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TECHNICAL NOTE

Some Characteristics of Pervaporation for Dilute
Ethanol-Water Mixtures by Alcohol-Permselective
Composite Membrane *

XIAOHE LIt and SHICHANG WANG
CHEMICAL ENGINEERING RESEARCH CENTER
TIANJIN UNIVERSITY

TIANIJIN 300072, PEOPLE’S REPUBLIC OF CHINA

ABSTRACT

Zeolite-filled polydimethylsiloxane/polysulfone composite membranes were
prepared and used to separate ethanol from dilute ethanol-water mixtures through
a pervaporation process. During this process the relationship between flux (J)
and temperature (T) is J = 597.95 exp(— Eo/RT) (g/m?-h), E; = 3.292 kJ/mol. The
experimental results show that the flux decreases with increasing downstream
pressure while the selectivity (agion/warter) Tises, the flux increases, and the selec-
tivity decreases with a rise of feed concentration, and the flux as well as the
selectivity increase with increasing bulk velocity on the upstream side of the mem-
brane.

Key Words. Pervaporation; Alcohol-permselective membranes;
Composite membranes

INTRODUCTION

Pervaporation is a promising membrane separation method for liquid
mixtures. Most researchers have studied the pervaporation of alco-

* Some parts of this paper were presented in the 93 International Conference On Membranes
(ICOM’93), Heidelberg, Germany, 1993.

1 To whom correspondence should be addressed at his current address: Department of
Chemical Engineering, University of Louisville, Louisville, KY 40292, USA. E-mail: 10xiah-
Ol@starbase.spd.louisville.edu
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hol-water mixtures by using water-permselective membranes; only a few
by using alcohol-permselective membranes. As far as we know, in the
literature only a few hydrophobic membrane materials such as poly-
dimethylsiloxane (PDMS), nitrile-butadiene rubber, styrene-butadiene,
and polysubstituded acetylenes were used. Although PDMS membranes
offer low selectivity and flux, they are convenient to use for pervaporation
of dilute alcohol-water mixtures. In order to improve PDMS membrane’s
selectivity and flux in pervaporation for removing alcohol from aqueous
solutions, some researchers (1-3) have recently prepared zeolite-filied
PDMS membranes and obtained good results.

In this paper an alcohol-permselective composite membrane with a top
layer of PDMS-filled zeolite and a support of PS is presented. There were
three reasons for us to prepare the membrane: to concentrate ethanol
from dilute ethanol-water mixtures by this membrane, to assure both
permeation flux and selectivity reach a higher level, and to have a rela-
tively high strength for industrial utilization. By using this kind of mem-
brane, we investigated the effects of different parameters on the per-
vaporation of dilute ethanol-water mixtures.

EXPERIMENTAL
Materials

Zeolite (Silicalite-1, ZSM-35 Type) with a crystal size of under 40 wm
(provided by the Department of Chemistry, Nankai University, People’s
Republic of China), silicon rubber, n-ethylsilicate (crosslinker), and n-
heptane were mixed together. The weight ratio of Silicalite-1 and silicon
rubber was 1.0. A composite membrane was made by coating this suspen-
sion on a polysulfone membrane. The coated membrane was dried in air
at room temperature for 8 hours to ensure complete curing.

Ethanol-water mixtures were prepared from ultrapure deionized water
and absolute ethanol (AR, over 99.9 wt%).

Pervaporation

The steady-state pervaporation experiments were performed in a per-
meation cell as shown in Figs. 1 and 2. The effective membrane area of
cell was 40.2 cm?. The membrane was supported by a porous titanium
disk. The membrane was allowed to swell for 1 hour in the feed liquid
before pervaporation. The permeate was collected in liquid nitrogen. The
flux was measured by weighing the amount collected over a given period,
and the compositions were analyzed by gas-phase chromatography.



11: 43 25 January 2011

Downl oaded At:

PERVAPORATION FOR DILUTE ETHANOL-WATER MIXTURES 2869

FE——

FIG. 1 Pervaporation equipment schematic: (1) feed tank; (2) feed pump; (3) membrane
cell; (4) membrane; (5, 6, 7) liquid nitrogen condenser; (8) gas-phase chromatograph (GO);
(9) GC recorder; (10) vacuum pump; (11) flowmeter.

