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ABSTRACT: Pervaporation of ethanol/water mixtures at 25°C was examined on membranes 
of (AB). type multiblock copolymers of bisphenol-A polycarbonate (PC) and polyoxyethylene 
(POE) with varying composition and block length. The membranes allowed preferential pervapo
ration of water over ethanol, and hence were effective for dehydration of the mixtures with high 
ethanol content. The rate of pervaporation was dominated by the solubility of the liquids to the 
membranes. Thus, the overall pervaporation rate was high for the swollen membranes .. However, 
the permselectivity as judged by the separation factor rx, which is the ratio of the water versus 
ethanol content in the permeate and in the feed, was reduced by swelling. Thus, an optimum for 
better selectivity and yet a reasonably high rate of pervaporation was attained by the sample with 
75 wt% PC content and long blocks for the azeotropic (95.5% ethanol) mixture rather than by those 
with low PC content. 
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The current increasing interest in biomass 
technology is demanding development of new 
efficient separation techniques applicable to 
aqueous solutions. 1 - 4 Usually separation of 
components from aqueous solutions such as 
water and ethanol is a time- and energy
consuming process. In this respect, membrane 
technology is promising as energy saving pro
cesses of separation. 3 Pervaporation is one of 
such membrane techniques particularly useful 
for azeotropic mixtures, which are hardly se
parable by conventional distillation. The tech
nique is also convenient for evaluating the 
performance of permselective membranes. 

through polymer membranes was attempted 
by many researchers. 5 - 17 A large portion of 
such studies was made using hydrophilic poly
mer membranes. 5 -u Because hydrophilic 
membranes were lacking toughness due to 
excessive swelling in aqueous media, improve
ment of their toughness was attempted mostly 
by introducing crosslinks. 

In recent years, separation of aqueous al
cohol solutions by selective permeation 

* To whom correspondence should be addressed. 

On the other hand, in accordance with 
current developments in varieties of polymer 
alloys, several other attempts were made to 
improve membranes, for example, by grafting 
hydrophilic segments onto hydrophobic hard 
backbones. 12 - 15 Block copolymers, which also 
belong to a family of polymer alloys, are 
another candidates for high performance sepa-
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ration membranes. 16·17 They might exhibit ad
ditional advantages due to microphase-sepa
rated structures characteristic of the molecular 
architecture. In many block copolymer mem
branes, the existence of the intermixing phase 
appears to be imparting intriguing characteris
tics to the membranes. However, few workers 
described pervaporation characteristics of 
such block copolymer membranes in terms of 
their morphological features. 

In this series of studies, we attempted to de
velop a method of separating aqueous ethanol 
mixtures by using multiblock copolymer mem
branes having mosaic structures of hydro
philic soft-domains and hydrophobic hard
domains. The membranes tested were ran
domly-coupled bisphenol-A polycarbonate 
(PC) and polyoxyethylene (POE) multiblock 
copolymers of (AB)"-type with varying com
position and block length. In our previous 
articles, we described swelling behavior of 
these copolymers in water/ethanol mixtures,21 

and also pervaporation of pure water and 
ethanol through these membranes,22 placing 
emphasis on the relation between these prop
erties and the microdomain structures. We 
found that the swelling behavior of the copoly
mers in water/ethanol mixtures were quite 
different from that of the homopolymer mem
branes.21 We also found that depending on the 
nature of the permeant, its permeability was 
dominated either by diffusivity or solubility of 
the permeant into the membranes. Ethanol 
belongs to the former type, and water to the 
latter. 22 The present paper is concerned with 
evaluation of permeation rate and permselec
tivity of these multiblock copolymer mem
branes for pervaporation of water/ethanol 
mixtures. 

