2 0 JUL 2005 BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON .5 [ 0001
This invention relates to a lubricant oil conposition for internh8 JUL 2005
conbustion engines and a friction reducing nethod for internal conbustion
engi nes and, nore specifically, relates-to a |lubricant oil conposition
useful for reduction of friction |loss and inprovenent in fuel econony in
aut onot i y | nte éiitgﬂgﬁgﬁkggs, particularly a lubricant oil
conposi t20hk 2 3 engi nes suitable for |ubrication
of diesel engines equipped with an exhaust gas recircul ation system
(hereinafter often referred to as "EGR'). 100021 Lubricant oils are used
for slidg ;Jp@ﬂtqhggHﬁnngpB%Nconbustion engi nes, for exanple, piston
rings, C%g er tiners, crankshafts, bearings for 15 connecting rods,

val ve system nechani sns including cans and valve lifters, and the |ike.
However, because of their large energy |loss by friction, in general,

vari ous [080hhi quekhihawenbioarreitesctioophdricant @il oompokigionrfoc tnterndloss and

i nprove the fuel egconony. As a frictjon reducing agent to be added to

| ubr i carfiorgpyssionEngirgh AW & Fection wdremedBetoddpe HiteNal CommsEamt oi | s,

for exanple, attention is~-paj,d to 20 organic l.ybdenum co unds, and a
conbi natTisie sk G PRES B e s Sl D CR AT & Weeel e

(e.qg., ; i B : i i gani c

o1 ybiercena i St R RS MRy o RS i fu BB BB fiPE N Fon no.

S5- 83599)in®?ﬂaltdlﬁn$ﬁ§tbnf@gﬁ168§FMi@hWQ8@flhbrl-@nﬁofl rdogipoBition estuaterfalagent
different fromthe organic nol ybdenum conpounds, further, a 25
combionatdoombustiogl epgenes|sugtablei far lebieationfoff diesehengdings ehuippgdniich @opper
conpound (e.g., Kokoku.publicatjon No, 3-77837), compi nat i on of

pent aer y¥RANSIEASTFEIFCUlaliR: Yt OB tercOfEan 1ok ?Fgg%%t]@GBKé}koku
publication No. 55-80494), and the |ike have al so been proposed. 2 8 JUL
2005 '

[0002] Lubricant oils are used for sliding parts of internal combustion
engines, for example, piston rings, cylinder liners, crankshafts, bearings for

15 connecting rods, valve system mechanisms including cams and valve lifters, and
the like. However, because of their large energy loss by friction, in general,
various techniques have been developed to reduce the friction loss and improve
the fuel economy. As a friction reducing agent to be added to lubricant oils to
reduce the friction coefficients of lubricant oils, for example, attention is paid to

20  organic molybdenum compounds, and a combination of organic molybdenum
compound with metallic detergent (e.g., Kokoku publication No. 6-62933), a
combination of organic molybdenum compound with sulfur compound (e.g.,
Kokoku publication No. 5-83599) and the like have been proposed. As a friction
reducing agent different from the organic molybdenum compounds, further, a

25  combination of glycerol partial ester of fatty acid with organic copper compound
(e.g., Kokoku publication No. 3-77837), a combination of pentaerythritol with
succinimide or zinc dithiophosphate (Kokoku publication No. 55-80494), and

the like have also been proposed.



-2 [00031 However, the production of soot resulting frominconplete
conbustion of diesel fuel cannot be avoided in a diesel engine, udBiké 40
gasoline engine, and the engine oil is contam nated with the produced
soot. Accordingly, conventional frieRi-on reducing agents such as organic
nol ybdenum conpound, 5 am ne conpounds, am de conpounds and the |ike

i nvol ve ﬁ 6 ffi C'ﬁﬁ‘}/{ in é_gat suff'}ci ent effect cannot be exhi bited due
to the ilAPY¥ence HAVEYRE, tisdirodHcinn of sept resping &ropmangamapleconony of

kokoku panlienpnan el Fudlshd SARBA T » alBkEhneilE FhBa Bhflifet e

okoku . S . |
11 eupol nghie, BHE VEOEAGA: 01 8 ORRIMYAI DG (REARIEE] Qbor. | REUTLNID

em ssion dare’increasi required, Is requested in Jap Tor

exanpl e,cohPentigad \fectibe rédifling apauspidioms fgadieselyRRasaneéenpoand, by
14.9% on the average (conpared with 10-15 node fuel consunption/'95)

f r omst hen200 SomuhdsGhidercanygoundstaaldithe lika involvhe diRHsiretiabs t he
nmeasur es Qf ,redug‘id:ng m ssions from dj esel engines, the _soot in oil

NOXx em ssi
i s stil ISuffiedpeiefterst Canpigreasstibited due i Hie vflugags al digsroskin g To
pi stons/.cylinders. by the soot.,..and the fuel .econony effegct,.by the
et cor ontbutli sl eroenAbrigE ratfes. SRl tRBRTE NG b1 Rkl
i ncr easi L gn BNt O0f1 . LY, igues for
di esel 20 éﬁgﬁeﬁgﬁg{(?'g;’ %%$1€ﬁ%@6&g)3gﬁg§n§nlt ﬁg?’i?)ﬁlﬁ% cantﬁrgp?&ccgrrposi tions
for internal conbustion engines capable of reducing the wear in the
presence of soot is desired. SUVWARY OF THE | NVENTI ON 25 [0006] The
subjlect [8004]hi s Framrthe ovewgoindoppwviedtom off ghobiat avarmoing, measyospt i on

capable of reducing frjction of internal, conbustion engines even jn the
pr esencdSHiCiRg 1SS OB ATEiAGT R HBELY; waaﬁﬁﬁear@s B SRAERiSH 1BIaPHBITOT s JUL .

2005 example, to improve the fuel consumption of diesel passenger cars by 14.9% on

the average (compared with 10-15 mode fuel consumption/’95) from the 2005.

15 [0005] In the installation of the EGR system as the measures of reducing
NOx emissions from diesel engines, the soot in oil is still increased to aggravate
the wear of valve systems and pistons/cylinders by the soot, and the fuel
economy effect by the friction reducing agent cannot be fully exhibited. There is
an increasing expectation for development of fuel economy techniques for diesel

20 engine oils, and the development of lubricant oil compositions for internal
combustion engines capable of reducing the wear in the presence of soot is |

desired.

SUMMARY OF THE INVENTION

25

[0006] The subject of this invention is to provide a lubricant oil
composition capable of reducing friction of internal combustion engines even in

the presence of the soot resulting from incomplete combustion of fuel,



3 particularly, a lubricant oil conposition suitable for diesel engines
equi pped wWith EGR. (0007] In the view of the problems of the pridt Jak #85
as descri bed above, the 5 present inventors have found, that a |ubricant
oi | conposition obtained by mxing aXonionic surfactant with a

speci fied al kyl ene oxi de added thereto with a lubricant base oil is
effective even under, a lubricating.conditions with soot in .the oj], and
an enharRagdcylarly aitrbra@akﬁ@alr@r@?q%&n %.‘F?bé%?@xwﬁﬁqte@&lw caymnes Withg  its

hydr ophi i pophile balance ("HLB") val ue and nol ecul ar wei ght, reaching
io the ﬁ‘Bi’eti on of this invention on the basis of such a know edge.

[ 0008] This invention relates first to a lubricant oil conposition
conprising a lubricant base oil incorporated with 0.01 wt% or nore,

based onf000®] t ot dh thewighof die prlodldrdof drRiricr drtscayiastibe@abové, the
noni onic surfactant with al kylene 15 oxi de added thereto consisting of at
| easts ornmesamipovendonsi iavednukil,Bhetd Wdbrafant 08 compusitéomobtameadedhyght aver age

nol ecul ar . wei ght (hereinafter referred.to @g{ "nol ecul ar wei ght", for
short) dJPiaRY adionesie suiee@ot with aspeeiastt alklens iide added Hwrgtorwith

17 et o, LECh P Do ol o200k 0 el SONBISL LA, 08 158 50PRY 1 o
parts I sueght @ Bﬁteﬁﬁaﬂ%e‘dhfr?c?x%"n rBH&?iﬁgtaeffeEt %%gﬂpﬁy?ﬁfb%d%r@d%ﬁfolﬂﬁ , using

a lubricant oIl conposition for inter o ustion engrnes conprising a

| ubri carits ktg&ﬁ@?nﬂé lipophilpbaianesd ("MLB " Pville whdomeoleciiE eveiflas eshcig he
total weight of the |ubricant oil conposition, of a nonionic 25

sur f dct ghe coinphetadkgf emeinention addbd basieoétsuck arksiostledge.of at | east one
conpound with an HLB val ue of 15 or nore and a nol ecul ar wei ght of 900
or nore in the presence of the soot inoil. 2 UJUL 2005 -4

[(0008] This invention relates first to a lubricant oil composition comprising
a lubricant base oil incorporated with 0.01 wt% or more, based on the total
weight of the lubricant oil composition, of a nonionic surfactant with alkylene

15 oxide added thereto consisting of at least one compound with an HL.B value of
15 or more and a weight average molecular weight (hereinafter referred to as

“molecular weight” for short) of 900 or more.

[0009] This invention relates secondly to a friction reducing method for

20  internal combustion engines comprising, in an internal combustion engine in
which a lubricant oil for sliding parts is contaminated with soot present in
combustion exhaust gas, using a lubricant oil composition for internal
combustion engines comprising a lubricant base oil incorporated with 0.01 wt%
or more, based on the total weight of the lubricant oil composition, of a nonionic

25  surfactant with alkylene oxide added thereto consisting of at least one compound
with an HL.B value of 15 or more and a molecular weight of 900 or more in the

presence of the soot in oil.



[00101 As described above, this invention provides a |ubricant oi

conposi tion for internal conbustion engine conprising a |ubricant fase
oil incorporated with an al kyl ene oxi de-added noni oni c sur f act arft8 JUL 2003
consisting of a conmpound with an HLB yalue of 15 or nore and a nol ecul ar
wei ght of 900 or 5 nore, and a friction reducing method for internal
conbustion engine using this lubricant oil conposition for internal
conbust i @916hgi neAs dasudiied sboivey i 1mmlbnﬂgﬁdmdss 4 hebricant oW ng (1) to (7)
as preferabl e enbodi nents. [00111 (1) A lubricant oil conposition for

i nt er nal cappdUEON dor mm@;mﬁb@ombmtmmgm@gomprushg abbreanhbasei ¢il t he

al kyl ene, oxi de- added nonionic surfactant is forggd of a conpound

Cﬁnpr.s.wggmratﬁ ’it]P?E Glﬁﬁ%lﬁlﬁc%’é‘ﬁ rwamm@sa BEABt CsANG k3 oduced
t t I
oxi de. or SuppORY HEBE HiSs VAR BRI ARCH! st pile frwekup B B e
conbugst | 131’6&@ %glﬁrbeﬁlctféﬁ%?gélﬂg rﬁ@thhﬁ%laffﬁéﬁa%"&ﬁﬁﬁhﬁﬁﬁ"@n h&yk his

oxi de-ad noni oni ¢ surf act contalns a ast one onpo d sel ected

f rom t heluriosn &OB@H@bBl@@n(IBr bRl sombussesegines did thiveinvehtion ng
general fornul ae 20 Chemical Formula 1 R-0-(R O)rH (1)

Chemi cal inFolveslthe %olhﬁvmg (dI))(Do (1) Ryopferablelem)boddeniscal Fornul a 3
[ R3-000}p Y-E-O-{R30)r HI q (IIl) 30 2 8 Jul. 2005 5 Chem cal Fornula
4

[0011] (1) A lubricant oil composition for internal combustion engines
10 according to the above wherein the alkylene oxide-added nonionic surfactant is

formed of'a compound comprising a lipophilic group component having a bond

group introduced thereto and a hydrophilic group component and containing an

alkylene oxide group.

15 [0012] (2) A lubricant oil composition for internal combustion engines
according to the above wherein the alkylene oxide-added nonionic surfactant
contains at least one compound selected from the group consisting of

compounds represented by the following general formulae (I) to (VI).

20  Chemical Formula 1

Chemical Formula 2
Chemical Formula 3

30



R;- N<(R40)~ - H (R50); H 5 Chem cal Fornmula 5 R5-N-R66 N<(R70}" H
(RBOH (R60)r- H (V) 10 Chem cal Fornula 6 R6- CON<(R90) m H (Rlogg-ﬁ] (Vdﬁ)
15 100131 In the above general forrmulae (1) to (M), 1. R, R2, , ﬁz?
R5 and R6, which may be the sane or different, each represents an al kyl
group having 8 - 30 carbon atons; an al kenyl group having 8 - 30 carbon
atons; an aromatic hydrocarbon group having 6 - 30 20 carbon atons; or an
aromati ¢_hydrocarbon group substituted by at |east one alkyl group or

al kenyl ghemcHIArAgl84- 24 carbon atoms. 2. R22 represents hydrogen at om
or -OCR2. 3. R - R10, which may be the sanme or different, each
represents an al kyl ene 25 group. 4. mand n, which may be the sane or
different, each represents the 20 JUL (R g-6 polymerization number of
al kyl ene oxides. 5. Y repr esentB“—t—ﬂ\b(Zr‘é ll;{)art of a pol yhydric al cohol
conponent. s 6. p and g each represent3s‘gr i‘nteger of 1 or nore, and the
total thereof is not nore than the nunber of hydroxyl groups of the

pol yhydri c al cohol .

Chemical Formula 5

(R,0—H
R*—N—R.~—N 7 m
I % <(R80);1—H
10
Chemical Formula 6
(R,0—H
RE—CcON 7™

15 [0013] In the above general formulae (I) to (VI),

1. R, R? R’ RY R’ and RG, which may be the same or different, each
represents an alkyl group having 8 - 30 carbon atoms; an alkenyl group
having 8 - 30 carbon atoms; an aromatic hydrocarbon group having 6 - 30
20 carbon atoms; or an aromatic hydrocarbon group substituted by at least one

alkyl group or alkenyl group having 8 - 24 carbon atoms.

