10

15

20

25

30

Fuel Economy Lubricating Oil Composition For Lubricating 5 Diesel
Engines Field of Invention The present invention relates to a lubricating oil
composition for lubricating internal combustion engines, 10 particularly, a
diesel engine. More specifically, the invention relates to a lubricating oil
composition suitably employable for lubricating a diesel engine mounted
to a car driven using fuel of a low sulfur content and enabling operation of
the diesel engine with 15 high fuel economy. Background of the Invention
Heretofore, for gasoline engines it has been desired to develop and
formulate lubricating oil compositions 20 having a low sulfated ash

COFRSIL, &lenShiUIRaPEea 8RR loWIpnspPeRiStadHe b s #ating
the exhaust gas regulations applied to cars to which a gasoline engine is
mounted. Similarly for diesel eFJifEE in TFrBTope with the recent

severe exhaust gas regulations, there 25 arises a demand for developing
aﬁgefgr %',?tirj;%@ I%l%ri-ocating oil composition having a low sulfated ash
content, a’low sultur content and a low phosphorus content for lu-

bricatingr adigset engineimoeantedao cags that are eqaip: pedwitiang oil

exBaustaas cleaning apparatus and are driven 30 by the 1S of 8 Lo, o5,

sulfur fuel such as low sulfur con- terit diesel fuel, bio-diesel fuel, or

diiféthyFetheE L CondertiGiRt ubi@ting oil fffosiistsdmproyed for- e
lubticating argaseline engine er a diesekanging ganeraly.gemprisea

major_ amount of a base oil having.a |ubricating viscosjty and various
TR e o Ct e e Mt B
réfuirensents cExarnplesdf cormmonlydgrnivatedoddditiver veompohents

"E&%%%%H“%ﬁbC%HQETB%Qe%ig%EtEE%Nof the diezel engine with

high fuel econonmy.

Background of the Invention

Heretofore, for gascline engines it has been desired
to develop and formulate lubricating oil compogitions
having a low sulfated ash content, a low sulfur content
and a low phosphorus content to cope with the exhaust gas
regulations applied to cars to which a gasoline engine is
mounted. Similarly for diesel engines, in order to cope
with the recent severe exhaust gas regulations, there
arises a demand for developing and formulating a lubri-
cating oil compositicn having a low sulfated ash content,
a low sulfur content and a low phosphorus content for 1lu-
bricating a diesel engine mounted to cars that are eguip-
ped with an exhaust gas cleaning apparatus and are driven
by the use of a low sulfur fuel such as low sulfur con-
tent diesel fuel, bio-diesel fuel, or dimethyl ether.

Conventional lubricating oil compositions empioyed
for lubricating a gasoline engine or a diesel engine

generally comprise a major amount of a base oil having a
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5 containing multifunctional addititves, ashless compounds such as
ashless dispersant, oxidation inhibitors, etc. The metal-containing
detergent has a function to neutralize sulfuric acid produced by burning
fuel and is necessarily incorporated into a lubricating oil composi- 10 tion
for lubricating a diesel engine which uses a fuel having a higher sulfur
content as compared with a fuel used for a gasoline engine. Generally,
the Rietaladorl faifiingcdetéfgent isinterpor e iR A tricatngensnts,
camposiiondor.dieselengines in an amoumd ot FBN (tatat 15 base
number) in the range of 2 to 15 mgKOH/g. Zinc dithiophosphates =, .
(PATHEHARTAAE dingars ear By dithiopiBSphate Rt i@ tec additive
diatkydditheophrosphoate) ewhichehae-malttipte functions seclyaswearetal

‘”&‘é@@%’l ARd exirame pressure ﬁ%?isgac@&ﬁ {have beenalmpst Qe%%?rggzgllynds

20 employed ?or preparation of the lubricating oil composi- tion for d
efgiresamh additiGE Zike §ihgafotarh- WpResHhEte has heleharegentetc-
developed asmmyiti-funer tionakadditivesreplacing the éina@unction to
dithophosphate. The above-mentjoned multi-functional additives, 25 ,
BRRGER NGB Sk 1R WG A ot A" ACRE sufifornd 13

elementpanmd ayp hbsphmg;srejem rﬁnthgrg- forexit isarteice;s_ady.ltodm'@o si-
the; amouptofithese muylts fu “&lt'%'?@ saéjP't%’r?? when,the Jybricating oik,, _

composi- tions having a low sulfated ash content, a low sulfur 30 content,

afd alBH phospRbRIs EontéhtarefoRfliate Crlidster hand, thefuel

regiirenents goneyningiuet reconemy have-heen increased.for earsior -
which a gasoline engine qr a diesel engine is mounted. The fuel economy .
A B TP e B o A B 6t (o LD RGFRELTS 511

