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ABSTRACT: Pervaporation of 1,2-dimethoxyethane (1,2-
DME) is evaluated by crosslinked oligosilylstyrene–poly-
(dimethylsiloxane) composite membranes. A low flow ve-
locity of the feed solution (1.0 L/min), corresponding to a
Reynolds number of 220, is used. The pervaporation models
are developed by combining the resistance in series and
solution–diffusion models. The effects of the boundary layer
on the performance of pervaporation are estimated by com-
paring experimental and theoretical data. The permeation

fluxes of 1,2-DME and water fit very well with the calculated
data from the models, but a deviation of the separation
factor between the experimental and theoretical data is ob-
served. © 2006 Wiley Periodicals, Inc. J Appl Polym Sci 100:
2075–2084, 2006

Key words: composite membrane; pervaporation; poly(di-
methylsiloxane); 1,2-dimethoxyethane; boundary layer

INTRODUCTION

Compared with numerous works that developed
pervaporation membranes and improved separation
processes,1–9 others studied the mass transfer of
pervaporation by theoretical models.10 –19 Many the-
oretical treatments concerned the pervaporation of
hydrophobic compounds, such as chlorinated and
aromatic compounds.10,20 –22 A few theoretical mod-
els related to pervaporation of hydrophilic com-
pounds with composite pervaporation membranes.
1,2-Dimethoxyethane (1,2-DME) is one hydrophilic
compound that exhibits excellent miscible proper-
ties with water and is widely used as a solvent for
organic synthesis,23–26 a monomer and additive for
polymerization,27,28 and a cosolvent for batter-
ies.29,30 During these applications, wastewater con-
taminated with 1,2-DME is generated. In some
cases, the amount of 1,2-DME in wastewater can be
very low and the traditional separation methods,
such as distillation and absorption, may not be ef-
ficient or economical. Therefore, the separation of
1,2-DME from dilute aqueous solution by pervapo-
ration is important research work based on the con-
siderations of environmental protection and energy
conservation.

We previously studied the pervaporation of 1,2-
DME by novel poly(dimethylsiloxane) (PDMS) com-
posite membranes.31 The composite membranes were
prepared by casting solutions of H-terminated oligo-
silylstyrene (oligo-SiH3) and vinyl-terminated PDMS
(vinyl-PDMS) on the surface of a polysulfone (PSf)
ultrafiltration membrane. The crosslinked PDMS gel
was generated by the reaction of oligo-SiH3 and vinyl-
PDMS with a platinum complex as the catalyst. The
composite membranes exhibited preferential selectiv-
ity to 1,2-DME. Depending on the operation condi-
tions, the separation factor and the permeation flux of
1,2-DME are 55–184 and 0.31–3.3 g/m2 h, respectively.
It is interesting to study the mass transfer of 1,2-DME
during pervaporation by theoretical models in order
to predicate the performance of pervaporation and to
manipulate the operation conditions. In the present
study, we investigated the pervaporation of 1,2-DME
by PDMS composite membranes, especially the effect
of the top layer thickness on the separation perfor-
mance. The theoretical models of pervaporation were
developed by combining the resistance in series and
solution–diffusion models. Moreover, a very low flow
velocity of the feed solution (1.0 L/min), correspond-
ing to a Reynolds number of 220, was utilized in this
study. A low flow velocity of the feed solution can
result in serious concentration polarization on the sur-
face of membranes and subsequently poor pervapora-
tion performance. Although the increase of the feed
flow velocity is an effective method to improve the
performance of pervaporation, the operation cost is
increased because a higher power pump is used to
maintain a high flow velocity during pervaporation.12
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We also believe this study will benefit the understand-
ing of pervaporation with the characteristics of serious
concentration polarization and economical operation
conditions for pervaporation.

