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Abstract : Direct Air Capture (DAC) technology using reusable energy is a plausible process to capture CO, from non-point so-
urces. In this paper, adsorption and desorption were repeatedly tested using low concentration CO,. Three types of adsor-
bents were examined in cyclic CO, adsorption and thermal regeneration. Adsorption capacities of zeolite 5A, zeolite 13X and
activated carbon were 21 mg/g, 12 mg/g and 6 mg/g, respectively. Zeolite SA shows the highest adsorption capacities after cyclic
thermal regeneration.

Key Words : Zeolite 54, Zeolite 13X, Activated Carbon, CO, Adsorption, Regeneration
29 ! g7l £ COo, Y 7148 HHLEY W& CO2 ZAY £ I GUT 71& F 3holth B =RoA= Ak CO,
2 olg% B APL 2ASAT. Al F70) FAAES o 87 FAT AL whEst APE AT AT A L2l = 5A,
13X 123 2dehe] €O, FEFE 21 melg, 12 mglg 18T 6 mggO 2 LERFon], AR vy AolA ALetolE
SAVE P S B3 A5S welealt
EXO| : Al &folE SA, AGetolE 13X, TAT, olabsieks T2, A4

ME e AT o A7k Al goLt b W F

oA HIEEE 50%0] 25l v)H e dY? wiE CcOoE
SHA AR ARG FT7FR A ofAbsieha wWiEo FUtR
W37t 2eEQoH, A QAR R 7%

3L

2 A7 5= 7]<(Direct Air Capture technology; DAC)©] 1
=, AP OA AekE e

ofs

2
ro.

Joltt. Ao A
7] 7-(International Energy Ageny, IEA)= 78 AAZE A A8

AAAE o6 & AUe %

2% AR 4 9 tiotes Hosw gch

%

AAsH= 71e2 vnlet Aoz di7] & CoE a&3

ofof that AAA 2 ek
48 w3 efatele) A 2d7F Sastert” DACE A4
g0 glol FF U7 3 LAzt

NIAE F oA Loz ARGl 78l 2050 ©]
ke = o|ARSlEL A = © M3k Ukl S~F 0 = 1000
# 7] % olSiEke sk $eid Ul pEow goh e
tha Basti gk o)Ay ATL2uste} 7T ¢ AT [MESSAGE]
o] ujefo] Ahgt Qe uj Aol oo thgt hu] g 800 1 QS {I\A/I?EFS]SAGE]
o2 7] F olkEtA S E dAFo R AT 4 Qe a B1 [IMAGE]
~ 600 1
7% Aol Ags] 2792 5 A A74 AFco: g w8 A
=1 390 pme)OID:L E o7 3}_%01] 0]_‘:—'__7_7_, UHLq 150 § 400 -.......................-
E9] CO.7} T7] %—sé WEH B2 ppmd SER T
ATt &A1 71A0f 93 BEALAIEE 2.6 W/m?> o7 ZAlE g 200 Critical concentration ]
1, 7 F COy0l 93t Aol 1.7 Wim .2 1hv ] 0.9 W/m? ©
o] CH4, N2O, CFC-12, CFC-1152 g Hc}. 2] F=A|ch 0 1 2
2 2hd Fig. 13} Zro] 20400 450 ppm’S A4F3]5ko] Al 1950 2000 y 2050 2100
= . ear
HA B AR Sof BlEo] ofel gEE Y Aew Fig. 1. Projection of CO, concentrations using six circulation

oAl AtEch FedYollA miEEs sk CO, E7|&S

models,

TCorresponding author E-mail: park1302@ajou.ac.kr Tel: 031-219-2407 Fax: 070-7500-5350



308 ,

J. Kor. Soc. Environ. Eng.
=]

Uit - EBIM - A - 252

oo ¥ Aol A FHA Tl S A Letol = 5A,
13X"9} BAYEE ol g3te] 7] F Aol o] sheih A
e 9 A8 RS BEStuA AW TR Ak
wol ojilshea F3 0 A4 45 Briekelc

