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a b s t r a c t
Membrane technology has been widely used in the field of water treatment, and the synthesis of 
membranes with better separation effects and better anti-pollution performances is also the focus of 
current research. Metal–organic framework materials (MOFs) have attracted extensive attention in 
many fields in recent years, especially in the synthesis of membranes with excellent water treatment 
and purification functions. Mixed matrix membranes (MMMs) prepared by adding MOFs to a poly-
mer matrix can improve the performance of the membranes more effectively. In this paper, the advan-
tages of representative MOFs and the preparation method of MOFs-based composite membranes are 
introduced. Compared with other traditional fillers, MOFs-based MMMs have more advantages in 
the separation process. It has been successfully integrated with the MOF membranes prepared, and 
various membrane processes are used in wastewater treatment or seawater desalination processes, 
for example, forward osmosis, ultrafiltration, nanofiltration, and reverse osmosis. At last, insights 
and viewpoints are put forward on research contents and development directions in the future. 
The membrane based on MOFs has excellent separation properties, low biological contamination, 
and high-water permeation flux, so it is expected to become the leading water treatment technology 
(in particular, desalination and wastewater treatment).
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1. Introduction

The process of turning a mixture into two or more differ-
ent substances is called a separation process [1]. Analytical 
separation methods developed in recent decades have been 
widely used, which include but are not limited to adsorp-
tion, distillation, extraction, crystallization, and membrane 
separation. Membrane separation technology stands out 
among these separation technologies due to its high energy 
efficiency, low investment, environmental friendliness, and 
other advantages, and has sparked widespread concern. 
Membrane separation technology has been widely used in 
various fields, including the petrochemical industry [2], envi-
ronment protection [3], biorefinery [4], desalination water 
treatment [5], etc.

The membrane can essentially be seen as a physical wall 
that isolates two different phases and inhibits the trans-
fer of different chemical substances in the process of indi-
vidual selection [6]. There are many types of membranes, 
which can be liquid or solid [7], symmetric or asymmet-
ric, and homogeneous or heterogeneous (based on their 
structure) [8]. According to pore size, the pressure-driven 
separation membranes are divided into four types: micro-
filtration (50–500 nm), ultrafiltration (2–50 nm), nanofiltra-
tion (≤2 nm), and reverse osmosis (0.3–1 nm) [9]. Finding a 
balance between selectivity and permeability is the key to 
develop advanced membranes with good performance [10]. 
High permeability and high selectivity are the advantages 
of the separation membrane. The most important factor 
that affects membrane performance is the properties of the 
membrane itself [11]. Polymer macromolecules, such as poly-
ethersulfone (PES), polyacrylonitrile (PAN), polyvinylidene 
fluoride (PVDF), and other materials, have been used due 
to their respective advantages [12]. However, since the per-
formance of the membrane is still not ideal, research on the 
modification of the membrane has attracted extensive atten-
tion. Blending modification is one of the most widely used 
methods. Blending modification refers to the preparation 
of membrane materials that add a solid phase to the casting 
solution to form a three-chamber space. The additives mainly 
include graphene oxide (GO) [13], carbon nanotubes (CTN) 
[14], metal–organic frameworks (MOFs) [15], etc. MOFs, 
as a new type of potential nanomaterial, have been widely 
studied and applied. After modification, the hydrophilicity 
of the membrane is improved, and the anti-pollution and 
permeability properties of the membrane are optimized. 
The advantages of MOFs, the classification and prepara-
tion of MOFs-based membranes, and their applications in 
water treatment, including the desalination of seawater and 
the treatment of wastewater, are introduced. Overall, MOFs 
performed better than traditional additives in membranes.

2. MOF membranes

2.1. MOFs

Metal–organic frameworks are considered a kind of 
potential nanomaterial in the 21st century. The combina-
tion of metal ions or metal clusters with an organic binder 
forms MOF materials [16]. In the 1990s, Yaghi and Li [17] first 
introduced the definition of MOFs. Since then, research on 
MOFs has exploded in recent decades, establishing a new 

field of research. The sub-family of MOF includes, for exam-
ple, zeolitic imidazolate framework (ZIF) [18], metal azolate 
framework (MAF) [19], zeolite-like metal–organic framework 
(ZMOF) [20], and covalent organic framework (COF) [21].

The separation of MOF materials has been a hot topic 
in the past decade, not only because of their significance 
and universality but also the inherent properties of MOFs 
make them particularly suitable for this challenging task. 
Compared with traditional porous materials, MOF has a sta-
ble framework, permanent porosity, pore volume, and enor-
mous surface area. By altering the bond between the organic 
linker and metal complexes, the pore size/shape, and pore 
affinity of MOFs can be simply adjusted. The physical and 
chemical properties of MOFs make them have a wide range 
of application prospects, so they are considered a multifunc-
tional material for storage, separation, and catalysis among 
others [22].

