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Fig.1 Morphologies of substrates after different PA processes: (a) PA1, (b) PA2, and (c) PA3
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Table 1 EDX composition of activation films on substrate
after various PA treatments (at%)

Process ) F Mg Al Fe zZn Bal. F/O

PA1 281 979 832 37 — 05 — 35
PA2 1582 — 518 30 09 216 70 —
PA3 3.09 37 863 62 — - 07 12
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Fig.2 OCP-t curves of different substrate in EN bath
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Fig.3 Morphologies of Ni-P coatings obtained by various PA treatments: (a) PA1, (b) PA2, and (c) PA3
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Table 2 EDX compositions and grain size of coatings and
performance of Ni-P coatings by various PA treat-

ments
Process PA1 PA2 PA3
Ni Content, w/% 88.30 88.27 88.76
P Content, w/% 11.70 11.73 11.24
D/nm 8.9 6.7 9.7
Adherence* A A 0]
Corrosion spots/cm? (25 °C) 0 0 0

* “A” indicates that a small blister occurs sometimes, but there is
no peeling off; “O” represents good quality without blister or

peeling off
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Fig.4 XRD patterns of Ni-P coatings obtained by various

PA treatments
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Fig.5 Cross-section BSE images of different coatings: (a) PA1, (b) PA2, and (c) PA3; (d) polarization curves

AT b BE 0 LB 5 e 3R IR ARAS LUK IR RE 3R, 1 Tk
AL G 720 1V, R TR, AT, R
WETTIE, 3 ML ZWEEAAK, HEA R
hAE ] .

3 & i

1) 3 MAFEMIEBES S B PRSI T2, #
AR P S8 (4 11%), mifibE /11 Ni-P &
SR, BE AR EA-15V EEEL-05V.

2) R HNOg+H3PO, B2, K4P,0; F NH,HF, 73
S AR I AR T2 AR B S I R R T F/O L&
W, PR AR LA AR EEAT R TN RS A X A S
TR

3) HT B L2 AL H 5 i 3 I R Y B T — Fi
PRIVRTETES, A )T 880 5K 5 45 2 18] AL &
TER, $EE456 710 B,

4) B L ABT R T S48, NHHF, 1)
PR VEA B B RAG, & — P IR RIS & b 0%
BRI T2
&%k

References

[1] Mao Guobing('g [E f£), Sun Yufeng(#)F04), Zhang Guang-

sheng(5k Yt i) et al. Rare Metal Materials and Engineering
(WA & k5 TREH[I], 2010, 39(11): 2039

[2] Qin Tienan(Z& %k ), Ma Liqun(Z 37.3#), Yao Yan(k 1) et al.

w
O
7]

w —1.0p

\Y

0.5

0.0r
—0.5)

A: Substrate
—1.5}¢ B: PA1
C: PA2

D: PA3
20 T e s T s 1 0
log(i/A-cm?)

AN T i Ak B8 7 355 T A5 )= W T 03 WIS R RORI R A i 26

Rare Metal Materials and Engineering(¥ifi &g 1kl 5 L
T2)[J], 2012, 41(9): 1586
[3] Mathieu S, Rapin C, Hazan J et al. Corros Sci[J], 2002, 44(12):
2737
[4] Gray J E, Luan B. J Alloy Compd[J], 2002, 336(1-2): 88
[5] Lima-Neto P, Silva G P, Correia A N. Electrochim Acta[J],
2006, 51(23): 4928
[6] Cui X F, Jin G, Li Q F et al. Mater Chem Phys[J], 2010,
121(1-2): 308
[7] Elsentriecy H H, Azumi K. J Electrochem Soc[J], 2009, 156(2):
70
[8] Balaraju J N, Jahan S M, Anandan C et al. Surf Coat Technol
[J], 2006, 200(16-17): 4885
[9] Lian J S, Li G Y, Niu L Y et al. Surf Coat Technol[J], 2006,
200(20-21): 5956
[10] Zhao M, Wu S S, Luo J R et al. Surf Coat Technol[J], 2006,
200(18-19): 5407
[11] Huo HW, Li Y, Wang F H. Corros Sci[J], 2004, 46(6): 1467
[12] Tak&s D, Szir&i L, TGdk T | et al. Surf Coat Technol[J],
2007, 201(8): 4526
[13] Chen J L, Yu G, Hu B N et al. Surf Coat Technol[J], 2006,
201(3-4): 686
[14] Chen X M, Li G Y, Lian J S et al. Appl Surf Sci[J], 2008,
255(5): 2322
[15] Xie Z H, Yu G, Hu B N et al. Appl Surf Sci[J], 2011, 257(11):



+ 196 - WA SRR T 5 45 45

5025 [17] Qian Jiangang(£: & M), Teng Xiaoming(H¥ M), Liu Yufen
[16] Liu Xinkuan(xll 3 %), Xiang Yanghui(I7] FH#%), Hu Wenbin (XITEZ%) et al. Rare Metal Materials and Engineering (¥4
(BASCH) et al. J Chinese Soc Corros Prot(H [ J& il 5 [ 47 &AM A5 L) [9], 2010, 39(9): 1593

24)[J], 2002, 22(4): 233

A Chromium-free and Low Fluoride Pre-treatment Process
of Electroless Nickel Plating on Magnesium Alloys

Xie Zhihui
(Chemical Synthesis and Pollution Control Key Laboratory of Sichuan Province,

China West Normal University, Nanchong 637002, China)

Abstract: The effects of three different pretreatments on direct electroless nickel plating of magnesium alloys have been studied by
several methods in order to obtain an environmentally friendly process of pretreatment. The reason of different pretreatments leading to
different deposition rates on magnesium alloy was clarified by open circuit potential-time curves. The surface morphology, chemical
composition and structure of these coatings were characterized using SEM, EDX and XRD. The results show that all of these nickel
coatings have high P content (about 11%), similar surface morphology and structure. Polarization curves indicate that the coatings
obtained by H3PO,+HNO; pickling, K4P,0; and NHsHF, activation separately, possess slightly stronger corrosion resistance than the
traditional chromic acid methods. The new pretreatment bring about etched deep cavities, which increase the mechanical occlusive force
between the coatings and the substrate. Thus, the adherence between the coating and the substrate is improved ultimately.
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