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� 1  pHD~l 9m09:Q�ASC XRD�� 

Fig.1  XRD pattern of the alloys electrodeposited at pH value  

less than 9 
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Fig.2  XRD patterns of the alloys electrodeposited at pH value  

equal to 9 
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Table 1  Effect of pH value on composition of electrodeposited 

Ni-Co-W alloys 
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Fig.3  SEM micrographs of Ni-Co-W alloys prepared at pH values of 6 (a), 7 (b), 8 (c) and 9 (d) 

 

��������

XYxy

[5,6]

�$ Wfg7� 22at%¦�PÁ

12de W fghiDh�����;] W i*

�� NiP��@89% � 4]��/0üýn

r12d pH	97:ä%+����12d pH

	hiDh��$ pH	
� 9¦��sOPQáâ�

;¦/012d WfghiD#
%D�x 1+

<�$ pH 	h�¦�Co 3 W fg=pq�D Ni

20 30 40 50 60 70 80 90

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

 

 

2θ /(

o

)

20 40 60 80 100

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

Ni-W

Co-Ni-W

 

2θ /(

o

)

(111)

(
2
0
0
)

(
2
2
0
)

(
3
1
1
)

a 

b c d 

10 µm 



�1294�                                          ����()*+,                                           � 38� 

 

fghi%& pHÓ� 9¦���ôõPö÷øs 5 

nm34P����12>� 10.5 GPa�yn.�O

Pû�%á0n��OP��127�PQ���

?@ABCá0b�

[7]

% 

� 5]��nr12d Wfg97%+��

��nr12de WfghiD#
%�;+8

]de Wfghi�����D0��E2hi%

�D&OPQ��$�>FG��D0�����

^HPÁ$D0��I�hi�Áá�8�D]

JKOP��
LM�

[8]

� D�����7% 

 

 

 

 

 

 

 

 

 

 

 

� 4  pHDW09: Ni-W� Ni-Co-WQ�Z[\]C�� 

Fig.4  Effect of pH value on microhardness of electrodeposited  

Ni-W and Ni-Co-W alloys 
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Fig.5  Variation of microhardness of electrodeposited Ni-W and  

Ni-Co-W alloys with W content 
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Fig.6  Variation of coercivity of the Ni-Co-W alloys with pH  

value 
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Fig.7  Coercivity of the Ni-Co-W alloy coatings as function of  

the W content 
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� 8  pHDkl 9mQ�Ca��� 

Fig.8  Hysteresis loop of the Ni-W (a) and Ni-Co-W (b) alloys  

electrodeposited at pH=9 
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Microstructure and Soft Magnetic Properties of Electrodeposited Ni-Co-W Alloys 
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Abstract: The Ni-W and Ni-Co-W alloys have been electrodeposited on copper substrates from a citrate bath. The effects of pH values on 

the microstructure, soft magnetic properties and mechanical behaviors of the electrodeposited alloys have been investigated by XRD, SEM, 

EDX, VSM and Vickers microhardness measurements. The results show that the pH value affects the microstructure of both of the alloys. 

The microstructure of the alloys shows an amorphous structure if the pH value is less than 9, and a nanocrystalline structure with average 

grain size of 5 nm at the pH value of 9. The Vickers microhardness of Ni-Co-W electrodeposits reaches 10.5 GPa in the case of 

nanocrystalline structure. The coercivity reaches the minimum of 23×79.6 A/m when the pH value is 6. The soft magnetic properties and 

microhardness of electrodeposited Ni-W alloys are improved by Co adding. 

Key words: electrodeposition; Ni-Co-W alloys; microhardness; magnetic behavior 
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