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Boundary Lubrication from the Viewpoint of Surface Chemistry ‘
oooo”

—Role of nascent surface on tribochemical reaction of lubricant additives— Prot. Shigeyuki MORI

Chemical properties of nascent surfaces of tribo-materials were reviewed from the view point of
tribochemical activation. In general, material surfaces are covered with metal oxides and organic
contaminants, and are chemically stabilized. Once the surface layers are removed mechanically, nascent
surfaces are formed at mechanical contact. The chemical nature of the nascent surfaces of metals and
ceramics were estimated by a method developed by the author. Chemisorption and surface reactions of
model compounds of lubricant components on nascent surfaces were monitored during friction tests in
vacuum by a quadrupole mass spectrometer. The chemical activity of nascent steel surface can be
explained by Pearson’s HSAB principle. Chemical nature of nascent aluminum surface was different from
nascent steel surface as a transition metal. Nascent ceramic surfaces exhibited so high activity that even
hydrocarbons could chemisorb on them. It was found that a synthetic-hydrocarbon base oil was
decomposed during lubrication tests in vacuum, and hydrogen and hydrocarbons with low molecular
weight were evolved under the effects of nascent steel surface and temperature rise at the contact.

The role of tribochemical process on boundary lubrication properties of lubricant additives was
discussed by the chemisorption activity of nascent surfaces of metals and ceramics based on tribological
performance of additives. For example, tribological behavior of extreme pressure additives under severe
conditions can be explained by the chemisorption and reaction of EP additives on nascent steel surfaces.
In conclusion, surface chemistry of boundary lubrication is closely dependent on the contact condition.

Key Words: boundary lubrication, tribochemistry, nascent surface, adsorption, surface reaction,

lubricant additive,

i0oddoodood

ooboooooooooboocoooooobooooon
cooobobooooboooooooooooOooobooboooon
coobobodoobooooooooboooooobooboooon
cooboooobooooooooooooooboooon
cooboboooboooooooobooooooooon
000000 1000 omAMgooooooo
ooooomBooomcOoooooooon
oooooooooooooooooboooomooon
Ooooooombmoooooooooooooo
cooboooooboooooooooooooobooboooo
cooboboooboooooooooooooobooboooon

‘000000000000000000000000000

gooboboboooooooobooboboboo
gooboboboooooooobooobobobooo

od
Load
(D) Conditions
Velocity
i > Boundary lubrication films
Adsorbed film
(A) Lubricant Reacted film

(B) Material 2 Tribochemical reaction

(C) Environment: air, corrosive gas, reactive gas,
humidity, temperature, etc.

gdboooboobooobooobobobbooooo
godo40000
Four factors for boundary film formation by
tribochemical reactions

JTEKT ENGINEERING JOURNAL No. 1008 (2010)



goooooooooooo- coooooooobooooooooboOooooooono-

JTEKT

200004000

godoobooooboooooooooboooog
godooobooobooobouoooboooog
godooobooobuoobouooboboooog
0000000000000 0000 HeinickeO OO
000000 TribochemieDOOOODOODOOOOO
gobooboobbooboobboboboobooo
gobooboobboboboobboobobooboo
0000000000 0O0HeinickeOOOOOOOO
gobooboobboboboobboobobooboo
gofdooobodooboooooooooooooog
godoooooooboooobooooooa

ogodoooooooboooooooooboooog
godooobooobooobouoooobooooog
godoooboobobuoobuoobobooooog
odooooobooombboooooooooooa
goooombobobbbobbobobobbooboooooo
oobooboobboboboobbooboboobooo
O0o0DOoooDOooOoopD2000000000
Stevens Institute of Technology O Fischer O O OO
gobooboobboboboobboobobooboo
gofdooobdoobooooooooooooooog
O000000000o00oo0O0” 0000000000
godoooboooboooooooobooooog
gooooooooo

goodooobooooboooooooooboooog
oobooboobobobobooboboooboobooo
ooboobooboboobooboboooboobooa
ooboobooboboboboobboooboobooo
oobooboobbobobooboboobobooboo
gobooboobboboboobboobobooboo
gobooboobboboboobbobobooboo
gofddoobodoobooooooooooooooog
godoooboooboooooooobooooog
dodooobdoobooooooooobooooog
godoooboooobuoobouooobooooog
godoooboooobouoobouoobobooooog
goboobooono

