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ABSTRACT

Composite membranes consisting of PVA/PAA as interpenetrating polymer networks (IPN), along
with various MOFs (MIL-101-Cr, Cu-BTC, UiO-66-NH,) or graphene oxide (GO), were synthesized
using a sequential method. These membranes were designed for use in the pervaporation desali-
nation of NaCl and MgCl, salts. The membranes were characterized using swelling, contact angle,
FTIR, tensile, and SEM tests, and the optimal preparation parameters were determined using an
experiment design method. Subsequently, the optimal membranes were employed in the pervapo-
ration desalination process, with salt rejection and fluxes serving as the pervaporation responses.
The results showed that as the temperature of the feed increased, the water flux also increased.
However, as the feed solution temperature and concentration increased, the salt rejection decreased.
Under optimal conditions, the IPN/MIL-101-Cr membrane provided 15.19 and 14.59 kg/m*h flux
and 99.24% and 99.37% rejection for sodium and magnesium ions, respectively, while the GO/IPN
membrane provided 13.65 and 12.98 kg/m*h flux and 98.97% and 99.10% rejection for sodium and
magnesium ions, respectively. These composite membranes also exhibited excellent performance in
salt mixtures. Based on the experimental design results, preliminary evaluation tests, and compar-
ison with other membranes, it can be concluded that the IPN/MIL-101-Cr composite membrane is
highly effective for pervaporation desalination and has potential for industrial-scale applications.
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1. Introduction

Water scarcity has become a global concern in recent
decades, and as a result, the desalination of seawater has
been introduced as a solution to this problem. Seawater
accounts for about 97.5% of the world’s water, making it
a plentiful source for desalination and water supply [1].
There are several desalination methods in use, including
reverse osmosis [2], multistage distillation [3], and elec-
tro dialysis [4]. However, some of these methods have
limitations that have yet to be addressed. For example,
reverse osmosis has a high energy consumption that can
be reduced with the use of energy recovery devices or
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pretreatment processes [5]. Heat distillation methods con-
sume a significant amount of energy [6]. Additionally,
some membrane methods can be affected by free chlorine
ion [7] or crystalline accumulation on the membrane sur-
face, leading to membrane closure [8]. Pervaporation is
an alternative membrane-based separation process that
operates on the basis of differences in solubility or pene-
tration into the membrane, unlike conventional distillation
methods that rely on vapor-liquid equilibrium.

One advantage of pervaporation is its ability to per-
form well with azeotrope solutions. To ensure proper sep-
aration, the membrane must interact effectively with the
separating components [9]. For instance, to dehydrate a
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solution, hydrophilic polymers such as polyvinyl alcohol
[10] or polyacrylic acid, which contain hydroxyl and car-
boxyl hydrophilic groups respectively, are used. However,
one major disadvantage of hydrophilic membranes is that
they tend to swell in the presence of water. This not only
allows water to pass through the membrane but also other
particles in the solution, reducing the membrane’s selectiv-
ity [11]. To address this issue, various methods have been
developed, including the use of cross-linkers [12], combin-
ing the membrane with low-swelling polymers [13], forming
copolymers with hydrophobic polymers [14], or using com-
posite membranes [15] that prevent swelling. Pervaporation
also finds application in desalination.

In pervaporation, a significant portion of the solution
passes through the membrane and permeates as a vapor.
The advantages of using pervaporation for desalination
include high salt rejection, particularly for monovalent salts
[16-18], prevention of organic material passage through
hydrophilic membranes, and low occurrence of issues such
as membrane wetting, salt deposition, and pore blocking.
As pervaporation is a phase evaporation process that does
not involve osmotic pressure, it can be used to desalinate
solutions with very high salt concentrations, without the
need to correct for vapor pressure differences across the
membrane [19]. Due to these benefits, research on per-
vaporation for desalination has increased significantly.
Pervaporation has been employed for desalination using a
range of polymer membranes. For instance, Liang et al. [20]
used a sulfonated polyethylene membrane, Sule et al. [21]
used a polyester membrane, Naim et al. [22] used a cellu-
lose acetate membrane, Wang et al. [23] used a poly(styrene-
ethylene/butylene-styrene) block copolymer membrane, da
Silva et al. [24] used a silica/PVA membrane, and Zhao et al.
[25] used a poly(acrylic acid)-Fe,O, composite membrane.
The samples were desalinated by the pervaporation method.

