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Abstract: Aiming at the severe service conditions of aeroengine main shaft bearings and insufficient research on the performance of
graphite-like carbon films in high temperature environments, Ti-GLC films are deposited on different bearing steel substrates (M50
steel, M50NIL steel and W9Cr4V2Mo steel) by magnetron sputtering to investigate the tribological properties at different
temperatures. The microstructure of the film is analyzed by SEM and Raman. The mechanical properties of the films are evaluated by

nanoindenter and scratch instrument. The tribological performance of the films is performed using MFT-5000 multi-functional
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tribometer. at room temperature, 200 ‘C, 250 ‘C and 300 “C. The results show that the hardness and elastic modulus of Ti-GLC

films deposited on three different bearing steel substrates have a little change, the order of adhesion strength from large to small is

M50 > M50ONIL > W9Cr4V2Mo. With the increase of temperature, the friction factor of Ti-GLC films deposited on three kinds of

steel substrates increases gradually, while the wear rate decreases first and then increases, and different wear mechanisms are shown.

The optimum operating temperature range of Ti-GLC films deposited on three bearing steel substrates is in the range between room

temperature to 200 °C, the films deposited on M50 steel substrate have better mechanical and tribological properties, and its adhesion

17 3

strength is above 80 N, the average friction factor at 300 “C is 0.125, and the wear rate is only 3.05x107""m®/ (N = m). This paper

provides a theoretical basis for the practical application of graphite-like carbon films in high-temperature environments.

Keywords: magnetron sputtering; graphite-like carbon films; high temperature; tribological properties

0 §ie

KA BRI (Graphite-like carbon film,
GLC) DRIILEATHEIE &, BAPEBIE S, PR A
PR I G PR DR BRI B4R 2 S A e P
P2 R TR, JIE. R

UEAESR, X T GLC i A [/ 3 Ak L 2 AR Tl
SHMBREIOHET, TS T8Ot . oA 2P
R A e AR i 2T 1 6 ALIB 2 2 4 B
WM, R ILITEI&H0 GLC MR i A5,
JoE R VE OBE R BE G A RE 0B 0T K
STALLARD P17 M42 410 2% T 1 4% 247 SR BR L v
M, e T MRS, 2B T KRB L
SIRES R OB ERE, SR FW, X SRR
5 ST B L A S 1 R T R
WANG 222 8¢ 21 SigN,. SiC Hil WC A [/ g % %
TET SRR I 0 JBE B 2 R g, R IR GLC 5 WC %
ZH I IR R BT B s 5% . F A LB
Sy BIAE 304 REEANH 1CrI8NI9TI AN H il 4
480 E Cr B2s A SRR IL T (GLC/Ch),
9% GLC | Cr B /E AN [F] BR 355 10 36 8227 Vit
WFFLLE SR W], AR R, GLC/Cr JiHE
S 0EF Y W R T S P R 3 e TS0 s i
e AR A e T LA T o 4% S BRI, %
S R[] i 0 G 45 A RIPE RS (0 52 000, R T B 25 3
A s (18 75, Sp? A ik R I £ 2 T KRR 13 189 4
WR/IN A, T R P I U R . T2
i IRV Yl U S A 4 9 7 s A L 4 4 b
Hil% GLC/ Ti i, WFovss k], bids Tifu
TR A, BB R, sp® SRR L
1K TR B R SR RN SR R,
% Ti BRI (0.2 A) TR HL A 2 e 1 Wk RS i 85 1 5
AT A 20 N B, ARSI L, 78 s AR T
% T RS T B LA e e T T B M . ARt

1F 304 ANEEA B4 GLC/ Cr i, R 548
fic #J(316L. 440C. Al. Ti. H62. GCri5)fiIp#
fic il (SisNg. SIC. WC. AlyO3. ZrO,)7E Rl ik /K
WL K EES AT N, KIS & 8 BCRIAH L, GLC
T JIBE B B R I ) 6 B R, GLC iR L SR A
(1) JBE 2 2 1 g