2. R represents hydrogen atom or —~OCR2.

3. R'-R', which may be the same or different, each represents an alkylene

25 group.

4. m and n, which may be the same or different, each represents the



7. R55 represents an al kyl ene group. to [0014] (3) A lubricant oil
conposition for internal conbustion engines according to the abgy € 1L 7005
wherein R, R2, R, R4 R5 and R6 in the above general fornulae ?}ﬁ) U[o
(VI), which may be the sane or differemt, each represents an al kyl group
or al kenyl group having 17 - 24 carbon atons. 15 [0015] (4) A |ubricant

oi | conposition f.or..internal stiqQn.engines according to the above
wherein R ,po@pe%%tlﬁ?u@@e%ﬂﬁa%fe%ﬂyﬂesare the sane or different, each
represents a phenyl group substituted by at |east one al kyl group or

al kenyl group having 8 - 18 carbon atons. 20 [0016] (5) A lubricant oil

conposi t §0rY tepresdtitethraframepaussf @pol@hgﬂﬁé%looﬁ@t%ﬂ?@ﬁeﬁt@ the above
wherein at | east either the polynerization nunber o al kyl ene oxi des m
or n in the al kyl ene oxi de-added noni onic surfactant is 15 or nore per
nol ecul e, 25 100171 (6) A lubricant aojil conposition for .internal

combusst i &n Pt h8ach Epreseatsian e dnormoph andithe toteh thereglos nebr e,

based on the tqtal ,weight of. the |ubricant.oil osition, of zinc

G o) Kyt di ¢ A Al atbeghs nydigeif BlaspR Y o RYBER sty pe

et hyl ene- propyl ene copolyner, and 0.01 - 0.5 wt% of succinimde in terns
of nitrogen are further mxed to the lubricant base oil. 28 JUL 2005 -7

[0018] (7) RAstepresdmdai atiydemogimriphod for internal conbustion engines
according to the above wherein the soot content in oil in the internal
conbustion engine is 0.1 wt% or nore. 5 DETAI LED DESCRI PTI ON OF THE

PREFERRE oDl S 019] .This invention is furt . d 1 bed i
o ED08AT LGN Adwbricand biksqmpesition for mtérnal combustion engines |

according to the above wherein R', R% R®, R* R’ and R® in the above general
formulae (I) to (VI), which may be the same or different, each represents an

alkyl group or alkenyl group having 17 - 24 carbon atoms.

15 [0015] (4) A lubricant oil composition for internal combustion engines
according to the above wherein R', R% R’ RY, R’ and R®, which are the same or
different, each represents a phenyl group substituted by at least one alkyl group

or alkenyl group having 8 - 18 carbon atoms.

20 [0016] (5) A lubricant oil composition for internal combustion engines
according to the above wherein at least either the polymerization number of
alkylene oxides m or n in the alkylene oxide-added nonionic surfactant is 15 or

more per molecule.

25 [6017] {6) A lubricant oil composition for internal combustion engines
according to the above wherein 0.01 wt% or more, based on the total weight of
the lubricant oil composition, of zinc dialkyldithiophosphate, 0.01 - 30 wt% of a
non-dispersion type ethylene-propylene copolymer, and 0.01 - 0.5 wt% of

succinimide in terms of nitrogen are further mixed to the lubricant base oil.



[ 0020] The | ubricant base oil as the conponent of the l|ubricant oil
conposition of this invention is not particularly limted, and an%laglge 2005
which is normally used as the base oil for lubricant oils for ernal
conmbustion engines can be used. In other words, it may be a mineral oil,
a synthetic oil or a m'xture 1s thereof. A vegetable base oil is also

bl e. As 4 h '
gi?veﬁt h%i ! gta)tf?“ e ?re dﬁ&ggégéetjrqog?gﬂrﬂ%% Fg%%y gﬁﬁgal?@)r}efreatl ng a
| ubri Ca”ﬁchré | @he @Bbﬁé Wér@}ﬁ tlﬁé‘ﬁ’od’t%%%ﬂt% il il tﬁ& ¢nt@tndl R8niuzRBRNET i C
distillation residual oil a 20 paraffi internediate or naphthene

base crudggiatlis 0yl wek cﬁrfmareprocess opti onal |y selected fromvarious
purification processes, e.g., solvent refining, hydrocracking, hydrogen
treating, hydrogenation extraction, catal yt| c dewaxing, clay treatnent

AN e DR ARSI REGRS

resulting 25 deasphalted oil by the above purl fi catl on process a m neral

il obt b t t th f b
ised, AWkt i BBy sicihis TliBhr 46 %%Eqan%emfb%‘p&-?rﬁmf byl

pyrolidone or the like is used in the above solvent refining, while

| i quefi ed propane, MEK/toluene or the like is used ~8 J UL 2005 as the
sol vent for solvent dewaxing. In the catal ytic deasphalting, for exanple,
shape sef ggticmg BRelofile or the like is used as the deasphal ting catal yst.
[ 00221 Exanples of the thus-obtained refined mneral oil include light 5
gravidgy neutral oil, mediumgravity oil, heavy-gravity neutral oi

bright sjou2] andrThdabrideat basdoil heds &tﬁﬁpoxﬁ@itezfﬂtﬁé subd@npoaper |y mi xed
so as to satisfy required properties, whereby the mneral base oil can
be prodummdpo$6023ﬁkExanpmﬁsnD$IKm@aﬁynﬂméyhunbabandmhynnmhuhehpely
a-olefin o Y - hexene)., pol y(1-octene)

pol y( 1- dB® f e@as taﬁﬁmﬁ? QEIJ% %hi&a@BP]Sforp'é‘f‘%@l]t‘é‘?fébu%lq{wllﬁﬂ?%ne

(e.g., dgéjne ? 1 oethert g}orélsd etc%lal);%nzenenergl 81% a synthetic oil or a mixture

15 thereof. A vegetable base oil is also usable.

[0021] As the mineral base oil, a mineral oil such as solvent-refined
raffinate or hydrogen-treated oil obtained by treating a lubricant fraction
obtained as the vacuum distillate of the atmospheric distillation residual oil of a

20  paraffin, intermediate or naphthene base crude oil by use of a process optionally
selected from various purification processes, €.g., solvent refining,
hydrocracking, hydrogen treating, hydrogenation extraction, catalytic dewaxing,
clay treatment and the like; a mineral oil obtained by subjecting the vacuum
distillation residual oil to solvent deasphalting, and treating the resulting

25 deasphalted oil by the above purification process, a mineral oil obtained by
isomerizing a wax content; and a mixture thereof can be used. An aromatic
extractant such as phenol, furfural, N-methyl pyrolidone or the like is used in the

above solvent refining, while liquefied propane, MEK/toluene or the like is used



et hyl hexyl ) benzene, di nonyl benzene, etc.), polyphenyl (e.g., biphenyl,

al kyl ated polyphenyl, etc.), alkylated di phenyl et her, alkylated ZBJULZMS
di phenyl sul fide, and derivatives thereof; esters of dibasic acid
phthalic acid, succinic acid, 15 al kyt8uccinic acid, aIkenyISUCC|n|c

acid, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric

bot vl ar caRure ?Kﬂgé‘nyﬁ%%%ﬁ’ep Hé\%ﬁ% Tnfhe e ﬁfgi‘deva §gafdc%%gﬁ4ﬁe(e J
et hyl eneghysodeledivel 20l N80t Ao lsdjseafaglt@@@@i PﬁQitm

propyl enegl'ycol, etc.); esters of nonocarboxylic acid haV|ng 5- 12
carbon atons mnth polyols 20 (e.g., neopentyl glycol, trinethylol
propane, pentaerythritol, dlpentaerythrltol trlpenthaerythrltol etc.);
And pol y&&%ﬂkyl chacupjescy i ahyony e hecdyiceral ojorehice ight

pol yoxyal k Iene coI eth hosph silicone oil an like.
100241 T ‘11%1?‘? t011b ‘cblinrg XHY F&?F% &R 1 NeH A 04l 39@%5@9 oil 25

dooi red ATEREERE el bl SHIRLAR 48brBpafy pliS8T b i o RAUEF byt ©
i nt er nal peERHS], Imrewmemn&almem BHPBS bRStuckar exanple, - the

ki nemati ¢ viscosity at” 100 of the base oil is adjusted in a range of 2 -
20 mR/s, preferably 3 - 15 er/s When the kinematic viscosity of the
| ubricant base oil is too high, the agitation 28JUL2005 -9 resistance

and the (¥83Hici enExamules ef thersynthaticebasy eiloaghueinoly abeledatali tm)nﬁ@gl on
i d t f uel t t i
bel ol t hé aéiysiyéﬂ%%é'f&oﬁ T hediiens): BpBAI Bomie) L s deh Lt TR heaot ors,
i st |
Por eas eloHB g Ay R (G o B B B OF. "2 T ene
oxi de- ade@mmyu}mh,@e@ﬁmﬁiﬁmnzeﬁedetag p ngpﬁ@ﬁaneegﬁtblpﬁ@nﬁf aﬂ&j@ated

| ubricant o0il conposition for internal ustion engi ne of
i nvent i opolyphenyl, etc.), alkylated diphenylether, alkylated diphenylsulfide, and

derivatives thereof; esters of dibasic acid (e.g., phthalic acid, succinip acid,

15 alkylsuccinic acid, alkenylsuccinic acid, maleic acid, azelaic acid, suberic acid,
sebacic acid, fumaric acid, adipic acid, dimmer linoleate, etc.) with various
alcohols (e.g., butylalcohol, hexylalcohol, 2-ethylhexylalcohol, dodecylalcohol,
ethyleneglycol, diethyleneglycol, diethyleneglycol monoether, propyleneglycol,
etc.); esters of monocarboxylic acid having 5 - 12 carbon atoms with polyols

20 (e.g., neopentyl glycol, trimethylol propane, pentaerythritol, dipentaerythritol,
tripenthaerythritol, etc.); and polyoxyalkylene glycol, polyoxyalkylene glycol
ester, polyoxyalkylene glycol ether, phosphate, silicone oil and the like.

[0024] The lubricant base oil can be produced by mixing the above oil
25 bases independently or in a combination of at least two so as to have desired
viscosity and other properties. For the lubricant oil for internal combustion
engines of this invention, for example, the kinematic viscosity at 100 of the
base oil is adjusted in a range of 2 - 20 mm?/s, preferably 3 - 15 mm?/s. When

the kinematic viscosity of the lubricant base oil is too high, the agitation



contains at |east one conpound having at |east one al kyl ene oxide group
-(RON- Hin the nolecule forned of a |ipophilic group conponent @fdjia 2005
hydrophilic group conmponent, which has an HLB value of 15 or nore and a
nol ecul ar  wei ght of 900 or nore. |5 {9D026] The |ipophilic group
conponent is not limted, and any one, which is normally used as a

|Ip0phI|IC up oni.c .S ant and,can. attain the
pur pose 81815 c§ %“ﬁi}gg 6&01@&@1’3@10@&1 |1%ﬁéﬂuli’3§fﬁ9 RAPEGubFiGatipn f)%ﬂ?l ic
group ¢ f t

at ur at e 2 B R SR e e B B e bR ocar bon
or an argyRleirangOIMHE KeAF apﬂldmglpagtstsh@hab 'v@ﬁ@ts'y§tehi/§j'p@§§ﬁli3mgsas si de
chain to which at | east one bond group such as ethér (-0-), ester

(- COO ) , bemnings agid Niepringsrofimté¢@a@Nepmbustiomensiaes (s-lﬁc)casedhl oani de (- SON<)
or the like is introduced. Exanples of the hydrophilic conponent include
raw rfat eri al s such as al kyl oxi de, polyal kyl ene 25 glycol, sorbitan,
glycerin [ 00271 The aIkerne oxi de- added
noni oni srrponent of the lubricant oil

conp05|t|on for |nternal conbustlon engi nes of this invention contains
at | east one conpound haV|ng a basic chem cal structure 30 as descri bed

3L 200500285 75 BRI RrE o FrifE 8BRS Sﬁlqﬁfg%ﬁﬂi%ggéhfﬁﬁ%dwﬁgéﬁ%‘ﬂgi * 0
el oy (rahe |ouag bil & sflﬂléﬁifmn?&ﬁ orfBRichSeri RE6P s SRR

property 28f I'n the description o I's invention, eratio

(mol ecul @ntaigs ghleasf onebedingowmhhhviaggi dasgt pag hYleér&C@bth: g1y h{R O, -
surfactant) cal cul ated according to the nmethod proposed by W C. Giffin

[J. SOC.H o éhmemodeatte farses] ofia lipgphidicigroun gagippnest anthpthydrephilibe HLB

val ue.

group component, which has an HLB value of 15 or more and a molecular
weight of 900 or more.
15
[0026] The lipophilic group component is not limited, and any one, which is
normally used as a lipophilic group component for nonionic surfactant and can
attain the purpose of this invention, can be optionally selected. The lipophilic
group component is mainly composed of a straight chain or branched saturated
20 or unsaturated aliphatic hydrocarbon, aromatic hydrocarbon or an aromatic
hydrocarbon having the aliphatic hydrocarbon as side chain to which at least one
bond group such as ether (-O-), ester (-COO-), amine (-N<), amide (CON<),
thioether (-S-), thioamide (-SON<) or the like is introduced. Examples of the
hydrophilic component include raw materials such as alkyloxide, polyalkylene

25 glycol, sorbitan, glycerin, dialkanol amine and the like.

