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-1 - LUBRICATING'OL COWOSI TION The present invention relates to a
| ubricating oil conposition, in particular to a lubricating oil
.conposition for use in gasoline engines, which has superior |ow fuel
<consunption properties. 5 The denmand for petroleumin Japan is about 250
mllion kilolitres a year. O that, abput 40%is consuned as fuels such as
gasoline or diesel fuel oil in autonobiles. About 20% of the total carbon
di oxi de gas enissions in.Japan emanate fromthe transport sector, and 10
the trend of these emissions is to increase year by year. The d obal
Warm ng Conferénce held in Kyoto in Decenber 1997 di scussed reductions in
carbon di oxi de gas em ssions,. and .Ja AN ﬁ@Meed to a target of reducing

t

carbon di oxi de gas enlssﬁﬁﬁgqgﬁQﬁ%q F@ver 18N 15 1990. The transport

sector was thus put under an obligation to inprove fuel consunption by
about 20% conpared with 1995 by 2010. Hence, reducing the amount of carbon
di oxi de gas enTheegrEBemmamﬂﬂﬂﬂﬁHQﬁ;Hgi&lﬁﬁhé@ a} Inbddciang richec fluel

t f d 0 i t | mbust b
oot 1 oot TaRPs P 8T, SRR A GENITCS My L BebRSpI SHoSkd Lo Teduce Lhe

armount 0fc&1ﬂ%99£‘t@bﬁxfg% $ae am tgta%%:u‘lrrmn &ng OABL I V@n i vehingles by reducing
fuel corisunption, such as inproving 25 enginée conﬁustlon efficiency or

reduci ng smpemeoghiowffueéMaﬂm@dmﬂﬁugﬂcpr@mgrhess However, the |owest cost
burgden on soci L,n order, to r Ge f uel nsunption educi ng
frittion insidﬁgéndgﬂapg 6?H?H%p ?%B?PCéPI BOBFI9%§%p05|tlon with
whi ch t henengi 88 k§181ﬂttﬂérsl %\aty%%r | ppaikd eyl apoutnkhoke jisMIvemRAts in
fueI ef ficiency, reduction in fuel. consunptlon based on the use of

cific aﬂbfuehﬁlﬁnglBSC@@@@&Mﬂ&MQ? Hoese hofueteqdilrénal terati on of the

englne deSI Rhe g %out 20% of the total carbon dioxide gas

80861
emissions in_Japan emanate from the transport sector, and
10 the trend of these emissions is to increase year by year.

The Global Warming Conference held in Kyoto in
December 1997 discussed reductions in carbon dioxide gas
emissions, and Japan agreed to a target of reducing

" carbon dioxide gas emissions by 6% frpm the level of

15 19%0: The transport sector was thus put under an
obligation to impreve fuel consumption by about 20%
compared with 1995 by 2010. Hence, reducing the amount
of carbon dioxide gas emitted from automobiles by furthér
reducing the fuel consumption of gasoline and diesel

20 interﬁal combustion engines became a most important
issue.

Many techniques have been proposed to reduce the
amount of carbon dioxide gas emitted from auvtomotive
vehicles by reducing fuel consumption, such as improving

25 engine combusticn efficiency or reducing the weight of
Yehicle bodies cor engines. However, the lowest cost
burden cn society in order to reduce fuel consumption :is

by reducing friction inside an engine by means of the

lubricating oil composition with which the engine is
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5. Hence, this approach i's convenient and can be applied over a wi de range.
The prior art used in conventional fuel-econony gasoline engine oils has in

. nmost cases been achieved by adding a friction nodifier, especially an 10

or ganonol ybdenum type friction nodifier, or by using a base oil having a

hi gh viscosity index. The prior art in which organonol ybdenumtype friction
nodifiers are incorporated is descnjgfq_in Lai d- open Japanese Patent
Application 2001- 348591, Lai d-open Japanese Patent 15 Application

2002- 12884, Laid-open Japanese Patent Application 2002-371292, Laid-open
Japanese Pabentcatggpl i dat i 20012181684, 1 NeaiideropereGeipanese P lent
Application_08-302378 and Lai d- apen. Japanese Pat.ent i cati.on 09-3463. 20
However , 'Fﬁérlglieéqcé’onc‘f&dﬁlctlﬁﬁﬁn &H’g%\*&ﬁbl%ﬁ ! ]t%ebé@% ct't orf'%odifiers are
expensi ve, s8AE rTeplRiiGalc naperi GRUGZH diay denfdd:ad Ass a dogd cabr exanpl e of
the prior art whicCh focuses on the characteristics of the base oil of the
gasol i ne ergune 2% laielradidn exfoltes etgd nef gresyimgmt ionetheriobtens by using a
base oil with a large viscosity index. It is highl esirable to be able to
orr o | uBhEsei i POBGAICN BrbRONiTH SRy dtioh b AR Lheunpt | on
propertiegyeRy VRl idanige .t herefore possible 30 substantially to reduce the

amount of carbon di oxi de "'gas emi ssions from autonobiles, by an approach
which is diff&henpriicemattie usfesr eemaroieed ismadr faral-e-ornamhas now been

vant agoBRSOAGR SORRBGmIRSn Froptr (150, ARGt R F oI B dbnt
i nvent i onzBHOYLA@S £2 i c? ilowbHoeatiiRG ,Olds pe@TRASIV iaN conprising one or nore
salicylate-typé detergents, one or nore ashless friction nodifiers and base
oi10 wher erganpacBabdepium-gomsr ifgds td crpawalidille loorportehtuiavd iy an oil film
t'h]iCk‘nesSbg]:-;eg?)J'.r.lehav:‘.ng a high viscosity index. The prior art in
which organomolybdenum-type friction modifiers are
incorporated is described in Laid-open Japanese Patent
Application 2001-348591, Laid-open Japanese Patent
15 Zpplication 2002-12884, Laid-open Japanese Patent
Application 2002-371292, Laid-open Japanese Patent
Application 2001-181664, Laid-open Japanese Patent
Application 08-302378 and Lald-open Japanese Patent
Application- 09-3463.
20 However, there is concern that organcmolybdenum type
friction.modifiers are expensive. |
SAE Technical paper 851036 may be cited as a typical
example of the prior art which focuses on the
characteristics of the base oil of the gascline engine
25 0il and resolves the aforementioned problems by using a
base 0il with a large viscosity index.
It is highly desirable to be able to offer
lubricating oil compositions with superior low fuel
consumption properties, by which it is therefore possible
30 gubstantially to reduce the amount of carbon dioxide gas

emissions from automobiles, by an approach which is

different from the aforementioned pricr art.



