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Table 1  Deposition parameters for DLC films 

Surface activation Deposition 

Film Working pressuer/×10

-4 

Pa 

Bias/V Time/min 

Cr interlayer 

thickness/nm 

H

2

 supply/ 

mL·min

-1

 

Cr target 

current/A 

Bias/V Time/h 

a-C 800 –500 30 200 - - –70 4 

a-C:H 1173 –500 30 200 16 - –70 4 

a-C:Cr 813 –500 30 200 - 0.3 –70 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

£ 1  DLCdes AFM¤¥ 

Fig.1  AFM morphologies of a-C (a, d), a-C:H (b, e), and a-C:Cr (c, f) films: (a~c) films and (d~f) coatings+films 
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£ 2  Oj DLCdes©ª«¬ 

Fig.2  Raman spectra of DLC films: (a) a-C, (b) a-C:H, and (c) a-C:Cr 
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Table 2  Fitting results of Raman spectra of DLC films 

Films  Coatings+films 

 

I

D

/I

G

 G peak/cm

-1

  I

D

/I

G

 G peak/cm

-1

 

a-C 1.56 1546  1.56 1546 

a-C:H 0.55 1541  0.55 1541 

a-C:Cr 1.83 1550  1.83 1550 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

£ 3  Oj DLCdes­®¯°±²^��³´wµo 

Fig.3  Load-displacement curves (a, b), hardness (c) and elasticity modulus (d) of DLC films: (a) films and (b) coatings+films 
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 4  �� DLC������� 

Fig.4  OM morphologies of the scratch test: (a~c) films and (d~f) coatings+films 
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Fig.5  Frictional traces of DLC films in 5% sulfuric acid solution: 

(a) films and (b) coatings+films 
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Fig.6  Wear rates of DLC films in 5% sulfuric acid solution 
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 7  ��������� DLC���������� !"#$ 

Fig.7  SEM images of wear scars, wear tracks and profile curves of a-C (a, d), a-C:H (b, e), and a-C:Cr (c, f) films: 

(a~c) films and (d~f) coatings+films 
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Fig.8  Diagrams of thermal stress of coating after cooling: 

(a) films and (b) coatings+films 

�uäKHDNO<�[ð=PE¿�¢����

�
QRä���1��
nvä���3456/

ÔC H ÒÓj
+, H ST��£ C ST�. C-H

ð
�q+,b§¨EUV�&WÚ¯XTG¸7


�. CH

n

2YZ[U%W�
ÝZä a-C:H ���\

6

[13]


�uä1��
p´nvä���]ì/ 

�^
���è6�ëìí�23ÇÈ��>��

¨
<�ëì�J_�/è6 H £ëìí� E ���

`;ab[r�cd�û�efû�
Oëì³T H/E

ÜòZ
r�>J�¨
<g+�û�efò%
h<

j�ëìi9µòZ

[15,16]

/� 9����ëì³T
�

300 µm 

500 µm 

300 µm 

500 µm 

b 

300 µm 

500 µm 

c 

300 µm 

500 µm 

d 

300 µm 

500 µm 

e 

300 µm 

500 µm 

f 

200 300 400 500 600 700 800

-1000

-800

-600

-400

-200

0

200

400

 

 

X/µm

Y
/
n
m

200 400 600 800 1000

-1000

-800

-600

-400

-200

0

200

400

 

X/µm

200 300 400 500 600 700

-1000

-800

-600

-400

-200

0

200

400

X/µm

 

 

400 800 1200

-300

-200

-100

0

100

200

 

 

Y
/
n
m

X/µm

200 400 600 800 1000

-300

-200

-100

0

100

200

X/µm

200 400 600 800

-300

-200

-100

0

100

200

X/µm

 

 

a 

–

–

–

–

–

–

–

–

–

– –

–

–

–

–

–

–

–

–

–

–

–

–

–

 

 

 

  

DLC 

Cr 

Substrate 

a 

 

 

 

 

 

 

 

DLC 

Cr 

Ni60 

Substrate 

b 



� 4�                                 �  �����	
/���
��������                            �1385� 

������� Ni60C ��	a-C:H 
��
�(H/E)

������������	a-C:H��
��� �

!	" H#$%&'(��) *+,-(5 GPa)	.

/012,	����34�	a-C:H���567� 

���������	
��
��

89:;<=>?89@ABC�DEFGHI

JKLM	'(89�NOPQ�RSTUVN
W

X	a-C Y a-C:Cr ��
89�NZ[\?PQ]^

5 _`a�bWX Ni60C ��c(^ 5b _`)	a-C Y

a-C:Cr��
89�Nd�e�	
f DLC��@A

ghTi89�Ng-�jk�1*Bl
34mn

��(^ 1 _`)	��/��op��
@Aqr �

�?s���	
ti89�Nuv
�_e�� 

���� Ni60C ��	a-C:H ��
89�N�

��	bwUxy�
f89z{�	��TU|A

}~��
��v1'(
�SLM	�i89��

0�*+���������A�89��

[13]

��� 

N N

f A

F F

= =

τ

µ                             ]1a 

i�	µ f89�N	Af89|A
����A�	

τf��|A
��v1	4���/� F

N

�f 10 N	

b��A� Au�Oy(^ 7_`)�
t	89�N µ

����A
��v1 τ u��� a-C:H �����

89z{�	�� ¡¢£¤¥89~�¦v	§¨

��@A
 C-H�©ª	«~FG��0
 C=O�	

� C-H��¬
uJLM0f 8 kJ/mol	C=O��¬


uJLM0f 20 kJ/mol

[17]

	� C=O �WX­��

�89z{�
��v1	§¨89�Ne��f­

®�¯°�t±�	� a-C:H����²­ XPS34

(^ 10_`)	j C 1s^³��	��´µ¶­mp0

·? 284.7 eV
 C-CY C-H�¸	¹�89º'LM

2¥G­mp0·? 286.1 eV
 C-O�»mp0·? 

 

 

 

 

 

 

 

 

 

 

 

� 9  �� DLC�
����� 

Fig.9  Elastic factor of DLC films 
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Fig.10  C 1s spectra of wear tracks of a-C:H film 
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Fig.11  Raman spectra of wear tracks of a-C (a, d), a-C:H (b, e), and a-C:Cr (c, f) films: (a~c) films and (d~f) coatings+films 
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Table 3  Fitting results of Raman spectra of DLC films 
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Abstract: Three kinds of diamond-like carbon (DLC)-based films of a-C, a-C:H and a-C:Cr were deposited by unbalanced magnetron 

sputtering technique on 316L steel and Ni60C spray-welding coating on 316L steel. Tribocorrosion resistance in 5% (mass fraction) 

sulfuric acid solution of two different protective systems was investigated. The results indicate that the carbon-based films deposited on 

Ni60C spray-welding coating show a significant improved adhesion and wear resistance compared with the one deposited on 316L. The 

friction coefficient and corrosion wear rate of the DLC films deposited on Ni60C spray-welding coatings are 0.05~0.14 and 

0.66×10

-8

~5.7×10

-8 

mm

3

/N·m, respectively. The improvement of abrasion resistance of composite system is attributed to the Ni60C 

spray-welding coating as a hard support layer which can improve the bearing capacity of the DLC films, and the graphitization process of 

DLC films in the process of tribocorrosion test is effectively inhibited. 

Key words: spray-welding; Ni60C coating; magnetron sputtering technique; diamond-like carbon-based films; tribocorrosion 
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