JTEKT ENGINEERING JOURNAL No. 1008 (2010)

ugdoudoodoo

000000000 00000Ooo"ooo00oo0oo
gobobooobooboobbooboobboobd
gobobooobooboobbooboobboobda
goobobobooooooboobooboboboo
goobobobooooooboobobobobooo
gooboboboooooooboobobobooboo
gobobobobooooooooboboboooo
gobobobobooooooobooboboboobooo
gooooobooboooboboobboobboobg
goboooobooboobbooboobbooobg
0000000000000000000 AGODODO
ggboooobooboobobooboobbooobg
gogbobooobooboobbooboobboobdg
gobobooobooboobbooboobboobd
goobobobooooooooboboboboo
goobobobooooooboobobobobooo

obobooooobooboobobobooooobogo
goobobobooooooooobobobooboo
0000oo0ooooooooooooooon AGO
goboboboboooooooboobobobooboo
gooooobooboobobooboobbooobg
gogbooooboobooobobooboobbooobg
gogoooobooboobobooboobbooobg
gogboooobooboobbooboobboobdg
gobobooobooboobbooboobboobd
gooboboboboon

obooboooooooboobobobooooogo
goobobobooooooboobobobobooo
goobobobooooooooboboboobooo
goboobmooobobooobooobooobobooobo
gobobobobooooooobooboboboooo
gooooobooboobobooboobbooobg
gogboooobooboobobooboobboobg
goboooobooboobbooboobboobg
goboooobooboobbooboobboobd

Quiality of energy

thermal < chemical < optical < electric < mechnice>
)
tribochemistry

gbobooboooooooboog
Energies for chemical reactions



JTEKT

ooooooooooooo-

ooooooooocodooooobooooooooono-

ooobooooooooooooooooooboboooon
oooboooooboooooooooobooooobboooon
ooo

oobooooooooooboocoooboooooboooon
cooobobooobooooooooooooooboboooon
cooobobooobooooooooooooooboboooon
cooobobooooboooooooooooOooobooboooon
coobobodoobooooooooboooooobooboooon
O00000o0oo0o0o0od0lkgOOoOoOO ImoOO
coooboboooboooooooobooooooboooon
cooboooobooooooooooooooooon
ooobooooooooooooooooooboboooon
oooboooooboobooooooooobooooobboooon
oooobooooboooooooooobooooobboooon
coooboboooobooooooooooooooboboooon
coooboooobooooooooooooooboboooon
coooboooooooooooooooooobooboooon
cooobooooobooooooooooOoooooboboooo
coobobooobooooooooooOooOoooboboOooon
ooooad

AUogdoudoogoogn

oo ooobooon
Jooooooooooooobobooobooboooog
gooooooooooboobobbobobobooboooon
0000000000000 D00000O0OoL99%6
000 00 WilliamsburgD O O O O O Limits of
Lubrication0D0 O 0O0O0O0O0O0O0OO0OO0OO0OOOOOOO
gboooooobooboboboboooooogooo
gboooooooboobobobooboooooogoo
gboooooobooboboboboooooogoo
goooobooboobobogoobuoobuoobooo
Jooooooooooooobobooooooooog

| Causes for Tribochemical Reactions |

[ Reaction Conditions ] [ Active sites generated at surfaces ]

High pressure Nascent surfaces
High temperature at Defects
mechanical contacts Dangling bonds
Radical sites
Lewis acid and base sites
Electrons, ions, photons

oodooooooooooooo
Causes for tribochemical reactions

gogobooobooboooobuooboobbooobg
gobboooboooobobooboobboooboon
gogbobooobooboobbooboobboobd
gogbobooobooboobbooboobboobd
goobobobobooooooobobobobooo
gooboboboooooooobobobobooo
gooboboboooooooobooboboboo
gooboboboooooooobooboboobooo
goobobobooooooobooboboboooo
goooboooboobooooboobooboboobg
gogbooooboobooobobooboobobooobg
gogoooobooboooobuooboobboobg

5000400

ooooobooooooobooboboboooobocoobooon
gboboooocooooobobooboooobooooon
gboobooooboooooOoOooooooomoooo
gobooobooooooooooooooboOoooo
gbobooobooooooooobooooobooooono
OO0D0O0OO0OO0O00OOnascent surface0 0000000
goboooboooobooooooooooooooon
gopboooboooooooooboooobooOooDo
gobooobooooooooobooooboooooDo
0000o0o0ooooOoooooooo™ooooo
0000000000000

Nascent surface (lattice defects, dangling bonds)

Organic
contaminants

~—— Metal oxides

Material

gooboobboboobooooooobooo
Surface structure and formation of nascent surface by
mechanical stimulation

oooboooooboooobooooboooboonoo
gbobooooooooooooboooooooooDo
gboboooboooooooooobooooooooono
ooooooooooooOooooooo 100001
gboboooooocoooooboboooooooonn
goboooboooooooooboooooboOoooo
goboooboooooooooooOooooOooonon