THEORETICAL

Permeation flux

The solution–diffusion model shown in Figure 1 is
frequently used to described the transport of perme-
ates through a membrane by pervaporation.10 During
the solution–diffusion process, the components of a
liquid mixture are first selectively absorbed at the
upstream side of the membrane, then diffused
through the membrane by the difference of the driving
force, and are finally desorbed from the membrane as
the vapor phase at the downstream side of the mem-
brane. The permeation flux of organics (Ji) and water
(Jw) in terms of their partial vapor pressure differences
can be related to the downstream pressure, the com-
positions of the feed and permeate side, and the mem-
brane thickness, as indicated in eqs. (1) and (2):

Ji � QiMi�Pi
0�iXi � YiPd�/t (1)

Jw � QwMw�Pw
0 �wXw � YwPd�/t (2)

where Qi and Qw are the mass transfer coefficients of
organics and water, respectively; Pi

0 and Pw
0 are the

saturated vapor pressures of the organics and water
[Pi

0(1,2-DME) � 5.8 kPa, 30°C; Pw
0(water) � 4.7 kPa,

30°C], respectively32; �i and �w are the activity coeffi-
cients of organics and water, respectively; and Mi and
Mw are the molecular weights of the organics and
water, respectively. For the purposes of simple calcu-
lation, we used the activity coefficient of tetrahydro-
furan33 (�i � 17) as that of 1,2-DME because of no
public report on the activity coefficient of 1,2-DME to
our knowledge and the two chemicals have similar
structures and properties, which are shown in Figure
2 and Table I, respectively.34 In addition, Xi and Yi are
the molar fractions of organics in the feed and the
permeate, respectively, and Xw and Yw are the molar
fractions of water in the feed and the permeate, re-
spectively. The membrane thickness is denoted as t
and Pd is the pressure of the permeate side (or down-
stream pressure).

For the dilute aqueous solutions, it is reasonable
that both the activity coefficient and the molar fraction
of water are approximately equal to 1 (�w � 1, Xw � 1).
Thus, eq. (2) can be rewritten as

Jw � QwMw�Pw
0 � YwPd�/t (3)

Because the permeation flux of organics is much lower
than that of water (Ji � Jw) in the cases of removing
trace volatile organic compounds (VOCs) from aque-
ous solutions,35,36 it is possible Yw is much higher than
Yi because the permeation flux of compound i is pro-
portional to the molar fraction of i in the vapor
phase.14 It might further be assumed that Yw is near 1
and YiPd is near 0 in the case of an aqueous solution
with trace VOCs and lower downstream pressure at
the permeate side. Then, eqs. (1) and (3) can be rewrit-
ten as follows:

Figure 1 A schematic of the concentration profile for a
1,2-DME/water mixture solution during pervaporation in
the presence of a boundary layer.

Figure 2 The chemical structures of 1,2-DME and tetrahy-
drofuran.

TABLE I
Properties of 1,2-Dimethoxyethane and Tetrahydrofuran

Chemical
bp

(°C)
Density
(g/cm3)

Molecular
weight
(g/mol)

1,2-Dimethoxyethane 85 0.867 90
Tetrahydrofuran 67 0.889 72
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Ji � QiMi�Pi
0�iXi�/t (4)

Jw � QwMw�Pw
0 � Pd�/t (5)

It has been shown experimentally that the concentra-
tion polarization can make a significance contribution
to the overall mass transfer resistance, in particular for
the removal of VOCs from dilute aqueous solu-
tions.15–18 Among various models, the resistance in
series model can be effectively used to evaluate the
transfer resistance at the boundary layer. According to
this model, the overall mass transfer resistance (1/Qi)
consists of the sum of the membrane resistance (1/Pi)
and the liquid boundary layer resistance (1/Kmt) as
shown in Figure 1, where Km and Pi are the mass
transfer coefficients of the boundary layer and mem-
brane, respectively. Many composite membranes are
prepared by coating a polymer solution on the surface
of a porous substrate such as a porous PSf ultrafiltra-
tion membrane. The membrane resistance consists of
two parts: one from the top layer with a dense struc-
ture and another from the substrate with a porous
structure. The resistance of the latter is much lower
than that of the former because of the porous structure
of the former. Therefore, the overall mass transfer
resistance can be written as20

1/Qi � 1/�Kmt� � 1/Pi (6a)

or

t/Qi � 1/Km � t/Pi (6b)

Substituting eq. (6b) into eq. (4), the permeation flux of
organic compound can be expressed as

Ji � �Pi
0�iXiMi�/�1/Km � t/Pi� . (7)

When the boundary layer resistance is negligible
(1/Km � t/Pi � t/Pi), we have

Ji � PiMiPi
0�iXi/t . (8)

If the boundary resistance dominates the overall mass
transfer resistance (1/Km � t/Pi � 1/Km), we have

Ji � KmMiPi
0�iXi . (9)

Separation factor

The separation factor (�), which indicates the enrich-
ment in the preferentially permeating compound
through the membranes, can be generally defined as2

