HWAHAK KONGHAK Vol. 41, No. 4, August, 2003, pp. 415-425

Of

M
=

715 oldtstEte HiE XMOo1E ¢

+

Halg

o

7=

o

ME= - &i7el - ol
=gt Tel REju e AT A
305-600TA] #4745 100
(20024 119 29 <, 20023 129 132 AH)

BT,

tol

Membrane Separation for CO, Emission Control

Bongkuk Sea, You-In Park and Kew-Ho Leé

Membrane & Separation Research Center, Korea Research Institute of Chemical Technology(KRICT),
100 Jang-dong,Yuseong-gu, Daejeon 305-600, Korea
(Received 29 November 2002; accepted 13 December 2002)

ko

EREREY

Jo 71wt

o, B, FTA AE S TAeE SlY] I N

Abstract — Membrane separation technology is attracting much attention as an efficient tool for carbon dioxide reduction to
migrate the green house effects. In this paper, we introduce concepts of membranes for carbon dioxide separation and review
many researches relating to polymeric membranes, inorganic membranes and hollow fiber membrane contactor.
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Table 1. Recent trends in domestic green house gas emissions
1990 1995 1996 1997
Total amount of emission (i@on) 83.9 125.1 135.8 141.3

Emission per person (ton/person) 1.9 2.8 3.0 31
Emission portion (%)
Energy & fuel 81.1 82.0 83.1 83.9
Industrial process 8.9 9.2 9.0 8.8
Agriculture etc. 5.3 34 3.2 3.0
Forestry (sink) -7.5 4.4 -4.7 5.1
Waste 12.2 9.8 9.5 9.5
Ae FAY, F09, TEEE U olgh e 3L 299 S F
o] Slem HA v, & # FY AdFele ofv] @& A7t o
oA st W ARe F oldlaleks mE MRl 24 148
oA 3 glek. Ale] Fapukg o] 88hs FeluhE e Sl F2hy
3 e 71me] BeFYel vla) At g AR e FPoRs
kg o83t 71Ae] B 197040) BRE ALK A7 el
Ao} BA MFH AR F DY AT E Ak, S, 1)L
o] Abaleka ] r]go] A8st GAl rt HZole 2] LA,
o] /= A ¥ Al A

Aege] e, 293 359 s

Ho} 2 vhe Hoplw Ho
olatsfie] BE Frrt

A WREE e r = o] aEFelnt. I Sk 3 AR

A7) 7haE T (EA R WSSk S R, A%, A

o] SUEA] o IEAE Jele o] AFetrt. §h, o]

A7) TEE

Y

v

i

®

i)

i

@

i

o

>

j}ﬂ

ol

Q‘L

i

el

X,
U E
£
R
2" R o

ol
2
=
L)
X
Mo
AC)
=
i
rlo
i
BN
M
rlo
5
[o2
=
(o3
—
X0,
ok

R

g

Zo) 3 2] ol A5
ol A, vhe) £ &

FQ & 9, Avle] 24

ok, AARE e A wRAT, R15, 22T ARE

o e & Q0w wRALS Ro)ee] 7

S
Ho ot M ¢

Mo

e}

2
&
)

T o FrId T o
£ 71 EelAgd vls) Fams BeASr vrke 9le S5
st7) ) X =l v e gzt Tl FEsia gl
T Ao 7189 £usAF TeuhE S S S9N ol &
af7h2e) gl vt 2879 e #8-2 slete] ml=a
B 5 SN e oldstga 2.3 Zlerfde] Eeleg ] &

7153 AAR AR Sk

B =gl e A7 2ua @] 9490] He oitsigas a9
oz & 3ohe 71wl = Euuhge g T EE R o

7FsA s Al tes sk
2. 7|4 =229t £t HHUE

2-1. Ot Mi2te) at

kg 28 Ve B oA AlE AE SO,
IEx I o8} (sub-nanomete®) AlE Z71E2 7R Ay gpeke
st AE A7)0 wet dgxoer Fidsts 714 28 o
(membraned-= 0] 8- 4= gt} o]F 3 B o7 7)akd microporous
silica, alumina, titania, zirconia, zeolle7-& Al&ts =& WdA,
7 BZA, Z1AA &4 Fol f7] A B Bt 5sk] Wi,