JTEKT ENGINEERING JOURNAL No. 1008 (2010)



goooooooooooo- coooooooobooooooooboOooooooono-

JTEKT

00000000000000 Bowden""00000
gobooboobbobobooboobobooboo
gobooboobbobbooboobbooboo
OOD0D0OO0OMmMNASADOJAXADODOODOODO
gbob@ooboboobooooobooooboboo
gooobooobooooboobooobobobooo
gbooooooboobobobooboooooogoo
gbooooooboobobobooboooooogooo
gboooooooooboon

Tribology under Vacuum Conditions
Bowden and Tabor

[(MIT) [(NASA)  |(UC Berkeley)
Rabinowics Buckley  (Somorjai)
Nishimura Ohmae Miyoshi |
Suzuki (JAXA) Mon (I.ECL)
Spencer Martin
Tysoe, Perry

coooooobooooooOooooboooo

Researchers who have used vacuum conditions

gooooobooboooboobobooobooo
ooboobooboboboboobbooboboobooo
ooo°"""O000o0o00o0oo0o0o0oo0oooooooo
gobooboobboboboobbobobooboo
goddooobooobuoooooooboooooog
godooobodoobooooooooboooooog
0000000000000 00 well defined surface
godoooboooobooooooooobooooog
godooobooobooobouoooboooog
godooobooobuoobouooboboooog
oobooboobobooobooboboooboobooo
O000OXOoooooooooooooooood
gobooboobboboboobboobobouoboo
gobooboobboboboobbobobooboo
O0000000000D. H. Buckley** O oooooOno
O0OO0O N.D. Spencerd J. M. MartinOQOQOQOQOO
gofdooobodooboooooooooooooog
000000000 00000000000000
godooobooobooooooooobooooog
gooooo

000 Owell defined surface 0000000000
oobooboobobobobooboooobooobooo
goboobooboboboboobobooboboobooo
ooboobooboboboboobbooobouoboo
gobooboobboboboobboobobooboo

JTEKT ENGINEERING JOURNAL No. 1008 (2010)

gobooooboobooobobooboobbooobg
goboooobooboobbooboobboobg
goboooobooboobbooboobboobdg
gobobooobooboobbooboobboobd
goobobobooooooboobobobobooo
gooboobobobooooog

e00UUOOoooooog*®

O000D00oOoo0oooooooo lloooooo
modbohoobooboboobooobooobooo
goodddoooooooooooooboooobooo
oo ooobobooboon
oo oooooooboboooboon
JoddooopoooopPOOOOOOODOOOOOm
pgobddddoooooooooooobobobobooo
gdooboobooboooobooboooobooog
gdobooobooboooobooboobobooog
gdooboobooboooobooboobobooobog
goobooobooboooboboobooboboobg
00o0oo00ooooooo PO0OD0OMOOO00m
00o0ooooA POOODDODODOODOOODODOODO
R,Omolecules/s0 0 0000000000 mMOOO
gooddddooooooooooooboooboon
g ooobobooboon
oo ooobooooboon
ool oooboboboboon
gooboooooooobbbooobobo s8sgoooggd
gdobooboobooooboobooobooog
goobooboobooooboobooboboobog
gooobooboobooobobooboobobooobg
0000000000000 0O00OTemperature
Programmed Desorption0 TPDO OO OO0 OO OQd
TPDOODODOODOODOOODODODOOOOODOOOO
00o0o0o0ooooooooooood Thermally
Induced Desorption0 0 0000000000000
pgooddddooooooooooooboboboo
0 O Mechanically (Tribochemically) Induced
Adsorption and Reaction0 00000000000
gdoboobooboooobooboooobooog
gooboooooono

oooooooooooDooooooDgo R,OoOOO
gdobooobooboooobooboobobooobog



JTEKT

ooooooooooooo-

ooooooooocodooooobooooooooono-

goobooboobobooboobboobobooboo
gobooboobbooboobooobobooboo
gobooboobboobooboobbooboo
gobooboobbobbooboobbooboo
00000000000 00O0O0oO0oOoooooo®™m
gboooooobooboboboboooooogoog
oooooooom

