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Table 1  Electrodeposited composite coating formula (g/L) 

Composition Content 
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£ 1  YZ[ TEM¤¥  

Fig.1  TEM images of graphene: (a) IGO and (b) GO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

£ 2  YZ[K¦§¨©  

Fig.2  Raman spectra of graphene: (a) IGO and (b) GO 
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Table 2  Comparison of the graphene 

Graphene Size/µm Thickness/nm State 

IGO <6 1~3 Black powder 

GO 0.5~3 0.55~3.74 Black powder 
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£ 3  YZ[LMNOK¦§¨© 

Fig.3  Raman spectra of the graphene composite coatings: (a) Ni-

Co-IGO and (b) Ni-Co-GO 
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£ 4  LMNOK TEM¤¥p SAED­® 

Fig.4  TEM images and SAED patterns of the composite coatings: 

(a) Ni-Co, (b) Ni-Co-IGO, and (c) Ni-Co-GO 
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£ 5¯¯LMNOK XRD£©p°±�W²³¯

Fig.5  XRD patterns (a) and average grain size (b) of the 

composite coatings 

 

 7 �jký$�C1jküýù����üþ

Ò�«�å	L��st6� 7 =>>�����

��()Cjký$A�

[23]

�V¼ Ni-Co-GO DEj

ký$A�q·6����� !,z&'(�=>

F� c$�A#'QRgcl��u5�|}'è

é$�F���7?@�dfQR����5�}�

��u5�'èé$�i����@F~L1�å

æ�CL=!���¶c�'\QR�$��

[21]

�

jk~ý6ª� GO ()�¶cÚ·i IGO ()�

¬>F2+�þb�RÚ"i IGO ()�F'QR

º�»N�$��-�����()6�����(

)¸¹Vwxl?@�d�����u5�CLwx

l�?@�d���$~��&�Vjk~.

[24]

�

¬> Ni-Co-GO DEjk�ý$Ú·i Ni-Co-IGO D

Ejk6 

���� �����
������� 

 8a ¬�����DEjkeE?jk�ì�

�$�q6=>k
°ç>��������}�D

Ejk����$<Ú"iE?jk����$��

¼ª����¶c����A�VMc±['\Ò^

YMc]�CLjk�åMcSTD^���aM#

Æ��16���()�GO��McSTq·�D 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

£ 6  LMNOK SEM¤¥ 

Fig.6  SEM images of the composite coatings: (a) Ni-Co, (b) Ni-

Co-IGO, and (c) Ni-Co-GO 

 

 

 

 

 

 

 

 

 

 

£ 7 ¯LMNOK´m¯

Fig.7  Thickness of the composite coatings 
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£ 8  LMNOKjklm 

Fig.8  Hardness of the composite coatings 
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£ 9  LMNOK���� 

Fig.9  COF of the composite coatings 
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£ 10  NOK��fg 

Fig.10  Friction morphologies of the coatings: (a) Ni-Co, (b) Ni-

Co-IGO, and (c) Ni-Co-GO 
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£ 11  LMNOKµ:¶·p¸¹£© 

Fig.11  Polarization curves (a) and impedance spectra (b) of the 

composite coatings 
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Table 3  Corrosion values of polarization curves 

Coating Ni-Co Ni-Co-IGO Ni-Co-GO 

E
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I
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£ 12  ºM-»£ 

Fig.12  Fitting circuit diagram 
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Table 4  Fitting circuit value 

Coating Ni-Co Ni-Co-IGO Ni-Co-GO 

R

1

/Ω·cm

2

 8.087 10.45 4.407 
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2
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Abstract: In order to obtain a composite coating with excellent performance, Ni-Co-graphene composite coating was prepared by adding 

graphene with different particle sizes to the plating solution and using composite electrodeposition technology. The surface morphology, 

phase structure, microhardness, wear resistance and corrosion resistance of the coating were characterized and compared with the Ni-Co 

alloy. The results show that graphene is well embedded in the coating, and the presence of graphene does not change the crystal structure 

of the substrate. The addition of graphene increases the microhardness (HV) of the composite coating up to 8050 MPa. The friction 

coefficient of composite coating is reduced, and the area of adhesive wear is reduced to some extent. The self-corrosion current density of 

composite coating is 1.0905×10

-5 

A/cm

2

, which is lower than that of Ni-Co alloy coating 1.8298×10

-5 

A/cm

2

. The addition of graphene 

improves the hardness, wear resistance and corrosion resistance of composite coatings. 

Key words: graphene; composite electrodeposition; Ni-Co alloy coating 
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