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Research Progress of Graphene-Based Separation Membranes
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Abstract: The separation membranes, constructed with graphene and its derivatives (e. g. , graphene oxide) as the build-
ing blocks, have unique laminar structures and tunable physicochemical properties, and therefore show promising
applications in many areas such as water desalination, wastewater treatment and pervaporation. Based on their
microstructure, the graphene-based membranes are classified into two typical forms: single-layered nanoporous graphene
films and laminated graphene-oxide-based membranes. In this paper, the structural features and fabrication methods of both
two types of membranes are briefly introduced, their mass transport behaviors and mechanisms are thoroughly discussed
based on theoretical simulations and experimental results, and the recent progresses on their water treatment applications are
reviewed with an emphasis on the structural modulation and property optimization of laminated graphene-oxide-based mem-
branes. Finally, the research trends and challenges in the field of graphene-based separation membranes are discussed.
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Fig. 1 Schematic diagram of the fabrication process of graphene nanopore by using electron beams (a) and TEM image of a fabricated nanopore in a

graphene membrane (b) 2> %), Schematic diagram of the fabrication process of graphene nanopore by plasma sputtering defects (c¢) and aber-

ration-corrected STEM image of the fabricated nanopores (d)!

by gold nanoparticle template-assisted etching method (e) >’

21, 27]

; Schematic diagram of the fabrication process of graphene nanopore array
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Fig. 2 Classical molecular dynamics simulations on the desalination process'>'! ; (a) Schematic of hydrogenated and hydroxylated graphene nano-

pore and desalination process, (b) Water permeability as a function of pore size and (c) salt rejection as a function of applied pressure for

the hydrogenated and hydroxylated nanopore graphene membranes; (d) Illustration of the transport model and mechanism of steric/

activated mass transport of graphene nanopore' !
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Fig. 5

Structural diagram of four types of GO composite membranes and their corresponding interlayer spacings in dry and wet states (a, GO/

CA; b, GO-EDA/CA; ¢, GO-BDA/CA; d, GO-PPD/CA), and the effect of specific GO deposition and feed temperature on perme-

ation (a) "), Schematic illustration of the use of rGO/tannic acid (TA) and rGO/theanine amino acid ( TH) composite membranes

for water cleaning, the water permeance of GO, rGO/TA and rGO/TH membranes, and the rejection towards various organic dyes of

rGO/TA membranes(b) [33). Schematic of how K* ions determine and fix the interlayer spacing of GO membranes such that other cat-

ions are rejected while pure water can penetrate ; Interlayer spacing of GO membranes that were soaked in KCl solution, followed by im-

mersion in various salt solutions; Na*, Ca**and Mg®* permeation rates of untreated and KCl-treated GO membranes (c) [54]
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Fig. 6 Illustration of the fabrication process (a) and cross-sectional SEM image (b) of nanostrand-channeled GO membrane!*®) ; Fabrication

process of GO/few-layer graphene composite membranes (c¢) , salt rejection performance (d) and permeation (e) before and after static

exposure to NaOCl, and selective rejection of a mixture of cationic dye ( Rhodamine B) and anionic dye ( Acid Blue 9) (f) (58]
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