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Summary
Permeation and separation characteristics of binary alcohol mixtures for relatively

hydrophobic polymer, poly(vinyl chloride) (PVC), membrane were investigated on perva-
poration. In single component measurements, it was found that small-sized alcohol had high
solubility and high normalized permeation rate for the PVC membrane. In binary mixture
measurements, small-sized alcohol was preferentially incorporated into the PVC membrane
in all alcohol mixtures and was predominantly permeated through the membrane. It was
found that the solubility and diffusivity of small-sized alcohol was higher than those of other
alcohols in all systems.

Introduction

Recently, membrane technology has been developed in so many fields. Membrane
separation techniques are also studied by many workers. In the field of membrane separa-
tion, pervaporation is useful for the separation and concentration of azeotropic mixtures,
close-boiling point mixtures, heat-sensitive mixtures and so on (1). For an aqueous alcohol
solution, hydrophilic polymers are generally used as membrane material in pervaporation in
order to obtain water-permselective membranes. There are few reports relating to hydropho-
bic polymer membranes in pervaporation for an aqueous alcohol solution.

We previously reported that hydrophobic polymer membranes such as polystyrene (2),
poly(vinyl chloride) (3) and poly(vinyl p-fert-butyl benzoate) (4) preferentially incorporated
alcohol and predominantly permeated water from aqueous alcohol solutions in pervaporation.
These results were attributed to a strong interaction between the alcohols and the hydrophobic
polymers, and to the fact that water molecules are easily diffused through the hydrophobic
polymer membranes because of its small molecular size.

In this report, the solubilities and permeabilities of linear C, to C,-alcohols and
permselectivities of various binary alcohol mixtures for poly(vinyl chloride) (PVC) membrane
were studied in detail in order to clarify the permeation and separation mechanism through
relatively hydrophobic polymer membranes in pervaporation.

Experimental
Preparation of membrane

The PVC (supplied from Kanegafuchi Chemical Co. Ltd., DP=480) membrane was
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prepared from a casting solution of 4 wi% in tetrahydrofuran at 25 °C.

Permeation measurements

Pervaporation apparatus was reported elsewhere (4). The permeation measure-
ments were conducted under the following conditions: 40 °C of permeation temperature, 0.01
Torr of reduced. pressure, 13.8 cm? of effective membrane area. The compositions in the
feed and permeate were determined by gas chromatography (Shimadzu GC-9A). The per-
meation rate and separation factor were obtained by general method (4).

Degree of swelling
The degree of swelling of the membrane (DS) was measured by the procedure in an
eatlier paper (4) and calculated by following equation:

WS'WD

DS (%) = W

x 100

D

where W, and W, are the weight of the swollen membrane and dry membrane, respec-
tively.

Composition of alcohol in membrane

The PVC membrane was immersed in 50 wt% of a binary alcohol mixture at 40 °C.
The membrane was wiped with filter paper and put on a boat of pyrolyzer (Shimadzu PYR-
2A). The alcohol mixture in the PVC membrane was completely vaporized in a furnace at
250 °C. The composition of alcohol was determined by gas chromatography (Shimadzu GC-
14A), connected with the pyrolyzer.

Results and discussion
Single components

The normalized permeation rates, estimated by a product of permeation rate and
membrane thickness, of linear C, to C,-alcohols through the PVC membrane in pervapora-
tion are plotted against the carbon number of linear alcohols in Figure 1. The normalized
permeation rate decreased with increasing the carbon number of alcohol.

Permeability is generally determined by two factors such as the solubility and diffu-
sivity (5). The solubility is related to the affinity between polymer and permeants. The
diffusivity is influenced by the size and shape. of permeants and by concentration of permeants
in the membrane. Table 1 is summarized the degrees of swelling of the PVC membrane for
various alcohols and the space distances (A) between the solubility parameter of PVC and
alcohols (6). The degree of swelling of the PVC membrane was in the order of methanol >
ethanol > n-propanol > n-butanol. This order agreed with the order of decreasing normalized
permeation rate in Figure 1. The diffusivity of large-sized alcohol in the PVC membrane is
predictable to be lower than that of small-sized alcohol. The decrease of the normalized
permeation rate in Figure 1 is due to both the decrease of solubility and diffusivity with the
increase of the molecular size of alcohol. The order of decreasing degree of swelling cannot



be simply understood because the A
value was in the order of methanol >
ethanol > a-propanol > a-butanol.
That is, the affinity between PVC and
n-butanol should become stronger and
the degree of swelling for n-butanol
should become higher than methanol
if the solubility parameter can be used
as a measure of affinity. The degree
of swelling of the PVC membrane in
Table 1 cannot be explained by the
solubility parameter. The solubilities
of alcobols may be dependent on the
fine structure of the PVC membrane
and the molecular size of alcohol. At
present the solubilities of alcohols is
being investigated using various PVC
membranes with a different density
and crystallinity.