Interpenetrating polymer network (IPN) membranes
can reduce the high swelling rate of polymer membranes
that leads to decreased performance [26]. These mem-
branes consist of two interlocking polymer networks
held together by a cross-linker, resulting in increased
resistance to swelling [27]. However, the presence of two
cross-linking networks can reduce the amount of water
passing through the membrane. To address this issue, the
amount of transition phase can be increased by adding
materials and fillers. One approach is to use composite
IPN membranes that incorporate materials such as MOFs
[28], zeolites [29-31], or graphene oxide [32]. By incorpo-
rating fillers into the polymer matrix, the properties of the
membrane can be tailored to achieve improved selectivity,
permeability, and mechanical strength.

In a previous study [33], desalination was performed
using reverse osmosis and pervaporation with cross-linked
polymer, IPN, and IPN/zeolite composite membranes, and
their performance was compared. The composite mem-
brane demonstrated superior performance to the other two
membranes.

MO-F-Alg(Cu)/PVA membrane was utilized by
Bhattacharjee et al. [34] for desalination of seawater.
Meanwhile, Zhao et al. [35] employed a polyvinylpyr-
rolidone-UiO-66-NH, membrane to eliminate dyes.

For desalination of saline water, Xu et al. [36] used a ZIF-8/
tannic acid-polyethersulfone membrane. Rajput et al. [37]
removed salts using an IPN (polyvinylchloride/styrene/
divinylbenzene)/sulfonated graphene oxide composite
membrane. Finally, Ghazi and Bagherian [38] separated
methylene blue dye by using MIL-101(Cr) dispersed in a
thin-film polyvinyl alcohol membrane.

In this study, composite IPN membranes with MOF
fillers such as MIL-101-Cr [39], Cu-BTC [40], UiO-66-NH,
[41], and GO [42] were used for the desalination of aqueous
solutions via pervaporation. These fillers have characteris-
tics such as hydrophilicity, high stability, large surface area,
availability and simplicity in synthesis. Several MOFs were
investigated and compared with plain IPN membranes.
A design of experiments approach was used to optimize
membrane preparation and performance.

2. Experimental setup
2.1. Materials

Polyvinyl alcohol (PVA) with a molecular weight of
125,000 was synthesized from Merck Co. Acrylic acid (AA)
was used as a guest monomer, and ethylene glycol dimeth-
acrylate (EGDMA) was used as a cross-linker, while benzoyl
peroxide (BPO) was used as an initiator of polymerization,
all of which were provided by Merck Co. Glutaraldehyde
(GA) and HCI (37%) were used as a cross-linker and cata-
lyst, respectively. NaCl and MgCl, were obtained from
Merck Co., and NaOH was used to neutralize the acidic
property. Chromium terephthalate metal-organic frame-
work (MIL-101-Cr) [43], Copper 1,3,5-benzenetricarbox-
ylate metal-organic framework (Cu-BTC) [44], Zr-based
metal-organic frameworks functionalized with an amine
group (UiO-66-NH,) [41], and graphene oxide (GO) [42]
were used as fillers for the membranes and were prepared
as described in the previous literature.

The method used to prepare the composite membranes
is similar to the one used for the composite IPN/Zeolite
membrane in our previous study [33]. To prepare the com-
posite IPN membrane, the filler was added to water at 70°C
and completely dispersed. Next, PVA was mixed for two
or three hours in DI water at 70°C. Then, AA, BPO, and
EGDMA were added to this solution as the guest mono-
mer, polymerization initiator, and PAA cross-linker, respec-
tively. The mixture was then stirred at 70°C for 12 h. Once
the temperature reached ambient levels, 0.2 mL of GA was
added as a cross-linker, and 0.5 g of HCI was added as a
catalyst, and the mixture was stirred for 20 min. The result-
ing solution was poured into a molding container before
it stiffened completely and was kept at ambient tempera-
ture for 24 h. To ensure cross-linking, the membrane was
placed in an oven at 100°C for 5 h. The membrane was then
washed with NaOH solution to remove excess HCI and
then washed several times with water to remove excess salt.
Finally, the membrane was dried at room temperature.