{0027] The alkylene oxide-added nonionic surfactant suitable as the
component of the lubricant oil composition for internal combustion engines of
this invention contains at least one compound having a basic chemical structure

30  as described above. It further has an HLB value controlled to a specified level of



[ 0029] When al kyl ene oxi de-added nonionic surfactants differed in_io

nol ecul ar weight are used as a m xture, the nolecular weight is 28§ JulL 2005

represented as an average value. [0030] The al kyl ene oxi de-added

noni oni ¢ surfactant as the conponent -d0- the | ubricant oil conposition of

this invention contains at | east one conpound of 15 the above chem cal
and i s coptrol

vt gt t 55 6b0a5E G lst Bl pERuitrS; A dFd Pt SRR Gkl omi 0

surfacta ‘F@é‘ﬂ i BY e a0Y SebsFLhdgn@ dﬁt?l one of the conpounds
representsgeeg y ?ﬁe f ol F%B\?vi rallg genera%}sforlnhf e () to (VI) and controlling
the structure thereof. 20 [0031] Each of the conpounds related to the

al kyl ene oxi de-added nonionic surfactants represented by the general
f or mul ae[Q028]t o (M theidesémptidoreof tas orvebéidn, thetrake {Badexhl Bowp@n @25

00321 The follow n eneral forrmula (1) represents an ether-based
E:onpo%ndhﬂér@HL&§V\%ngpg?Wn@h@ui§ﬁ \M@Lgagaéwr Y a@hpelcgfaﬁ@ie@%ﬁm;n&tos JuUuL
2005 Chgnical, FE | a 7 R 1.Q). 5 1003 I h I
Formul & [ eRodiRaahlv, T GHa 808 R8s Chendatsad Batidd. o
unsat ur a(@qgﬂafs%%g{eg JWVHE e hRan,group, nore specifically, an alkyl

group having carbon atons; an al kenyl group having 8 - 30 carbon

atons; aromatic hydrocarbon group having 6 - 30 carbon atons; io and an

aromati c hydrocarbon group having at |east one al kyl or alkenyl group

havi ng 8[00294 carWhenalbyeneoxgledaddedaionionioGarpciants didfared mi nal

hydr ocar bo g[ioup of the ether-based corrpoufnd ) .
10  molecular weight are used as a mixture, the molecular weight is represented as

an average value.

[(0030] The alkylene oxide-added nonionic surfactant as the component of
the lubricant o1l composition of this invention contains at least one compound of
15  the above chemical structure, and is controlled in HLB value to 15 or more and
in molecular weight to 900 or more. Concretely, the alkylene oxide-added
nonionic surfactant can be provided by selecting at least one of the compounds
represented by the following general formulae (I) to (VI) and controlling the

structure thereof.

20
[0031] Each of the compounds related to the alkylene oxide-added nonionic
surfactants represented by the general formulae (I) to (V1) is further described.
Ether-Based Compound

25 [0032] The following general formula (I) represents an ether-based

compound used as the alkylene oxide-added nonionic surfactant.



particularly, an al kyl group having 17 - 24 carbon atons; an al kenyl
group, 15 having 17 - 24 carbon atoms; and a phenyl group substi 28t2d 16§
at | east one al kyl or al kenyl group haV|ng 8 - 18 carbon atons are
preferable fromthe viewpoint of ensbling a high friction reducing
effect. Exanples thereof include an alkyl group such as heptadecyl
group, gg&ggﬁﬁyﬁ ShOUPy nonadecyl group, eicosyl group, heneicosyl
group, docosyl group, trlcosyl group, pentacosyl group, 20 hexacosyl
group, heptacosyl group, etc.; an al kenyl group such as heptadecenyl
group, octadecenyl group, elcocenyl group, dococenyl group, tetracocenyl
group, etc.; an al kyl at edRphehyf RgdatH such as heptyl phenyl group
octylphenyl group, nonyl phenyl group, decyl phenyl group, dlnonylg%enyl
group, etc.; an al kenyl ated phenyl group such as octenyl phenyl group
etc.? and |soners such as 25 branched hydrocarbon groups thereof and the
like. [{063%3] VhenInhbe@an@mhﬂnnnﬂa(DoR.tﬂaeahﬁveshydﬂmchabnorgroup such

as alkéé_ grogp or the like is Igﬁ than 8, a low friction coefficient
cannot (P& |%@€Hate@rﬁfe1%nsﬁﬂ€a‘led plats hydmadm BiPUPo AR nated Wi th
soot, and_t. 30.an n the |ubricati oil is
kel oeiBEaliyoRas ! eiap Bifhd -ciPBishon gt oasany! Db ity

exceeds o oeatboaryta{ fshsm‘a{a& ROy ORIBAWA) eyhg & NSy LB gAspyRannot  be

obt ai ne Ut also the’ comnpat e facking.

[0036] landtahearahmvie [geMEeEabof gmnéi Ravihy at Rast one 4IR Iy@br ahtelr@l fsupal Kyl ene
e

5 group of an al kyl ene oxi de, preferabl e exanples thereof include
those Mavingg 224 carleen b@msaaméc; ckaig. , et hyl ene group, propyl ene group,

i sopropyl ene group, butyl ene group, isobutylene group. etc. These

al kyl ene groups may be wused independently or in conbination. They can be

e o ot EAEE P B R B Bh D e g oS g Pt Dol camomgundia .

particularly, an alkyl group having 17 - 24 carbon atoms; an alkenyl group

15 having 17 - 24 carbon atoms; and a phenyl group substituted by at least one alkyl
or alkenyl group having 8 - 18 carbon atoms are preferable from the viewpoint
of ensuring a high friction reducing effect. Examples thereof include an alkyl
group such as heptadecyl group, octadecyl group, nonadecyl group, eicosyl
group, heneicosyl group, docosyl group, tricosyl group, pentacosyl group,

20 hexacosyl group, heptacosyl group, etc.; an alkenyl group such as heptadecenyl
group, octadecenyl group, eicocenyl group, dococenyl group, tetracocenyl
group, etc.; an alkylated phenyl group such as heptylphenyl group, octylphenyl
group, nonylpheny! group, decylphenyl group, dinonylphenyl group, etc.; an
alkenylated phenyl group such as octenylphenyl group etc.; and isomers such as

25  branched hydrocarbon groups thereof and the like.

[0035] When the carbon number of the above hydrocarbon group such as
alkyl group or the like is less than 8, a low friction coefficient cannot be obtained
under the lubricating condition contaminated with soot, and the compatibility

30 and stability in the lubricating oil is likely to deteriorate. Even if the carbon



[0037] In the above general formula (1), nin -(R1O, His the

pol yneri zati on nunber of al kyl ene oxide, and when n is 15 or m)r%‘aoﬁm 2005
nol ecul e, particularly 15 - 20, a nore remarkable friction reducing
effect can be 15 exhibited. [00381 Thz-al kyl ene oxi de- added noni onic
surfactant represented by the above general fornula (1) is an al kyl

ol yoxyal kyl ene et whi ¢ an pe obtai ned by using al kyl ene oxides,
II‘O oryexéﬁﬁ'@?ereﬁt"ﬁfﬁ%ﬁ%@’dﬁt88pyaﬁ’(§’/%fe%lc8meéﬁémf6¥%% tbg%gre@%%ecarqqg as the
hydr ophiyJ 2 i A I i ohol ,

a?lkyl Bheﬂr?oﬁtgl%gP%‘F%gﬁ%e% @%@gﬁﬂgquﬁgﬁagg?ﬁghf P%%% ‘c group raw
material. More concretely, the raw materials can be optionally sel ected

so as to be provided with the prescribed hydrocarbon group specified in
t he abo803@fener dh tlioamaneagdnieyal famalay(l),tReincdRHOh-Hustles alidyldree

| i pophilic group raw 25 material such as alcohol is adjusted so that the
al kyB greasowp 6f aB alpdene exidenandipreferably Gxamplas Kessgof @ﬁiﬂd@ these al kyl at ed

h I is 8 f ly 17 the t i nal

Pyar ocatasie? 5 datboRalors, B'S oGbTient gt 0 ub o PR EaidsO Songdier abl e
tarti I I |,

oo B ) e DA RISAANPone RIS 0Bk SMGRAY douoRRYRANe

t et r acospB@linddpent@ndsanti canbiration! MkRy@aR Heeuddtly R ekampat kiantfornand

i soners thereof can al so be sel ected. AS unsaturated al cohol, 5

ol eyl al @i (CeHaDiy(C,8,E0¢idlor R'0{6LEYD)#(Cablao),H biyrintredyétiad obaol or t he
| i ke can be given. Further, octyl phenol, nonyl phenol, decaphenol,
unddapPORAXYSFoRENG Fhain. can be used as al kyl phenol . [ 00401 Typi cal
exanpl es of the al kyl polyoxyethyl ene ether represented by 1o the
general formula (1) suitable for the lubricant oil conmposition of this

i nventi yincl uge gt I M FEHBLERY - et R hepol yoxyet hyl ene
ot hor ﬂg{r)%;{]phengf S gl FENBRIVA R ML (RED), - BVthe
polymerization number of alkylene oxide, and when n is 15 or more per
molecule, particularly 15 - 20, a more remarkable friction reducing effect can be

15 exhibited.

[0038] The alkylene oxide-added nonionic surfactant represented by the
above general formula (I) is an alkyl polyoxyalkylene ether, which can be
obtained by using alkylene oxides, for example, ethylene oxide and/or propylene

20 oxide or the like as the hydrophilic group raw material and a higher alcohol,
thioalcohol, alkylphenol, polyalkylene glycol or the like as the lipophilic group
raw material. More concretely, the raw materials can be optionally selected so
as to be provided with the prescribed hydrocarbon group specified in the above
general formula (I). Namely, the carbon number of the lipophilic group raw

25 material such as alcohol is adjusted so that the alkyl group side chain of the alkyl
group, alkenyl group, or alkylated phenyl group is 8 or more, preferably 17 or

more as the terminal hydrocarbon group.



pol yoxyet hyl ene et her, di nonyl phenyl pol yoxyethyl ene ether, and the I|ike.
Est er - Based Conpound 15 [0041] An ester-based conpound useful as the

al kyl ene oxi de-added nonionic surfactant of this invention is 728 JulL 7008
represented by the general formula (II%. Chem cal Formula 8 20 R2- COO- f
R201. R 2 (Il) [00421 In the generarl ormula (I1), R2 represents an

al kyl group having 8 25 30 carbon atons; an al kenyl group having 8 - 30
car bon j an e [ 5 car bon at ons;
and an a ogglic ﬁg%rocapggéﬂ¥€§%5%ﬂ g@?ﬁgggﬁogﬁfyP%%$d2¥§@%y| group

havi ng &ctadetanal 3osaral) onsnaiecansleeicbadndl (arhlipail), eheicbyarlef er abl e

al kyl or al kenyl group has 17 - 24 carbon atons. 2 0 J UL 2005 -14

[ 0043] | dpookanglehrerashndlotettdcas{ral) perRacasepelearehthe likeecanl heygiee agr oup of
an al kyl ene oxide group -(RRON-R22, which may be the sane, as R of the
gener al ~alkghralupnd soyergrerpehsasane be foleeisge m atbsAterAL ohgl,[ 0044] The

fatt i.d I kyl . by .t h | for.nul L) i

obt e nod Gy Rl Bl i4le BaF pERHEL LrBROR SErpL R T Dy ang Wk Rke )
I I o de L . ¢ . ! I

ot vt destiyef KSR Py BRSO REIRRARY SeceBhbioR B e AR e 1e Y

po! yoxy addneyd esed dsaflkylpaehél. nonoest er parjti ally est gari fied with fatty

acid and a pol yoxyal kyl ene fatty acid io diester having both ends

entirely esterified. As the al kyl ene oxi de-added nonionic surfactant of

this invention, the .faornmer pol yoxyal kylene fatty aci nonoest er
esterifil@840 th flariga capmnles o et Rolyoxyethylene ether represented by

10 the general formula (I) suitable for the lubricant oil composition of this invention
include stearyl polyoxyethylene ether, oleyl polyoxyethylene ether, nonylphenyl
polyoxyethylene ether, dinonylphenyl potyoxyethylene ether, and the like.

Ester-Based Compound

15
[0041] An ester-based compound useful as the alkylene oxide-added

nonionic surfactant of this invention is represented by the general formula (II).

Chemical Formula 8
20
R*—CO0—¢R,0}—~R® (D

[0042] In the general formula (II), R? represents an alkyl group having 8 -
25 30 carbon atoms; an alkenyl group having 8 - 30 carbon atoms; an aromatic

hydrocarbon group having 6 - 30 carbon atoms; and an aromatic hydrocarbon

group having an alkyl or alkenyl group having 8 - 24 carbon atoms as side chain.

A particularly preferable alkyl or alkenyl group has 17 - 24 carbon atoms.



[0045] In the fatty acid conponent of the fatty acid pol yoxyal kyl ene
ester, a is saturated fatty acid or unsaturated fatty acid havihg 8| -2080
carbon atons is used so that the carbon nunber of the term nal alkyl
group R2 is 8 or nore, preferably 1714-24, and a nore preferable
saturated fatty acid or unsaturated fatty acid has 18 - 25 carbon atons.