- or less, when neasured under conditions of a sliding 10 speed of 4.4 m's, a

Hertz pressure of 0.53 GPa and an oil tenperature of 100C. The oil film

t hi ckness of the base oil conponent is preferably 80 nmor |ess, nore
preferably 70 nmor |ess, when neasured under conditions of a sliding speed
of 4.4 15 mls, a Hertz pressure of 0.53 GPa and an oil tenperature of 100C
The met hod of measuring the afore-mentdiioned oil film thickness in the
present invention is according to the nethod in SAE Techni cal Paper 961142

using the fil m20nthi gkRessehi Gushews ing 1 dei@dl thher @igecilfia preferred
enbodi nent of the present.invention, there is provided a lubricating oi
‘conposi ti dmbwheréiing rhé sbopesiiirneneédhiigye edvasdmgerarst fuelpresent in an

. anmount. of 5 % or nore b mmé& nore preferably in an 25 -amount of 7 % or
more by nﬁ?&?ugﬁﬁlﬁBsPréP8F FaBl'y in an anount of 9 %or nore by nass, of

the entire bas@cRikdink§,60R8e0p BREA tSANVENAE- hyRe :dalergents in the
| ubricating oil conposition of the present invention are preferably present

in an anodmpbriigathegr andge cofpbrdmions coBPrEsing. @n% oy mass, nore preferably
in an anount ,in_the range ,of from1.0 to 8.0 % hy s and nost. preferably
in an anS 9cVﬁaFﬁétyﬁggQ?BFrgfgﬁﬁl.ﬁnFoég:@oﬁFbﬁgE§§§f %rl &d' on the
total masge@firihes! HRE 6aLENG1Q), | wheQBRASithieORa skneigagiong ik sagount of one
or nore salicylate-type detergents has the effect of inproving the

det er gencpaardoi’ orxhganeofi Seabhngi ey, obdt fiflt hé iakowsts terfdomhmexceeds

10.0 % b , th th dditi.onal. effect,. . . Further,
t he addi?Pgﬁ %Fsa ?ﬁ?@e%§%33k€38?%d&§tg?@gﬁtEQ%ESSEﬁ%eéﬁgéﬁﬁﬁfﬁ anu{ncsgase

in gsh ingbded bheyl ybmi/eat kngeeik perpesirki of Whisgh ctherely aneads to an 10
rgcrease in the anount of piston deposits generated. Hence, it is desirable
td use l0tempebptrassoér LPE8s§. Furthernore, if the anount of said one or

or e SaIICylat@he 0il film thickness of the base oil component is
preferably 80 nm or less, more preferably 70 nm or less,
when measured under conditions of a sliding speed of 4.4

15 m/s, a Hertz pressure of 0.53 GPa and an oil temperature

of 100°C. .

The method of measuring the afore-mentioned oil film
thickness in the present invention is according to the
method in SAE Technical Paper 961142 using the film

20 thickness rig shown in Figure 1 therein.
 In a preferred embodiment of the present invention,
) there is provided a lubricating oil composition wherein
the afore-mentioned base oil component is present in an
amount of 5 % or more by mass, more preferably in an
25 amount of 7 % or more by mass, and most preferably in an
amount of 9 % or more by mass, of the entire base oil.

The one or more salicylate-type detergents in the
lubricating oil composition of the present invention are
preferably present in an amount in the range of from 0.5

30 to 10.0 % by mass, more preferably in an amount in the

range @f from 1.0 to 8.0 % by mass and most preferably in

an amount in the range of from 1.0 to 5.0 % by mass,



detergents is l-ess than 0.5 % by mass, then no effect may be obtai ned.

". Hence an anount of 0.5 %or above by mass 15 of the one or nore

salicylate-type detergents is preferred. The one or nore salicylate-type
_detergents that may be conveniently used in the lubricating oil conposition
of the present invention include oil-soluble basic salts 20 of aromatic
carboxylic acids and G oup 2 netals of4theL Periodic Table having atomc
nunbers between 12 and 56, i.e. where the total base nunber is 12 ng. KOH g
or nore, {hese bei congo nds ShOPﬂ in-faganese.Patenis 1271215 and
1031507, 2B3EB%eRert1® ntPhal pFagant i Nvent FontCRatR¥ udtSal ts and nagnesi um
salts are ?5ﬁggg{@goﬁpr the al kyl salicylate netallic salt conpounds. As
the salicylate-type detergents in the present invention, calcium alkyl
benzene salicyl atescasingspeei ardynpref epnedor 3gota shbicabetof tapkyl _
salicylate berylliumsalts and__bari salts,.ther ossibiliéy t hat

wat er sol uBFESTEEHS IS B%%u?f5%85u§€15@pfﬂ%i?%a5§?L%eﬁ%fﬂﬁ%ﬁytﬂ% noi st ure

contgnt dugyt@aeosbustiomioy! heut teromd amun€ophustbon-gngiane and the
weak acids fornmed by oxidation and deterioration of the lubricating oil,

and these 38l 0s% mpymaws, beheesthabiddonl emyl rohfent bveneosinday gi ven t he
toxicity of their products. 5 Furthernore, ip the_ case of berylliumsalts,
since the dﬁ%f%%%%s pguE?§§falgh%fa_%ﬁ@+?¢u%fq%rg%ﬁ%?eé%ﬁ%%ﬁc% by reaction
Wi th carbofegé pxéhes | Ss e Gine&Hed ewi Sh CONCEE Are s Hat i 4 hi sh copb dabe

detrinmental to the anti-friction properties. As regards other netals, the
cost of netheslulgricatinh ahdl ¢pePes hayobedll ¢ terey leadakimgathem |

o 9Bt | rvRRETORE chih BAS GPIRAT Crhiw bl B GURTIACRA A S pr sesi on

ér "neu or 0 %xpression

" over basediieh&e paut Vo efdésipabbaste"usd 5.0 superipasedss shypesbased” and

"hi gh-netal containing _ _
Furthermore, if the amount of said one or more salicylate

detergents is less than 0.5 % by mass, then no effect may
be obtained. Hence an amcunt of 0.5 % or above by mass
15  | of the one or more salicylate~type detergents is
preferred.
The one or more salicylate-type detergents that may
be conveniently used in the lubricating oil composition
of the present invention include cil-socluble basic salts

20 of aromatic carboxylic acids and Group 2 metals of the?®

Periodic-Table having atomic numbers between 12 and 56,

s

i.e. where the total base number is 12 mg.KOH/g or more, .
these being compounds shown in Japanese Patents 1271215
and 1031507.

25 However, in the present invention, calcium salts and
magnesium salts are preferred for the alkyl salicylate
metallic salt compounds. As the salicylate-type
detergents in the present invéntion, calcium alkyl
benzene salicylates are especially preferred.

