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AFM images of GE: (a) line scanning position of GE nano-
sheets and (b) depth profile of the line scanning of the GE
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Table 1 Major components of electro-brush plating solution

Component Amount
NiSO,-6H,0/g 'L 20
CH3;COONH,/g-L™ 40
(NH,);CeH;50,/g-L"! 45

GE/g'L™! 0~0.6
NH;-H,O/mL-L" 100~130 (adjust pH to 7.3~7.5)
Additives Suitable

BERETZRERSH

Table 2 Process flow and parameters of electro-brush plating

Process

Solution

Voltage/V  Plating time/min

Movement velocity of plating pen/m-min™'

Electrical cleaning
Intense activation

Slight activation

Preplating
Plating

Electing cleaning solutions
No.2 activation solutions
No.3 activation solutions

Preplating nickel solutions

Ni-GE composite plating solutions

+12
-12
—18
+12
+12

1 6~8
0.5 8~10
0.5 6~8

1 8~10

5 10~12
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Fig.3 Surface morphologies of the two coatings: (a) Ni and

(b) Ni-GE
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Fig.4 Cross-section morphologies of the two coatings: (a) Ni

and (b) Ni-GE
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Fig.5 Morphology and EDS spectra of GE in composite coatings
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Fig.6 Raman spectrum of GE in composite coatings

0.01F <
1E-3 F —o— Ni-GE

1E-4f
”g 1E-5}
< IE-6k
1E-7F
1E-8
1E-9§
10 09 08 07 06 05 04
E/V (vs SCE)

K7 2 PSR 1Bl R B A 2%

Fig.7 Potentiodynamic polarization curve of the two coatings
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Table 3 Self-corrosion potential E.,, and self-corrosion current density i.,. of the two coatings

Coating Self-corrosion potential, Econ/V Self-corrosion current density, icm/uA-cm'2
Ni -0.76 14.89
Ni-GE -0.69 5.03
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Table 4 AC impedance spectrum fitting data for two coatings

Coating  R/Q-em®  Ry/Q-cm’  CPEI-P CPEI-T

Ni 5.25 1184 0.9013 0.0022398

Ni-GE 7.532 3715 0.8280 0.0013372
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Fig.10 Corrosion mass loss per unit area of the two coatings in

3.5% NaCl solution
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3.5% NaCl solution for 168 h: (a) Ni and (b) Ni-GE
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Corrosion Resistance of Ni-graphene Composite Coatings by Electro-brush Plating

Jin Guo', Ding Xiaolong'?, Hu Zhenfeng®, Lv Biao’, Wang Xiaohe’
(1. Harbin Engineering University, Harbin 150001, China)
(2. National Engineering Research Center for Mechanical Product Remanufacturing,
Academy of Armored Army Force, Beijing 100072, China)
(3. Huayin Weapon Test Centre in China, Huayin 714200, China)

Abstract: In order to obtain a metal coating with excellent corrosion resistance by a simple preparation process applied to navy vessel
corrosion protection, Ni-graphene composite coatings were grown on 45# steel substrates by electro-brush plating. Scanning electron
microscope (SEM), energy dispersive spectrometer (EDS), atomic electron microscopy (AFM) and Raman spectroscopy were employed to
characterize the morphology of graphene and the coatings. The corrosion resistance of Ni-graphene composite coatings was studied by
electrochemical test and immersion experiments. Results show that the graphene layers enter the Ni-graphene composite coating; compared
with Ni coating, Ni-graphene composite coating exhibits better quality. In electrochemical test and immersion experiments, we find that in
the comparison between Ni-GE composite coating and Ni plating, the corrosion potential of the former moves positively by 70 mV, the
corrosion current density of the former is only 0.34 times of that of the latter, and the charge transfer resistance of the former is 3.1 times of
that of the latter. After immersion for 168 h in 3.5% NaCl solution, the mass loss of Ni-graphene composite coating is 0.47 times of Ni
plating layer, indicating that the corrosion resistance of Ni- graphene composite coating is obviously enhanced.

Key words: navy vessel corrosion protection; electro-brush plating; graphene; Ni-GE composite coating; corrosion resistance
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