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The Effect of Ti Content on Mechanical Properties of DLLC Films
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[Abstract] Using unbalanced magnetron sputtering technique, diamond-like carbon films with different titanium
contents(Ti-DLC) were deposited on stainless steel substrates by changing Ti target supttering current. Investigated the
influences of Ti content on microhardness, elastic modulus, film-substrate cohesion, fracture toughness, friction and
wear behavior of films. Results showed that the hardness of the Ti-DLC films increases obviously compared with the
pure DLC films. In the meantime, the hardness of the Ti-DLC films increases first and then decreases with the increase
of the Ti target sputtering current and reaches the highest when Ti target sputtering current is increased to 1. 5A. Film-
substrate cohesion and fracture toughness of the films are improved by depositing some Ti. The friction coefficient of
DLC films decreases significantly with the deposition of Ti .
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Fig. 1 Loading-unloading images of films

R1 HEMNBEHMEEMEEHES

Tab. 1 Micro-hardness and elastic modulus of films

Ti BE T L/ A B % (HV) H PR & / GPa
0 871.065 116. 479
1.0 1014. 836 139. 310
1.5 1736. 816 185. 186
2.0 1080. 986 117. 338
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Fig. 2 Scratch graphs of films
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Fig. 3 Indentation graphs of films
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Fig. 4 The friction and wear curves of films
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Fig. 5 The wear scar graphs of films

b Ti-DLCH# (1.5A)

3 &g

1) DLC 48 4% Ti J . 08 5 B 39, B % Ti
LG ST HL A B A L S A B 2 S N LS R AIK  R
P TIFRIRSF N 1.5 A I R A R (R A K.

2) $BZE Y Ti o] DL k3% DLC 5 5/
FaE A MW AEIYE, B Ti Ead e, 2 AR/
S5A 1 12 TR EORL R R L Ak R DS L T 2 )
PAE 2

3) Ti ¥ ST L 2.0 A B, Ti-DLC i 22 3
PR R AT A B R B T MR LA 1. 0 A B, Ti
DLC 5 i) B8 58 3 $00h K5 Jo 48 2% DLC 1 i e 45
RN TEMZIHE,

[ & % x # ]

(1] AP, R0 7%, % Je e . 5. DBD % 3 F R & e 4 Rl A
W R FEPERERAELT ], 402 T . 2008, 29(12) : 44— 46,

[2] SB3Ede, £z /AN G5, Tk b OB DTS 4 N IR 4L
AN #OE 5 6H 72 2 fE . 2008,45(3) :32—37.

[3] VOEVODIN A A,SCHNEIDER ] M,REBHOL C,et al.
Multilayer Composite Ceramic-metal DLC Coatings for
Sliding Wear Applications [ J ]. Tribology International,
1996,29(7) :653—663.

[4] ZHAO] F,LIU Z H,MCLAUGHLIN J. The Wear Effect on
Microstructure of DLC Films PECVD-deposited on Al, O :
TiC Substrates a Confocal Micro-Raman Study[]].
Thin Solid Films,1999,375:159—165.

[5] BONETTIL F,CAPOTE G,SANTOS L V,et al. Adhe-
sion Studies of Diamond-like Carbon Films Deposited on
Ti6Al4V Substrate with a Silicon Interlayer [J]. Thin Sol-
id Films,2006,515:375—379.

L6 AFaAOME AR WEAR uf 58 3C, 45 Al - 47 1 1 W S DD B2 A 2
5% R JFL P A S A A R AE S () ). PR R 2 2 41, 2003, 23(6)
463—467.

[7] BEGHI M G,FERRARI A C,TEO K B K,et al. Bonding
and Mechanical Properties of Ultrathin Diamond-like Car-
bon Films[ J]. Appl Phys Lett,2002,81:3804—3806.

[8] YANG B,HUANG Z H, LIU C S,et al. Tribological Per-

formance and Liquid Impact Erosion Resistance of Ti-con-

taining Amorphous Carbon Coatings [ J]. Surface and
Coatings Technology.2007,201(9/10/11):5157—5160.

[9] VEPREK S,HANSSMANN M, REIPRIEH S,et al. No-
vel Thermodynamically Stable and Oxidation Resistant
Superhard Coating Materials [ J ]. Surface and Coatings
Technology,1996,86/87:394—401.

[10] MOURA C W,SILVA E,BRANCO J R T,et al. Charac-
terization of Magnetron Co-sputtered W-doped C-based
Films[J]. Thin Solid Films,2006,515(3):1063—1068.

(117 EsfJAL . L0ay, BRas e, 4. 3B PG 4= Ik Ti B4 2
S WIA R A R L) . bR AL #1444 L 2008, 29
(3):147—151.

[12] LAW B R,SWAIN M V. Microfracture Beneath Point Inden-
tation in Brittle Solids[J]. Mater Sci,1975,10:961—976.

[13] PONTON C P, RAWLINGS R D. Vickers Indentation
Fracture Tougness Test: Part [l , Application and Criti-
cal Evalution of Standandised Indentation Toughness E-
quation[J]. Mater Sci, 1989,5(10):961—976.

[14] ERDEMIR A. The Role of Hydrogen in Tribological
Properties of Diamond-like Carbon Films[J]. Surface and
Coatings Technology,2001,146/147.:292—297.

[15] DONNET C,FONTAINE J.GRILL A.,et al. The Role of
Hydrogen on the Friction Mechanism of Diamond-like
Carbon Films[]]. Tribology Letters,2000,9:137 —142.