30 In the case of alkyl salicylate beryllium salts and
barium‘salts, there is a possibility that water scluble
salts may occur because cf the reaction between the

moisture content due to combusticn in the internal



salts". These detergents contain an excess netal content conpared to the
anount of netal which would be present according to the stoichionetry of
the netal and the acidic organic conpound reacted with the nmetal. Processes
20 for maki ng such neutral and basic netal salts are well known in the art.
Neutral salts can be nmade by heating a mneral oil solution of an acidic
organi ¢ conpound with a stoichiometric®equival ent anount of a netal
neutralizing agent such as the nmetal oxide, hydroxide, carbonate, 25

bi car bonat esorfusiuldn dadined dreipalatul £k ahovss 5 ama by foti®ld 1gh t he
resulting mass. Basic salts are made simlarly with the exception that a
st oi chi onetanid deteeseragfiarhe indihg Jubnjswf i efidrabind Yvesdaseld s

salicylate- type detergents.are used. .30 Detergents can be characterized by
their tota™HadeT %ﬁnﬁ%’sj(”'l%ﬂl)? Cislreefnevrjarbcinﬁer}etfé totH" s%l‘FﬁﬂTb‘g}% of the
one or noresaldiey aifethene dtRigads in the lubricating oil conposition
of the present invention are each, - 6 independently, in the range of from

30 t 05600 rpKOdrgorenorie gref erads i rPamel Mamye olft § r o5 tthe400 ng. KOH g
and nost preferably in the range of fr 30 to 350 . K measur ed by
| SO 3771. g‘a§a?{ e&%é’tfg-ctr)yﬁetag'éstgeortg@netr %tnfﬁé‘lm W%?élactg%\%ﬁchi%%sed may be
ei ther substdddstiofh Qi tuNPsidd WiediRuiitab]igh Subsddd uentsod ielude

aliphatic groups containing from1l to 40 carbon atons and optionally
cont ai ni ng e drhisorceulek et erdMan i 2t rtoy e eataortsl - fanids thiyadr oxy groups. 10

Preferred substituents._are alk r S _cant.ai ni inthe _.ra of from®6
to 30 car b@ﬁoﬁed:ﬁ"sl,espré\rgerraelglafyc%an}t%e%p: rmfgcgaelsdf tfr}%orﬁofzt toof ﬂfﬂg’%’%on at ons.
Prefegabl y.id e grsubst icheant saaf ed idiedriculie Al Weatind Wredet er gent s

may contain in the range of from1l to 4. substituents, 15 preferably in the
rdnge of freomilabde3 forstsepreferably 1 or 2 substituents. Mst preferably,

e o)yl . e o UBERIR S L e skl ek d Al 1 arowp
the present invention can be either neutral or overbased.
The expression “overbased” is egquivalent to “basic”,

15 “superbased”, “hyperbased” and “high-metal containing
salts”. These detergents contain an excess metal content
compared to the amount of metal which would be present
according to the stoichiometry of the metal and the
acidic organic compound reacted with the metal. Processes

20 for making such neutral and basic metal salts are well
known in the art. Neutral salts can be made by heating a

) mineral oil solution of an acidic organic compound with a
| stoichiometric equivalent. amount of‘a metal neutralizing
ageﬁt such as the metal oxide, hydroxide, carbonate,

25 bicarbonate, or sulfide at a temperature abhove 50 °C and
filtering the resulting mass. Basic salts are made
similarly with the exception that a stoichiometric excess
of the metal is used. P;eferably, overbased salicylate-
type detergents are used.

30 Detergents can be characterized by their total base
number_(TBN). Preferably, the total base numbers of the
one or more salicylate—typé detergents in the lubricating

0oil composition of the present invention are each,



General ly, nono-al kyl salicylic acids are prepared 20 by al kyl ation of
phenol and subsequent carboxylation. Therefore, a small anount (generally
at nost 20 %mwl) of dialkyl salicylate and unsubstituted salicylate can be

" present in the nono-al kyl salicylate. Calcium and magnesi um salicyl ate-type

detergents 25 which may be used in the present invention are comrercially
avai |l abl e. For exanple, a commercial _—ngagnesiumsalicylate is that available
under the trade designation "Infineum C9012" from Infineum Exanples of

commerci al cal cium detergents_include th al ci 30 i cyl whi ch are
avai | abl e f%%ﬁﬁ??ﬁ??&ﬁ%ﬁUnb%rt?%era??%dﬁgdéEQEﬁﬁf}Bﬁsg€¢H?¥Hgﬁ§537101f,

1 nfi neum MIg02"p AN -0 1Y | NEURIADRGe Jr FhenOfte 05 LB u@skdiess friction
- nodifiers in-the lubricating oil conposition of the present invention are

- preferably présentt i prafe sapnt it ntidheramgyeo Dffforond3®.104 33® 5.0 % by nass,

nore preferably in an amount in the of fromO0.05 to 2.5 % by nass
and rost pried A g ??l@ﬁ?%ﬁﬁﬁﬁnb¥nﬁ$ﬁg§;é%ge of from0.5 to 2.5 % by nass,

basedson the total)mss,f - ladyd cadd g oldr £Ormasidd PRy dir8asi ng the
amount of the oﬁ%hggﬁinre aéﬁﬁzss 16R?%iction nodifiers in fﬁé Idgficating
oi | conpositsah mdy ldes priesentubsvismisah dasitheoefivcted! Jwpradviag t he

| ow fuel consunption characteristjics. However, if the, apoun t her eof
exceeds 5.05‘3}8%1311?%&%%1}%% Wﬁ% %\Jifd? Ef%]n%lg%??%%t‘?%?%?%l% E@%P]ease. _
Hence, an ampund OfrHe® ds 40d @SS HalBpscdse PIf g rok Surddermore, if
t he anount of said one or nore ashless friction nodifiers is less than 0.01

% by mass, oxhesn mndfdectlmeggde RS nead Heydeoxwangaenrst of 0.01 % or
nmore ashl ess friction 20 nodifiers.is .preferred.

W n et ety PRl R T bt o 1 e oo o 8yl
carboxyl i c agighk est ef Som 8 kid 30 carbon atoms, preferably in the
' range of from 12 to 20 carbon atoms. Preferably, the
substituents are linear. The salicylate-type detergents
may contain in the range of from 1 to 4 substituents,
15 preferably in the range of from 1 to 3,.most preferably 1
or 2 substituents. Most preferably, the salicylate-type.
detergents may be substituted by 1 linear alkyl group.
containing in the range of from 14 to 18 carbon atoms.
Generally, mono-alkyl salicylic'acids are prepared
20 by_alkylation of phenocl and subsequent carboxylation.
,Thereforé, a small amount (generally at most 20 $(mol) of
i) | ‘ dialkyl saiicylate and unsubstituted salicylate can be
present in the mono-alkyl salicylate. “ '
Calcium and magnesium salicylate-type detergents
23 which may be used in the present invention are
commercially available. For example, a commercial
magnesium salicylate is that available under the trade
designation “Infineum C8012” from Infineum. Examples of
commercial calcium detergents include the calcium
30 éalicylates which are available from Infineum under the
trade designations “Infineum M7101”, “Infineum M7102” and

“Infineum M71057.



am nes, al kyl am des and al kyl ethers, the greater the |ength of the alkyl
group, the greater the friction 25 reducing effect. However, as the al kyl
chain increases in length, the solubility in the base oil may be reduced.
An ol eyl group has sufficient length in terns of alkyl chain length to
display a friction-reducing action, and furthernore it includes unsaturated
bonds within its 30 nolecules. Ashless friction nodifier conmpounds

