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ABSTRACT: To provide novel way for the application of hydrogen-containing carbon (a-C:H) filmsin methanol engines. First,
aC:H film was prepared on Si substrate by BiP-PECVD method, and then annealed at 500 ‘C in Ar atmosphere for 1 h. The
unannealed and annealed a-C:H films were characterized through Nano-indenter, X-ray Photoelectron Spectroscopy (XPS),
Fourier Transform Infrared spectroscopy (FTIR), Raman spectroscopy, Field Emission Scanning Electron microscopy(FESEM),
CSM tribometer, etc. to obtain its structure, mechanical properties, surface morphology and tribological properties. The effect of
annealing at 500 ‘C on the tribological behavior of a-C:H film was comparatively studied in dry air and methanol environment.
Asaresult, after annealed at 500 °C, the carbon hybridization have been changed from sp®-C to sp-C resulting in graphitization
of the film and the value of C==C/C—C increasing from 0.67 to 0.99. The hardness decreased from 26.5 Gpa to 22.0 GPa and
the elastic modulus was almost unchanged as well as the H/E decreases, which means the wear resistance becomes worse in dry
air. Compared with the unannedled aC:H film, in dry air, the friction coefficient of the aC:H film annealed at 500 C
decreased from 0.031 to 0.024, and the wear rate increased by 1.27 times. Meanwhile, the wear volume of both corresponding
friction ball reduced from 4.22x107° mm® to 3.99x10°mm?, In the methanol environment, the friction coefficient of the a-C:H
film annealed at 500 C increased from 0.052 to 0.062), and the wear rate increased by 15.11 times. Meanwhile, the wear
volume of the corresponding friction counter ball also increased from 6.16x10° mmPto 13.9x10° mm® However, the wear rate of
unannealed aC:H film in methanol environment was 1/2.84 of that in dry environment which shows a decreasing trend; the
wear rate of aC:H film annealed at 500 C in methanol environment was 4.14 times lower than that in dry environment. In a

summary, under annealing temperature of 500 C, a-C:H film will result in graphitization, which is conducive to tribological

propertiesin dry air but not in the methanol environment.

KEY WORDS: aC:H film; annealing at 500 °C; bipolar pulse; dry air; methanol environment; tribological properties
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% 51% 4 10 W&, S AWK 500 CiR ki 5 BT Ao - 195 -
Ip/I=1.0213 Ip/I=1.8164
G-peak
(1558)

D-peak
(1385)

800 1200 1 600 2000 800 1200 1600 2000
Wavenumber/cm™ Wavenumber/cm™!
a ARBKk b 500 ‘CiE .k

K3 & &k Raman SLiE
Fig.3 Raman Spectra of A-C :H films: a) unannealed;b) annealed under 500 ‘C

c—C
c—C
C=C
C=C —
c—0 C=0
~ A
1 1 1 1 1 1
282 284 286 288 290 282 284 286 288 290

Bond energy/eV Bond energy/eV

a KBk b 500 CiBk

P4 SR XPS i
Fig.4 XPS spectra of a-C:H films: a) Unannealed; b) Annealed under 500 C

FIME A 3K (AN 0.67 51 0.99) , EIk#E 500 Cil
KOG A B R 4 C—C M) C==C #%7%,

B AUl R TS 4K IR 2 an &l 5 B .
XS SRR AT 500 CHOIB KT, JLRERFFEMT, M
26.5 GPa [f# ik & 22.0 GPa, #iltif EZZfLAK, 1
fE 171 GPa A 47 (4352 171.409 GPa Fl1 170.951
GPa), XIEME HIE {HWU/N, mEEERE 2, otk

6

— Unanncalcd
5F —— Annealed at 500 'C

4L

Load/mN
w
T

0 1 1
0 20 40 60 80

Displncement/nm
B 5 ARIBAHN 500 C TR KA & SR IRANK IR h 26
Fig.5 Nanoindentation curve of a-C:H films with
unannealed and annealed under 500 C

100 120 140

WA IR T 500 “CiB K5 BrEIR & PERERAIL.
A A SRR 2251 500 CiB kG sp®~C K
U REAR T T A s A B R 19

2.2 EBEFHEHR

R T BB S IR TS B BE SR AR PR RE
FHEAE N 6 mm (1) 440C BBk, #Hfi A 10N, 3r5I7E
THR A SR BB N AR B4R 2247 . RIB KCH
500 “C iR Sy 2 Sk I i E 45 R Kt 2 DL IR 6,
T RBEAE T 2 A A R 4 DRI T Y s B 5 v ) R
TR 78 TR BT, B SRR IR S
JEE A 0.031, 18 K5 FEHE AR 2 0.024 A1,
A LREEH A reT AR, A SRR 0 A S5k
AR T EEE R BOR AR A EERREE T, & Sk A
AR K EE SR R R 0.052, 3R O BE 48 A in &=
0.062 A A7, X BEWR A 1B K 2 i W REEAE Y e oA 458 1 1Y
JEE J88 DR B v o Wang 251200 7 3838 KOS 7 TR B A%
FTF BB NS, B HAR - T
Wos ST BRI BURAR I B A 5 sp®-C £ | HIE 4
TIAE G , 1 W 5 St vl R %) B Ak A R T R 4 R B )
REAR