EXPERIMENTAL 

Materials 
The copolymer samples used were prepared 

by condensation of bisphenol-A (B) and 
polyoxyethylene glycol (POE) oligomer with 
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Table I. Characteristics of multiblock copolymers" 

Sample code 
PC content 

X y z n (BXEY) 
wt% 

B22E46 73.1 22.9 46 l.l 12 
B9El4 77.2 9.6 14 l.l 21 
B13E68 51.8 13.9 68 1.1 8 
B5E23 52.3 5.5 23 1.2 35 

phosgene by the method of Goldberg. 23 The 
details were described in our previous pa
pers.18- 22 Table I shows the characteristics of 
the four samples used in this study. The co
polymers are coded as BXEY with X and Y 
denoting the average degree of polymerization 
of PC blocks and POE precursors, respective
ly. The values of X and the average number Z 
of POE precursors coupled to form individual 
POE blocks were calculated from the mono
mer feed-product composition by assuming 
random coupling of B and EY units. 

The copolymer samples were cast into films 
of about 0.05 mm thick from 2 wt% chloro
form solutions on a teflon sheet. The solvent 
was allowed to evaporate slowly over a week, 
and then dried under vacuum of 10- 2 torr for 
two more days. 

For the sample characterization, we carried 
out differential scanning calorimetry (DSC) 
with a Rigaku Denki Model 8055 DSC ap
paratus in a range from 170 to 570 K at a 
heating rate of 10 K min - 1. 

Pervaporation 
In our previous study,21 we found that the 

swelling behavior of the BXEY polymers in 
water/ethanol mixtures significantly differed 
depending on whether they were conditioned 
by water or ethanol. Thus, we usually started a 
series of pervaporation tests first for a mixture 
of the lowest ethanol content (usually 20 wt%). 
At the beginning, a freshly prepared mem-
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brane was equilibrated with a 20wt% ethanol 
mixture. Then, the membrane was mounted on 
the pervaporation cell, and tested for the 
20 wt% mixture. After finishing the first run, 
the feed was replaced by a mixture of next 
higher ethanol content, and the membrane was 
conditioned in situ with the mixture. After 
reaching the swelling equilibrium, the test was 
carried out for the second mixture. These 
procedures were repeated using solutions with 
increasing ethanol content, step-by-step, up to 
the azeotropic composition. In some cases, 
ethanol conditioned membranes were tested. 

The apparatus and procedures for the per
vaporation test were described in our previous 
paper. 22 All the pervaporation experiments 
were carried out at 25.0 ± 0.1 oc. The down
stream (vacuum) side of the membrane was 
kept at a pressure between 10- 3 and 10- 5 torr 
by a diffusion and rotary pumps with cold 
traps. The vacuum was monitored with a cold
cathode ionization guage (Tokuda Seisakusho, 
Model PST-5). The feed was constantly stirred 
by a stirrer to prevent concentration polari
zation to occur. The permeate was collected 
using two cold traps chilled with liquid N 2 

alternately. 
To determine the pervaporation rate P 

(gem - 1 s - 1) and the composition of the per
meate, alliquots were collected at appropriate 
intervals. Whenever an alliquot (at least 0.5 g) 
of permeate was collected, an alliquot was 
taken also from the feed to check the com
position change in the feed. 

The composition of the permeate and feed 
was analysed with a gas chromatograph (GC: 
Shimadzu Seisakusho, GC-4BM) equipped 
with a flame ionization detector (FID). The 
column was a 3m glass column packed with 
80-IOOmesh diatomite impregnated with 20 
wt% fatty acid (FFAP Chromosorb W; Wako 
Pure Chemicals Co.). 

The chromatograms were calibrated with 
acetone/ethanol/water mixtures of known 
acetone/ethanol content. To do this, ethanol/ 
water mixtures of known composition were 
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prepared as the initial standard mixtures. An 
exactly twice amount of acetone was added to 
each mixture. Then, the mixture was diluted 
with an appropriate amount of water so that 
we could detect adequate acetone and ethanol 
signals in the chromatogram. For a test, we 
injected 0.1 J1 L of the sample to the GC several 
times, and determined the average ratio of the 
height of the ethanol and acetone peaks. The 
relative peak height was plotted against the 
water/ethanol composition of the initial mix
ture to make a calibration for the later anal
yses. The precision in determining ethanol 
content was in most cases within± 0.3 wt%. 

