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Table 1  Bath composition for Ni-W alloys 

Bath composition Concentration/g·L
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Nickel sulfate 50 

Sodium tungstate 15 

Sodium citrate 86 

Ammonium chloride 25 

Sodium bromide 40 

Lauryl sodium sulfate 0.2 
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� 1  Ni-1.87at%W��� SEM-EDS� (Ni!W"#�$%& EDS�')&
�( W)*+
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Fig.1  SEM-EDS results of Ni-1.87at%W, including the distribution of Ni and W elements and EDS spectrum (a), and W content of Ni-W 

alloying coatings as a function of pH value (b) 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  12 W)*3 Ni-W
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Fig.2  Surface morphologies of the Ni-W coatings with different W contents (a~d) and their magnification images (e~h); (a, e) 0.22at%W, 

(b, f) 0.68at%W, (c, g) 1.43at%W, and (d, h) 1.87at%W 
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Fig.3  AFM images of Ni-W coatings with 0.22at% (a), 0.68at% (b), 

1.43at% (c) and 1.87at% (d) W contents; (e) surface 

roughness of Ni-W coatings as a function of W content (the 

scanning area is 10 µm×10 µm; the white dotted line 

represents the height profiles in samples and the red dotted 

line represents the surface position of sample; the width and 

depth of the surface defects are marked representatively 

between the black dotted lines; the scale bar of 1.0 µm is 

denoted by the orange solid line) 
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Fig.4  XRD patterns of Ni-W coatings with different W contents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  Ni-1.43at%W� Ni-1.87at%W
��DE!FE TEM�

@&GHIJ+ W)*�.	 

Fig.5  TEM bright (a, c) and dark (b, d) field images of 

Ni-1.43at%W coating (a, b) and Ni-1.87at%W coating (c, d); 

variation of grain size with W contents (e) 

 

���������� !"�

CDE8

[18]


��=�'�
F pH æú
�1

#
67Ng�I
�= W Ê½
E�=àQ
9

¡ 6 Ô|�w��¿yE���
��ö÷
�y�

-yE¦�9I¡«��) Ni-W�_
�w��ö÷

���'()x.
/#�:Û÷��´�wº�ö

÷TU=%¬)(�A
��¥�¼ð���(��

|���¡k��D�1��;kBõ9\]�́ WÊ

½ Ni-W�_
���/#x"�Ý 1.43at%¼ 1.87at%

x. W Ê½
�_
���/#«�È� 2.0 GPa �

��:�,�ù�A| WÊ½�_
�
Û
E�A

j�¢w 1.1%��9 

��A| Ni-W�_
�
ö÷/#!��/# σ

y

R�ö/# σ

UTS

"¼Û÷�; W Ê½
E��µ�V

¡ 7=;9«��) σ

y

R σ

UTS

;WÊ½
E���S

|��WÊ½"* 1.0at%$��ö÷/#;WÊ½


CD%¬�AE��zÔ 1.1 GPaò�WÊ½j* 1.0at%

$��ö÷/#Ñ�CD4 2.0 GPa ���:� W Ê

½�ÖCD$�ö÷/#¥z12AE�V¡ 7a=;9

Ý¡ 7b'��ö÷Û÷�;WÊ½
CD���¬=

Cj�k¥z12AE���w 1.2%��9 

Brooks8

[32]

��� Ni-Fe��
Û
��(RJ

K
�U_`��A|�Ni-Fe 
�=;<��/#


CD¢£k
EF12AE�Ínº&¬
ÛÓ


R� ��¤�9|�'}àáúö÷
�4��g�

-j³´¼�"ÀÁ
vw¢&àQö÷TU=õ+

w\¦
��¼Ñ�YÓ�OsÛ
x���\ Ni-W

�_
�
Û
;<��� 
E�Aj9 

ÜÝ�� Ni-W �_
�'}F�I-j°±>

}³´ËÌPEÔ�"ÀÁ$���ö÷/#���

�CñÔ9nù�
�/#
E�R|�'}F�5

��� ,�S�9�Ð���
ö÷/#R�_|

�=ÎÏÊ½�µ,��Nieh

[33]

