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Abstract: Amorphous Ni-P coating was prepared on the surface of 5052 aluminum alloy by electroless plating, the
morphologies, compositions and phases of the coating were analyzed and characterized with SEM, EDS and XRD,
respectively. The friction coefficients and wear performances of Ni-P coating and 5052 aluminum alloy were investigated
with wear test, the wear resistance mechanism of Ni-P coating was discussed. The results show that Ni-P coating by
chemical plating is composed of atom clusters with the diameter of 10—50 um, which can cover the substrate completely;
the surface micro-hardness is 370.5HV. Ni-P coating is well bonded with the substrate, and the coating thickness is about
20 pm. Ni-P coating is composed of Ni and P atoms, in which the bonding energy of Ni atom is 853.34 eV, while that of
P atom is 133.02 eV. The friction coefficient of Ni-P coating is 0.4556, the wear mass loss decreases by 83.5% compared
with that of the substrate, and the wear mechanism is abrasive wear. The micro-crack initiation and propagation are
produced and peeled at the wear edge, and the coating is not worn out, showing good wear performances.
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Fig. 1 Morphologies of Ni-P coating surface and interface:
(a) Ni-P grains on coating surface; (b) Bonding interface



5524 5 10

AL, A5 PR S Ni-P 20 AR R T e 2521

2.2 BRI XPS ST

FJFH Thermo ESCALAB 250 8 X 5 £ ¢ vt 1 e
{SORE Ni-P 921547 XPS B 708, A4 h
X SHEEBURIR: it Al K, (=1486.6 eV), L% 150
W, X HHEABE 500 um, B854 48 1A E i& 1 58y 30
eV. Ni-P #%)2RH 1 XPS it 2 fion, HE 2
AT LA Y, Ni-P 952 R HA77E P 252 Ni 2p. O 25, O 1s.
Na 2s. Na Is. C 1s. K 2p &5, X4 2 =2 H
Ni Fl P PP G2 4 il

Na 1s
K 2p3

Clls
K 2pl
K|2s

0 200 400 600 800 1000 1200
Bonding energy/eV

2 Ni-P BRI XPS i
Fig. 2 XPS full scan spectra of Ni-P coating surface
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Fig. 3 XPS narrow scan analysis of Ni and P elements on

Ni-P surface: (a) Ni element; (b) P element
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Fig. 6 Surface morphologies of 5052 aluminum alloy after wear test: (a) At beginning of wear; (b) Wear scar; (c) At end of wear
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Fig. 7 Surface morphologies of Ni-P coating after wear test: (a) At beginning of wear; (b) Wear scar; (c) At end of wear
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Fig. 8 EDS analysis of Ni-P coating after wear test
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Fig. 9 Wear forms of Ni-P coating after wear test: (a)
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3) dEAA Ni-P 8523 1 B E A 370.5HV,
Sa SF AL, BT ERURD 83.5%, LB
O X 2 BERIA PR 6L LA AR A R DL S
PR

REFERENCES

[1]  QIN Tie-nan, MA Li-qun, YAO Yan, NI Cong, ZHAO Xiang-yu,
DING Yi. An in situ measure method to study deposition
mechanism of electroless Ni-P plating on AZ31 magnesium
alloy[J]. Transactions of Nonferrous Metals Society of China,
2011, 21(12): 2790-2797.

[2] HE Mi-na, LI Fu-guo, WANG Zhi-gang. Forming limit stress
diagram prediction of aluminum alloy 5052 based on GTN
model parameters determined by in situ tensile tes [J]. Chinese
Journal of Aeronautics, 2011, 24(3): 378—386.

3] fLHE, EdkF, X ¥ 7475 S0 @RI I L - i
HAVRUEAELT]. 4 8 253, 2014, 24(7): 1744-1751.
KONG De-jun, WANG Jin-chun, LTU Hao. Surface-interface



2524

A G A R

2014 4£ 10

structures and characteristics of anodic oxidation film on 7475
aluminium alloy[J]. The Chinese Journal of Nonferrous Metals,

2014, 24(7): 1744-1751.

g, Xl W, T 3E, 2, BRman 3 MR R N
A aPHNAA R P RE[D]. AT (& m 244k, 2012, 22(7):
2032-2039.

LIU Jian-hua, LIU Zhou, YU Mei, LI Song-mei, CHEN
Gao-hong. Properties of aluminum alloy anodic films formed in
three kinds of solutions[J]. The Chinese Journal of Nonferrous

Metals, 2012, 22(7): 2032-2039.