DL ERECR I, 75 T RN, ANHN. MRS
A F TR GLC Wi, AR KA R BE R 4 1
AT AR A I PE R AR, AR KRB A
R B Uk BB R, HAT R S5 35 Y.
PEo 0T BSR4, Wi A S AL A Sl &
O MR R IE FE = I DA A A
WL, R A R R ) e AR K L, SO I W
FIR, e P AT R B, ERIRIRIE R
T B B A F a5 A W S, A 2 TR
IR PR R . BT GLC R 4 o 3
T B R s HA A0 208 A iR 5
() R 5 77 Pk e 23 4T #F 98 . M50, MB5ONIL Al
WOICr4V2Mo 2 H 1 In At 2= & sh L 3 il il 7 i
FEMRE, A SR 45 U S B AR AE 3K = Bl
B R Ul B T 1B A 0 2R A AR e A I
(Ti-GLC), X1 MFT-5000 % % T i J5E 45 % 45 ik
WL A FSEAR EPORR Ti-GLC 3 B ) i Ui JBE
BEEPERE, Oh 2R SRR I A v i PR (1 8K
B I FH B 5 310 SE Al

1 A%

11 #&EE&E

IR AR 5k P(100) 2 #A 5 Ak F . M50
M50NIL A1 WOCr4V2Mo Fli &40 FE (430 mmx
8mm), F e TSGR O 544, RN
TREEH IR 2 P RN R e R e . — Pl
G AN S IRERE Sy I A 1y 2, ol
AP E R I RS0 L Ra<<0.1 pm.,



52 1 el S, e AR AR Ti-GLC B il B S VE e 189
F1 ZHBRRELERS RESH/ W) AR AR 0T, Rl OO

Table 1 Chemical compositions of the steel
investigated (wt.%)

Materials C Cr Mo \Y Mn Ni W
M50 078 4.5 4.4 1.01 0.27 - -
M50NIL 0.13 4.1 4.2 1.2 013 34 -
W9ICr4v2Mo 076  4.12 4.3 1.4 0.4 - 9
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Table 2 Hardness of three kinds of bearing steel after

heat treatment

Hardness / HRC
Materials Average value
1 2 3
M50 62 62 61 61.7
MS50NiL 61 61 62 61.3
WOICr4Vv2Mo 63 63 62 62.7
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Fig.1 Schematic diagram of magnetron

sputtering target location
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Table 3 Deposition parameters of Ti-GLC films

. Current/ A o .
Procedure Substrate bias / V - Deposition time / min
C target Ti target

1 200—400 0 0.3 20
2 120—80 0 0.3—5 5

3 80—60 0.2 5 10
4 60 0.2—5 5—0.2 30
5 60 5 0.2 320
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Fig. 2 SEM images of surface and cross section
morphology of Ti-GLC film
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Ti-GLC films deposited on different substrates
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Fig. 5 Scratch curves of Ti-GLC films
deposited on different substrates
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Fig. 8 Raman spectra and Gaussian fitting results of Ti-GLC films on M50 substrate at different temperatures
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(d) SEM micrographs of wear scar morphology of M50NiL and W9Cr4V2Mo subtrates at 300 C
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Fig. 10 Wear trace morphology of Ti-GLC films deposited on different substrates at different temperatures
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Fig. 11 Wear profile curves of Ti-GLC films deposited on different substrates at different temperatures
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Table. 4 EDS analysis of wear marks for three substrates at different temperatures
Content / wt.%
Temperature / °C Materials
c o] Al Ti Ar Fe
M50 86.93 1.55 1.67 0.76 9.10 -
25 MS5ONiL 85.59 0.78 0.02 1.36 11.79 -
W9Cr4V2Mo 85.63 1.1 1.82 0.53 10.91 -
M50 86.71 1.30 1.56 0.51 9.91 -
200 M50NiL 84.78 0.75 1.61 0.31 12.50 -
W9Cr4V2Mo 85.31 0.86 1.53 0.58 11.72 -
M50 86.01 1.26 1.7 0.77 10.26 -
300 MS5ONiL 17.76 6.59 0.75 10.29 0.94 63.65
W9Cr4V2Mo 8.30 4.79 0.29 14.09 0.75 71.78
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