Variable leak valve

Load

Disk
specimen

Q-Mass

) r——— == a
Magnetic feed | ) |
through Arrows show |

| gasflow |

goddooooooooooo
Schematic diagram of test apparatus for nascent
surfaces

Vacuum chamber
C, Gas reservoir

C,POC,P
C,P,0C,P'OKTR,
Adsorption rate R,00 C, (PO P’)/kT

o o o o

0 CAP/KT
(molec./s)

C,, C,: conductance (mals), k: Boltzmann’s constant, T: temperature
R,010%°0 10" (molec./s)
VO 10" (atoms/s)

monolayer adsorption

Pressure

- chemisorption
Time

gobooobobooboobboooboo
Mass balance of gas flow and adsorption rate

Mass spectrometer

Nascent surface

gooboooboboooooboood
Mechanically induced chemisorption and reaction

goboooboboobuoobbooboooboon
gogoooobooboooobuooboobbooobg
000000000 O0O0oDOoOooDoOooooOoon™®

000D O00ooODO00oD0oooDooobooogoogo

JooooooOommooodooooooogoo
00000000000o0oooO0@OOO0 APO
goooooobooooooooooooooobooo
(cObDbhOOO0O0ObOoO0OooooObOOoOoboDbOoOooog
goobobobooooooooboboboobooo
gobobobobooooooobooboboboobooo
0000ooo* 00000000 oo0oooooon
oo ooooooboon
gogobooobooboooobuooboobogn cd
g ooooobobooboo
000000000 adsorption activitylDO O 0000 O
ool ooobooobooo
goobobobobooooooobooboboboo
00ooo*"oooo0ooooooooooooooo
goobobobooooooboobobobobooo
gooboboboooooooboobooboboobooo
goobobobooooooooboboboobooo

Intensityd 10”°A

5[ mechanical activation
[ | | !
0 20 40 60 80 100

Time, sec

In (10 AP/AP¥O O ctd 0 O

(b) Sliding time slider
Adsorbed surface Exposure time

©

In (10 AP/APY)

Qualitative analysis

Time

ooooooooooooooboobbon
Time dependence of pressure change and
semi-logarithmic relation

JTEKT ENGINEERING JOURNAL No. 1008 (2010)



goooooooooooo- coooooooobooooooooboOooooooono-

JTEKT

gobooboobbobboobboobobooboo
gobooboobbobobooboobbooboo
gobooboobooboboobo

uupooudgoodgogodd

odobooooboboooboboooboooo
O®"°'0000000000000ooooooon
gobooboobboboboobboobobooboo
gobooboobboboboobbobobooboo
gobooboobboboboobboobobooboo
oooooDoo0ooooooooooooooTCPOO
Joooooooooobooobobooboboobooog
goooooooooobbobobbbobbobobooog
gooooooooobobobbobbobobobooog
goodooooooobobobobboboboboboboon
OO00OMmMmROOPO OOOUODOODOOODOOOORSR
ORSSROODODODOOOOOOODOOOOOOODOOOO
O000000000000Pearsond Hard and Soft
Acids and BasesOHSABO O O OOOoooooooO
O0oouioMmuoooOodPearsond 000000 hard
Osoft00000hard00 0000 soft00000O0O
00000000 000000000000000
Jooooooooooboobobobobobobooboooog
hard000O0OCOCOChard0 000000 OCOOOOOO
gooooooooooboobobobobooboobooog
O0000O0soft00000000000OhhardO
OU0000OO0softU0000000O0Uooooon
oobooboobombooboooobooboooo
0000000 dodoooooooooooun oo
goboobooboboobooboboobobouoboo
00*000000000000000~00000
gooboboooobboboooobbooooobboo
goooooboobooobbooobbon-oobbob
cyclo-O 00000 OO0OOOODODOOOOOOOOO
oo @moooooogo
goddooooooooooooboboboboon

giodoooooopooboooooboboooono
goodooooooobbobobbobbobobobobooa
000000000 0oooooooooO hardOO
gobooboobobobobooboboooboobooo
ogobooboobobobobooboboobobooboo
oobooboobboboboobboobobooboo

JTEKT ENGINEERING JOURNAL No. 1008 (2010)

000000000 0ooooo0oooO softo O
gbobmooboboboboboboooooboo
gboboooooooooooobooooooooDo
gbobooobooooooooobooooobooooono
00000o000o0o0U0oOo0UO0 hard00OO0OO
gobooobooooooooobooooooooono
0000000000000 oooooogsoftd
ooooooooOoOoooooooooPOOOOOO
ooooosSooooooooooEPOODOOOOO
000000000000 0000®°0000
coooooooboooobooooboooobooooo
goooooooboooboobooooooogo
00110 0000000d0000000000nO

@ no functional group
Component |HSAB @ hard O soft |

n-hexane n-hexane '
cyclo-hexane / cyclo-hexane ,benzene |
i
\

4

propionic acid _methyl propionate '
‘propyl amlCr;V .

