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ABSTRACT
Water pollution, which leads to water scarcity, has become one of society's most challenging prob-
lems due to the increasing global population and urbanization. Desalination is a helpful strategy
for dealing with water scarcity. Nowadays, reverse osmosis is the most common desalination tech-
nology. However, it requires energy to overcome osmotic pressures above 500psi. The high energy
consumption and other challenges of seawater membrane desalination and strategies to reduce
energy were reported elsewhere. Pervaporation (PV) has emerged as the membrane technology
for desalinating seawater recently because of its benefits, which include high salt rejection, saving
energy, and low fouling phenomena. Accordingly, the PV process can be considered a "green" tech-
nology. This study aims to give an overviewof research that has employed PV in desalination. This is
with an emphasis on PV membrane materials used in desalination and some PV concepts. Overall,
the pervaporative desalination process is based on the solution – diffusion mechanism, in which
the driving force of the separation process is basically the difference in the partial vapor pressure
between the feed and permeate sides divided by the PV selectivemembrane. Polymermembranes
are being studied extensively due to their easy preparation method, low cost, and good salt sepa-
ration performance compared to organic membranes. To date, the research trend onmixedmatrix
membranes has gained considerable attention since the unique properties of inorganic fillers, and
polymer matrix can be combined to provide resulting membranes with improved salt separation
capabilities and stability at higher temperatures. Pervaporation has shown high promise for de-
salination with adequate productivity and high selectivity. Accordingly, many studies have been
conducted in lab and pilot scales to develop the future PV process for commercialization on an
industrial scale.
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INTRODUCTION
Thewater crisis is a global problem due to population
explosion, overuse, increasing demand, rising water
pollution, and climate change. Freshwater makes up
only 2.5% of all water on the planet; the rest is seawa-
ter1. Water scarcity affects 700 million people in 43
nations today. It is assumed that two-third of peo-
ple in the world will lack clean water in 2025. To-
day, more than 150 countries use desalination in some
form or another to address specific portions of global
demand, providing drinking water to more than 300
million people2. To solve this, separating salt from
brackish and sea water is an effective way to produce
freshwater3. In 2018, 18,426 plants filtering salt from
seawater were operating in approximately 150 coun-
tries. They have made about 87 million cubic me-
ters of clean water per day, which could serve over
300 million people. Nearly half of this capacity (44%)
is in the still-growing Middle East market, but other
nations, such as China, the United States, and Latin
America, are developing even faster 2.
Nowadays, reverse osmosis (RO) is usually used to
remove salt from brackish and seawater to produce

fresh water since it has been proven on a large scale
with high rejection and flux. However, RO needs a
high pressure above 500 psi, which is greater than the
osmotic pressure derived from high salt concentra-
tion in seawater for producing freshwater. Pervapo-
ration (PV) has become a well-known alternatemem-
brane for desalination in recent years because it shows
high selectivity, cheap energy, and high resistance to
pollutants attaching to the membrane. The RO pro-
cess produces greater water flow (30-60 kg.m−2.h−1)
but consumes more energy (2-4 KWh.m−3). In com-
parison, despite making less permeation (0.05–15 kg
m−2.h−1), the PV process uses just 2 KWh.m−3 4.
Notably, the critical role in deciding the separating
performance of the PV process is the physicochemi-
cal properties and morphology of the membrane.
Therefore, several research projects have focused on
finding appropriate materials for fabricating selective
layers and enhancing the separation performance of
derived membranes5. Pervaporation membranes are
made from different materials, including polymers,
inorganic materials, and composite or nanocom-
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posites, prepared by organic and inorganic compo-
nents6–8.
This paper seeks to study PV membranes for desali-
nation over the previous years. It has a particular em-
phasis on membrane materials like as polymeric, in-
organic, and mixed matrix membranes.

PRINCIPLE OF PERVAPORATION
DESALINATION
PV membranes serve as a selection layer that sep-
arates a liquid-feed phase and a vapor permeation
phase (Figure 1). The solution–diffusion theory de-
scribes PV’s separation transport process. PV con-
sists of three steps, including solution, diffusion, and
evaporation. The partial vapor pressure of the feed-
ing solution adjacent to the selective barrier is dis-
similar to that of the permeation phase, resulting in
the driving force in the PV process. In practice, PV
is well-known for its use in liquid mixture separation,
such as organic mixture separation and alcohol dehy-
dration9. Water filtration is the goal of desalinating
organic solvent dehydrating from solutions. Never-
theless, feeding characteristics differ. Water typically
makes up less than 10% of the bulk solution for dehy-
drating organic solvents6. However, water makes up
more than 90% of the feed for desalination. Accord-
ingly, the membrane used for separating water from
solvent is inappropriate for salt removal because it is
easily swollen in water, adversely affecting the selec-
tivity and even the life span of the membrane. One of
the most significant challenges of utilizing traditional
pervaporationmembranes for desalination is their in-
stability in solutions with large water proportions and
when operating at high temperatures10. In the case
of PV desalination, a membrane divides a solution at
an ambient pressure comprising non-volatile salt and
water molecules on one side and a vapor phase at a
vacuum condition on the counter side. This proce-
dure attends to the solution diffusion principle and
includes three critical stages: (i) on the feed side, wa-
ter molecules are absorbed onto selective layer mem-
branes such as dense membranes (non-porous mem-
branes) or very-finely-porous membranes; (ii) selec-
tive components diffuse through themembrane while
non-volatile salts are retained; (iii) water molecules
are desorbed via evaporation in the vapor phase onto
the permeate side. Mass transfer in the selection layer
relies on the dissimilarity in the concentration of per-
meatingmolecules in the feeding solution and perme-
ate, their physicochemical characteristics, and the po-
tential chemical gradient. The pervaporation process
for desalination is depicted in Figure 1.

