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ABSTRACT

The water-resistant polymer coating has attracted much attention due to its low
toxicity, low volatile organic compounds, and outstanding chemical resistance.
Despite these advantages, the microporous defects and polar channels that are
formed during the curing process lead to O,, H,O, and CI” being sent to the metal

substrates and cause blistering of the coating and loss of adhesion in the coatings,
and as a result, the properties of the barrier coating are reduced. Participating
nanofillers in a polymer resin to reduce coating defects is an effective method. Epoxy
matrices with layered nano-plates as reinforcement have recently attracted significant
attention in scientific research and practical applications due to their excellent
mechanical performance, barrier against gas factors, and thermal conductivity. In
general, enhanced barrier function in corrosive environments provides excellent
corrosion prevention. In this regard, in this article, the effects of graphene oxide
nanosheets, graphene, graphite fluoride, carbon nitride, boron nitride, boron
carbonitride, LDHs, and Mxene are investigated.
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Figure 1: Graphite carbon nitride structure schematic (13).
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Figure 2: FESEM images of the cross section of (a) epoxy, (b) epoxy/0.1 wt% C3Ns4, (c) epoxy/0.3 wt% CsN,, (d) epoxy/0.5 wt% CsN,, and (e) Epoxy/
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Figure 3: Coating capacitance for epoxy and epoxy samples reinforced
with AF g-C3N4 with different percentages during immersion in NaCl
solution (1).
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and 15 days (16).
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Table 1: A summary of research on the corrosion protection of mild steel by organic polymer/g-C3N, nanocomposite coatings.
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Figure 9: Graphite fluoride structure schematic (23).
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Figure 10: Bode and phase digram of uncoated steel, containing epoxy
and epoxy/GrF in different concentrations of GrF (22).

09l g ) JLazl ply jo 5L Caaglie samslis Ry YL polae
e Sl e Re (ol iSll gl o jlhas il oo
O UKy asl o AlKY -

A Giedey Snglan GIF S39 dwo,0 Vg ) /D jea> 5l omy
A S ol e VAV G VIFTN T A s
Ol YL 0 GIF 5las o ) lade oS cewl cpl oaimo lis
S Sl (5955 4 Caaglie o Shes gl 5 wle oo (B il
& STy alawls 4 RC woyo ¥y GIF e (o381 b ol oo
¥ ojsmam &5 iz jo gl ood Gl s (Sl e )0 GIF
Plgd syt ssbiie 4 (YY) 03l 1) OF e lie o y%eS wo o
S ol 5o (gy5absé 55, Vo 5l am SEM 3G wo¥sb (59, (idssy
Y gazme ez (5 9abge o (VY JSE) wl slodil oo YO
Dgdn 0sd Aigel ;0 Bk sl S 5L ()95

$U oS 5 as ol s 2l Kes 5 g 505 o ), oolisiul
a8 uSel b 0 (ZIP) Glad pauisS ) -0 Olao
SSTn Js A g wdlioe S 5 g 5Lt acll il 36
oeblS il S S ol (oo azy BB b 4 ZrP il
(YY) sk s

= Fose 0j9 b Sl ele jpa> Jdo 4 0925 (0l L
sboo gl oo oolainl Pl> 0 ZIP Glxas oL  SauSly, 6l oS
45 Wl (oo palS Lad 4 (BjeelS by (sladed Jla
S candllas pl 5o gl 5l 0uS so Dgaoe | ol s o)l
L 5oy slo gy oL (sl S loma b IS5l a3
g S ol Jdo g csl ol sl il pas e o Slos
SjeelS laidg oy osle 5 GIF Slriogil (e (S59)000
sy 00l ¢ GIF Gla o oS 5 b pultivens 9l 43 GrF/epoxy
S 023 b 9,5 bl b 5T JLis & i o ol el
ST,y 5 Jabrhi Jole 5 JSlo- oassS ool 4550 sl (504
el Sliws JoB Solw 4y oS el aiey 0 GIF 5l el
slagidy (20l 5 (5993 ub o Sles ;0 GIF clale 36
P8 (e 3y90 S0 4 (63VB A 5 (55, 0 o3lel CujenlS
ool 380 e blas oS g5l femen ol a8 F
L) U Slaslesl 5 (53,55 loants 2SI 6 Soslas
O3l Bblome iy Sl 550 5 Late a4 (YY) wig B o
(G 9 SYgd Ay (oo Vo S 50 el 00 IS 4 el
ol 00l ol s 08 (g9, GIF/ S el g 0Ye8 (59, (oS5l
il pobiie & d (oie ;0 (WS B 0 Fmb )3 uslael Jge
ey 998 0 03 )5 4 9,80 g b JUES) plp o GiAgy Ceaglie
oS fomb 5S plagel Jode Y58 (59, (Sl Hpa> )
GrF o8 Lo L .l adly oy 8l ol iy o¥ed b (polie o
Sl 55 5 oo 35 I3 ool S (oS 50
Sybslaes so &Il (S0,95 4 Caglae o 5L 59 oy )
OVl (s o3 ) (e 5o (S99 U8, (n e ;00
VU (slo olS 5 53 55 o o Sxke |y lS 8 225 50 36 sl
00yl 45 0 dzx,0 -1 Lo 85 CujemelS b Lo e 516 4yl
et 9SS oo Joe JAS 55 Sl & Gy oS Sl
dasine oo lid uilawl o jo gley <ol S gl
AYVYEVY) el 2059005 icdigy (g

