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Microstructure Characterization and Hardening Mechanism of Ni-P-
Al,O; Electroless Composite Plating Treated by Pulse Laser Beam
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Abstract To strengthen the surface performance of medium steel, Ni-P-Al, O, electroless composite plating was
produced on 457 steel, and then treated by pulsed Nd: YAG laser beam. Optical microscope (OM) and scanning
electron microscope (SEM) were used to observe the microstructure of the coating. X-ray energy dispersive
spectroscopy (EDS) and X-ray diffraction (XRD) were employed to analyze the phases and elements of the coating.
The micro-hardness of pulse laser processing was tested. The results reveal that the hardened coating has good
performance with uniform components and fined microstructure. The phases in hardened layer obviously change, the
coating is divided into five regions from the surface to inner as follows: dendrite region, cystiform crystal zone,
columnar crystal zone., fusion zone. heat affected zone (HAZ) and substrate. After laser process. the coating
obviously transits from amorphous state to crystalline state, where non-equilibrium phases such as Al; FeNi, FeNi and
Fe, 41 Niy 56 were found. The microhardness of hardened region is about 1.7 times of as-deposited layer and 4.5 times
of the substrate owing to dispersion and transformation strengthening.
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Fig. 1 Microstructure of 457 steel
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Fig. 2 TEM image of Al,O; particles
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Table 1 Chemical composition of 457 steel

(mass fraction, %)

C Si Mn P S Fe

0.43 0.23 0. 66 0.002 0.014 Bal.
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Fig. 3 (a) OM imge of the as-plated coating, (b) the corresponding XRD pattern of as-plated coating
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Fig.4 Morphology of the coating after laser scanning
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Fig. 6 XRD patterns of strengthened layer. (a) Surface layer; (b) sub-surface layer
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Fig. 7 Micro hardness comparison between as-plated
layer and after pulse laser processing

S A 2 1) i e B R L BRAEBE R T2 80 pm 1Y
TG X O 840 HV - BEBK vh 06 Ab BEA 9 &2 45 92
JEPE LY LT A BRI B 2 4.5 1. S IXRE
JE AR A W TR D AR A 4 CD BR . R
WAL IR B AT TR 5 IR R stk . 2 i T
Jok ' A PR DR SE Ve A T S XOE BRI
AR 8 B A A SRALAE T . by B AT AR A
DR 2 T e o W A 0 R HOOR L 5 1D TR AR R 78 5 Al 25
HERME R, S5/ %S CO, WOt E &5
JAANTE S BT Bk b O B H i 2206 TE i £
SV BT S Ik o Ak B S A A2 B R RS Ry
1~3 pm/NFESE CO, WOLARE R 10 pm, I H
HAR WA 587 HV,, i TiE4E CO, Ot H5 1Y
R 455 HV LMY o A A F 4% 5 e
e Bk e EHOE AL BB PR A /N X A G R /)

A T REAT B DX 5 Ak i T 393 8 4 0 A AT S R T
2 5 BB TN B A L B I AR g

4 4% ®

Ni-P-42k AlO, 5 & 5 2 28 5 Ik oh ok 4b 3
J R R AL R R 1~3 pm
(19 R T/ K e K D R
W O O AR R % 49Kk AL O, A 32
BT R 3 ¥4 JEE L AR S U AN R T
s X TR A6 30 K I PR 4 404

AR BONEOE AL . 9k ALO, R/
SM 7B HURE A AL FeNi, Fe. Ni /B 4 J 1] 1L &
W) FeNi ¢ Fey o Nio sy o B30HHE T 51 40k 5B 35
B AL IR

S Ak 2 2 T 88 3 K o TR OB A W 5 D DA R
IR R SF R 4y A T 3 T 9 AL FeNi, FeNi &
Feoor Nio oo #5803 1k 10 45 B, 30 1k 22 & 25 o i
840 HV,, thBLAERS £ X o & 22 ik oh Ok AL 152 4
BRI Y 1.7 A% SR URBERE 1Y 4. 5 % . 2 B
T4 R R A B T G AR A R A T A 25

s & X #

1S. M. A. Shibli, B. Jabeera, R. I. Anupama. Development of
7Zn0 incorporated composite Ni-ZnO-P alloy coating[J]. Surface
and Coatings Technology, 2006, 200 (12-13): 3903~3906

2 Sun Yong, Zhang Zhaoguo, Li Jiamin et al.. Wear resistance of
electroless Ni-P-nano SiC composite coating[ J]. Transactions of
the Chinese Society of Agricultural Engineering , 2007, 23(12) .
105~107
B, RIRE, ZER 4. NP9k SIC 2 E 4 82 it B
PEREMBFSELT]. ARk TA2 3k, 2007, 23(12): 105~107