2.2. Mixed matrix membranes

2.2.1. MOF-mixed matrix membranes (MOF-MMMs)

Mixed-matrix membranes (MMMs) are composite mem-
branes formed by filling the inorganic dispersed phase in the 
polymer continuous phase. MMMs can combine the advan-
tages of polymer materials with those of inorganic materials. 
Mixed matrix membranes first appeared in the 1980s, mainly 
in gas separation. Later, with the development of membrane 
separation and the in-depth exploration of MMMs [23], they 
were developed in the field of water treatment and now have 
become a hot topic of water treatment membrane research 
[24]. Various types of filler particles have been reported in 
many MMMs, such as nonporous graphene oxide [25], 
zeolites [26], titanium dioxide [27], carbon nanotubes [25], 
and MOFs [28]. However, the main reasons that the tradi-
tional MMM fillers such as zeolite and silica have not been 
used in industry are their poor compatibility with zeolite 
polymers and the separation of fillers. In general, MOFs 
exhibit good membrane selectivity. As a result, the idea of 
using MOFs as polymer filler particles to improve polymer 
separation ability has been proposed.

A great deal of effort has been put into developing 
MMMs for water treatment. Li et al. [29] fabricated the MOF-
801/CS mixed matrix membrane by adding hydrophilic 
MOF-801 crystals into the chitosan (CS) matrix. Meng [30] 
prepared active BUT-8(A)/polyethyleneimine (PEI) layers 
on hydrolyzed polyacrylonitrile (HPAN) substrates. The 
water permeability (396–683 L m–2 h–1 MPa–1) of the BUT-
8(A)/PEI-HPAN membrane and the rejection rate of the dye 
aqueous solution were relatively ideal. The researchers also 
concluded that the separation mechanism of the BUT-8(A)/
PEI-HPAN composite membrane was that its high-water per-
meability was due to the convenience of molecules passing 
through the BUT-8(A) channel.

Of course, MMMs membranes also have good per-
formance in gas separation. For example, ZIFs are used as 
porous inorganic fillers in many polymer substrates, such 
as polybenzimidazole (PBI), polysulfone, and polyimide 
[31], because they possess enhanced CO2 permeability and 
a high potential for CO2/H2 separation. Ahmad et al. [32] 
studied the gas separation characteristics of three types 
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of zirconium-based organic framework nanoparticles for 
6FDA-DAM mixed matrix membranes (MMMs) at a pressure 
below 20 bar. The addition of the Zr-MOFs in 6FDA-DAM 
enhanced the CO2 permeability and CO2/CH4 selectivity of 
the polymer.

2.2.2. MMMs separation mechanism

Membrane separation is to capture substances larger 
than the membrane pore size by applying pressure or water 
inlet pressure, while substances smaller in water are filtered 
through to achieve separation [33], as shown in Fig. 1. The 
MOF particles in MMMs are different, and the size of the 
corresponding sieving particles is different. Selecting the 
appropriate particles can improve the rejection rate of mol-
ecules [34]. Some MOFs can also improve the hydrophilicity 
[35] and charge property of the material to be separated, as 
well as the porosity [36] and surface structure of the mem-
brane, and improve the permeation rate of the membrane 
through different forms.

3. MOF-MMMs preparation method

MOFs-based polymer composites have spurred enor-
mous interest in the community of materials primarily due 
to their stable frameworks, permanent porosities, and large 
pore volumes and surface areas. Composite membranes 
based on MOFs have attracted wide attention from scholars, 
especially in their preparation. This section will also elabo-
rate further.

The preparation methods of MOFs-based compos-
ite membranes are generally divided into two categories 
according to the order of material synthesis and membrane 
formation. One is to first synthesize the material powder, 
then add the powder to the prepared casting solution, and 
finally get the composite membrane. The other is that the 
synthesis of the material and the formation of the mem-
brane are carried out simultaneously. Table 1 summarises the 
preparation methods of MOFs-based composite membranes 
from these two perspectives.

3.1. Layer-by-layer assembly method

Xiao et al. [37] prepared a MOFs-based membrane using 
polyether sulfone (PES) as a substrate. PES substrate was 
first immersed in tannic acid (TA) buffer solution and then 
rinsed with deionized water after 5 min. After rinsing for 
5 min, the membrane was immersed in a zinc solution and 
then rinsed with deionized water, thus obtaining the TA-zinc 
bilayer. The membrane treated above was immersed in 100 mL 
2-methyl imidazole solution to obtain part of the ZIF-8 mate-
rial, which was then rinsed with deionized water to obtain 
the ZIF-8/(Ta-Zn2+) N/PES membrane. The performance of 
the prepared membrane in seawater desalination was tested.

Other researchers combine the self-assembly process 
with auxiliary methods. Cao et al. [38] first synthesized 

 
Fig. 1. Schematic diagram of separation mechanism of mixed 
matrix membrane.

