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Table 1 Deposition parameter of WC/a-C:H film

Flow rate ) .
Bias/ Target Time/

Flow rate

Parameter  of C,H,/ of Ar/ )
. ...V current/A min
(mL'min ") (mL-min ")
Cr 0 50 50 4 15
Cr/WC 0 50 50 4 15
WC/a-C:H 50 150 100 4,7,9,11 180
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Fig. 1 XRD patterns of DLC film and series of WC/a-C:H

films
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Fig. 2 Cross-sectional selected electron diffraction and

high-resolution images of sample S2

F2 WC/a-CH R W, C. O TTHGH
Table 2 Content of W, C and O in series of WC/a-C:H films

Mole fraction/%
Sample
W C (0]
S1 0.3 98.3 1.4
S2 7.4 90.9 1.7
S3 15.2 82.6 2.2
S4 18.1 80.5 1.4
S5 21.9 76 2.1
()
sp>-C
Cin WC,_,
sp>-C
C-0
275 280 285 290
Binding energy/eV
(b) WoW
W-C
25 30 35 40 45
Binding energy/eV

B3 S2 SHEMA Cls R WAL K& 40 ) s ol & 3%
Fig. 3 Further Gaussian fitting of Cls (a) and W4f (b) fine

spectra of sample S2
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Fig. 4 Raman spectra (a) and G position and /p//; value (b) acquired from series of WC/a-C:H films

El5 WC/a-C:H RF B AR E 5
Fig. 5 Sectional morphologies of series of
WC/a-C:H films: (a) Sample S1; (b)
Sample S2; (¢) Sample S3; (d) Sample S4;
(e) Sample S5
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Table 3 Adhesion strength of DLC film and series of
WC/a-C:H films

Sample Adhesion strength/N
S1 9.4
S2 13.7
S3 15.2
S4 17.1
S5 18.6

Bl 6(a) T 7~ A R T 0 KA 5 () AN B R (F)
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Ky WC B I E 1SR T C ML sp” 24 fb 45 4
HAFE BRI 59 1 o BEAT AR Sl B R BT PR 5 B A1
i sp® £ bl W S 8 FL L 0 T v T s, T LA SRR

(a) e —Hardness |
14+ = —Modulus 300 o
.
- b 1250 5
& 3
S 1o 1200 3
72) el
g o
s 8r H150 €
S .2
T L %
6 1100 2
m
4 -
150
2 Il 1 Il 1 L
S1 S2 S3 S4 S5
Sample
0.10
(b) "—HIE
0.09 -
0.08 -
S 0.07f
0.06 -
0.05F
0.04

Sll S|2 SI3 SI4 SIS
Sample

6 DLC #BLA1 WC/a-C:H ZRF BTG KA L L SRR

A H/E HeAl

Fig. 6 Hardness, elastic modulus and H/E of DLC film and

series of WC/a-C:H films: (a) Hardness and elastic modulus; (b)
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Fig. 7 Friction curve, friction coefficient and wear rate of DLC film and series of WC/a-C:H films: (a) Friction curve; (b) Friction

coefficient and wear rate

8 DLC #iJif1 WC/a-C:H &7
B IR TE S0

Fig. 8 Wear track morphologies of
DLC film and series of WC/a-C:H
films: (a) Sample S1; (b) Sample S2;
(c) Sample S3; (d) Sample S4; (e)
Sample S5
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Effect of sputtering energy on structure and
properties of WC/a-C:H films

SUN Shang-qi', LIU Xiang', WANG Yong-xin®>, WANG Li-ping®, XUE Qun-ji’

(1. School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China;
2. Key Laboratory of Marine Materials and Related Technologies of Chinese Academy of Sciences,
Zhejiang Key Laboratory of Marine Materials and Protective Technologies,
Ningbo Institute of Materials Technology and Engineering of Chinese Academy of Sciences,

Ningbo 315201, China)

Abstract: In order to investigate the influence of sputtering energy on the structure and properties of WC/a-C:H films
and discuss the influence of WC doping on a-C:H films, the series of WC/a-C:H films were prepared on 316 stainless
steel substrates by modulating the target current with UBMS+PACVD method. The WC target and C,H, were used as the
sputtering target and the reaction gas, respectively. The microstructure and composition of the films were characterized
by field emission electron microscopy, transmission electron microscopy, X-ray diffraction, XPS and Raman
spectroscopy. Scratch tester and nano-hardness tester were used to test the mechanical properties of the films. The
tribological properties of the film were analyzed by a trace test system. The results show that WC is mainly distributed in
the amorphous carbon in the form of f-WC/_, nanocrystals. With the increase of the sputtering target current, the content
of W and the binding force of the film increase to 21.9% (mole fraction) and18.6 N, respectively, while the content of
Ip/ls and hardness decrease at 0.55 and 11 GPa. When the target current is 4 A, the WC/a-C:H films exhibits good wear
performance with a friction coefficient as low as 0.15 and a wear rate of 5.38X 10~ mm*/Nm.

Key words: sputtering target current; WC/a-C:H film; friction and wear
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