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ABSTRACT

Graphene

Corrosion of metals is a serious concern that can cause economic damage. In the
past decades, various methods have been used to prevent corrosion, among which
polymer coatings are particularly preferred. Among the coatings, epoxy is highly
regarded; in fact, it is in the group of thermoset resins and is cured with different
types of materials. They are widely used due to their excellent mechanical
properties, strong adhesion to many substrates, dimensional stability, and thermal
and chemical resistance. Nanofillers can be used to improve the properties of epoxy
coatings. Meanwhile, graphene and MXene have received much attention due to
their unique properties. In this review, the synthesis of graphene and MXene is
investigated, and the use of these two nanoparticles in epoxy coatings is also
investigated.
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Table 1: Common methods for MXenes synthesis and their advantages and disadvantages (31).

Method Advantages Disadvantages

- Suitable for a wide range of MXene

HF etching compounds.
- Allows simultaneous intercalation during etching
Feasible to remove the —F terminals from
Alkali etching MXenes.
- Safe.

Electrochemical etching

Molten salt etching

Plasma- enhanced pulsed-laser
deposition

Template — assisted method

4 Dimethyl sulfoxide
5 Tetrabutylammonium hydroxide
¢ Filtration

- Surface terminations can be controlled.

- Hazardous
-1t creates —F terminated MXenes, which have a

MXenes, which have a detrimental impact on

applications.
- Additional cleaning process is required.
- Harsh reaction conditions may be required.
-The mechanism of the organic base reaction
is unclear.

- Control over the surface terminations
-safe due to fluorine-free synthesis
Lewis acidic salts are efficient to repair
MXenes from MAX phase, including Zn,
Ga, and Si.

- Crystal structure can be controlled

- Expensive setup required
- Requires harsh experimental conditions-
-Produce —F terminated MXenes

- Energy-intensive procedure
-Unclear working mechanism

- Limited template.
-Energy-intensive process

! Etching

2 Delamination
3 Fluoride salt
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Table 2: Comparison of processing methods of MXene/epoxy hanocomposites (33).

Method Advantages Disadvantages

Solvent-assisted blending
Physical blending

* Avoids the use of solvent
* Straightforward performance
* Good dispersion. The fillers can
achieve highly exfoliated structure

* Easy processing, low cost, and minimum
Infiltration and waste

* Ability to manufacture large complex
Vacuum-assisted parts

* Filler structure is maintained

Mechanical mixing

Infiltration molding
impregnation

impregnation

* Simple and versatile fabrication process
» Good dispersion of filler within the resin

*Use of organic solvent may impact environmental
friendliness and cost
* Residual solvent could degrade the properties of
nanocomposite
* Poor dispersion of filler at high concentrations
* Aqueous media easily oxidize MXene

* High filler contents are not well-dispersed
* Reduction in high aspect ratio of the 2D fillers
 High viscosities

» Time-consuming process
¢ Difficult to scale up
* Inferior mechanical properties

I
: PHYSICAL BLENDING .
' I
: SOLVENT-ASSISTED |
: BLENDING |
|
|
| Biomedical Self-healing :
' |
' I
! Anticorrosive |
) [NECHANIGAL] .. o . S - - ) -
1| MIXING : ' |
: | Mechanicai Tribological | 'N:‘Ig‘:;?;:;o" :
|
[ L |
| | : AND |
l | Radiation ISR || VACUUM-ASSISTED |
: | absorption | IMPREGNATION |
| B i s e i e b o .4: __________ !
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Figure 1: Diagram of processing method of MXene/epoxy nanocomposites and related properties of nanocomposites fabricated by the corresponding
method (33).
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Figure 2: Schematic mechanism of barrier and active inhibition role of GO-PAni-CeO, nanosheets in epoxy matrix 49).
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Figure 3: Schematic diagram of corrosive particle’s corrosion route of 0.5 wt% lignin-OH/graphene/WEP(a) and 0.5 wt% graphite/WEP (b) (50).
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2 Glass fiber

3 3-(2-Aminoethylamino) propyldimethoxymethylsilane modified
graphene oxide
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Figure 4: Proposed path of H,O molecules for corrosion protection in (a) neat epoxy, (b) epoxy/ GO, and (c) epoxy/GO-SiO, hybrid composite (59).
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2 Maleic-anhydride functionalized graphene
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Figure 5: Schematic diagram of the corrosion protection mechanism for (a) WEP, (b) GO/WEP, (c) AGO15/WEP, and (d) AGO30/WEP coatings (64).
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Figure 6: Bode plots derived from electrochemical impedance spectroscopy for pure epoxy, epoxy/GO, epoxy/APTES-GO and epoxy/GPTMS-GO
nanocomposite coatings after 14 days of immersion in 3.5 wt.% NaCl solution (70).
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Figure 7: Bode plots for epoxy coatings containing different loadings of APTES-GO (0, 0.05, 0.1, 0.3, and 0.5 wt.%) after 7 days of immersion in 3.5
wt.% NaCl solution (71).
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Figure 8: The bode plots of pure epoxy, epoxy/GO and epoxy/ SiO,-GO
coatings after 28 days of immersion in 3.5 wt.% NaCl solution (72).
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Table 2: Corrosion studies of modified graphene in WEP coatings.

Modified graphene Nanofiller content Corrosion study Substrate Corrosive medium Reference
(optimal amount) methods

Sodium chloride

GO/Phenosafranin 100 mg/L EIS, Salt spray Q235 Carbon steel (3.5 Wt.9%)
GO/Phytic acid 0.26 Wt.% EIS, Salt spray Mild steel SO‘ZQEQ‘M;*T;’);"‘E 74
Polyetheramirgéfunctionalized 0.1 Wt.% EIS, Salt spray Carbon steel Sotgi;gqup%ide 75
Gopﬂggg[]agffs"rﬂmgfn’g:ate 0.5 Wt.% EIS Carbon steel So‘zis,‘fg‘m‘;t'}',};;ide 76
GO/Lysine 0.2 wt.% EIS, Salt spray Q235 Carbon steel So%i;frsn vSthlZ ;ide 77
= de::rll'ztpeg n‘?gltehs FesOs 0.5 wt.% EIS, Polarization Carbon steel Socég;gn Mfth!; ;ide 78

3 -

Grapheneand loysite 3 N8 e1s potrzaton Tin slivlis | g

wt.% (graphene)
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