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Fig.2 Blue-red phase transition of tribofilm showed stable
FFO state for long time test in hydrogen environment.
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Table 1  Friction conditions for various tribofilms added with additive gas.
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. (/s\p; sp/:sp )&cﬁ&* HBEAEAG 2 ECS)\H’ (iO, E_)E 0)» 5 Additive | 50% CHa CoHa CaHs €O, | CHa+CO; | GHa*CO; [ CHe+CO,
7 SBEEATW, E— 7 mRE DREAEE R LY. _gas | ethanol | (+H0) | (H0) | (#0) | (#H0) | (:0) | ibo) | Tr0)
VAN IVAN kS 3 aXImum | 637N | 196N 19.6N 19.6N 49.0N 39.2N 49.0N 49.0N

4.2 XPS/{J\J/IL'./J\J iy LI_ bSARD 1L — (29, | (26Gpa) | (1.8GPa) | (L8GPa) | (L8GPa) | (2.4GPa) | (2.2GPa) | (2.4GPa) | (2.4GPa)
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JQD/FFS %E E'U(‘B'E“ % Table 1 &R—H—\‘TJ‘ T {‘J“jzu ]‘/I;Zk)j é'—) [ Notation: 1) test was stopped at stable FFO state, 2) friction increased at end of FFO state.
ipﬁ'{j(gjj A%, C2HsOH @ﬁﬁﬁiﬁ}ﬁg‘fﬁz U AR Before FFO, tribofilm was formed by run-in process under 19.6N for 30min in rich-additive gas supply.
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Fig.3 Change of friction coefficient with load and tribofilm tested

at 49.0N in hydrogen environment added with CO..
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5.2 CHsOH BHSURNMD kit & ikas Fig.4 Hysteretic change of friction coefficient with
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6. % EH 5 o Table 2 Carbon bond ratio with etching depth
R fil 1 2 482(1.2-1.8GPa) T FFO Z&BLiL, sp'+sp® i & (DA #6) % Ty for tribofilm tested with C,HsOH vapor.

LT HFEA | RO KBRS TH Ulc L HELE LTz, miefilim £ v etching depth (nm)

190(2.2-2.6GPa) T D FFO S HLIL, WIE 72 sp'+sp>+sp® i & (DA/PDA SN DK [eonsreo [ [ 5[ 5 [ 5 [ 1 | 7 | 36 |
BB AR LTz L HERI L 72, sp' 615 DA/PDA SHIRIR TH 0, FEHTE (a;-:“) 17 | 699 | 696 | 725 | 740 | 758 | 777 | 783
CDEMESICEY PDAHY v FREEOBRE I/ -7z BE LT sp? 550 | 103 | 123 | 71 | 73 | 62 | 70 | 76
SR U SIRE NS B & — D XPS M O 120 uﬁfﬁ(bij_ s | 227|109 ] 75 [133] 99 | 92 | 73 | 80
R 1) M.Nosaka, et al.: TROL, 12, 5(2017)274-280. 2) BFbig-fi: 7 (K02 — 23 COH 12051 55 | 52 | 15 | 53 | 55 | 34 | 41
2016 BKHTIE C29.  3) Bp¥i-fih: Mo ARmo—23 2017 fﬁ:ﬁw\ F23. 4 ;ﬁ?’fé-fm: N7 @ | 43| 49| 20 | ad | 22 | 42 || 23 || a8
YRS 25 2017 K FRA E13, 5) MUl F7ART— R 2020 FRBIAT CS. o0 | s8 | 22 | 25 | 25 | 23 | 21 | 24 | 05

6) HiE-fh: 7 AR Y — 23 2018 FHRK E10. 7) FGoulay et al. : Phys.
Chem.Chem.Phys., 9(2007)4291-4300. 8) R. W. Carpick, et al.: Tribol. Lett., 7(1999)79 -85. Table 3 Surface and inside carbon bond ratio
9) BriR-fih: AR — 2 2022 FHUR E19. 10) A.R.Burns, et al.: Tribol. Lett., 10, for tribofilms tested with various additive gas.
1-2(2001)89-96. 11) M.N.Drozdov, et al.: Carbon, 186(2022)83—90. 12) Q.Pan,
et al.: CCS Chem., 2(2020)1368-1375. 13) J.T.Wang, et al.: Phys. Chem. Chem.
Phys., 20(2018)7962-7967. 14)H.Jin, et al.: CrystEngComm, 15(2013)3106-3110.

(a) Surface bond ratio without etching (at.%)

Additive| 50% CHa CoHa C3He
gas |ethanol CHa GaHa GiHs 0. +CO, | +CO, | +CO,

Cubicyne-carbon sp? {Additive gas] sp 1.7 1.9 2.7 15 2.6 0.8 2.8 4.4
(sp*-sp? hybridized) Hydrocarbons gas (with CO,) sp’ | 550 | 673 | 606 | 641 | 641 | 842 | 538 | 79.8
O surface without etching 3
O inside with depth etching sp 227 | 162 | 194 | 190 | 165 [ 03 | 239 —
C,H;OH vapor COH | 105 | 92 | 114 | 100 | 89 87 | 130 | 92
@ surface without etching o | 43 | 17 | 15 | 14 | 26 | 25 | 18 | 32

@ inside with depth etching
oco 5.8 3.8 4.5 3.9 53 3.6 4.8 34

(b) Inside bond ratio with 3nm etching (at.%)

Additive| 50%

Chs | Gafs | Gl
0‘)2& gas |ethanol CHa GHa GsHe C0; +C61 +(ZtO§ +(3tOEz
Y b T = sp’ | 699 | 885 | 89.2 | 840 | 842 | 843 | 841 | 817
S X : 0 Graphtetrayne 5
TN N/ \\ / N/ \ / r\ - (spsp? hybridized) sp 103 — — 1.0 06 0.5 1.1 23
spt @80 B 70 60 50 40 30 20 1070 " s® | 109 | 22 | 18 | 61 | 67 | 58 | 61 | 68
P Graphietrayne  sptosp? sp COM | 55 | 68 | 56 | 47 | 57 | 48 | 46 | 48
Fig.6 Terary phase diagram of sp'-sp>-sp> bond for tribofilm tested with various @ || 28 || @2 || @ || & || 20 || 49 || & || &

11) oco 2.2 2.3 25 2.7 1.9 34 2.8 29

additive gas (ref., polydiacetylene'", graphtetrayne'? and cubic yne-carbon'?).
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