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Abstract: As the demand for fossil fuels continues to increase worldwide, carbon dioxide (CO,) concentration in the air
has increased over the centuries. The way to reduce CO, emissions to the atmosphere, carbon capture and sequestration
(CCS) technology have been developed that can be applied to power plants and factories, which are primary emission
sources. According to the climate change mitigation policy, direct air capture (DAC) in air, referred to as “negative emission”
technology, has a low CO, concentration of 0.04%, so it is focused on adsorbent research, unlike conventional CCS
technology. In the DAC field, chemical adsorbents using CO, absorption, solid absorbents, amine-functionalized materials,
and ion exchange resins have been studied. Since the absorbent-based technology requires a high-temperature heat treatment
process according to the absorbent regeneration, the membrane-based CO, capture system has a great potential Membrane-based
system is also expected for indoor CO, ventilation systems and immediate CO, supply to smart farming systems. CO,
capture efficiency should be improved through efficient process design and material performance improvement.

Keywords: carbon dioxide (CO,), direct air capture (DAC), negative emission technology (NET), membrane-based
CO; capture
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Fig. 1. Atmospheric carbon dioxide (CO,) concentration for
four representative concentration pathways (RCPs) up to
2300[1] (Copyright 2014, IPCC).
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Fig. 2. (a) CO, concentration in a room (V = 21 m®) dur-
ing 8-hour sleep of one person[13], (b) Effect of CO, on
the human body (Copyright 2013, Elsevier).
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2ol 40 m'?l WellA] 421 7tFo] 5T &
o] A3t AL A *EMJ 01*@}%& =5

Lo 2
Lll
k=)
S
S
%
rulo
YV
_L
ol
£l
(9]
2
o
()
5
k=
S
S

2okl 8" & JAW F7] F coH 5 J} 0.04%
|

2§ %] wef coza} sl o] 73t 85ty &
A7} dubH o= COo, £ AHEET Al&TlolE,

A, %—é%ﬂ?éﬁl %«l 524 F2AE U714
371 & COp ERA e F2 A5S Btk MEA
718 opql &S 37 F CO, EHANME E&F 0
2 2GR ofyl =, oyl %ﬂﬂ ¢ 59 A
£ siAsfokgith
.:‘7] 3. CO, I;Q _,46]- t:‘;d— 7] 1_
9 e EvS FAskEe] 7HEs BkgE o
2 AlolEE PHEt) 37 F CO% B2
A5 Zte A7 25 EEE(CaC0:) S 4
Abe}zb{Ca(OH),], B4HEF (K2c03)E A
SIE(KOH), B EFENaCO3)< 34
UEFNaOH)7} ATH14]. FABIEF] 571
o} th} B EES A%t eEFH F4tst
Zrgo] 7148 (causticization) HHE AR & gibdE
°l ﬁﬂﬂﬂﬂl AU EFo] AAHET 700°C ©]7d9
ZolA eibdES St 7] H(calcination) AHSFEAE
(CaO)JJr COyt WEdr) vpxgoz &% HA(sla-
king)oll Al 4Fsbzge] F3E Sal FasidEs A
S 15].

2NaOH + CO, — Na,CO; + H,O
AH® = -109 kimol’ (1)
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Na;CO; + Ca(OH), — 2NaOH + CaCO;
AH® = -5.3 kJmol,, @)

CaCO; — CaO + CO,
AH® = +179.5 kJmol™ 3)
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AH® = -64.5 kJmol’ )

FRUEE IM 99 COo, &4 JgT+= 109.4
kimol'&, CO, T g s Ha oYX
LTFE 109.4 kimol'o|t}. AT Eabdtgo] dha
740l 179.5 kimol'o] HR3&}7] wj&o] A ZZA
2 B3u ska 349 olyA ago] An. &y
FAEHE 719 CO, 2 3L FTEY vigelA 7]
AE EAFHAL ol = 845 "ol Aol o
&

T8-S =017] 93 packed tower, spray tower &
A

A

Aol At JTH14).
%71 % CO, THE 9% =88 &4 7d 7l&e
CS 349 %‘Hﬂﬂ Hw3le] o w2 THAS 2k
‘%ﬂ I a7+ E} EFM UWH, & A&eolE, &

A3t A7 1-1;__]_51011:} 0}“]7] 7] 3 B4
7H16], K,COs/AL0s 9 53 771 FAA7)17}F %
371 T CO, ¥3 A5 LS A
Gebald= ©o}9Al SEAE AEZ 22~ UYRMHF AA
Aol 1173t ofFle] A A Aok sjhEe 1
3= Tl 45 Asks TASATH
oA CcoE —-—%5‘5’— EF97] ¢
& Aeo BISYTHFig 3)[19].
gl obIAl Fol2 ug FA7}F E4HE FH
Al COE F2F8taL, o] & W COE 238,
i 29 AR oduA] 2HE 29 ok B
St =gk 18R o] 24 WA (polymeric ion liquids)
7} CO, &5 WAUZANA COs oA HCO &2 WEs}
M 31580 ZaE v ES WEAA, €& AAT
A YA &&o] & FHAES AASHATH20].

e D (= et Eloll
ol E H mu

=

%
:

()

>
ol rlo

o
[l
H
i ofl of

&g &)
©
o N oo Nk

e Ao

l‘kﬁ
E ot
u

mugel A 30 B A3 3, 2020

Ho Bum Park

CO, absorption

CO, desorption

cq%\

® H,0
@ CO,

Fig. 3. (a) Moisture swing absorption for direct air capture
of CO,[20] (Copyright 2017, American Chemical Society).
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Fig. 4. (a) CO; transport mechanism in a PEI-facilitated mem-
brane[21] (Copyright 2012, The Royal Society of Chemistry).
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Fig. 5. Direct CO, capture process using (a) absorbent and
(b) membrane.
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Table 1. Companies Developing Direct Air Capture Systems

Company Technology Regeneration Application
Carbon engineering KOH/Ca carbonation 900°C Synthetic fuel
Climeworks Amine-functionalized filter 100°C Synthetic fuel
Global thermostat Amine-modified sorbent 90°C Greenhouses
Infinitree Ion-exchange sorbent Moisture Greenhouses
CO, 2F 7| oFd z7] GAlO|EE 38 EHE Reference
of 23] Hl&-L AF B oA HIE Foll oa) A F

g4 don, 7& 9 ¥4 FHsE B3l 37] T CO,
27 vg AHzto] BRI Ao oAHET)

L2=97H4 1008d0] = CO9Y HiEE Qe 37 5
CO, F%7} 100 ppm ©]’ F718HA . 410 ppme] &
Foll= B6tal 371 5 CO, £ 7€ danel &

253 Qe EF PAEA, wolelz 5 A9 f3)

=4 wA o=t Aul 8719 AV AREA T ¢
S AR, A E71 Al W@ a7t St
3 Stk E7Ieh 22 e w9 CO, R VIER
ZLZE AN AA R A F2A, bl sk FAA
2 BE-A7IEAA 5o A7) HgAel wal vln
W 2roA AN Thed FHAZE A7EH S
TS Qi FulEThs £ T]EdA Fas o
THAL JA, AeE CO, 7] AdHst F FF
7Ike] ATRbe] HAESlS B opA A7t e
BT W Ad g7] A A S el 54
ARl AY €O, w5 A mvkef ool A, 23
COE Folt ol oA S 913 24l 574
TEE At A et aaFll 4 A

o s P B 571 F o, £H9 &
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