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Table 1  Chemical composition of AZ31 magnesium 

alloy (ω/%) 

Al Zn Mn Si Cu Ca Fe Others Mg 

2.93 0.12 0.83 0.05 0.025 0.001 0.005 0.01 Bal. 
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Table 2  Process of pretreatment and electroless nickel 

plating 

Technology 

Solution 

composition 

Concentration 

Operating 

conditions 

Ultrasonic 

cleaning 

Acetone  

Room 

temperature, 

15 min 

Alkaline 

washing 
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3
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·12H
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time:15 min 

Pickling 

H

3

PO

4 

(85%) 

HNO

3 

(69%) 

600~605 cm

3

/L 

30 cm

3

/L 

Room 

temperature, 

time: 3~5 s 

Activation 

NH

4

HF

2 

H

3

PO

4 

(85%) 

105 g/L 

200 mL/L 

Room 

temperature, 

time: 2 min 

Chemical 

nickel 

plating 

NiCO

3

·3(OH)

2

·4H

2

O 

C

6

H

8

O

7

·H

2

O 

NaH

2

PO

2

·H

2

O 

HF (40%V/V) 

NH

4

HF

2 

NH

3

·H

2

O (25%) 

Thiourea 

8~14 g/L 

5~9 g/L 

15~30 g/L 

10~18 mL/L 

2 5~12 g/L 

20~40 mL/L 

0.3~1.2 mg/L 

90 | 

pH value: 

5.5~6.5 

time: 1 h 

 

 

 

 

 

 

 

 

 

} 1  8�ABAW~cfXY��fXY 

Fig.1  Surface morphology (a) and section view (b) of the 

electroless nickel plating coating 

 

 

 

 

 

 

 

 

 

 

} 2  8�ABAW EDSLM 

Fig.2  EDS spectrum of the electroless nickel plating coating 

 

 

 

 

 

 

 

 

 

 

} 3  8�A Ni-PAW XRD}M 

Fig.3  XRD pattern of the electroless nickel plating coating 

 

£fcA1g�hiÁ�×Øjk[7,9,16],a����

6lm��nü�lm���op�qrjk[17]�b

^G	_^( 9%�²b��]�FpMlmF�k×

Ø� Ni-P��	 PüG6 14.61%[úK 2��\�^(

9%�s�lmF�+*/y�|¨tu[ËÌÍv== 

wñ�XRD;	]ÁË��A1g�>�x�À

( Ni-P��W��y[25 µm\�X1@z{Ë��å

|Ë Mgjè�ç= 

20 40 60 80

0

200

400

600

800

1000

1200

1400

�

�

�

�

�

�

�

�

�

�

I
n
t
e
n
s
i
t
y
/
c
p
s

�-Ni

�-Mg

2θ/(°) 

0   1   2   3   4   5   6   7   8   9  10 

Energy/keV 

I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

Ni 

P 

P 

Ni 

Ni: 85.39% 

P: 14.61% 

a 

b 

P 

Mg 

31 µm 



� 8�                                   !  "TeAZ3101 8�ABAWNO                                y2383y 

����������	
��
�

2.3.1 ������� XPS ��	
 

Å� XPS=>c��²��~E���J*=K

46c��²~E��� XPS};=~};	,Nà

Á�c��²~E���{� Ni�P�C ì O ��N

OÈG� F ��=c��²�~E� C�O ��5�

(Æý��=ÈG F��5�(�-���= 

2.3.2  ����
����	
 

Å� XPS â��|} Ar

+

�B�1=>���J

*=K 5 ��6 AZ31 ���~Ec��²�J*�

��üG��1p*��c�@=~K 5	,N�]�

���1p*��)�NiüG[��	_\�����

OüG�MÁ� NiüG����c�©�CüG�c

�©6���Td�?ó���P üG~��È��

����)�?ó�)��(�>= 

]c��²�~E�C�OüG���Ni�PüG

���Â O� Ni����^( 1=CüG����ª

�Æý�*��~E���O üG����ª�~�

� Ni 4bc* NiO ��-	 Ni

2+

+�+* Ni(OH)

2

 

 

 

 

 

 

 

 

 

 

 

} 4  01 8�ABcfAW~ XPS�M 

Fig.4  XPS spectrum of the layer on electroless nickel 

plating coating 

 

 

 

 

 

 

 

 

 

 

} 5  AW�Z`a~����P��~�8�Q 

Fig.5  Change curves of element contents in layers with 

sputtering time 
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} 6  AW�W C 1sKO 1sKNi 2p_ P 2p~ XPS}M 

Fig.6  XPS spectra of C 1s (a), O 1s (b), Ni 2p (c) and P 2p (d) of 

outer layers 
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Fig.7  Peak processing of Ni 2p
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 (a) and P 2p (b) of outer layers 
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Table 3  Calibration results of Ni and P before Ar
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Fig.8  XPS spectra of C 1s (a), O 1s (b), Ni 2p (c) and P 2p (d) of 

intermediate layers 
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Fig.9  Peak processing of P 2p of intermediate layers 
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Table 4  Calibration results of Ni and P after Ar
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Analysis of Electroless Nickel Plating on the Surface of AZ31 Magnesium Alloys 
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Abstract: Electroless nickel plating on AZ31 magnesium alloy was performed, based on the pretreatment process of H

3

PO

4

+HNO

3

 

pickling and NH

4

HF

2

+H

3

PO

4

 activation. The morphology, composition distribution, phase structure and elemental analysis of electroless 

nickel plating coating were investigated through scanning electron microscope (SEM), energy dispersive analysis of X-ray (EDS), X-ray 

diffractometer (XRD), and X ray photoelectron spectroscope (XPS), respectively. The results indicate that the surface of the electroless 

nickel plating coating is smooth and bright, and the structure of deposits is amorphous with high content of phosphorous. The form of 

nickel on the surface of deposits is pure nickel (26.75%), NiO (32.96%) and Ni(OH)

2 

(40.29%), and that of phosphorous is pure P 

(20.17%), PO

4

2-

 (17.37%) and PO

4

3- 

(62.46%). Furthermore, the form of nickel in the intermediate layers of the coating is almost 100% 

pure nickel, and that of phosphorus is pure P (74.11%) and PO

4

2- 

(25.89%). 

Key words: AZ31 magnesium alloy; pretreatment; electroless nickel plating 
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