Howraver itis@atsd kmown ¢hatlthenmpravementaof @iubricating olBN {(total
cQUPOSItign i a0 EfectNe 9, e o 2 to 15 mgexoH/g.

Zinc dithiophosphates (particularly, zinc dihydro-
carbyldithiophosphate and zinc dizlkyldithiophosphoate)
which have multiple functions such as wear inhibition and
extreme pressure resistance have been almost necessarily
employed for preparation of the lubricating oil composi-
Tion for diesel engines. In addition, zinc dihydrocarb-
yiphecsphate has been recently develcped as a multi-func-
tional additive replacing the zinc dithophosphate.

The zbove-mentioned multi-functional additives,
however, have a drawback in having all of a metal ele-
ment, a sulfur element, and a phosphorus element. There-
fore, it is necessary to limit the amount of these multi-
functional additives when the lubricating oil composi-
tions having a low sulfated ash content, a low sulfur
content, and a low phosphorus content are formulated.

On the other hand, the reguirements concerning fuel
economy have been increased for cars to which a gasoline
engine or a diesel engine is mounted. The fuel economy
can be mostly improved by modifying the structure of the
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improve the fuel economy. Therefore, lubricating oil compositions
employing a base oil of decreased oil via 5 cosity or an improved friction
modifier have been studied. Until now, a number of friction modifiers have
been developed for internal combustion engines. Among the recently
developed friction modifiers, sulfur-con- taining organic molybdenum
compound friction modifiers 10 such as molybdenum dithiocarbamate
(MoPTC)and Molybdenumt dithpphosphate (Mo DTR)EsHAW alptastcaRpent
satisfactory, friction; modifying funetion and hence aresused widelyve o

However, the sulfur-containing organic molybdenum compound friction,

mOtTETE 2dd Rave BravitsHtke™ havihg® 15 Bmétal etetheftand'd stdfhr
elements Moteoversthel sulfurcentainirg organic modyhdeasaticampoutd -
friction, modifiers hay ditional drawbacks in.that the {friction, reducing
fucn(gc‘%)i?)}mi%Iiézi{:ppée%lrsl W tﬁé’j’lvg é)elgﬁGé:la%ﬁ%ortﬁé%r%g%‘é?tir%g,&gd i%gqr?ally
theseddormipounitistare guitkly 20rvenaeedifeffédtivelith Be6tlbading. have
Japanese-Ratent RrovisionalRublication 200415088 1= deseribes a fuplng
economy-type Iubricatin%)oil composition for internal combustion engines.

ThefubTicating ol CEMpoSKih is prépared by Eombifig a bise B~ ©°%~

hawing 25 visgasity-indeX @fd40wor morey awrhdlé atomatic compos hens

canient %sth(%?g%%é’ 8&0&151:‘{3(&%&%'}%%%&“!@ 8%9%?1‘5 pf 9.0 }%l%%enum

more and a mixture of 1.2 t0 5.0 wt.% of a fatty acid ester-type ashless
frictibh raddifier ambfor Y Eminecypé askiRes Hictibnymoddfier aneBory

0.62i10:0.25 WS4 {intenys of PhesphOrMS CORtaM):-0fk ZNCused widely.
dialkyldithiophasphate. It is described that the disclosed lubricating oil

cOMEEton showsHh iniiroved iction Fediciify funclion " fmiproved
weanresistdnce,i and @an improvec storages stabdity: Howenrerciresertypesing
Sa metal element and a sulfur element. Moreover, the
sulfur~containing crganic molybdenum compound friction
modifiers have additional drawbacks in that the fricticn
reducing function disappears within a relatively short
period of time, additionally these compounds are guickly
rendered ineffective with scot lcading.