Figure 1: Mechanism of the PV process for salt re-
moval 5

Permeation flux (J) and salt rejection (Rs) describe the
separation performance of PV membranes. Calcula-
tion of the J and Rs are shown in Eq. 1 and Eq. 2,
respectively.

J(kgm−2h−1) =
Q

A× t
(1)

Rs (%) =

(
1−

cp

c f

)
×100% (2)

Where A is the membrane’s effective surface (m2), t is
the operating time (h), and Q is the permeate weight
(kg). The salt content in the permeate and feeding so-
lutions is Cpand Cf, respectively, which are measured
by a conductivity meter.

MEMBRANES IN PVDESALINATION
At the moment, materials for PV membranes are
mainly chosen based on personal experience; there
are no established criteria for membrane material se-
lection. Membranes have been made from a variety
of materials in recent years, including polymeric, in-
organic, andmixedmatrixmembranes. Table 1 shows
some typical materials and the efficiency of the result-
ing membranes for salt removal.

Polymer basedmembranes
Polymer materials with remarkable selectivity are fre-
quently the focus of intensive research in membrane
fabrication nowadays. Although such a membrane
has a low permeate flux, it can be significantly en-
hanced by adding asymmetry to the membrane mor-
phology to narrow the selective layer using various
manufacturing methods, such as interfacial polymer-
ization, float-casting, and dip coating. Popular poly-
mers used in fabricating PVmembranes for desalina-
tion are polyether ester, polyamide, cellulose, cellu-
lose acetate, poly(vinyl alcohol), etc.
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Table 1: Some typical materials and performance of the resultingmembranes for salt removal

Membrane NaCl
content

Temperature Vacuum
condi-
tions

Flux
(kg.m−2.h−1)

Rejection
(%)

Reference

Crosslinked PVA/PVDF
hollow-fiber membrane

100 g.L−1 80◦C vacuum
1 kPa

9 99.9 Li et al., 2017

GO/PI MMMs 3.5 g.L−1 90◦C vacuum 36.1 99.9 Feng et al., 2017

Hybrid carbon-silica
membrane

1 g.L−1 60◦C vacuum 26.5 99.5 Yang et al., 2017

SiO2@PVA/PSF hollow-
fiber membrane

30 g.L−1 70◦C vacuum 10.4 99.9 Chaudhri et al.,
2018

GO/PDA-modified α-
Al2O3 membrane

3.5 g.L−1 90◦C vacuum 48.4 99.7 Huang et al,
2018

PMDA-crosslinked PVA
on PAN microporous
membrane

35 g.L−1 70◦C vacuum 32.2 99.9 Zhang et al.,
2018

MIL-53(Al)/crosslinked
PVA hollow-fiber mem-
brane

100 g.L−1 80◦C vacuum
0.1 kPa

19 99.9 Liang et al.,
2018

MXene-based membranes 3.5 g.L−1 65◦C vacuum
0.4 kPa

85.4 99.5 Liu et al., 2018

S-PVA/Polyacrylonitrile
membrane

35 g.L−1 70◦C vacuum
100 Pa

27.9 99.8 Zhang et al.,
2019

PVA/PVDF/PTFE mem-
brane

3.5 g.L−1 75.0 ±
0.9◦C

DCPV
mode

44.5± 3.0 > 99.9 Meng et al.,
2019c

La/Y-organosilica mem-
brane

3.5 g.L−1 25◦C vacuum
0.6 kPa

10.3 99.99 Zhang et al.,
2019

Sodium alginate-GO
nanocomposite mem-
brane

3.5 g.L−1 60◦C vacuum 8.11 99.41 Nigiz et al.,
2020

Silica/PVA hybrid mem-
brane

3.5 g.L−1 60◦C vacuum
1 kPa

12.3 > 99.9 Danielli et al.,
2020

Al2O3/cellulose triacetate 30 g.L−1 70◦C vacuum
0.1 kPa

6.7 99.8 Prihatiningtyas
et al., 2020a

Lignin-based TFC mem-
brane

3.5 g.L−1 45◦C 400–667
Pa

18.5 99.95 Chen et at.,
2021

SMA-g-PVA/FS/PVDF
composite membrane

- - vacuum
100 Pa

44.5± 1.5 99.93 Zhao et al., 2021

PA-TFC membrane 1.5
mg.L−1

As (V)

