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Research progress of graphene oxide composite coatings in metal corrosion protection

YAO Shunyu , WANG Xinyue', GAO Wenyi

(School of Petrochemical Engineering, Liaoning PetroChemical University, Fushun 113001, China)

Abstract: As a derivative of graphene, graphene oxide (GO) has excellent comprehensive performance, showing
great application potential in metal corrosion and protection. GO has not only a two-dimensional layered structure
but also contains hydroxyl, carbonyl, carboxyl, epoxy groups and other functional groups that can be used as active
sites with other substances for covalent/non-covalent functionalization modification, so GO is often used as a filler
to enhance the comprehensive performance of coatings. This paper reviews the recent research progress on GO
composite coating in metal corrosion and protection. The first part summarizes the morphology of metal corrosion
and the corrosion protection methods, explains the primary forms of metal corrosion, and discusses the current
main metal corrosion protection methods. The second part introduces the physicochemical properties of graphene
and its derivatives. In this paper, GO is the main focus. It has tremendous application potential in metal corrosion
protective coatings due to its sheet structure, excellent dispersion, and abundant oxygen-containing functional
groups on the surface, which are the active point of the reaction and easy modification. The third part introduces
the current GO composite coating, which compares the corrosion resistance of traditional coatings, GO organic/
inorganic unit composite coatings and GO multi-composite coatings. It is found that the performance of GO
multi-component composite coating is far better than that of GO organic/inorganic unit composite coating and tra-
ditional coating. This is due to the excellent dispersion of GO, which enables it to fill the pores that occur during the
curing and film-forming process of organic polymer materials and improve the corrosion resistance of the coating.
The photogenic cathodic protection mechanism and current situation of GO anti-corrosion coating are introduced,

and due to the green environmental protection and excellent anti-corrosion effect, it is regarded as the future
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development trend of GO composite coating. The fourth part summarizes the key scientific issues and challenges of

GO composite anti-corrosion coating in the current research. It looks forward to the research direction and

application prospect of GO composite anti-corrosion coating.

Keywords: graphene oxide; metal corrosion and protection; composite coating; photocathodic protection tech-

nology; coating filler
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GO it Z L S Wtk Rl L 5 ML = A )5 P il
BEREM B TR A RE, EEfLBE . 7
Bk HRRE, WM BRI scGE

Li %5 U2 SR 45 B - W 0k vk T B A 2 1 o A5 T
GO s AL &R, BEE GO MIMA, ®Z
FFLB R B EFRAL, & 1wt% GO 1Y 52 I FLER R
A& GO IR 22 31%, 3 T 24 10%,
iS55 = T 250%., WE 1R, Hd GO
KRR AL R ORI S| B A, T
GO HEEK K, ZMF L BR Y GO 4k K #4%)
FL3E, PRIk 7 AT LA SE IR GO 4 K e AL
L ANIUE R B

Point Al (0] C Fe
Content/wt% 55.41 44.59 — —
Content/at%  42.42 57.58 — —
Content/wt% 43.76 41.55 14.89 —
Content/at% 29.81 47.73 22.47 —

F 1 SRS R (GO) Ak i & )51 SEM FUS B AR L &
9 EDS"; (a) 4i%ML4R; (b) 1wt% GO; (c) 2wt% GO
Fig.1 SEM images and EDS of alumina and graphene oxide (GO)
nanosheets composite!'?: (a) Pure alumina; (b) 1wt% GO; (c) 2wt% GO
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PEfiE, 7ERBER Y, 4 a-Fe,05/Fe;0,@G0 40K F
FHHE S 50 mg- L™ B JE ik fEL A A /N, 2R RS okt
6353 0

Lala %5 04 3 7 #F 58 GO % % 49 b A9 4 - 4%
(Cu-Cr) WZ WP bR, ¥ 5 AR R (GO
() & 40 9 o 50, 100, 150, 200, 250 mg/L) )
GO 7 BUE W b, 5 Cu-Cr iR Z LTI
SR FH H Al 2 BE B vk % 8 2 8 ok M R AT 0 3K O
FERI, B GO M A A W 2 1 i it A B

