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Table 1 Composition of electrodeposition bath

Composition Content/g L
NiSO4 6H20 300
NH,4CI 15
H3:BO3 30
CH3(CH3)1:0S03Na 0.1
GO 0.3

Nano-TiN Appropriate

Additive Appropriate

K1 2P HaypiREeEMER

Fig.1 Metallographic morphologies of different multi-step electrodeposited coatings: (a) one-step, (b) two-step, (c) three-step, and

(d) four-step
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K2 ZHBWPiiE SEM JESL
Fig.2 SEM morphologies of different multi-step electrodeposited coatings: (a) one-step, (b) two-step, (c) three-step, and (d) four-step
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Fig.3 Sectional OM (a, c, e) and SEM (b, d, f) morphologies of different multi-step electrodeposited coatings: (a, b) one-step,

(c, d) two-step, and (e, f) three-step
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Fig.4 TEM (@) and HRTEM (b) images of three-step

electrodeposited coating
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Fig.5 XRD patterns of different composite electrodeposited

coatings
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Table 2 Microhardness of coatings under different

electrodeposition processes
Microhardness, HV/>9.8 MPa

Electrodeposition step

One-step 1629.10
Two-step 1743.74
Three-step 2249.44
Four-step 1770.25
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Fig.6 Friction coefficient of matrix and composite

electrodeposited coatings
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Fig.7 Surface morphologies of matrix and composite
electrodeposited coatings after friction and wear:
(a) matrix, (b) one-step electrodeposited coating, and

(c) three-step electrodeposited coating
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Fig.8 Effects of multi-step electrodeposition on polarization

curve of electrodeposited coatings
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Table 3  Polarization curve fitting results of different

multi-step electrodeposited coatings

Electrodeposition Corrosion Corrosion current
step potential/V density/><10° A €m™
One-step -0.726 4.24
Two-step -0.710 3.71
Three-step -0.677 171
Four-step -0.746 3.91
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Fig.9 SEM morphologies of matrix (a) and composite
electrodeposited coatings (b-c) after salt spray test:
(b) one-step electrodeposited coating and (c) three-step

electrodeposited coating
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Fig.10 SEM morphologies and EDS element distributions of three-step electrodeposited coating before (a) and after (b) myristic acid

post-treatment

x4 ZRVABE=SHNRENEDS TENITER
Table 4 EDS analysis results of three-step electrodeposited coatings

before and after myristic acid post-treatment (/%)

Element Before After
Ni 87.43 80.18
Ti 1.33 0.54
C 11.24 19.28
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3 5t
5 -6}
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-8
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Potential, E/V
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Fig.11 Effects of post-treatment on polarization curves of

three-step electrodeposited coating
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Table 5 Polarization curve fitting results of three-step
electrodeposited coatings before and after myritic
acid post-treatment

Coating Corro;ion Corrogion curr(_eZnt
potential/V density/A €m
Without post-treatment -0.677 2.28x10°
Myristic acid post-treatment -0.617 3.03x10°
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Multi-step Electrodeposition Process and Properties of Nano-cermet Composite
Coating

Li Zhi, Hu Defeng, Ge Yuli, Song Wantong, Liu Chongyu
(School of Mechanical Engineering, Dalian University, Dalian 116622, China)

Abstract: In order to improve the properties of nano-cermet composite electrodeposited coatings, Ni-TiN-GO (graphene oxide) composite
electrodeposited coatings were prepared on the surface of alloy steel by multi-step electrodeposition process. The microstructure,
composition, microhardness, wear resistance, and corrosion resistance of electrodeposited coatings were characterized and analyzed to
determine the optimal multi-step electrodeposition process. On this basis, the coating was post-treated and the effect of post-treatment on
the corrosion resistance of coating was studied. Results show that the microstructure and properties of the coating obtained by three-step
electrodeposition are optimal. The electrodeposited coating has good bonding with the substrate and its thickness is 24.6 um. Additionally,
the coating obtained by three-step electrodeposition has uniform and dense surface, and the grain size is about 20 nm. The grains show
double preferred orientations of (111) and (200) planes. The microhardness (HV) of the electrodeposited coating is 22 044.51 MPa, and the
friction coefficient is 0.8. The wear mechanism is mainly weak abrasive wear. The results of Tafel polarization curve test show that the
corrosion potential of the three-step electrodeposited coating is —0.677 V, and the self-corrosion current density is 1.71x10° A ¢cm™. After
salt spray test for 96 h, the coating morphology barely changes. After post-treatment, the self-corrosion potential of the three-step
electrodeposited coating shifts positively of 60 mV, and the self-corrosion current density decreases by an order of magnitude.

Key words: multistep electrodeposition; nano-cermet composite coating; post-treatment; microstructure and properties
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