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Abstract— This study was primarily to find the separation characteristics of CH.-CO, mixed gas, using polyimide hollow
fiber membrane. For the purpose, the experiments on the sorption-permeation characteristics of CO,, CH. pure gases and
mixed ones respectively were made. The experimental conditions were as follows: feed flow rate 0-15 //min, system tem-
perature 30-70°C, and applied pressure (-20 bar. The membrane materials used in the experiments were a kind of polyimide,
which is glassy polymer. The pure gases permeability of CO. and CH, could be fully explained by the partial immobilized
dual-mode sorption model, and in case of mixed gases, some deviation by the nonideality of CO, gas was exposed. Ideal
separation factor(o*=Fc,,/Pr,), the permeability ratio of the two gases, was a little decreased according to the increase of
feed pressure, while in much larger scale decreased with the increase of system temperature, and when the deviation to the
nonideality was observed, with fugacity instead of pressure as permeation driving force, the difference was found within 5%
in the range of this experimental condition(0-20 bar).
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Fig. 1. Experimental apparatus for sorption measurement.
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Table 1. Specification of hollow fiber module

i Specification

Items Unit

Module 1 Module 2
Material Polyimide  Polyimide
Effective fiber length mm 181.3 489.4
Internal diarneter pm 205 205
Quter diameter um 394 394
Number of fibers 600 800
Effective area of fibers m’ 0.135 0.485

Pressure vessel sus316/304  sus316/304
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Fig. 3. Sorption isotherms for CO, and CH, in polyimide membrane
at 30°C.
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Fig. 5. Effect of pressure difference on permeation rate for pure CH,.
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Fig. 10. Comparison between the pure gas and the 40.3% CO, in
CH, mixture on separation factor.
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Table 2. Comparison between polyimide and other polymers on
ideal separation factor for CO,-CH, into its kinetic and
thermodynamic contributionsi4, 18,20]

Temp. Press. Composition Peo/ Deo/ Sco/

2
Polymer (‘C) (atm) (mol%) Pu, Dey, Sca,
UBE polyimide’ 30 20 40 358 1053 34
Poly(phenylene oxide)[4] 35 40 50 151 6.88 22
Polycarbonate{20] 35 40 50 244 681 36
Polysulfone{4] 35 40 50 283 885 32
Cellulose acetate[4] 35 40 50 308 421 73

Kapton polyimide[18] 35 40 50 63.6 1538 4.1
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Fig. 11. Fugacity based analysis for CO, permeation rate of poly-
imide membrane for the 40.3% CO, in CH, mixture.
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Fig. 12. Fugacity based analysis for CH, permeation rate of poly-
imide membrane for the 40.3% CO, in CH, mixture.
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ALBI|Z
b : Langmuir affinity constant [bar ']
C  : penetrant concentration in membrane [cm*(STP)/cm’(polymer)]
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Cj; : Langmuir sorption capacity constant [mm’gas(STP)/m’(polymer)]
D : diffusion coefficient in membrane [m’/s]
f  :fugacity [bar]
F  :ratio of diffusion coefficients D, and Dy(=D,/D,)
k, :Henry's law constant [mm'(STP)/m"bar]
K :ratio of Langmuir constant and Henry's constant(=C;,b/k,)
! :thickness of membrane [m]
N :diffusional flux through membrane [m’/m"s]
P :pressure [bar]
q  :ratio of Langmuir affinity constant and Henry's constant(=b/k,)
S :solubility coefficient [m’(STP)/m’* Pa]
x :gas mole fraction on the high pressure(shell) side of the mem-
brane module |-]
v :gas mole fraction on the low pressure(permeate) side of the mem-
brane module [-]
¥ : permeability [mm’(STP)mm/m"s-Pa]
B/l : permeation rate [mm’(STP)/m"s-Pa)
o :separation factor [=(y./ys)/(X./Xs)]
o :ideal separation factor(=7,/F)
Subscripts
A :penetrant gas CO,, fast permeable gas
B  :penctrant gas CH,, slow permecable gas
H :Henry's law mode
L :Langmuir's Jaw mode
m :gas mixture
*  :notation of fugacity
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