Table 1
Summary of the preparation methods of metal-organic framework materials (MOFs)-based membrane

Preparation methods MOFs Substrate Comments References

Dipping method ZIF-8; ZIF-67 PA Simple, the time was short 31
Spin-coating BUT-8(A) PAN High water permeability and rejection rate 30
Dilute solution coating method ZIF-71 PVDF Coating optimization, structure, and perfor-

mance improvement
32

Layer-by-layer assembly ZIF-8 PES 33
Vacuum-assisted self-assembly UiO-66-NH2 PAA High separation efficiency, good oil pollution 

resistance, and high stability
34

Spin-assisted layer-by-layer 
assembly

BUT-8(A) PAN Thickness and surface properties of the mem-
brane can be easily adjusted by this method

35

Interfacial polymerization ICA_D_UIO-66-NH2 PSf Elevated separation property, high water flux 36
Interfacial polymerization HKUST-1 PI Strong selective permeability, interface 

defect, and aggregation of MOFs, affect the 
environment

37

Electrochemical precipitation (EPD) 
and vacuum-assisted IP process

ZIF-8 PES Reduce particle aggregation, Control 
the amount of MOFs deposition and the 
thickness of the deposition layer

38

Electrochemically assisted 
interface growth method

Cu-BTC PES Good effect on dye rejection 39
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UiO-66-NH2@polyacrylic acid (PAA) nanomaterial, and 
then prepared MOFs-based composite membrane by a vac-
uum-assisted self-assembly process. The UiO-66-NH2@PAA 
material was deposited on the mixed cellulose ester micro-
filtration membrane. The prepared composite membrane 
had high separation efficiency, good oil pollution resistance, 
and high stability. Meng et al. [39] also prepared BUT-8(A)/
PDDA (poly diallyl dimethylammonium chloride) com-
posite membrane using the spin-assisted layer-by-layer 
assembly method. First, BUT-8(A) hydrophilic nanomate-
rials were synthesized, and hydrolyzed polyacrylonitrile 
(PAN) substrate was prepared by hydrolyzed polyacryloni-
trile (HPAN) under certain conditions. Then, the BUT-8(A)/
PDDA composite membrane was prepared by spin-assisted 
layer-by-layer assembly method. At a speed of 2,500 rpm, 
1 mL of PDDA solution with a concentration of 0.2 g·L–1 
was dropped onto the surface of the HPAN substrate and 
rotated for 6 min. Similarly, 1 mL of BUT-8(A) solution at a 
concentration of 0.2 g·L–1 was dropped onto the surface of 
the HPAN substrate. The BUT-8(A)/PDDA composite mem-
brane with an appropriate number of polymer layers was 
obtained by adding PDDA solution and BUT-8(A) solu-
tion repeatedly. The thickness and surface properties of the 
membrane can be easily adjusted by this method.

The layer-by-layer assembly process is simple and con-
venient for adjusting the thickness and surface properties 
of the membrane. The performance of the prepared MOFs-
based membrane is greatly improved, which is mainly 
attributed to the control of the amounts of alternating depo-
sition between the MOF layer and the polymer layer. The 
process provides sufficient control for continuous thin lay-
ers. However, the nucleation of MOF particles on the sub-
strate surface may not be uniform, which may lead to grain 
boundary defects.

3.2. Interfacial polymerization

Lin et al. [40] reported a polyamide (PA) thin film nano-
composite (TFN) membrane in which imidazole-2-formalde-
hyde (ICA) functionalized metal–organic framework (MOF) 
nanomaterials modified UiO-66-NH2 (ICA_D_UiO-66-NH2) 
nanomaterial was added. The ICA_D_UiO-66-NH2 compos-
ite membrane was prepared by the interfacial polymeriza-
tion method. The polysulfone (PSf) membrane was used as 
the substrate during the interfacial polymerization. First, 
the monomer was prepared: liquid A: 1 wt.% piperazine 
(PIP) was decomposed in an aqueous solution containing 
1 wt.% triethylamine (TEA); liquid B: 1 wt.% 10-camphor 
sulfonic acid (CSA) dissolved in n-hexane (Wako) solu-
tion containing 0.15 wt.% trimethyl chloride (TCI). Then, 
the PSf membrane was immersed in liquid A solution for 
60 s. Next, liquid B solution was poured onto the substrate 
membrane and treated with liquid A for 45 s. Thus, the 
ICA_D_UiO-66-NH2 composite membrane was obtained. 
By injecting the hydrophilic –NH/–NH2 group, MOFs had 
a stronger internal polarity, which promoted the transport 
of water molecules through the TFN composite membrane. 
Meanwhile, a large number of introduced amine MOFs pro-
moted covalent combining with trimethyl chloride, which 
enabled perfect fixation of the MOFs without any interfa-
cial defects. When the optimal load mass was 0.08%, the 

TFN composite membrane exhibited elevated separation 
properties and high-water flux.

Chen et al. [41] set out the utilization of interfacial polym-
erization (IP) to prepare a thin film composite (TFC) nano-
filtration membrane and in-situ growth of the membrane 
on a polyimide (PI) base layer. The highly porous HKUST-1 
was used as the substrate of the intermediate layer to pro-
vide a supporting membrane for the ultra-thin separation 
layer. The inorganic interlayers increased the porosity and 
specific surface area. The hydrophilic HKUST-1 was also 
added to the surface of the porous base layer to manufacture 
a novel TFC nanofiltration membrane. The hydrophilicity 
and porosity of the supporting membrane were enhanced 
by the MOFs’ intermediate layer.