W | g | ction modifi s
br  cati ng oi | DEeoB! DEnENTa! Rar Lach) Sea rr Pt KR LChER B £7e1 { i s

t heref ore nouBradwanhageouscthabsathen of8thashhessnfr iiciviedn iMRdiafdeers in
respect of friction- reducing effect. The one or nore .ashless friction o
nmodi fi ers apgefiprabbyabr§Sebrpalindd édRHA(LniLAgtar skhage gfodpons CA§lbase oil

in the lubricati Rg.0il conposjtian_of he.present invention, _.mneral oils,
synt heti c oFPeoald® Rxiares Q%E?WBQSFeksgégbgéeaBiF@oggleépe&hfron1nineral
oi I's and symahgki rokksmmayoberuseds Eheybasesobhdcampenereswhingly satisfy

the conditions 10" of oil filmthickness as measured under the afore-
nmentioned cbndiii emsuprhyial §bebsasgreefedrProfh-Ai ferdl-5 6i by amdssynt hetic

oils. Mneral oqils Xt ur o] 1 ner ok | n% synthetic oils with no
aromatic cgﬁg?ﬁtﬁgn ’eogoﬁg%tﬁggglgﬁ gbﬁtgggfgc Fﬁégwfﬁh an 15 aromatic
constituent caRgosyAtibgtic oils with no aromatic constituent may be cited as
exanples. In general, in addition to detergents and friction nodifiers,

addi tives such adnamesshedr thgedPeunashfesBe anspersaars, aahlesexi dants,
viscogi ty i pdex.LOproxsars, .20 pRUCLHohNL depEessants and anuisteaging agents
may be |ncorpora?ed rnto e lubricating orl-c np05|t|oﬁ S “the pr esent
invention. AseaprabthtWeAreAgeoh, haknehdi elitephosghaig re#ABREPX hemaywhe
geherally incorporated. Preferred zinc 25 dithi ophates are those in the
forns havinéuﬁﬁ gpg§pm@Fbgg characteristics. However, 1if the amount

thereof exceeds 5.0 % by mass, then the additicnal

effectiveness may decrease. Hence, an amount of 5.0 % by
15 mass or less is preferred.

Furthermore, if the amount of said one or more

ashless friction modifiers is less than 0.0l % by mass,

then no effect may be obtained. Hence, an amount of 0.01

% or apove by mass of the one or more ashless friction
20 modifiers is preferred.

. With ashless friction modifiers based on alkyl
carboxylic acids, alkyl carboxylic acid esters, alkyl
amines, alkyl amides and alkyl ethers, the greater the
length of the alkyl group, the greater the friction-

25 reducing effect. However, as the alkyl chain increases
in length, the sclubility in the base o0il may be reduced.

An oleyl group has sufficient length in terms of

alkyl chain length to display a friction-reducing action,
and furthermore it includes unsaturated bonds within its

30 molecules, Ashless friction modifier compounds containing
an oleyl group have a higher solubility in respect of the
lubricating oil base oil than other ashless friction

modifiers. It is therefore more advantageous than other



“wWith 3 to 12 carbons and where its al cohol residual group 1is secondary
"(Sec-ZnDTP) or primary (Pri-ZnDTP), or a mixture thereof. The anount of

. zinc dithiophosphate present in the lubricating oil composition of the
-present 30 invention is preferably in the range of from0.03 to 0.1 % by
mass in terns of elenmental phosphorus content, nore preferably in the range
of from0.03 to 0.08 %by - 9 mass i-h gerns of el enental phosphorus
content, based on the total mass of the lubricating oil conposition.

Ashl ess di spersant s- may..b Qﬂigggl- [ amunt_in the range of
from2 to fgse%sebsys n‘fargl?tlﬁ?serhlqgé;ds/l I s%ne%eg%{é% hogft afr%alﬁle&%:onveni ently used
include potydlkienylested i m des and pol yal kenyl succinic acid esters as
di scl osed in Japanese Lai d-Qpen Patent Applications JP 53-050291 A, JP

56- 120679 A JP B 056610 MRl A 56 1488 iRame bdiar dertivvat i ves 10 of
t hese conpounds. anmpl es of ti-axjda 1 hat y be conveniently wused in
et indh s ARl o

the |ubricdtl ion © e present " ivVn i on include

phenoki c- based anf iva@d @At sirsute dubkidatidty lqpherdnposition of

2-t-butyl -4-nmet hyl phenol, 2-t-butyl-5 15 net hyl phenol, 2, 4-di-t-butyl phenol,
2, 4- di et hythe-nresanty | igHaivl Lomp- MIRREAL Rkt howphatdlc dLks mrd| - 4-

nmet hoxyphenol 6- di~ t.- hut Qgﬁngl =it - 4- .Iﬂhgﬁol,
2,6-di-t- bﬁ?ﬁ/’ﬁ%—e& gqu pthenoc%lll, , b- é:a_% legfsyls-%%ﬁ%ﬁt%chfy{[%eﬁ% ,

2, 6-di -t - buiyls 4ret hoptypteanial 0205 by die tudnd yl - 4- hydr oxybenzyl

mer capt o- octyl acetate, n- dodecyl -

3-(3, .. , L
5-di -t - butyl - 4- F Srivi )%Wwfﬁrvér“tse,‘”hl?h SR ek e G & tdions. put yi - 4-

yir
hydr exyphe ) f2r0pd :qnat.e. ; Al -4 -3 di l.am :cresol,
4;-4' qpret hy%%ne%ls%%ﬁﬁﬁ%% pis E%%agl%u%éi'd@g%itg{%%o I -t-butyl phenol),
2, b bi S( 3, Seah tionud yHordli thymiroxagpheid g propaiscted’ froyc Inirexyd I dene
bi s(2,6-t- butyl phenol), hexan&%&ylegﬁ | ycol his[3-(3,5-di-t-butyl-
S a

4-hydroxypﬁ%ﬂﬂ)aﬁﬂwﬁ¥QﬁﬂﬁQﬂc(%% Qured Ty S W% Bpeci al ty
Chemi cal s, fiHerndgn d heid rddfhetic oils with no aromatic

constituent, or mixtures of synthetic oils with an
15. aromatic constituent and synthetic oils with no aromatic
constituent may be cited as examples.

In general, in addition to detergents and friction
modifiers, additives such as anti-wear agents, ashless
dispersants, anti-oxidants, viscosity index improvers,

20 pour-point depressants and anti-foaming agents may be
inéorporéted into the lubricating oil composition of the
) present invention.
As an anti-wear agent, zinc dithicphosphate (ZnDTE)‘
may be generally incorporated. Preferred zinc
25 dithiophates are those in the forms having an alkyl group
| with 3 to 12 carbons and where its alcohol residual group
is éeCOndary (Sec~-ZnDTP) or primary (Pri-ZnDTP), or a
mixture thereof. The amount of zinc dithiophosphate
present in the lubricating oil composition of the present
30 invention is preferably in the range of from 0.03 to
0.1 % by mass in terms of elemental phosphorus content,

more preferably in the range of from 0.03 to 0.08 % by



".30 designation "lrganox L109"), 2,2'-thio-[diethyl-3-(3,5-

di -t-butyl -4-hydroxyphenyl ) propi onate] (e.g. as manufactured by C ba

- Specialty Chem cals, Inc. under the trade designation "lrganox L115"),
‘tetraki s[met hyl ene-3 - 10 (3,5-di-t-butyl-4-

hydr oxyphenyl ') pr opi onat ej met hane (e.g. gas nanufactured by G ba Specialty
Chem cals, Inc. under the trade designation "Irganox L101"),
1,3,5-trimethyl 2,4,6-tris(3,5-di-t-butyl-4-hydroxybenzyl)benzene (e.g. 5
as nmanuf act GR8d by SREMP gépa%?mﬁﬁéﬁluﬁaeﬁpbﬁéuﬁr&@@teaésigﬁéﬁﬁo@n"lonox

