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Abstract : The structural changes of cellulose acetate membranes with the variation of
acetone evaporation time and the gas permeation characteristics of He, N, and O, for
those memnibranes were examined, The dried cellulose acetate membrane by isopropanol
exchange treatment represented asymmetric structure which consists of a skin layer and
a support layer, By changing the solvent evaporation time, the thickness of the membrane
skin layer increased for the first 2 minutes, and then decreased gradually. The gas permeation
rate depended on the thickness of skin layer and it was in the order of He>N,>0, The
permeation mechanism appears to be the combination of Knudsen flow and viscous flow,
The effect of Knudsen flow was increased with acetone evaporation time, At 9 minutes
of evaporation time, ayen, was about 1.90.
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Fig. 1. Flow chart of membrane preparation process.
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Table 1. Physical Properties of Permeation Gases

He N, 0,
Diameter( A) 2.18 3.70 3.50
Bond Length(A) - 1.10 1.21
To(K) 4216 77.00 90.00
Tm(K) 35 63.15 54.50
Tc(K) 5.26 126.20 154.40
Pe(atm) 2.26 33.50 49.70
M.W.(g / mol) 4.00 28.02 32.00
Density{g /em®*x10°) 0.1875 1.257 1.429
Viscosity{(cp) 0.0188 0.0178 0.0220
Mean Free Path(A) 1936 954 1019
298K, latm

Fig. 2. Schematic diagram of gas permeation apparatus:
1 Permeation cell,
3 Nitrogen bomb,
5 Flow meter,

7 Water bath,

9 Circulator,

2 Oxygen bomb,

4 Gas holder,

6 Pressure gauge,

8 Thermometer,

10 Soap flow meter.
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Fig. 3. Schematic diagram of peremation cell :
a)gasket, b)O-ring, c)membrane, d)filter paper,
e)porous S. S, plate.
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Fig. 4. SEM photographs of CA membrane.
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Fig. 5. Permeation rate of He, N, and O; vs mean
pressure.
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Table 2. Values of Characterized Factors of Cellulose Acetate Membranes

Evap. Permeation Rate of N, . Bo Effective Porosity
Time (sec) (ecm*(STP)cm / cm? seéc atm) Kox10 — X 1¢° (e/q%) x10? ke7/ Bo
15 8.65x10° 7.95 0.495 0.227 16.06
30 8.35X107 7.65 0.463 0.225 16.52
45 6.12x10° 5.53 0.318 40171 17.38
60 2.71x10° 2.40 0.125 0.082 17.92
180 5.51x10° 5.10 0.230 0.201 22.00
300 1.64x10™ 1250 0.460 0.602 27.17
420 6.42x10™ 61.50 2.10 3.190 29.28
540 9.69x10™ 97.00 3.00 5.630 32.30
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Fig. 8. Permeation rate of He, N, and O, vs inverse
root square molecular weight of these gases.

=2l A13¥ A53 1989 6¥

717 A] effective porosity7} 7FA3¢ 0wy, 28 0|
Folli= effective porosity”} Z7}stgtl. 3tHk,
7/ By & TWAIto] wat WTo] glo] &7t
322 Knudsen flow % 3o] 7188 vhehfin,
71&el 2717 Aa 2AES UEbdc, Table
290 JeRd ZF ASE (9o HREt] A3
EAZ] HA7|FA7E= oF 30~60A It
Fig. 8% 9= &ul32A|zte] 98¢l uhol o3t

2.0¢
He
3
3
2 s
Z
10
L oM
} Evaporation time:9min
AP:7atm
- i
0.5 1.0
1/ VM
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gases.
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B:geometric factor

D :diffusivity [cm?/ sec]

k:permeability of Knudsen[cm®*(STP)cm / cm?
sec atm]

K:combined permeability [ em®(STP) cm / cm?

sec atm)
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r:mean pore radius [cm ]

J:permeation flux [em?(STP) / cm? sec]
L:membrane thickness [cm]

M :gas molecular weight [ g/ mole ]
P:mean pressure [atm]

Ap:pressure difference [atm]

P:gas permeability [em?*(STP) cm/cem?sec atm]

R:gas constant [erg/deg mol]
S:solubility [cm*(STP) / cm® atm]
T:temperature [K]

a:geparation factor

A:mean free path [ cm]

€:porosity

q:tortuosity

v:average molecular velocity [cm / sec]

€ / q*:effective poposity

subscript
h:high pressure side
1:low pressure side
PF: Poiseuille flow
SD :solution - diffusion
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