The TFN film after interfacial polymerization has strong 
selective permeability, but due to the interface defect between 
MOFs and matrix and the aggregation of MOFs material, 
the water flux of the composite membrane decreases, which 
is a problem that needs to be considered. Second, most of 
the solvents used in interfacial polymerization reactions 
are organic, which causes harm to the environment and 
thus hinders the industrial application of this method.

3.3. Several novel approaches

In recent years, in order to solve the problems of the 
accumulation of MOFs particles and interface defects and 
improve the performance of composite membranes, research-
ers have continuously improved the preparation process of 
MOFs-based composite membranes. Some novel and effi-
cient membrane preparation methods, such as the combina-
tion of the above methods, have been introduced.

For example, Li et al. [42] prepared TFN polyamide (PA) 
composite nanofiltration membranes using a combination of 
electrochemical precipitation (EPD) and vacuum-assisted IP 
process. The preparation of the composite membrane was 
divided into two steps. The first step was to carry out the EPD 
process. First, the ZIF-8 solution was synthesized and stirred 
for 0.5–2 min. The solution was then poured into two elec-
trodes (the cathode was equipped with a polyethersulfone 
(PES) substrate, and the anode was blank) and then applied 
with 0.72 mA·cm–2 direct current for 0.5–2 min. This resulted 
in a membrane precipitation by ZIF-8 particles. The second 
step was to prepare the TFN membrane by the IP method 
assisted by vacuum filtration. In the process of EPD, the 
uniform deposition layer was formed in the same electrode 
direction to reduce particle aggregation, and the quality of 
MOF particles deposited on the substrate and the thickness 
of the deposition layer was controlled, the surface structure 
and performance of the membrane can be improved, and the 
rejection rate of Na2SO4 can reach 96.9% ± 0.7%. Zhang et al. 
[43] also used an electrochemically assisted interface growth 
method to grow MOFs in-situ on the membrane surface. This 
membrane preparation process combined the advantages of 
both anodic dissolution and reverse diffusion of the metal. 
The Cu-BTC/polyethersulfone (PES) membrane obtained 
by this method had a good effect on dye rejection.

In addition to combining several membrane prepara-
tion methods, He et al. [44] designed a bottom-up synthesis 
method to grow ZIF-8 directly in-situ in the PIM matrix. The 
precursor of ZIF-8 was dissolved in water and stirred evenly 
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with PIM-1/CHCl3 solution, and the mixture of oil (CHCl3) 
and water formed a dispersed phase, which made the growth 
of ZIF-8 slow, reduced the average size of ZIF-8 nanoparti-
cles, then reduced particle agglomeration. The uncoordi-
nated imidazole group on the surface of ZIF-8 nanoparticles 
interacts with the nitrile group of PIM-1 to form a defect-free 
matrix filler interface. By precipitating the mixture in pure 
MeOH, PIM-1, and ZIF-8 can be wrapped and symbiosis in 
the flocs. After washing, the symbiotic flocs are dissolved in 
CHCl3, and ZIF-8/PIM-1 MMMs with high content of ZIF-8 
can be prepared by evaporating the solvent. This prepa-
ration method can accommodate the ultra-high content of 
MOF loads and improve the problems of poor interface com-
patibility and packing agglomeration. The ultra-high con-
tent of MOF stimulates the ultra-high gas permeability and 
good gas selectivity of MMMs.

4. Application of MOF-based composite membrane

The application of MOF base membranes is also a 
research hotspot. MOF-integrated membranes were success-
fully prepared by different membrane processes and applied 
in the water treatment process, namely: forward osmosis 
(FO), ultrafiltration (UF), nanofiltration (NF) and reverse 
osmosis (RO). Membrane technology has become one of the 
major technologies used in various water and wastewater 
treatment processes due to its efficient removal of contami-
nants from water bodies. The properties of MOF-integrated 
membranes for different membrane processes were sum-
marized in Table 2.

4.1. MOFs-based forward osmosis membrane

Forward-osmosis (FO) can be used for desalination when 
combined with suitable extraction solutions, for other appli-
cations such as wastewater treatment and heavy metal sep-
aration. This process has received a great deal of attention 
over the past decade, though these principles have been well 
established [45]. In the case of desalination, the extracting 
solution, such as salt water or seawater, and the feed solu-
tion are placed in a reservoir but separated by a semi-per-
meable membrane. The chemical potential of the draw 
solution is very low, so the water in the brine balances the 
chemical potential difference through the membrane. Then, 
water is usually removed from the extract by membrane 
distillation or medium heat, and the extract is recycled. 
Fig. 2 illustrates this process briefly.

Mahpoz et al. [46] described the preparation of support-
ing ZIF-8 membranes on alumina hollow fibers by electro-
less deposition (ELD) of ZnO, which was then synthesized 
by the solvothermal method for seawater desalination. The 
performance of the obtained ZIF-8 composite membrane 
was measured. When 100,000 ppm NaCl solution was used 
as extraction and water served as feed solution, the ZIF-8 
membrane flux with good symbiosis reached 12.25 L·m–2·h–1, 
and the reverse salt flux reached 0.029 kg·m–2·h–1. The pre-
pared ZIF-8 composite membrane was further character-
ized and analyzed. The high and stable rejection rate of the 
ZIF-8 membrane in monovalent and divalent high-concen-
tration salt solutions proved that the ZIF-8 membrane was 
a desalination material with broad application prospects. 