� � �Yi/�1 � Yi��/�Xi/�1 � Xi�� (10)

where Yi and Xi are the molar fractions of organic
compounds in the permeate side and the feed solu-
tion. Because of the molar fraction of the organic com-
pound in the vapor phase, Yi can be taken as the ratio
of the organic component flux over the total flux.
Thus, we have

Yi � Ji/J0 (11)

where J0 � Ji � Jw. Usually, the permeation flux of
water is much higher than that of an organic com-
pound during pervaporation to remove trace VOCs
from a dilute liquid solution, that is, Jw � Ji; so we
have

Yi � Ji/Jw (12)

Substituting eqs. (4), (5), and (12) into eq. (10), an
expression for the separation factor is obtained as a
function of the feed composition, downstream pres-
sure, and mass transfer coefficient of components:

� � �iMi�Pi
0�iXi�/�QiMi�Pi

0�iXi�

� QwMw�Pw
0 � Pd��	/�Xi/�1 � Xi�� (13)

With the condition of Jw � Ji, eq. (13) can be rewritten
as

� � QiMiPi
0�i�1 � Xi�/�QwMw�Pw

0 � Pd�� (14)

Combining eqs. (6a) and (14), we get

� � �MiPi
0�i�1 � Xi�/�QwMw�Pw

0 � Pd��	

� �1/�tKm� � 1/Pi� (15)

Furthermore, if the boundary resistance is negligible,
we find

� � Pi�MiPi
0�i�1 � Xi�/�QwMw�Pw

0 � Pd��	 (16)

If the boundary resistance dominates the overall resis-
tance, we have

� � �MiPi
0�i �1 � Xi�/�QwMw�Pw

0 � Pd��	Kmt (17)

EXPERIMENTAL

Materials

Vinyl-PDMS (Hülser–Petrach), platinum divinyltetra-
methyldisiloxane complex (Pt catalyst, 3% in toluene,
Gelest), hexane (99%, Fisher), and 1,2-DME (99%,
Fisher) were received and used without further puri-
fication. Deionized water was used in all experiments.
The preparation procedure of oligo-SiH3 was reported
in previous articles.12,37 We used PSf ultrafiltration
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membranes (U.S. Filter) as support membranes. The
PSf membranes have characteristics to separate dex-
tran with a molecular weight of 100,000 and have
nonwoven polypropylene as the bottom layer. The
thickness of the PSf membranes is about 175 	m,
which was measured by a micrometer with an error
range of 
5%. The PSf membranes were dipped in
isopropanol overnight to remove chemicals inside the
membranes and dried completely in a hood for 1 day.

Preparation of composite membranes

Vinyl-PDMS solution (20 wt %) containing 0.2 mL of
Pt catalyst was prepared by dissolving 1.0 g of vinyl-
PDMS (viscosity � 500 cs) in 5 mL of hexane. Oligo-
SiH3 solution (20 wt %) was prepared by dissolving
0.2 g of oligo-SiH3 in 1 mL of hexane. Then, these two
solutions were mixed with a magnetic stirrer for 0.5 h
at room temperature. The mixture solution was
poured onto the surface of PSf membranes that were
clamped into the pervaporation cell, and the solvent
was allowed to evaporate at room temperature over-
night. Subsequently, the membranes were dried in an
oven at 100°C for an additional 8 h. A micrometer with
an error range of 
5 	m was used to measure the
thickness of the final composite membrane. The thick-

ness of the top layer was calculated by subtracting the
thickness of the PSf membrane from the overall thick-
ness of the composite membrane. The average thick-
ness of the top layer was obtained from the measure-
ments of five points on each membrane. Composite
membranes with top layer thicknesses ranging from
39 to 157 	m were used in this study.

Pervaporation

Figure 3 provides a schematic of the pervaporation
equipment. The feed solution was cycled between the
feed tank and pervaporation cell using a cycling
pump. Composite membranes with an effective area
of 31.2 cm2 were clamped into the pervaporation cell.
The feed temperature was controlled by a thermocou-
ple (T), and the downstream pressure was monitored
with a pressure transducer (P). The feed flow velocity
was measured with a mass flow meter (M). The con-
centrations of the feed and the permeate were mea-
sured by a gas chromatograph (HP 5890) equipped
with a flame ionization detector (FID) and a Porapak P
column heated at 150°C. All operating parameters
were monitored and recorded by a computer (C). The
data of the permeation flux, the compositions of the
feed, and the permeate side were collected after at

Figure 3 A schematic of the pervaporation apparatus: A, pervaporation cell; B, gas chromatograph; C, computer; D1,
recirculating pump; D2, vacuum pump; E, feed tank; F, thermostat; G, cold trap; H, temperature transducer; T, thermocouple;
P, pressure transducer; M, mass flow meter; K, control valve.
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least 3 h of separation once a steady state was
achieved. The error range of the permeation flux and
separation factor are 3 and 10%, respectively, with
95% confidence.