60◦C vacuum 16.1 99.9 Xuan et al, 2021

30 g.L−1 60◦C vacuum 13 99.3
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Li et al.10 used a dip coating approach to create
composite pervaporation membranes from a PVA
layer on polyvinylidene fluoride (PVDF) supporting
hollow-fiber porous substrate. The PVA layers were
crosslinked by glutaraldehyde to stabilize the selective
layer in a water environment at a medium tempera-
ture. Desalinating tests showed that the membrane’s
coating layer thickness had been affected by the dip-
coating conditions. The membrane had a thick layer
of 0.8 µm and could maintain for 300 hours with ex-
cellent, consistent performance.
A new kind of PV membrane for desalination was
created by Rui Zhang et al. 11. PVA stabilized with
SSA on a surface of a commercial PAN substrate.
A facile preparation of dilution, crosslinking, and
heating post-treatment made a crosslinked PVA/PAN
composite membrane with superior separation per-
formance for desalination. At 70 ◦C, 100 Pa of vac-
uum, and 35 g.L−1 of NaCl solution, water flux was
27.9 kg.m−2.h−1 with a selectivity of 99.8%. A notice-
able point is that the SSA functional group increased
the composite membrane’s thermal resistance.
To improve the wet by cooling water when apply-
ing the direct contact mode, Meng et al.12 prepared
the PV membrane carried out by directly contacting
mode (DCPV), which consists of three layers, includ-
ing a PVA crosslinked, a porous PVDF layer and a
polytetrafluoroethylene. The desalination results re-
veal that the DCPV membranes exhibit high produc-
tivity and selectivity with good anti-fouling. Zhang
et al.13 fabricated a novel PVA/PAN composite PV
membrane via a solution-coating protocol of PVA
crosslinked by pyromellitic dianhydride (PMDA) on
PAN membranes. The thickness of crosslinked PVA
selective layers was 2-µm. The membranes were then
tested for salt removal of 35 g.L−1 NaCl solution
at 70◦C. Compared with RO membranes, the pro-
duced membranes demonstrated an improved NaCl
selectivity of 99.9% and equivalent water flux of 32.2
kg.m−2.h−1.
Chen et al.14 used a conventional solution-casting ap-
proach tomake TFCmembranes based on lignin. The
impact of lignin, a polymeric substance derived from
biomass, on desalination performance was investi-
gated. The performance of the prepared membrane
possessing a thickness of 0.47 µm bound by 10 wt.%
PVA achieved a water flux of 18.5 kg.m-2.h−1 and a
selectivity of about 99.95 % tested with a 3.5 g.L−1 salt
feed as feed at 45◦C.
Furthermore, using NaClO to treat organic pollu-
tants sticking to membranes impacts the lifespan of
membranes. Zhao and co-workers15 investigated
the chlorine resistance of PVA membranes in which

active 1,2-diol groups on PVA chains were elimi-
nated by a reaction with NaIO4, grafted-PVA, and
styrene-co-maleic anhydride grafted-PVA using flu-
orocarbon (FS) surfactant to minimize crystallinity
and crosslinking. AmongPV andROmembranes, the
fabricated PV membranes exhibited the highest chlo-
rine resistance (768 g.L−1, NaClO solution). The per-
formance was approximately 45 kg.m−2.h−1 perme-
ating flux and 99.93 % selectivity.
Polyamide (PA) materials were once intensively uti-
lized in developing PV membranes to separate or-
ganic mixtures16. Xuan et al.17 used interfacial poly-
merization to prepare a polyamide-based thin-film
composite (PA-TFC) membrane for pervaporation
salt and Arsenic removals. The PA selective layers
were developed via the amidation reaction between
diamine monomers and TMC on the PSF substrate.
Various diamine structures affecting the separating
efficiency of prepared membranes were examined. It
is confirmed that the physicochemical characterisitics
of the membranes were influenced by the chemical
structure of diamines. This led to a change in the
water flux of the prepared membrane. For separat-
ing 1.5 mg.L−1 As(V) at 60 oC, the PIP-TMC mem-
branes showed an acceptable penetration flux (16.1
kg.m−2.h−1) and about 99.9% selectivity, whereas the
penetration flux and selectivity are 13 kg.m−2.h−1

and 99.3%, respectively for 30 g.L−1 NaCl pervapo-
ration.

Inorganic membrane
Inorganic membranes are more advantageous, such
as strong thermal and chemical stability and high
foulant resistance18,19. Previously, zeolite and amor-
phous silica-derived membranes have been exten-
sively applied in PV desalinating20. Ceramics’ greater
molecule size and shape capabilities result from their
rigid structure and defined pore size, which provides
superior separation performance.
Yang and a co-worker developedhybrid carbon-silica-
based tubular membranes with no interlayer for PV
desalination. The PV membranes were obtained by
coating a hybrid silica layer on microporous Al2O3

tubular substrates (average pore size of 100 nm) (Ce-
ramic Oxide Fabricates, Australia). A complicated
fabrication process was employed with dip-coating,
pre-treating, sol-gel reacting, and calcinating proce-
dures at high temperatures in N2 or vacuum con-
ditions for 4 hours. Three-times replicating synthe-
sis process successfully generated hybrid silica mem-
branes. The results revealed that testing with 1 g.L−1

NaCl solution at 60◦C, the vacuum calcined (CS-Vc)
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hybrid carbon-silica based membranes exhibit a per-
meation flux of 26.5 kg.m−2.h−1 and 99.5% selectiv-
ity 21. The authors use a sol-gelmethod to synthesize a
La/Y-organosilica membrane. For 3.5 g.L−1 solution
of NaCl at 25oC, the prepared membrane synthesized
by La25Y75-SiO2 (La:Y = 25:75, mol percent) exhibits
a good permeation flux (10.3 kg.m−2.h−1) and excel-
lent selectivity (nearly 100%) 22.
Graphene and its categories, such as graphene ox-
ide, have emerged as alternative materials for the
preparation and modification of membranes based
on their nano-order structure23. Chang et al.24 cre-
ated layered graphene-based membranes with a high
ion rejection rate and a high water flux. In wa-
ter separation, graphene oxide (GO) particularly has
the most suitable properties25. Qian et al. im-
proved the desalinating efficiency of the GO/ PDA
based Al2O3 membrane through modifying the in-
terlayer spacing in GO structure26. Nigiz et al. cre-
ated a sodium alginate-GO nanocomposite mem-
brane by incorporating commercial GO into the al-
ginate (NaAlg) matrix. The membrane was formed
by casting a GO/NaAlg homogeneous solution on a
PMMA plate, followed by an evaporation process.
The correlation between the GO and NaAlg contents
and the separation efficiency of the derived mem-
branes was evaluated. The results indicated that the
PV membrane created with 2 wt.% GO and 4 wt.%
NaAlg solutions showed an excellent selectivity (99.41
%), but a less permeation flux (8.11 kg.m−2.h−1) at
60◦C27.
In recent years, studies of purification membranes
based on MXenes, a new category of metal carbide
with a transition of 2D in water treatment and de-
salination, have attracted great attention because they
own a large surface area, good conductivity, biocom-
patibility, and hydrophilicity28. Previous studies re-
vealed that F, C, Ti, O, and H elements are involved
in forming Mxene nanosheets with numerous OH
and -C=O groups in the chemical structure. As a re-
sult, functional groups contribute to the size of in-
terlayer spaces between Mxene laminates, creating
a form of transport channel with various molecular
sizes. Using a simple filtration approach, Liu et al.29