Bagherzadeh et al. [47] successfully synthesized the GQDs@
UiO-66-NH2 composite and decorated it with in-situ surface 
polymerization on a polyamide repulsive layer. The addition 
of the GQD@UiO-66-NH2 particle changed the water flux 
and separation performance of the FO membrane. When 
1 M NaCl and deionized water were used as extraction 
liquid and feed liquid, respectively, the flux of TFN-0.25 
(containing 250 ppm of fillers) membrane was 59.3 LMH in 
the FO mode. Simultaneously, the separation capacity was 
about 1.5 times that of the membrane without a GQD@MOF 
particle.

He et al. [48] proposed a novel forward osmosis (FO) 
membrane of polydopamine/MOF-801 thin film nanocom-
posite (PDA/MOF-TFN) for the removal of salt and heavy 
metal ions. The introduction of MOF-801 provided a lot of 
water channels and increased the channel curvature of the 
polyamide (PA) layer, which effectively improved the mem-
brane’s water permeability, desalination, and heavy metal 
removal performance. Compared with the TFC membrane 
without MOF-801, the performance of the PDA/MOF-TFN 
membrane was improved, as shown by the fact that the water 
flux was raised by 30%, the reverse salt flux was decreased 
by 44%, and the specific salt flux was increased by 56%. 
The adsorption rates of Cd2+, Ni2+, and Pb2+ on PDA/MOF-
TFN films were up to 94%, which was attributed to its size 
exclusion and adsorption properties.

The application prospect of FO is very broad, but it 
is very difficult to further promote it. It is greatly affected 
by membrane fouling and internal concentration polariza-
tion (ICP) [49–51]. Composite functional nanomaterials are 
commonly used to improve the water flux and the rejection 
of a membrane.

Wang et al. [52] successfully fabricated ZIF-8/PDA/PS 
(polypropylene) composite membrane by immersion strat-
egy. In the FO mode, the high-water flux of the ZIF-8/PDA/
PS membrane was 9.6 L·m–2·h–1, which was mainly attributed 
to the good hydrophilicity of PDA and the porous struc-
ture of ZIF-8, and the corresponding reverse salt flux was 
3.8 g·m–2·h–1. In addition, the bacterial killing rate of the com-
posite membrane was studied, and it was found that the kill-
ing rate of the composite membrane to Escherichia coli was 
nearly 99%, which was inherently related to the synergistic 
bacteriostatic effect of ZIF-8 and PDA layer. Pejman et al. [53] 
prepared a thin-film composite forward osmosis membrane 
with zwitterions and silver-based metal organic frameworks 
(Ag-MOFs). They also researched the effect of surface func-
tionalization on improving the antifouling, anti-biofouling, 
and antimicrobial activity of the membrane. The transmis-
sion data showed that compared to pristine membranes, 
the water flux was significantly increased by about 300%, 
while the salt reverse flux was similar or slightly decreased. 
Sodium alginate and E. coli were used to evaluate the anti-
fouling performance and biological antifouling performance 
of the modified membrane. The assays of culturable bacte-
ria showed that there were a large proportion of dead cells 
when in contact with functionalized membranes contain-
ing silver-based MOFs. Seyedpour et al. [54] improved the 
antifouling and biological antifouling properties by in-situ 
covalently binding Ag-MOF on the active sites of the TFC 
composite membrane surface. Confocal microscopic analy-
ses revealed that Ag-based MOF made the membrane have 
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Table 2
Summary of membranes based on metal-organic framework materials (MOFs) in different membrane processes for water treatment

Membrane 
class

MOFs Polymer MOF optimum 
loading

Membrane prepa-
ration method

Key performance References

FO ZIF-8
Electroless 
deposition

- Water flux: 12.25 L·m–2·h–1

- Reverse solute flux: 0.029 kg·m–2·h–1 [41]

FO UiO-66-NH2 PA 250 ppm
In-situ surface 
polymerization

- Water flux: 59.3 LMH
- Selectivity was about 1.5 times those 
of the control membrane without 
GQDs@MOF particles

[42]

FO MOF-801 PA
Interfacial 
polymerization

- Water flux increased by 30%
- Reverse salt flux decreased by 44%
- High heavy metal ion rejection: >94%

[43]

FO ZIF-8 PDA; PS In-situ growth

- High water flux: 9.60 L·m–2·h–1

- Low solute reverse flux: 3.80 g·m–2·h–1

- Bacterial killing ratios with high val-
ues of almost 99% against E. coli

[48]

FO Ag-MOFs

- Increased water flux of around 300% 
compared to pristine membranes
- Significant fraction of dead cells upon 
contact with the functionalized mem-
branes comprising silver-based MOFs

[49]

FO Ag-MOFs
In-situ surface 
deposition

- Nearly 100% reduction of live bacteria [50]

UF TMU-5 PES 0.10 wt.%
Phase inversion 
method

- Improved the anti-pollution ability of 
the membranes, especially for filtering 
solutions with low pollutant concen-
tration

[55]