In a typical experiment, a 200 g feed was 
charged, and the permeate of approximately 
0.6 to 0. 7 g was collected several times at 2 h 
interval to assure the steady state. The collect
ed samples were subjected to the composition 
analysis as mentioned above. In a typical 
example for the azeotropic mixture with a 
B22E46 membrane, total 3.55 g permeate with 
the average 79 wt% ethanol content were re
covered, while the composition of the feed 
changed from 95.5 to 96.5 wt% during the run. 
Thus, the mass balance was satisfied. 

Analysis of Pervaporation Data 
The selective permeation of an A/ B binary 

mixture can be conveniently expressed in terms 
of the separation factor o:A defined as 

where XK and YK are the weight fraction of the 
species K (K =A or B) in the feed and per
meate, respectively.4 Usually the preferentially 
permeating species is taken as the species A. 

If the pervaporation proceeded ideally, the 
pervaporation rate of the component K (K =A 
or B) should be given by4 

(K=A or B) (2) 

where is the observed pervaporation rate of 
the pure liquid K for the same membrane. 
Since the ideal pervaporation implicitly as
sumes an additivity of the flux of the com-
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ponents, the total ideal pervaporation rate 
pid should be 

(3) 

Huang et a/. 5 •6 introduced the permeation 
ratio () and ()K as a measure of the deviation of 
the observed overall rate P and the rate of 
the pure liquid K from the ideal rates pict and 
P;t as 

fJ=P/Pict (4a) 

()K (4b) 

where YKP is by definition the observed 
pervaporation rate of the component K (=A 
or B). 

RESULTS 

Permselectivity 
First we compare the permselectivity of 

ethanol and water for the four copolymer 
samples tested. Figures I and 2 show plots of 
the ethanol content in the permeate YEtoH 

versus in the feed XEtOH at 25oC for the mem
branes with 75 and 50 wt% PC content, respec
tively. The separation factor IJ(water determined 
by eq I is also shown in the same figures. 
However, we could not carry out the pervapo
ration test on POE-rich B5E68 and B2E23 
membranes, because they were usually highly 
swolleR and lacking mechanical strength. 21 

These soft membranes at a highly swollen state 
were easily broken by applying vacuum for the 
pervaporation test. 

In Figures I and 2, we notice that the 
observed data are always below the dashed 
curve representing the equilibrium vapor
liquid composition diagram for water/ethanol 
mixtures at 25°C.23 Thus, the main perva
porating species is water rather than ethanol, 
although at 25°C the former has the lower 
vapor pressure than the latter. This tendency 
was common for all the samples tested here, 
regardless of the composition and block length 
of the samples. Similar results were reported 
for pervaporation of water/ethanol mixtures 
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Figure 1. Ethanol composition YEtoH in the permeate 
and separation factor IXwatec as a function of ethanol 
composition XE,oH in the feed for pervaporation at 25oC 
through 75 wt% PC containing membranes. The dashed 
line is the equilibrium liquid/vapor diagram for water/ 
ethanol mixtures at 25oC. 
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Figure 2. The same plots as in Figure I for 50wt% PC 
containing membranes. 

through hydrophilic membranes. 5 - 7 •9 - 11 

Comparing the two sets of membranes hav
ing the same PC content but different block 
length, we noticed that those with long blocks 
exhibited better performance over the other. 
For those with 75 wt% PC content, the values 
of IJ(water for the B9EI4 membrane (having 
short blocks) were nearly I to 2 at most for the 
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feed of any composition. On the other hand, 
cxwater for the B22E46 membrane (having long 
blocks) increased significantly for the feed with 
increasing ethanol content over 50 wt% 
ethanol, and reached as high as roughly 16 for 
the azeotropic mixture. In the case of 50 wt% 
PC containing membranes, a better permselec
tivity was attained also by the sample with 
long blocks, although the increase in cxwater was 
much less than that for 75 wt% PC containing 
membranes. 

