_—
&

RASEARCH A DEVIL OFMENT

December 18, 2019

Direct Air Capture (DAC):
CO,-Selective Absorbents in Air

Kobe Gakuin University

Fuyuhiko Inagaki




§

CO, Capturing Technology
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Common Task
REDUCTION OF CO, SEPARATION ENERGY

| ccs |

LCS . Center for Low Carbon Society Strategy (LCS)
‘ Survey on the Carbon Capture and Storage process, 2016

current future

CO, separation ener
e P 2.5 My/Kkg-CO, $ 1.5 MJ/kg-CO,

| DAC |

Climeworks Carbon Engineering Global Thermostat
900 ton/year 365 ton/year 4,000 ton/year

DAC possesses a highly potential for CO, reduction

Smith, P. et al. Nature Climate Change 2016, 6, 42-50.
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CO, Capturing Technology
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Bottleneck Issue = Water Separation?

20% energy (12.5 kJ/mol)
HO
K, hec:’rmg/A "o
" NH,

co,
O~
23006 MEA aq.z @ 80% energy (48.0 kJ/mol)

(MEA =monoethanolamine)

Need for extra thermal energy of water!

Weiland, R. H. et. al. J. Chem. Eng. Data 1997, 42, 1004-1006.
APS Physics, Direct Air Capture of CO, with Chemicals, 2011, pp 59.



General : Hydration is inevitable

R-NH, + CO,+ H,0 — R.NH,0-C-OH > hydration

Direct Air Capture
ica

bicarbonate

Direct Air Capture of CO, with Chemicals, 2011
American Physical Society (APS)

“Water vapor can compete with CO, for the reactive

sites on sorbents, degrading capfure performance.
Water vapor can add to the thermal mass of a sorption

system that must be heated during regeneration,
adding to operating costs.*




CO, Selective Absorbent in Air without Hydration
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H N—®K © Palrlng. > Commercial sources
2 Phenyl (Ph) (Already mass-production)
hydrophobicity

Tips capture
a) CO, selectivity (CO, vs. water) up!!
»*:Some compounds absorb CO, only
b) Similar absorption ability with MEA

release

c) Similar heating temperature with MEA (100-120 °C)
> Some compounds under 100 °C

d) Pure CO, gas production



amine in air at room temperature (ca

a) CO, selectivity

elemental analysis

CO, H,0 Moisture Cco, H,O  Moisture
X Y content X Y content
HO 0.33 1 300% 0.5 0.125 25%
MEA BZA
monoethanolamine benzylamine
NH,
$ )77 044 011 25%
HO~N-pe 034 1.8-2.7 500-800% PEA
MAE phenetylamine
2-(methylamino)ethanol
™ o044 o011 25%
NH MeO
HN">T2 027 4.1-44  1,500-1,600% p-methorybenzylamine
ethylenediamine O/\NHZ O 5 O 125 250/0
H
Me. , ~_Nd. F5C PTFMBZA
H Me 0.86 4.7-4.8 550-560% P-trifluoromethylbenzylamine
NH, 0
N,N—dimeth?lll\gfl?y?enediamine ©CNH2 1 O 0 /0
OXDA
HZN\/\N/\/NHZ o-xylylenediamine
H 0.35 4.8-5 1,350-1,450% H2N/\©/\NH2 1 0 0%
DETA
diethylenetriamine MXDA
m-xylylenediamine
NH
. . H2N\/©/\ » 1 0 0%
Phen airing — CO, selectivity up!!

PXDA
p-xylylenediamine

. 1 week) = amine-X(CO,)-Y(H,0)



Waterproof Mechanisms

” (©\ MXDA
N
2 NH,  NH, dry CO, water soluble
O, MXDA
.............. 103~120 °C
hydrophobic
layer
,H'O‘ ‘NH,,H‘N'H\
hydrophilic - ('5 ’ 0
. T )
layer HoH L Com H' MXDA-CO;
""""""" Lo insoluble
hydrophobic MXDA-CO,
layer

Self-assembled to form a reverse lipid bilayer structure
with hydrophobic layers (phenyl groups) on both outer surfaces

X-ray xy-face yz-face
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xy-face Ball color, grey : carbon, blue : nitrogen, red : oxygen
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b) Absorption ability —
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d) Utility of CO, gas

This Grignard reaction
9
air MgB . C.
NH2 d,y_co i OH 989 yield
MXDA 2 THF 0°C
120 °C 9
for flxatlon M
gBr - C\
toluene reflux O/ dry CO?, O/ OH 99% yield
was used. THF, 0 °C
2 C/

MXDA-CO,  OH Reactive on moisture sensitive condition
_________________________________________________________________________________________________ _.
General

Q
air H2N OH CO, + 3H,0 MgBr wet-CO, CoH
—_— 18% yield
MEA wet-CO, THF, 0 °C
120 °C 9
MgBr Wet'C02 C\OH
(CO,) —_— 4% yield
*3(MEA) THF, 0 °C

*3(H,0)
Unreactive on moisture sensitive condition
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