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Effect of substrates on tribological properties of diamond-like carbon coating

ZHANG Renhui, ZHAO Juan
(School of Material and Chemical Engineering, Tongren University, Tongren, Guizhou 554300, China)

Abstract : In order to well investigate the effect of different substrates on the friction and wear of diamond-like carbon (DLC)
coating, the DLC coatings are deposited on substrates like the high-speed steel (HSS), SiC and 304 stainless steel by using
plasma enhanced chemical vapor deposition method. The diamond-like carbon is prepared. The microstructure of the coatings is
characterized using SEM, TEM and Raman. The SEM results exhibit that the total thickness of the coatings is about 6.5 pm,
and there’s apparent interfaces between layers. The TEM results imply that the coatings have an amorphous structure. Raman
spectrum exhibits that G and D peaks are observed, which implies that the deposition coatings are diamond-like carbon coating.
The results of tribological tests show that the substrates have a significant effect on the friction and wear of the coating. For
different substrates, the transfer film is found on the steel counterpart surface, the wear track of the HSS has a lowest width,
and the DLC coating that deposited on HSS exhibits the lowest wear and low friction coefficient (about 0. 1). The microstruc-
ture of different substrates wear track surfaces is analyzed by using Raman spectrum, and the lowest wear of the HSS is attrib-

uted to the lower degree of the graphitization. The research provides reference for preparing the DLC coating with excellent

tribological properties.
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1.1 REHHEHE

P65 B RE A R EEAR R R EE 4 R 4 mm) (9 304 R4EH, SiC B B (405 : W6Mo5Cra V2 (M2) 1E
284 W v B ) DOAR BRI, RIS 7E TE K Z B AN P B o 43 1 B 75 40 min, N, SR T /5 A S 5 1R 58 4k
FRAMURARLGE KRN AHRTTRERE R b, UE T W R B . &0 PE S A 806 RIE.
FEARRFIIESEME 1.0 X 107° Pa, BEJRTE Ar FB FIAEHEBE 30 min, KEH 2.1 Pa, ZERER KM
T RERIAEBR AT R RAERENEIR . SSBFTIARTEN ST :a)SiH, (25 scem) ,
CF,(22.5 scem) ,C, H, (150 scem) 1 Ar(100 scem) , S JE A 4. 0 Pa; b)SiH, (25 scem) , CF, (22,5 scem)
C.H, (100 scem)Fl Ar(100 scem) , SEH 2. 8 Pa, YIFHESL —&E N 800 V, 4K 1.5 kHz, FE WA
30% . N THGRBEREL S I, KEREY 200 nm {4 Si A EZTIRERR L.
1.2 REHZE

R TX-200V 62 B WA BE BUIE A s >Rk Al 3 & S A il 7 B8R (FESEM, JSM-6701F) 3R1E I 2
B AR TE T 30 5 % FH 8 43 905 59 L 7 B AMUE (Tecnai™ G? F30, FEI, USA)FR1E 82 09O 45 1 5 % Bl Hr 8 %
& (LABRAM-HRS800) X 5 J2 f4 T80OWL 45 #8 B A7 RAE , P K K 532 nm, JTHETE FE Ky 800~2 000 em™* 5 il 1K if
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Fig.1 Cross-sectional image of DLC coating
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Fig.3 Raman spectrum of DLC coating
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Fig. 2 HR TEM image of DLC coating
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Fig.4 Friction coefficient of DLC coating deposition
on the HSS, SiC and SS substrates

1 500 | 400
1200F i | 320 -
| % 2400
900 |- i g 160}
| 2 " -y
| T e - VNN
i % f‘!
& -sof N s
s #u -160 L 1
—240} J ﬁ
-300 320 ‘h\ \
-600 I L i L I ! 1 L L —-400 i L 1 L I i i i i
0 100 200 300 400 500 600 700 800 900 1 000 0 100 200 300 400 500 600 700 800 900 1 000
BB IR T8 BE /um BB IR T8 B /um
a) FEW b) BRiLEE
600
400 -~ .
E 200} '
jﬁ 0 &v‘w&&%:i\wkﬁ /..ﬂn. s,,,gﬁ,‘,& j‘ ,g,
1% b Wit (R
m  -200F
B 400}
—6001
—800}
-1 000 i 1 ) L I I i I I
0 80 160 240 320 400 480 560 640 720 800
BEJR 55 /um
c) NEW
A5 RARAERREKLSGREESR G E GBS AT AR