WKk, HE MHE B A S AP Ni-W-P i
F%ﬂﬁﬂ%ﬁﬁﬁw L EE SR ¥R, 2007, 17(5):
737-742.

HU Yong-jun, XIONG Ling, MENG Ji-long. Effect of content of
tungsten on hardness and wear resistance of electroless Ni-W-P
plating on aluminium alloy[J]. The
Nonferrous Metals, 2007, 17(5): 737-742.

FoKE, T, N, ZRME, RS RS N2
EREERT 2024-T3 4 S BRI (3 PHIIFSE D] s 274,
2011, 32(7): 1326—-1335.

LI Yong-xing, YU Mei, LIU Jian-hua, LI Song-mei, CHEN

Chinese Journal of

Gao-hong. Sealing of ammonium adipate on anodic oxide film of
aluminium alloy 2024-T3 under voltage loading[J]. Acta
Aecronautica et Astronautica Sinica, 2011, 32(7): 1326—1335.
P, SIOF, RN, xS RTAREL T 200 B Ni-P K
YRR ], 4k 2%, 2010, 61(12): 3200-3204.
SUN Hua, MA Hong-fang, LIU Ke-gao, LIU Yi. Influence of
pretreatment on property of electroless plating of Ni-P on
aluminum surface[J].
Society of China, 2010, 61(12): 3200—3204.

TYEF, BORUT. WU Ni-P RS S SIS KB Rk
PLEET]. MEHITIE2A3R, 1996, 10(4): 419-422.

YU Wei-ping, DUAN Shu-zhen.

Chemical Industry and Engineering

Initial ~ structure of
electro-depositing Ni-P amorphous alloy and its formation
mechanism[J]. Chinese Journal of Materials Research, 1996,
10(4): 419-422.

KA, WL A B G L UTRINLER M F IS, R

B 5944, 2001, 20(1): 1-6, 11.

HH 1\_4

[10]

[12]

[15]

ZHANG Qi-fu, TU Fu-zhou. Studies on the mechanism of

amorphous nickel-phosphorus alloy electrode position[J].
Electroplating & Finishing, 2001, 20 (1): 1-6, 11.
RVEM, UK. AR BB S MU SE]. BEL

1fii, 1998, 17(3): 10—15.

TU Fu-zhou, JIANG Han-ying. Study of amorphous Ni-P alloy
electroplating[J]. 17(3):
10-15.

RAFI U, GUO Cai-yu, XU Liang, HUANG Yu-ting, QU

Electroplating and Finishing, 1998,

Xuan-hui. Fabrication and thermal stability of Ni-P coated
International

18(4):

diamond powder using electroless plating[J].

Journal of Minerals Metallurgy and Materials, 2011,

479-486.

LA, AT, 5052 A BRI A8 Ni-P iR E 412151
B3] ETE thE 4], 2012, 22(5): 1360-1364.

KONG De-jun, FU Gui-zhong. Microstructure and properties of

Ni-P coatings prepared by chemical plating on surface of 5052

aluminium alloy[J]. The Chinese Journal of Nonferrous Metals,

2012, 22(5): 1360—1364.

Al PEBME. S Ni-P & & T2 KR i T
[7]. BEKIFSE, 2002, 128(5): 35-38.

LIU Xian, BAN Chun-yan. Study on electroless Ni-P alloy

technology and corrosion resistance of coating[J]. Research on

Iron and Steel, 2002, 128(5): 35-38.

A8, R, W 8 JAKE BN Ak 4T A R TR 2
TESRI R P52 ], ThREATEL, 2010, 41(5): 866-869.

REN Fu-zhong, GAO Jia-cheng, TAN Zun. Influence of heat

treatment for nickel-phosphorous coatings morphology and
structure on the short carbon fibers[J]. Journal of Functional

Materials, 2010, 41(5): 866—869.

DREE, RIRFS. WU Ni-P/AK ALOs 4385 2 10 B %
P55 i B9 00 p vk RE[J]. o A (4 B 2E AR, 2010, 20(6):
1177-1182.

PENG Cheng-zhang, ZHU Ling-ling. Tribological properties and

erosion resistance of electroplated Ni-P/nano-Al,O; composite

coatings to aluminum liquid[J]. The Chinese Journal of

Nonferrous Metals, 2010, 20(6): 1177-1182.

(4w RITH)