Cd ZView 38l o 5 L osds (Byre Jolao jlae ulul 5 EIS b
g2y Sloy Sl Su (5y54bse adgl Sl y0 dms e (i &S0
Cd )b Cp (g Cnglio R o Jodowe Cnglio Ry jlae (ol jo o)l

bl s Gy 36

- Y (LEPNY /555 sl )3 lsllas ele ay puins



\-

0T gl Ylgicds (632393 ilxuogil 3l y3 S90 / YR 9 () pae Sazo

2.5x10°
2.0x10° - /
1.5x10° - /
—~ 1.0x10° 4
G 5.0x10° 1 e

3

Rc (ohm cm

8.0x10° -
6.0x10°
4.0x10°

2.0x10°

A\

C

¢

—

R

¢

T
0.0 0.5 1.0

T
15

T
20 25 3.0

GrF concentration (%)

(YY) oads Byre Joleo o ol e 4y GIF Calizis sloao 0 b slo iy cod gl )Y JSC&
Figure 11: Fit results of coatings with different percentages of GrF along with the introduced equivalent circuit (22).
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Figure 12: (a) SEM images of steel surface before corrosion (b) steel surface after 20 days immersion in salt water (c) epoxy coating (d) 0.5% of GrF, (e)
1% of GrF and (F) 3% of GrF (22).
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Figure 13: Schematic of the structure of graphene and graphene oxide (29).
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Figurel4: Bode curve for (a) pure epoxy and (b) epoxy/graphene on aluminum substrate (35).
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Figure 15: Potentiodynamic polarization curves for (a) uncoated steel, (b) epoxy on steel, (c) epoxy/0.5 wt% graphene and (d) epoxy/1 wt% graphene
after 48 hours of immersion in 3.5 wt. % NaCl (35).
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Figure 16: Permeability and vapor permeability rate of PAGCs and PACCs (35).
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Figure 17: Resistance value at frequency 0.01 Hz as a function of
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Table 2: A summary of research on the corrosion protection of mild steel by organic polymer/GO/G, nanocomposite coatings.

Polymer Matrix Nanofiller content | Surface Treatment

Epoxy/GO 0.125,0.25,0.5 -

Alkyd/GO 16 -
Polyurethane/GO 0.25,0.5,0.75,1 APTES
Waterbo/rcr_l‘e B 0.1,0.4,0.7 Polyvinylpyrrolidone
Polyvinylbutyral/G 0.028, 0.056 -

Optmal

Contenet

0.1

16

0.5

0.056

Thickness

Results
(pm)

Efficiency(%0)

enhancing GO dispersion
in coating via dispersion
GO in low-viscosity
polymer matrix (i.e.,
hardener)

40

79.7

(39)

150 antifouling 76 (40)

Increasing protection
efficiency from 59.84 %
to 99 % and 91.84 % via

adding functionalized

graphene and
functionalized GO,
respectively

25 91.84 (41)

Reducing corrosion rate 42)
from 1.3 to 0.3 mm/year.
Decreasing O,
permeability of polymer -
coating