Fig.5 Surface profiles across the wear track of the DLC coating deposition on different substrates
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Fig. 6 Optical micrographs of the stainless steel ball surfaces after the sliding test against DLC coating
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Fig. 7 Optical micrographs of wear tracks of DLC coating
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Fig. 9  Nanoindentation load-displacement curve of
DLC coatings deposition on HSS, SiC and SS

substrates

Fig.8 Raman spectra of original DLC coating and
wear track of and DLC coating deposition on
HSS, SiC and SS substrates



248 o BBk % E i 2017 4

A VT O B i R R DR 1R A BT R S 5 4 2R R ) 2 < W MR G B R 43 1R 9. 05,11, 4
8.97 GPa. WA E A B/ P BRI 3 55 208 4 W o VW JE ) S 52 00 7y 409 1) 88 P 0 K

3 & iF

SR 55 B T A SR A 23 SR TR B T 15 76 v S 4 gk A R0 AR 5 00 i b o 4 T 288 4 A VR, B
Fo T AN 2 i 0 26 < W VR 0 B 4B P R P BB . 45 PR B BR IR R RO B AR MR RE B R R R L R
ABLAE 0. 05~0. 25 284k, R HABRTE 1. 04 X 10 °~2. 4X10"° mm® ek, ULRIFE R E W L 192K 4 R A
JEEA RAR B BB BATR BB R LA 0. 10 ASCRBHE T KR T A 7] 25 8 0 28 4 W 4 90 1 A e 452
PR RERY SN, R B AT TS A [ ZE TR TR 7K 3 0 RSP BT T 2 I 3 28 < W 9 2 38 33 M R A 2 T

% % 3Lk /References:

[1] OGWU A A, COYLE T, OKPALUGO T 1T, et al. The influence of biological fluids on crack spacing distribution in Si-DLC films on
steel substrates[J]. ActaMater, 2003, 51(12) . 3455-3465.

[2] ShARMA R, BARHAI P K, KUMARI N. Corrosion resistant behavior of DLC films[J]. Thin Solid Films, 2008, 516(16) : 5397-5403.

[3] YOON E S, KONG H, LI K R. Tribologicalbehavior of sliding diamond-like carbon films under various environments[J]. Wear, 1998,
217(2) . 262-270.

[4] BULL S]. Tribology of carbon coatings: DLC, diamond and beyond[J]. Diamond and Related Materials,1995, 4(5/6): 827-836.

[5] ZHANG Renhui, WANG Liping. Synergistic improving of tribological properties of amorphous carbon film enhanced by F-Si-doped multi-
layer structure under corrosive environment[J]. Surf Coat Technol, 2015, 276: 626-635.

[6] ZHANG Renhui, LU Zhibin. Microstructure and tribological behavior via modified F and Si content in duplex (F:Si)-doped carbon-based
coatings[J]. Surf Interf Anal, 2015, 47(10): 946-952.

[7] WANG]J, PUJ, ZHANG G, et al. Interface architecture for superthick carbon-based films toward low internal stress and ultrahigh load-
bearing capacity[J]. ACS Appl Mater Inter, 2013, 5(11): 5015-24.

[8] ZHAO Q, LIU Y, WANG C, et al. Evaluation of bacterial adhesion on Si-doped diamond-like carbon films[J]. Appl Surf Sci, 2007, 253
(17) . 7254-7259.

[9] HE X M, WALTER K C, NASTASI M, et al. Investigation of Si-doped diamond-like carbon films synthesized by plasma immersion ion
processing[J]. J Vac Sci Technol A, 2000, 18(5): 2143-2148.

