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Ni-TiN-GO HITUFZE FIFm .
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ARG L AZI 1D B SR AR, RS 28 20 mmx
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Al FE R T 99% (1) FL AR ARAR , PR AR B] #0425 mm. F S6 R
FH 360#- 600# . 800#. 10004 1200# 15004 5z 20004 /K & fib
YN AZ9NID B A S THT B, ATt . Rl RN
ToK SR ST 10 mine RE T 2R Bl -
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FAW IR 2.0~2.5 min. G FHE N EEBHIR
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G3 BT s B X2 AT 59 73 H A (Smart Lab9kW 2D 43 Hr it
FRUZ 25 g A0 gt b B 1), 4K 2% AR O Cu 88 Ko, &
20 kV, HLIE 30 mA, 45 25 KA B 43 510 0.01°/min
A1 5°/min ; S 5 40 i 11 (HVS-1000B ZD MR TR 2
T2, AR AT 9 0.98 N, LREFIT 0] 24 20 s, BE AL F. 4
FONGE , BCFME . R A R B 45 B8 WL (MM W-1A) i3
A7 PR P R AR, Nk & fir > 10 N, iR GG 7] 2 min, IE4T
JH P 200 r/min; K A HLAE 25 T AR 3 (CHI-660E) A TR
JE i, TAE BN & EITTE (B 1 om® i
MR R LA, 25 LA O Ag/AgCl LAY, = LAl AN
fib IR N 3.5% O 20 B0 11 NaC g, R R N 25 °C,
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Table 1 Components of solution for each process

Step Solution composition Content
NaOH 35¢/L
Alkali wash
. Na,PO, 30g/L
degreasing
Na,CO, 10 g/L
H,PO, 600 mL/L
Pickling
NH,HF, 5¢g/L
K,P,0, 160 g/L
Surface tone Na,CO, 20 g/L
NaF 11 g/L
H,PO, 180 mL/L
Activation ]
NH,HF, 95 g/L
NiSO,-6H,0 20 g/L
Na,CH,0,-2H,0 20 g/L
Alkaline
Na,CO, 20 g/L
electroless
NH,HF 10 g/L
plating e &
NaH,PO, 25¢g/L
NH;-H,0O Appropriate amount
NiSO,-6H,0 20 g/L
CH,O, 5¢g/L
Acid electroless
. NH,HF, 20 g/L
plating
NaH,PO, 20 g/L
NH,-H,O Appropriate amount
NiSO,-6H,0 120 g/L
NH,HF, 40 g/L
CH,0,(NH,), 10 g/L
Nano composite CHNOSNa 3¢g/L
electrodeposition  CH,(CH,),,0SO,Na 0.1 g/L
NH;-H,0 40
TiN 1 gL
GO 0.05-0.25 g/L
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Fig.1 SEM morphologies of coating surface with different GO addition amounts: (a) 0 g/L, (b) 0.05 g/L, (c) 0.1 g/L, (d) 0.15 g/L, (e) 0.2 g/L, and

() 0.25 g/L

2 ANIF GO B Iin i UAR = AT AT T 55
Fig.2 OM morphologies of section of the sedimentary layer with different GO addition amounts: (a) 0 g/L, (b) 0.05 g/L, (c) 0.1 g/L, (d) 0.15 g/L,
(e) 0.2 g/L, and (f) 0.25 g/L
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Fig.3 Section thickness of sedimentary layer with different GO

addition amounts
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Fig.4 SEM image and EDS element mappings of Ni-TiN-0.1g/L GO deposition layer
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Fig.5 XRD patterns of coatings with different GO addition amounts
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Fig.6 Microhardness of coatings with different GO addition amounts
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Fig.7 Polarization curve of sedimentary layers with different GO

addition amounts
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Table 2 Fitting parameters of polarization curves of the deposition

layer with different GO addition amounts

GO concentration/ Corrosion Corrosion current
gL’ potential/V density/x10° A-cm™
0.00 -0.303 1.848
0.05 -0.287 1.832
0.10 -0.249 0.7517
0.15 -0.254 6.023
0.20 -0.261 8.017
0.25 —-0.380 9.929
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Fig.8 SEM morphologies of coating surface at different heating temperatures: (a) untreated, (b) 250 °C, (c) 300 °C, (d) 350 °C, (e) 400 °C, and

(f) 450 °C
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Fig.9 XRD patterns of coatings at different heating temperatures
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Fig.10 Effect of different heating temperatures on coating

microhardness
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Fig.11 Polarization curves of coating at different heating temperatures

