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Abstract: In this study, we investigated the permeation property of single gases (N2, O,, SFs, CF4) through hollow fiber
polymeric membrane (PSF, PC, PI) as a function of pressure and temperature to decide operating condition for SFs gas sep-
aration process. The results showed the gas permeation varied differentlydepending on the properties of gases and
membrane. When permeance of each gases was represented as a function of temperature and pressure in 3 dimensional
space, the surface of permeance was shown approximately flat. Thus, we established permeance models with forms of first-
and second-order polynomial. These two models showed high goodness of fit. This indicates that the two polynomial models
have enough applicability to predict the gas separation process.
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Fig. 1. Schematic diagram of gas permeation experiment
apparatus (a. pressure gauge; b. moisture trap c. oven d.
membrane module e. three way valve).
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Fig. 2. Permeance of single gases ((a) N2, (b) O,(c) SFs, (d) CF4) through PSF depending on pressure and temperature.
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Fig. 3. Permeance of single gases ((a) Na, (b) Oa, (¢) SFs, (d) CF4) through PC depending on pressure and temperature.
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Fig. 4. Permeance of single gases ((a) Na, (b) O, (¢) SFe, (d) CF4) through PI depending on pressure and temperature.
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Table 1. Parameters Indicating Linear Pressure Depen-
dence (Q° and m) of Permeance in Single Gases
Through Membranes at 25°C

co

Membrane Gas Q m m/Q

o

N> 4.7508E+00  2.0377E+00 4.29E-01
O,  3.2931E+01  4.9207E+00 1.49E-01

PSF
SFs  1.7593E-01 1.8289E-01  1.04E+00
CFs  1.9440E-01 1.6844E-01  8.66E-01
N2 6.0956E+00  6.0681E-01  9.95E-02
pC O,  2.2349E+01  7.0451E-01  3.15E-02
SFs  2.6087E+00  8.9858E-02  3.44E-02
CF,  2.5260E+00  -2.1418E-02 -8.48E-03
N, 1.0592E+00  2.0860E-02  1.97E-02
P 0,  7.0253E+00  1.0887E+00 1.55E-01

SFy  2.2775E-02
CF,  23135E-02

4.6101E-03  2.02E-01
3.5956E-03  1.55E-01

Table 2. Physical and Thermodynamic Data for Selected
Gases[16]

Kinetic Critical Critical ~ Molecular
Gas diameter temperature pressure weight
() (X) (bar) (g/mol)
N, 3.798 126.2 335 28.02
(0)} 3.467 154.8 50.1 32.00
SFs 5.128 318.7 37.1 146.06
CF, 4.662 227.7 414 80.01
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Table 3. Parameters Indicating Van’t Hoff-Arrhenius Tem-
perature Dependence (Qo and Ep) of Permeance in Single
Gases Through Membranes at 0.27 MPa

Membrane Gas Qo E,

N2 6.5266E+04 2.3281E+04

PSF Oy 2.9137E+03 1.1010E+04
SFs 1.3921E-01 -1.1832E+03

CF, 1.2266E-01 -1.6638E+03

N2 2.0880E+02 8.7215E+03

PC Oy 1.9205E+03 1.1045E+04
SFs 3.2937E-01 -5.1804E+03

CF, 1.0207E+00 -2.2738E+03

N 3.1230E+04 2.5550E+04

Pl Oy 1.3661E+05 2.4325E+04
SFs 1.8640E-01 5.0070E+03

CF, 1.5040E-01 4.4807E+03
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Table 4. Permeance Parameters Optimized using Ist Order Polynomial Model

Optimized paratmeter

Membrane Gas R,
P00 P10 PO ‘

N, -7.0734E+01 2.5186E-01 2.5954E+00 0.9925

pSE 0, -1.4524E+02 5.9656E-01 4.9246E+00 0.9808

SFe 3.8788E-01 -6.9394E-04 1.7502E-01 0.9973

CF, 3.8740E-01 -6.3380E-04 1.6199E-01 0.9971

N -1.8964E+01 8.3641E-02 7.4316E-01 0.9838

pC 0, -9.4716E+01 3.9043E-01 1.4758E+00 0.9868

SFe 8.1114E+00 -1.8370E-02 4.0595E-02 0.9582

CF, 4.0992E+00 -5.3558E-03 6.6671E-03 0.6851

N -1.6526E+01 5.8303E-02 2.6524E-01 0.9622

. o} -9.1272E+01 3.2964E-01 1.0642E+00 0.9962

SFe -2.9795E-02 1.7590E-04 4.7808E-03 0.9208

CF, -1.8459E-02 1.4027E-04 3.1713E-03 0.9033
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