)Na(3)/Al,04 20  0.003  50.2 0.13 8
Pt(1)Na(3)/MgO 351  0.061 82.4 0.13 57
Pt(1)Na(3)/SiO> 64  0.006 475 0.32 4
Pt(1)Na(3)/TiO; 303  0.029 612 0.39 12

« CH, is the main product of Pt/Al,O.

« Pt-Na/Al,O; has the best CO selectivity, CO production, and conversion
rate of absorbed CO.,.

Possible mechanism

atmosphere O
(earth) me,tal O (FECFCU-K, N |—Ca.) formation.
for adsorption
support A. Urakawa et al. J. CO, Util., 2016, 14, 106.
J. C. Kim et al. Sustain. Energy Fuels, 2020, 4, 5543.
Experimental Catalyst screenmg
Catalyst preparation: wetness impregnation capture ction
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Na modified the surface of
Pt nanoparticles
(core shell like catalyst)

Na species surround Pt nanoparticles — Pt-Na/Al
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The adsorption of the formed CO was suppressed over Na-modified Pt NPs

1. Carbonate adsorbed on Na species near Pt nanoparticles

2. Adsorbed CO, is rapidly reduced by H,

3. CO adsorption is suppressed on Pt nanoparticles surrounded by Na species
—> Successive reduction of CO to CH, is inhibited and CO is selectively formed

Continuous DAC-CCR operation

Direct Air capture
(DAC) system

—

Continuous
gas switching

\Heating furnace™

/ :

! |
formed CO
from Air

Continuous capture of dilute
CO, from the air and selective
CO generation was
demonstrated.

-~

Reaction condition
Catalyst amount : 2 g
Reaction temperature : 300°C
Adsorption gas from DAC
: CO,/1500 ~ 2500 ppm O,/20%
(80~120 mL/min)
Reduction gas : H,/100% (100 mL/min)
\_ Valve switching : every 1 min
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v Continuous generation of CO from dilute atmospheric CO,.

Adsorption of almost all of CO,

200& CO productlon side
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Vv High selectivity was maintained in continuous operation. (100h)



