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Abstract : The CO, emission is the largest contributor for the green house effect. Among the existing chemical
separation processes, the membrane separation technology is(/will be) the most potential process for CO, separation
from flue gas. Based on the solution-diffusion theory and physical properties of carbon dioxide/nitrogen and the
permeation data in the literature, the relationships between physico-chemical structures of polymeric membrane
materials and the perm-selectivities for COy/N, gases were described in detail. The progress of membrane module
and process development was introduced briefly. Finally, the worldwide research activity including South Korea's for
carbon dioxide separation by membrane technology were introduced through the survey of papers and technical
reports published.
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Table 1. Characteristics of Separation Technologies[1-9}
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Fig. 1. MEDAL(AIr Liquide) hollow fiber membrane
module/plant (Texas-USA) Enhanced oil recovery
-14200 Nm’/h Feed Gas -48% CO, Feed gas,
56 bar.
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Fig. 2. Permselectivities of CO,/N, gases of polymeric
membranes.
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Table 2. Permeabilities(Unit :
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PDMS : polydimethylsiloxane -123 35 1600 142 11.3 [11]
NR : Natrual rubber -72 25 120 74 16.3 [12}
PB : polybutadiene -90 25 127 6.01 21 1211
PE : L.D. polyethylene -30 25 12.6 0.97 13.0 [12]]
MR : Methyl rubber - 25 6.9 0.44 15.8 [12]]
BR : buty! rubber -65 25 47 0.30 16.0 [12]
PEO-(DB/MM) or DMAC -62 25 200 34 58.9 [12]
PEO-PEI(1) : poly(ether imide -52, 245 25 72 1.03 70 [13]
PEO-PEI(2) : PM-APPS/PEO3 -66,370 25 126 1.93 65 [13]
PF/PEQ : acrylate -34. 62 25 66 29 228 [11]
PEBAX : PEO-poylamide 25 122 1.71 7 114}
PMP : poly(4-methylpentene-1 30 25 56.3 3.83 14.8 [15]
PTMSP :polytrmethylsilylpropyne 200 - 18000 2000 9.0 [16]
EC : Ethyl cellulose 43 25 41 8.4 4.9 [15]
CA : cellulose acetate 20 6.6 023 28.5 [17]
Nafion 117 - 35 243 0.26 9.3 [18]
BT-TM : BTDA-TMPD - 35 309 1.55 20 [17,19,20]
BP-OD : BPDA-p-ODA - - 0.642 0.02 29 [17,19,20]
PM-D : PMDA-p-ODA 430 35 3.35 0.14 24.5 [17,19,20}
6F-PD : 6FDA-m-PD 297 35 9.2 0.447 20.6 [17,19,201
6F-mM : 6FDA-mMPD 335 35 40.1 2.24 179 [17,19,20]
6F-Tr : 6FDA-TTMPD 383 35 467 32 14.5 [17,19,20]
6F-0OD : 6FDA-p-ODA 304 35 23 0.8 29 [11.17,19,20]
6FDA-based poly(amide-imide) - 30 34 1.1 30.9 [21]
Cardo-PI(1) : BT - - = 18 - = 37 [22]
Cardo-PI(2)-(BAFL-BPDA) 492 25 23 0.61 38 [23]
Cardo-PSF 274 25 10 0.25 39 [23]
PC : polycarbonate 150 35 6.0 0.30 20.1 [23]
poly(phenylene sulfone imide) 337 30 12.33 0.49 24.9 [24]
PEK : polyaryletherketone 184 30 0.73 0.03 243 [25]
t-bu-PEK : t-butyl 198 30 4.12 0.15 274 [25]
PPO 210 25 63 23 24 [23]
S- PPO : sulfonated - 30 13.8 0.16 86 [26]
PSF : polysulfone 190 35 5.9 0.16 37 231
PES : polyethersulfone 230 25 4.1 0.1 42 [23]
El : polyetherimide 210 25 0.63 0.02 315 [15]
PMMA 105 35 0.34 0.01 34 [17}
PVDC : polyvinylidene chloride 41 25 0.03 0.001 30.0 [17]
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Table 3. Diffusion-Related Physical Properties of Carbon Dioxide and Nitrogen