330"), bis- 3.-bis- (4. -hydr -3tk vyl phenyl l,i cid glyco
ester, 2-(3Lg§'Faggi-&%EFy¥?4?ﬁéd§8§gﬁﬁggg¥$n§?2yF¥%§% l$i?§'ﬁ
-di-t-butyl-3" -Aﬁuﬂéggyahgpékkﬂntbyhaﬁ-bebubﬁb@hﬁaﬂhngp@e@bﬁ&?inhydrOXy 10
3'-t-butyl-5"-nethyl benzyl) -4-net hyl phenol and am ne- based anti -oxidants
such as p, pardeveuytdiphehsl aange, ofpfponde- sombPhyl benmpissi.pAshyeani ne,

N- p- but yl phenyl -N- _p: -0 p y 1 -t-butyl.di.phenyl am ne,

monooct y1 i SRERGT & RS, CAEC 2T AP Bt ol SRaRS ik HesCar (. ots

et hyl - 4- nongbphenykham peccoatiyipbenghdi ppapht kghem Be@ccinic acid

N-t - dodecyl phenyl -1 - napht hyl am ne, 1-napht hyl am ne, phenyl -1 -napht hyl am ne,
phenyl-2-naﬁﬁtﬁyﬁaﬁﬁné}SﬁﬂoﬁéﬁyPﬁhéﬁ?PHQSﬁagﬁﬁﬁypﬁﬁﬂnﬁﬁtﬁnéctyIphenyl-2-
napht hyl am [ - di Lsoprepy epyl epedi-am N,N 20
diphenyl-p-%ﬁ%%g%%%%ﬁ#%nﬁgeggngsg?ggngﬁnﬁgb gng%p%ggnﬁéunds such as

nmol ybdenum dit bR ogasbapateaandspnbbybdenam al kyhasbrensakts vafakisoxi dant s
may be used singly or in conbination in the lubricating oil conposition of
t he ﬁﬁesentOQSthﬁ%@n@P@HPUSG§h anti-oxi dants nay be conveniently present in

St | he ¢ aeEnglelgm Gl LoD ERSE D8, BLLELAILNLY o

the lubricattag bhl tB38 Lobhpbseating. oEXanphpesofivhsedsithg pmdexninprovers

that My be, oY el e Ph LY LS n ol e HYBE 2R 19 2 GRTPORLE 20 8L
t-butylphenol, 2-t-butyl-4-methylphenol, 2-t-butyl-5-

15 methylphenol, 2,4-di-t-butylphenol, 2,4-dimethyl-6-t-
butylphénol, 2-t-butyl-4-methoxyphenol, 3-t-butyl-4-
methoxyphenol, 2,6-di-t-butylphenol, 2,6-di-t-butyl-4-
methylphenol, 2,6-di-t-butyl-4-ethylphenol, 2,6-di-t-
butyl-4-methoxyphenol, 2,6-di-t-butyl-4-ethoxyphenol,

20 3,5-di-t-butyl-4-hydroxybenzyl mercapto-octylacetate, n-
dodecyl-B—(3,5*di~t—butyl—4-hydroxyphenyl)propionate,

)  2'-ethylhexyl-3-{3,5-di-t-butyl-4-
hydroxyphenyl)prbpionate, 2,6-di-t-butyl-a-dimethylamino-
p-cresol, 4,4'-methylenebis(2,6-di-t-butylphencl), 4,4'-

25 bis(2,6-di-t-butylphenol}, 2,2-bis{(3,5-di~t-butyl-4-
hydroxyphenyl)propane, 4,4'-cyclohexylidene bis{(2,6-t-
butylphenol), hexamethylene glycol bis([3-(3,5-di-t~butyl~
4-hydroxyphenyl) proplonate] (e.g. as manufactured by
Ciba Specialty Chemicals, Inc. under the trade

30 aeéignation “Irganox L1G9”), 2,2'-thio-[diethyl-3-(3,5-
di—ttbutyl—4—hydroxyphenyl)propionate} (e.g. as
manufactured by Ciba Specialty Chemicals, Inc. under the

trade designation “Irganox L115"), tetrakis[methylene-3-



the present invention -include styrene-butadiene - 11 copolyners,

styrene-i soprene star copolyners, polynethacryl ates and et hyl ene-propyl ene
copolymers described in Japanese Lai d-Open Patent Application JP 47-010386
A, Japanese Lai d-Open Patent Application 5 JP 47-006527 A, Japanese
Lai d- Open Patent Application JP 56-084704 A, Japanese Lai d- Open Patent
Application JP 58-109515 A and Japaﬁé§é}taid-Cpen Pat ent Application JP
59-136394 A. Viscosity index inprovers may be conveniently used 10 in an
anount in the, caggetobuty0rit hed26%ybiiemaisprbasedatenmehratet 4k .gass of
the lubricating oil conposition. It is also possible_to use dispersant-type
viscosity BAJBRNPAPEGVERS PH WhPEhSPBFaf-hiBnbReFd C&éAt alAFngUNRREr ogen and
oxygen atons, in. their ;nolecules have opol resed. w hese.
Exanpl es o?%BguFfﬁangggggﬁggggﬂtsY?ﬁgﬁgga%§8g Péo%€§h?e§?ﬁ§%3§g in the

| ubri cati ng29ul scerpesit eaiet-btihelpherediokpbentiyanbenektde (getghacryl ate
polynmers, for exanple, as described_in Japanese Laid-CBen Pat ent 20

Appl i Gat | ongsJPanpiegtRp?dALYNdgPLl472B3D806 A UEREKpLES BF2f@st preventing

agent s that .convenient used.k p_theshuheicatin ' QRPOsiti on of
t he presentdggé ﬁ?Fé%gingﬁhgg g?ﬁe29|b%§ci?h9c géqugndgyggb??agpegters

t hereof , bepzeynpazale)bypelcanpaidislandl26stbradiazolest yge-cenpounds. As
the defoam ng agent, dinethyl polysiloxane and polyacrylates may, be
convenientl9uﬁ§gdﬁ“Wﬁérﬁﬁﬁﬁéﬁﬂyﬂ¥W§ﬁPféﬁ4T&?theﬂ prévirdesutké-dse~of a

| ubri cati ng,.Qi Ay ;herel crizbed. t 30 _fuel
consunptionhggkgﬁggﬁgék%gﬁgggﬁﬁugt?oggg%gﬁﬁgggﬁh Eé?t?%gﬁgr P%Sggggsoline

i nterifal coabustbanyerfl' Arethiybbaneyhéer ienmbodiyiphenol thd pmésent invention

thgre is provided a methad of Iubhicating,ag,internal 12 _conbustion
engi ne, in PafERcanhi-9x4deBFPné& fnt 8FnBr P ~dioctyldiphenylamine,