....................................................

....................................................

Adsorption activity, relative value

gilo0odooooobooboooooooooa

O00000dPearsond HSABO OO
Adsorption activity of model compounds of lubricant
components on nascent steel surface and Pearson’s
HSAB principle

;/'
Ve
- o4 o
g 20 ~
g8 o
? 6 5 O R
- e
<C .
= (] vz
o Ve
210 2 o
= o
3 30.°
7
4/’
e 1
0 \ L0
0 10 20

Activity on Ni surface

01100000 00ooooooooooonoog
doooooooooooo
Comparison of surface activity of aluminum and
nickel nascent surfaces for organic compounds
1. benzene, 2. ethanol. 3. n-butyl ether,
4. sec-butyl ether, 5. acetone, 6. ethyl sulfide



JTEKT

ooooooooooooo-

ooooooooocodooooobooooooooono-

gofdooobodoobooooooooooooooog
gofdoooboooobooooooooooooooog
gooooooooboboobobobobooooon
000000000 o00oooooooRrRXXOoOoOdd
godoooooobboooobooobobuooon

gooooobooboooboooboooboono
oo*0o00000000000o0O0ooooooo
goboobooboboobooboboobouoboo
gobooboobobooboobbooobooboo
gobooboobobobobooboboobobouoboo
00 dangling bondO OO OO0OOOO0OD0OOOOOO
gofdooobodooboooooooooooooog
gofdoooboooobooooooooooooooog
gofdooobooooboooooooooooooog
OO00000000OdHFC134ald CH,FCF,O0 0 OO
gofdoooobooobooobouooboboooobog
oobooboobobooboobobooobouobooo
000120 000000000000000000
O000 LewisOOOOOOOOOOOOOOOOO
oobooboobobooboobobooobooboo
goboobooboboboboobboobobouoboo
gobooboobboboboobboobobooboo
gofdooobooooboooooooooooooboog
gooooooooo

FH
( Nascent ceramic surface | | R |
Hf(‘szw"’:o— M O
MO e Gt
": olefin formation
dehydrofluorination F>C:(_~<H
F F
T
—C— Hu N —
H—C—HuN 5 c oy
M N F =GP M—] g W
F — I —
=
o
M= =
OF, o N
HH L

012000000000000CHFCROOOOOO
goooooo
Chemisorption of CH,FCF; and olefin formation on
nascent ceramic surfaces

subudbogogogogodg

obooooooooooobobOoboboooooon
cooobobooooboooooooooooOooobooboooon
coobobooobooooooooooOooOooobooboOooon

goboooboooooooooboooooooDo
gobooobooooooooobooooboooooDo
gboboooooooooooobooooooooono
gboboooboooooooooboooooooooDo
obooooboooooooooobooooooooono
gobooobooooooooobooooooooono
goboooboooooooooboooooboOoooo
goboooboooooooooobooooobooooono
gboobooooooooobooooooooooonn
gobooobooooboooooooooooooonon
oobooobooooooooobooooboooooDo
ooboooooog

oooooooTCcPOOOOOoOoOoOOOOOOPOO
oooooOooosoooooooooooooOooo
gbobooooooooooooboooooboooooDo
ooooooiaomooooooTCPOOOODDDO
gboboooboooooooooobooooobooooono
gobooobooooooooobooooooOooono
oooo TCPOOUOODOOODODOOODOODOOODO
gbobooobooooooooooocooooOooonon
OTCPOOOODOODODDOOOOOOOOOOOODO
goboooboooooooooooooobooooonon
goboooboooooooooboooobooOooDo
goboooboooooooooboooobooooDo
goTcpPOOOCOOOOOODOOOOOOOOOOO
oooooTCPOOOUDOODODDDODODOODDODO
0000000000 0000000000000
gboboooboooooooooboooooooooDo
000000000000 oDo*Bo013Mo00o0n
goboooboooooooooobooooooOooono
0000000000000 oOoo®uooooon
goboooboooooooooooooooooono
gobooooon