R3 TRIMARETRBRULHZEIESH
Table 3 Fitting parameters of polarization curves of deposition

layers at different heating temperatures

Heating Corrosion Corrosion current
temperature/°C potential/V density/A-cm?
Untreated -0.249 7.517x107
250 —0.182 7.203x107
300 —0.180 4.115x107
350 —-0.101 3.210x107
400 —0.455 3.891x10°
450 —-1.257 4.025x10™

—-0.249 V, H J& il HL L2 BE N 7.517%107 A-em?™, B 4K
BT 3N ECER . BEE PR EEET T % 350 C,
DURZ 14 B 6 ol LB IR, ok oL 908 2850 P88 0 o AR
No BEE USRI XRD B ZIEE T, BT Z BT
N 73 A ORI A S Gl KR OR B AT, DA 2 AR AR B
INESCEE 35 5, A 8k BELRS 5 ol 9 1 AR A A, i e ek 75 30
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TR FPIRAS , DR R IR b 2 20 T 4 I /0 bz DAYk /b S 1)
B SR RE » 5 T80 B [ B S R o b, ot o7 48 BELASHE
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AN R R B 18] TR R AR A i 28 DL I 15, Bl Ak il 28
WAL RNFR 4. WL RENEENE 1 b IREBE
T FELAE B A 3.210%107 A-em?, B AR KB 2.34 1%
DURUZ 0 B S AL RS, B T I B AR, DL
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P
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Fig.12 SEM morphologies of coating surface with different holding durations: (a) 0.5 h, (b) 1 h, (¢) 1.5 h, (d) 2 h, and (¢) 2.5 h
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Fig.13 XRD patterns of coatings with different holding durations
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Fig.14 Effectof different holding durations on microhardness of coating
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Table 4 Fitting parameters of polarization curves of sedimentary

layers with different holding durations

Holding . ) Corrosion current
) Corrosion potential/V . . )
duration/h density/x10" A-cm”
0.5 —0.234 1.556
1.0 —0.101 0.321
1.5 -0.214 1.888
2.0 —0.233 1.858
2.5 —0.446 3.470
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Fig.16 Friction coefficient of Ni-TiN-GO deposition layer before and

after vacuum annealing
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layer before (a) and after (b) vacuum annealing
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Microstructure and Properties of Ni-TiN-GO Composite Electrodeposition Layer on
AZ91D Magnesium Alloy

Li Zhi', Liu Guangke', Liu Chongyu'?, Hu Defeng'?
(1. School of Mechanical Engineering, Dalian University, Dalian 116622, China)
(2. School of Materials Science and Chemical Engineering, Harbin University of Science and Technology, Harbin 150080, China)
(3. School of Materials Science and Engineering, Zhejiang University of Technology, Hangzhou 310018, China)

Abstract: To improve the surface hardness, wear resistance, and corrosion resistance of AZ91D magnesium alloy, a Ni-TiN-GO (graphene oxide)
composite electrodeposition layer was prepared on the surface of AZ91D magnesium alloy using nano-composite electrodeposition technology.
The Ni-TiN-GO composite electrodeposition layer was then subjected to vacuum annealing. The effects of GO addition amount, vacuum
annealing temperature, and holding time on the microstructure and properties of the deposited layer were investigated. Results show that when the
addition amount of GO is 0.1 g/L, the deposition rate of Ni*" is increased, and the deposited layer exhibits a uniform and dense microstructure. The
Ni grains in the deposited layer show a (111) and (200) preferred orientation. The hardness of the deposited layer is increased by 10.79 times
compared to that of the substrate. The friction coefficient is 0.6, and the wear mechanism is mainly adhesive wear with slight abrasive wear. The
self-corrosion current density of the deposited layer is decreased by 3 orders of magnitude compared to that of the substrate. When the vacuum
annealing heating temperature is 350 °C and the holding time is 1 h, the surface of the deposited layer is uniform and dense, exhibiting the best
performance. The hardness is increased by 1.15 times compared with that without annealing. The friction coefficient is reduced to 0.4, the wear
mode is converted to weak abrasive wear. The self-corrosion current density is reduced by 2.34 times, and the resistance to Pseudomonas
aeruginosa microbiologically influenced corrosion is improved. This study will lay the foundation for promoting the widespread application of
AZ91D magnesium alloy in the field of equipment light massing and under complex working conditions.
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