2.2. Characterization of membranes

To determine the swelling of each membrane, the fol-
lowing formula was used:
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W, -W,
Swelling percentage % = [(WWd)J x100 (1)
d

where W is the weight of the swollen membrane in water
for 48 h, and W, is the weight of the dried membrane. The
contact angle method was used to investigate the hydro-
philicity of the membranes. A more hydrophilic membrane
results in an increased amount of spreading water drop
and a reduced contact angle between water and the mem-
brane. The structural characterization of the membranes
was carried out using ATR-FTIR with a Jasco-6300 instru-
ment. Tensile testing was performed on two membranes
using a Santam-20 machine with a rectangular section and
a 20 mm gage length at room temperature and a 5 mm/
min extension speed. The mechanical resistance was deter-
mined based on the ingredients. To study the membrane
morphology, the membranes were examined using a Quanta
FEG-450 SEM under high vacuum conditions at 10 kV.

2.3. Setup

For pervaporation, a module was set up consisting of two
separated parts that were clamped together using clamps.
One part of the module was connected to a vacuum pump,
with the outlet connected to a trap kept at low temperature
using liquid nitrogen. The other part of the module was
connected to a rotary pump linked to the feed solution. The
vacuum of the vacuum pump was approximately 20 kPa.
The feed tank was attached to a heater and thermostat that
could be used for temperature programming. The length
of each experiment was 15 min.

2.4. Pervaporation responses

Flux (J) is the amount of water passing through the
membrane and can be calculated using the following
formula:

_ Q
J= . @
A~t(kg/m .h)
where Q is the amount of passing solution, A is the area of
the membrane, and t is the time of the experiment in h.
Rejection refers to the amount of salt rejected by the
membrane. The concentration of Na* and Mg* ions, cho-
sen to represent the membrane rejection efficiency, was
measured using an atomic spectrophotometer (Shimadzu
AA-670). Standard samples of each ion were analyzed
in the instrument, and the amount of salt in the solution
passing through the membrane was obtained based on the
calibration curve.

3. Results and discussion
3.1. Selection of the best effective composite IPN membrane

The pervaporation method was used to conduct in vitro
flux testing on four fillers, namely UiO-66-NH,, Cu-BTC,
MIL-101-Cr MOFs, and GO, as shown in Fig. 1. Each com-
posite IPN membrane was pervaporated five times at room

temperature with each filler, and it was discovered that the
membrane containing MIL-101-Cr filler produced the high-
est flux, followed by graphene oxide and then Cu-BTC.
Based on these findings, the two best-performing com-
posite membranes (MIL-101-Cr and GO) were selected for
membrane preparation and method optimization. Factors
such as increased hydrophilicity, the presence of more
absorbent spaces with suitable sizes for water absorption,
and improved stability under operating conditions, were
identified as potential contributors to increased water flux
through the membranes.

3.2. Swelling test

To evaluate the swelling of the two selected composite
membranes, the dry membranes were weighed and then
immersed in water for 24 h. Excess water was then removed,
and the weighing operation was repeated (Fig. 2). The results
showed that the membrane with MIL-101-Cr was more
swollen than the GO membrane. In order to assess the level
of swelling in the two composite membranes under inves-
tigation, the dry membranes were initially weighed and
then submerged in water for a period of 24 h. After excess
water was removed, the membranes were weighed again
(as depicted in Fig. 2). The results revealed that the mem-
brane containing MIL-101-Cr exhibited a greater degree of
swelling than the GO membrane. This can be attributed to
the hydrophilic nature of the MIL-101-Cr filler, which is
likely due to its high specific surface area and numerous
unsaturated metal sites.
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Fig. 1. Flux of composite/IPN membranes.
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Fig. 2. Swelling test of MIL-101-Cr/IPN and GO/IPN.
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3.3. Contact angle test

Based on the images obtained (as shown in Fig. 3), the
contact angle between the water droplet and the MIL-101-Cr
membrane was found to be significantly lower (61°) than that
of the GO membrane (81.4°). A lower contact angle indicates
a more hydrophilic membrane surface, as the water drop-
let is more readily absorbed by the membrane. This can be
attributed to the higher hydrophilicity of the MIL-101-Cr
membrane, which is likely due to its inherent properties.

3.4. FTIR test

The FTIR spectra of the membranes is shown in Fig. 4.
The MIL-101-Cr spectrum shows a characteristic peak at
3,814 related to the Cr—-OH bond [45]. Peaks at 1,640 and 1,410
correspond to the symmetric and asymmetric vibrations of
COO, respectively, confirming the presence of a dicarbox-
ylate linker in the substance [46]. These findings confirm
the presence of MOF in the membrane.