Comparing the two long block samples with 
different PC content, B22E46 and B13E68, we 
notice that the permselectivity is high for the 
former with 73 wt% PC content rather than 
the latter with 52 wt% PC content. 

Rate of Pervaporation 
Next, we examined the dependence ofperva

poration rates on the PCjPOE composition 
and block length of the samples. Figures 3 and 
4 show plots of pervaporation rate P at 25oC 
versus the ethanol content in the feed for 75 
and 50 wt% PC containing membranes. The 
dashed curves represent the ideal rate pict 

calculated by eq 3 from our previous data for 
the pure liquids. 22 The figures also show the 
equilibrium degrees of swelling qe (g-liquid/g 
dry membrane) of the same membranes in 
ethanol/water mixtures taken from our pre
vious paper.21 

As can be seen in Figures 3 and 4, for the 
PC-rich membranes the rate P 0 of pure 
ethanol was larger than that of pure water, 
while for the PC/POE 50/50 membranes the 
latter was larger than the former. Thus, the 
rate P 0 of pure water was much smaller for the 
former, B22E46 and B9E14, than for the lat
ter, B13E68 and B5E23, while that of pure 
ethanol was larger for the latter than for the 
former. This tendency is probably reflecting 
the fact that the PC-rich membranes were 
swollen more in ethanol than in water, while 
the 50/50 membranes (and POE-rich mem
branes also) were swollen more in water than 
in ethanoJ.2 1.22 
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Figure 3. Observed (solid curves with open circles) and 
ideal (dashed curves) pervaporation rate as a function of 
ethanol composition XEtoH in the feed for pervaporation 
at 25oC through 75 wt% PC containing membranes. 
Equilibrium degree of swelling q, (wt%) is also shown 
(solid curves with closed circles). 
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Figure 4. The same plots as in Figure 3 for 50wt% PC 
containing membranes. 

In Figure 3, we see for the PC-rich mem
branes that the observed pervaporation rates P 
were always smaller than the ideal rates pict. 

The rate P for B22E46 exhibited a sharp 
minimum for the azeotropic mixture, while 
that for B9E14 steadily decreased with increas
ing ethanol content. The behavior of B9E 14 
was rather unusual in that P for 20 wt% 
ethanol mixture was above the pict but decreas
ed rapidly with increasing ethanol content in 
the mixtures, or by subjecting it to ethanol-rich 
mixtures. 

On the other hand, for the 50/50 mem
branes, P exhibited a positive deviation from 
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Figure 5. Plots of log (permeation ratio ewatec) and 
log ( OEtoH) versus ethanol composition X EtOH in the feed 
for permeation at 25oC through 75 wt% PC containing 
membranes. 
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Figure 6. The same plots as in Figure 5 for 50wt% PC 
containing membranes. 

the ideal behavior pict, as can be seen in Figure 
4. Particularly, that for B5E23 exhibited a 
sharp maximum for the azeotropic mixture. 

The deviation of the observed behavior from 
the ideal one is also seen in the permeation 
ratios, eEIOH and ewatero defined by eq 4. Figures 
5 and 6 ShOW the plotS Oflogarithm 8EtOH and 
ewater versus feed composition XEIOH for 75 and 
50 wt% PC containing membranes, respective
ly. For the PC-rich membranes, Bwater was 
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always larger than eEtOH· Particularly' for 
B22E46 Bwa\er was larger than unity, while 
eEtOH was smaller than unity. Namely, the 
pervaporation of water was accelerated by 
absorbed ethanol, while that of ethanol was 
retarded by water. For B9El4 membranes, we 
notice a rather unusual dependence of the 
permeation ratiOS, 8water and 8EtOH• On the 
composition of the mixtures. 

On the other hand, for the 50 wt% PC 
COntaining membranes, 8EtOH is always larger 
than unity, while ewater remained nearly con
stant close to unity except for a few cases. This 
means that the pervaporation of ethanol was 
always accelerated by water, but that of water 
was not affected by ethanol. 