RESULTS AND DISCUSSION

Mass transfer coefficients of 1,2-DME and water

Figure 4 shows the relationship between the reverse
thickness of the top layer and the permeation flux of
1,2-DME. The feed temperature was kept at 30°C and
the concentration of 1,2-DME in the feed was changed
from 120 to 737 ppm. The deviation of the permeation
flux from Fick’s diffusion law38 is observed for the
membranes with thinner top layesr, which is indicated
as solid lines in Figure 4. The reason for the deviation
is the presence of a boundary layer generated by the
concentration polarization of 1,2-DME between the
feed solution and the adjoining area with the mem-
brane. Although there is excellent miscibility of 1,2-

DME with water, the different selectivities of the com-
posite membranes to 1,2-DME and water can result in
the difference of the permeation flux between 1,2-
DME and water. The preferable selectivity of compos-
ite membranes to 1,2-DME produced a faster transfer
of 1,2-DME through the membrane and an area with
low concentration of 1,2-DME could be generated on
the membrane surface, as shown in Figure 1. The
transfer resistance of the boundary layer can be ne-
glected if compared with the transfer resistance of the
membrane with a thicker top layer. Therefore, the
overall transfer resistance will come from the mem-
brane and the permeation flux of 1,2-DME will follow
Fick’s diffusion law, which is shown by dotted lines in
Figure 4. Figure 5 shows that the permeation flux of
water almost follows Fick’s diffusion law. It is reason-
able that there is no boundary layer effect on the
transfer of water through the membranes.

According to eq. (5), Qw can be obtained from the
slope of the straight line as shown in Figure 5. Table II
collects the Qw data at various feed concentrations and
downstream pressures. The mass transfer coefficient
of water increases a little with increasing of the down-
stream pressure, as expected by eq. (5). Table III sum-
marizes the mass transfer coefficients of water re-

Figure 5 The permeation flux of water versus the inverse
thickness of the top layer; feed temperature � 30°C; feed
composition of 1,2-DME in water � (a) 120 and (b) 737 ppm.

Figure 4 The permeation flux of 1,2-DME versus the re-
verse thickness of the top layer; feed temperature � 30°C;
feed composition of 1,2-DME in water � (a) 120 and (b) 737
ppm.
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ported in the literature39–41 for comparison purposes.
It can be seen the mass transfer coefficient of water
obtained in this study is close to those published by
others. When plotting t/Qi versus t as described in eq.
(6b), the Km and Pi can be obtained from the intercept
and slope of the straight line, respectively. Figure 6
shows typical plots between t/Qi and t, and Table IV
lists the mass transfer coefficients of the membrane
and boundary layer at different feed concentrations
and downstream pressures, which are used to further
calculate the permeation flux and separation factor
based on developed mass transfer models.

Permeation flux of 1,2-DME

Figure 7 shows the dependence of the permeation flux
of 1,2-DME on the inverse thickness of the top layer
with or without the boundary layer under a down-
stream pressure of 666 Pa and a feed temperature of
30°C. The solid straight lines are plotted by eq. (7)
with a boundary layer. The dotted lines were obtained
by eq. (8) without a boundary layer. The solid black
points are experimental data and they fit the theoret-
ical data very well, which confirms the presence of the
boundary layer. The permeation flux of 1,2-DME with-
out a boundary layer is almost 14 times higher than

that with a boundary layer when the thickness of the
top layer is 20 	m. With an increase of the top layer
thickness, the difference between the permeation flux
with and without a boundary layer decreased. This is
because the contribution of the boundary layer resis-
tance to the overall resistance decreased as the thick-
ness of the top layer increased.