- 196 - * wm #H R

2022 4% 10 H

In methanol

—— Annealed at 500 C

— Unannealed
5 006
2
b=}
Q
8
g
S 004}
s}
0.02 0 5 10 15 20 25 30
Time/min
Bl 6 AiBAH 500 C Rl k& Sk Y
JEE 4 PR B3 ih 2

Fig.6 Friction coefficient curvel of a-C:H films with
un-annealed and annealed under 500 ‘C

TR SR T IR Y =4 (3D ) 8B R H 0 45 Bk
BEAIHH 7 S (SEM ) BE 4l an &l 7—8 fir
Ro BEMEERITEGT W 1. KT A, 7F
THEZs KM T, 500 CiE AR BE#RM I T 1.27
s 7E I EEEREE R, 500 “CiR A BRI hn T 15.11
5, (H AR P SR IR T P B0 v A 8 o T
SRS 1/2.84, RILHFEALES; 500 CiR AW
o SRR T IR P R A B RO TR A Y
414 1%, LiuSPIRGH5T T DLC. GLC il ta-C 7%k
Tt rp (R EEAZ A I 10, 2 R 1 T VBl S LA AR 1Y
JEE R DUBORI S 450K | 7 GCr15 AR BRI, A 24k
FREE T (1) GLC FEEEENBUR A, EAE LA Fas
MoDTC+ZDDP & MoDTC (3Rl BT B 4K

a THRESH, KB

c REmIRGEH, KBk

&7

2.5
< ' ‘ = =
526 :
: pm -
0
2.0 :
1.0
0.5 '
00

UCHE R, AT L S R 0 5 A A SE AR L L
S 2235 W BFSY T DLC. GLC Fil CrN S 7 T FE 42 |
FB T OKORBE R B BE SR, GLC Wi AE KA
BN HA BRI S B R (B LB Tk
GLC (RS B bR AR g i, 5 ixX HL4h e —
o HAh, TEWEERET B R, WA T
B ER R I BRI (& 8), HXHMEERA W & Y
A R R 00 R X {8 R R 4y 1 ) S i AR, X
P T2 YK 5 S o B R T I A e 1) T —
VEFE, (R0 RER 55 MR B e e ok, 1M 500 °C il kA
F1%) T A Y IR B T B 8 0 B I B — Ak e A
(7)) WoR, BIRIFAE B BHURE , B4 835
AR IR A o

Sk Y SR G b T A EE 6 L T ) 0 B 2 S K
JIBE FEE $5¢ DR RS R BE 458 (1) 52 i), %o T M s ROPR B B 4 1 o
Rt AT 70— B8 . A 9 ok, TRIRE X S B
JE bGP S W A T AL A e A B, & B0t 500 C
B Ak HE ) SR T T R A 7 A A BE RS I I/l (ELEL
KB OB, X A S W h 2 T AR f—
%, H G (M 1580 cm™ 3] 1590 cm™), iX
i) B 2 R 2 e R i v sp®—C B 25 M N . x5 T
A5 2 o ) B A R B AL R A R — 3, T
JE2s S0 500 CHR kIR Y S TR, RN
WA BRI AN, R4 R Y BT D) T ) (g e
Sp*—C H 2 [l Wr2d, i A AN ER A IR R AR, S T
500 CiE J 1 5 1 4K Bk 2% 1 O 7 5 Y il — 5 TR
ARG RE RS, NIRRT AL AR, /N2,

d FEEREH, 500 TiEA

AR 3D LS
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Tab.1 Wear rates of a-C:H films and wear volumes of friction dual steel balls with un-annealed
and annealed under 500 C

Films Wear rate/(108 mm3-N=1.m™) Wear volume of steel ball/(107° mm?)
Dry air M ethanol Dry air Methanol
Un-annealed 3.46 1.22 4.22 6.16
Annealed under 500 °C 4.45 18.44 3.99 13.9
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Fig.9 Raman spectra of wear scars on friction dual ball in dry air: @) unannealed;
b) annealed under 500 ‘C
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