[10] YU Xiang, WU Chengbiao, LI Yang, et al. Cr-doped DLC films in three mid-frequency dual-magnetron power modes[J]. Surf Coat
Technol, 2006, 200(24); 6765-6769.

[11] HUANG Jinxia, WANG Liping, LIU Bin, et al. In vitro evaluation of the tribological response of Mo-doped graphite-like carbon film in
different biological media[J]. ACS Appl Mater Interf, 2015, 7(4): 2772-2783.

[12] HUANG Jinxia, WAN Shanhong, WANG Liping, et al. Tribological properties of Si-doped graphite-like amorphous carbon film of
PEEK rubbing with different counterparts in SBF medium[J]. Tribol Lett, 2015, 57(1): 10.

[13] DING Qi, WANG Liping, WANG Yongxin, et al. Improved tribological behavior of DLC films under water lubrication by surface textu-
ring[J]. Tribol Lett, 2011, 41(2): 439-449.

[14] PETTERSSON U, JACOBSON S. Friction and wear properties of micro textured DLC coated surfaces in boundary lubricated sliding[J].
Tribol Lett, 2004, 17(3): 553-559.

[15] SHUM P W, ZHOU Z F, LI K Y. Investigation of the tribological properties of the different textured DLC coatings under reciprocating
lubricated conditions[J]. Tribol Int, 2013, 65: 259-264.

[16] WANG Yongxin, WANG Liping, XUE Queji. Improvement in the tribological performances of SizNy, SiC and WC by graphite-like
carbon films under dry and water-lubricated sliding condition[J]. Surf Coat Technol, 2011, 205(8): 2770-2777.

[17] OSTROVSKAYA LY. Studies of diamond and diamond-like film surfaces using XAES, AFM, and wetting[J]. Vacuum, 2002, 68(3): 219-238.

[18] CASCHERA D, FEDERICI F, KACIULIS S, et al. Deposition of Ti-containing diamond-like carbon (DLC) films by PECVD technique
[JJ. Mater Sci Eng C, 2007, 27(5/6/7/8): 1328-1330.

[19] 348, Bank, E50F. B FaE LB ek &N A RS A MR m[T]. BEEEEE 4, 2016, 36(1): 84-91.
ZHANG Renhui, LU Zhibin, WANG Liping. Effect on the tribological properties of F and Si codoped diamond-like carbon film[J].
Tribology, 2016, 36(1): 84-91.

[20] KIM D W, KIM K W. Effects of sliding velocity and normal load on friction and wear characteristics of multi-layered diamond-like (DLC)
coating prepared by reactive sputtering[J]. Wear, 2013, 29(1/2): 722-730.

[21] IRMER G, DOMER-REISEL A. Micro-raman studied on DLC coatings[J]. Adv Eng Mater, 2010, 7(8): 694-705.

[22] DENG Jianxin, YAN Pei, WU Ze. Friction and wear behaviors of MoS;/Zr coated HSS in sliding wear and in drilling processes[]J].
Chinese Journal of Mechanical Engineering, 2012, 25(6): 1218-1223.

[23] YI Jian, XUE Weijun, XIE Zepin, et al. Enhanced toughness and hardness at cryogenic temperatures of silicon carbide sintered by SPS
[J]. Mater Sci Eng A,2013, 569(3); 13-17.

[24] WANG Liang, XU Xili, YU Zhiwu, et al. Low pressure plasma arc source ion nitriding of austenitic stainless steel[J]. Surf Coat
Technol, 2000, 124(2/3): 93-96.

[25] 3K7ER, IR 5. T H 2 G5 28 4 WA WA 4 88 @ M gE [T, frdb Tk B8, 2014, 31(4) : 302-305.
ZHANG Zaizhen,ZHANG Zhaogui. Thermal stability study of diamond-like carbon thin films by using Raman spectroscopy[J]. Hebei
Journal of Industrial Science and Technology,2014,31(4) :302-305.



	36
	37
	38
	39
	40