UF MIL-101 PVDF 0.10 wt.%
Non-solvent 
induced phase 
separation

- 111% PWF improvement, nearly 100% 
BSA rejection, and 65% FRR enhance-
ment

[56]

UF hZIF-8 PSf 2.00 wt.%
Phase inversion 
method

- Improved the water permeability 
without affecting the rejection perfor-
mance
- Antifouling ability of the hZIF-8 mem-
brane was greatly enhanced

[57]

UF MIL-53(Fe) PVDF 67%
Thermally 
induced phase 
separation

- Effective capacity of the 67-MIL-PVDF 
(MIL-53(Fe) with a load rate of 67% in 
the membranes) membrane increased 
by 9 times, and the MB removal rate 
was more than 75%

[58]

UF ZIF-8 PES 3%
Liquid–liquid 
phase conversion

- Water flux: 121.50 L·m–2·h–1

- High rejection close to 100% for 
bovine serum albumin
- Rejection rates for methyl blue: 82.3%
- Rejection rates for Congo red: 98.6%

[59]

UF UiO-66-NH2

PEI
PVDF

2%

- Water flux: 561.00 L·m–2·h–1

- Water flux of the BSA-contaminated 
membrane was restored to 96.13%
- Removal Cr

[60]

UF Zr-MOFs
- At TMP = 0.15 MPa, CFV = 4.0 m·s–1, 
and T = 35°C, the removal rate of Pb(II) 
by this process was the highest (61.4%)

[61]

Table 2 (Continued)
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strong antibacterial properties, resulting in viable bacteria 
decreased by almost 100%.

4.2. MOFs-based ultrafiltration membrane

Membrane fouling is generated by fouling and biological 
contamination in the feed stream, and membrane fouling is 
the main problem of separation technology [55,56]. The mem-
brane fouling leads to a significant decrease in permeate flux, 
which results in the need for more energy and high costs to 
replace and maintain the membrane’s cleanliness. Therefore, 
it is essential to design a membrane with the best surface 
properties and a low fouling tendency. Adding hydrophilic 

additives to the membrane composition can reduce the 
progress of brigade and fouling because hydrophilic nano-
materials reduce the deposition of pollutants [57,58]. It is 
found that the metal–organic framework can enhance the 
anti-pollution ability of the ultrafiltration membrane (UF) by 
enhancing the hydrophilicity of the membrane surface.

Gholami et al. [59] synthesized a new type of hydrophilic 
polyethersulfone (PES) ultrafiltration membrane by blend-
ing the TMU-5 metal–organic frameworks with the phase 
inversion method. The results obtained from the study, indi-
cated that the chemical modification of the nanofiltration 
membrane improved the anti-pollution ability of the mem-
branes, especially for filtering solutions with low pollutant 
concentrations. This was because TMU-5 nanometer mate-
rials had hydrophilic, compared with hydrophobic material 
modified composite film, TMU-5 membrane was not easy 
to be contaminated, and even if contaminated also had a 
strong recovery performance. According to the analysis of 
hydrophilicity, pure water flux, and antifouling performance 
of the membrane, MOFs had the best effect when the con-
centration of MOFs was 0.1 wt.% in the casting solution. In 
conclusion, a PES membrane with 0.1 wt.% MOF particle 
concentration obtained higher water flux, higher rejection, 
and excellent antifouling properties.

Dehghankar et al. [60] succeeded in synthesizing a 
hydrophilic 1,4-dicarboxyphenyl zirconium (UiO-66) and 
chromium (III) terephthalate (MIL-101) MOFs and faujasite 

Membrane 
class

MOFs Polymer MOF optimum 
loading

Membrane prepa-
ration method

Key performance References

NF UIO-66-NH2 PA 0.20 mg·mL–1 - Increased the water flux of the mem-
brane

[62]

NF Lys@UiO-66 17.13 µg·cm–2 Interfacial 
polymerization

- Increased by 55% in water flux 
(18.27 L·m–2·h–1·bar–1) without affecting 
the selective separation performance
- High rejections of divalent cation salts

[63]

NF UiO-66 PES
Layer-by-
layer (LbL) 
self-assembly

- Pure water permeance: 14.8 L·m–2·h–

1·bar–1 MgSO4 rejection: 96.3%
- Solution flux: 102 L·m–2·h–1

- Rejection of Congo red: 99.9%

[64]

NF
NH2-MIL-
125(Ti)

PEI 0.01 wt.%
- High permeability: 12.2 L·m–2·h–1·bar–1

- NiCl2 rejection: 90.9%
[66]

RO ZIF-8 0.30 wt.%
Interfacial 
polymerization

- Highest water permeance: 
1.85 LMH·bar–1

- Optimal NaCl rejection efficiency
[71]

RO UiO-66 PA 0.05%

- The flux of the TFN-RO membrane 
increased by 50%
- UiO-66 TFN membrane was 11% 
higher than that of the benchmark TFC 
membrane

[72]

RO MIL-101(Cr) 0.01%
Interfacial 
polymerization

- The water flux of the membrane 
increased from 20.49 to 37.95 L·m–2·h–1, 
which increased by 85.21%.
- Slight increase in the rejection rate of 
NaCl

