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Abstract— The effects of various system parameters on the absorption of carbon dioxide into the absorbent liquid were
investigated in a hydrophobic microporous hollow fiber membrane contactor with a configuration of countercurrent. An
aqueous potassium carbonate solution was used as an absorbent and its permeation results were compared to those obtained
with pure water to figure out the effect of chemical reaction. The mixture of carbon dioxide and nitrogen was used as an
inlet gas and the pore condition of the hollow fiber membrane was hold to be nonwetted through an appropriate control of '
pressures of a mixture gas and an absorbent. In case of an aqueous potassium carbonate solution used as an absorbent, the
permeation rate of carbon dioxide was about 4-6 times higher than that in pure water. The permeation rate was increased with
the increments of the concentration of potassium carbonate in an absorbent, the pressure and the flow rate of a mixture gas.
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Table 1. Dimension of Celgard X-20 hollow fiber

ID(um) OD(um) Porosity(%)
400 450 40 150

® lq
3 s

Bubble point pressure(psi)
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Fig. 1. Leak test apparatus.
1. Pre-potting module
2. Hollow fibers
3. Pressure gauge

4. Rotary pump
5. Needle valve
6. Reservoir
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Table 2. Characteristics of Celgard X-20 hollow-fiber module

Contact ID Fiber Packing
length(cm) (cm) no.

Celgard X-20 20 35 5
hollow fiber

Contact area(cm?)
fraction  Module volume (cm?)

0.002612 0.0735

Molule type
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Fig. 2. Non-wetted mode of hydrophobic membrane based gas-liquid
contact.
(g gas, m: membrane, /:liquid, i: interface, b : bulk)

Table 3. Critical Pressure of Celgard X-20 hollow fiber

Surface tension Angle(degree) Critical pressure(AP.)

Pure water 72 mN/m 115 176.5 psia
Swit% K,CO, 43 mN/m 102 51.8 psia
10wt% K,CO, 33mN/m 97 23.3 psia
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Fig. 3. Schematic experimental setup for gas absorption using hollow

fibers.

1. Mixture gas bomb
2. Nitrogen gas bomb
3. Absorbent reservoir
4. Rotary pump

5. Gas chromatograph
6. Soap film flowmeter

7. Back pressure regulator
8. Membrane contactor

9. Thermostatic

10. Pressure gauge

11. Needle valve
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Fig. 4. Permeation rate of CO, versus absorbent flow rate with differ-
ent concentrations of absorbent.
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Fig. 5. Permeation rate of CO, versus gas flow rate with different con-
centrations of absorbent.
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Fig. 6. CO, removal versus gas mixture flow rate with different con-
centrations of absorbent.
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Fig. 7. Permeation rate of CO, versus pressure of gas mixture with
different concentrations of absorbent.

B B FRAE w2 Aol vl bt gl
e, ER)A e Zohel by olastetasl FaEEsL A

Z7)ehe 7% vehigch o) @ARe Bl
ze7)709) SFlo] Z71go] webA 1.0 AmelA ol4ksieiel
ot Z7hael mebd o B el olsteiast 457 o
A odshss] B Aol EHIn = el 2l
F4 7F5e Qo] 2r)sle] A olasRke Fepe] 27
?‘5}{— Aew A7 wa ol aRee) Fi4Es) o] Heh

Jt-)

n?;"i
1]
)
1o
oM,
o

L)
N

> r—{u olb r]d

A A FrheHs 73 veblle A2 Mo, uk-go] ks =
7% oA F4E 5 e T AENY Aol A
5] FAEE AS o & 9tk ol viEle], F4AHE £5-EE AN
3 ASolle ghEe) el web 4% A & 5 e,
o)z E£71A7F RE W) MFE U Azt Fakel 8=l ¢
gl Fot 5 alh 0145}5&" Frgo] Al AAZNA ] o]
AbERA EE o) g o] 931y wlEel ez Azl

3-4. ERMZIE S0| HEk

Fig. 8ol FA 2 AHed sibZE -89 o @ o4t
slebie] $3&n WIS Jehidc) ibE 899
0, 3wt%, 5wt%, 10wt%2. M3lA7|HA] Ee|AEg saslgon,

o} 99| RE dole]o) it FAY] HE2 30 cc/minoE, &
749 442 458SCCMo g, 18l 1 %@7]1194 4 2%
= 747t 6p51g9+ 298 K2 AA3HA H-Astirt.

I¥ellA & 5 gl vt o], FAWY 'AbE R F
71kl wEbA F5E s oA R4S ool A TS 4
i, B3] +ES AHEE Aol vigte] ' 84 e
= 3wt%, Swt%, 10wt% 2 Z7FA1H & W= zhz A 2] 4.5u), 5.2
W, 22l 5.5 AE B o) ol alskRiav) F9e ¥ 4 4
v} a2t eabREY Fxrt S71E wel fasEs Sy
A¥Hod Zrlsle 7ol ohlgl HA Fvlgo] Aass A B
F olrh. o] wh&o] gl 73-%oll vlste] 3hakg-ol 2|3h odgfo]
H7tEle o]abslEtAe] RGN FA% FHE Ko, AHA



Z3AP A4Sl e olastEs F4F 725

20:,.,,,.,...‘.k‘ru,‘,..qmm:

18 £ .

n L -
© L .
D 16 & 3
X F 3
o 14r 5
Q G r 3
5 8 12L 3
2a ;
g 5 10 E .
s E 8 Total contact area = 12.566 cm” ]
= 8L Liquid flows in the shell side]
“E’ . Absorbent flow rate = 30 cc/min 3
o 6 e Gas mixture pressue = 6 psig
o 4k Gas flow rate = 4.58 SCCM 1
q Temperature = 298 K

-3 S T WA W N B

0 2 4 6 8 10 12
Absorbent concentration (moles/L)
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