3 Gao Jiagiang, Wu Yating, Liu Leiet al.. Crystallization behavior
of nanometer-sized Al;Os; composite coatings prepared by
electroless deposition [ J ]. Mater. Lett., 2005, 59 (2-3):
391~394

4 Sh. Alirezaei, S. M. Monirvaghefi, M. Salehi et al.. Effect of
alumina content on surface morphology and hardness of Ni-P-
Al; O3 Ca) electroless composite coatings [ J 1. Surface and
Coatings Technology, 2004, 184(2-3). 170~175

5 Guo Yongli, Liang Gongying, Li Lu. Laser cladding reparation
of aluminum alloy [ J]. Chinese J. Lasers. 2008, 35 (2):
303~306
SRR, BT, & M BAEMBOtREEZ]] FR%
#2008, 35(2): 303~306

6 Sun Fujuan, Liu Hongjun, Hu Fangyou. Effect of laser surface
remelting on performance of LY12CZ[J]. Chinese J. Lasers,
2007, 34(8): 1159~1162
IMELE . XIPEZE, A5 . WOGRME R X LY12CZ PEBE 1Y 52
[J]. + @k, 2007, 34(8): 1159~1162

7 Wang Lan, Shao Honghong, Miao Runsheng et al.. Application
of laser treatment in chemical plating Ni-P coatings [ J]. Hot
Working Technology, 2006, 35(6): 27~29
£ EPLLAn. i A L OB e L2 NP A )R
Ry L] #Ae T 2%, 2006, 35(6): 27~29



3298 G 5|

% ot 36 %

8 R. Sh. Razavi, M. Salehi, M. Monirvaghefiet al.. Laser surface
treatment of electroless Ni-P coatings on Al356 alloy[J]. J.
Mater. Process. Tech., 2008, 195(1-3): 154~159

9 Yang Yue, Yu Chuanying, Wang Jinbo. Influences of laser
treatment on properties of Ni-P layers plated on aluminum
substrates[ J]. J. Southwest Jiaotong University, 2008, 43(2):
270~273
¥ L. TAEHL A, WOLAIEX SRR B NP & &R
RERISZMI[) ], & o 238 K 5 3R, 2008, 43(2): 270~273

10 Y. H. Liu, Z. X. Guo, Y. Yang et al.. Laser (a pulsed Nd:
YAG) cladding of AZ91D magnesium alloy with Al and Al, O3
powders[J]. Appl. Surf. Sci. . 2006, 253(4); 1722~1728

11 Z. Guo, K. G. Keong, W. Sha. Crystallisation and phase
transformation behaviour of electroless nickel phosphorus platings
during continuous heating[J]. J. Alloys and Compounds . 2003,
358(1-2): 112~119

12 K. G. Keong, W. Sha, S. Malinov. Crystallisation kinetics and
phase transformation behaviour of electroless nickel-phosphorus
deposits with high phosphorus content [ J]. J. Alloys and
Compounds, 2002, 334(1-2) . 192~199

13 Yan Tao, Liang Zhijie, Tan Jun et al.. Research on laser

enhanced brush plating Ni coating [ J ] . China Surface
Engineering , 2006, 19(2): 40~42
=W LREARGE R ORI R R BE N BRI
[J]. +EA@ T4, 2006, 19(2): 40~42

14 Dun Aihuan, Yao Jianhua, Kong Fanzhi et al.. Microstructure
characterization of Ni-P-Al; O3 electroless composite plating on
Fe-C alloy treated by laser beam[J]. Chinese J. Lasers, 2008,
35(10): 1609~1614
0 L h AR LU 45 WOk B Ni-P-AL Os 94K (b2 R
ARRNBORALLI]. F B#k,2008, 35(10): 1609~1614

15 Hu Zhuanglin, Sun Wenru, Guo Shouren et al.. Effect of trace P
on Fe-Ni based wrought superalloy [ J]. The Chinese J.
Non ferrous Metals, 2001, 11(6): 947~959
B P SO L SR 55 it U R BRER AL TR B iR 5 4
R, P EA &4 B SR, 2001, 11(6): 947~959

16 Meng Xiaona, Sun Wenru, Guo Shouren et al.. Effect of
phosphorus on cast microstructure of NizAl [ J 1. Acta
Metallurgica Sinica, 2004, 40(6): 613~615
d R, P SO S GEL BEXT NG ALEEE AL EmT]. &
J % H,2004, 40(6): 613~615