8��� WÊ½ú�

�� Ni-W
�1#
67��(Ww Ni=
YZ�

� "* Ni
¶YZ���·)W
Du«��A³

´��� Ni 
 Hall-Patch (­Ë9���|�
�ö

÷/#R��� ¬��Brooks 8

[32]


��'�� 

 

 

 

 

 

 

 

 

 

 

 

� 6  ���K��-�.LMNO 

Fig.6  True stress-true strain curves of Ni-W coatings 
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Fig.7  Tensile properties of Ni-W coatings with different W 

contents: (a) yield strength (σ

y

) and ultimate tensile 

strength (σ

UTS

); (b) total elongation   
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Fig.8  Hardening capacity as a function of W content for Ni-W 

coatings 

0.0 0.5 1.0 1.5 2.0

0.8

1.0

1.2

1.4

H
a
r
d

e
n

i
n
g

 
C

a
p
a
c
i
t
y
 
σ

U
T
S

/
σ

y

W Content/at%

0.0 0.5 1.0 1.5 2.0

1.0

1.5

2.0

2.5

S
t
r
e
n
g
t
h
/
G

P
a
 

 σ

y

 σ

UTS

0.0 0.5 1.0 1.5 2.0

0.0

0.5

1.0

1.5

2.0

T
o

t
a
l
 
E

l
o
n

g
a
t
i
o
n
/
%

 

W  Content/at% 

a 

b 



� 1�                                �  �����	
�� Ni-W
�������������                  �151� 

 

�9Ý����

[34]

�'��À
vw9×Úú��


��
�àQA¢
67�ßÝ«�·.��8�E

FBõ
����Ô�À¦û¬x.
y� =��

\�À¦�"õ+¼9�:
Ã�ÄC;«�%&�

�9�:¼õ+
÷�YÓ�Ã�Ä·.��
Gi

/#9n'�aT|�He>@
��¼� ���

�
��«�¬­ÅÆ��
��
�9 

�}�â¢'�z��=
�
�ö÷/#ú W

Ê½
��
�/�ÝÛ
ú W Ê½
��
xê�

�Ô�Û÷�
E����*
�'}àá
E�9 

 

 

 

 

 

 

 

 

 

 

� 9  12 W)* Ni-W
�VC�.	 

Fig.9  Hardness of Ni-W coatings as a function of W content 
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Effect of Microalloying Addition on Microstructure and Mechanical Properties of 

Ni-W Coatings 

 

Cheng Lu, Wang Yaqiang, Zhang Jinyu, Liu Gang, Sun Jun 

(Xi’an Jiaotong University, Xi’an 710049, China) 

 

Abstract: The effect of processing technology and microalloying addition on the microstructure and mechanical properties of Ni-W 

coatings prepared by electrodeposition was studied. The surface morphology, microstructure, and tensile properties of Ni-W coatings were 

studied with a small W addition of less than 2.0at%. The results show that the Ni-W coatings have a single-phase fcc structure. By 

increasing the W content, the surface morphology of the coatings varies from the grooves between the coarse pyramid structures to 

uniformly distributed micropores. At the same time, the intensity of Ni(220) diffraction peak of the coatings is also gradually weakened, 

with the reduction of surface roughness and the grain size. There is a critical W addition of about 1.0at%, where the yield strength of Ni-W 

coating increases sharply from ~1.0 GPa at the W addition <1.0at% to ~2.0 GPa at the W addition >1.0at%. However, the tensile 

elongation is insensitive to the W content, which keep almost unchanged within the studied W addition range. In addition, strain hardening 

capacity of the coatings is also stable with the W content. In this work, the mechanical properties of Ni-W coating with micro-addition of 

W are optimized through manipulation of microalloying effect on the surface defect and microstructure.  

Key words: alloying; Ni-W coating; microstructures; mechanical properties 
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