Effect of Ethanol Conditioning 
In our previous work, 21 we observed that 

ethanol conditioning of the BXEY membranes 
significantly affected their swelling behavior in 
water/ethanol mixtures, presumably through 
changes in microphase separated structures by 
conditioning. Ethanol conditioning appeared 
to promote microphase separation in PC/POE 
intermixing domains and crystallization of PC 
blocks in the membranes. Thus, the degrees of 
swelling were reduced significantly, and their 
swelling behavior became similar to that of 
crosslinked POE membranes containing hy
drophobic hard PC-rich domains. Thus, we 
examined the effect of ethanol conditioning on 
the pervaporation behavior of the two sam
ples, B22E46 and B5E23, for comparison. 

Figures 7 and 8 show the permselectivity 
and pervaporation rate for ethanol condi
tioned B22E46 and B5E23 membranes, respec
tively. Comparing the results on these un
conditioned and ethanol-conditioned mem
branes, we notice for B22E46 a slight reduc
tion in the permselectivity, but for B5E23 a 
slight but appreciable improvement especially 
for the mixtures with high ethanol content. On 
the other hand, the observed pervaporation 
rates for both membranes were reduced signifi
cantly especially for the mixtures with high 
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and equilibrium degree of swelling at 25 2 C for an 
ethanol conditioned B22E46 membrane. For compa· 
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Figure 8. The same plots as in Figure 7 for an ethanol 
conditioned B5E23 membrane. 

ethanol content. 

DISCUSSION 

The permeation of a liquid through a non
porous matrix is governed by two factors: The 
solubility and the diffusivity of the liquid 
through the matrix. A liquid with a high 
affinity dissolves well into the matrix, and the 
permeation is governed essentially by its solu
bility. On the other hand, a liquid with a low 
affinity hardly dissolves into the matrix, and 
the permeation is governed mainly by its dif
fusivity. However, once such a liquid is taken 
up, it can be transported rather rapidly 
through the matrix. For example, absorption 
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and desorption of water in nonpolar poly
styrene reach the equilibrium more rapidly 
than that in more polar styrene-acrylonitrile 
copolymer, although the maximum water re
gain by the former is much less than that by 
the latter. 24 By comparing the solubility con
trolled and diffusivity controlled systems, it 
can be said that usually the overall-rate of 
pervaporation is higher for the former systems 
with the high affinity to the liquid. 

Therefore, if we try to separate a mixture of 
two liquids such as water and a higher alcohol 
having a small mutual affinity, the strategy to 
be employed is rather simple: It is to select a 
membrane which has a high affinity to one of 
the liquid component but a poor affinity to the 
other. However, to separate two liquids having 
a high mutual affinity such as the present 
system, this strategy would not work. Even if 
the membrane has an uneven affinity to the 
component liquids, the absorbed component 
with the high affinity (to the membrane) would 
accelerate absorption of the other component. 
Pervaporation of such mixtures as water/ 
ethanol systems by a membrane consisting of 
mosaic domains having different affinities to 
the liquid components should be complicated 
due to the complex influence of the permeant/ 
matrix interactions. 

From the results obtained in this study, we 
may conclude that through these BXEY mem
branes water permeates preferentially over 
ethanol. However, the mechanisms of the 
permselectivity appear to be different for the 
PCjPOE 50/50 and PC-rich (75 wt%) mem
branes. Comparing Figures 3 and 4, we im
mediately notice that for the PC-rich mem
branes, the overall permeation rate exhibits a 
minimum for the mixture of nearly azeotropic 
composition, while for the 50/50 membranes it 
exhibits a maximum for the same mixture. 

On the basis of the dissolution-diffusion 
mechanism of the permeation of water 
through poly(vinyl alcohol) membranes and 
various alcohols through crosslinked natural 
rubber membranes, Paul et a/. 25 -zs suggested 
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that the permeation rate may depend on the 
viscosity, since the diffusivity is inversely pro
portional to the permeant viscosity. Hamaya 
and Yamada29 reported on the pervaporation 
of n-butylaminejwater mixtures through cel
lophane that the pervaporation rate exhibited 
a minimum at a certain composition of the 
mixture which has the maximum viscosity. 
They interpreted this result according to the 
permeant viscosity concept. However, this re
gime of Hamaya and Yamada29 on the perva
poration of liquid mixtures through single
phase membranes is obviously too simple to 
apply to our complex multiphase membranes. 

