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Abstract: Experimental and numerical analysis were performed for separation of carbon dioxide from carbon dioxide
and nitrogen gas mixture using a polyethersulfone hollow fiber membrane. The experimental results were compared with
those obtained at the same operating condition by the numerical analysis. It was observed that there was a big difference
between the experimental results and those by a numerical analysis where the permeance of carbon dioxide and its ideal
selectivity over nitrogen were obtained from the pure gas permeation. Therefore, the permeance of carbon dioxide and its
selectivity were obtained from the separation experimental results using the numerical analysis as a function of the mole
fraction of carbon dioxide, the feed pressure and the permeate pressure in the gas mixture. The results of the numerical
analysis using the selectivity obtained from the gas mixture were in good agreement with those of the experimental.
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Fig. 1. A schematic of countercurrent flow in a hollow fi-
ber membrane module.
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Table 1. Characteristics of Polyethersulfone Hollow Fiber
Module

Hollow fiber O.D. (um) 400
Hollow fiber 1.D. (um) 200
Effective thickness (pum) 0.1
Effective length (m) 0.45
Effective membrane arca (mz) 2.26
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Fig. 2. Effect of feed pressure on pure gas permeance and
selectivity obtained by experimental : p, = 101.325 kPa.
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Fig. 3. Effect of mole fraction of carbon dioxide in feed
stream on membrane performance : L; = 1,666.7 cm’
(STPY/sec, 7' = 298.15 K, A = 226 m’, P, = 591.7 kPa,
v, = 0.171.
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29 £ 7IA HE Jted MEHE
Z2 W] Agsfojol & o=
3.3 23 7[H Ttz o MEHx
zgI3 ALE EF /A FHx9 ddEE o
<% 22 PHoE Tt EF /1A W olatsie
A BIEE o5 oitsies FHx 5Ysitn
7Hstdth & EF J1A W olarsierA Eto] Fob
3 odslE s EREr) FUMeT ol 43 1A
E7 A9 sYd & 71A WY ojatgErd dEe
SN AR S FAE A £ SiT14]. et
A & 71AY oldsteh FHEE oitslga £
9 42 FHIYT
7tast @Al wE ZEolAeE EYUY MYgx
© SolA 78 ol4tslgA FREV} HEE T2
# EF 714 2 dEdA BAE U9 oktslEta
2 28 .me 0.1% °J3t& UFde NYEE 74
T T} 1* Hgs B B TE ¢S B HS
dsthrh o)g€A 4L &3 J)A Ul
Tahg} Byutel MHTE Fig 40 e}

£ 714 TF ¢do) 591.7 kPa, £#Z ¢+do)
101.325 kPa®2 YASHA FAE FeHlA T& FHEol
&L EF J1A W o]isEA E4E Ve,

2L &5 71A 47 BEREE Yulsta, 8

yEol BYOINSE BTy olasErs HYEE
At B A ) oldsEs FAEE 250
ouBEs BiEs YRS HFOR T Aol

FEA BTl 9% olusR e

ELERE DR 137

0.8 4 r0s8

g . Permeate (experimental) .
g — Permeate (simulational) 8
S 06 v~ [o] Retentate (experimental)|” 0.6 -
_5 T e Retentate (simulation) ;
§ v Recovery (experimental) 5
———— Recovery (simulation Z

f 0.0 4 ecovery ( 1muax) bo4 &
2 R o
o g0 o~
= b e o

02 RS 5 .

0.0 T T T — J‘ 0.0

0.2 0.4 0.6 0.8

Mole fraction of CO, in feed stream

Fig. 5. Effect of mole fraction of carbon dioxide in feed
stream on membrane performance : L, = 1,666.7 cm’
(STPysec, T =298.15 K, A = 2.26 m’, P, = 591.7 kPa,
v, = 0.171.

ey MeEzs oktgeta A9 Ee AES
53 A= Asd Folt £ 7Ag A4 FYREE
A (1)& ol &3t A4St Fig. 4914 HXo] oj4t
SeA 2] FUMsA oktstgad BIHEs FUM
0 E3 Aax BRRE 1S ¢ F Ao olgd
A 7tas @4 B =E{11-13] 28 239
%xl s, weld B =RdM d& AntSoe] eyt
EJE} olZA dojN HNAEE FF oJAses
£, ¥9 4894 FH4= 4¥oE yghhol 4=
39 7B ARE AREHTH

lt:l mhz
r—[m

3.4. 3 & 28 uwiglof e AEst oEgk o
HE T8 E3F A Y olitse s FRzel A
£ Z239d 2 %?'5}9& U% 3
wele] mE EdEy R
T8 9 ojitsaa §]-r€°ﬂ o &
#*& Fig. 5°ﬂ YERY AT
A FF B AEFAA ol sEA & BE ke
setd J9te] F7HE ulgtth. o|2H olAbster
A B3 F5Eo] AAY, 1 A% & B3 B §%7
B35 o ojitgea B E&o] F7)gor wElhA
olatstg A F4EL A () w F/13th AF H)

)=}
b Gt AAo 2 ZHEE & % SITHE)
Fig. sl BEo] Aug dZgol @ AAFL
o 4 gled, Zeadel 4FH FREE FA]
dstel 4 @)% 3)2 ol8aYT. BHE g oj2ts

