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Two-stage membrane separation of ethanol/water solution by liquid membrane
and membrane evaporation using a hydrophobic porous membrane.
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Fig. 1 Pervaporation(membrane evaporation) of ethanol

/water solution using a hydrophobic microporous
membrane.
(a) : Effect of feed concentration. (b) : Effect of
permeate side pressure. - - - : Silicone rubber mem-
brane (I1to (1005)), — — : PTFE microporous mem-
brane (Hoffmann (1987)
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Experimental setup for vapor permeation of ethanol/water mixed vapor through a liquid membrane
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Fig.3 Vapor permeation of ethanol/water mixed vapor

through liquid membranes

M : Diglycolamine (DGA)( 6 =48 # m), O : Di-
ethanolamine (DEA))(é6 = 74 pgm), A : Poly-
ethylene glycol 400 (PEG400))(6 =74 #m), A:
Triethylene glycol (TEG))( 8 =126 u#m)
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Fig.4 Vapor permeabilities of ethanol (A) and water
(O) through PEG400 liquid membrane.
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Fig.5 Two-stage membrane separation of ethanol/water solution by membrane distillation and vapor permeation
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Fig.6 The effect of operation pressure on the separation
performance of the two-stage membrane separa-
tion process
— —: Calculation by using of Hoffmann's data
(Hoffmann (1987))
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Notation
¥ = ethanol mole fraction of ethanol/water
mixed vapor (-1
£ = ethanol mole fraction of ethanol/water
solution (-]
P, = permeate side pressure (kPal
P. = low-vacuum side pressure [kPal
P* = vapor pressure of feed solution (kPal
Q = permeability [mol-m/(m-s-kPa)]
F = molar flow rate in low-vacuum side
[mol/s]
A = membrane area [nf]
8 = liquid membrane thickness [m]
Subscript
1 = ethanol
2 = water
f = feed side
m = low-vacuum side
p = permeate side or vacuum side
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Separation performances of ethanol/water mixture were tested by a membrane distillation proc-
ess and a supported liquid membrane process. These both processes utilize a highly-hydrophobic
porous membrane (Durapel, Millipore). A two-stage process was constructed and tested, which
consists of the porous membrane for membrane distillation and the liquid membrane in one
cell. Ethanol is concentrated form a dilute aqueous solution in membrane-evaporated vapor.
Then, the liquid membrane of hygroscopic liquid, polyethylene glycol 400, removes water form
the vapor. Ethanol is highly concentrated in residual vapor outlet flow. The separation per-
formance of the two-stage membrane was shown and compared with theoretical calculation
based on vapor permeabilities of the liquid membrane.
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