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Hydrogenated diamond-like carbon (DLC) film is a promising candidate for next generation solid lubricant applicable in
space. However, it has been reported that non-dope hydrogenated DLC films are easily eroded away by the hyperthermal
O-atom collision in low Earth orbit (LEO). Metal-doping is expected to protect DLC film from a direct collision of O-
atom by forming non-volatile surface oxide layer. In this study, effect of collision energy of O-atom on the oxide film
formation at the Si or Ti-doped DLC surfaces was investigated. Hyperthermal O-atom collision in LEO was simulated by
the laser-detonation atomic beam source which has widely been used for ground-based O-atom testing. A high-speed
mechanical chopper wheel system (9000 rpm) located in front of the specimen converted the energy distribution of the
O-atom pulses into the spatial distribution over the specimen. Surface oxidation states were analyzed by either
conventional x-ray photoelectron spectroscopy. It was observed that the SiO, and TiO, were formed at the position
relatively high-energy collision was occurred. In contrast, sub-oxides were observed where low-energy collision was
occurred even though the fluence of O-atom is much higher than high-energy positions.
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specimen.
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Figure 3 Si2p photoelectron spectral changes by AO beam
exposures with the chopper wheel. The peak positions of
Si2p for SiC and SiO; are indicated by the lines.
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Figure 4 Peak fitting results of Si2p spectra as a function
of sample positions.
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Figure 7 Peak fitting results of Ti2p spectra as a function
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This document is provided by JAXA.



98 FHIML 22T TEBR FEREAE R R JAXA-SP-14-012

DOE—Z71F-8 mm 7*5 0 mm T TIXIEE A EEN
ENRNWZ NS, T D ORI SHT
THEOIIC. Tp B —27 DY — 7 458 %4T - 1=, Ti2p
BT B — 7 55BED Si2p B — 2 D B — 2 Syl L Rk
WZEZEROBEIEN, UTOERMET4D>OE—7IC
SBEL7Z 9, 7272 L. Ti (metallic) & TiO | &' — 27 {iL
ENIEFIZIES, BE—T 5T 5 2 &N TERY,
FZTAWNIZRTIZ, FOY—27%TiO ¢ExE—7
BEAAT ST,

TiC: 454.5 eV (0 eV)

TiO: 455.4 eV (+0.9 eV)

Ti03: 457.2 eV (+2.7 eV)

TiO,: 458.6 eV (+4.1 eV)

Peak shift =5.75 eV

Area ratio =Ti2p 1/2 : T2p 3/2 =1:2
Kx DY T E—7 OFfEIEIL 1.3-1.5eV & LTE—
7 5B Z 4T o 72, Ti-DLC EOEY o 7 AALE 5T
L e — 7 yBEfE R % Figure 7 \OR”7, 2> hr—)L
B TIAKT B B — T SRR R A IR LT
%, Ti-DLC I% Si-DLC & 1Z5#E72 0 . gHpkRe T4 T
(2 60%7° TiO, & L CTFELTE Y. Si-DLC DI
RHE L T2 & Ti OKISHERIEFIZE N &2
bbb, R X—0 A0 MRS XA 72+6 mm 7>
5+12 mm O)LE TIE TiO X° ThOs 72 E D% 7 4 4

6 (a)2.1ev
5°r
£ Tio,
Zof /
X
2°r Ti20s  1i0
-
)
E

465 460 455 450
Binding Energy (eV)
of (b) 6.9 eV
5 °r
£ :
,; 4 Tio,
X
> 3 .
8 2
=
1
1 1 1 1

465 460 455 450
Binding Energy (eV)
Figure 8 Ti2p photoelectron spectra at the sample
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(b): 6.9 eV.
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Figure 9 Peak fitting results of Ti2p spectra as a function
of sample position (Exposure time: 10hrs).
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