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Abstract— Microporous membrane absorbers were used for separation of carbon dioxide and nitrogen mixture. The
membrane was made of either polysulfone(PS) or polytetrafluoroethylene(PTFE) and the absorbents were distilled water
and monoethanol amine(MEA)/water solution. The results showed that the hydrophilicity of the membrane materials was a
very important factor in determining the separation efficiency and rather hydrophobic PTFE membrane exhibited better perfor-
mance due to its hindrance to the absorbent wettability. Considering the separation efficiency alone, the chemical absorbent
MEA was better than the physical absorbent water. Among the practically important features of the present results was that
the removal rate of carbon dioxide was increased with the volume flow rate of an absorbent and saturated at a certain value.
Finally, the theoretical predictions by the model for mass transport through the membrane absorber agreed reasonably well
with the experimental results.
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Fig. 1. Two different membrane-contactor configurations and defini-
tion of radial and axial components of cylindrical coordinates.

4 o] e FRAL) 2 (wettability) o ol w2t 3
FAF = Witol Afphaseprtole] Aol f)xshe apake] Aol
Fig. 16 vepgict. 17143 Fig 10)ell F8T Azt o] 54
7h ool ok At Aol TRstel o] HEAL A4 Bl
FHEAE Agsteint. B Wl AR sk chest

2 Av)E BAAE 9 D& 5 ek

]:V,,(r)aa% O<r<r, 1)

[aZC, 1.9C,
Al 92 +T?

o37]4 D& 7|49} FabASGo) 1, ol A A} ti= 2+ CO9
Bl x)2] H4E 2u|ghc}. 28] 7, = Fig. 10419} 7o) o] Ul
WA 52 el Dol e $A9) SEVOE Fobzol§ Al
oA 2zl TEA Helo) £ x2 vhga) Zrl16].

V. (=2 [&} x [1- [iﬂ )
A, T
714 Q% A A2 AAle] fekst B o) Blde ek
o} =3, AR FA A WA R wre 7)ev)e tiA A
SJsto] 002 & 5 1o, B ¥ Holel Fre delel 9
oaxE welre] s} AN < gk ajebad, 919 Hul
g Ae) HAZAE chew} o] Salsh 4 glek.

aC,
p ©0,2=0 C, (1,,2)=C, =HG, (1,,2) 3)

4714 HE Aol Cob G 747 By 3ol aje] et
ot 7] gelAe] FEg e,

w3, 2202 o FA BAFeAe] ol absRe B} 00]m
2 vhest e AAEAL sh o A7 4 9l

CG@0=0 ©)

22. B QIR0IMS] BESX]
cheah 2ol B Wl v 5e 24 44 A& @

et

o
ol



HEFE o4 oSt

I, <I<T, o)

#C, 190G |
A1 oe T [T

o171, ol A} s F ool WSE 2@l a2, Fig
1o viehd 713} zbo] r,i= Happel®] A3-F @ (free surface) 2o
A e gho g 2] 7138y wefste] okt 22 AelM 2A
Hr}15].

I, = 1 l/zr
cTl1-g| °

V(r)—- g-,-o]]x-].,] 7] 34].4 ST RYZ annulusF-EollA] fA2
—1 3] gul \:1 { = g“‘}'— 012 g '/T\" 9\1‘:]‘

.__g

[#) ()5
©
T,

o] Al8) VoA &2) ¥ Vo) wige] whhg)e hehiich. &
AP 7149 Frape] Q=00 FT=L)R 7HaA Qb
A Qe Walez o) mae] whedsly] $la) frae] Aol %
2 dgdes vy A o) % A4sh thest 2o
£TETE AL 4 9ok

Vi (T,Z)=—2 (Qsm _(1 _Z/L)(Qs'" _Q:ur)}

A
] () (F)
€ . € . (63)
3+ [;—J -4 [;—] +4ln (—;—]

B slreld] AAZAE WelAs fAlekA chgst o] viehd
% sleh.

es Cs (r()’ Z) = Cm (l’o, Z) (7)

(5) AellA 2183 D= F oFoxe] FAAGFE B oA
Nonwetted mode2] 7-$- A ell4] o]AaksletAe] BAlA¢Z 0.165
cm’/secE o] £-3l5iH16].

2-3. QoML EETX

wollfe] A5 Polde] A Fejshe 2el e 24
e},

Table 1. Characteristics of hollow fiber modules used in this study
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Pore size(um) Fiber O.D(mm) Fiber LD.(mm) Shell diameter  Length of module(cm) No. of fiber = Material a(cm’/cm’)
1 1.0 1.0 0.7 2.62 18 27 PTFE 0.982
2 1.0 1.0 0.7 2.62 18 47 PTFE 1.764
3 0.1 0.5 0.3 2.54 27 99 Polysulfone 0.491
4 0.1 0.5 0.3 2.54 27 100 Polysulfone 0.496
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Fig. 2. Schematic of the experimental apparatus.
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Fig. 3. Overall mass transfer coefficient of CO, as a function of the
transmembrane pressure in PS membrane absorber.
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Fig. 4. Overall mass transfer coefficient of CO, as a function of the
absorbent volume flow rate in PTFE membrane absorber.
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various MEA concentrations.
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Fig. 10. CO, concentration in the liquid outlet as a function of the
absorbent volume flow rate in PTFE membrane absorber.
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ALEY1E

AC,, : logarithmic mean concentration difference of CO,

A, :mass transfer area based on surface area of gas-liquid contact [cm’]
A, :cross section area in tube side [cm’]

A, :cross section area in shell side [cmz]

C : concentration of CO, [moles/CC]

CI : concentration of CO, at the gas stream inlet [mol/cm’]

C;* : concentration of CO, at the gas stream outlet [mol/em’]

459

C : concentration of CO, at the liquid inlet {mol/cm’]
C, :concentration of CO, at the gas-liquid interface at the membrane
phase [mol/cm’]
D, : diffusivity of species A in the membrane phase
D, :diffusivity of species A in the shell side
D, : diffusivity of species A in the tube side
H :dimensionless Henry's constant
L : effective length
Q, :flow rate of liquid phase [cm’/min]
1, :outer radius [cm]
r :radial coordinate position [cm]
r, :free surface radius [cm]
r, :inner radius of fiber [cm]
oK}
A :carbon dioxide
s :shell side
t  :tube side
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