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Process of environmentally-friendly direct
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Abstract: In order to improve the corrosion resistance and wear resistance of magnesium alloy
efficiently and environmentally, the corrosion resistant and wear resistant coating were prepared on
AZ91D magnesium alloy by direct electroless nickel plating without fluorine, chromium, cyanogen and
zinc. The surface morphology., composition, phase and corrosion resistance properties were
characterized and compared by SEM, EDS, XRD and electrochemical workstation respectively. The
results show that the coatings are smooth and compact, consisting of fine and uniform cellular
structure being mainly composed of 85. 25% (mass fraction) amorphous Ni and P in the ratio of main
salt to reductant is 1 : 1, 4,complexing agent concentration is 16 g « L', pH=7 and the temperature
is (85+0.5) 'C. The hardness is increased from 72HV of substrate to 285HV. Corrosion potential is
enhanced from — 1. 524 V (substrate) to — 0. 513 V, meanwhile the corrosion current density is
decreased by about 3 orders of magnitude. The cohesion between the substrate and the deposition
layer is good without peeling and falling off, and the thickness of the deposition layer is approximately
38 pm,
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Table 1 Chemical compositions of AZ91D magnesium alloy

(mass fraction/ %)
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Fig. 1 Relation curve of ratio of main salt-reducing

agent vs deposition rate
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Table 2 Ratio of main salt and reducing agent ws

coating appearance, porosity and adhesion

Ratio Coating appearance Porosity/ % Adhesion

With leakage plating,the substrate
1:1.0 . 90 —
is corroded

1: 1.2 Slight corrosion of base 30 General
1:1.4 Smooth 0 Good
1:1.6 Smooth 10 Good
1:1.8 Bubble 30 General
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Fig. 2 Relation curves of concentration of complexing agent

vs deposition rate and bath stability
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Fig.4 Relation curve of temperature vs deposition rate
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Fig.5 SEM images of magnesium alloy before(a) and after(b) electroless nickel plating and EDS analysis(c)
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Fig. 6 XRD pattern of magnesium alloy after electroless

nickel plating
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Fig. 8 EDS mapping of Ni-P coating section on magnesium alloy surface
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Fig. 9 Tafel curves of magnesium alloy substrate before and

after electroless nickel plating
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Table 3 Corrosion potential and current density
of different samples
Sample Esce/V lg(i/(A « ecm™2))
Magnesium alloy substrate —1.524 2.1X10°2
Coating on magnesium alloy —0.513 6.2X10°°

T IR B IR A ok O s B 0 NP OB R X
B G A BA R R 1E

3 it

(DW#E TRTAE LG SES & B RN
BT & 4 F: NiSO, » 6H,0 : NaH,PO, « H,O=
1:1.4,NayC;H:0; » 2H,O 16 g - L ', pH K 7,
R (85+0.5) C,

(OB ZBUE 57 i a /N B AR ZH SV A, %2
WAk Ni, Py Hidh Ni &0 85.25%.P &N
14.75%  HAE A S, $E2 R ELN 38 pm, 53
45 & R AT,

(3 b2 B A5 i B 4 IR0 T ok T S Pk R P A 4
1o B R A B AR R T2 A s R e o B R R T
66 20 JE il FL U 2 B BRAIG T2 3 AN ERE SR

(1]

[2]

[3]

[4]

[5]

(6]

[8]

L9l

[10]

(a)Mg; (b)Ni; ()P
(a)Mg; (b)Ni; ()P

Sk

JIAN S Y.CHU Y R,LIN C S. Permanganate conversion coating
on AZ31 magnesium alloys with enhanced corrosion resistance
[J]. Corrosion Science,2015.93(4):301-309.
SRMEA  FEAB T RIS, S5 R K B A 4 2R T 1 B 8 R T
PERELT ], MR TR .2016,44(1) :66-70.
ZHU Y L,FAN W B,FENG L B,et al. Anti-adhesion and corro-
sion resistance of superhydrophobic magnesium alloy surface[ ] ].
Journal of Materials Engineering,2016,44(1) :66-70.
ZENG R C,ZHANG J,HUANG W J,et al. Review of studies on
corrosion of magnesium alloys [ J]. Transactions of Nonferrous
Metals Society of China,2006,16(2):763-771.