Polar compounds Non-polar compounds

phosphate  carboxylic acid sulfide, aromatics, olefins

]
0ol
SNPAS Donation of
T R-S-S-R lone pair
Ot t Polar interaction electrons

Oxide surface Nascent surface

(A) Mild conditions

HOODYd

(B) Severe conditions

0i3gdgbogonoooboooooo
Surface chemistry controlled by lubricating conditions

JTEKT ENGINEERING JOURNAL No. 1008 (2010)



goooooooooooo- coooooooobooooooooboOooooooono-

JTEKT

ForbesOO OO OOOOOOOOOODOOOOOO
0000000000000 0O0®0o0000000
O000O0RSSROSSOUOOOOOOOOOODODO
Oo00ooooooooooooOoooocsoon
gobooboobbobbooboobbooboo
gboooooobooboboboboooooooog
gooboooooobboooobooooooobooo
ForbresO DO OO0 0ODOOOOODOOOOODOO
RSSROOOOOOOOODOOOOCOODOOOOOOO
gbooooooobooboboboooooooogoDo
O0O0OO0OBuUSSBu BuOODOOoDOOOoOoOOoOOoOoOoOO
goOn0D00000D0tDOO00000DODDOOOO0
000000000000 00D000®* 000000
BuSSBuO OOOOOoOOOOOooOOoOOOOoOt+0oO0OOO
OOn0O00000040000000000000O
0000000000000 000oooDoooOn
OCnBu<tBuOOOOOOODOODOOODOODOO
gooooOoosSOOoUOOoOoOooOooOotBuOOOOO
gboooooobooboboboooooobooogooog
gbooooooooobobobooooooooooo
gbooooooobooboboboooooooogoo
oooooos®o

gobooooboobooobooboboooboon
gboboooooooboobobobobooomoboon
gobooboobbobobooboobbooboo
0000000®0000000000000000
gobooboobbobobooboobbooboo
000000ooooooo®g

O00000o00o0oO0HFC134a00D0O0OOO
gbooooooboobobobooboooooogooo
gooboboboboooooooooobobbbooogoo

1.0 2

08

0.6

Friction coelcient
T
i
Relative Intensity of F1s

0'475_.73 1 1 3 s 70
log (Pressure of HFC-134a gas, Pa)
01400000000000000000
goooooooood
Elect of partial pressure of HFC-134a on friction
coelJcient and intensity of fluoride

JTEKT ENGINEERING JOURNAL No. 1008 (2010)

gobooooboobooobobooboobbooobg
000000000000000O0o®*oo014000
goboogoobbboobbooboobboooboon
000 10Pa000000000000000XPSO
gobobooobooboobbooboobboobd
gooboboboooooobooboboboboo
goobobobooooooboobobobobooo
goobobobobooooooobogo

gboboooooboobobobobooooogo
goboboboboooooooboobobobooboo
gooooobooboobobooboobbooobg
gogbooooboobooobobooboobbooobg
gogoooobooboobobooboobbooobg
gogoogooo

ounugnodgogogodg

000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000 000 O multiply-alkylated
cyclopentaneD MACO 0 0000000000000
0000000SU20000000000SUI2000
0000000000000000000000000
0000000000000000000000000
00000000000%B01A5M00000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
CgHy7

friction start friction stop |
R:— CH, — CH — CyoH,,

-10

lon intensity] 10

0 ' : :
0 200 400 600 800 1,000
TimeO s

0150000000000 0000ooogoogo
gooo
Gas evolution by tribochemical decomposition of
hydrocarbon oil(MAC)



JTEKT

ooooooooooooo-

ooooooooocodooooobooooooooono-

ooboooboogoobaoboOooboOoOooOoOooOooboon
oooboooooboooooooooobooooobboooon
oobooooooooooobooboboooooooon
coobooooboooooooooobooooobooboooon
omooooooboooobooooooooooooon
O0o0ooo0oo0oooooooooo300 1o
coobobooobooooboboble@moooooboOooOon
coobobooobooooooooooOooOooobooboOooon
cobooooobooboboilivoboOooooooo
oooovooooooooooooooooood
OHertzOOOOOOODOOOOOOODOOODODO
300 200000000000000000000C0O
goooooooooo 300 l1lgooooopoo
0000016000000 0DOOOOOOXx0OO
coooboooobooooooooooooooboboooon
cooboboooobooooooooooooooboboooon
0000*®0000000000000000000
coooboboooobooooooooooOooOoooboboooon
cooboooooboooooooooooOooobooboooon
coobobodooboooooooooooooobooboooon
coooogooo

Y 40
T
S
= 30
>
o
% 20
S8
870
5.2 10
2%
[aRr=] 0
0O 1 2 3 4 5 6 7 8
Sliding velocityd 10°m/s
~ 40
s = 0.02m/s
G ® 0.03m/s
g 307 .o0.04m/s
é v 0.05m/s
I 20
S8
870
se 10
g%
[aRr=]

o ;
05 1€ 15 20 25 30
The cube root of load
critical load for the activation: 1.1N
Oile000000000O000O0O00O000
oooooooo