EE?SEJ a0l odhf BBuRuttalfi ks RRR B IR B BT 85 “C“das
22
piﬂfgiﬁiﬂﬁﬁnég’é‘?d RN RaPI I, BhRENAR, e T Pymy PTCRT MPEpBR T, 1 o

el ai di ¢ Remi]a gydgzhfépre@@ﬂtgjh (ﬁbg@hgt@ﬁlog,_ wacol eic acid, linolic aci d,
linolenic acid, etc. may be %, used. When the chain Iength of the

fatty acid is short a suff|C|ent friction reducing effect cannot be
obt ai ned under the Iubricati n}gy condition in the 25 presence of soot, and

t he 55'|tab[| Iﬂfﬂ of 1Ellnvefarﬁartﬁfq1féaﬁ faékylem%eaﬂg@m@s&nasbw tlp@gmﬂraf " |
im%i s b qﬁéy,saﬁe?&éi‘sg&m?%%%@ fg‘éw Hioyakyismeglycol o 2
pol yet hy dgté&gbgalj%ﬁé%%’g% T«g?atgl ({he‘%\ alﬁpgp‘ﬁl {aia ?Iﬁ%glralogcol
ester oth@mI(Ra}O)cm&n(ﬁRzmld)@om@)hxb@Ré oxpa[ @wbggslmymlfaﬁgsta@fd gf

monostearic acid and the |ike. Ester-Ester ur e- Based Conpound

f 00471 Thencesgropartaly psteslé‘mﬂedlthfatt)hec@elmelreapolﬁfoxmﬂ@le(riel fajtyiasich
pol yhydric al cohol ester-ether m xture-based cgonpound, which is obtained

by ~Hddidigstanh %.‘flﬂglb@ﬂée@d@ eriinely esterifiede Apythe alrleng awleo& dedi atty acid

partial neosntigrglc surfaB%n¥ 0¥ r1s (fnvaeln f%rﬁol[he i%nner porTiyoxyaI: lene ?atty acid

monoester esterified with fatty acid is preferable.

[0045] In the fatty acid component of the fatty acid polyoxyalkylene ester, a

15 saturated fatty acid or unsaturated fatty acid having 9 - 30 carbon atoms is used
so that the carbon number of the terminal alkyl group R* is 8 or more, preferably
17 - 24, and a more preferable saturated fatty acid or unsaturated fatty acid has
18 - 25 carbon atoms. Examples of the preferable fatty acid include saturated
acid such as margaric acid, stearic acid, nonadecylic acid, arachidic acid,

20  heneicosanic acid, behenic acid, tricosanic acid, lignoserinic acid, pentacosanic
acid and cerotic acid, and 2-palmitoleic acid, oleic acid, elaidic acid, codoinic
acid, erucic acid, ceracoleic acid, linolic acid, linolenic acid, etc. may be also
used. When the chain length of the fatty acid is short, a sufficient friction
reducing effect cannot be obtained under the lubricating condition in the

25  presence of soot, and the stability of the lubricant oil is also weakened.

[0046] Typical examples of the thus-obtained fatty polyoxyalkylene ester
of the general formula (II) include polyoxyethylene propylene glycol ester of

monostearic acid, polyethylene glycol ester of monooleic acid, polyethylene



[R3-COO,Y*O (RO Hg (I'l) 15 [00481 In the general forrmula (I11), R3
represents an al kyl group having 8 - 30 carbon atons; an al kenyl 48 dlp 2005
having 8 - 30 carbon atons; an aromatic hydrocarbon group having 6 - 30
carbon atons; or an aromatic hydrocarbdHn group having at | east one al kyl
or al kenyl group having 8 - 24 carbon atons as side chain. Particularly,
an al kyl group having 17 - 24 carbqgn atons; an al keny| 20 group having 17
- 24 cardee! létﬁér,at%wﬁpjf&etbﬁéﬁwg? %teﬁg%%wawwr oLy yeshyleng oup
having 8 - 18 cakbo ons _as side chain e preferable fromthe point
of fri ctHrBRyg’QgL%Y%Pg eg#e]rgiln_lortogbﬁgl]c alchd ?%@E}bge@@?al formula (111), R3
represents the al kyl ene group of an 25 al kyl ene oxide -(R30),;-H which
may have 2 - 4 carbon atonms simlarly to R, of the general formula (1).
n is theEpa-Foer MtieBaediCsmpetindo! ecul e of the al kyl ene oxi de
-(R30)-. Wien two or nore alkylene oxide groups are present in one

nol ecul e, the polynerization nunber thereof is 15 or nore in total and, 2
8 JUL 2005 - 16 particularly, either one of them preferably have a

pol yneri[8847bn n orppoursl represgptes. by hesgneral formulgehl) 28 2 f or nul a

(rrr), Y represents the fr art of a 5 polyhydri.c alcohol conponent,
bnd 1 he AYERETMESRS! e 85 PRt EbpSiapdie isRer SeGimsEh: havi ng
at | east yl. : ri.c.al ol

el ude U BHOLAR e B R rES BPRIRS Bloul 5 o BRI eRi SRS e

di tri metdppopyhRirgPaBsholt i net hyl ol et hane, pentaerythritol,

di pentaerythritol, tripentaerythritol, and sorbitan obtai ned by

i nt aonol ecul ar to dehydration of sorbitol, and the like. [0051] In the

general fornmula (I11), p and q are the nunbers of [R3-(CO0) -] and
[- O (R3§hampicebFeany@riied wit h hydroxyl groups of the pol yhydric al cohol,

[R*—C00% Y-FO—R,;0%—H ], am

15 [0048] In the general formula (III), R’ represents an alkyl group having 8 -
30 carbon atoms; an alkenyl group having 8 - 30 carbon atoms; an aromatic
hydrocarbon group having 6 - 30 carbon atoms; or an aromatic hydrocarbon
group having at least one alkyl or alkenyl group having 8 - 24 carbon atoms as
side chain. Particularly, an alkyl group having 17 - 24 carbon atoms; an alkenyl

20  group having 17 - 24 carbon atoms; and a phenyl group having an alkyl or
alkenyl group having 8 - 18 carbon atoms as side chain are preferable from the

point of friction reducing effect.

{0049] In the general formula (IIT), R; represents the alkylene group of an
25  alkylene oxide —(R;0),-H, which may have 2 - 4 carbon atoms similariy to R; of

the general formula (I). n is the polymerization number per molecule of the

alkylene oxide —(R30)-. When two or more alkylene oxide groups are present in

one molecule, the polymerization number thereof is 15 or more in total and,



respectively. Since a one having at |east three hydroxyl groups is

sel ected as the 15 pol yhydric al cohol, p and g each represents an_hnpf%ﬁg
of I or nore, and the total thereof is set to a number not nore Z anlLt
nunber of hydroxyl groups of the pol¥gydric al cohol . A free hydroxyl
group may be present therein. [0052] "R the pol yhydric al cohol

ester-ether m xture-based conpound, the 20 ratio of ether bond to the

total of agfra‘&ﬂaﬂ OHiRerdHE @ﬁﬂﬁefn @g&%?b;}ﬁha%ei ﬁél?ﬁioegggﬁan Rmige? of 175|5 per

rmleculep om the point of the riction. As a typica
exanpl e gfmbre pol yhydri c al cohol ester-ether m xture- based conpound,
1,4-sorbitan fatty acid partial ester (ester bond; 1) having three 25
al kyl ene oxi des added thereto has the followi ng structure, and Y in the

general farnula (I1]) represents a _chem cal structure shown within the
dotted 10880k r andn tﬁ@ gepeial fsmle AIDEOr Fapreseptsthe frame pagt 217 H 4R30} - 0

i s Soas By G 4bhRE e 3ndnd fanepalt BRSNS P P an
a1 iy om0t EORERICL LAY g et BREE DAY Loy S80S oo 00 2
f1 8r [rlle ? Odr%ylcgﬁbzi)ﬂ&oﬁol in@NlleglySerzn, drothifibR aabilid? J¥ehidol, hiGamyloL0( R30) - H
propane, ditrimethylol propane, trimethylol ethane, pentaerythritol,
dipentaerythritol, tripentaerythritol, and sorbitan obtained by intermolecular

10 dehydration of sorbitol, and the like.

- [0051] In the general formula (III), p and q are the numbers of [R*-(COO)-]
and [-O-(R30),H] to be bonded with hydroxy! groups of the polyhydric alcohol,
respectively. Since a one having at least three hydroxyl groups is selected as the

15 polyhydric alcohol, p and q each represents an integer of 1 or more, and the total
thereof is set to a number not more than the number of hydroxyl groups of the

polyhydric alcohol. A free hydroxyl group may be present therein.

[0052] In the polyhydric alcohol ester-ether mixture-based compound, the
20  ratio of ether bond to the total of ester bonds and ether bonds is preferably set to

25 - 75 per molecule from the point of the lower friction.

[0053] As a typical example of the polyhydric alcohol ester-ether mixture-
based compound, 1,4-sorbitan fatty acid partial ester (ester bond; 1) having three

25  alkylene oxides added thereto has the following structure, and Y in the general
formula (III) represents a chemical structure shown within the dotted line frame
of this formula.

Formula 1



[ 0055] The conpound of the general forrmula (I11) can be obtained as the
ester-ether m xture-based conpound by addi ng the al kyl ene oxi des tpﬁ%ﬂt?%ﬁ
al cohol fatty acid partial ester obtained by reacting the pol yhydric

al cohol conponent 15 with a fatty acird7conponent, or sinultaneously

adding the fatty acid and al kyl ene oxides to the pol yhydric al cohol

foll owed by reactiaon. As &De fatty—aei d . _conponent, a saturated fatty

Attty —ac
acid or unsaturat ecHT‘éthsQ ,q@‘d’%ﬁﬁ&%a@ 2E{arbon atonms, preferably, a
fatty acid or unsaturated fatt /l ci ' ___2(3 Cgb&fp atonms is used.
Exanpl es of the preferable fatt{y ac T Za sat ed acid 20 such as
stearic acid, nonadecylic acid ?é@ chi ¢ ioq_,_ll_Genei cosani ¢ aci d,

behenic acid, tricosanic acid; i agi d, pentacogpghfufci)d,
cerotic acid, etc., and an unsaturated acid such as oleic acid, elaidic

acid, codoinic acid, erucic acid, ceracoleic acid, linolic¢c acid,
linolenic acid, etc. Wien the chain | ength of the fattdhacid is short, a

suf fici elf05#}i ctilprihisensei mip bfaneo ischimibe gsacrifarmel (Ih. thetleroen U L
of the | IBHIRISAF cofleSRL A daduial ol (S8BT o) da kRIS he
fatt ' | f . by th
gener'al TORRT SR ARYS EMARE HEFbhGa ArERE ool ToahERLAETBaF?, ™ 17

nnnosteag,{dcq ac2d (Tween 60), pol yoxyethylene sorbitan ester of nonooleic
acid (Tween 80), pol yoxyethylene sorbitan ester of nonoparmtic acid,
and the |like. to Am ne-Based and Am de- Based Conpounds 100571 The

fol |l ow gé;ogeneral formulae (1V), (V) and (VI) represent am ne- based
conmpoun WY 2ni de- based conpounds useful as the al kyl ene oxi de- added
noni oni ¢ surfactant concerning the |lubricant oil conposition of this 15

i nvention.

C!ZHziOOCRs
CHO(R,0)—H
i LO !
CHO(R,0% H

10 (Formula 2)
[0055] The compound of the general formula (II) can be obtained as the
ester-ether mixture-based compound by adding the alkylene oxides to an alcohol
fatty acid partial ester obtained by reacting the polyhydric alcohol component

15 with a fatty acid component, or simultaneously adding the fatty acid and
alkylene oxides to the polyhydric alcohol followed by reaction. As the fatty acid
component, a saturated fatty acid or unsaturated fatty acid having 9 - 30 carbon
atoms, preferably, a fatty acid or unsaturated fatty acid having 18 - 25 carbon
atoms is used. Examples of the preferable fatty acid include a saturated acid

20  such as stearic acid, nonadecylic acid, arachidic acid, heneicosanic acid, behenic
acid, tricosanic acid, lignoserinic acid, pentacosanic acid, cerotic acid, etc., and
an unsaturated acid such as oleic acid, elaidic acid, codoinic acid, erucic acid,
ceracoleic acid, linolic acid, linolenic acid, etc. When the chain length of the

fatty acid is short, a sufficient friction reducing effect cannot be obtained in the



Chem cal Formula 10 R4 N(RAO -H (R50) -H (IV) 20 Chemcal Formula 11

55--N <(R7TO H R5- N- R55-N< ( R70 (R8O -H (R5(Bn H (V) 25 Chehd gl 1003
Formula 12 2 B JUL 2005 - 19 R6- CON<(R903z H (R100)-,7- H (VI) 100581
In the general formulae (1V) to (VI);1&4 - R6, which rray be the sane or
different, each represents an al kyl group having 8 - 30 carbon atons; an

5 al ken 3 0 o n group
> ke oABR, DK By el SRS BTy A P5 R L
al kyl  qg agbke&wdengdoup haV| ng 8 - 24 carbon atons as side chain.

Parti cuI arly, an al kyl group having 17 - 24 carbon atons and an al kyl ene
group having 17 - 24 carbon atons are preferable. R55 represents an

al kyl ene up having 8 - 30 carbon 10 atons. [0059]} R4 - R10, which may
be the slag’étﬂor dlﬁmaéwawé@mfrtbprf@mem@ noipoxyitkyleengolyhydsicof an

al kyl ene .o Each of nd nis th pon ri.zation nunber of the
al kyPenel e&wg@stef Represanied by t%aerilegah@ B ipeludggolyaryethylpee 15

(:GIIIT;[ ng &PE{} anp%ﬁ @%ﬁgﬁ @ﬁg%réclgcf@rﬁ een 60[) po yl)xy&%y?én%ysorl‘)}?ary es)%{ra(l)# ylene

monooleic acid (Tween 80), polyoxyethylene sorbitan ester of monoparmitic

acid, and the like.

10 - Amine-Based and Amide-Based Compounds

[0057] The following general formulae (IV), (V) and (VI) represent amine-
based compounds and amide-based compounds useful as the alkylene oxide-
added nonionic surfactant concerning the lubricant oil composition of this

15  invention.