Japanese Patent Provisicnal Publication 2004-153881
describes a fuel econcmy~type lubricating oil composition
for internal combustion engines. The lubricéting oil
composition is prepared by combining a base ¢il having a
viscosity index of 110 or mecre, a whole aromatic compo-
nent content in the range of 2 to 15 wt.% and a sulfur
content of 0.05 wt.% or more and a mixture of 1.2 to 5.0
wi.% of a fat%y acid ester-type ashless friction modifier.
and/or a fatty amine-type ashless friction modifier and
0.02 te 0.15 wt.% (in terms of phosphorus content) of
zinc dialkyldithiophosphate. It 1s described that the
disclosed lubricating oll composition shows an improved
friction reducing function, an improved wear resistance,

and an improved storage stability. However, these types
3
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of frictions modifers have not been found to be effective at higher soot
loading in the engines oil. Summary of the invention 5 The lubricating oll
composition of the invention has a low sulfated ash content, a low
phosphorus content and a low sulfur content and show an excellent
friction- modifying function (friction -reducing function) even in the case in
that a large amount of soots have migrated in 10 the lubricating oil
c6mpositioh Furtherchelabrcatige ol ebripRiioh 6fthe fvemtiopt fective
causes: ne corresion of Sthe:metallic engine pattseEhe corrosion of the
metallic engine parts is a problem known in the lubricating olil
compositions containing an amine compound and a fatty 15 acid. .
Asusrsingly cdisdheed rsvaehthiisating oil composition for lubricating

internal c%rgbui%%r}: eg%ijges ngc hcaos a ggl{q\:teg r?sg JE(:on}'%('eentiorg v:!'él WE{.(g/o
or less, a suﬁfur confLent o%}a% W%. % Of Vé%s, an&a phospﬁorus*con 516 tenri

oh8.4 23Vt O of ldstadrPwhieh cormises a base oil Pavimg adubricatingent

viggesity ang, the folgwing.additive .compenants; ). metal-contaiping: 1 on -
detergent,comprising%lat least one of an alkali metal or alkaline earth

ARG SafidGiate And BhidikaiP fhetal o dikdline edthhatal even in
alkylcarda@eylate inantamountof.@nte 04 witVsivcternis:afanamonntd in

o&mgtql&gp{%g%qHgth{%cprg%% ig%nl;t@oar"{ Ieﬁp{ﬁ,eleq_j’a the lubricating
nitrogen-containing shless dis ersant qnd a nitrogen-containing
dispersiEpiseadine BOGRdEX Inprovenini & affount 8f 0 D140 W% vt

terms pEaditiogen-amoyat; ¢) aneutrabsalt of afaly geidyyith adatera11ic

agwgigga%gggynig gjﬁ?éi%ggaﬁggaﬁ in the lubricating cil
compositions containing an amine compound and a fatty
acid.

Accordingly, disclosed is a lubricating oil
composition for lubricating internal combustion engines
which has a sulfated ash content of 1.1 wt.% or less, a
sulfur content of 0.5 wt.% or less, and a phosphorus con-
tent of 0.12 wt.% or less and which comprises a base oil
having a lubricating viscosity and the following additive
components:

a) a metal-containing detergent comprising at least
cne of an alkali metal or alkaline earth metal alkyl-
salicylate and an alkali metal cor alkaline earth metal
alkylcarbexylate in an amount of 0.C1 to 0.4 wt.% in
terms ¢f an amount of metal contained in the compositicn;

b} at least one of a nitrogen—-containing ashless
dispersant and a nitrogen-containing dispersive viscosiiy
index improver in an amount of 0.01 to 0.3 wt.% in terms
of a nitrogen amount;

c) a neutral salt of a fatty acid with a fatty

amine in an amount of 0.1 to 5 wt.%; and
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d) an oxidation inhibitor in an amount of 0.1 to 5 wt.o . The lubricating oil
composition of the invention is favorably employable for lubricating diesel
engines 5 mounted to cars which are driven using a low sulfur fuel.

