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Abstract

Characterization of tribofilms on steel is described in this paper. Quantitative X-ray photoelectron
spectroscopy (XPS) analysis of tribofilms formed from a polysulfide, an extreme pressure additive,
on various Cr and Ni alloy steel revealed that chemical structure and film thickness of the tribofilms
and also of the oxide films differed by the alloy compositions. In situ Raman spectroscopy analysis
of a sliding carbon steel surface lubricated with the polysulfide exhibited a precise behavior from
formation of tribofilm till scuffing due to starvation the lubricant.
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Schematic diagram of the in situ Raman tribometer
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Small area XPS analysis on the frictional and non-frictional area of the disk surface after tribotesting

Cu IR T AHALMHEED Hit/ze KRIZ, Ols D AR b
VEELDHIBIL T, WINOMEIZB VT H R LYk
ENT\ 5, C/SH T Fe ABRLY B L O/KER LY & H)
WraisbE— 22580 5, S/SH B XU H/A M Tid Fe
ALY OMIZ 531.8eV T2 Cr BRI, 5 Vid
Fe ZKIRILI L E 2 SN LY — 2 DD 5Nz,

Ni & Ni/A #Cld Ni KR b & Hlr s s ¥ —2
HRRD LI, Ni/A M TlE Fe RBILMO Y — 7 HEPIZFE
» 5Tz, Cr#Tld Cr0, LW C& % Cr REALYHTRE

DHNTz, B TR SN 5B 51, BE TR
N7z FED Fe TOWIERGR 9 & & E3F 57%, Fe-Cr-Ni
G Cr i, NiM THEALAI SN TnD 2 L5
DTHEEE SN0 ThbB, Fe-Cr-Ni REEIZBWT LR
LI & BUBIZ &0 A L 72 b A3 L T b 2 & %3
BRLTWh, FEBEmMICOWTRA E, WTFhoRE T
HEN IR AFRD SN2H, bRt S h -
720 F72, CrAE NiMOIEBEER > S I3 E L EWId e
S EN o720 BREPICOWTIE, B R O(L

#roH 8 fE 4 F #it 4045 (2016) — 104 —



SKEARE T B b T 1 KR RICOEEN

EWNTFRO ST,

WIS, R L7z B CRRALIE & SO (ki)
BED L) RIRETHF L T L 0%l 5720, C/SH,
S/S ¥ B L U Ni/A ¥ % 3 A CEEHEH O 54T 2 Fht L 720
59 (2R O 2 IRETF1%, XPS O S2p D9 Ll biH
1 (158~164eV) DIAD< v ¥ 2 71§, WAL & (164
~172eV) OAD~< v ¥y 7% AN Ols DEALY B X
UK LW (529~531.5eV) O~y X 7 iE%RT, X
(LR & IR OB R S0~y L 7ETHY, £
~ v ¥ U TMEOTE EAIEEEE, 4TI & o T
%o C/SH B LU NI/A M CIEHAL AR 1258 < B b
NWTBY, S/SHTHIFBEEE B O N D3 b
DHEEIIFE o T\ b,

—75, BERACE W LR & JEEEEE T A { A OhR
FEAEG N E72, Ols OEIL~ v ¥ 7128V TH &f
BRI SN TBY, BILWE—RRICOmLTwaE
ZZ2HNb, BEEHE T LY & AL A 2RI 5
CRRICHEELTWB I E LD, Bk & B Hs 2 <
RENE-721BTHLh, H5HVIIHILYE L Bt E
D22 > TWBUEEED B 505, ik DERFITIR
T LI 2BIZ > TBY ALY A LIZAiiE T 5 & E 2
5N5b. B, XPS DY ¥ ZI3H 40 um FEOHHFTY
T EFSTHINEZEREL TWAZD, HOK Ry MoFES
NTWBIFEDZERSEEII N L ZEEPLETH
%o

UEED, KRBTy 4 FICEhERSNIZNT AR
T AL ARG (2 F L drz, BEREE, JREEEE 4k
WL AL L, Z D I C/SHHE S/S ¥ Tld Fe %
WAL TR S, Ni/A ¥ & Ni # Tk Ni &L, Cr
FCIE Cr RO Cr8, DM S b, &, C/SHTE
S/S #TIZMI#E & b Fe AL TH LA, NI FeS,
FeS LiEWH% 1), Ni/A B & Ni T NiS, & NiS D&
WHb, TIUL, BALOEART SIZRET 58, T4

S2p(sulfide) | S2p(sulfate) Ols(oxide)

(O]
cis

@) |
S/S |

5 EEHBREOTXAVRAEDXPSvyELJ&®
XPS mapping images of the disk surface after tribotesting

@ |
NV/A ||

bEZNENOMEDFEOTIRALE EEDENC L L%
Z6N5,

B, KRBROBRTIE, BRItwEmityEo TREIC
AL TWDA, ZiUI3 L OB b & K1) v
T7 A NHPIR L T b i3 2 2 L2 E®T 550
TldZ%e\v, FIZIEHERE L CHEHRLSRIRED Fe %
Ni FH THALE BLDOSUSS AT L TREZ A Z LB HEET
E\v, RABRIIE R ANGEEFTHK T TORBRTIE W
720, FOREAHETH L, —F, FEEEHTIE, C/S
K& SISHTIX Fe &AM, Ni/A ¥ Tid Ni RO ILA Y
PR END o ALY OMERIEF055E 2RS35 72
RETHEE T LU L TV A REED H 50 7238, CrHt
& Ni B CUEIEBEIRTH L IE SIS & D\ TSR LT &
N2\,

RO CEEE R ER S M- BB KT oW C 3B HE
WOETIVEEZEZDL W, Thbb, M79ICKRTLHL)
WZEBIRREDO R E, BRILIE O HIE B X OSSO
TREET D, ZLC, TNENORBIIWERMKE L, B

Non-frictional Frictional area
0 area <_
C/S Fe-SO3R FeSo
Fe-oxide
) Fe-SOsR FeS
S/S Fe,Cr-oxide
3) (Fe-SO3R) FeS. NiS2
T
H/A Fe,Cr-oxide, Ni-hydroxide
4) NiS2
Ni/A Cr-oxide, Ni-hydroxide .
(5) NiS
Ni Ni-hydroxide
(6) Cr2S3
Cr Cr-oxide

X6 BEERES S OIFEREmOFEES SRR 1©
Schematic description of surface structure of the frictional
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Schematic description of quantitative analytical method by
means of three layer model
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Film thickness and its compositions of the surface layers on the frictional and the non-frictional area after the tribotesting
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