Chemical Formula 10

(R,0—H
R4__ N 4~/m

20

Chemical Formula 11

(R,0)—H

R®*—N—Rgx—N T

RSN R o
i

(RO¥—H W)

25  Chemical Formula 12



al kyl pol yoxy al kyl ene am de represented by the general fornul ae fj'é/)JUL (266%
and (VI) which are al kyl ene oxi de-added noni oni c surfactants ar
obtained by 20 reacting a higher am ne of lipophilic raw material with

t he al kyl ene oxi de. The al kyl pol yoxyaklkyl ene am de of the general
formula (VI) is obtained by reacting a higher fatty aid am de as

i pophilic raw naterial wt t(ﬂf‘ﬂl kyl ene oxide. [0061] Mbore

speci fically, exanpkes. @y Bo mgtier am ne include primary 25 am ne such
as heptadecyl anmine, octadetRiQgilhe, nonadecyl ami ne, eicosyl ine,
tricosyl amne or the |like and secondary am ne such as di heptade )

am ne, dioctadecyl amne or the like. 2 8 JUL 2005 -20 [00621 Exanpl es
of the higher fatty acid am de include octadecane am de, eicosanami de,
docosangobss) or tlhehé gheeral ARARIaAT V)Npi(VA), RXaRD | velsichfmiy Be ahkydme

pol yoxyal kyl ene am ne and al kyl 5 pol yoxyal kyl ene di am ne of the general
f or nul aeor(differemoeack)repseytsanatkyll goep hagwig § aBlmarkon atonas)cn

pol yoxyet hyl ene beef tallow diamne or the |like can be_ given. [0064] In
t he 1Subralé@mtl 5pyp Bavisss t PQFadonaipa@s; aw aramaic hydrecabangroup quantity

f th bove- ' d kyl i de- ad | oni f j

Lo 0. 01 WRaED - mgr it Piolhy B8RSO FRER AR AP afo i he B Rant of 1
11 £HE pdSt ot RS ..

Gy bt S G B Pt S B PR L RSO 2R

desired grenp BanipCE] - 2dh@aibon dtempragideimedlkyleneterb@ having0l Mt 24 carbon
particularly 1 - 15 wt% Wen the m xing 15 quantity is |less than 0.01
wt % t hetéms aré preferablai Rg repfasents@arnibylebe gommhaadg 8 add catbom | t
exceeds 20 wt% not only the friction reducing effect comensurating to
t he i'ncrd@®& cannot be obtai ned, but also the performance of | ubricant
oil additives and the solubility of the lubricant base oil m ght be

[0059] R4 - Ryy, which may be the same or different, each represents the
alkylene group of an alkylene oxide. Each of m and n is the polymerization
number of the alkylene oxide, the total of m+n is 15 or more per molecule, and

15 either m or n is preferably 15 or more.

[0660] The alkyl polyoxyalkylene amine, alkyl polyoxyalkylene diamine,
alkylpolyoxy alkylene amide represented by the general formulae (IV), (V) and
(VI) which are alkylene oxide-added nonionic surfactants are obtained by

20  reacting a higher amine of lipophilic raw material with the alkylene oxide. The
alkyl polyoxyalkylene amide of the general formula (VI) is obtained by reacting

a higher fatty aid amide as lipophilic raw material with the alkylene oxide.

{0061] More specifically, examples of the higher amine include primary
25 amine such as heptadecyl amine, octadecyl amine, nonadecyl amine, eicosyl
amine, tricosyl amine or the like and secondary amine such as diheptadecyl

amine, dioctadecyl amine or the like.



i npai red. 20 [0065] A general binder may be m xed to the above conpound
as the al kyl ene oxi de-added nonionic surfactant. 2 8 JUL 2005 -%1 ﬁlﬁ&r
Addi tive Conponents [0066] The lubricant oil comnposition for i nt éBndlL
conbustion engines of this 5 invention contains, as the essenti al
conponent, at |east one al kyl ene oxi d&ladded nonionic surfactant in the

| ubri cant base oil, andfrictioninhibitor Wen a friction inhibitor, a
Vi scosi t ex i . xed
t her et o, m%{ﬂdf ric ﬁfg{én}ggg ﬂ'tt?%%gﬁh@w ﬁ%[{{]deadc‘?aéééﬁhg'%%gée?d in the

| ubri Catelldmaﬁ@[ﬂﬂjé |d@@§smﬂhggbpm¢egk@mth soot. 10 [0067] Exarrpl es of the
friction inhibitor generally include zinc dithiophosphate, netal salt

(Pb, Sb Mo, etc.) of dithiophosphoric acid, nmetal salt (Zn, Pb, Sb, M,
etc.) of dithiocarbamc acid, netal salt (Pb etc.) of napht henlc aci d,

met aI sd096 -‘t]Pb drsctypica ex@mplﬁsatﬁtbe al:kyrl ﬁlwrypﬁmh@l pnosprut dky
hosphi t e hat | t || d
S S g AT N Bt 0 and oS SRBS A L 3¢

R RSBl R MR T B0 O 0

concent rgfdn on the basis of the total weight of the lubricant oil
conposi t1on. 20 [00681 Exanples of the viscosity index inprover generally
i ncl ude pol ymet hacryl at e-based one, ol efin copol yner-based (e.g.,
pol yi sobut yl ene- based_and et hyl ene- propyl ene copol yner-based) one,
pol yal kyf0 é{]yr enén tagskpricant oil composition of this invention, the mixing
10 quantity of the above-mentioned alkylene oxide-added nonionic surfactant is set
to 0.01 wt% or more on the basis of the total weight of the lubricant oil
composition, whereby a sufficient friction reducing effect can be exhibited. The
mixing quantity may be further increased to obtain a desired performance, and it
is preferably set to 1 - 20 wt%, particularly 1 - 15 wt%. When the mixing
15 quantity is less than 0.01 wt%, the friction reducing effect cannot be obtained,
and when it exceeds 20 wt%, not only the friction reducing effect
commensurating to the in¢rease cannot be obtained, but also the performance of
lubricant oil additives and the solubility of the lubricant base oil might be
impaired.
20
[0065] A general binder may be mixed to the above compound as the

alkylene oxide-added nonionic surfactant.



one, hydrogenated styrene-butadi ene copol yner-based one, styrene- r@ll ﬁi %05
25 anhydri de ester copol yner-based one, stellar isoprene-based or?e A ld
the like. O these, a non-dispersion type olefin copolyner-based one
(e.g., polyisobutyl ene-based and et h)?llene- propyl ene copol yner - based one)
is nore preferably used for this invention fromthe point of the

fricti onortﬁé}u& &%v%féc?rﬁ onen@e pol y; sobut yl ene- based or
ethyle ‘p'rvah—en'e—mpvpy'rrm‘-b sed one 30 particularly preferably has a

wei ght average nol ecul ar wei ght of 100,000 or Z U JUL 2005 -22 100691

Tor e (s ot YT ey AR B ARl o P Wil ehg O

type co nmeans e one con no oxyge

mol ecyl arnv%hﬁaﬁfceﬁﬁalﬁms %ﬁ@&s@ﬁhé‘l‘&ﬂﬁﬁ&iéﬂt'dttlé’ st Bhe%&iﬁglﬁé aeng aadb e used

ina ratio of O. 30 wt % based thetota wel g ricant

oi | corrpﬁsmbnwmrfefctei;ﬁ(iﬁ@ﬂe fobeivahebasefoil, e daBietiea snltbiper $adn ancl ude
succi ni mde, succinam de, benziil am ne, succinate, succinate-am de, and

bor on- cofriction iu‘i@ibimmpdiﬂ‘msﬂy improrer drsban ashlesscdisperaanicaaradurtber
boron-contal jmde  are pr ferably used for this invention from
the poi nBU&F It etprﬁaﬁgwﬂopéawlﬂgefg%e TR | ﬁ*rf‘érms@.wravammqv of the
succi ni S ide is 0.001 - 0.5 wt% as

nit rogenlvi% Cgﬁggg&lg%t?gg%g%{ ted \”ﬁglsg ight of the lubricant oil
conpgsition, preferably 0.05 - 0 2 W% [00711 A lubricant oil for

i nternal conmbustion engines is required to have a 15 variety of

functi onf06ahd i NExardplestod tbmﬁwrﬁ)rpmhimtdragbamsalgwnt&tdeeahher eto, various
addi tives can be prop erIY added in prescri uantities described
S

bel ow, béliﬂeldpbﬁsnhﬁée traetal sale{RintShoMe,rric.) @5|dutbmh06phor¢@ap@smatalrsaltso
ed. Theses additives

| ong as o] [ nvention not
i nclgude é}herpgl A d:é‘bﬁ Qgéﬁhtqcaﬂ@ﬁ%'ﬂ%%d dB¢té @h I;b &6 8% PARRIICNIS ¢ 1 ene
pressure, agetra) Wit i‘i’b, etc.) of fatty acid, boron compound, phosphate, phosphite,

15 phosphate amine salt and the like. These are generally used in a ratio of 0.1 - 5
wt%. Of these, a zinc dialkyl dithiophosphate is particularly preferable. The
mixing quantity thereof is set to 0.01 wt% or more, particularly preferably, 0.05
- 0.2 wt% as phosphor concentration on the basis of the total weight of the
lubricant oil composition.

20
[0068] Examples of the viscosity index improver generally include
polymethacrylate-based one, olefin copolymer-based (e.g., polyisobutylene-
based and ethylene-propylene copolymer-based) one, polyalkyl styrene-based
one, hydrogenated styrene-butadiene copolymer-based one, styrene-maleic

25 anhydride ester copolymer-based one, stellar isoprene-based one and the like.
Of these, a non-dispersion type olefin copolymer-based one (e.g.,
polyisobutylene-based and ethylene-propylene copolymer-based one) is more
preferably used for this invention from the point of the friction reducing effect.
The polyiscbutylene-based or ethylene-propylene copolymer-based one

30 particularly preferably has a weight average molecular weight of 100,000 or



20 inactivator, rust inhibitor, antifoam ng agent, corrosion inhibitor,
coloring agent and the like. 100721 Exanpl es of the pour point '2\8 f)UL 2005
depressant include ethyl ene-vinyl acetate copolyner, condensate o
chlorinated paraffin w th napht hal ene22eondensate of 25 chlorinated
paraffin with phenol, polynethacrylate, polyal kyl styrene and the |ike.

O these olynethacrylate is particularly preferably ysed. These are
gener al |R9032ﬁd, ! imare: G oy isnpadetemninediby CC anal s 2ON-0073]

ai i eyl Sgertih FRs Sohipufg vBe#Rhe beHiitlle oB Bler Rl iniste are
gener al |1iﬁo}é%ﬁf5risﬁu%‘lu{/réhhﬁ sﬁt)w@n%éiﬁ'g?%ilyﬂi%. Phé 0 dlocRAMR RRdGh ot he

anti oxi dant gener al include a ased one such~ as alkyl ated
di phenylatbnrg,0.0hed9wis bagdd biy taniond , wakkybfthedubriemt! oiBecomposition.

napht hyl arni ne, etc.; phenol-based one such as 2,6-ditertiary

but ylsphenol , 4, 4'- nethylene bis-(2,6-ditertiary butyl phenol), etc.;

sul fur-based. one such as i lauryl -3, 3" -thi odi propi onate, etc.;
phosphorl9828kd o %%Iélﬁs8§gtﬂ1%§lﬂﬂ§§tdé§mé%3@.t;mﬁbgfiﬁ%‘tm@mlﬁﬁophosphate; and
the like, O thgsel? am ne- based. and Elhenotehbascfd ag}tl oxi da{‘nt.s. are

par ti cul AFFABHET 1Y D& HSUCEHIAl © FENGERRIATS, PHLOFOTHOR Y H o of

0. 05- 5wt @ ] r e nt al

i ncl ude Cas (g{s?l?% t}f‘gﬁégggg)gq}slﬁef %Egcﬁé{r?ﬁp@gﬁdéﬂ fﬁ%r?@g%ﬂg% ang | ath ¥

phosphatage pﬁéfEfabI?h@écDmﬁtﬁiseiﬁk/%tion ploas &nesf tie fR4TH0A rafdgcihpe | i ke.
These are generally used in a ratio of 0.05 - 3 wt% [0076] Exanples of
t he 1vet affachadheaxang qnaitig @itk setaniaznde andthoren-coataddinger i vat i ves,

t hi adi azol e derjvatives and the |ike. These

b Cri | . . |
aregz 8 S ;Ida‘.%égiﬁgmgfqr {qu%b ]\é?f)aﬁt V& 0efs pitoreen.inghe ), based on the total weight
of the lubricant oil composition, preferably 0.05 - 0.2 wt%.

[0071] A lubricant oil for internal combustion engines is required to have a
15 variety of functions, and in order to ensure performances suitable thereto,
various additives can be properly added in prescribed quantities described
below, based on the total weight of the lubricant oil composition, so long as the
result of this invention is not impaired. Theses additives include pour point
depressant, metallic detergent, antioxidant, extreme pressure agent, metal
20 inactivator, rust inhibitor, antifoaming agent, corrosion inhibitor, coloring agent

and the like.

[0072] Examples of the pour point depressant include ethylene-vinyl acetate
copolymer, condensate of chlorinated paraffin with naphthalene, condensate of

25  chlorinated parafiin with phenol, polymethacrylate, polyalkyl styrene and the
like. Of these, a polymethacrylate is particularly preferably used. These are

generally used in a ratio of 0.01 - 5 wt%.