=3, Y

st5t5 8l H41AH 45 20034 s

- ol

Knudsen diffusion

Surface diffusion

o
o ‘0

Molecular sieving

P() = (Moles of gas permeated per unit time)
_:Membrane area)(Partial pressure difference)

@)

thad AlEr HollA], 7R B2k Fig. ¥ VERA 213 o] Alge
A7) e ¥4 B4 ujg} Knudsenghit, 1 -4k(surface diffusion),
A1 (molecular sieveyd # oA <] &/32} F-Ak(activated diffusion)
ol ©J3) AlE-& T3]

KnudsengHihe 7137t T8 fa)whe] B+t Alg 27171 714
9] BA-E 2 (mean free pattdth 22 # HJoldt}. Knudsenst
A G T3t SEAHTM) O BldjsteR, 20t S1gte) met
T E£5e Aot 7S £ 94 F3sA € CoE w
es & A9 B2 =71E 0.33nnE N, (0.36 nmyit} Z-gol %
E-8t Knudsengih B Aol = EAkg0] A2 Ny A F3st
A]o], COIN,2| o] &% el A%t 0.79F Hrh. Knudsendhah &)
AN T3} Sox AT o] &3 2 AT o) g AEE 7
8712 ot} 9 Asg AT Seid e A 27 ' Al T
Z Ale], Alg E91 718 o 93 W s FEg

A Ak BExlel Alg7ke] 4% 2F4-(interaction and chemical
affinity)ol] <8 Al Hell F2wlo], BH-g we} T35k WA Eelth
=, 713 BAFAlE Bl 28 739, 713 5= (@F=) 74 (concentration
(pressure) gradient) A4 = o] 229802 FA7) o] F3l= Aot
Micropore @A = Mg ¥ Alo]e] B=A28=2) A3 28] 93]
419 potentional energy-Z7} W85k, T3} AFo] A5 B3
SRTH4]. EH 2 G0 e 227t FoAH FA 9] AsE =
I H27f Hashs AS et CO R e W MBS 1A
3171 $13) COt BolH ez A% Agste oA Jid 3 51 /1A
Fol Al=EaL St

E2A (molecular sievinglg.ZH= 271 7719 e} e she WAYE
o2 AF 27T 24 Z7] FEAA FHEEE W vERd T Alg =271
Hrh & A= 28] BelA] gornz i Ag SHolA= 7 ol
Aok, B3 £} |H- Yt o] gHoMe B £20) 250 o}
o} F7kste] B8t AFAE (+) #g 7HAl Ho, T3} £571 expE/
RTP) vlEshe 8743 Shhe Vet Be 29, 2] AlE 2271
| 9JE) AR e T3 WAYZe] s 288 At

2-2. At ot
¥} (non-porous or densd) EAS B3 71H] E3E, Fig. 2
off vepdl 2 o] 715l Sl ARAE Aol T Z)A7F st



71 ollslRkA: wiE Alets Y8 2 7E 417

High pressure Disch
ischarge
" Feed R ° L e o Nzo o g
(flue gas) e eCO, b °
Polymeric ° \
membrane

® coe o M
Permeate

Low pressure

Fig. 2. Gas permeation and separation in polymeric membranes.
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Fig. 3. Relationships between Copermeance and CQN, selectivity of
inorganic membranes.
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Table 2. Commercially available gas separation polymer membranes
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gk 8802 AAZR ALE 71 e REe AVt
gt COJ/CH, 71 &3tE #8820, Avtrhe] Delta
Projectg] Delsep,”]=2] Environgenics systefi*] 7%t GASEPS
o] gt} AN ARl o] AA7EA] COIN, 8]8-02 48314
Fe5 2EL o}F glou) 71| Hald &S A48l Air Products
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719 olitstga FE 5 T T sl F4AE N1EY
(bubble tower)Z 7 & (packed towerfs-2 o] &35l 7|A5 At &
MNFe A BE A EEE FURTIL FAC 7]-97k] HE W
A5 weld gt 2y 7R EARE 7uke 2 sl 7| &
AAE 71-A7ke] FE WA dSo] ofgaL, Z|Ad o]gk AR ] W
(flooding) & - (channelingg”d o] WAIste] AA 713 9] H-4

Manufacturer Polymer Cpermeability [10*2 m¥/m?.Pa.-s] Selectivity CON, [-] AP,k [kPa]

Ube Pl 735 43 10,000

Delair PPO 2,750 19 2,000
Monsanto prism PS 450 31 ?