p,p'-di-a-methylbenzyldiphenylamine, N-p-butylphenyl-N-
p'-octylphenylamine, monoc-t-butyldiphenylamine,
monoo;tyldiphenylamine, di(2,4—diethylphenyl)amine, di(2-
15 ethyl-4-nonylphenyl)amine, octylphenyl—l—néphthylamine,
N-t-dodecylphenyl-l-naphthylamine, l-naphthylamine,
phenyl-l-naphthylamine, phenyl-Z-naphthylamine, N-
hexylphenyl-2-naphthylamine, N-octylphenyl-2- v
naphfhylamine, N,N'-diisopropyl-p-phenylenediamine, N,N'-
20 diphenyl-p-phenylenediamine and organomolybdenum
compoundé such as molybdenum dithioccarbamate and
R molybdenum alkylamine salts.
Anti-oxidants may be used singly or in combination
in the lubricating oil composition of the present
25 inventien. |
Such anti-oxidants may be cconveniently present in
amount in the range of from 0.0l to 5% by mass, more
preferably in an amount in the range of from 0.1 to 3% by
mass, based on the totél mass of the lubricating oil
30 composition.
Examples of viscosity index improvers that may be
conveniently used in the lubricating oil composition of

the present invention include styrene-butadiene



conbusti on engi ne, conprising applying a lubricating oil conposition as

her ei nbef ore descri bed thereto. The present invention also provides a nethod
of 5 reducing fuel consunption in an internal conmbustion engine, in
particular in a gasoline internal conbustion engine, conprising |ubricating
said internal conbustion engine with a4 ubricating oil conposition as

her ei nbefore described. 10 EXAMPLES The present I nvention is described

belowwwth reference to the follow n n@les whi ch are not intended to
limit the sespelyletfe 5F¥§§ﬁ? tROBRE 8nSFﬁ QHPOQHV?I§5 In order to clarify

further thepfi'ﬂ@%@%hﬁ&kgié OBndtBEh?i§§€D rbggﬁzehgoec &ﬂe tuel

consunption rcatin conposition f ein ga engi nes whi ch
is _currentﬁystﬂlbeﬂeﬁalJaganeaeth31dereanPateatdAppl1caﬂmahed in Table 1

to lubricating oil composition which 20 is. according to a preferred
enbodlnent oFf ﬂﬁeObPééénBr PApanResenlatd-PRengPatentaipplacarionc 43 k C v)

_Cv-rl Srar %[304 bb'&gg’icp. m'a_‘ﬁéngb!e\l ﬂgl %?38 gaéiwcchp%&ﬁgtﬁo% SOCCaO41N
4) O C 41 HJH 56084704 A,vJIEpEknesedlaidrRpen- BaEent Application
JP 58-109515 A and Japanese Laid-Open Patent Application
JP 59-136394 A. |
Viscosity index improvers may be conveniently used
10 in an amount in the range of from 1 to 20% by mass, based
} on the total mass of.the‘lubricating oil composition.

It is also possible to use dispersant-type viscosity
index improvers in which polar monomers containing
nitrogen and oxygen atoms in their molecules have bsen

15 copolymerised with these,.

Examples of pour-point depressants that may be
conveniently used in the lubricating oll composition of
the present invention include methacrylate polymers, for
example, as described in Japanese Laid~Open Patent

20 Rpplications JP 47-025207 A and JP 47-042806 A.
. Examples of rust preventing agents that may be
) conveniently used in the lubricating oil composition of
the present invention include alkenyl succinic acid aﬁd
partial esters thereof, benzotriazole-type compounds and
25 thiadiazole-type compounds.

As the defoaming agent, dimethylpolysiloxane and
polyacrylates may be conveniently used.

The present invention further provides the use of a
lubricating cil composition as hereinbefore described to

30 reduce fuel consumption in an internal combustiocn engine,
in particular in a gasoline internal combustion engine.

In another embodiment of the presant invention there

is provided a method of lubricating an internal



rm CGrHO4- mOONWO raOmroUro UUNHEi '"-HHON HCri

"rHto-Hmac "4 C4- w pororo-4H-HEU CCoNa wulmvO0 4a
.>-HFCb- a, N4 &4 1.1 uwHox 04H>-HO 4 ro 41 mt NCCHm
.0aroa) -HCroC EE4 mm oc CEJJ-HCmri 4 O(ar ma) E OC
-ri > ri 0 xmN4J 0044 43 ,Q> -H(1) Nar- - 1i OCU41t a) a) O

41 (1) a) _-HUCa4) -ob, a) ro C-IZH-H-HmCal uOCO(0ON-Hro
4) 4-1 -O-H-H-HE m4-1 > CCroO a) 14 43 4J -H-HCr-1-4 Q-H4J k

a) EV) -H EbﬁbG%tHon en@xﬁe”‘%nopﬁrtﬁbuqb&o nggs%lgn%)ihkegh%@ C-Ha) 0 v
wl | (aa a4-1amo0 muri uri Er - a a a ENHrl .CU

a 4) C 4-4 apﬁbuét)QAJeﬁganewm@Omp@lmlﬁgoapgﬂyIng a- dubrBcatinm c@14) ro
composition as hereinbefore described thereto.
The present inventicn also provides a method of

5 reducing fuel consumption in an internal combustion
engine, in particular in a gasoline internal combustion
engine, comprising lubricating said internal combusticn
engine with a lubricating oil composition as hereinbefore
described.

10. EXAMPLES

,} The present invention is described below with
reference to the following Examples which are not
intended to limit the scope of the present invention in
any way.

15 In order to clarify fufther the characteristics of
the present invention, a low fuel consumption lubricating
0il composition for use in gasoline engines which is
currently in general use in the relevant field is
compared in Table 1 to lubricating oil composition which

20 is according to a preferred embodiment of the present

invention.
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consunption properties is obtained by the present invention. (2) The
present invention achi eves advantageous fuel 5 consunption properties by the
use of a conmbination of a specific base oil and a specific additive

conbi nation. (3) The present invention has been able to achieve

advant ageous fuel consunption properties even 10 w thout the use of ash
containing friction-reducing agents such -as organonol ybdenum conpounds. The
experinment methods used in the Exanples were as follows: The oil film

t hi ckness of, 4t he i S S b kn SAE
Techni cal Pépg ?igig %u5|§g t% B%ﬁgﬁféﬁﬁ? ngggh??hggg EE E%g %HF%erein).
The hi gh- te”perat@h@bﬁb@ﬂo&hpaprES¢GSIt$ w@salﬂbuab@edhbyp&heeexperinental
met hod of ASTM D5481. The. ki nematic viscosities at 100C and 40C were 20
obt ai ned by the éRpeRicHEAtal nethod of JI'S K2283. The viscosity index was
obtai ned by the experinmental nethod of JI'S K2283. Eval uation of |ow fuel
consunption ﬁnop@heipseséhguieV@nﬁépneéehﬂgvaSs@d&ﬁathgednamﬁnglof the 25
engi ne. torque | oss test ggaratus valuat @% &

consuﬁbtlon pr opEPPFEEPLEORPIRECS ﬁﬁs Elﬁa?e eﬁr&g tPehé fest

engine, the torqde gekpkcagdc bheemdLor anHEEDQ%EbY?E_?é_ ahaq3+Qvk engine with a
direct-acting valve train 30 system was used. The engi ne speed was regul at ed
fromidle revol gbinbAsat®c2800 rpm by neans of an electric notor at an
engine oil tenperature of 80C. - 15 The friction properties of the engine
oils were €@al ughedpbysgaugingetihéofir hasi brehosbltotquecpiedaced.
The-results show the extent taq MEICh en |ne | oss torgue at the various

engi ne speeds haddBaBRAPRPHEVEHSAsCOBSH PEéﬁPaBéOPﬁﬁFbﬁénﬁﬁ?nof engi ne | oss
tdqu% relative L9thout the use of ash containing friction-reducing

agents such as organomolybdenum compounds.

