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Research progress of dispersion modification and anticorrosion mechanism

of graphene and its derivatives in coatings

FAN Xiaogen , WU Si, LI Huixia , XIA Yuzheng, SHI Shuxian’
(College of Materials Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Graphene (Gr) has excellent properties such as super-isolation, super-hydrophobicity and super-high
specific surface area, making it a revolutionary material for improving the anticorrosion performance of coatings in
the 21st century. However, it is easy to agglomerate due to the Van Der Waals force and the high specific surface
area between Gr layers, which limits its application in the anti-corrosion coatings. The dispersion modification of
Gr can promote its uniform distribution in the coating, which is of great significance to improve the anticorrosive
properties of the coating. This paper introduces the structural characteristics of Gr and the anticorrosion mechan-
ism of Gr in coatings, and summarizes the methods of Gr dispersion modification, including the covalent modifica-
tion of Gr with the small organic molecules, the organic polymers and the inorganic nanoparticles, the non-cova-
lent modification of Gr through the n-n interaction, the hydrogen bonding and the ionic bonding, doping Gr to intro-
duce the new elements and giving it excellent performance, and through the in-situ polymerization to improve the
compatibility between Gr and polymer. According to the dispersion principles such as increasing the interlayer ster-
ic hindrance of Gr, changing the amphiphilicity of its surface and increasing its compatibility with the polymer, the
dispersibility of Gr can be improved remarkable. The uniformly distributed Gr forms a hydrophobic network in the
coating, which can effectively improve the corrosion resistance of the coating and expand the application range of

the coating. In addition, the paper also analyzed the advantages and disadvantages of various modification meth-
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ods, and proposed a research direction to further improve the dispersion of Gr and its derivatives; summarized the

mechanism of Gr and its derivatives in anti-corrosion coatings, and suggested to strengthen the research on the anti-

corrosion mechanism based on experimental exploration in the future.

Keywords: graphene and its derivatives; dispersion modification; compatibility; coatings; anticorrosive proper-

ties
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Fig.1 Schematic diagram of graphene oxide (GO) and reduced graphene oxide (RGO) derivation from graphene (Gr)
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Fig.2 Summary of dispersion methods of Gr and its derivatives
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Table1 Summary of dispersion modification methods of Gr derivatives

Modification method Modified materials Modified group Principle of dispersion References
Silane coupling o
agenttitanate coupling _ro(lel —COOH, epoxy isinnciliﬁﬁzance' [24-31]
agent group p ty
Organic small -
. . Compeatibility,
molecules Organic amines —COOH, epoxy group amphipathic [32-35]
Covalent
modification Isocyanates OH, —COOH, epoxy Compatibility [36-38]
group
Organic PVP, PANI, PE], PEG, PCD, —OH, —COOH, epoxy Compeatibility, (39-44]
polymer Polyisocyanate group amphipathic
i Si0,, Ti0O,, SizN,, CaCOs, —OH, — , o
Inorgam({ M2 WM Sty LAY, OH, —COOH, epoxy Steric hindrance [45-53]
nanoparticles ~ Al,Os group
Aniline trimer, PDA, PPy,
n-n interaction PANI, P,BA, PAT, PGHEP, Six-membered carbon ring Steric hindrance [32, 54-64]
lignin, TP, BN, GO
Non-covalent .
modification  Tonic bond IPDI, CTAB, DA —OH, —COOH, epoxy  Steric hindrance, [65-67]
group compatibility
Hydrogen PPy, ATP, PANI —OH, —COOH, epoxy A.rnphlpathlc, steric (68-70]
bond group hindrance
Doping modification 3 amino-1,2,4-triazole, PA — Steric hindrance [71-72]
. s —COOH, epoxy group, six- -
In-situ polymerization ACAT, NABM, ABA membered carbon ring Compatibility [73-75]
Notes: PVP—Polyvinylpyrrolidone; PANI—Polyaniline; PEI—Polyethyleneimine; PEG—Polyethylene glycol; PCD—

Polycarbodiimide; P,BA—Poly(2-butylaniline); PPy—Polypyrrole; PAT—Poly(2-aminothiazole); TP—Tea polyphenol; PGHEP—Hydroxy
epoxy phosphate monomer; DA—Dopareine; ATP—Attapulgite; ACAT—Amino-terminated aniline trimer; NABM—N-(2-aminoethyl)-2-

bromo-2-methylpropanamide; PA—Phytic acid; ABA—4-aminobenzoic acid.
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Fig.5 Schematic diagram of the preparation of N-doped graphene derivatives
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Fig.6 Schematic of the synthesis route of GO-g-polymethyl methacrylate (PMMA) by atom transfer radical polymerization (ATRP)



BRI A SR BCFCATT A 0 8 2 T R S 5 8 TRk A LR A BT 5 - 2391 -

Micro-pores

Coating ~~—

Bl 7 Gr 72 Y BT RAE R R
Fig. 7 Schematic diagram of the physical shielding
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