developed ultra-thin 2D MXene membranes for per-
vaporation desalination. Synthesis of Ti3AlC2 pow-
ders, exfoliation of Ti3AlC2 powders, delamination
of Ti3C2Tx, and preparation of MXene composite
membrane are all steps in the Mxene manufacturing
process. To support the MXene nanosheets, poly-
acrylonitrile (PAN)microporous support having pore
sizes of a few tens of nanometers was utilized. MX-
enes suspension was added into 100 mL water and

sonicated for a few minutes before vacuum filtration
through the PAN substrate to form MXene mem-
branes. The prepared membrane possessing an ultra-
thin thickness of 60 nm exhibits an unexpected per-
meation flux (85.4 L.m−2.h −1) and good selectivity
(99.5%) as separating NaCl solution of 3.5 g.L−1 at
65◦C.

Mixedmatrix membranes
There are many advantages to using polymer to pro-
duce membranes, due to its low cost, good mechani-
cal properties, high productivity, flexibility, and sim-
plemanufacture, while inorganicmembranes are gen-
erallyc highly selective and thermal and chemically
stable. These membranes have a sacrifice between
permeate flux and species rejection and have poorer
chemical stability and fouling problems, whereas in-
organic membranes have complicated manufacturing
and high costs. MMs (mixedmatrixmembranes)27,28

are hybrid membranes that combine the excellent
physicochemical properties of both inorganic and or-
ganic materials to develop membranes. The MMMs
were formed by a blend, in which inorganic fillers
were introduced into a polymeric matrix to improve
membrane stability regarding chemical, mechanical,
and thermal properties. Innovative inorganic mate-
rials are frequently embedded in a polymeric matrix
to create MMS materials. The interaction of nano-
fillers and polymer matrix is crucial to a success of
a hybrid-membrane. Currently, nano-fillers incorpo-
rated in MMMs applied in pervaporation include ze-
olite30, silica 31, carbon nanotubes (CNTs)32, metal-
organic frameworks (MOFs)33, and graphene34.
In recent years, silica (SiO2) has been among the
most popular and promising fillers. Incorporating
silica into PVA matrix increases the roughness, and
free volume in the polymeric membrane, while de-
creasing the hydrophobic property and thereby im-
proving the pervaporating-desalination performance
of the membrane, reported by Chaudhri et al.35. The
SiO2/PVA-based composite membranes were synthe-
sized through a dip-coating procedure with carefully
controlled penetration, followed by evaporating coat-
ing solution to generate a good quality membrane35.
The PVA-SiO2 selective layer having a 220 nm thick-
ness reveals a good permeate flux of 20.6 kg.m−2.h−1

and 10.4 kg.m−2.h−1 with excellent selectivity of 99.9
%, when separating 2 g.L−1 and 30 g.L−1 salt solu-
tions at a temperature of 70oC, respectively.
Furthermore, Danielli et al.36 have recently created
a unique green membrane originating from a sil-
ica/PVA blend. Silica derived from rice husk (RH)
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material was employed to elevate the separation effi-
ciency of resulting membranes for rejecting salt. The
silica/PVA was homogenized via ultrasonic condition
followed by crosslinked with dimethylurea (DMU)
before casting on a supporting substrate. The result-
ing membranes obtain the highest water flux of 12.3
kg.m−2.h−1 and selectivity higher than 99.9% for 10%
silica loading when separating 3.5 wt.% salt mixture
at 60◦C. Huang et al.37 introduced graphene oxide
nano-fillers into the polyimide (PI) layer via a wet-
phase inversion approach to producing nanohybrid
nanocomposite membranes applied in seawater de-
salination. Themembranes showed a comparable wa-
ter flux (about 36.1 kg.m−2.h−1) and a superior se-
lectivity at 90◦C (99.9 %) compared to the RO mem-
brane.
Metal-organic frameworks (MOFs) are another com-
mon filling inorganic material used in MMMs. Liang
et al.38 prepared a blend, including a 53(Al) mixture
and a crosslinked PVA solution, to form MMMs via
dip-coating procedure with a PVDF hollow fiber sup-
port. The MMMs exhibited a high selectivity of ap-
proximately 99.9% and a water flux of 19 kg.m−2.h−1.
TheMMMs showed good fouling resistance and long-
term stable operation.
Biopolymer-based membranes are a viable alternative
to synthetic polymer membranes, which is a current
trend in the area, resulting in the appearance of con-
structing ecologically friendly membranes. MMMs
fabricated with biopolymers and inorganic materials,
including zeolites, molecular sieves, nanotubes, and
graphene oxide, show increases inmechanical proper-
ties due to themobility-prevention of polymer chains.
As a result, resulting membranes are more stable and
less swell as operation over a long time, especially in
separating polar species 5.
Nanocomposite membranes made from cellulose tri-
acetate and cellulose nanocrystals (CTA/CNCs) for
pervaporation desalination were developed. CNCs
were utilized because many hydroxyls, sulfonic acid,
and carboxylic sites were formed on these mem-
branes, improving the hydrophilicity of the result-
ing membrane. In addition, Indiah et al.39 investi-
gated the variation of pervaporation performance of a
CTA/CNCs-based membrane related to alkaline con-
tent in a treatment process. The impact of variables
such as Al2O3 content, feed temperature, and feed
concentration on CTA/Al2O3 performance was stud-
ied. Compared with a pristine CTA membrane, the
CTA/Al2O3 membrane formed by 2% CTA exhibits
an improved permeation flux higher than 200% and
the selectivity around 99.8% as tested with a feed of
30 g.L−1 NaCl at a temperature of 70oC.

