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Table 1 Comparison of desalination performances of different membrane materials.
. Water
Pore size/ T
Membrane Membrane s Salt permeability L
material type Hydrophilicity Strength c}lllanlllel rejection (LMH Limits
eight MP a—l)
Polyamide"” Composite membrane Hydrophilic High wm/nm 98% 5.1 Low water permeability
hierachical :
\ Sinele-laver porous Seriously affected selectivity
Graphene!"”! g e-ayerp Hydrophobic High  Sub-nm to nm ~100% 2550 and mechanical strength in
membrane .
large-sized membrane
. Partiall Low stability caused by
Graphene oxide™™” Lamellar membrane h . Medium  Sub-nm to nm ~30% 199.7 humidity-dependent
ydrophilic . -
swelling behavior
Biomimetic Small size, low mechanical
Aquaporin'? . Hydrophobic Low Sub-nm 99.5% 11.5 strength, and instability in
composite membrane h .
arsh enviroments
MXene®" Lamellar membrane Hydrophilic ~ Medium Sub-nm to nm 55.3% 62 Prone to degradation
Difficult to synthesize
MoS, 2 Few-layer porous Hydrophobic ~ Medium  Sub-nm to nm ~ 100% 3220 large area membranes with

membrane

narrow pore size
distribution
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{51 (b) Dependance of the gas leak rates on thickness for all the devices measured. Helium rates are

Fig. 1 (a) Schematic of a graphene sealed microchamber
shown as solid triangles, argon rates are shown as solid squares while air rates are shown as hollow squares'”’. (c) Dependence of the penetration barrier height
on the size of the defect for local density approximation (LDA) and generalized gradient approximation (GGA)™". (d) Proton conductivity of 2D crystals.
Insets, charge density integrated along the direction perpendicular to graphene (left) and monolayer hBN (right)®. (¢) Dependence of proton conductivity (o)
on Temperature (7) for 2D crystals. Inset, log(c) as a function of 77"\, (f) Free energy profiles at 300 K obtained with ab initio constrained molecular dynamics
and path-integeral molecular dynamics simulations for proton transfer across a graphene sheet in the presence of water molecules. The latter captures nuclear
quantum effects. Insets, snapshots in simulations™". (g) Energy profiles for proton transfer across fully hydrogenated graphene with a disordered hydrogen

[34

configuration. Insets, the atomic structures for the initial, transition and final states'™. Reprinted with permission.
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Fig.2 (a) Dependance of water loss after 24 h and ionic conductivity through the porous graphene membranes on etching time. Control groups C1 and C2 are
controls with large tears or completely broken graphene membranes, respectively''”. (b) Water/salt selectivity as a function of I/, ratio"”’. (c) Normalized
permeability indicates that the transport of the 12 nm diameter tetramethylrhodamine dextran (TMRD) molecule was significantly attenuated compared to the
smaller molecules. Gray region denotes results of continuum model prediction'®!. (d) Experimentally measured rejection and molar flux (inset)*”). (¢) Schematic
diagram of randomly distributed features, e.g. cracks, wrinkles, pinholes, and defects on CVD graphene after transfer process over grids of different meshes™ .
() Schematic of graphene sheet over transmission electro microscope grid G300“%!. (g) Salt rejection of empty transmission electro microscope grids and empty

Si holes. Insets, field emission scanning electron microscope images of Si holes Sil, Si2 and Si3 from top to bottom with scale bars of 100, 100 and 300 pum,
respectively™®. (h) Salt rejection of graphene on the grids and graphene on grids on Si holes*!. (i) Structural model of the hybrid membrane with single-layer

graphene nanomesh supported on single-wall carbon nanotube networks'*”). (j) Structural model of the hybrid membrane for size exclusion desalination!*”’.

(k) Contour plot of the maximum pressure versus porosity of graphene and pore radius of carbon nanotubes for hybrid membrane with 10 s O, plasma
etching"”’. (1) Rejection of the hybrid membrane for KCI, NaCl, Na,SO,, MgCl,, methylene blue (MB), thodamine B (RhB), and fluorescein isothiocyanate
(FITC)*". (m) Schematic illustration of porous graphene cylinder (GC) of 36 pores with a diameter of 2 nm. Seawater is confined inside. The red arrow denotes
the rotating velocity!*®!. (n) Three-dimensional view of porous graphene cylinder®. (o) and (p) are the trajectories of

sodium ions and water molecules in the y (red) and z (blue) directions, respectively!*. Reprinted with permission.
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Fig. 4 (a) Schematic illustration of lamellar graphene oxide membranes with 2D nanochannels made by the exfoliation-reconstruction strategy!'"..

(b) The penetration processes of different ionic compounds through LGOMsP?. (¢) Dependence of the permeation rate of solutes on hydrated radius of solutes.

The gray area indicates no permeation could be detected during measurements lasting for at least 10 days®”., (d), (e) and (f) Dependance of water flux on NaCl
concentration, pH value and pressure, respectively'®”. (g) Surface charge density of surface-charged GO membranes calculated from the measured membrane
zeta potentials based on Gouy-Chapman theory. Insets, molecular structures of the surface polyelectrolytes with ionized functional groups'®”. (h) MgCl,
permeability and H,O/MgCl, selectivity, (i) Na,SO, permeability and H,0/Na,SO, selectivity of

surface-charged LGMO with various zeta potentials and surface charge density'*”. Reprinted with permission.
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immersed in pure water or in various 0.25 mol L' salt solutions", (¢) Na', Ca®" and Mg®" permeation rates of untreated and KCl-treated LGOMs. Dashed lines
indicate the detection limit of the different cations'". (f) Na" permeation rates of untreated LGOMs (71.84 % 6.75 x 10> mol m™> h™') and KCl-treated LGOMs
(0.48 +£0.07 x 10”2 mol m™ h™") with a thickness of about 280 nm'"".. (g) Normalized water permeability and (h) salt rejection of lamellar rGO and nanoporous
rGO (rNPGO) membranes™!. (i) Dependance of the performance of the resultant lamellar nanoporous rGO membranes on
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the thermal treatment time"**), Reprinted with permission.
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