From the results of single com-
ponents both in Figure 1 and Table 1,
it was found that the normalized per-

Normalized permeation rate 10° (kg m/m*h?)

1 2 3 4 5
Carbon number in linear alcohol

Figure 1 Relationship between the carbon
number of linear alcohol and the normalized
permeation rate for them through the PVC
membrane in pervaporation
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meation rate for the PVC membrane decreased with the decrease of the degree of swelling of
the PVC membrane. In general, the the permeation rate in pervaporation decreases with

decreasing the degree of swelling of the membrane.

In water/ethanol system, the permeation

rate of the PVC membrane did not related to the degree of swelling which was very low in
all compositions of aqueous ethanol solution (3). The degrees of swelling of the PVC mem-
brane in Table 1 are very low for all alcohols, just as the case of PVC/aqueous ethanol solution.
In the present case, it may not be considered that the effect of swelling of the PVC mem-
brane significantly contributes to the permeation rate.

Table 1 Degree of swelling (DS) of the PVC membrane and the space distances
(A) between the solubility parameter vectors of PVC and alcohols

methanol ethanel n-propancl n-butanol
DS (%) 54 4.2 3.0 2.3
A ¥ (MPa)** 19.7 16.6 14.9 13.7

a) A = [(Op;s - 3p,p)? + (Bps - Opp)? + (Bm,s - O p)?]S
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Table 2 Preferential adsorption into the PVC membrane from the binary alcohol
mixtures (50/50 in wt.)

methanol ethanol n-propanol n-butanol
methanol —_— methanol(64.6) methanol(69.9) methanol(72.0)
ethanol ethanol(56.2) ethanol(61.3)
n-propanol n-propanol(57.7)
n-butanol

Values in parentheses are the alcohol content preferentially incorporated into the PVC
membrane (wt%)

Binary mixtures

The compositions of alcohol incorporated preferentially into the PVC membrane are
summarized in Table 2. In methanol/other alcohol systems, methanol was preferentially
incorporated into the PVC membrane. Preferential adsorption of methanol in methanol/n-
butanol system was the highest in all methanol/alcohol systems. This result is presumable
from the degree of swelling of the PVC membrane for the single component measurement in
Table 1.

Sorption selectivity (Owsorp) (8) and separation factor (owsep) (ordinary selectivity) in
the methanol/other alcohol systems are listed in Table 3. The sorption selectivities were calcu-
lated using the data of Table 2. This parameter shows the selectivity at the surface of the
membrane on the upstream side. Comparing the sorption selectivity with the separation factor
indirectly provides an information of diffusivity selectivity through the membrane. It is clear
that the separation factor is higher than the sorption selectivity. This implies that the diffusiv-
ity of methanol in the PVC membrane is higher than those of other alcohols. Namely, high
solubility and diffusivity of methanol result in preferential permeation of methanol in the
methanol/other alcohol systems.

In our previous work (3), it was found that the PVC membrane preferentially incor-
porated ethanol and predominantly permeated water from an aqueous ethanol solution. This
result showed that the solubility of ethanol for the PVC was higher than that of water but the

Table 3 Sorption selectivities and separation factors of the PVC
membrane for the methanol/other alcohol systems

Oisorp Olsep
methanol/ethanol 1.8 2.0
methanol/n-propanol 2.3 2.6
methanol/n-butanol 3.5 5.0

Osorp = (MA/MB)/(FA/FB), oOisep = (PA/PB)/(FA/FB),
where F, M and P are the composition of one component in the feed,
membrane and permeate, respectively.
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diffusivity of water across the PVC membrane was much higher than that of ethanol. Conse-
quently, the PVC membrane predominantly permeated water from an aqueous ethanol solu-
tion. The permeation and separation mechanism for the water/ethanol system through the
PVC membrane is different from that for the methanol/other alcohol systems. However, it is
a fact that high diffusivity of the small-sized permeant contributes to the permselectivity
through the PVC membrane in both the water/ethanol and methanol/other alcohol systems.

The solubility selectivity and separation factor for the ethanol/n-propanol and
ethanol/n-butanol systems are listed in Table 4. The separation factor for ethanol were
somewhat higher than the sorption selectivity. This result shows that the diffusivity of
ethanol is higher than those of n-propanol and n-butanol.

In binary alcohol mixtures, the permselectivities of small-sized alcohol through the
PVC membrane are decided by two positive factors such as preferential solubility and pre-
dominant diffusivity of small-sized alcohol. The permeation and separation mechanisms of
the PVC membrane in binary alcohol mixtures are different from those in aqueous alcohol
mixtures. However, it was found that the permeability and selectivity of the PVC mem-
brane was significantly affected by the molecular size of permeants.

Table 4 Sorption selectivities and separation factors of the PVC
membrane for the ethanol/other alcohol systems

Olsorp Olsep
ethanol/n-prepanol 1.3 1.4
ethanol/n~butanol 1.5 1.7
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