In the IR spectrum of the graphene oxide/IPN mem-
brane, peaks at 1,372 and 1,289 correspond to C-OH and
C-O-C stretching vibrations, respectively, while peaks at
1,718 and 1,620 correspond to C=O and C=C bond vibra-
tions, respectively [47]. In both spectra, the broad peak in the
region between 3,500 and 3,000 is related to the O-H inter-
molecular hydrogen bond between IPN and the functional
group of the fillers [48]. Based on the peaks observed in the
IR spectrum of the two membranes, it is possible to confirm
the proper synthesis of the membranes and the presence
of filler in the substrate of the IPN membrane.

3.5. Tensile test

Based on the data obtained (as illustrated in Fig. 5), the
MIL-101-Cr membrane exhibited greater tensile strength,

(2)

(b)

Fig. 3. Contact angel test, (a) MIL-101-Cr/IPN and (b) GO/IPN.

withstanding a higher amount of force before breaking
(42 N). Generally, the incorporation of fillers into a polymer
network can disrupt the order of the network, thereby reduc-
ing the membrane’s resistance. Furthermore, uneven disper-
sion of particles within the membrane can create asymmetric
areas of resistance, leading to membrane failure in those
regions. However, the presence of strong bonds between the
interpenetrating polymer network (IPN) and MIL-101-Cr
likely contributes to the increased strength of the MIL-101-Cr
membrane. In contrast, the GO membrane showed greater
elongation at its maximum tolerable force (1.9 mm) and
exhibited behavior more similar to that of the IPN mem-
brane. This may be because GO disrupts the IPN network
to a lesser extent, thus maintaining a more ordered structure.

3.6. Scanning electron microscopy

As shown in the images (Fig. 6), the filler particles are
well dispersed in the membrane tissue, and their dimen-
sions are almost equal. Additionally, there is not much empty
space between the particles, indicating proper dispersion
of the particles during membrane preparation. Based on
the images, the MIL-101-Cr and GO particle sizes are esti-
mated to be about 300-500 and 100-200 nm, respectively.

3.7. Optimization of composite membranes

To optimize the preparation of composite membranes,
the CCD experimental design method (central cube design)

101

100
a: MIL101-Cr/IPN %
98

El
S
97 3
b: GO/IPN % §
9 &
=
9 =
H
93
92
91
3550 3050 2550 2050 1550 1050
Wavenumber(1/cm)

Fig. 4. FTIR test, (a) MIL-101-Cr/IPN and (b) GO/IPN.
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Fig. 5. Tensile test of MIL-101-Cr/IPN and GO/IPN.
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Fig. 6. SEM, (a) MIL-101-Cr/IPN and (b) GO/IPN.

was used. The parameters in the membrane preparation
were the amount of filler and the amount of IPN cross-
linker. The response in this method was the flux passing
through the membrane. After performing the experimental
design and ANOVA review, it was found that the obtained
model did not have a significant lack of fit and was quite
significant. The actual and predicted data were completely
consistent with each other (Fig. 7). Based on the equation,
it was found that the amount of filler, the amount of cross-
linker, as well as the time of adding the filler to the solution,
were influential parameters in this design.

The predicted R? of 0.9057 was in reasonable agreement
with the adjusted R? of 0.9630, with the difference being
less than 0.2. Adequate precision measures the signal-to-
noise ratio, and a ratio higher than 4 is desirable. The ratio
in the experimental design was 28.3, showing that the sig-
nals were completely adequate. This model can be used to
navigate the design space. The coefficient of variation (CV)
of the method was 1.67%, indicating that the method was
accurate.

According to the obtained data, as the amount of filler
increased, the amount of flux also increased (Fig. 8). This
increase may be due to the increase in the amount of water
passing areas on the membrane surface. As the amount of
cross-linker increased, the amount of flux decreased. This
may be because, with an increase in cross-linker, the amount

Predicted vs. Actual

() cotorpoints yvaue ot =
fx
o1 [ e
u
3
g
g o]
g
.
.
T T T T T
s 9 10 u 2
Actual
Residuals vs. Predicted
() flux 409 _| 357268
Color points by value of
. 200_|
flux: 2 - a
S
g1 [ 114 % . -
& o L]
g |
B a
2 om0 | 0
3 a ]
(4 ] ] B
@ ® .
8
&

-3.87268
400 _|

T T T T T

8 9 10 u 12

Predicted

Fig. 7. Actual and residuals vs. predicted diagram.

of pores in the membrane decreased, and the membrane
became more rigid.