Moreover, the lubricating oil composition of the invention is very
advantageous as a lubricating oil composition for lubricating diesel

engines demonstrating high fuel economy. Particularly for diesel engines
which 1@ are eRpected 46 expériendeld highrsdot |eadiaguinitie bricatingo °
oil,+such as for diesel engines equipped with EGR system or a diesel

engine using a lubricating oil with a long service period, the lubricating oil
compositiohs Of e preseRPintentiGiy BaA Tkteri the i 5°S&vica e ang™ +°
madntairethe fuekhecanaiy.dn Such ar eventta preferred drictinghodiier

is tralized salt. of a fatty acid haying, 8.to 30.carbgn daf
e haeing B (0 cotbon atiins. TS togLnd e Toty MCE e any leL.
uNsatarated faff acidubydtras drlimeat RochranPralty oo, Mhorehe

preferably; aleic acidawhile the: fethyamine s saturaied dinearehain fatty
amine, mare, preferably stearyl arn&irg%.%pically the neutral salt of a fatty,

aGid Wit & Faty anfife IS SUmt&in G0t t& provitea Afctions - ating
modifinfueffectcmorenpreferabtyt 25un anlgmdomt afilk 40 2amtcPonSootrhich

'03%'5‘98@95@84% icating, gil.composition 8%%9%5%@% 8%%%91-(? WEs 1
such as greater than 1 wt%, or greater than™2 wt%, up to about 5 wt%. '
Thusrheddhrhicatingloil Hposiforf 8rtHEZEMVeftic feedlsgquirped with

a@@ﬁ“@g@@@&aé@JHbﬂgﬂgﬁﬁmE@@En@Oﬁgg&gﬂduhmﬁﬂmgéﬁﬁﬁ@n%il

e@?ggsgwgbwghgggv§83"§2¥iod, the lubricating oil
compositicons of the present invention can extend the
service life and maintain the fuel economy. In such an
event a preferred friction modifier is a neutralized salt
of a fatty acid having 8 to 30 carbon atoms and a fatty
amine having 8 to 30 carbon atoms. In this regard the
fatty acid is an unsaturated fatty acid, such as a linear
chain fatty acid, more preferably oleic acid; while the
farty amine 1ls a saturated linear chain fatiy amine, more
preferably stearyl amine. Typically the neutral salt of
a fatty acid with a fatty amine is contailn in an amount
to provide a friction medifying effect, more preferably
in an amount of 0.1 to 2 wit.%. 300t loading in the
lubricating oil composition can be greater than 0.5 wt%,
such as greater than 1 wt%, or greater than 2 wt%, up to
about 5 wt%.

Thus, the lubricating oil composition of the

invention is also advantageousgs as a lubricating oil com-
positicn for lubricating gasoline engines with high fuel

economy.

Detailed Description of the Invention
5
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Detailed Description of the Invention 5 The present invention is directed
in part to fuel economy lubricating oil compositions particularly suited for
diesel engines. More specifically the components have been selected to
impart a high friction modifying 5 function (high friction reducing function)
in the use for lubricating diesel engines, particularly diesel engines
mounted to cars driven using a low sulfur content diesel fuel. Although a
lubricatiR§ ®il RBRfFIsHicH 6 Ghdelihel 4 0EngiTdsand & IBBrddating dikel

campasiionfordiesekeanrgines bethareclassified inia-alubricating ki ted
camposi- tion for internal combustion engines, there are some differences

it the régGftEd IBHERERG fundtioht. E8F Tristdice, i the EaseBRg e ts
"Lubricatiag: oil seinposiiontld forgdiesel engingl, thete isiaproblemining

t ed likely mjgrate i lybtcating. oil. .The s iy
A 0 o s SO s MHiCn HStibs ToAation e o0 fox
enyinel The ¥asulting 96Wwefing bt Rbricafin§ futittioA caudes deéreasgigies
fugl 20econemy=dn-thesgase-of a digsel enaine eguipped With tEGR diesel
system or a diesel engine using a lubricating oil with a long service

p&tiad, a large amount of soots are apt to migrate into the lubricating oil.
Therefore] féro thenlubricating. oik tampositibn forgieseltengines; theg25c1ine
ulbrigating, o compositiop Siould shaw enoug Jtiop macifying: ungton. .
(friction reducing function) less in- fluenced by the migration of soots.
However QR téorisideration ot thiecafoierhentiongtirettifre rehtSfor themposi-