CONCLUSION
PV has been considered an emerging membrane pro-
cess for desalination because it has a comparable per-
meation flux, excellent rejection, and energy savings
compared to RO membranes. The mechanism of
the pervaporating process for desalination follows the
solution-diffusion theory, in which molecular water
is preferentially absorbed on a membrane surface and
diffuses through a selective layer while salt molecules
are retained. The PV membranes have a crucial role
in the PV process. Therefore, numerous studies
focus on improving the physicochemical properties
of membranes by using different inorganic and or-
ganic materials and combining inorganic and organic
nanocomposites. Despite their lower thermal and
chemical properties than ceramic membranes, poly-
mer membranes are being studied extensively due to
their easy preparation method, low cost, and good
salt separation performance. The research on mixed
matrix membranes has gained considerable attention
since the unique properties of inorganic fillers, and
polymer matrix can be combined to provide resulting
membranes with improved salt separation capabili-
ties and stability at higher temperatures. Many studies
have been performed on the lab and pilot scales to de-
velop the future PV process for commercialization on
an industrial scale.

ACKNOWLEDGEMENTS
This research is supported by the project “B2019.
SPD.05”.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of in-
terest.

AUTHORS’ CONTRIBUTION
Minh-Xuan Pham, Mai Thanh Phong and Le-Hai
Tran conceived the study. Minh-Xuan Pham wrote
the original draft. Le-Hai Tran andHuynhKy Phuong
Ha collated the data. Mai Thanh Phong and Le-Hai
Tran wrote and reviewed the manuscript.

REFERENCES
1. Oki T, Kanae S. Global hydrological cycles and world water

resources. Science. 2006;313(5790):1068-72;PMID: 16931749.
Available from: https://doi.org/10.1126/science.1128845.

2. Group WB. The role of desalination in an increas-
ingly water-scarce world [online]; 2019;Available from:
https://idadesal.org/wp-content/uploads/2019/04/World-
Bank-Report-2019.pdf.

3. Ahmed FE, Hashaikeh R, Hilal N. Hybrid technologies: the
future of energy efficient desalination - a review. Desali-
nation. 2020;495:114659;Available from: https://doi.org/10.
1016/j.desal.2020.114659.

140

https://www.ncbi.nlm.nih.gov/pubmed/16931749
https://doi.org/10.1126/science.1128845
https://idadesal.org/wp-content/uploads/2019/04/World-Bank-Report-2019.pdf
https://idadesal.org/wp-content/uploads/2019/04/World-Bank-Report-2019.pdf
https://doi.org/10.1016/j.desal.2020.114659
https://doi.org/10.1016/j.desal.2020.114659


Science & Technology Development Journal – Engineering and Technology, 5(SI1):135-143

4. Kaminski W, Marszalek J, Tomczak E. Water desalination
by pervaporation-Comparison of energy consumption. De-
salination. 2018;433:89-93;Available from: https://doi.org/10.
1016/j.desal.2018.01.014.

5. Castro-Muñoz R. Breakthroughs on tailoring pervaporation
membranes for water desalination: a review. Water Res.
2020;187:116428;PMID: 33011568. Available from: https://doi.
org/10.1016/j.watres.2020.116428.

6. Liang B, Pan K, Li L, Giannelis EP, Cao B. High performance
hydrophilic pervaporation composite membranes for water
desalination. Desalination. 2014;347:199-206;Available from:
https://doi.org/10.1016/j.desal.2014.05.021.

7. Drobek M, Yacou C, Motuzas J, Julbe A, Ding L, Diniz da
Costa JCD. Long term pervaporation desalination of tubu-
lar MFI zeolite membranes. J Membr Sci. 2012;415-416:816-
23;Available from: https://doi.org/10.1016/j.memsci.2012.05.
074.

8. Xie Z, Ng D, Hoang M, Duong T, Gray S. Separation of aque-
ous salt solution by pervaporation through hybrid organic-
inorganic membrane: effect of operating conditions. Desali-
nation. 2011;273(1):220-5;Available from: https://doi.org/10.
1016/j.desal.2010.10.026.

9. Shao P, Huang RYM. Polymeric membrane pervaporation.
J Membr Sci. 2007;287(2):162-79;Available from: https://doi.
org/10.1016/j.memsci.2006.10.043.

10. Li L, Hou J, Ye Y,Mansouri J, Zhang Y, Chen VJ. Suppressing salt
transport through composite pervaporation membranes for
brine desalination. Applied Sciences. 2017;7(8):856;Available
from: https://doi.org/10.3390/app7080856.

11. Zhang R, Liang B, Qu T, Cao B, Li PJET. High-performance
sulfosuccinic acid cross-linked PVA composite pervaporation
membrane for desalination. Environ Technol. 2019;40(3):312-
20;PMID: 28978280. Available from: https://doi.org/10.1080/
09593330.2017.1388852.

12. Meng J, Li P, Cao B. High-flux direct-contact pervapora-
tion membranes for desalination. ACS Appl Mater Interfaces.
2019;11(31):28461-8;PMID: 31294541. Available from: https:
//doi.org/10.1021/acsami.9b08078.