TR Cu-Cr iR 2 A E W #FH s, CuCr. Cu-Cr-
GO,;. Cu-Cr-GO,. Cu-Cr-GOjz. Cu-Cr-GO,. Cu-

Cr-GOj 1Y J& T vy i %5 B2 43 0 o 9.2 7. 5.4, 4.6,
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150 mg/L B s i de /N, A IR 2 W PR T &k
R fchf . Bagde 551" SR FHH HLRE 7 B 1k B2
#% T GO BEFREE (GO-ZP) WK B A M kL. TE5 41/
A BLJ% . FTIR. SEM I XRD 43 Ay # BY R, X 4l
1 GO-ZP 4K & & M RHEAT T RAE, TESE T H
JIIE W . XRD 43 AT UESE T GO b 71 2% 11 v & 285

ol TR A I I . GO-ZP 44 K 5 4 b Rk 0 fin 4%
o R T HEE b . SRR LR
(72h)., @A (72h), i 7 )R EIS 45 5 i 0F
fli T GO-ZP 44K 5 & MHBHE 28 48R i i i 7 1
g, JFR I GO-ZP 44k & A A RL A T 85 1l
GO-ZP YK A A5 A4 L 1) Jon 43 2 348 Jon g 38 Jon

AR AR R P R AR & JE W B AR AR
YL PRI T GO, it 4k E A Uik
A4 5K 4 T Ni-TIN-GO 2 S8 2 . il
FU], M GO WM 0.3 g/L i, B2 il A5
A BT . Ni-TIN-GO(0.3 g/L) 8% )2 i A T2 551
PRI 8.64 pm, REOFEEE, 5EALS
A RAF. GO B R Ay b % 1 AR nT BH A5 JE ik 2 13
ik, ANRSEROR R AT LU S 2 AL, X
AU/ T e, WILEE R AR ImE® . k1
¥ GO 1E 0 i 2 BURHAE X T HoAth & WL HLIEUR Y
Pl S AT T X . R K Eseh ol DUE 3
GO 5 WY & & 76 4 8 i Dol 7 J 1hd e 8 22 B
3 TAR Kk, (AT — & iy IR 8, —J7 I,

F1 GO EARRERENTHEMAE LTIERNRERS

Table1 Advantages and disadvantages of GO as a coating filler over other common inorganic fillers

Character
Type -
Advantage Disadvantage
1. High specific surface area, good mechanical properties,
excellent barrier and shielding properties;
2. Excellent response reactivity, thermal and chemical
stabilities; 1. Easy to agglomerate, dispersibility and stability are
GO 3. Oxygen-containing functional group can serve as active  reduced after agglomeration;
sites for reactions; Hydrophilic groups on the surface are 2. Electrical conductivity, prone to galvanic coupling
more easily modified by polymers or alkali metal oxides; corrosion at locations of coating defects
4. "Maze effect” can increase the diffusion path of the
corrosion factor in the coating, and has a high resistance
to permeability
1. High surface activity, easy to agglomerate and lose the
special effect of nanoparticles after agglomeration;
2. Hydrophilic and oleophobic, poor dispersibility and
1. High melting point; y p . p P P v
Nano-ZnO 0 X . stability in organic media;
2. Good oxidation and corrosion resistance . . . .
3. Weak bonding with the substrate, poor interfacial
compatibility, easy to produce voids, micro-cracks and other
interfacial defects
1. Poor compatibility with the substrate, poor dispersion,
easy to agglomerate;
1. High strength, thermal conductivity and wear resistance; Y .gg L. L
L K 2. Functionalisation of the surface may lead to a reduction in
Nano-Al,O,4 2. Excellent electrical insulation; . . S
3. Stable phvsical and chemical ” filler size, resulting in defects on the surface;
. Stable physical and chemical properties
Py prop 3. Different shapes and sizes also have an effect on the
corrosion resistance of the coating
1. High hardness, high mechanical strength;
2. Excellent thermal and chemical stability; 1. Fine particles and high hydrophilicity, easy to
Micro/Nano- 3. Low density, small particle size, large specific agglomerate;
SiO, surface area; 2. The coating is prone to cracking during curing and