low sulfated ashicontent, lowrsuifir contest gnddew 30 phespherIS: ome

canien, the conventionally emplovedzipe, diophosphato shauld potbe,

instance, in the case of a lubricating oll composition
for diesel engines, there is a problem in that produced
soots likely migrate into the lubricating cil. The soots
easily agglutinate to form hard solid mass, which
disturbs lubrication in the engine. The resulting
lowering of lubricating function causes decrease of fuel
economy. In the case of a diesel engine equipped with
EGR System or a diesel engine using a lubricating oil
with a long serxrvice period, a large amcunt of scots are
apt to migrate into the lubricating oil. Therefore, for
the lubricating oil composition for diesel engines, the
lubricating oil composition should show encugh friction
ﬁodifying function (friction reducing function) less in-
fluenced by the migration of soots. However, in
consideration of the aforementicned reguirements for the
low sulfated ash content, low sulfur content and low
phosphorus content, the conventicnally employed zinc
dithiophosphate should not be used in a large amount.

Known friction modifiers gquickly lcse their intended
function when the lubricating oill beccmes lcaded with
soot. Numerous friction modifier mechanisms and

6
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Known friction modifiers quickly lose their intended function when the
lubricating oil becomes loaded with soot. Numerous friction modifier
mechanisms and 6 formulations using the friction modifiers in response to
soot loading were investigated. Surprisingly, it has been discovered that a
neutral salt of a fatty acid and a fatty amine is incorporated as a friction
modifier into a 5 lubricating oil composition containing a metal-containing
détergent bh @shlassidispérsantanid ah Oxidation Cinhititor in Whidhothee to

n@@lthn;@t@ir}ggd%@&erﬂﬂ%@@t@?@&m_e.tal aralkaline eari,mefal nas
salicylate or an alkali metal or alkaline earth metal alkylcarboxylate, 10

e st AGBREahg GiF CompB&ition Shofia Safisfattorg - -y acid and a
friciionsredncding fusctionevgrvindbhedase thatailargecamouontidfisootsnto a

have migr. In the, lubricating oil ¢ ition, T. erein-discl .
e T e S o R i aining
diebeEge Thered s prolidedhythepresamtndetitionta bt 2asg oil

composition for; lybyicating iternakeambusytion engineguhichhBas ais an
sulfated ash content of 1,1 wt.% or less, a sulfur content of 0.5 wt.% or

€55 8nd a0 Brosphotus Tonteht 6712 WEYe or 1864 and which 5ma"
peSés a base taillhaving: & tuliricating aviscosity: aind the Mollowingcadditves ,

c o] : - ining deterg rising a t .one of
e B Al EAm el Sl o SaT e a2 afal

nietdl it idlmevedrin- mietan alkyRaboxy ate - &A A Gufft of Bl fer0.228¢

WESB i terms-etan amount oF metal-contained it e-eqmpasitien;ch) at
e aohess PRSP c105ea dnven-

tion has been made on the basis of the above-menticned
digcovery.

There is provided by the present invention a lubri-
cating oil composition for lubricating internal combus-
tion engines which has a sulfated ash content of 1.1 wt.%
or less, a sulfur content of 0.5 wt.% ¢r less, and a
phosphorus content of 0.12 wt.% or less and which com-
prises a base 0il having a lubricating viscesity and the
following additive compbonenis:

a) a metal-containing detergent comprising at least
one of an alkall metal or alkaline earth metal alkyl-
salicylate and an alkalil metal or alkaline earth metal
alkylcarboxylate in an amount of 0.01 to 0.4 wt.% in
terms of an amount of metal contained in the composition:

b} at least one of a nitrogen-containing ashless
dispersant and a nitrogen-containing dispersive viscosity.
index improver in an amount of 0.01 to 0.3 wt.% in terms
cf a nitrogen amount;

c) a neutral salt of a fatty acid with a fatty

amine in an amount of 0.1 to 5 wt.%; and
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30 index improver in an amount of 0.01 to 0.3 wt.% in terms of a nitrogen
amount; c) a neutral salt of a fatty acid with a fatty amine in an amount of