Aol AHEE FAALE 222 mme] 79 A Lefole
5A, 13X (Cosmo Fine Chemicals, Korea)@} 2l & e o] &
ARHIORREh O AE Hol BB TR BaBS A
78t7] 13l 200C ] F A0 oM 617 Azko] A}
ggich

M EHAM

214 9] £42 BET (Brunauer-Emmett-Teller)” B] 3 %]
A A2 (Micro-metritics, ASAP-2010)E AR8-3}4] 77.4 Ko
A0 ALELFHTNG ZAslo] v EEH(Spn) S
BET 4102, o]HuHA(SEXT)S t-methodS AHR3}0]
AAFehgial, BET H|aEH Aoz e o vz W gk
o= U]’{ﬂﬂ [e) —U—t&@(smicro)’é‘ 6_]’93\1—43 %‘/"ﬂ [e) “T"‘—L](Vtolal)-(?—]'
A S F-I (Viiero) = AT 2 (p/po) 0999714 2] A2 A5
"o} t-plot 21410 A groz ke 247 A4ksHglal, BJH
(Barrett-Joyner-Halenda) method'”"S 0] -8-3}0] oA 21| &
(Dpore) T3F T

N

2.

5
=

m

mjoh
w HI

N
A
o,

R

SAEAZ AFEE CO, EF712(Deokyang Co.)= A5
= =357 flste] W7l F Aw

Bypass

Table 1, Specifications of CO. standard gas used in this ex-

periment
Components Specifications
CO, 700 ppm
N2 balance

9] CO, 271E 1183fe] AAE balanceE SF AT o] &
E7HAE ARSI HESTO] f-UET] Mol fEFAE F
2 FEAE AME #2E

if o]
JN'

7] & 24E TEske] A225T), A1 atm)of
A BRAFL 585191, CO, 7FAE 7EAEA 7 (KIMO-
= dA5to] by-passE T3l A

o} 2EEE AR 2AsAch
G 2eFo ababat Al (breakthrough

curve) o]-§ske] 4 ()} 22 SdFA AOo2RE Axt

O

FC,; [ C,
- W i J() (C—1) dt] @
7] A4,

q : CO9 EZFH(mol/g)

F o F2E3712 f99 7h29 f-H(mL/min)

Ci @ S2MES7] dtollA 9] COx &% (ppm)

Co: S2MES7] &0l 9] COx % (ppm)

w o FAHAY AK(g)

to @ AEE Ss T ZolAle AlXH(min)olth

o_>|i
E
Q
9
N
=
gy
j'?'i’ il
ok
N
I
i)
oy
12
>

A

Outlet
N gas

Pump

CO2 analyzer

Adsorption reactor —*E
§ﬂ—*< Adsorbent H (=]
%

Heater

Adsorbent >7

Desorption reactor

Fig. 2. Schematic diagram of experimental apparatus,

Journal of KSEE | Vol.35, No.5 | May, 2013



J. Kor. Soc. Environ. Eng. 309
H|S2to|ELt HMERS 0|86 CHY| & CO. &t Y 1M E4

Table 2, Structural properties of adsorbents 800

N Inlet concentration : 700 ppm
Surface area Pore volume Pore size 700

Adsorbent  Sger Smico  Sext Vot Vmico  Diameter
(m’7g) (m%g) (m%g) (cm’/g) (cm’/g)  (A)
Zeolite 5A 1,099 970 129 0.44 0.36 16.3
Zeolite 13X 603 557 46 0.28 0.20 189
AC 632 560 72 0.28 022 174
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Table 3, Breakthrough time on adsorbent under various flow

rates
Breakthrough time
Adsorbent
1 L/min 2 L/min 3 L/min
Zeolite 5A 413 min 137 min 122 min
Zeolite 13X 51 min 24 min 4 min
Activated carbon 75 min 29 min 10 min

Table 4, Adsorption amount of CO, on adsorbents

CO, adsorbed amount

Adsorbent
mmol-CO./g-adsorbent  mg-CO./g-adsorbent
Zeolite 5A 0.48 21
Zeolite 13X 0.27 12
Activated carbon 014 6
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