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Abstract: A numerical analysis was carried out for separation of carbon dioxide from carbon dioxide/nitrogen gas
mixture by a polyethersulfone hollow fiber membrane which has shown a good stability against plasticization by carbon
dioxide and an excellent separation efficiency for carbon dioxide from its gas mixture. A computer program for carbon
dioxide separation was developed using the Compaq Visual Fortran 6.6 software. Governing module equations were
thought to be an initial-value problem and the nonlinear ordinary differential equations were simultaneously solved using
the Runge-Kutta-Verner fifth-order method. From results of numerical analysis, the carbon dioxide partial pressure of the
feed stream, the pressure ratio of the feed side to the permeate side and the feed gas residence time at the inside of a
membrane were found to be very important factors to affect the permeation characteristics of carbon dioxide.
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Fig. 1. A flow configuration for cocurrent flow.
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Fig. 2. Flow diagram to solve nonlinear ordinary differ-
ential equations.
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Fig. 3. Performance of membrane module in cocurrent
flow.
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Table 1. Characteristics of polyethersulfone hollow fiber
module

Permeability of carbon dioxide 8
(mol/m” - sec - Pa) 20110
Selectivity 25
Hollow fiber O. D. (um) 400
Hollow fiber I. D. (um) 200
Number of hollow fibers (ea) 4,000
Effective thickness (um) 0.1
Effective length (m) 0.45
Effective membrane area (mz) 2.26

Table 2. Operating condition for numerical analysis

Feed mole fraction of carbon dioxide 0.10~0.90
Permeate pressure (kPa) 10~101
Feed pressure (kPa) 400~1,500

Area of hollow fiber membrane module (mz) 2.26~22.6

Feed flow rate (cm’/sec) 100~1,000
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Fig. 4. Effect of feed mole fraction on membrane per-
formance with different pressure ratios: Ly = 500 cm *Isec,
=298.15 K, 4 = 226 m’, Pr=607.95 kPa.
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with different membrane areas: x; = 0.12, Ly = 500 em’/
sec, T = 298.15 K, > = 0.167.
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Mole fraction of CO,
Recovery of CO, (%)

Stage cut (6)

Fig. 7. Recovery and mole fraction of CO, at permeate
and retentate side in terms of stage cut: xy = 0.12, T =
298.15 K, 4 = 2.26 m’, Pr=607.95 kPa, »> = 0.167.
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A - Effective membrane area [m’]

d; : Inside diameter of hollow fibers [um]

Dy : Log mean diameters of hollow fibers [um)]

K; : Constants defined in eqn. (7)

K : Constants defined in eqn. (8)

l : Active length of hollow fiber [m]

L : Total length of hollow fiber [m]

r : Dimensionless length of hollow fiber, eqn.
“4)

L : Local feed molar flow rate [mol/sce]

Ly : Fresh feed molar flow rate to the permeator
[mol/sce]

L . Dimensionless local feed molar flow rate,
eqn. (6)

Py : Inlet feed pressure [kPa]

P; : Pressure of feed stream [kPa]

P, : Pressure of permeate stream [kPa)

R : Gas constants [cm3 - kPa/mol - K]

(O/d)cor : Specific permeability of species CO;
through hollow fibers [mol/m2 - sec - Pa]

(O/d)x> : Specific permeability of species N through
hollow fibers [mol/m2 - sec * Pa]

T : Absolute temperature [K]

14 : Local permeate molar flow rate [mol/sec]

Ve : Fresh permeate molar flow rate [mol/sec]

V' : Dimensionless local permeate molar flow
rate, eqn (5)

x : Local mole fraction of the more permeable
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component on the feed side

Xr : Value of CO; at the feed entry

y : Local mole fraction of the more permeable
component on the permeate side

vr : Value of CO, at the permeate entry

a : Ideal selectivity defined in eqn. (1)

71 : Pressure ratio defined in eqn. (2)

72 : Pressure ratio defined in eqn. (3)

ur : Gas mixture viscosity [Pa - sec]

/4 : The ratio of the circumference of a circle
to its diameter

w : The degree of recovery of CO, defined in
eqn. (19)
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