[0077] Exanples of the rust inhibitor include fatty acid, alkenyl
succinic acid half ester, fatty acid soap, alkylsulfonate, polyhy rbc

al cohol fatty acid 25 ester, fatty acid am ne, paraffin oxide, aﬁﬁgﬁ L2005
pol yoxyet hyl ene ether and the |ike. These are used generally in a ratio
of 0.01 - 3 w% 2 8 J UL | 2005 -243F00781 The antifoam ng agent

i ncl ude di net hyl pol ysi | oxane, polyacrylate and the |ike. These are added

0T G070 AL o TR S ey S TBA R R0 aom "
the |ikﬁli‘é?ﬁt$29anfd%dﬁﬁh?ﬁla%€@f@r, MEBAI0E be @Y 1188 lan@ARESA k! On of Lhi s

invention a5 required. [0080] The Tubricant oil conposition containing

the al kygaieealbxistel iaddeio 4f0.08ni50Nt%. surfactant of this invention can be
used for lubrication of valve systens, piston rings and other sliding
parts as crankcase oil for diesel engine wunder a general operating

condi ti on, d sufficiently reduce the friction of a . diesel enging even
inder ¢ ROO7Rbr i SaiiamepiesRtithg SO R EAREA MG B SMERBER of

detail o Aepes TBIERO e Tty PR LEE AR BRI P o "B e
20 [ 00821, Hy 15954 e Sherdl-HkbELAORIANGS 390Ut kEBlnyIFhid, £ L he

prepare I cant oil conposi tions were neasured "acc ng to t he
f ol | owi ngetisidirechis-(2 @8iddrtihe batyiptiaind), ew. darlfiddededonesack asur f act ant

used in Exanples and 25 Conparative Exanples is as foll ows.
dilauryl-3,3’-thiodipropionate, etc.; phosphor-based one such as phosphite, etc.;
10 zinc dithiophosphate; and the like. Of these, amine-based and phenol-based
antioxidants are particularly preferably used. These are generally used in a ratio

0f 0.05 - 5 wt%.

[6075] Examples of the extreme pressure agents generally include ashless-
15 based sulfide compound, sulfurized oil and fat, phosphate ester, phosphite ester,
phosphate ester amine and the like. These are generally used in a ratio of 0.05 -

3 wt%.

[0076] Examples of the metal inactivator include benzotriazole, triazole
20  derivatives, benzotriazole derivatives, thiadiazole derivatives and the like. These

are used generally in a ratio 0f 0.001 - 3 wt%.

[0077] Examples of the rust inhibitor include fatty acid, alkenyl succinic
acid half ester, fatty acid soap, alkylsulfonate, polyhydric alcohol fatty acid
25  ester, fatty acid amine, paraffin oxide, alkyl polyoxyethylene ether and the like.

These are used generally in a ratio of 0.01 - 3 wt%.



Z 8 JUL 2005 25 Coefficient of Friction [00841 Coefficient of friction
was measured by use of a reciprocating type 5 (SRV) friction/ wedrd JUL 2003
tester, and the friction/wear tests were perforned under the follow ng
test conditions. The neasurenent resul2#-is shown by the average value of
the coefficients of friction nmeasured at each tenperature. Test

G et e 00781 o PESE 5B R e obu Bt s b Bk
gbaméger h%gT( Z% oL 0 cid 215 - 40 ¢ él' t 9 91 fc;:r equeﬁgg/
:50 Hz estl nlg e|Der Fodalzl%aomen gebgpa%léfoltn %o%ggrﬁ} b’ns%} F%btggg]) A | ubri cant

oi | In vWaiaghpls oOMob@sOELReRNt rat ed by operation of a commercial diesel
engi ne was collected and subjected to ultracentrifugation (centrifugal

force; 36,790G engine speed: 17,500 rpm tinme: 30 mn, frequency: 25 3,
tenperature: 0C), and the quantity of the resulting n-hexane

non- di ssiPV8l cddthenadddyessaslupe domesiphenkibutor,ccodoEng agent dral el .

Al kyl ene,. Oxi de- Added Noni oni urfactant 30 [0086] kyl ene  oxi de- added
noni oni clikF3hpe glmfserwﬁé f@h@\ﬁﬁll[)ﬁcm&bn campgHHon | tRISANKENEMRAS 0| | owi ng
nunber s l%lé.t(? (16). The conpany nanmes in parentheses are the

manuf act THEE® her eof).

[0080] The lubricant oil composition containing the alkylene oxide-added

10 - nonionic surfactant of this invention can be used for lubrication of valve
systems, piston rings and other sliding parts as crankcase oil for diesel engine
under a general operating condition, and sufficiently reduce the friction of a
diesel engine even under the lubricating conditions contaminated with 0.1 wt%
or more of diesel soot.

15

Examples

[0081] This invention is described further in detail by the following non-
limiting Examples and Comparative Examples.

20
[0082] The coefficient of friction and soot content in oil of the prepared

lubricant oil compositions were measured according to the following method.

[0083] The alkylene oxide-added nonionic surfactant used in Examples and

25 Comparative Examples is as follows.



-Z 0 JUL 2005 -26 1. Tween 80: Ethyl ene oxide of sorbitan nonool eate
(Pol yoxyet hyl ene Sor bitan Mno-ol eate) (KOSO CHEM CAL) 2. TS- 10%?\5@&
60): Ethyl ene oxi de of sorbitan nonostearate 5 (Pol yoxyethylene S biUL A0
Mono-stearate) (N KKO CHEM CALS) 3. NRs18PTX: Pol yoxyet hyl ene phenyl

et her (Pol yoxyet hyl ene Nonoxynol) (N KKO CHEM CALS) io 4. BS-20:

Pol yoxyet hyl ene stearyl ether (Pol yoxyethylene Steareth) (N KKO

CHEM CALS)efficidd@o? FridBonyoxyet hyl ene ol eyl ether (Pol yoxyethyl ene A eth)
(NI KKO CHEM CALS) 15 6. Ethoneen S/ 25: Pol yoxyet hyl ene soybean am ne
(Pol yoxyet hyl ene Soya Am ne) (LION CHEM CAL) 7. Ethoneen T/ 25:

(01 60 GBI o CeetBiaB e sl SR e aedPracliG B ar ne
LIS TeHat o AL SRR Sy fa o o

Sor bi-t anfolfenaed est caadidions! Themreishtdraentvondt & @rfved by KBSV erekEM CAL) 2 8
JUL 1005 -27 11. BS-4: Pol yoxyethyl ene stearyl ether” (Pol yoxyethyl ene

St ear et alfNbKr® coeifideanl ) friction measured at each temperature.

Test Conditions

10
Specimen (Friction material)  : SUJ-2
Plate : 24 mm in diameter X 7 mm
Cylinder : 15 mm in diameter x 22 mm
Temperature : 40, 50, 60, 70, 80, 90, or 100
15 Load : :400 N
Amplitude : 1.5 mm
Frequency :50 Hz
Testing period : 5 min

20  Soot Content in Oil

[0085] A lubricant oil in which soot was concentrated by operation of a

commercial diesel engine was collected and subjected to ultracentrifugation

(centrifugal force; 36,790G, engine speed: 17,500 rpm, time: 30 min, frequency:
25 3, temperature: 0°C), and the quantity of the resulting n-hexane non-dissolved

content was measured as the soot content in the oil.

Alkylene Oxide-Added Nonionic Surfactant

30 [0086] Alkylene oxide-added nonionic surfactants were shown in Table 1
and Table 2 by the following numbers (1) to (16). The company names in

parentheses are the manufactures thereof).



12. BL-4.2: Pol yoxyethylene |lauryl ether (Polyoxyethylene Laureth) (N KKO
5 CHECM ALS) 13. BT-12: Pol yoxyet hyl ene secondary al kyl ether -78 Jul 2005
(Pol yoxyet hyl ene Pareth) (N KKO CHEM CALS) 10 14. TAMDO 5:

Pol yoxyet hyl ene ol eyl am de (Pol yoxy€ithyl ene O eami de) (N KKO CHEM CALS)
15. TS-106: Ethyl ene oxide of sorbitan nonost ear ate (Sor bi t an

\Yo! I NI EM CAL Et h hyl

Cocont Tact dVARID: CABY GOk ST ERED e BRI F0S (KLY R CIERTEAL)” Exarmpl e
I I (Ki

1 20 [0087 F)Mta?r,nlgl;b?g%% gtl\%e@;gg) %ﬁ(@gfg nju nera oil (kinematic

vi scosi ty: W % based on the total

wei ght of the lubricant oil conposition, of an ethyl ene oxide adduct of
sorbitan nonool eate with an HLB value of 19.0 and a nol ecul ar wei ght of
1325 (TweenT80)Q ('Bweelwﬁ% dithgles oxade df spbitsn mmonqsp@ireﬁehyl ene- propyl ene

copol ymer (QOCP) (weight average nolecul ar 200, 000 8.0 wt % of
succh ni mi de(P@YQQ}’Wl%e@ﬁ Sorhidan dang- @fﬁh@é@l@ﬂ(ﬁ‘@@scﬁﬁl\/[%ﬂ )4 Wt % in

total of a netallic detergent, a pour point depressant and an
antifoam ng agent as other additives. The soot concentrated 2 B JUL 2005

- 28 and xcol i ly a
| ubri cant bgi?ﬁrg%?ﬂﬁg@ﬂeﬁegﬂw %(Bgvﬁ%{eo pgllééggr \gb;éy?&grl cant
oi | conposi {INOKKA CHENBCAL® friction reductl on-r et ai nabl e hi ghest
tenperature of the lubricant 5 oil conposition A was 100C. The
coefficient of friction at each tenperature

10 4. BS-20: Polyoxyethylene stearyl ether (Polyoxyethylene Steareth) (NIKKO

CHEMICALS)

5. BO-20: Polyoxyethylene oley! ether (Polyoxyethylene Oleth) (NIKKO
CHEMICALS)
15
6. Ethomeen S/25: Polyoxyethylene soybean amine (Polyoxyethylene Soya
Amine) (LION CHEMICAL)

7.  Ethomeen T/25: Polyoxyethylene beef tallow amine (Polyoxyethylene
20 Tallow Amine) (LION CHEMICAL)

8. Ethoduomeen T/25: Polyoxyethylene beef tallow diamine (Polyoxyethylene
Tallow Diamine) (LION CHEMICAL)

25 9. Span 85: Sorbitan trioleic acid ester (Sorbitan Tri-oleate) (KOSO
CHEMICAL)

10. Span 80: Sorbitan monooleic acid ester (Sorbitan Mono-oleate) (KOSO
CHEMICAL)



was neasured by a SRV friction test under the above-nenti oned conditions.
The resulting average val ue was 0.044. The properties of the eth@I8efg 2005
oxi de adduct of sorbitan nonool eate are shown in Table 1. to Exanple 2

[ 0089] The sane conponents as the | ubEV/cant oil conposition A of Exanple
1 were used except using ethylene oxide adduct of sorbitan nonool eate

[TS-10 (iT 16 ' I ~ght of
1327 shovh 1o paistelhsiar e AR 2P obRid oo SRL RN ATRRL
sorbitan m‘@qEW@&ES)(T\Aeen 80) to prepare a lubricant oil conposition
B. The lubricant oil <conposition B had a friction reduction-retainable

hi ghest tenperature of 90C and an average coefficient of friction of

0.051, which was neasured by use of the SRV friction tester. 20 Exanple
3 1009011 rhSlsamd: Ralirpyyethy enadaurybethgp (P elankyethly lansrippueth) GNIKKSD

Example 1 cept using a pol yoxyet hyl ene nonyl phenyl et her
( NP- P8PTX) ggﬁﬁﬁﬁaﬁgkgﬁLB val ue of 19.0 and a nol ecul ar wei ght of 1012
shown in Table 1 instead of the ethylene oxide condensate of sorbitan

nonool eate (Tween 80) to prepare a lubricant oil composition C. The

lubri Ca”1t3.0iBT-qQWPB?}dﬂy@fhﬁeﬁ’@&c%nd%xyggwP&héﬁﬁl&%%thffggle'lﬁali’étﬁe)hi ghest

tenperature of 90C dnd”an "aver age cient "of "frict of 0.059. 2 8

JUL 1005 - ZNIEXO@IBEMICHWRI] The same conponents as the lubricant oil
conposition A of Exanple 1 were used except using pol yoxyethyl ene
stearyl ether (BS-20) with an HLB 5 value of 18.0 and a nol ecul ar wei ght

of 111050 ISZP OWAMba??:lfgol')lfok}r)esth? ege %fle)}l rgf?nide (Polyoxyethylene Oleamide)
(NIKKO CHEMICALS)

15. TS-106: Ethylene oxide of sorbitan monostearate (Sorbitan Mono-oleate)
(NIKKO CHEMICALS)
15 _
16. Ethomeen C/25: Polyoxyethylene coconut acid amine (Polyoxyethylene
Coco Amine) (LION CHEMICAL)

Example 1
20

[0087] To a solvent-refined paraffin mineral oil (kinematic viscosity: 5.1
mm®/s @100°C) were mixed 5.0 wt%, based on the total weight of the ubricant
oil composition, of an ethylene oxide adduct of sorbitan monooleate with an
HLB value of 19.0 and a molecular weight of 1325 (Tween 80), 5.3 wt% of a

25  non-dispersion type ethylene-propylene copolymer (OCP) (weight average
molecular weight: 200,000), 8.0 wt% of succinimide, 0.09 wt% of zinc
dithiophosphate (as P), and 6.4 wt% in total of a metallic detergent, a pour point

depressant and an antifoaming agent as other additives. The soot concentrated



et hyl ene oxi de condensate of sorbitan nonooleate (Tween 80) to prepare a
| ubricant oil conposition D. The |ubricant oil conposition D ha@f?JUL 200
friction reduction-retainable highest tenperature of 100C and an average
coefficient of friction of 0.057. 10 %xanple 5 [0092] The sane
conponents as the lubricant oil conposition A of Exanple 1 were used

176" and 00 AR RTRY R TR s PoffarsBlolBlorel Mol it Op ik M fe ™

et hyl ene oxi slencariaRsabat 8fo Wﬂot}ﬁf@%)if'é%ol%ﬁ?&ﬁ c(iir%&?_o%?i)ont&. prepare a

| ubricant oil conposition E. The lubricant oil conposition E had a

friction reduction-retainable highest tenperature of 100C and an average
coefficient of friction of 0.059. 20 Exanple 6 [0093] The sane
conponeni@088 t heThalrichemredidtionencpranitile brghtsofenfxerapire of thenmbeicasted

T S B B AR e
i i TwWe 80

oF Lhe LN EHR B 65 ,OOUTPRALRo# RSP TEIRELAR ERERRED), 0 ¢
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8 10094] adthectdrBriseip@0A0b RatsSare kBolvialdniTeabind 10i | conposi tion A of
Exanple 1 were used except using pol yoxyethyl ene beef tallow am ne

(Et homeen T/ 25)
10 Example 2

[0089] The same components as the lubricant oil composition A of Example
1 were used except using ethylene oxide adduct of sorbitan monooleate [TS-10
(Tween 60)] with an HLB value of 15.0 and a molecular weight of 1327 shown

15 in Table 1 instead of the ethylene oxide condensate of sorbitan monostearate
(Tween 80) to prepare a lubricant oil composition B. The lubricant oil
composition B had a friction reduction-retainable highest temperature of 90°C
and an average coefficient of friction of 0.051, which was measured by use of
the SRV friction tester.