TABLE II
Mass Transfer Coefficient of Water (30°C)

Feed concn
of 1,2-DME

(ppm)

Downstream
pressure

(Pa)
Qw

(mol m/m2 kPa s)

120 666 1.399 � 10�8

1333 1.481 � 10�8

1995 1.489 � 10�8

737 666 1.173 � 10�8

1333 1.248 � 10�8

1995 1.305 � 10�8

The thickness of the top layer ranges from 39 to 157 	m.
Linear regression coefficients are 
98%. Qw, mass transfer
coefficient of water.

TABLE III
Mass Transfer Coefficient of Water Reported in Literature

Membrane
Temp.

(°C)
Membrane

thickness (	m)
Qw

(mol m/m2 kPa s) Reference

PDMS 22 165 1.12 � 10�8 17
PDMS 30 140 2.32 � 10�8 47
PDMS 22 165 1.12 � 10�8 48
PEBA 50 70 1.23 � 10�8 49
PEBA 30 27 8.30 � 10�9 48
PUR 30 38 5.90 � 10�9 48
SPC 30 23 4.70 � 10�9 48
PDMS 30 39–157 1.35 � 10�8 This study

Qw, mass transfer coefficient of water.

Figure 6 The relationship between t/Qi and t; feed com-
position of 1,2-DME in water � (a) 120 and (b) 737 ppm; feed
temperature � 30°C.
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Permeation flux of water

Figure 8 shows the effect of the top layer thickness
on the permeation flux of water. The solid lines
represent the theoretical data calculated by eq. (5)
and the solid black points are the experimental data.
It can be seen from Figure 8 that the permeation flux
of water decreased with the increase of the top layer
thickness. The decrease of the water permeation flux
is the reason that the transfer resistance of water
increased with the increase of the membrane thick-
ness. Figure 9 shows the effect of the downstream
pressure on the permeation flux of water for the
membrane with a different top layer thickness. The
solid line is plotted by the data calculated from eq.
(5) and the solid black points are the experimental
results. The permeation flux of water decreased lin-
early with the increase of the downstream pressure.
This is because the driving force of water through
the membrane was decreased by the increase of the
downstream pressure. The permeation flux of water
is close to zero by exploring the solid lines on the Y
axis. At this point, the partial vapor pressure of
water at the permeate side is equal to the down-
stream pressure as indicated by eq. (5).

Separation factor

Figure 10 shows the effect of the inverse thickness of
the top layer on the separation factor with or without
a boundary layer under a downstream pressure of 666
Pa and a feed temperature of 30°C. The theoretical
data calculated by eq. (15) with a boundary layer and
by eq. (16) without a boundary layer are represented

by solid and dotted lines, respectively, for comparison
purposes. The separation factor without a boundary
layer is constant and higher than those with a bound-
ary layer, as shown in Figure 10. It is clear that the

TABLE IV
Mass Transfer Coefficients of Membrane and Boundary

Layer (30°C)

Downstream
pressure

(Pa)

Feed
concn
(ppm)

Pi
(mol m/m2 kPa s)

Km
(mol/m2 kPa s)

666 120 3.38 � 10�7 1.06 � 10�3

271 3.59 � 10�7 5.87 � 10�4

423 1.39 � 10�7 1.35 � 10�4

737 1.19 � 10�7 6.69 � 10�5

1333 120 1.72 � 10�7 2.28 � 10�3

271 1.99 � 10�7 1.39 � 10�3

423 6.50 � 10�8 3.23 � 10�4

737 6.20 � 10�8 1.55 � 10�4

1995 120 1.12 � 10�7 3.04 � 10�3

271 1.14 � 10�7 2.22 � 10�3

423 4.53 � 10�8 4.46 � 10�4

737 3.73 � 10�8 2.42 � 10�4

The thickness of the top layer ranges from 39 to 157 	m.
Linear regression coefficients are 
98%. Pi, mass transfer
coefficient of membrane; Km, mass transfer coefficient of
boundary layer.

Figure 7 The permeation flux of 1,2-DME versus the re-
verse thickness of the top layer; feed temperature � 30°C;
downstream pressure � 666 Pa, feed composition of 1,2-
DME in water � (a) 120 and (b) 737 ppm.

Figure 8 The permeation flux of water versus the reverse
thickness of the top layer; feed temperature � 30°C; down-
stream pressure � 666 Pa; feed composition of 1,2-DME in
water � 120 ppm.