The composite membrane with MIL-101-Cr created
more flux (11.4 kg/m*h) than graphene oxide (10.3 kg/
m?>h), which may be due to the MIL-101-Cr filler being
more hydrophilic. Therefore, based on the obtained results,
optimum values were used to prepare the membrane for
use in pervaporation.

3.8. Optimization of pervaporation

To optimize pervaporation using two composite mem-
branes, GO and MIL-101-Cr, the CCD method was used.
Two feed solutions containing sodium ion (NaCl) and mag-
nesium ion (MgCL) were used. Factors affecting pervapo-
ration were feed temperature, feed pH, feed concentration,
membrane type, and ion type. The responses were the flux
across the membrane and the amount of salt rejection. After
reviewing the CCD and ANOVA results, it was found that
the model was quite significant in both flux and rejection.
The actual and predicted data were completely consistent
with each other (Fig. 9).

For flux, feed temperature (T), feed concentration (C),
feed pH, membrane type, ion type, interaction between T-C,
T-membrane type, T-T, and C-C were effective factors in this
experimental design. For salt rejection, T, C, feed pH, mem-
brane type, ion type, interaction between T-C, C-membrane
type, T-T, and C-C were effective factors (Table 1).
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For flux, the predicted R? of 0.9695 was in reasonable
agreement with the adjusted R* of 0.9773, with adequate
precision of 62.77 and CV of 1.43%. For salt rejection, the
predicted R? of 0.9609 was in reasonable agreement with
the adjusted R? of 0.9721, with adequate precision of 53.48

and CV of 0.17%. All the data showed the appropriateness
of the proposed model in the CCD.

According to the obtained three-dimensional charts, the
amount of flux in both membranes and both ions increased
with an increase in temperature (Fig. 10). This increase
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Table 1

Final equations of model

Ion: Na Flux equation =9.93944 + 0.032695T — 0.017663pH + 0.001640C + 0.000027TC + 0.000424T? — 1.65373E-06C*
Membrane:

MIL-101-Cr/[PN Rejection equation  =101.05726 - 0.033963T - 0.034278pH — 0.000440C — 0.000028TC - 0.000288T? + 9.23922E-07C?

Ton: Mg Flux equation =9.58572 + 0.029364T - 0.016636pH + 0.001597C + 0.000027TC + 0.000424T> — 1.65373E-06C>
Membrane:
Rejecti ti =101.17312 - 0. T —0.034278pH - 0. -0. 28TC - 0.000288T>

MIL-101-Cr/IPN ejection equation 01.173 0.033963T — 0.034278p. 0.000355C - 0.000028TC - 0.000288
Ton: Na Flux equation =9.64071 + 0.013924T - 0.007237pH + 0.001568C + 0.000027TC + 0.000424T? — 1.65373E-06C>
Memb :
G(‘;I/IIIPE ne Rejection equation =101.17984 — 0.038622T — 0.042764pH — 0.001024C — 0.000028TC — 0.000288T?> + 9.23922E-07C>
Ion: Mg Flux equation =9.21319 + 0.010593T - 0.006210pH + 0.001525C + 0.000027TC + 0.000424T? — 1.65373E-06C>
Membrane: L . 2 2
GO/IPN Rejection equation = 101.28520 — 0.038622T — 0.042764pH — 0.000939C — 0.000028TC — 0.000288T*> + 9.23922E-07C

(a)

flux
flux

351349 807437 351349 807437

flux

flux

351349 807437 351349 807437

Fig. 10. 3D charts of flux vs. feed temperature vs. feed concentration, (a) MIL-101-Cr/IPN and Na ion, (b) GO/IPN and Na ion,
(c) MIL-101-Cr/IPN and Mg ion, and (d) GO/IPN and Mg ion.
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Fig. 11. 3D charts of salt rejection vs. feed temperature vs. feed concentration, (a) MIL-101-Cr/IPN and Na ion, (b) GO/IPN and
Na ion, (c) MIL-101-Cr/IPN and Mg ion, and (d) GO/IPN and Mg ion.

may be due to the increase in the mobility of particles at
high temperature and the decrease in the order of the poly-
mer network of the membrane. However, the stability of
the membrane decreased significantly by increasing the
temperature of the feed solution.

