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Abstract

The relationships between affinity of membranes and optimum operation conditions were investigated in the
pervaporation of water(1)/ethanol(2) mixture through cellulose acetate(CA) membranes having more affinity
to water and silicone rubber(SR) membranes having more affinity to ethanol. CA and SR membranes were
prepared and amount of sorption, sorption selectivity. pervaporation separation factor and pervaporation rate
in both of membranes were determined and compared. The effects of downstream pressure were analyzed
using Thompson diagram and the sorption and pervaporation characteristics with composition of feed and operation
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temperature were examined in terms of affinity, activity coefficient, plasticizing effect and activation energy

of individual species. In the separation of water through CA membranes, high performance of both pervaporation

separation factor (water to ethanol, [allpy) and pervaporation rate was obtained in the conditions of low down-

stream pressure, middle range of feed concentration and high temperature. In the separation of ethanol through

SR membranes, pervaporation separation factor(ethanol to water, ([alpy) increased with downstream pres-

sure and decreased with concentration of ethanol in feed and operation temperature, while pervaporation rate

showed opposite trends to those of ([a2lpy).
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Amount of Sorption(wt%) =
weight gain at equilibrium(g)
weight of dry membrane(g)
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mole fraction ratio(1 to 2) in the membrane
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Fig. 1. Temperature programming desorptioner
with vacuuming
1. temperature programmer 2. thermocou-
ple 3. furnace 4. sample bottle 5. vacuum
cock 6. collecting trap 7. vacuum pump
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Fig. 2. (a)Pervaporation cell
1. stirrer 2. thermocouple 3. O-ring 4.
membrane 5. filter paper 6. sinterred
SUS filter
(b)Pervaporation Apparatus

1. thermostated water bath 2. pervapo-
ration cell 3. stirrer 4. thermocouple 5.
vacuum gauge 6. 3-way cocks 7. collec-
tion traps 8. vacuum control valve 9.
vacuum pump
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Pervaporation Rate[Kg/mhr] =

weight of pervaporate(Kgl )
area of membrane[n] X time[hr]

(Loilpy) =
mole fraction ratio(1 to 2) in the pervaporate

mole fraction ratio(1 to 2) in the feed
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Fig. 3. Thompson diagram : The effect of downst-

ream pressure on the composition of perva-

Downstream Pressure (mmHg)
o

porate in pervaporation of a aqueous ethanol
at 25C, o: CA(cellulose acetate) memb-
rane{40um), feed = 70 mol% of ethanol.
+ : SR/PSF composite membrane, feed
= 10 mol% of ethanol. Dotted lines denote
vapor-liquid equilibrium of water(1).”etha-
nol(2) at 25C.
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Fig. 4. The effect of downstream pressure on the
pervaporation rate in pervaporation of
aqueous ethanol at 25C. o : CA(cellulose
acetate)  membrane(40um), feed = 70
mol% of ethanol. + : SR/PSF composite
membrane, feed = 10 mol% of ethanol.
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Fig. 5. The effect of feed concentration on the ratio
of activity coefficient ((y,/y2)g), sorption
selectivity ([a}]s) and pervaporation sepa-
ration factor ([allpy) at 25C.
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Fig. 7. The effect of feed composition on the perva-
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membrane at 55C and (b)SR membrane
at 25TC.
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