*Maximum allowable pressure difference.
Pl=Polyimide; PPO=Polydimethylphenyleneoxide; PS=Polysulphone.

C. HendriKs, “Carbon dioxide removal from coal-fired power plants,” Kluwer academic publichers, London (1994).
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Fig. 6. Porous polypropylene hollow fiber and its membrane module. w2 Sl v 2] T 7)15S BA e Yl 2A ok FEA)
Absorbent Porous membrane ‘iL %jé ;:/ ;]%jzi?/\i%o%%&%;@ 7 {:7?? e

e = E *%‘—1—9]' Sdeeshl }—E}—Zﬂ_a = T /%T;]'- ‘?l’uoﬂ

SEAEE wi| R A AAVE FAEE] fid 2d AY Aol
Frteo] BRIt 4T on FFAMS] 71F WollA] “d(phase)

Atolo] AL EAIE7] flsiME 9A SEA} oslelA] 292 Sk

A

st EAE Zieth SX T ol @ FgAlve] aAl o o3l
FARES OFD T &4 2 AxTEe) MLe T A%
T ME /\—i 7 EH%E]' ]‘:ﬂﬂ“, o ]'m' ;{4}_7 -4 v‘i—ﬁl:@% 6—0}:}?:}% ‘CH
g dre] Ao = el W 71A)A o] 2478 polyvinylidene-
fluoride(PVDFE- B]%3l polysulfone(PSf), polytetrafluoroethylene(PTFE),

Hd

).

Mixture gas polypropylene(PR} & #7E A 3ol vhe: vlhy S§A v

(€O, Ny) A7} Q757 147, 51, 52). Table 8= 44518 SFA}F o 44
Fig. 7. Schematic diagram for porous hollow fiber membrane contactor. =S VeIt B AT J&27)1= ZFAVS AR 7 _r,,}gﬂ

of thal) 5% AEd-E Zhe Flo] of i, x| 7]-07ke] FES ¢

o AFE = 71edd GHES 7K IL ITH45, 46]. MEHA o] oA s w7 iA s RkE Algsleg 4 B ae-g ke %
718 e GRE FE] Hste] ARl BHE 2 A 2 T A HEE FE] fleiMe SIS 9 Eestaa) sk
sttt v el a4 ZEAF &8 = (microporous  hydrophobic A ez o g Adshe F4A9 AR o] mjg- Fas 71 F
polymeric membran) ol&:81d 71Ash F4AI A ] HEL A9 AN olasleks FaE 9ol AFole FRARE wFET
Hog AT & A= FFA HZE7](hollow fiber membrane NaOH, carbonatel € ¢] K,CO; L& o}TA L] MEA, DEA ‘;»l
contactory§jolet @ & SIEk(Fig. 7). 534 WA/l 1A A TEA Sl itk 8191 oAl o aaitast sl

Table 3. Hollow fibers for membrane contactor

Manufacturer Products Hollow fibers
Celgard inc. Liqui-Cé&l PP (Polypropylene)
Dainippon ink & chem. co. SEPAREL PMP (Polymethylpenten)
Sumitomo electric ind. Porefi6n PTFE (Polytetrafluoroethylene)
Gore-tex Gore-Ték PTFE (Polytetrafluoroethylene)
Membrana Acculél PES (Polyethersulfone)
PP (Polypropylene)
Millipore PSf (Polysulfone), PTFE,
PVDF (Polyvinyldenefluoride)
Mitsubishi STERAPORE PE (Polyethylene)
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