FAE MR, ERL . ZM6 5 EE G A o A A R 2 M e
¥ ()] R T8, 2015,43(10) :55-59.
WANG Z S,SUN Z H,WANG Q. et al. Performance of micro
arc oxidation coating of ZM6 cast magnesium alloy [J]. Journal of
Materials Engineering,2015,43(10): 55-59.
XIF ik 43 IR IE . % T b Gd X AZ31 864 4 it i RE A0 5%
i )], AR T A, 2018,44(6) . 73-79.
LIU J.ZHANG J L.QU Z B.et al. Effect of rare earth Gd on cor-
rosion resistance of AZ31 magnesium alloy[ J]. Journal of Materi-
als Engineering,2018,44(6) :73-79.
SONG G, ATRENS A. Recent insights into the mechanism of
magnesium corrosion and research suggestions[ J]. Advanced En-
gineering Materials,2007,9(3) :177-183.
T3 R RN  E 4w AWy B B 4 0 ph AT S i F 9t e LT .
BT ,2020.48 (1) 19-26.
WAN T, SONG SP, WANG ] Z, et al. Research progress in cor-
rosion behavior of biomedical magnesium alloys[J]. Journal of
Materials Engineering,2020,48(1): 19-26.
SADREDDINI S,AFSHAR A, AHMADI-JAZANI M. Tribo-log-
ical properties of Ni-P-SiO; nanocomposite coating on aluminum
[J]. Colloid Journal,2015,77(5) :628-634.
XIE Z H,CHEN F,XIANG S R.et al. Studies of several pickling
and activation processes for electroless Ni-P plating on AZ31 mag-
nesium alloy[ J]. Journal of the Electrochemistry Society, 2015,
162(3):115-123.

GUTSEV D,ANTONOV M, HUSSAINOVA I,et al. Effect of

SiO; and PTFE additives on dry sliding of Ni-P electroless coat-



168

BRI 72

2020 4 8 A

[11]

[12]

[13]

[14]

[15]

[16]

(171

ing[J]. Tribology International,2013,65(5) :295-302.

T W SR AR EAREBIL . 55 BE A 4 2% T Ak 2 B AR AT A0 212 1 B
b REL)]. FMHEA,2017,46(9) :87-94.

SU H,ZHANG C B, WANG Z K, et al. Research progress of
pretreatment process for electroless nickel plating on magnesium
alloy surface[]J]. Surface Technology.2017,46(9) :87-94.

LIU J J,WANG X D, TIAN Z Y,et al. Effect of copper content
on the properties of electroless Ni-Cu-P coatings prepared on
magnesium alloys[ J]. Applied Surface Science, 2015, 356 (4):
289-293.

AMBAT R,ZHOU W. Electroless nickel-plating on AZ91D mag-
nesium alloy: effect of substrate microstructure and plating pa-
rameters[ J |. Surface and Coatings Technology, 2004, 179 (2) ;
124-134.

XIEZ H,YU G,LI T J,et al. Dynamic behavior of electroless
nickel plating reaction on magnesium alloys[J]. Journal of Coat-
ings Technology and Research,2012,9(1):107-114.

SHARTAL K M,KIPOUROS G J. Electroless nickel phosphor-
us plating on AZ31[]]. Metallurgical and Materials Transac-
tions: B,2009,40(2):208-222.

R B TR PR G SEERLT] hE %
R HHAR2014(3) 1 41-43.

GE K,HOU H,ZHAO Y H. Electroless Ni-P plating on magne-
sium alloy in alkaline solution with medium temperature[ ] ].
China Foundry Machinery & Technology,2014(3) ;41-43.

BT R R R L A L SF L B IR BT AL B XL 2 B R B

ML), FEH AR 2018,47(4) : 140-144.

GUAN X R,ZHU H D,SHI J] W,et al. The influence of zinc-
dipping pretreatment technological conditions on the electroless
nickel coating on magnesium alloy [ J]. Surface Technology.
2018,47(4) :140-144.

[18] CHENJL,YU G, HU B N, et al. A zinc transition layer in
electroless nickel plating [J]. Surface and Coatings Technology,
2010, 201(3/4): 686-690.

[19] QIN TN.,MA L Q,YAO Y.,et al. An insitu measure method to
study deposition mechanism of electroless Ni-P plating on
AZ31magnesium alloy[ J]. Transactions of Nonferrous Metals
Society of China,2011,21(12).:2790-2797.

[20] . AZ9ID B4 4 R JC 4% LM AT A B LB [T, g 5
K »2019,41(1) :10-14.

SU H. Study on chromium-free and f{luorine-free pretreatment
process of AZ91D magnesium alloy[J]. Plating and Finishing,
2019,41(1) :10-14.

E&mB - mpRETNHEARSFRMEFAXRH LA ARTAH
(2016RAXX]J043)

Y fm H#:2019-10-27 ;81T H #1: 2020-03-26

BRAEE B9 —) & BB L B MR R R 0 BF
8 TAE B R M bk - BB VIAE WA R T £L R Al 999 5 B IEVE TR 4 B
(150050) , E-mail ; xh123456_71@163. com

(AXLFrsm:mm F)