4. Colorless, odorless and pollution-friendly;
5. Good corrosion resistance

reducing the corrosion resistance of the coating
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BLTR JZ Uk 3 A 4 35 i 22 18] 16 )5 T B pR 97 I
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BHFRYERE, 0 & I 0 UR )= BA 4 19 5 ik
RO,

2 RS AR P2 Sy i v SRR e (PANI) I J22 O B0
P, R R G 107 5 1k PANT R & 4 K AL GO
FZE L, i GoRmaitgshfefe, LIHER GO 1E
PANT % J2 7 18 0 HCPE A0 B i AR Ak o ARl Xt AN ]
HE & PANT/GO 5245 U J2 9 JE§ oh By 47 1 BE 0 5 244 2R

A, M PANI S GO it Ry 5 1R, K44
HDIREfL GO 1y 43 BRI R e, X PANT W2 19
Tl B b BB SR AR b B3 . Bl 2 J& PANI/GO
50 1WTIREfL GO B AR 21 TEM Elf%, mE
AT GO R 24, H&T ity , vz
LA L5 H 1 PANT A ZUE#E T GO 143 1Ltk

100 nm

o x|
B2 B (PANI)/GO Fiittth 5 : 1 I IifEfk GO Z A IkI=H
TEM &%
Fig.2 TEM image of a functionalized GO composite coating
with polyaniline (PANI)/GO mass ratio 5 : 1%
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L B LR A 4 S 7 8 1) R e

Gaur 45 P R F 5 e BE I 1 1 45 T GO/ 40
KEEWE . WoE R WILE I AR IR B4R o A
GO AT D) i iy gt 7K P RORS BEF a8 B8, AT o 24 4
BB 1 77 65 1 BB 5 . Y GO MR I R 0.4wt%
BF U 2 1% 77 JE 1P R e A

Du %5 P % ] 51 1% 24 o BT AUy 95 76 0
ke gt 7 Rk S F GO AR A ARE. 454 Fi2H B
FAEFWH , TN GO 9K F 25 36 43 L 16 5L,
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YRGB, A BT 8 S R DT e /GO 4K
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Jig ol H, B RE AR T B 9. 7E 1 mol/L
AN K VIR i 120 h 5, P8 SCR R R AE
99.8% LJ I,

Pang %P1 &5 10 T — R LT GO 40K H il A i
A EL AR R 385 W0 0 7 0 B 2 SR A R
(PU)/GO B 52 i I8 715 R G W M % rh 22 B
R oy & RV B oA RE A ) 2 ke . R
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Corrosion medium s e O WEL SO e
eOe Ve T Q ) O.t .O ] OO.
VATA'AY it AN

FAA"A
/N VW

y

5
kil

Metal
3 b BIGRIDIRE L A A 805 (KGO) e MEFR A bR R it
HLHR P
Fig.3 Schematic diagram of the corrosion resistance mechanism of the
silane coupling agent functionalized graphene oxide (KGO) modified

epoxy coating**}
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B4 4iRERE (EP) 122 (a) Fil Si0,/GO/EP(b) f TEM [El{%E)

Fig.4 TEM images of pure epoxy resin (EP) coating (a) and SiO,/GO/EP (b)"*"!
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Fig.5 Corrosion protection mechanism of GO/Mn-Zn,SiO, material*’: (a) Photogenerated cathode effect; (b) Inorganic manganese ion magnetic
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induction effect; (c) Two-dimensional GO shielding effect; (d) Cathode secondary protection effect
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