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Influence of Substrate Temperature on the Tribological Properties of Fluorinated
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Abstract: Direct current plasma enhanced chemical vapor deposition (PECVD) was employed to fabricate
fluorine doped carbon films with CF,, CH, and H, as precursor gases under different substrate temperatures.
The bonding structures of the films were revealed by Fourier infrared spectrometer, the sp®and sp®hybrid car-
bon status was probed by Raman spectrometer, and the film hardness and friction were investigated by the
nanoindentation instrument and UMT-2MT reciprocating tribometer, respectively. The results show that F is
mainly presented in the forms of C-F; and C-F,(x=1,2,3) groups in the films. The film fabricated in the
substrate temperature ranging from no heat to 500 C showed relatively low friction coefficient about less than
0.020. The lowest friction coefficient of the film was observed about 0. 016 at 400 C, and the film structure
would be destroyed and the mechanical properties worsened significantly while the substrate temperature ex-

ceeded 600 C.
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Fig. 1 Infrared spectrum of fluorinated carbon film under

different preparation temperatures
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Fig. 2 Raman spectrum of fluorinated carbon film under

different preparation temperatures
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Fig. 3 Raman parameters of fluorinated carbon film under

different preparation temperatures
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Fig. 4 Hardness and elastic modulus of fluorinate doped

carbon film under different preparation temperatures
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Fig. 5 Friction coefficient and wear ratio of fluorinate doped

carbon film under different preparation temperatures

3 & it

=A

FIH A 45 8 7 Ui ik, L CF, . CH, I
H, UUBE 2% 25 4 NI A ik B, mT R AR
(R BEF DR 37 . 45 SR 2% W SR S o) A B 6 VS L T
SO A 2 B A 45 A LA R R R R 4 IR R S
fit. HF FZLCE fil CF(X=1,2,3) L7
TE TR A5 Hh L 24 38 TR MO #2500 C L L
JEE 58 DR300 2R A5 DR R R R . HLAE 400 C
JEE 52 PR BB A s (H 36 31 600 C B, T 3 B v iy
sp” B 45 AL B VR T ML AR E B T R L BRI AR RE 5
AR B B Y sp” A=k B, HLFE 400 C
A SR AL R A e ELA I S B AR PR

&%k

[1] Aisenberg S, Chabot R. Ion—beam deposition of thin films
of diamondlike carbon[J]. Journal of Applied physics,
1971, 42(7) . 2953-2958.

[2] Robertson J. Diamond-like amorphous carbon [J]. Materials

Science and Engineering: R, 2002, 37(4/5/6): 129-281.

[3] Donnet C, Erdemir A. Tribology of diamond-like carbon
films: fundamentals and applications [ M ]. New York;
Springer Verlag, 2008 311-319.

[4] Beide, &%, fT&mR, & BB R0k L 205
26 4 I A T Y BE 4 e v RE (T, b E R LA, 2010,
23(002): 36-41.

[5] Spear K E, Dismukes J P. Synthetic diamond: emerging
CVD science and technology [ M ]. Wiley — Interscience,
1994, 91-103.

[6] Yu G Q, Tay B K, Sun Z. Fluorinated amorphous dia-
mond — like carbon films deposited by plasma — enhanced
chemical vapor deposition [J]. Surface and Coatings Tech-
nology, 2005, 191(2/3): 236-241.

[7] Donnet C, Fontaine J, Grill A, et al. Wear — resistant
fluorinated diamondlike carbon films [ J]. Surface and
Coatings Technology, 1997, 94-95; 531-536.

[8] Hasebe T, Matsuoka Y, Kodama H, et al. Lubrication per-
formance of diamond-like carbon and fluorinated diamond-like
carbon coatings for intravascular guidewires [ J]. Diamond and
Related Materials, 2006, 15(1). 129-132.

(9] Z4ha, X x, HoR, % aC: F ¥ TZ RHRR
EMERFSE (1], BB THOAR, 2004, (3): 23-26.

[10] Hakovirta M, Verda R, He X, et al. Heat resistance of
fluorinated diamond — like carbon films [J]. Diamond and
Related Materials, 2001, 10(8) . 1486-1490.

[11] Liu Y H, Wang X K, Luo J B, et al. Fabrication and tri-
bological properties of super — hydrophobic surfaces based
on porous silicon [J]. Applied Surface Science, 2009, 255
(23): 9430-9438.

[12] Sung J C, Kan M C, Sung M. Fluorinated DLC for tribo-
logical applications [J]. International Journal of Refractory
Metals and Hard Materials, 2009, 27(2). 421-426.

[13] #hilie . THU0RT . RGP, 46, MBS 3R IR s i 4 BCN il
TRy R AR B ma L] ], i TR, 2009, 22(4): 26—
30.

[14] Chen G, Zhang J, Yang S. Fabrication of hydrophobic fluori-
nated amorphous carbon thin films by an electrochemical route
[J]. Electrochemistry Communications, 2008, 10(1): 7—11.

[157] Mackie N M, Castner D G, Fisher E R. Characterization
of pulsed—plasma—polymerized aromatic films [J]. Lang-
muir, 1998, 14(5). 1227-1235.

[16] Tamor M, Vassell W. Raman “fingerprinting” of amor-
phous carbon films [J]. Journal of Applied Physics, 1994,
76(6): 3823-3830.

[17] X ME%, H&I5, 24hH. CF4, CHA il % AL AE & i il
JET 25T [J]. A, 2004, 41(1): 22-25.

[18] Vengudusamy B, Mufti R A, Lamb G D, et al. Friction
properties of DLC/DLC contacts in base oil [ J]. Tribology
International, 2011, 44(7/8): 922-932.

&Mt Bl g 22 M Rk 18 5
Fp B2 B 22 M Ak 2 W FRBE 5% BT
Tel: (0931) 4968 295 (#fR )

E-mail: zhangjunyan@]licp. cas. cn

730000