MASS TRANSFER OF DILUTE 1,2-DME AQUEOUS SOLUTIONS 2081



presence of a boundary layer results in the decrease of
both the permeation flux of 1,2-DME and the separa-
tion factor. The decrease of the separation factor can
be attributed to the fact that the permeation flux of
1,2-DME decreased with the presence of the boundary
layer. The difference in the separation factor with and

without boundary layers is reduced as the thickness of
the top layer increased because the effect of the
boundary layer on the permeation flux of 1,2-DME
becomes less significant for the membrane with a
thicker top layer.

The change of the separation factor with the down-
stream pressure at a feed temperature of 30°C and a
feed composition of 120 ppm is presented in Figure 11.
The solid and dotted lines are drawn by eqs. (15) and
(16), respectively, which indicate the effect of the
downstream pressure on the separation factor with or
without a boundary layer. Based on eqs. (15) and (16),
the separation factor will be increased with increasing
downstream pressure, which is consistent with the
results shown in Figure 11. Figure 11(b) shows a de-
viation between the experimental and calculated data
for the membrane with a thicker top layer at higher
downstream pressure. The deviation could be the rea-
son that the resistance of the permeate side is ne-
glected in the developed theoretical models; however,
it would be incorrect for the membranes with a thicker
top layer and processed at higher downstream pres-
sure.

Figure 9 The permeation flux of water versus the down-
stream pressure; feed temperature � 30°C; feed composition
of 1,2-DME in water � 120 ppm.

Figure 10 The separation factor versus the inverse thick-
ness of the top layer; feed temperature � 30°C; downstream
pressure � 666 Pa; feed composition of 1,2-DME in water
� (a) 120 and (b) 737 ppm.

Figure 11 The separation factor versus the downstream
pressure; feed temperature � 30°C; feed composition of
1,2-DME in water � 120 ppm; membrane thickness � (a) 39
and (b) 157 	m.
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CONCLUSIONS

The effect of a boundary layer on the mass transfer of
dilute 1,2-DME aqueous solutions was observed dur-
ing the pervaporation of the composite membranes
from crosslinked PDMS as the top layer and PSf ul-
trafiltration membrane as the substrate. The theoreti-
cal models developed from the resistance in series and
solution–diffusion models effectively described the
mass transfer of 1,2-DME aqueous solutions during
pervaporation with various feed concentrations and
downstream pressures. The top layer thickness of
composite membranes was a critical factor to control
the effect of the boundary layer. The permeation flux
of 1,2-DME without a boundary layer was 14 times
higher than that with a boundary layer when the
thickness of the top layer was about 20 	m. However,
the difference between the permeation flux of 1,2-
DME with or without a boundary layer was reduced
to 1.5 times when the thickness of the top layer was
about 160 	m. The permeation flux of water was
independent of the presence of a boundary layer and
the increase of the water permeation flux through the
thinner membranes was attributed to the decrease of
the membrane resistance. The theoretical data of both
permeation flux and separation factor with a bound-
ary layer fit with the experimental data very well,
which implied that the characteristics of pervapora-
tion could be predicted and the performance of sepa-
ration could be manipulated. Larger deviations be-
tween the theoretical and experimental data of the
separation factor were observed when the membrane
with a thicker top layer was used and higher down-
stream pressure was maintained. The assumptions
that the resistance of the permeate side could be ne-
glected might not be reasonable for membranes with
thicker top layers and processed at higher down-
stream pressures.

We appreciate the support from the Ministry of Economic
Development and Trade, Ontario, Canada, and the National
Science and Technology Board of Singapore.

NOMENCLATURE

Variables

Km mass transfer coefficient of boundary layer
(mol/m2 kPa s)

Ji permeation flux of 1,2-DME (g/m2 h)
Jw permeation flux of water (g/m2 h)
Mi molecular weight of organics
Mw molecular weight of water
Pi

0 saturated vapor pressure of 1,2-DME (kPa)
Pw

0 saturated vapor pressure of water (kPa)
Pd downstream pressure (Pa)
Pi mass transfer coefficient of membrane (mol

m/m2 kPa s)

Qi mass transfer coefficient of 1,2-DME (mol m/m2

kPa s)
Qw mass transfer coefficient of water (mol m/m2

kPa s)
t membrane thickness (	m)
Xi molar fraction of 1,2-DME in the feed
Xw molar fraction of water in the feed
Yi molar fraction of 1,2-DME in the permeate
Yw molar fraction of water in the permeate

Greeks

� separation factor
�i activity coefficient of 1,2-DME
�w activity coefficient of water
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