Membrane ]. Vol. 17, No. 2, 2007



138 FAs - EAY - FHF -

1.0

0.8 o
S
O o
S 06 o
=1 ©
2 .
S . Permeate (experimental) E
d‘:“ Permeate (simulation) z
o 04 1 o Retentate (experimentatal) | 04 8
=} ——— Retentate (simulation) o~
= v Recovery (experimentatal)
024 e Recovery (simulation) Loz
—Q.
oo
O O
R o aulb o JF =S
0.0 T —— T T 0.0
0.30 0.35 0.40 0.45 0.50
Stage cut (0)
(a) Carbon dioxide mole fraction in feed stream = 0.33
1.0 1.0
v
“ T
8 s v'Y S
‘S 06 - s Log ©
= 8.4 “5
5} F—Q_
) —~Q_ —a >
= '\O\O\Q 2
& 044 ~a toa 8
2 ~. 2
=] ® Permeate (experimental) ~aQ - 4
= Permeate (simulation) 'Q»\_
0.2 4 [e] Retentate (experimental) e L 0.2
— Retentate (simulation) S
v Recovery (experimental) e
--------------- Recovery (simulation)
0.0 T T T T T T T 0.0
0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 080
Stage cut (0)

(b) Carbon dioxide mole fraction in feed stream = 0.70

Fig. 6. Effect of feed flow rate on membrane performance
with different feed mole fraction : 7' = 298.15 K, A =
226 m’, P, = 591.7 kPa, ~, = 0.171.

2 g9 o3& At 035%, olAtEEL S5 g
e A 3.88% UET

Fig. 69 94 &7 ol¥gda & £&IN & 74
Esfel WE FokE 5 HH%% RERK

o
w B

o
=

=

=

=
< Hlﬂ?‘f}ﬁiﬁ}. F EJJr —Er—
B K

Ao e B oA
o B

e onidnt 3
71419 A FA 7
3t 5 4T ETAAMY ol dsEa

ZrojAtt. makM R34 FEHo] A 7AH
7 AF WEE WY ojidsEA: B &2 A #A
HA, ¥ B €2 245 ﬁt}[9] webAl Fig.
64X HRol ¥ F
7 EE W oltsiga
Atk &4 FF olatEa

wagel, A 17 A A 2 3, 2007

yo Mo
olN
N
g3
= |
i
rE
¥
(et
-&9‘ .
229
o
ol
ook
rlo
%o |
>
UQL
o
e

N

2B

i

EF AN EeolHEE FBA BITL ol
@ olustes Bd 8 240 2298 §
8 7@ d5ge vmstdt JFE L FAHY
239 AEE Astel Reng /1A FEst 4
Eﬁ &5 A F3 4% BG4 B 4P
) THA. A FHES HAEE 3F olusE
e, 3% Y3 5% gusl ez da
EG 7AW olustes gl 37184
SREEN FAEE 4% Sl ddre o

T ANt 01%‘71] dojy R

B

l

¢

c
¢

2 dFe duA - Ad71eMEAY FRZAuA 4
T A Y (2003-C-CD02-P-04-3-020) 2.2 3 H ]
Y

1. MBS, e, o, “iirlF oldstea HWE
AolE ¢ 2 7 l*” HWAHAK KONGHAK,
41, 415 (2003).

2. C. Hendriks, “Carbon Dioxide Removal from Coal
Fired Power Plant”, pp. 53-81, Kluwer Academic
Publishers, Dordrecht (1994).



Polyethersulfone ZgA} 2]t &

. D. L. Ellig, J. B. Althouse, and F. P. McCandless,
“Concentration of methane from mixtures with car-
bon dioxide by permeation through polymeric films”,
J. Membr. Sci., 6, 259 (1980).

. G. C. Kapantaidakis and G. H. Koops, “High flux
polyethersulfone-polymide blend hollow fiber mem-
branes for gas separation”, J. Membr. Sci., 204,
153 (2002).

. I. Pinnau, J. Wind, and K. V. Peinemann, “Ultra-
thin multicomponent poly(ether sulfone) membranes
for gas separation made by dry/wet phase inver-
sion”, Ind. Eng. Chem. Res., 29, 2028 (1990).

. W. H. Mazur and M. C. Chan,

natural gas sweetening and CO; enrichment”,

“Membranes for
Che-
mical Engineering Process, Oct., 38 (1982).

. N. Boucif, A. Sengupta, and K. K. Sirkar, “Hol-
low fiber gas permeator with countercurrent or co-

current flow : series solutions”, I&EC Fundam., 25,

, 16, 204 (2006)
Xdﬁd#, OI%E—‘? 7‘%“‘ o]
o=

g ojatgteta o

10.

11.

12.

13.

14.

L 483 $28)4 Hla 139

o o]itgteta £ A
(2006).

ARE, £59, Asd, olFE, XAV &
ZYolAAEE A FEA oo Az, YHE Y,
15, 147 (2005).

A, Mokdad and A. Dubault, “Transport properties
of carbon dioxide through single-phase polystyrene/
poly(vinylmethylether) blends”, J. Membr. Sci., 172,
1 (2000).

T. Visser, G. H. Koops, and M. Wessling, “On the

subtle balance between competitive sorption and

5 84

, HHE 9 16, 252

plasticization effect in asymmetric hollow fiber gas
separation membrane”, J. Membr. Sci., 252, 265
(2005).

J. H. Kim, W. J. Koros, and D. R. Paul, “Effects
of CO, exposure and physical aging on the gas
permeability of thin 6FDA-based polyimide mem-
branes Part 2. with crosslinking”, J. Membr. Sci.,
282, 32 (2006).

A58, ARE, BB, 0|58, “Eeo AUE
TAEEL o188 davtazie olpses ¥
JE 52 A% oA TR 977, S Membr,
15, 310 (2005).

Membrane J. Vol. 17, No. 2, 2007