16 (43)
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Figure 18: (a) FTIR spectra for BN and BN-OH (b) Schematic of hydroxylation of BN (44).
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Figure 19: (a) SEM and (b) TEM morphology of BN nanosheets; (c,d) TEM images of BN-OH/PU 2 wt.%.
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Figure 20: EIS curve for polyurethane coating (a) phase and (b) bode diagram (44).
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Figure 21: Continue.
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Figure 22. Equivalent circuit impedance results for (a) one time constant and (b) two time constants (44).
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Figure 24: Structure diagram of boron nitride and boron carbonitride (49).
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Figure 27: Bode digram of BCN coating containing metal oxides in
3.5% NaCl solution (11).
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Figure 28: Nyquist curve for BCN coating containing metal oxides in
3.5% NaCl solution (11).
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Figure 26: Open circuit potential curve of BCN coating
containing metal oxides in 3.5% NaCl solution
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Figure 29: Images of the coated samples before and after the adhesion test (a-e) BCN, (b-f) Mn (BCN), (c-g) Ni (BCN) and (d-h) Co (BCN) (11).
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Figure 30: Salt fog test after 24 h for coatings containing (a) BCN, (b) Mn (BCN), (c) Ni (BCN) and (d) Co (BCN) (11).
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Figure 31: Salt fog test after 120 h for coatings containing (a) BCN, (b) Mn (BCN), (c) Ni (BCN) and (d) Co (BCN) (11).
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Table 3: A summary of research on the corrosion protection of mild steel by organic polymer/BN/BCN nanocomposite coatings.
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Method Results
Matrix content Treatment Contenet Time %

Non- Rpore (Q. cmz)
covalently Epoxy: 4.9x10°
. functionaliz EIS Composite: 4.0x10°
water-borne 03 ed boron 03 50 35 W% (50)
poxy nitride by NaCl ik Epoxy: 1.1x10* 975
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oxide
h-BN-RGO 2
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Polyvinylbutyral 05 functionaliz 05 25 Polarization agh PVB: 1.0x10° %0 (D
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PDA
PR leorr (IJ-A/ sz)
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Polymer Nanofiller Surface Optimal Thlcknes Method Immersion Results Efficiency
Matrix content Treatment Contenet Time (%)
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Figure 32: Schematic of the structure of LDHs (65).
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Figure 33: (a) OCP changes with immersion time, (b) coating resistance with time, (c) initial impedance (Z=0.01Hz) and (d) breakpoint frequency (f,) of
different samples with time (66).
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Figure 34: LEIS test of pure coating (a), LDH-CO; coating (b) and LDH-NO, coating (c) (66).
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Figure 35: The average resistance of the scratched sample (a) and the minimum resistance of the scratched area (b) as a function of immersion time (66).
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Figure 36: Composite coating protection mechanism (66).
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Table 4: A summary of research on the corrosion protection of mild steel by organic polymer/LDHs nanocomposite.

Polymer Matrix Nanofiller Surface Treatment Optimal | Thickness Method Immersion Results Efficiency Ref.
content Contenet (nm) Time (%)
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magnesium— 3
aluminum layered
double hydroxides

Benzothlazolylthlo- 3
succinic acid

30

Improvmg
the corrosion
protection of
carbon steel.

EIS 35 90 (68)

Epoxy/
magnesium-—
aluminum layered
double hydroxides

05,1,2

aminobenzoate 0.5

50

microbubbles
and cracks
can be -
obviously
reduced
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Figure 37: Bode plots with fitted line of AA2024 substrates coated with sol-gel coatings modified with ZnAlCe-LDHs in 0.05 M NaCl solution for 1 day
(a-c) and 14 days immersion (d-f)
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Figure 38: (a) Tafel plot of anti-corrosion properties of uncoated and coated samples after immersion in 3.5% NaCl for 96 hours. Here, the potential (\V vs.

SCE) refers to the potential vs. saturation calomel electrode that serves as the reference electrode. (b) Schematic picture of corrosion process without and
with epoxy coating containing Ti3C2Tx (72).
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Figure 39: Schematic illustration of the synthesis and performance of the Ti;C, Ty surface with APTES (74).
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Table 5: A summary of research on the corrosion protection of mild steel by organic polymer/Mxene nanocomposite.

. Nanofiller Surface Optimal | Thickness Immersion Efficiency

Epoxy/ TisC,Ty
MXene@MgAl- 0.5 Molybdate 0.5 -
LDH
Epoxy/ TisC,Tx 0.2 L-Cysteine 0.2 90
Epoxy/ TisC,Tx 05,1,2 - 1 -
waterborne
polyurethane/ 0-04 polyacrylate 0.4 30
TisCoTy

The |Z|o.011, value of C-
MXene@LDH is 1.5 x 107
Q.cm? after 1 day immersion,
one order of magnitude higher
than that of EP (5.8x10° Q «
cm?), and keeps the largest
during whole immersion. B
Excellent barrier properties of
MXene nanosheets with high 90

aspect ratio.
highest corrosion potential and
the lowest corrosion current 99
density
lowest corrosion current of
2.143x107® Alcm? , a decrease
of one order of magnitude -
compared with blank WPU
(1.599 x 107° Alcm?)

EIS 21

EIS 30

EIS 4

EIS =
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Figure 41: Corrosion protection mechanism for (a) basic WPU, (b) TisC,T./WPU, and (c) applied TisC,Tx@Si/WPU (71).
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