0.1 to 5 wt.%; and 7 d) an oxidation inhibitor in an amount of 0.1 to 5 wt.o

. Particular aspects of lubricating oil compositions according to the

invention are described below: 5 (1) The neutral salt of a fatty acid with a
fatty amine is a neutralized salt of a fatty acid having 8 to 30 carbon

atoms afd a fatty arrindaiaving 816 30 capor ratemsa{®) WHe faftyacld fs° >
a\r,atur@aturated fatty acid and 10 the fatty amine is a saturated fatty

amine. (3) The fatty acid is an unsaturated linear.chain fatty acid

(particulaAY bigiE S8/ 3@ TheTFally amifd i3 SaftFafetii n%%f?%ﬂﬁﬁnt ions
fatty-amiienpatticutarly steagyl aminek A6 (SpFhe Hiestrabsalt ot a fatty

acid with 2 fatt%}%mlne is contained in.gn mgg@{g % 419 2, WL20. (6}_:6[@

metal- contalnlng etergent comprising at ast on an alkali metal or
alkaline eafthamatah eyl salicylate hadah alkalp hetfalest dikdlmeidgrt$ 200

meial alkylearboxylate iseordained iRy ap@mRUHof Ok 19 G4 WighdR rbon
terms of an amount of metal contained in the composition. (7) The base

oit h8Vitig a lubricating viscosity has a saturated component of 85 wt.% or
more, a Visgosityh25 tndexyofzlklitiori mose, andsa sulfurteahtérttaf0.8tid and

WL 9 less; (8)The nittogenscontaining,ashiess, digpersant has

{3) The.fatty acid is an unsaturated linear chain
fatty acid (particularly oleic acid).

{4y The fatty amine is a saturated linear chain
fatty amine (particularly stearyl amine).

{(5) The neutral salt of a fatty acid with a fatty
amine 1is contained in an amount of 0.1 to Z wt.%

(6) The metal-containing detergent comprising at
least one of an alkall metal or alkaline earth metal
alkylsalicylate and an alkali metal or alkaline earth
metal alkylcarboxylate is contained in an amount of 0.1
to 0.4 wt.% in terms of an amount of metal contained in
the composition.

(7) The base oil having a lubricating viscosity has
a saturated component of 85 wt.% or more, a viscosity
index of 110 or more, and a sulfur content of 0.01 wt.%
or less.

(8) The nitrogen-containing ashless dispersant has
a welght average molecular welight in the range of 4,500
to 20,000.

(%) The lubricating oil compcsition further com-
prises a zinc dihydrocarbyldithiophosphate or a zinc di-
hydrocarbylphosphate in an amount of 0.01 to 0.12 wt.% in

terms of an amount of a phosphorus amount.
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a weight average molecular weight in the range of 4,500 to 20,000. 30 (9)
The lubricating oil composition further com- prises a zinc
dihydrocarbyldithiophosphate or a zinc di- hydrocarbylphosphate in an
amount of 0.01 to 0.12 wt.% in terms of an amount of a phosphorus

amount. 8 (10) The lubricating oil composition has a TBN in the range of

2 to 15 mgKOH/g and is used for lubricating diesel engines. (11) The
lubricatirid @il hase suiur contentdn thel Sompef0iontd:08 wt.¥EN in
parficularly .01 0 9.2t (1 A)ERE QitagenIconiABIngASNIeSH s cat ing
dispersant is bissuccinimide or polysuccinimide. (13) The oxidation

irfhitsifs? is §8l@eRetfrom the "group consisting of phenolic oxidation

inhibitors .@@% i@@@ﬁ%@%@’@iigﬂénwbgoﬁahél@ The @ddatiom tdihitor s the
an oxymoly n co X compoun with a pasic nitfrogen-containin o
B (AL et FEY THe et eunimras 62 9 5.

~ detergentiaith&heomptris-obs es amdlkalimetnl os lalkadinecssstremetalt is

sylfonate and/or an alkali metal or. alkaline garth metal phonate. (16) The
lubrication oil composition'is of SAE vis- cosity grade of OW20, OW30,

OW40, 5\W20, BAB00 YA, LEowW2DR 6P 1OWE0L 2052 7§ Aldidsd éiyind e
iscactivatechusing the, libsis cating oil compestioniefithe imvantionrihand
base oil and additive compo er%tg used for formu- lating the lubricating oil

cgrnﬁﬁ%%ti%lo e fAven |or:1L%éLre deseribed below in more detail. 25 Base

oil (14) The oxidation inhibitor is an oxymolybdenum
complex compound with a basic nitrogen-ceontaining com-
pound (particularly succinimide) .