20

Example 3

[0090] The same components as the lubricant oil composition A of Example
1 were used except using a polyoxyethylene nonylphenyl ether (NP-18PTX)

25 with an HLB value of 19.0 and a molecular weight of 1012 shown in Table 1
instead of the ethylene oxide condensate of sorbitan monooleate (Tween 80) to
prepare a lubricant oil composition C. The lubricant oil composition C had a
friction reduction-retainable highest temperature of 90°C and an average

coefficient of friction of 0.059.



5 with an HLB value of 15.5 and a nol ecul ar wei ght of 925 (Exanple 7) and
pol yoxyet hyl ene beef tallow diam ne (Ethoduoneen T/25) with an RgBjiallie
of 15.5 and a nol ecul ar wei ght of 980 (Exanple 8), which are shown in
Table 1, to prepare lubricant conposizd-ons G and H, respectively. The

| ubricant oil corrposi tion G had a friction reduction-retainable highest

t enper at Ere of1 io and an average coefficient of friction of 0.054.
The | ubr corrp03|t| on H had 90C and 0.057. Conparative Exanple 1
15 [0095] To a soI vent-refined paraffin mneral oil (kinematic viscosity:
5.1 me/s @00C) having no al kyl ene oxi de-added nonionic surfactant

thereto [W 8 M Xgle §a1%e%?ﬁﬁneﬁts%&h@'l§&%aﬁitm édfﬁﬁoé‘ihéﬁ%bf Exhx‘?@%
i nprover, wt % of succinimde, 0.09 wt% (as P) of zinc

di t hi ophcbsmdfratwed anderst. ubing ﬁ’ollyoxyeﬁhgllen@fsteeﬂtyWhat (BS XytveitlgentiLB pour
poi nt depressant, and an antifoam ng agent as other 20 additives, and 3.0
W % of t Malugsdtl 8.6 and b maleculax aceighicofel 150 shoptreins Baklenimstoad ofshexanpl e 1

| ub I h b I
Conpos: ¢ PO TRAPHUF EPEA A SREPH G AREORIRED %e%%ﬁgi?%éif%%r“%fbm y 60C
and’ an ayerags, GASLELCIEN, B Fid fbkanaofi B, @ R Rhope Bxanl es

2 - 3]0 corrponen S’ as corrp05| Yon A of

Exanpl e ddudBo8- x‘éﬁﬁ‘l@atﬁé% esb'ﬁ:'ngtger%rr@bf @OOQG hed @ﬁta‘%efa@é%efﬁment of
85) (Conpar ati ve Exanpl e ; and sorbi ttan nonool eat e

( Span 80jfridticanpfd.85i7ve Exanpl e 3) instead of the ethyl ene oxide
condensate of sorbitan nonool eate (Tween 80) to prepare |ubricant oil
conpd®itions B and C. The lubricant oil conposition b had a friction
reducti o%-ret ?i gabl e highest tenperature of 70C and an average

xample

[0092] The same components as the lubricant oil composition A of Example
1 were used except using polyoxyethylene oleyl ethér (BO-20) with an HLB

15 value 17.0 and a molecular weight of 1150 shown in Table 1 instead of the
ethylene oxide condensate of sorbitan monooleate (Tween 80) to prepare a
lubricant oil composition E. The lubricant oil composition E had a friction
reduction-retainable highest temperature of 100°C and an average coefficient of
friction of 0.059.

20

Example 6

[0093] The same components as the lubricant oil composition A of Example
1 were used except using polyoxyethylene soybean amine (Ethomeen S/25) with
25 an HLB value of 15.5 and a molecular weight of 930 shown in Table | instead of
the ethylene oxide condensate of sorbitan monooleate (Tween 80) to prepare a
lubricant oil composition F. The lubricant oil composition F had a friction
reduction-retainable highest temperature 100°C and an average coefficient of

friction of 0.050.



5 coefficient of friction of 0.081. The lubricant oil conposition C had
80C and 0.077. Conparative Exanples 4 - 6 10 (00981 The sane COPRONe WS
as the lubricant oil conposition A of Exanple | were used except using
pol yoxyet hyl ene stearyl ether (BS-4) '(3@0rrpar ative Exanple 4),

pol yoxyet hyl ene | auryl ether (BL-4.2) (Conparative Exanple 5) and

pol yoxye o egondary al kyl ether (BT- 12) (Conparative Exanple 6)

i nst ead %@e—eﬁﬁgl ene oxi de condensate of sorbitan nonool eate (Tween
80) to 15 prepare lubricant oil conpositions D, E and F. The | ubri cant
oil conpositions D, E, and F had friction reduction-retainable

t enper at [0084] of 70k satQ€ cangpod6fits aaritle Auwicageod @efripositént & of Example on of
0.077, 0.082, and 0.072, respectively. Conparative Exanples 7 and 9 20
[0099] Thevesamsed exgrpianing palyexgethylsnp bapt tablow smmsodithpasen 1425 Exanpl e

oot SRERETHL A7 8 LB AL 0 o
0125) (RORBGENREAIPLAE) o e38 Rlblis DA eOs e R szt  of

and 1.  TH8 Jdndby headtul& WeieBMBPSRO (BREMH A8 whitkddrel dHow @1 Table 1, to

reducti on-retai nabl e hi ghest tenperatures of 80C and 60C and aver age

coef fi ci prepareofubficant ¢anpaditionOGlarahkd, ra3pe&bely eThedtbnriednt.oir8 JUL 2005
- 32 Conparative Exanple 8 1001001 The same conponents as the | ubricant
oi | conpeynpestion (phagrdhgtien redustivapietaisiblg heghsst tameperiure od90S6r bi t an

nonostearate (TS- 106) .4 nste of. the 5 ethyl e oxi de..condensat e, of
or b1 am b oY FAEE COBIIS e S erig iPha Ok BfS Morisant Sl SSRpostton H
had 90°C and 0.057.

Comparative Example 1

15 [0095] To a solvent-refined paraffin mineral oil (kinematic viscosity: 5.1
mm*/s @100°C) having no alkylene oxide-added nonionic surfactant thereto
were mixed 5.3 wt% of a non-dispersion type viscosity index improver, 8.0 wt%
of succinimide, 0.09 wt% (as P) of zinc dithiophosphate, and 6.4 wt% in total of
a metallic detergent, a pour point depressant, and an antifoaming agent as other

20  additives, and 3.0 wt% of the soot in o1l was mixed thereto in the same manner

as Example 1 to prepare a lubricant oil composition A.

[0096] The lubricant oil composition had a friction reduction-retainable
temperature of only 60°C and an average coefficient of friction of 0.114.
25

Comparative Examples 2 - 3

[0097] The same components as the lubricant oil composition A of Example

1 were used except using sorbitan trioleate (Span 85)(Comparative Example 2)



conposition h. The lubricant oil conposition h had a friction reduction-
retai nabl e highest tenperature as |ow as 60C, and an average co.g(gigi mg
of friction coefficient of 0.096. 10 Table 1 Ex. | Ex.2 1Ex.3 Z{ lE><
Ex. 6 Ex. 7 Ex 8 Lubricant Q| Conositiddn ABCDEF GH Base oil:

M ner al 100% Bal ance Bal ance Bal ance Bal ance Bal ance Bal ance Bal ance

E‘C‘.L?{‘Sﬁcﬁ%ﬁ?ﬁﬁ%ﬁﬁdﬁfa@?qﬁﬁaﬁ‘?ﬁ Rufefti B @éﬁéﬁﬁta@%&n bed)

Cor r eSpo&%YHe%ﬁ@é Bbndeafsatel s%%bljﬁiln Honobléatel(TxVeénV%/) to @l ue 19.0
15.0 19.0 18.0 17.0 15.5 15.5 . | ecul ar " wei ght e nunber) 1325

1327 101fbiitaft il 20niH3RitRAs Eaﬁd CSp’Ehd: tubnc@hamltcxbnﬂpc@&%rﬂb Ged al. 085 1. 020
1,070 1.030 1.028 0.94 Polggerlzatlon nunber of 20 20 18 20 20 15 15 15

et hyl enefrotioderednytignksthingbirubighhst tamiperajute ¢f870°€ andign agersge18 17- 18

17-18 (Carhon nunher) Addition guantity (w% 5.0 5.0 5.0 50 5.0 5.0
5.0 56 o c Ptqrw@g?r(w&% ogwéés'ﬂxﬁali E%QHG%PMPSI@%C 3?@ 8@.%3@3 53 5.3
5.3 I%Jgg di sper5| on type OCP Ashl ess dispersant: Succinimde 8.0 8.0
8. 8 % 8.0 8.0 ZnDTP wt%as P 0.09 0.09 0.09 0.09 0.09 0.09
0

0
.09 0.09 Clher addltlveslwto/c) 6.4 6.46.46.46.46.46.46.4

Comparative Examples 4 - 6

10 [0058] The same components as the lubricant oil composition A of Example
1 were used except using polyoxyethylene stearyl ether (BS-4) (Comparative
Example 4), polyoxyethylene lauryl ether (BL-4.2) (Comparative Example 5)
and polyoxyethylene secondary alkyl ether (BT-12) (Comparative Example 6)
instead of the ethylene oxide condensate of sorbitan monooleate (Tween 80) to

15  prepare lubricant oil compositions D, E and F. The lubricant oil compositions D,
E, and F had friction reduction-retainable temperatures of 70°C, 70°C and 80°C
and average coefficients of friction 0f 0.077, 0.082, and 0.072, respectively.

Comparative Examples 7 and 9

20
[0699] The same components as the lubricant oil composition A of Example
1 were used except using polyoxyethylene oleyl amide (TAMDO-50)
(Comparative Example 7) and polyoxyethylene coconnt acid amine (Ethomeen
C/25) (Comparative Example 9) instead of the ethylene oxide condensate of

25  sorbitan monooleéte {Tween 80) to prepare lubricant oil compositions G and 1.
The lubricant oil compositions G and I had friction reduction-retainable highest

temperatures of 80°C and 60°C and average coefficients of friction of 0.071 and

0.096, respectively.



Soot content in oil (wt% 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 Friction
reducti on-retainabl e highest 100 90 90 100 100 100 90 90 terrper‘g}tﬂge &
Average coefficient of friction | in g 044 0.051 0.059 0.057 O.g 9 @
0.054 0.057 SRV friction test” 1) Basé oil Viscosity@O00C 5.1 m2/s. 2)
O her additives: 6.4 ww%in total of netal detergent, pour point

depr essag@bmpatstivdBxaflbid ®am ng agent were added at the sanme kind and
content.”3) SRV frictron test: Load (400N), frequency (50 Hz), anplitude
(1.5 M, time (5 mn). 20 4) SRV average friction coefficient: Average
of respemi190] COEThd %mebangfoneﬁtrsla@tth@mw%ﬁt Bﬂ%ohfpdsﬁ%rﬁAaéfE?@am%Q, 60,
70, 80, 90 and 100C. 28JUL7005 .33 Table 2 CEx.l 1 C Ex. C Ex. C Ex.4
C. Ex. C. Eexcepthbsing €hiflene@xiitte 0Bsorbit8n mdhBteakatb(TSahd6)ankte@dmpdiss t i on a
bcdef h 1l Baseoil: Mneral oil ( 100% Bal ance Bal ance Bal ance

Bal arice ghy@;ﬂ@@xgéﬁ a@m&ﬂ;h@fcser@fmmgeoeal@am@epremmgbnbélcgm @%-1 addig
(19) (10 thefipad) THSLbARARCH ChubbrTiold) Red R Bshonatons tabnoral - -1 |
vl coul o TR 2 658 5g *4f5 o3 A% re Pk Gugfhee cbbfithvr®

friction coefficient of 0.096.

10 Table 1
Ex. | Ex. 2 Ex.3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 Ex. 8
Lubricant Oil Composition A B C D E F G H
Base oil: Mineral Qil (100%)" Balance | Balance | Balance | Balance | Balance | Balance | Balance | Balance
Alkylene oxide-added nonionic
surfactant (wt%)
Chemical substance name 1) 2) 3) 4) (5) (6) N (8)
(Separately described)
Corresponding General Formula i a1 I I I v v v
HLB value 19.0 15.0 19.0 18.0 17.0 15.5 15.5 15.5
Molecular weight (mole number) 1325 1327 1012 1150 1150 930 925 980
Specific Gravity 1.080 1.065 1.085 1.020 1.070 1.030 1.028 0.94
Polymerization number of 20 20 18 20 20 15 15 15
ethylene oxide (n)
Alkyl group chain length 18 18 9 18 I8 17-18 | 17-18 | 17-18
{Carbon number)
Addition quantity (wt%) 5.0 5.0 5.0 5.0 5.0 5.0 . 50 5.0
Additives (wt%)
Viscosity index improver: 5.3 53 53 5.3 53 53 5.3 53
Non-dispersion type OCP
Ashless dispersant: Succinimide 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
ZnDTP (wt% as P) 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Other additives 2 (wt%) 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Soot content in oil (wt%) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Friction reduction-retainable highest 100 90 90 100 100 100 90 90
temperature (°C)
Average coefficient of friction® in 0.044 | 0.051 { 0.059 | 0.057 | 0.059 | 0.050 | 0.054 | 0.057
SRV friction test *

1) Base oil Viscosity@100°C: 5.1 mm?/s.