The 50/50 membranes (especially with long 
blocks) are more hydrophilic than the PC-rich 
membranes, and swollen more in water than in 
ethanoU1 Therefore, the permeation of water 
should be governed essentially by the solubility 
of water into these 50/50 membranes.20 How
ever, we found that for the mixtures especially 
of high ethanol content, the degrees of swelling 
of these membranes became exceedingly large 
in comparison with the composition average 
for the pure liquids (see Figure 4).21 This 
increase in the solubility of ethanol to these 
50/50 membranes by the presence of water 
should accelerate permeation of ethanol and 
increase the overall rate P over the ideal rate 
pict, while that of water should be practically 
unaffected by coexisting ethanol (see Figure 6). 
These tendencies would bring about a minor 
improvement in the separation factor. 

Although we did not test directly, we may 
deduce that since the POE-rich and other 
hydrophilic membranes as well are highly 
swellable in aqueous media, such membranes 
should exhibit a high pervaporation rate but a 
poor permselectivity for water/ethanol mix
tures. By absorbing a small amount of water in 
the mixture, such membranes become capable 
of absorbing a large amount of ethanol, even if 
the membrane itself can not absorb much 
ethanol. Thus, the pervaporation of ethanol in 
the mixtures should be encouraged, and con
sequently the permselectivity can be reduced. 
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The membranes of low (30%) PC content such 
as B5E68 and B2E23 were highly swellable in 
the mixtures especially of high ethanol con
tent.21 In fact, the B2E23 membrane was in
soluble either in water or ethanol but soluble 
in the 70 to 80% ethanol mixtures. These 
membranes are obviously inadequate for sepa
rating ethanol and water, although the perva
poration rate could be very high. 

On the other hand, the PC-rich membranes 
are hydrophobic and swollen more in ethanol 
rather than in water. 21 Although they also 
exhibit a swelling maximum in the mixture of a 
certain ethanol content, the maximum uptake 
is much smaller than that of the 50/50 mem
branes (compare Figures 3 and 4). In such 
membranes, absorption of water appears to be 
encouraged by coexisting ethanol, which pro
bably acts as a plasticizer of hard PC domains 
and loosens the network structure having PC
microdomains acting as physical crosslinks. 18 

Thus, permeation of water can be accelerated. 
Our previous results22 showed that in the 

PC-rich membranes the pervaporation rate of 
pure ethanol is higher than that of pure water. 
We also observed that the average diffusion 
rate of pure ethanol is larger in PC-rich mem
branes rather than in POE rich membranes. 
These results imply that permeation of ethanol 
in the PC-rich membranes is governed by its 
dissolution and diffusion through PC-rich 
intermixing domains. In water/ethanol mix
tures, polar POE domains containing absorb
ed water may have a higher affinity toward 
ethanol than the PC-rich domains, and thus 
the ethanol content in the PC-rich domains 
may be reduced, where ethanol diffuses rather 
rapidly. These factors may contribute to reduce 
the permeation ratio eEtOH· Thus, although the 
overall rate is low especially for the mixtures of 
high ethanol content, the permselectivity is 
rather high for these PC-rich membranes. 

Comparing the behavior of the two samples 
having the same PC content but different block 
length, we notice that the separation factor 
awater is better for the sample having long 
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blocks. However, the reason for this difference 
appears to be different between the two sys
tems. For the 75% PC content membranes, the 
solubility of the mixture in the B9El4 mem
brane having short blocks is almost the com
position average of the pure liquids and is less 
than that in the B22E46 membrane having 
long blocks (see Figure 3). Thus, the perm
selectivity arises from the difference in the 
diffusivity of the two liquids. However, our 
previous results showed that the diffusivity of 
the two liquid in the B9El4 membrane is 
almost the same.22 For the 50/50 membranes, 
the solubility to the B5E23 membrane having 
short blocks appears to be larger than that to 
the Bl3E68 membrane having long blocks (see 
Figure 4). Thus, the permselectivity may be 
controlled by the solubility and reduced by tqis 
higher swellability in the mixtures. 