[73]

Table 2

 
Fig. 2. Forward osmosis phenomenon.
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(FAU) zeolite nanocrystal. These products were added as 
nanomaterial additives to a polyvinylidene fluoride (PVDF) 
matrix, and MMMs were manufactured through a non-sol-
vent induced phase separation (NIPS) process When the mass 
percentages of UiO-66, MIL-101, and FAU were 0.05, 0.1, and 
0.1 wt.%, respectively, MMMs had the maximum pure water 
flux (PWF) and the highest rejection rate of bovine serum 
albumin (BSA). According to the results, adding 0.1 wt.% 
MIL-101 into the PVDF matrix improved PWF by 111%, the 
BSA rejection rate was close to 100%, and the flux recovery 
ratio (FRR) was enhanced by 65%.

Sun et al. [61] first synthesized hydrophilic hollow ZIF-8 
(hZIF-8) and then prepared a mixed matrix ultrafiltration 
membrane by phase inversion method. Due to the excel-
lent surface property and nanostructure of hZIF-8, the pre-
pared polysulfone (PSf)/hZIF-8 mixed matrix ultrafiltration 
membrane significantly improved the water permeability 
without affecting the rejection performance. At the same 
time, by adding hZIF-8, the antifouling ability of the hZIF-8 
membrane was greatly enhanced. The optimal amount of 
hZIF-8 additive was 2 wt.%.

4.3. MOFs-based nanofiltration membrane

Nanofiltration (NF) membranes, because of their low 
energy consumption, high flux, and high repulsion of multi-
valent salts and certain organic molecules, are widely utilized 
for effective desalination of seawater and brackish water, 
as well as other water purification processes. Researchers 
usually enhance membrane performance by improving 
membrane permeability and selectivity. Improving the 
performance of these two aspects specifically manifests in 
increasing the water transfer channel, the hydrophilicity 
of the membrane or the surface charge, etc., and the intro-
duction of MOFs nanomaterials can play a vital role. MOFs-
modified nanofiltration membranes have been utilized 
in many water treatment applications, such as seawater 
desalination, fuel separation, and heavy metal removal.

MOFs-modified NF membrane is widely used in seawa-
ter desalination. Gong et al. [62] prepared a TFN composite 
nanofiltration membrane with a PA/UiO-66-NH2 active layer 
on a polydopamine-coated single-walled carbon nanotube 
(PD/SWCNT) membrane by the interfacial polymerization 
reaction. In the test of the desalination performance of the 
TFN composite membrane, it was found that the addition 
of UiO-66-NH2 enhanced the hydrophilicity performance 
of the membrane, thereby promoting the transport of pure 
water through the membrane hole. Especially, the TFN film, 
of which the concentration of UiO-66-NH2 was 0.2 mg·mL–1 
(TFN-0.2), had the best performance. Gu et al. [63] prepared 
lysine-modified UiO-66 (Lys@UiO-66) and then fabricated 
the Lys@UiO-66-based TFN membrane (TFN-LDU) using 
interfacial polymerization. The water contact angle of the 
membrane increased slightly as the load density of LysUiO-66 
increased. The increase in water contact angle indicated a 
decrease in the hydrophilicity of the membrane. Under such 
a high loading density, the decreased surface hydrophilic-
ity may be due to particle agglomerations, which might be 
caused by the agglomeration of small particles. Therefore, 
the performance test for the optimal load of Lys@UiO-66 was 
carried out, and the result was obtained. The optimal Lys@

UiO-66 membrane with a capacity of 17.13 µg·cm–2, TFN-
LDU8 (Lys@UiO-66 particle was 0.08% w/v) membrane, was 
increased by 55% in water flux (18.27 L·m–2·h–1·bar–1) without 
affecting the selective separation performance. The import-
ant thing was that the rejection rates of MgCl2 and CaCl2 by 
the TFN-LDU8 mixed matrix membrane reached 97.81% 
and 92.81%, respectively. Zhang et al. [64] prepared ultra-
thin nanocomposite membranes by combining glucose, pDA 
with Zr-based MOFs through interfacial polymerization. 
Studies have shown that adding UiO-66-NH2 MOFs into the 
pDA-glucose selective layer to obtain pDA-glucose/UiO-
66-NH2 TFN membranes can increase NaCl rejection rate to 
92.3%, while simultaneously enhancing water permeance 
by 114.8% (from 18.3 to 39.3 L·m–2·h–1·bar–1). The selectivity 
of pDA-glucose/UiO-66-NH2 membranes to 1,000 ppm of 
inorganic salts was in the order of Na2SO4 (99.9%) > MgSO4 
(98.9%) > MgCl2 (97.4%) > NaCl (92.3%). Even in the presence 
of 3,000 ppm Na2SO4, the water permeance of pDA glucose/
UiO-66-NH2 membranes reached 20.9 L·m–2·h–1·bar–1, and the 
rejection rate was 99%. The addition of stable UiO-66-NH2 
makes the nanofiltration membranes show very stable 
water filtration performance.