Critical volume(cc/mol)

Collision diameter(A )

Lennard-Johnes potentials( A) | Kinetic diameter(A )

CO; 94.0 3.75
N, 90.1 3.66

4 33
3.68 3.64
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Fig. 3. Diffusivities and diffusion selectivities of CO»/N;
gases in polymeric membranes.
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Table 4. Diffusivities, Diffusion Selectivities, Solubilities and Solubility Selectivities of CO»N, Gases in Polymeric
Membranes(same references in Table 2)

&=

=7 . ghab e IR
el A A é; 10'2§:m3(STP)/ &l f_ﬁ B ligmz/s j‘:ﬁ‘l‘ =
(C) (cm” - cmHg) a co,/ N, @ DCO/N-
o’ N co’ N S
polydimethylsiloxane 35 1.7 0.2 8.1 2200 2417 0.91
Natrual rubber 25 1.09 0.07 16.4 111 11 1.00
poiybutadiene 25 1.2 0.05 22 105 11 0.95
L.D. polyethylene 25 34 0.31 11.1 37 9 1.16
Methy! rubber 25 1.1 0.06 19.8 6.3 78.8 0.8
butyl rubber 25 0.82 0.07 124 5.8 4.53 1.28
PEO-PC(DB/MM) 25 22 0.29 759 9.1 12.0 0.75
PF/PEO acrylate 25 22 0.88 25 3.0 33 0.91
PEO-PE(X1) 25 22 0.03 79 33 37 0.89
PEO-PEI(2) 25 19 0.02 97 67 98 0.68
BTDA-TMPD 35 74 11 6.2 4.2 1.3 32
6FDA-m-PD - 55 8.6 6.4 1.7 0.52 33
6FDA-mMPD 35 65 12 54 6.2 1.9 33
PMDA-p-ODA 35 37 2.8 13.2 0.56 0.27 2.1
6FDA-TrMPD 35 18 29 6.2 26 11 24
6FDA-p-ODA 35 13.0 0.87 15 1.5 1.0 1.5
Cardo-PI:BAFL-BPDA 25 36 1.3 29 0.64 048 13
Cardo-PSF 25 18 0.59 31 0.54 043 1.3
polysulfone 25 8.6 033 26 0.68 0.48 14
polycarbonate 35 21 1 21 2.1 1.8 1.2
PEK 30 73 0.3 243 0.1 0.1 1
t-butyl PEK 30 137 0.65 21 0.3 0.23 1.3
PMMA 35 4.1 0.14 21 8.3 82 1.0
PPO 25 13 0.64 15 5.1 35 1.6
polyethersulfone 25 14 047 31 0.29 0.21 1.4
polyaniline - 74 L 1 74 0.074 0.0t 7.4
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Table 5. Solubility-Related Physical Properties of Carbon Dioxide and Nitrogen
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gases in polymeric membranes.
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Table 6. Permeation Fluxes(permeance : GPU) and Selectivities of CO»/N; Gases in Polymeric Membranes
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PEO-PI(2) 25 29 53 HF, comp. 30
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PEC : Polyestercarbonate 35 400 23 asym. plate 31
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Table 7. Gas Separation Membrane Makers and Membrane Systems

Company Membrane Materials Modular Type
Permea(Air Products) polysulfone hollow fiber
Medal(Air Liquide) polyaramide/polyimide hollow fiber
Ube polyimide hollow fiber
Generon(MGI) tetra-bromo polycarbonate hollow fiber
IMS(Praxair) polyimide hollow fiber
Cynara(DOW) cellulose acetate hollow fiber
Separex(UOP) cellulose acetat spiral wound
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Fig. 7. Air Liquide Co.'s commercialized membrane-
amine absorption hybrid process for natural gas
refining[9] -330,000 Nm’/h Feed Gas, -30% CO»
Feed gas, 76 bar.
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