13. Zhang R, Xu X, Cao B, Li P. Fabrication of high-
performance PVA/PAN composite pervaporation mem-
branes crosslinked by PMDA for wastewater desali-
nation. Petrol Sci. 2018;15(1):146-56;Available from:
https://doi.org/10.1007/s12182-017-0204-z.

14. Chen Y-T, Sun Y-M, Hu C-C, Lai J-Y, Liu Y-L. Employing lignin
in the formation of the selective layer of thin-film compos-
ite membranes for pervaporation desalination. Mater Adv.
2021;2(9):3099-106;Available from: https://doi.org/10.1039/
D1MA00150G.

15. Zhao P, Meng J, Zhang R, Cao B, Li P. Molecular design
of chlorine-resistant polymer for pervaporation desalination.
Sep Purif Technol. 2021;268:118671;Available from: https://
doi.org/10.1016/j.seppur.2021.118671.

16. Huang S-H, Liu Y-Y, Huang Y-H, Liao K-S, Hu C-C, Lee K-R
et al. Study on characterization and pervaporation perfor-
mance of interfacially polymerized polyamide thin-film com-
posite membranes for dehydrating tetrahydrofuran. J Membr
Sci. 2014;470:411-20;Available from: https://doi.org/10.1016/j.
memsci.2014.07.022.

17. PhamMX, Le TM, Tran TT, Phuong Ha HKP, PhongMT, Nguyen
VH et al. Fabrication and characterization of polyamide thin-
film composite membrane via interfacial polycondensation
for pervaporation separation of salt and arsenic from water.
RSC Adv. 2021;11(63):39657-65;PMID: 35494103. Available
from: https://doi.org/10.1039/D1RA07492J.

18. Mcleary EE, Jansen JC, Kapteijn F. Zeolite based films, mem-
branes and membrane reactors: progress and prospects. Mi-
cropor Mesopor Mater. 2006;90(1-3):198-220;Available from:
https://doi.org/10.1016/j.micromeso.2005.10.050.

19. Wang L, Wang Y, Wu L, Wei G. Fabrication, prop-
erties, performances, and separation application of
polymeric pervaporation membranes: a review. Poly-
mers. 2020;12(7):1466;PMID: 32629862. Available from:

https://doi.org/10.3390/polym12071466.
20. Wang Q, Li N, Bolto B, Hoang M, Xie Z. Desalination by per-

vaporation: a review. Desalination. 2016;387:46-60;Available
from: https://doi.org/10.1016/j.desal.2016.02.036.

21. Yang H, Elma M, Wang DK, Motuzas J, Diniz Da Costa JC.
Interlayer-free hybrid carbon-silica membranes for process-
ing brackish to brine salt solutions by pervaporation. JMembr
Sci. 2017;523:197-204;Available from: https://doi.org/10.1016/
j.memsci.2016.09.061.

22. Zhang H-Y, Wen J-L, Shao Q, Yuan A, Ren H-T, Luo F-Y et al.
Fabrication of La/Y-codoped microporous organosilica mem-
branes for high-performance pervaporation desalination. J
Membr Sci. 2019;584:353-63;Available from: https://doi.org/
10.1016/j.memsci.2019.05.023.

23. Liu G, Jin W, Xu N. Graphene-based membranes. Chem Soc
Rev. 2015;44(15):5016-30;PMID: 25980986. Available from:
https://doi.org/10.1039/C4CS00423J.

24. Cheng C, Shen L, Yu X, Yang Y, Li X, Wang X. Robust construc-
tion of a graphene oxide barrier layer on a nanofibrous sub-
strate assisted by the flexible poly (vinyl alcohol) for efficient
pervaporation desalination. J Mater Chem A. 2017;5(7):3558-
68;Available from: https://doi.org/10.1039/C6TA09443K.

25. Cha-Umpong W, Hosseini E, Razmjou A, Zakertabrizi M, Ko-
rayem AH, Chen V. New molecular understanding of hy-
drated ion trapping mechanism during thermally driven de-
salination by pervaporation using GO membrane. J Membr
Sci. 2020;598:117687;Available from: https://doi.org/10.1016/
j.memsci.2019.117687.

26. Qian Y, Zhang X, Liu C, Zhou C, Huang A. Tuning interlayer
spacing of grapheneoxidemembraneswith enhanceddesali-
nation performance. Desalination. 2019;460:56-63;Available
from: https://doi.org/10.1016/j.desal.2019.03.009.

27. Ugur Nigiz F. Graphene oxide-sodium alginate membrane
for seawater desalination through pervaporation. Desali-
nation. 2020;485:114465;Available from: https://doi.org/10.
1016/j.desal.2020.114465.

28. Ihsanullah I. Potential of MXenes in water desalina-
tion: current status and perspectives. Nano Micro
Lett. 2020;12(1):72;PMID: 34138292. Available from:
https://doi.org/10.1007/s40820-020-0411-9.

29. Liu G, Shen J, Liu Q, Liu G, Xiong J, Yang J et al. Ultrathin
two-dimensionalMXenemembrane for pervaporation desali-
nation. J Membr Sci. 2018;548:548-58;Available from: https:
//doi.org/10.1016/j.memsci.2017.11.065.

30. Wang T, Ansai T, Lee SW. Zeolite-loaded poly (dimethylsilox-
ane) hybrid films for highly efficient thin-filmmicroextraction
of organic volatiles in water. J Chromatogr B Analyt Tech-
nol Biomed Life Sci. 2017;1041-1042:133-40;PMID: 28039810.
Available from: https://doi.org/10.1016/j.jchromb.2016.12.034.