Dependence of desorption amount of hydrogen on
sliding velocity and the cube root of load

10

\Y

ball .
active area

disk

Uivoooboobooboooo

Parameters for active site formation

ioggognd

000000 FischerDOOD02000000MM0O
gobooobooooooooooooooooooon
gobooobooooooooobooooooooDo
gbboomooobooobgooobooboooboo
gobooooboooooooooboooooooooDo
goboooobooooooooobooooobooooono
goboooboooooooooobooooooooono
goboooboooooooooobooooooooono
gobbooobooooooooobooOooooOoooDo
gbobooobooooooooooocOooooOooono
goboooboooooooooooooooooono
gooobooboooosuoboboooooooogon
gboooooooooooboboooooboooooo
goboooboooooooooboooooooDo
gobooobooooooooobooooooooDo
goboooobooooooooobooooobooooono
goboooboooooooooobooooooooono
gobooobooooboooooboooooooooDo
goboooboooooooooobooooooOoooon
gobbooobooooooooobooOooooOoooDo
goboooboooooooooobooooooooono
goboooboooobooooooooooooooon
gboooooooooobdoboobooooooon
gobooobooooooooobooooooooDo
gbooboooooooooooboboboogoooDo
gobooooboooooooooboooooooooDo
goboooobooooooooobooooobooooono
gobooooooono

cooooooooooboobobooboooboooo
gobooooboooooooooboomoooooon
gbobooobooooooooooocOooooOooono

uobmooobomooboooboooooooooon

goobobobooooooobooboboboobooo
goobO0obOobO0oooooDoooooobobobooo

JTEKT ENGINEERING JOURNAL No. 1008 (2010)



goooooooooooo- coooooooobooooooooboOooooooono-

JTEKT

gobooboobbobboobboobobooboo
gobooboobbobobooboobbooboo
gobooboobobooboobmoboobooobo
gobooboobbobobooboobbooboo
gboooooooobooboboooo
obobobooooobooboobobobooooon
gbooooooboobobobooboooooogoog
gboooooobooboboboooooooogoo
gboooooobooboboboooooooogoo
gboooooooboobobobooooooogoo
gobooboobboboboobboobobooboo
gobooboobbobobooboobbooboo
gobooboobboboboobboobbooboo
gobooboobbobobooboobbooboo
gobooboobbobobooboobbooboo
gbobooboi1z000000000o0booooDg
gbooooooboobobobooboooooogooo
gbooooooboobobobooooooooooo
gboooooobooboboboooooooogoo
gbooooooboboboboooooooogobo
gobooboobbobobooboobobooboo
gobooboobboobooboboooboo

gobooobooobooo ... goboooo
gobooboobbobobooboobbooboo
000000000000 000000*70Bowden-
TaborOUOODODOUOODODOD0OOODOOOOOOOOO
gobooboobbobobooboobbooboo
gbobooboobbobobooboobbooboo
gboooooobooboboboboooboooooo
gbooooooboobobobooboooooogooo
gbooooooboobobobooooooooooo
gboooooobooboboboooooooogoo
gbooooooboboboboooooooogoo
gobooboobbobobooboobobooboo
gobooboobboboboobboobbooboo
gobooboobbobbooboobbooboo
gobooboobbobobooboobbooboo
gobooboobbobbooboobbooboo
gbooooooooboboboboooobooogooo
gbooooooboobobobooboooooogooo
gmoboboboboobooooobooooboboo
goooooogo

JTEKT ENGINEERING JOURNAL No. 1008 (2010)

goog

00 G. Heinicke: Tribochemistry, Carl Hanser Verlag
0 1984[1J

O0OT. E. Fischer M. P. Anderson, S. Jahanmir and R.
Salher: Friction and wear of tough and brittle
zirconia in nitrogen, air, water, hexadecane and
hexadecane containing stearic acid, Wear, 1241 19880
133.

Joo00o00ooooooooooooooD 24000 6
(1] 200310

O0OM. C. Shaw: Mechanical activation —a newly
developed chemical process, J. Appl. Mech,, 151 194801
37

OOH. A Smith and T. Fort, Jr. Some properties of
surface films formed by adsorption of
n-nonadecanoic acid on mechanically activated
metal surfaces, J. Phys. Chem,, 62 1958(519.

OO0OF. P. Bowden and T. P. Huges: Friction of clean
metals and influence of adsorbed gases, Proc. Roy.
Soc., A1721 1939[263.

OOL. E. St. Pierre, R. S. Owens and R. V. Klint:
Chemical effects in the boundary lubrication of
aluminum, Nature, 2021 19641204.