In connection with the effects of block 
lengths on the pervaporation through the 
BXEY membranes, we should probably com
ment the followings. Our previous results18 •20 

showed that the short-block membranes such 
as B2E4 and B3E9 exhibited the properties 
similar to a single-phase random copolymer: 
They exhibit a single sharp glass transition, 18 

and show a small maximum regain for sorption 
of water.20 Such short-block membranes also 
are unlikely to exhibit high performance as a 
separation membrane: The permselectivity 
could be high, but the permeation rate should 
be intolerably slow. 

Turning our attention to ethanol condi
tioned membranes, we can comment the fol
lowings. Since microphase separation of the 
two components were promoted during 
ethanol-conditioning, these membranes should 
have acquired a more fully crystallized and 
microphase-separated structure and became 
less swellable either in water or ethanol. This 
tendency should certainly reduce the overall 
pervaporation rate of both B22E46 and B5E23 
membranes (see Figures 7 and 8). For the 
former, the ethanol conditioning tended to 
reduce the degree of swelling slightly, and thus 
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Figure 9. Changes in DSC curves of B9E14 by 
sample preconditioning; As-cast, water-conditioned, 
ethanol/water azeotropic mixture-conditioned and 
ethanol-conditioned membranes. 

to reduce the pervaporation rate and perms
electivity slightly (see Figure 7). On the other 
hand, for the latter, the decrease in qe induced 
by the change in the microdomain structure is 
large for the mixtures of high ethanol content. 
This might imply the structural change re
duced mainly ethanol uptake and the perva
poration rate of ethanol, thus improving 
slightly the permselectivity (see Figure 8). 

Finally, we should probably comment on 
the rather unusual dependence on the ethanol 
content in the feed of the pervaporation rate 
and permselectivity exhibited by the B9El4 
membrane. For this membrane, we noticed 
that the steady-state pervaporation was reach
ed exceedingly slowly in comparison with 
other membranes, and that the reproducibility 
of the results was rather poor. These results 
suggest that some structural changes have 
taken place during the series of pervaporation 
experiments with varying feed composition. 

Figure 9 shows DSC curves of the 
B9El4 membranes recovered at various stages 
of the pervaporation test. The membrane sub
jected to the test against an azeotropic mixture 
and pure ethanol exhibited a significant PC
melting peak at about 500 K, which was absent 
in the as-cast membrane. During the perva
poration test against the mixtures with increas
ing ethanol content, further microphase sepa-
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ration and crystallization in the PC phase took 
place, and therefore the membrane became less 
swellable and tough. Thus, the rate of perva
poration was also significantly decreased with 
the sequence of experiments. 

CONCLUSION 

The performance of BXEY multiblock co
polymer as permselective membranes was 
tested by pervaporation for water/ethanol 
mixtures. These membranes allowed extrac
tion of water from the mixtures of high ethanol 
content. Among the four samples tested, the 
B22E46 membrane (with 75% PC content and 
relatively long blocks) exhibited the best per
formance in separation. The separation factor 
o:water reached as high as 16 for the azeotropic 
mixture, although the overall pervaporation 
rate was somewhat reduced. 

The B13E68 membrane having 50/50 com
position and long blocks exhibited the separa
tion factor o:water of about 6 for the azeotropic 
mixture. However, its overall rate of pervapo
ration was about I 0 times higher than that of 
the B22E46 membrane. 

The BXEY membranes were good only for 
separation of the mixtures of high ethanol 
content. We are further seeking other mem
branes having the affinities different from the 
BXEY systems in the hope that we can develop 
a membrane system capable of extracting 
ethanol .. from the mixtures of low ethanol 
content. 
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