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ABSTRACT

l ife on earth depends on the availability of water. Rapid population growth,

industrial development, and the lack of fresh water resources have faced the

human society with the global challenge of water shortage, and it is expected
that between now and 2040, the world's water demand will increase between 20% and
30%. To overcome this problem, different processes have been used to purify water,
and among these processes, membrane separation can be a suitable technology to meet
this challenge due to the high quality of the produced water, simplicity of operation,
ability to operate under mild conditions, and low energy consumption. The common
technologies for water treatment like distillation require high energy consumption and
these technologies cannot meet the global demand for fresh water. Among the different
membrane processes, reverse osmosis is an efficient technology to remove salt ions
from brackish water to obtain potable water. In membrane separation methods, the
Keywords: selection of the appropriate material as a membrane is so important because the
physical, chemical, and mechanical properties, and the separation performance (water
flux, selectivity and, salt rejection) of the membrane strongly depends on the selected
material type. Hence, researchers are still interested in the use of new materials in order
to improve membrane performance. MXene nanosheets (transition metal carbides
and nitrides) are a new category of two-dimensional materials with graphene-like
structures that have unique properties, including large surface area, narrow interlayer
spacing, high hydrophilicity and surface functionality, suitable physical, chemical,
and mechanical properties for membrane applications. MXene compounds are
important both as new pure membrane structures and as nanomaterials to improve
the properties of polymers in membrane processes. To this end, in the present paper,
comprehensive information has been introduced on MXene compounds, including
their synthesis, surface functionality, and membrane fabrication, with a focus on water
treatment technology.
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Fig. 1. Crystal structure of MAX-phase and related MXene [26].
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Fig. 3. Preparation steps of the Ti,C,T membrane with larger interlayer spacing [59].
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Table 1. Performance of MXene-based membranes in removing organic and inorganic species.

Membrane performance

MXene membrane Rejected species by the membrane
(water flux, permeability and rejection)
Ti,C, T, NaCl, BSA 10 L/m?.h.bar
1.1-8.5 L/m2.h.bar
Ti,C,T, NaCl, KCI, LiCl, MgCl,, CaCl,
89.5-99.6%
27.8 L/m>.h.bar
PA/MXene NaCl, Na,SO,
99% (Na,SO,)
9 (MgCl,), 8 (NaCl), 7.5 (MgSO,),
PEI/MXene MgCl,, NaCl ,Na,SO,, MgSO, 8 (Na,S0,) L/m?.h.bar

82% (MgCL), 50% (NaCl), 40% (MgSO,), 40% (Na,SO,)

CR, RhB, MO, Na,SO,, MgSO,,
NaCl, MgCl,

MXene-CNT

76.5 (pure water), 10.8 (CR),
11.1 (RhB), 13.2 (MO), 17.4 (Na,S0O,), 20.9 (MgSO,),
23.5 (NaCl), 25.9 (MgCl,) L/m*.h.bar
Salt Rejection (Na,SO,) > (MgSO,) > (NaCl) > (MgCl,)

RhB, MB, OG, Na,SO, MgSO,,

Ti,C,T -ALO, Nl

88.8 LMH/bar (MB), 84. (OG), 86.5 (RhB), 75.0 (OF),
99.8% (RhB),
99.5% (MB), 97.2% (OG), 87.2% (OF)

Chrysoidine G NR, MB, CV, BB,

71.9 L/m*h.bar

Ti,C,T, graphene oxide ) )
Humic acid, BSA >99% (dyes), 61% (Na,SO,), 23% (NaCl)
~420 L/m?2.h.bar
Ti,C,T -Ag RhB, MG, BSA
79.9% (RhB), 92/3% (MG), > 99% (BSA)
405 L/m?.h.bar
Ti,C,T, GV, CR, NaCl, MgCl,, Na,SO, 1.80% (GV), 92% (CR), 13.8% (NaCl), 2.3% (MgCl,),

13.2% (Na,S0,)
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Fig. 4. (a) Delaminated Ti,C,T, MXene [67] and (b) Ti,C,T, flexible membrane prepared via vacuum-assisted filtration.
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Table 2. A comparison of the performance of membranes based on Mxene nanosheets with some other nanoparticles.

Membrane Water flux or permeability Rejection (%) Reference
PAN/MXene 48.2-85.4 L/m>.h 99.5 (NaCl) [92]
PSF/MWNTs 70.7 L/m*h 61.9 (BSA)" [93]

PSF/iGO 130 L/m*h 95 (BSA) [94]
PSF/SiO,-GO 376 L/m*h 98 (BSA) [95]
PSE/NC 307 L/m%h 97.6 (BSA) [96]
PSF/MXene 306 L/m*.h 98 (BSA) [97]
MXene-based membrane 0.08 L/m*h.bar 99 (NaCl), 97 (KCl) [49]
MXene-based membrane 18.9 L/m?.h.bar 46 (MgCl,), 55 (NaCl) [98]
MXene-based membrane 16.5 L/m?.h.bar 100 (Na,SO,) [99]

* BSA: Bovine serum albimin
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