31. Asghari M, Sheikh M, Afsari M, Dehghani M. Molecular sim-
ulation and experimental investigation of temperature ef-
fect on chitosan-nanosilica supported mixed matrix mem-
branes for dehydration of ethanol via pervaporation. J Mol
Liq. 2017;246:7-16;Available from: https://doi.org/10.1016/j.
molliq.2017.09.045.

32. Shameli A, Ameri E. Synthesis of cross-linked PVA mem-
branes embedded with multi-wall carbon nanotubes and
their application to esterificationof acetic acidwithmethanol.
Chem Eng J. 2017;309:381-96;Available from: https://doi.org/
10.1016/j.cej.2016.10.039.

33. Wu G, Jiang M, Zhang T, Jia Z. Tunable pervaporation perfor-
mance ofmodifiedMIL-53 (Al)-NH2/poly (vinyl alcohol)mixed
matrix membranes. J Membr Sci. 2016;507:72-80;Available
from: https://doi.org/10.1016/j.memsci.2016.01.048.

34. Qian X, Li N, Wang Q, Ji S. Chitosan/graphene oxide mixed
matrix membrane with enhanced water permeability for
high-salinity water desalination by pervaporation. Desalina-
tion. 2018;438:83-96;Available from: https://doi.org/10.1016/j.
desal.2018.03.031.

35. Chaudhri SG, Chaudhari JC, Singh PS. Fabrication of efficient
pervaporation desalination membrane by reinforcement of

141

https://doi.org/10.1016/j.desal.2018.01.014
https://doi.org/10.1016/j.desal.2018.01.014
https://www.ncbi.nlm.nih.gov/pubmed/33011568
https://doi.org/10.1016/j.watres.2020.116428
https://doi.org/10.1016/j.watres.2020.116428
https://doi.org/10.1016/j.desal.2014.05.021
https://doi.org/10.1016/j.memsci.2012.05.074
https://doi.org/10.1016/j.memsci.2012.05.074
https://doi.org/10.1016/j.desal.2010.10.026
https://doi.org/10.1016/j.desal.2010.10.026
https://doi.org/10.1016/j.memsci.2006.10.043
https://doi.org/10.1016/j.memsci.2006.10.043
https://doi.org/10.3390/app7080856
https://www.ncbi.nlm.nih.gov/pubmed/28978280
https://doi.org/10.1080/09593330.2017.1388852
https://doi.org/10.1080/09593330.2017.1388852
https://www.ncbi.nlm.nih.gov/pubmed/31294541
https://doi.org/10.1021/acsami.9b08078
https://doi.org/10.1021/acsami.9b08078
https://doi.org/10.1007/s12182-017-0204-z
https://doi.org/10.1039/D1MA00150G
https://doi.org/10.1039/D1MA00150G
https://doi.org/10.1016/j.seppur.2021.118671
https://doi.org/10.1016/j.seppur.2021.118671
https://doi.org/10.1016/j.memsci.2014.07.022
https://doi.org/10.1016/j.memsci.2014.07.022
https://www.ncbi.nlm.nih.gov/pubmed/35494103
https://doi.org/10.1039/D1RA07492J
https://doi.org/10.1016/j.micromeso.2005.10.050
https://www.ncbi.nlm.nih.gov/pubmed/32629862
https://doi.org/10.3390/polym12071466
https://doi.org/10.1016/j.desal.2016.02.036
https://doi.org/10.1016/j.memsci.2016.09.061
https://doi.org/10.1016/j.memsci.2016.09.061
https://doi.org/10.1016/j.memsci.2019.05.023
https://doi.org/10.1016/j.memsci.2019.05.023
https://www.ncbi.nlm.nih.gov/pubmed/25980986
https://doi.org/10.1039/C4CS00423J
https://doi.org/10.1039/C6TA09443K
https://doi.org/10.1016/j.memsci.2019.117687
https://doi.org/10.1016/j.memsci.2019.117687
https://doi.org/10.1016/j.desal.2019.03.009
https://doi.org/10.1016/j.desal.2020.114465
https://doi.org/10.1016/j.desal.2020.114465
https://www.ncbi.nlm.nih.gov/pubmed/34138292
https://doi.org/10.1007/s40820-020-0411-9
https://doi.org/10.1016/j.memsci.2017.11.065
https://doi.org/10.1016/j.memsci.2017.11.065
https://www.ncbi.nlm.nih.gov/pubmed/28039810
https://doi.org/10.1016/j.jchromb.2016.12.034
https://doi.org/10.1016/j.molliq.2017.09.045
https://doi.org/10.1016/j.molliq.2017.09.045
https://doi.org/10.1016/j.cej.2016.10.039
https://doi.org/10.1016/j.cej.2016.10.039
https://doi.org/10.1016/j.memsci.2016.01.048
https://doi.org/10.1016/j.desal.2018.03.031
https://doi.org/10.1016/j.desal.2018.03.031


Science & Technology Development Journal – Engineering and Technology, 5(SI1):135-143

poly (vinyl alcohol)-silica film on porous polysulfone hol-
low fiber. J Appl Polym Sci. 2018;135(3):45718;Available from:
https://doi.org/10.1002/app.45718.

36. Reino Olegário da Silva DA, Bosmuler Zuge LC, de Paula
Scheer A. Preparation and characterization of a novel green
silica/PVA membrane for water desalination by pervapo-
ration. Sep Purif Technol. 2020;247:116852;Available from:
https://doi.org/10.1016/j.seppur.2020.116852.