Also, with an increase in the feed concentration, the
flux decreased slightly, which may be caused by the fouling
of the membrane pores by the salt particles. On the other
hand, with an increase in feed temperature, the amount of
salt rejection decreased significantly, which may be because
the order of the membrane decreased at high temperature,
and more salt particles were allowed to pass through the
membrane.

With an increase in feed concentration, the amount of salt
rejection decreased, which may be caused by the increase
of particles in contact with the membrane surface, and the
more this contact is, the greater the probability of particles
penetrating into the membrane (Fig. 11).

For both ions, the amount of flux increased and repul-
sion decreased with the acidification of the feed. So, if the

maximum amount of flux and repulsion is needed at the
same time, it is better to operate at almost neutral pH.

Finally, according to CCD calculations, the MIL-101-Cr
composite membrane showed more flux and salt rejection
for both ions than the GO composite membrane. The max-
imum flux and salt rejection of MIL-101-Cr membrane for
sodium ion were 15.19 kg/m*h and 99.24%, respectively.
The highest flux and rejection of GO membrane for sodium
ion were 13.65 kg/m*h and 98.97%, respectively. These val-
ues for magnesium jon were 14.59 kg/m*h and 99.37%
by MIL-101-Cr membrane and 12.98 kg/m*h and 99.10%
by GO membrane (Fig. 12).

3.9. Application of composite membrane in salt mixture

Various mixtures were made with different percentages
of sodium and magnesium salts, and the flux and salt rejec-
tion were obtained under the optimum conditions using the
MIL-101-Cr/IPN membrane (Table 2). Based on the data,
as the percentage of magnesium increased in the mixture,
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Fig. 12. Optimum conditions to obtain: (a) maximum flux of Na, (b) maximum flux of Mg, (c) maximum rejection of Na and
(d) maximum rejection of Mg.

Table 2

Application of MIL-101-Cr/IPN membrane in salt mixture

Na (mg/L) Mg (mg/L) Na rejection Mg rejection fli;;(m2~h)
500 0 98.12 100 14.89
400 100 98.36 98.96 14.52
300 200 98.76 98.57 14.31
200 300 99.01 98.12 14.11
100 400 99.19 97.86 13.91
0 500 100 97.71 13.76
Table 3
Compare this work with other works
Membrane Method Flux (kg/m?*h) Rejection% References
Activated GO/PEI Facile vacuum filtration 7 55 [48]
TA/GO/PEI Vacuum assisted filtration 15.4 64 [49]
NH,/MIL-53(Al) MD 6.2 99.9 [50]
ZiF8/(TA-Zn*),/PES NF 5.1 93.6 [51]
ZiF8/TA/PES NF 3.6 92.2 [36]
PVP/UiO-66-NH, NF 130 6.1 [35]
GO/COOH - 49 40 [52]
MIL-101-Cr/IPN Pervaporation 15.2 99.2 This work
GO/IPN Pervaporation 13.6 98.9 This work

less flux was observed, which could be due to magnesium
being bulkier compared to sodium, resulting in membrane
fouling. Therefore, as the percentage of each type of salt
increases in the mixture, the membrane rejection decreases

compared to it.

3.10. Compare this work with other composite membrane works

Compared to other composite membranes used in previ-
ous works, the membrane used in this study showed very good

performance in terms of both flux and salt rejection (Table 3).
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4. Conclusion

Several composite membranes of IPN/MOF and IPN/
GO were prepared using a sequential synthesis method, and
their ability for desalination was examined. The two mem-
branes that exhibited the best performance were selected.
The IPN part of the membrane consisted of a hydrophilic
polymer network of PVA and PAA, cross-linked by EGDMA
and GA. The prepared membranes were evaluated and iden-
tified by swelling, contact angle, FTIR, tensile, and SEM
tests. The membrane preparation was optimized using the
experimental design method, and the optimal membranes
were used for the desalination of NaCl and MgCl, salts
using the pervaporation method. The IPN/MIL-101-Cr com-
posite membrane showed better performance than GO, in
terms of both flux and salt rejection. This could be due to
the more hydrophilic properties and more specific action of
MIL-101-Cr in absorbing water. This membrane had high
mechanical stability, and it is hoped that it could be used
in the industry for water purification by pervaporation,
with modifications to other membrane methods.
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