Some scholars have also applied MOF-modified mem-
branes to sewage treatment, and the effect is relatively signif-
icant. Wang et al. [65] designed highly permeable composite 
membranes by layer-by-layer (LbL) self-assembly of polye-
lectrolytes (PES). The water flow through the NF membrane 
was accelerated by the incorporation of UiO-66 into other 
solvent pathways. UiO-66 equipped with a PES membrane 
had pure water permeability as high as 14.8 L·m–2·h–1·bar–1, 
which was 160% higher than the original PES membrane. 
Meanwhile, the membrane exhibited a 96.3% rejection rate 
for MgSO4, and the molecular weight cut-off (MWCO) was 
464.2 g·mol–1. The most interesting thing was that under 
optimized operating conditions and continuous operation 
for 240 h, the solution flux of the mixed matrix membrane 
was upto 102 L·m–2·h–1, and the rejection of Congo red was 
99.9%. Gong et al. [66] mixed MOFs into the cross-linking 
system of polyethyleneimine (PEI) and trimesic acid (TMA) 
to fabricate a novel positively charged nanofiltration (NF) 
membrane. The main reason for the increased permeabil-
ity of the composite membrane was that NH2-MIL-125 (Ti) 
provided a preferential water channel. In the performance 
test, it was found that when the loading amount of NH2-
MIL-125 (Ti) was 0.01 wt.%, the water flux of the composite 
membrane reached 12.2 L·m–2·h–1·bar–1, and the rejection rate 
of NiCl2 reached 90.9%.

4.4. MOFs-based reverse osmosis membrane

The reverse osmosis process provides an energy-sav-
ing desalination technology to ease the water scarcity crisis 
due to the doubling of industrial and domestic water con-
sumption [67,68]. In the reverse osmosis process, salt water 
is passed through the membrane under high water pres-
sure. In this high-pressure water process, water is allowed 
to pass through the membrane, and the salt ions are repelled 
[69]. In general, reverse osmosis membrane materials have a 
remarkable effect on seawater desalination. The new reverse 
osmosis membrane has excellent results in salt and pollution 
resistance, which not only reduces operating costs but also 
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provides high water flux and energy requirements. However, 
the permeability of pure polymer membranes is negatively 
correlated with water/salt selectivity, which is referred to 
as the Robeson upper bound [70]. Through the study of 
organic/inorganic mixed matrix membranes, the introduc-
tion of MOF-modified membranes is a promising method for 
membrane modification.

Wang et al. [71] researched the effect of the size of 
nanoparticles on the MOFs-doped thin film nanocomposite 
(TFN) films. They prepared different ZIF-8 materials with 
average particle sizes of 50, 150, and 400 nm. Compared 
with the original TFC and other sizes of ZIF-8/PA TFN 
membranes, the optimal water permeability of TFN-50 
membranes was 1.85 LMH/bar and the NaCl rejection effi-
ciency was optimal. Liu et al. [72] suggested incorporating 
UiO-66 into the PA matrix layer to prepare a nanocomposite 
(TFN) reverse osmosis (RO) membrane for removing boron 
from an aqueous solution. The TFN-RO membrane had an 
inherent porous structure, and its pore size was narrow, so 
it had a strong boron adsorption capacity. In the desalina-
tion test of brackish water, the flux of the TFN-RO mixed 
matrix membrane increased significantly (50%). At the opti-
mal mixing concentration of 0.05%, the boron rejection rate 
of the UiO-66 TFN membrane was 11% higher than that of 
the benchmark TFC membrane, while the water flux and 
salt rejection rate in the seawater desalination test were 
not reduced. Song et al. [73] prepared a MIL-101(Cr)@GO 
reverse osmosis membrane with different doping con-
centrations by interfacial polymerization and used it for 
desalination. When the doping concentration was 0.01%, 
the water flux of the membrane increased from 20.49 to 
37.95 L·m–2·h–1, an increase of 85.21%, and a slight increase 
in the rejection rate of NaCl.

5. Conclusion

The enormous surface area, permanent porosity, and 
adjustable chemical function of MOFs make them promis-
ing materials for the fabrication and modification of water 
treatment membranes. This paper introduces the prepara-
tion method of MOFs membrane and their application in 
water treatment. Numerous studies have shown that differ-
ent kinds of MOF-integrated membranes can be applied for 
RO, NF, FO, and UF processes have been reported. Although 
MMM membrane has achieved good results, its current 
research and use in water treatment are still relatively few, 
and there are some insurmountable defects, such as mem-
brane pollution, difficulty in mass production, low practical 
application efficiency, and a slightly higher price.

MOF-MMM systems have different effects on membrane 
permeability and selectivity, so the selection of appropri-
ate systems is crucial to membrane performance. The ideal 
MMMs filler should be evenly distributed and have no gap 
with the polymer, but the current research level is still diffi-
cult to achieve, and the prepared membrane still has some 
defects, so this will be one of the directions of future research. 
It has been suggested that the combination of this technique 
with other separation tools (mixed matrix separation sys-
tems) could provide further advantages to this technique. 
Shortly, the application prospects of forward mixed matrix 
membranes will be improved through the exploration of 

the performance of forward mixed matrix membranes by 
researchers. This article provides insights into the direction 
of the next step of water purification membranes based on 
MOFs.
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