OO0OD. W. Morecroft: Reactions of octadecane and
decoic acid with clean iron surfaces, Wear, 18 19710
333.

OOl L. Goldblatt: Model for lubrication behavior of
polynuclear aromatics, Ind. Eng. Chem., Prod. Res.
Develop,, 10 1971[270.

000 D. H. Buckley: Surface EDects in Adhesion, Friction,
Wear and Lubrication[J 1981Elsevier.

00ON. Ohmae, J. M. Martin and S. Mori: Micro and
Nonotribology[] 20050ASME Press.

000 S. Mori, M. Suginoya and Y. Tamai: Chemisorption
of organic compounds on a clean aluminum surface
prepared by cutting under high vacuum, ASLE
Trans., 25, 21 1982[261.

000 S. Mori:  Adsorption of benzene on the fresh steel
surface formed by cutting under high vacuum,
Appl. Surface Sci., 271 1987[401.

jjgboboooobobooboobobobooooboa
[0 1982[211.

oo oooooboboboooooood
000000 33000 80 [0711988C585.

oo oooobobobobooooood
000000000 36000 20 0171991130.

jlooooooooooooooooobooooooooo
0 38000 10 0 (11 1993(884.

n



JTEKT

ooooooooooooo-

ooooooooocodooooobooooooooono-

[fooboobOooboobOoobUoobOoOobooboo
69 000 12 0 17 1999(1025.

jfooboobo0obOo0obOo0obUo0obOooboobDoo
00000045000 12 0 J 20000859.

jjgbobobooboooobboooboboooobboooooo
Joooooooogbssddn 12002010000 .

D0OR. G. Pearson (ed.): Hard and Soft acids and Bases,
Dowden, Huchinson & Ross, Inc.00 1973[1]

000S. Mori and M. Yoshida: Decomposition of aromatic
compounds on cut nickel surface, STLE Trans, 31

(] 1988[128.
0ooS. Mori and Y. Imaizumi: Adsorption of model
compounds of lubricant on nascent surfaces of mild
and stainless steels under dynamic conditions, ibid.,
3100 1988[449.
[foobooboobooboobUoobOooboobooo
00oooooooooono 12000 5011991278,
000 X. Wu, P. Cong, H. Nanao, K. Kobayashi and S. Mori:
Chemisorption and Tribochemical Reaction
Mechanisms of HFC-134a on Nascent Ceramic
Surfaces , Langmuir,Vol.18, No.26[1 2002[(10122.
000OH. M. Ghose, J. Ferrante and F. C. Honecy: The
effect of tricresyl-phosphatel] TCPO as an additive
on wear of lrond Fe[T1 NASA TM 1001081 198711
00O M. Tomaru, S. Hironaka and T. Sakurai: EQects of
some chemical factors on film failure under EP
conditions, Wear, 400 1977(141.
ooo0o0o00o0o0oOooooDoorRZGOOOOOOO
0ooooooooooooobbooooooooo
0000000000000 000 54000 40120090
293.
0O E. S. Forbes, K. G. Allum, E. L. Neustadter and J. D.
Reid: Load carrying properties of diester
disulphides, Wear, 151 1970(841.
0O E. S. Forbes: The load-carrying action of organo-
sulphur compounds —A review, ibid., 151 197087.
000 T. Kubo, I. Minami and S. Mori: Investigation of
tribochemical reactions by organic sulfides on
nascent metal surfaces, Tribology Online, vol. 2, no.
30 2007089.

jloooodoooooooMQLOODOUOOOoOooooo
0 0O 0 0O 0OO0JTEKT Engineering Journal, no. 1007
00 2009[2.

000 J. Shibata, T. Wakabayshi and S. Mori: Adsorption
characteristics and lubricating performance of
coolant components in cold rolling of aluminum ,
Tribology International, 400 2007748.

000 Peihong Cong, Hidetaka Nanao, Jun Imai and
Shigeyuki Mori: Tribological behavior and

12

tribochemical reactions of alumina in HFC-134a
environment , Tribology International, 351 2002(1145.
000 Renguo Lu, Ichiro Minami, Hidetaka Nanao and
Shigeyuki Mori: Investigation of decomposition of
hydrocarbon oil on the nascent surface of steel,
Tribology Letters, vol. 27, no. 11 2007(25.
l0o0oo00ooooo0ooooooooooooon 8nod
0000000000 oo 1997015,
Oooooooooooboobooboooooooooono
0000000000 51000 300200622310

JTEKT ENGINEERING JOURNAL No. 1008 (2010)



