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Table 1 Components of each process solution

Step Solution composition Content
) NaOH 35g/L
Alkali wash
) Na;PO4 30 g/L
degreasing
NaxCOs 10 g/L
H3PO4 600 ml/L
Pickling
NH4HF2 5g/L
K4P207 160 g/L
Surface tone Na>COs 20 g/L
NaF 11 g/L
H3PO4 180 ml/L
Activation
NH4HF> 95 g/L
NiSO4-6H20 20 g/L
Na3CeHs07-2H.0 20 g/L
Alkaline
Na2COs 20 g/L
electroless
) NH4HF> 10 g/L
plating
NaH2PO: 25 g/L
NH3-H20 Moderate
NiSO4-6H20 20 g/L
Acid C6HsO7 5¢glL
electroless NH+HF> 20 g/L
plating NaH2PO: 20 g/L
NH3-H20 Moderate
NiSO4-6H20 120 g/L
NHsHF> 40 g/L
CsHsO7(NHa4)3 10 g/L
Nano
. CHNOSNa 3¢/l
composite
. CH3(CH2)1nOSOsNa 0.1 g/L
electrodeposition
NH;-H.0 40 ml/L
ND 8-18 g/L
CNTs 0.05-0.30 g/L
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Fig.1 Metallographic microstructure morphology of Ni-based
sedimentary layers with different ND addition amounts
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Fig.2 AFM diagrams of Ni-based sedimentary layers with different
ND addition amounts
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Fig.3 XRD patterns of Ni-based sedimentary layers with different ND

addition amounts
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Fig. 5 Friction curves of Ni-based deposited layers with different ND

addition amounts
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Fig. 6 Friction and wear morphologies of Ni-based deposited layers
with different ND addition amounts
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Fig.7 Three-dimensional morphology of friction and wear of Ni-based

deposited layers with different ND addition amounts
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Fig. 8 Polarization curves of Ni-based deposition layers with different

ND addition amounts
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Tab. 2 Fitting results of polarization curves of Ni-based deposition

layers with different ND addition amounts

ND additions/ Corrosion Corrosion current
gLt potential/V density/A-cm?
0 -0.292 3.432x107
8 -0.317 8.054x107
10 -0.293 6.904x1077
12 -0.268 2.869x107
14 -0.272 3.146x107
16 -0.299 5.721x107
18 -0.613 5.644x10°¢
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Fig. 9 SEM and EDS test results before and after micro-corrosion on
the surface of the Ni-12 g/L ND deposition layer
(a) Before micro-corrosion on the surface of the sedimentary layer
(al) SEM morphology (a2) Ni element distribution map (a3) C
element distribution map (b) After slight corrosion on the surface of
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distribution map (b3) C element distribution map (c) Pre-micro-

corrosion energy spectrum (d) Energy spectrum after micro-corrosion
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Fig. 10 Metallographic microstructure morphology of Ni-ND
deposited layers with different CNTs addition amounts
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Fig. 11 AFM diagrams of Ni-ND deposition layers with different
CNTs addition amounts
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Fig. 12 XRD patterns of Ni-ND deposition layers with different CNTs

addition amounts
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Fig. 13 Microhardness of Ni-ND deposited layers with different CNTs

addition amounts
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Fig. 14 Scratch morphology of Ni-ND deposited layers with different
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Fig. 15 The bonding strength of Ni-ND deposited layers varies with
different CNTs addition amounts
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Fig.18 Three-dimensional morphology of friction and wear of Ni-NDs
deposited layers with different CNTs addition amounts
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Fig. 19 Polarization curves of Ni-ND deposition layers with different

CNTs addition amounts
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Tab. 3 Fitting results of polarization curves of Ni-ND deposition layers

with different CNTs addition amounts

CNTs additions / Corrosion Corrosion current
gL! potential/V density/A-cm™
0 -0.268 2.869x107
0.05 -0.282 1.583x107
0.10 -0.278 1.530x10°7
0.15 -0.285 1.458x107
0.20 -0.278 4.008x1077
0.25 -0.314 3.371x107
0.30 -0.309 3.767x107
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Fig. 20 Metallographic micromorphology of different process
deposition layers after being corroded by Pseudomonas aeruginosa for
24 hours
(a) Matrix (b) Ni deposition layer
(¢) Ni-ND deposition layer (d) Ni-ND-CNTs deposition layer
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Fig. 21 Colony growth diagrams of different process sedimentary
layers corroded by Pseudomonas aeruginosa for 24 hours
(a) Control group (b) Matrix (c) Ni-ND deposition layer
(d) Ni-ND-CNTs deposition layer
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Tab. 4 The antibacterial rate of sedimentary layers processed by

different techniques
Ni-ND .
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layer
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Fig. 22 SEM and EDS test results before and after micro-corrosion on
the surface of the Ni-12 g/LND-0.15 g/LCNTs deposition layer
(a) Before micro-corrosion on the surface of the sedimentary layer
(al) SEM morphology (a2) Ni element distribution map (a3) C
element distribution map (b) After slight corrosion on the surface of
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corrosion energy spectrum (d) Energy spectrum after micro-corrosion
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Synergistic Enhancement of Magnesium Alloy Surface Nanocomposite
Electrodeposition with Low-Dimensional Materials

Li Zhi',Duan Huifan', Liu Chongyu'?, Liu Guangke',Wang Zhen'

(1.School of Mechanical Engineering, Dalian University, Dalian 116622, Liaoning, China)
(2.School of Materials Science and Chemical Engineering, Harbin University of Science and Technology, Harbin 150080, Heilongjiang, China)

Abstract: To enhance the comprehensive performance of magnesium alloy surfaces, Ni-based composite layers with zero-dimensional material
ND (nano-diamond) and one-dimensional material CNTs (carbon nanotubes) added were fabricated on the surface of AZ91D magnesium alloy
by nano-composite electrodeposition technology. The synergistic effect of the combination of ND and CNTs improved the microstructure of
the deposited layer and enhanced its comprehensive performance. Research shows that ND, as a heterogeneous nucleation core, promotes the
preferred orientation growth of Ni grains along the (111) surface, reduces the surface roughness of Ni-based deposition layers, and enhances
their microstructure uniformity and density. The high specific surface area and excellent electrical conductivity of CNTs further optimize the
microstructure and properties of the deposited layer. The combination of two carbon-based nanomaterials exhibits an excellent synergistic effect:
the grain refinement effect of ND and the electrical conductivity enhancement effect of CNTs complement each other, significantly optimizing
the deposited layer in terms of structural density, grain orientation stability, and interfacial bonding strength, further enhancing wear resistance
and corrosion resistance. When the addition amounts of ND and CNTs were 12 g/L and 0.15 g/L respectively, the microstructure of the deposited
layer was uniform and dense, the hardness reached 1212.7 HV, the coefficient of friction decreased to 0.34, the self-corrosion current density
decreased to 1.458x107 A-cm™ (three orders of magnitude lower than that of the magnesium alloy matrix), and the resistance to Pseudomonas
aeruginosa was good. The antibacterial rate is as high as 90%. This study provides a theoretical basis and process reference for the synergistic
reinforcement of high-performance magnesium alloy surface composite deposition layers with low-dimensional materials.

Keywords: low-dimensional materials; synergistic enhancement; AZ91D magnesium alloy; nano-composite electrodeposition; carbon-based

nanomaterials
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