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Abstract— This work is a study on the permeation of sulfur dioxide gas from nitrogen-sulfur dioxide gas mixture
through the silicone rubber hollow fiber membrane.

Especially, the object of this study was to compare the experimental data with the theoretical model about the rela-
tion between axial pressure loss and the inlet flow rate and on the composition profiles of sulfur dioxide gas in the shell
side according to the distance of the hollow fiber under parameter cut change.
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Fig. 1. Countercurrent capillary permeator

pressurized internally with a pure gas.
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Table 1. Pure gas viscosity function.

N, =y cale/pustd=Exp (A’ InT+B"/T+C’ /T +
D’) A’ =0.60097 B’ =—-57.005 C"=1029. 1
D’ =-3.2322 Standard viscosity at 293°K
=1.757%x10""° pa-sec Temperature range:
100 — 2200° K (accuracy 99%)

S0, Temperature(C) Viscosity (up)
0 117
18 124.2
100 161. 6
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Fig. 2. Countercurrent capillary permeator press-
urized internally with a gas mixture.
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Fig. 3. Experimental apparatus.
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Table 2. Empirical pure- gas permeability function.

Q.= 7AI At B 7a Ba
Gas| Temperature (C) |(mol/m sec pa®) |(mol/m sec pa)
x10" <10
294 0 0.096
S0, 8.35
300 0.132 7.98
N 294 12. 35 308
: 299 12.4 309
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NOMENCLATURE

A', B, C', D' : coefficient in pure gas viscosity,
dimensionless

A, A,, A; : coefficient in Eq.(30), dimension-
less

E : Young’s Modulus, Mpa

F : feed flow rate, u-mol/sec

G : axial flow rate on low-pressure side

of shell, u-mole/see

K;,K;: function of Rew, dimensionless

m . mass flow rate, g/sec

M : molecular weight, g/g-mol

N : number of tubes in capillary bundle,
dimensionless

p : average partial pressure of component
in membrane, Kpa
absolute pressure, Kpa
flow rate on high pressure side of cell,
p-mol/sec

Q : permeability coefficient, mol/m. sec.
pa

r : capillary radius, m

R : gas constant, 8.314x10 Kpa/u-mol.
°K

Rew wall Reynolds number, dimensionless

T : absolute temperature, °K

u : displacement due to deformation, m

Viw radial velocity normal to capillary

St ES 223 M5= 1984-7 10

ol

- Y
wall, cm/sec

X : mole fraction of more permeable
gas on high-pressure side of cell,
dimensionless

y : mole fraction of more permeable
gas on low-pressure side of cell,
dimensionless

z : axial distance, cm

Greek letters

B : empirical constant in Eq.(23), mol/m.
sec.pa

04 empirical constant in Eq.(23), mol/m.
sec.pa’

€ axial strain, dimensionless

u gas viscosity, pa-sec

v Poisson’s ratio, dimensionless

P gas density, g/cm?

Subscripts

B : bottom product

C : compressible flow in an impermeable
tube

F feed stream

h high pressure side

i at inner wall of capillary

j jth component

k kth component

| low pressure side

o at outer wall of capillary

@) Hagen-Poseuille flow

r radial direction

z axial direction

1 more permeable component

2 less permeable component

Superscript

* . deformed state
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