We determined the flux (J) and selectivity (o) as follows:
J = W/St (kg/m>-h)
QEtOH/Water — YElOHXwater/YwaterXEtOH

where W refers to the weight of the permeate, S is the membrane area, ¢

1
feed
output
-]
i = — 2
<3

I permeate

FIG. 2 Pervaporation cell: (1) thermometer; (2) gasket ring; (3) membrane; (4) porous
support plate.



11: 43 25 January 2011

Downl oaded At:

2870 LI AND WANG

is the given pervaporation time, and Y and X denote concentrations of
the permeate and the feed, respectively.

RESULTS AND DISCUSSION
1. Effect of Temperature on J and o

Figure 3 shows that the rise in temperature not only intensifies the flux
but also the selectivity agiop/water- 1t differs from hydrophilic or water-
permselective membranes for pervaporation of water—ethanol mixtures.
As regards the latter, a rise in temperature usually intensifies the flux but
decreases the selectivity agorm/water because the solubility and diffusivity
increase with temperature. It may be assumed that increased swelling of
the membrane at higher temperature results in an increase of polymer
segmental motions and Brownian movements.

The relationship between flux (J) and temperature (7) for our per-
vaporation by composite membranes is experimentally established:

J = 597.95 exp(— Eo/RT) (g/m*-h)
Eo = 3.292 kJ/mol

The effect of temperature on selectivity agsom/water is relatively compli-
cated. In general, for a water-permselective membrane, awatereton de-
creases with rising temperature, but the experimental results in this paper
show that agom/water Increases with rising temperature.

2. Effect of Downstream Pressure on J and o

The flux decreases with increasing downstream pressure while agon;
water T1S€S. These results are different from those of some other authors
who reported that downstream pressure does not affect flux and selectivity
for ethanol-benzene and ethanol-cyclohexane systems (3), but agree well
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FIG. 3 Relationship between temperature and separation property.
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FIG. 4 Relationship between flow rate and separation property.

with the authors of Ref. 4. The reason for our results is probably a rise
in the degree of saturation in the downstream chamber, which then tends
to swell the membrane. In other words, when the downstream pressure
increases, the equilibrium concentration is higher at the downstream sur-
face of the membrane and the desorption rate decreases. Therefore, the
surface of membrane remains nearly ‘‘wet,” the flux decreases, and
OEtor/water iNCreases. Our results are shown in Fig. 4.

3. Effect of Feed Composition on J and «

In Fig. 5:the flux increases and the selectivity decreases as the feed
concentration rises. The higher ethanol content in the feed makes the
hydrophobic membrane more swollen and destroys the interactive bond-
ing within the PDMS material to some extent. It probably enhances the
flux and lowers the selectivity.

4. Effect of Bulk Velocity on J and «

Figure 6 shows that the flux as well as agror/water increase with increas-
ing bulk velocity on the upstream side of the membrane. It is quite evident
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FIG. 5 Relationship between downstream pressure and separation property.



11: 43 25 January 2011

Downl oaded At:

2872 LI AND WANG

[4,]
o

200
|
,;E 150 -
5 100 g —eo—Flux ‘
% S —g— Selectivity
2 3

concentration,%

FiG. 6 Relationship between concentration and separation property.

that a higher velocity will promote the flux because it could lessen the
concentration polarization on the membrane surface and provide more
opportunity for the sorption of ethanol on the hydrophobic membrane.

CONCLUSIONS

Zeolite-filled PDMS/PS composite membranes have been prepared. In
the pervaporation of 4.8% (wt) ethanol-water mixtures at a temperature
of 60°C and a downstream pressure of 22 mmHg, arion/water 18 7.52 while
flux is 231.3 g/m?-h. The flux as well as agor/water increase with increasing
bulk velocity on the upstream side; a rise in temperature not only intensi-
fies the flux but also the selectivity, and the downstream pressure might
promote the selectivity and reduce the flux. Anincrease of feed concentra-
tion increases the flux and decreases the selectivity.
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