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High Temperature Wear Mechanism of Chromium Doped Carbon-based
Self-lubrication Thin Films Against Aluminum Alloy

LIANG Fei-ke, SUN De-en, CHEN Si-qi, HUANG Jia-mu, PEI Chen-rui
(School of Materials Science and Engineering, Chongqing University, Chongqing 400044)

Abstract: In order to research the wear mechanism of different structural chromium doped carbon-based thin films against
aluminum alloy under high temperatures, Cr/CrC/DLC single period multilayer and Cr/(CrC-DLC), multilayer were deposited
by unbalance magnetron sputtering, the wear properties of Cr/CrC/DLC and Cr/(CrC-DLC), against A319 and A390 ball
under 24, 200 and 400 °C were tested. The surface morphology, microstructure, hardness, and wear resistance were measured
by SEM, AFM, nanoindentation test, Raman and Pin on disc tribometer. The results show that the multilayer structure can
enhance the adhesion of thin films due to the interruption of columnar structure. The surface roughness and hardness of two
types of films are 4.3 nm and 5.4 nm, 9.8 GPa and 9.0 GPa, respectively. The surface transfer layer consists of silicon particles,
graphite and stripped fragment of films, and the continuous transfer layer can reduce the friction coefficient. As the
temperature increases, the continuity of the transfer layer is destroyed, leading the increase of the friction coefficient. During
high temperatur wear test, the DLC coating is gradually released with the wear out of the multilayer, the life span of films
increase with the decrease of the friction coefficient. Wear of the films in the form of abrasive wear from room temperature
changes into a high temperature adhesive wear and plowing wear, and due to the primary silicon of A390, the wear is
determined by plowing wear.
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Table 1 Deposition parameters of the thin films

Layer Power/ Current/ Bias/ Ar{ | C2H2. /7]
kW A \ (mL-min™") (mL-min™)
Cr 1.8 (RF) —-100 60 0
CrC 1.8 (RF) -100 60 20
DLC 4(DC) -100 100 0

1.2 SEREMEMEERIE

VI 300 e 45 46 R FIFET Nova 40054 3% & 54
f# HL 1 U BE (Field-emission scanning electron
microscopy, FE-SEM)JEAT M 4%, {8 )5 )5 2 >R
Veeco Dektak 1502 2 [ & BRACHEAT I &, X FSL
P & B BEAT S, K081 000 nm. 7
Ji6& 2 THDREL A 2 % H Bruker D3 1007 JR 1 B Ass
(Atomic force microscope, AFM)REAT M &, &5
Fl 20 pmx20 pm. 3 B 1) 6 5 K B T1900
Triboindenter B 44 K kIR BEAT M &, & kh
BerkovichH 3k, H AVREE AN 180 nm, AN il I 5
1710, 91 B A0 68 B Al 55 P 5 o) o 9 B8 I 5 25
£ 71K R BB RHT-3002 284 [ 2l %9 4247 0
B, RKEAT40 N, RIURKE3 mm. RH
LabRAM HR Evolution R0 7 & il (SO kR
445 )23 AT R 2 o i, WO K H532 nm,
D% K10 mW.,
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Fig.1 Cross section and surface morphologies of the thin films
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Fig.2 AFM morphologies of the thin films
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Table 2 Mechanical properties of the thin films
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Thickness / um 2.0+0.1 1.9+0.1 J5, HTDLCE®#H, A319EEKLSCrC)E BE#,
Hardness / GPa 9.8+0.2 9.0+0.4 SMCOFETA390. £ JHANEAE 5 A390 7 JIE X} &
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Fig.3 Friction coefficient of the thin films against A319 and A390 aluminum alloy under different temperature
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Fig.4 Raman spectra of the wear debris on Cr/(CrC-DLC),-A319
ball surface under 400 C
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Fig.5 Wear morphologies of the A390 ball against different thin films under 400 ‘C
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Fig.6 Wear morphology and element distribution of the A319 ball against Cr/(CrC-DLC),, under 400 ‘C
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