37. Feng B, Xu K, Huang A. Synthesis of graphene ox-
ide/polyimide mixed matrix membranes for desali-
nation. RSC Adv. 2017;7(4):2211-7;Available from:

https://doi.org/10.1039/C6RA24974D.
38. Liang W, Li L, Hou J, Shepherd ND, Bennett TD, D’alessandro

DM et al. Linking defects, hierarchical porosity generation
and desalination performance in metal-organic frameworks.
Chem Sci. 2018;9(14):3508-16;PMID: 29780481. Available
from: https://doi.org/10.1039/C7SC05175A.

39. Prihatiningtyas I, Gebreslase GA, Van Der Bruggen B. Incor-
poration of Al2O3 into cellulose triacetate membranes to en-
hance the performance of pervaporation for desalination of
hypersaline solutions. Desalination. 2020;474:114198;Avail-
able from: https://doi.org/10.1016/j.desal.2019.114198.

142

https://doi.org/10.1002/app.45718
https://doi.org/10.1016/j.seppur.2020.116852
https://doi.org/10.1039/C6RA24974D
https://www.ncbi.nlm.nih.gov/pubmed/29780481
https://doi.org/10.1039/C7SC05175A
https://doi.org/10.1016/j.desal.2019.114198


Tạp chí Phát triển Khoa học và Công nghệ – Engineering and Technology 5(SI1):135-143

Open Access Full Text Article Bài tổng quan

1Khoa Kỹ thuật Hóa học, Đại học Bách
Khoa (HCMUT), Việt Nam
2Đại học Quốc gia TP. HCM
(VNU-HCM), Việt Nam
3Khoa SP Khoa học Tự nhiên, Trường
Đại học Đồng Tháp, Việt Nam

Liên hệ

PhạmMinh Xuân, Khoa Kỹ thuật Hóa học,
Đại học Bách Khoa (HCMUT), Việt Nam

Đại học Quốc gia TP. HCM (VNU-HCM), Việt
Nam

Khoa SP Khoa học Tự nhiên, Trường Đại học
Đồng Tháp, Việt Nam

Email: pmxuan@dthu.edu.vn

Lịch sử
• Ngày nhận: 18-4-2022
• Ngày chấp nhận: 11-4-2023 
• Ngày đăng: 9-5-2023

DOI : https://doi.org/10.32508/stdjet.v5iSI1.986 

Bản quyền
© ĐHQG Tp.HCM. Đây là bài báo công bố
mở được phát hành theo các điều khoản của
the Creative Commons Attribution 4.0
International license.

Tổng quan vềmàng thẩm thấu bốc hơi ứng dụng khửmuối

PhạmMinh Xuân1,2,3,*, Trần Lê Hải1,2, Huỳnh Kỳ Phương Hạ1,2, Mai Thanh Phong1,2

Use your smartphone to scan this
QR code and download this article

TÓM TẮT
Hiện nay, việc gia tăng dân số toàn cầu và đô thị hóa đã dẫn đến nguồn nước bị ô nhiễm và làm
hiện tượng khan hiếm nước trở thành một trong những vấn đề khó khăn và thách thức. Khử muối
là một giải pháp hữu ích để ứng phó với tình trạng khan hiếm nước này. Ngày nay, thẩm thấu
ngược là công nghệ khử muối phổ biến nhất, tuy nhiên nó đòi hỏi năng lượng lớn hơn áp suất
thẩm thấu trên 500psi để đẩy được dòng nguyên liệu qua màng. Các yêu cầu về năng lượng như
đã đề cập trong quá trình khửmuối của nước biển hiện đang là thách thức và cần có các biện pháp
giúp giảm thiểu năng lượng trong quá trình khửmuối. Trong thời gian gần đây, thẩm thấu bốc hơi
(PV) đã được quan tâm nghiên cứu với vai trò là một giải phápmàng lọc giúp khửmuối trong nước
biển với nhiều lợi ích như: khả năng loại bỏ muối cao, tiết kiệm năng lượng và giảm thiểu nguy cơ
tắc nghẽnmàng. Như vậy, áp dụng quá trình/ phương pháp thẩm thấu bốc hơi PV có thể được coi
là một công nghệ ``xanh''. Trên cơ sở đó, nghiên cứu này đặt ra mục tiêu là cung cấp một cái nhìn
tổng quan về việc sử dụng quá trình/ phương pháp PV trong khửmuối, cụ thể là tập trung vào các
vật liệu màng và một số ý tưởng được sử dụng trong PV. Nhìn chung, quá trình khửmuối bằng hơi
nước dựa trên cơ chế khuếch tán dung dịch, trong đó động lực của quá trình phân tách về cơ bản
là sự khác biệt về áp suất hơi riêng phần giữa các mặt cấp và thấm được phân chia bởi màng chọn
lọc PV. Các màng polymer đang được nghiên cứu rộng rãi do phương pháp điều chế dễ dàng, chi
phí thấp và hiệu quả tách muối tốt so với màng hữu cơ. Cho đến nay, xu hướng nghiên cứu về
màng ma trận hỗn hợp đã thu hút được sự chú ý đáng kể. Bởi vì sự kết hợp những tính chất độc
đáo của các chất độn vô cơ và ma trận polyme tạo ra màng với hiệu quả tách muối được cải thiện
và ổn định ở nhiệt độ cao hơn. Thẩm thấu bốc hơi đã cho thấy triển vọng cao cho quá trình khử
muối với năng suất tốt và tính chọn lọc cao. Theo đó, nhiều nghiên cứu đã được thực hiện ở quy
mô phòng thí nghiệm và pilot để phát triển quy trình PV trong tương lai, hướng tới thương mại
hóa ở quy mô công nghiệp.
Từ khoá: Thẩm thấu bốc hơi, màng lọc, màng mỏng phức hợp, lọc, khử muối
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