The experiment methods used in the Examples were as
follows:~ |

The oil film thickness of the base oil was measured

15 by the method described in SAE Technical Paper 961142
(using the film thicknesé rig of Figure 1 therein}).
| The high-temperature/high-shear viscosity was

obtained by the experimental method of ASTM -D5481.

The kinematic viscosities at 100°C and 40°C were

20 obtained by the experimental method of JIS K2283.

l'-..m

The viscosity index was obtained by fhe experimental
method of JIS K2283.

Evaluation of low fuel consumption properties

Figure 1 represents a schematic drawing of the
25 engine torque loss test apparatus used for evaluation of
low fuel consumption properties. 1, g‘and 3 in said
Figure represent the test enginé, the torque meter and
the motor, respectively.
A 3.0 L engine with a direct-acting valve train
30 system was used. The engine speed was regulated from idle
revolutions to 2800 rpm by means of an electric motor at

an engine oil temperature of 80°C.



Conparative Exanple 1. The properties of the base oils used in the Exanpl es
“and the Conparative Exanples are shown in Table 2. The conpositions of the
- Exanpl es and the Conparative Exanples 10 are shown in Table 3, and the

. results of their low fuel consunption evaluations are shown in Table 4.
Table 4 shows the degree of inprovenent of each of the Exanples and
Conpar ati ve Exanples relative to Conpakative Exanple 1. Hence, the data in
Table 4 for Cbnparative Exanple 1 15 are precisely 0. TABLE 2 Base Base
Base Base Base [ h ess* 64 101
100 118 111 (nTrjf;E raih(pdtleorrrgeé)f a%%%?ih%%%ps%\%%re%%%%sépg e’%‘gg 3.8 3.2 5.0
3.8 100C dwRasyt&d rte_,rra;ammgcﬁset@rmtﬂo@ Bods4t8rfud grédudddC (MR s-1)
Ki nemat i c VISCOSIty at 16.2 23.9 20.2 35.4 25.2 40C (nm2 s_1) Viscosity

i ndex 140 147 1238 TRF WSS N e %toeef}t ctb%dfm%hse%w%%.h%@ speed 4.4

The’ ot hod HoLe: rhed 1 GAE JEenmiLar Rncr ob1140°(hs R Pl e m

t hi ckness pag-@aftdgeqgume dovdnertei e .erlfi ndlhieo baseooghs ralJabre ﬂawere as
follows: Base Ol A:. Goup Il] base oil available fromthe Shell group
under the GGURAF ST YAata WL ® ¥Vl - 4. Base O B Goup IIl base oi

available fromife sheld o g aup widlesaddie, 11 2dgs desi gt oM s 5 . 2"

Base G| C Pol in (PAO synthetic oil ase ral Ol
avalIaMeaéndnnHﬁ(Gﬁmnnraﬂukﬂ Examples are shown in Table 2. The

compositions of the Examples and the Comparative Examples
10 are shown in Table 3, and the results of their low fuel
} consumption evaluations are shown in Table 4. Table 4
shows the degree of improvement of each of the Examples
‘and Comparative Examples relative to Comparative Example

1. Hence, the data in Table 4 for Comparative Example 1

15 are precisely 0.
TABLE 2
Base |Base |Base |Base |Base
0il Ato0il B|oil C|oil Dloil E
0il film thickness* 64 1101 100 118 111
(nm)

. High-temperature/high- -
\ shear viscosity at 2.9 3.8 3.2 5.0 3.8
’ © 1100°C (mPas)

Kinematic viscosity at 3.9 5.1 4.3 6.4 4.6
100°C (mm® s7%)

Kinematic viscosity at 16.2 23.9 20.2 35.4 | 25.2
40°C (mm® s7%)
Viscosity index 140 147 123 134 99

*Measured under conditions of sliding speed 4.4 m/s,

Hertz pressure 0.53 GPa, oil temperature 100°C in
20 accordance with the method described in SAE Technical
Paper 961142 (using the film thickness rig of Figure 1

therein).



“the trade desi gnation "Yubase 6". 10 Base Ol E: HVI60 nmineral oil. 4) ro
a) a) Nrl Uo, EMONOEIt rHNn).nLUOOOMOO ox 3it Oo U-WN

|l ml r-11 Cri Cl Ort HOOH a N 4Ji uOoaEinbC) rol 11 Ln
U) 000O0Or) 0O Ox3Lnit. O 4-0OLnlI MO tiInl rl " L9rl HOO
H a) 41 it a) a) Nri UlnlIn it Eo(hEit |l r-1 LnLnc:) OolIn o c)
Ox30it UWUW) I (") I'l mI Q@ I alOrl ri OOr- o0 r a~N Fa a
HUEconro O it |l rluUlLl) coOO 6%00 3it Wod I I 1 I Inl H
LOIOr1r1 OOri a) a)
The base oils in Table 2 were as follows:-
Base_dil A: Group III base oil available frgm-the'shell
| ' group under the trade designation “XHVI-4".
Base 0il B: Group III base oil available from the Shell
5 group under the trade designation “XHVI-
5.27.
" Base Oil C: Polyalphaolefin (PAQ) synthetic oil.
Base 0Oil D{ Mineral Oil available from SK Corp. under
.} the trade designation “Yubase 6”.

10' Base Qil E: HVIG0 mineral oil.
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5W 30 and OW¥ 30 in Table 4 are SAE engine viscosity grades in the viscosity
classifications of SAE engine oils. "ldlie"-in Table 4 refers to the state
where no shaft 5 horsepower is being produced and the rated nunber of
revol utions is mai.ntai.ned by.overcom t he mechanical .l osses of .the

engi ne. The calqi&%fgglF@?I?We%ﬁnl$ggggl§ %a?rfh Ea$§ﬁﬂ§ﬁl§15FP3ﬁFﬁnfineum
Japan Inc. uggdgHekhent radevdesiognati enakQi'rirbicnewy MELGRE oandnkhe cal cium
sul phonate was that available from Lubrizol Japan, Inc. under the trade.
desi gnati on .©i2s52". The ashless friction nodifier in Table 3 was the
:E;q ester avail all e froghK oblgn%.r%%der Eget%ra%%at15 eS|gnatg%gftEnazol
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a e g where no

" horsepower is being precduced and the rated number of

revolutions is maintained by overcoming the mechanical
losses of the engine.
The calcium'salicylate in Table’' 3 was that available

from Infineum Japan Inc. under the trade designation

“Infineum M7101”, and the calcium sulphonate was that

avalilable from Lubrizol Japan, Inc. under the trade.
designation “Lz 52”.