2) Other additives: 6.4 wt% in total of metal detergent, pour point depressant,
15 and antifoaming agent were added at the same kind and content.

3) SRYV friction test: Load (400N), frequency (50 Hz), amplitude (1.5 mm),
time (5 min).

20 4) SRV average friction coefficient: Average of respective coefficients of
friction obtained in tests at 40, 50, 60, 70, 80, 90 and 100°C.



nmol e nunber pecific avity - 0. : : : : :

(ol nber) Specific G avi 0.95 0,99 0.96 0.962 1.03 0.99 0.96 1.05
Pol ymeri zation nunber of 1 1 4 4 12 5 6 15 ethylene oxide (n) ,Zﬂéé% 0
group chain length - 18 IS 18 9 12-14 18 18 12 (Carbon nunber) Hq ?)n
quantity (wt% 0.0 5.0 5.0 5.0 5.0 5-335.0 5.0 5.0 Additives (w%

Vi scosity index inprover: Non-dispersion type OCP 5.3 5.3 5.3 5.3 5.35.3
5.3 5.3 5.3 Ashless dispersant: ugb%%?de 8.08.08.08.08.08.08.0
8.0 8.0 zZnDIP P, wt% 0.09 0.09 O 9 9 0.09 0.09 0.09 0.09 0.09

Oher_additives (W% 6.4 6.4 6 46 46 46 6.4 4 6.4 Soot cantent
indil (w% 3.0 3.0 3.JC%Fxe! 3ch3 63 QCFx |3CH~ FFtE(’St | §Fx. 7| CEx. |CEx. 9
r educti-on-reta-hnable 601470-80..73 70 U 0—-80 160 h t ep@gep%t ure ( oC
Av er|LBsicangoik ¢qmposition of—fle Btion® ih ¢ 114 daicg 77f ) %257—@9@ 0672 )
0.0 E‘a’s,g oﬂ; ngdal ‘QAEOOO@R\/ ¢ yBalarxrce %lagcggta‘l'uc}‘e g’}xlang S\BélemJé:i: a{?!]cg  Ralange, Eﬁl@é‘i Halance
e[Sk lege de' ‘ﬁ r,.addi tlives:| 6.4 W% in totlal of| metal detergent| pouf
flo 1ggmc sur actan t%) d f : 4 h y .
poi n n@nd antifoa ng nt g dded af, t 8458 sKi|n nd
cont ent 5‘) q” rr(:? a(?g) I\Kﬁ g S/ (5 ﬁz ; [ { ¢!
(S te deg‘cplbegp test oad Oj . flrequepcy (50" Fz), “anpl i't ude
(1.5 ®3espon min) . SRV Lay_er agey frii i on goet ficienty Avepage
of riespective coef fFoﬁhLﬂgﬂt S of frictionjfobtaijned ip tests at |40, 50, 60
70, (8@LB &heand 100C. 1.8 4.3 9.0 1.5 | 145 | 110 | 96 15.5
Molecular weight - 956 428 392 370 742 516 711 860
(mole number)
Specific Gravity - 0.95 0.99 0.96 | 0.962 1.03 0.99 0.96 1.05
Polymerization number of - ] ] 4 4 12 5 6 15
ethylene oxide (n)
Alkyl group chain length - 18 18 18 9 12-14 18 18 12
(Carbon number)
Addition quantity (wt%) 0.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Additives (wt%)
Viscosity index improver:
Non-dispersion type OCP 53 5.3 5.3 5.3 5.3 5.3 53 5.3 5.3
Ashless dispersant:
Succinimide 8.0 8.0 8.0 8.0 8.0 8. 8.0 8.0 8.0
ZnDTP (P: wt%) 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Other additives ' (wt%) 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Soot content in oil (wt%) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Friction reduction-retainable 60 70 80 70 70 80 80 80 60
highest temperature (°C) :
Average coefﬁCJent of friction” in] 0.114 | 0.081 | 0.077 | 0.077 | 0.082 | 0.072 | 0.071 | 0.073 | 0.096
SRYV friction test *

1) Base oil Viscosity@100 : 5.1 mm?s.

5
2) Other additives: 6.4 wt% in total of metal detergent, pour point depressant,
and antifoaming agent were added at the same kind and content.
3) SRV friction test: Load (400N), frequency (50 Hz), amplitude (1.5 mm),
10 time (5 min).

4) SRV average friction coefficient: Average of respective coefficients of
friction obtained in tests at 40, 50, 60, 70, 80, 90 and 100°C.



2 8 JUL 2005 -34 [00101] It is apparent fromthe above results of
Exanpl es and Conparative Exanples that the |ubricant oil corrpos?"?imp%%
(Exanples 1 - 8) containing alkylene oxide-added nonionic surfactants
with a specified HLB val ue of 15 or -mdre and a nol ecul ar wei ght of 900
or nore show | ow coefficients of friction in 5 the SRV friction test,

whi | he, | i . 0i | it Co i Ex 2 and 9
AR VI AN TR TR L A
ei ther the,HbBsQhathg 1 2 6%%0@1%63&#%&0% ﬁ)!am E9'9 -1g) dofgaihifrect | on

reduci ng property. to rica conposition for internal
conbust i gkyRngiede-afldédndnionfyantictnts wigndsusefied FIB vahieosf reguci ng
property even under lubricating conditions with soot included in oils,
and sui t moreapdathcletalar yeaghtaofl A drcmnte gidw ldwcodffesettseddringordui pped
w th EGR because of its hi gih friction reduction- retainable tenperature
and smal thecdeY firictientesss while $he Bibricanpoilicampositisas dfgmparatiygnge. 3 5 -
20 JUL 2000 gﬁlel\/s%% tAJ ubrigcant oil. coHHo(iition.for i nt er nal

combust | GRABAERLAT: Shestntaining afiikns otidrAddeCnonionis REGURENR wi ¢ n
0.01 ws g nor. I j ' 4. 0i |
conposi tslé%ﬁfy‘gg e?hg%ﬁ{%ﬂ%%n%tﬂrﬂ? %@gg%l,a V\,iet té‘?%ﬁ%ﬁneg i)d;?{c?leﬁ%g@gd t her et o,
consi st i Rdueinggirop&agt one conpound sel ected fromthe group consisting of
at | east one “conpound selected fromthe group consisting of general

formulae (I1l), (V) and (VI) wherein said general formulae (111), (V) and
(VI)IOare: hﬂ-COOTYtO.tRSO)iI—L]q (r11) . (R7OTmH R5- i, (r)R5~- N~

{601 The lubricant o1l composition for internal combustion engines of t}(n\s/)
invention is enhanced in friction reducing property even under lubricating
conditions with soot included in oils, and suitable particularly as a lubricant oil
for diesel engine equipped with EGR because of its high friction reduction-

retainable temperature and small coefficient of friction in a wide temperature

1S range.



(ReA"H (RBO -H/ (RsO--H RGCON\ (VI) (Rioa)rr--H wherein R3, R5 and
R6, which may be the sane or different, each represents an al kyl_'ﬁ;‘%fg 05
havi ng 8-30 carbon atoms; an al kenyl _ggQup having 8-30 carbon at% ; R
aromati ¢ hydrocarbon group having 6-30 carbon atons; or an aromatic
hydr ocar lggmyinvgg-oup substituted by at | east one. al kyl group or al kenyl
group having 8-24 carbon atons; and wherein R3-R o, which may be the
sanme or different, each represents an al kyl ene group; and wherein m and
- n, which may bhe the ol 1fof EJINARBRGS el d¥es comprising a

pol yneri zat i oﬂ‘nu e%ﬁ%%ﬁﬁeﬁ@%&% gg?ﬁéa}ﬁ%l v\,hergi n Ydrihgepr qsé)nt sgt he
frame pangb@fantbdelonhyetrperatdoniiod.0t oo nemoye, dastd ettor20ee ght gghe
wherein p and g each represents an integer of 1 e total

i A 2| § 1(c)r nor e a&f t
t her eof il8brighst OrBPrEPERPR. 0h& PADIPHIS SUBRC AT MAT ALY PR 7888 A4A T B Py hy dr i ¢
| cohol ; and wher.ei o : ‘i i i d
ot Toast DHUsieol i SRLERER 8 AR RolfipeRfoly QHSiANGE HOiEL, SN

oun as an alue o re and a nol ecul ar
vei ght ofco8QRuad setedied from e ERdupadniistingoigentrl fomtiee @1), ¢V) end €dduci ng
propel -ties of a |ubrjcant oil con& m nat e[ij %th_soot present in
conbusti on exhubereingaidl eeagrabforaias (), @) and WP @&nt  oi | conposition for
i nternal conbustion engines incorporated with 0.01 wt % or nore, based
on the total weight of the lubricant oil conposition, of a nonionic
surfactant, with al kylene oxide added thereto, consisting of at |east
one conpound sel ected fromthe group_ consi stI_i ng -of g&ﬁ)er al formulae (1)

to (M) [R*—COO0 T3 Y O—R;0)3H]q

(R709=—H
5 4 "
R*——N—"Rss—N V)

AN
1 N
6 n

{ReO-m—H
RS——CON | %)

(ReoO¥—H

wherein R>, R and R®, which may be the same or different, each represents an
alkyl group having 8-30 carbon atoms; an alkenyl group having SI-30 carboun atoms; an
aromatic hydrocarbon group having 6-30 carbon atoms; or an aromatic hydrocarbon
group substituted by at least one. a]lqul group oralkenyl group having 8-24 carbon
atoms; and

wherein R3-Ro, which may be the same or different, each represents an allylene
group; and '

wherein m and n, which may be the same or different, each represents the
polymerization number of alkylene oxides; and

wherein Y represents the frame part of a polyhydric alcohol component; and



wherein said general fornulae (1) to (VlI) are. (1) R -0-f- i\ﬂ %@
R2 - COOf RROR22 (Il1) [R3-COQ Y-rOR3O- HIq (V) (RAOH \Jk] H
(V) (RTO)--HR5-NR55-N (RFO-~-H\(R3O-H (M) /( O} H R6 CON (R3 00O
H wherein R, R2. R4. R5 and R6, which may be the sanme or different, each
represents an al kyl group having 8-303garbon atons; an al kenyl group

havi ng 8- 30 car bon atons; an aromatlc hydr ocar bon group havi ng 6-30
carbon atons; an aromatic 26 JUL 2005 -37 hydrocar bon group

substituted by | east, one, al Ike 0 Vi 824
carbon at ons; ﬁe&GIMerngl%eﬁ lﬁ%sen%h ﬁte Iﬁge l?fERlSEgtat ﬁi]lgrgf’felﬁt ,
each reprgs ﬁmﬂ'résthaﬂﬂt}@n&ﬁibeﬂlﬁ hydroxyl groups of the polyhydrlc alcohol; and

wherein Rss represents an alkylene group; and

wherein said at least one compound has an HLB value of 15 or more and a

molecular weight of 900 or more.

2. A method for sustaining the friction reducing properties of a lubricant oil
contaminated with soot present in combustion exhaust gas, comprising using a lubricant
oil composition for internal combustion engines incorporated with 0.01 wt % or more,
based on the total weight of the lubricant oil composition, of a nonionic surfactant, with
alkylene oxide added thereto, consisting of at least one compound selected from the group
consisting of general formulae (I) to (VI)

wherein said general formulae (I) to (VI) are:

@

R'—O0—R,0)~H

an
R2—CO0—t R0y —R*

)
[R}*—COO0 35 Y +O0—t R0 Hg |

(R,05—H o
R4—N/
(RsOy—H
(RO~ H v
RS— N—Rss— N/
ROI—H  RgOTH
(RyO>—H o
R(’—-CON/
(Ry005H

‘wherein R!, R?, R*, R® and RS, which may be the same or différent, each
represents an alkyl group having §-30 carbon atoms; an alkenyl group having 8-30 carbon

atoms; an aromatic hydrocarbon group having 6-30 carbon atoms; or an aromatic



group; and wherein mand n, which nay be the sane or different, each
represents the polynerization nunber of al kyl ene oxi des; and mherein Y

represents the frane part of a pol yhydric al cohol conponent; q% p@g?ﬁ n
p and q each represents an integer of 1 or nore, and the total t %

not nore than the nunber of hydroxyl groups of the pol yhydric al cohol;
and wherein R55 represents an al kyl eng7group; and having an HLB val ue of
about 15 or nore and a nol ecul ar wei ght of about 900 or nore. 3. A
friction reducing nethod for internal conbustion engines according to
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carbon atoms; and

wherein R;-R;g, which may be the same or different, each represents an alkylene
group; and

wherein m and n, which may be the same or different, each represents the
polymerization number of alkylene oxides; and

wherein Y represents the frame part of a polyhydric alcohol component; and

wherein p and q each represents an integer of 1 or more, and the total thereof is
not more than the number of hydroxyl groups of the polyhydric alcohol; and

wherein Rss represents an alkylene group; and

having an HLB value of about 15 or more and a molecular weight of about 900 or

more.

3. A friction reducing method for internal combustion engines according to
claim 2 wherein the internal combustion engine is a diesel engine equipped with an

exhaust gas recirculation system.