The ashless friction modifier in Table 3 was the
oleic acid ester available from Kao, Inc. ﬁnder the trade
designation “Emazol MOC”.

| The viscosity index improver in Table 3 was the
polymethacrylate available from Degussa Japan, Inc. under
the trade designation “Viscoplex 6-9507.

The ashless dispersant was the polyalkenyl
succinimide available from Infineum Japan, Inc. under fthe
trade designation “Infineum M71077.

The anti-wear agent (ZnDTP) was that availablé from
Lﬁbrizol Japan, Inc. under the trade designation “Lz
13957, |

The anti-oxidant was the phenolic anti-oxidant
avallable from Ciba Specialty Chemicals, Inc. under the
trade designation “Irganox L135".

The pour-pceint depressant was the polymethacrylate
available from Infineum Japan, Inc. under the trade
designation “Infineum V351”. ‘

The defoaming agent was dimethylpolysiloxane

available from Dow Corning, Inc.

oleic .



The viscosity index inprover in Table 3 was the polynethacrylate avail able
from Degussa Japan, Inc. under the trade designation "Viscoplex 6-950". The
ashl ess di-spersant was the pol yal kenyl 20 succinim de avail able from

I nfi neum Japan, Inc. under the trade designation "Infineum M/107". The
anti-wear agent (ZnDTP) was that availablee from Lubrizol Japan, Inc. under
the trade designation "Lz 1395". 25 The anti-oxi dant was the phenolic
anti-oxidant available from G ba Specialty Chemcals, Inc. under the trade
desi gnation "lrganox L135". The pour-point depressant was the

pol ymet hacryl ate -avail able from I nfineum Japan, Inc. under the trade 30
desi gnation "Infineum V351". The dqugn&gg ﬁgﬁnt was di net hyl pol ysi | oxane
avai |l abl e from Dow Corning, |nc. S. 1. Alubricating oi
conposition conprising one or nore salicylate-type detergents, one or nore
ashl ess friation a nodiAiesi mnd baseompds L wher et dmp hes bageont | ogompréses a
base oil conmponent having an oil filmthickness of 95 nm5 or |ess, when
measur ed underlichidits iR ofdet STIMhYy Fpeedl oroBe 4280 5Ss S F@%@Elﬁﬁessure
of 0.53 GPa Al n _oil re [ [ osition
according to %dﬁ av%gjigésl%rlac%%e b‘gr{seel:%?lf %%?rpﬂoy%%%ltgﬂ ngeél: ?89@

amount of Hade %Biar dﬁMﬁbdnmﬂnﬁﬁmlnﬁ aﬂmbfﬂnfihnbaﬁﬁcbméss3ofLﬂbrnmat|ng

oi | conp05|t|on according to Claiml or 2, wherein the one or nore

sal i cyd at e- 9% Qfescrer‘fj@ﬂ ORI GH SEFRT | TR UMt OF n®thelfafge of from

0.5 to 10.0 2 t fot t 15
0 - fﬁ?fé%{uqbrfﬁl P4 | i Ola"”héf\?z ﬁ@és@é%f’ ?? spbriga éﬁ'gc]gPiCI i

conposi tion. conposition accordlng 0 any one o
1 to 3, whermimpdAferunee «of e ashless friction nodifiers are present in
anjanount in the range of, from , .
2. Lubricating oil composition according to Claim 1,
wherein the base oil component is present in an amount of
10 5 % or more by mass, of the entire base oil.
3. Lubricating oil compositicn according to Claim 1 or

2, wherein the one or more salicylate-type detergents are

e

present in an amount in the range of from 0.5 to 10.0
by mass, based on the‘totai mass of the lubricating oil

15 composition. |

. 4. Lubricating oil composition according to any one of
Claims 1 to 3, wherein the one or more ashless frictior
modifiers are present in an amount in the range of from

! 0.01 to 5.0 % by mass, based on the total mass of the

20 lubricating oil compositicn.

5. Lubricating oil composition according to any cne of
Claims 1 to 4, wherein the one or more salicylate-type
detergents are selected from calcium and magnesium
salicylate-type detergents.

25 6. Lubricating oil composition according to any one of
Claims 1 to 5, wherein the one or more ashless friction
modifiers are compounds containing an oleyl group.

7. Lubricating oil compesition according to any one of
Claims 1 to 6, wherein the base o0il comprises a base cil

30 component having an oil film thickness of 80 nm or less,



0.01 to 5.0 % by nmass, based on the total mass of the 20 l|ubricating oi
conposition. 5. Lubricating oil conposition according to any one of C ains
1 to 4, wherein the one or nore salicylate-type detergents are sel ected
from cal cium and nagnesi um salicylate-type detergents. 25 6. Lubricating
oi | conposition according to any one_o§l Clains 1 to 5 wherein the one or
nore ashless friction nodifiers are conpounds containing an ol eyl group. 7.
Lubricating oil conposition according to any one of Clains 1 to 6, wherein
the base oihepomgeissesdaupdes 6ANdige cgdmsdnents liaiingg saeesi 10 i4-rh t hi ckness
of 80 nmor |less, - 21 _when neasy ed-un condi_tian f a sliding speed of
4.4 s, g/ﬁéerH5F§§sQF558Prﬁ.§§ g%ag%%aﬁno PR & e3§¥%ﬁ%¥aﬁﬁr 00 C. 8.
Use of a | uhrieaticag oil conposition according to 5 any one of Clains 1 to
7, to reduce fuel consunption in an internal conmbustion engine, in
particul ar 8i.n aUgasolfi ae livitrdcadii ngowibds Ciodposigilme. agcokdimighd® of reduci ng
fuel consunption in_an,internal omhustion engine, in particular in a
gasoﬁfne iggngQF Ofogégﬁﬂﬁs?i3ﬁ gthﬁeFeggﬁﬁr%IeﬁgqoﬁﬁPF@- i%%y hi d
internal capbysti0ns]eRGResWibh @ngublkl,caki pa r@iilcua@Pqasi & on  according to
any one of Clainms 1 to 7. 10. A nethod of lubricating an internal conbustion
engi ne, ingpaptlicel antargasolconduisht.enngndéawbusti on 15 engi ne, conprising

appl yi ng a9|UbrhC%E%R%dOB% %%@B%ﬁh%' ﬂela%%%g%%@%i%% %%Va%n%n%kfﬂéTrm 1 to

7 thereto. 7
combustion engine, in particular in a gasoline internal
10 combustion engine, comprising lubricating said internal
) combustion engine with a lubricating oil composition

according to any one of Claims 1 to 7.
10. 2 method of lubricating an internal combustion
engine, in particular a gasoline internal combustion

15 engine, comprising applying a lubricating cil composition

according to any one of Claims 1 to 7 thereto.