(15) The metal-containing detergent further compris-
es an alkali metal cor alkaline earth metal sulfonate
and/or an alkali metal or alkaline earth metal phenate.

(16) The lubricaticn oil composition 1s of SAE vig=-
cosity grade of 0W20, O0W30, O0W40, 5W2C, 5W30, 5wW40, 10W20
or 10W30.

(17) A diesel engine is activated using the lubri-
cating oil compesition of the invention.

The base oil and additive components used for formu-

lating the lubricating cil composition of the invention

are described below in more detail.

Base oil

The base ¢il of the lubricating oil composition
according to the invention is a mineral oil and/or a
synthetic oil which has a saturated component of 85 wt.%
or more (preferably 90 wt.% or more), a viscosity index
of 110 or more {(preferably 120 or more, more preferably
130 or more), and a sulfur content of 0.01 wt.% or less

(preferably 0.001 wt.% or less).
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The base oil of the lubricating oil composition according to the invention is

a mineral oil and/or a synthetic oil which has a saturated component of 85
wt.% 30 or more (preferably 90 wt.% or more), a viscosity index of 110 or
more (preferably 120 or more, more preferably 130 or more), and a sulfur
content of 0.01 wt.% or less (preferably 0.001 wt.% or less). 9 The

mineral oil preferably is an oil which is ob- tained by processing a

lubricatifg dilrdidtraieof ot miRERT Bl by solveht #&firfind, Hdcdenation-

ok theik gompinatione Partictlarly prefered is.g highly hydroge1:natedrs a
refined oil (corres onding to a hydrf%cracked oégl,}f_%picallé/ hCas a viscosi@g .
iTHeX 207 r more, Hh evAbo- ration igs8 /(A B%80G) 6f 13 w9 or -
lessna swfur. conteritaf 010114 98 pr tessf emd ad arematit componentiroge~
content;of 16 wt.24 ot less) naddition, an mineral ol MU og 011,
containing the hydrocracked oil in an amount of 10 wt.% or more. The
h{diotracked GiFificRid®s 3Migh WVisdasitrinddx off suth &SRh&vinga evape-
visgesibrindex of (d0rer mege,cspesHically 440 4o 450} which is obtained

by subjecting mineral oil-origin slack wax or_synthetic 15 wax prepared
AT AT ol s o orHBrSation & RgAb: rathity S & goe o™
base bitrthe hydidcrackedooil has = low dulfur ¢onteht and anlowiesidual 011

carbon, cantent and shows.a.low evaporation. property, and theres foreids o ¢

preferred for the use in the lubricating oil 20 composition of the invention.
ExAmiplestofthe&yhthetic 08 (Byithefic RibfRdt-Trid base bitsyificide™ 9™
pely=a-olefinsuchas@a polymerm ized:compeund;ofa-elefinchaving 3tad2 of

C%rﬁ)&”oaé‘?[“&'f% diglkgggfgg of a di-pasic aciq §H§h a3 sehacic acld 25, 4
azelaic-acid, or ddlpl% acid and an aIcohoI%avmg to

by subjecting mineral oil-crigin slack wax or synthetic
wax prepared from natural gas to isomerization and hydro-
cracking and a gas-to-liguid base 0il. The hydrocracked
01l has a low sulfur content and a low residual carbon
content and shows a low evaporation property, and there-
fore is preferred for the use in the lubricating oil
composition of the invention.

Examples of the synthetic oils (synthetic lubricat-
ing base cils) include poly-a-clefin such as a polymer-

ized compound of a-clefin having 2 to 12 carkbon atoms; a
dialkyl ester of a di-basic acid such as sebacic acid,
azelaic acid, or adipic acid and an alcohol having 4 to
18 carbon atoms, typically dioctyl sebacate; a polyol
ester which 1g an ester of 1,1,1-trimethyliolpropane or
pentaerythritol and a mono-basic acid having 3 to 18 car-
bon atoms; and aikylbeniene having an alkyl group of 9 to
40 carbon atoms. The synthetic 01l generally contains
essentially no sulfur, shows good stability to oxidation
and good heat resistance, and gilves less residual carbon

and soct when it is burned. Therefore, the synthetic oil
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18 carbon atoms, typically dioctyl sebacate; a polyol ester which is an
ester of 1,1,1-trimethylolpropane or pentaerythritol and a mono-basic acid
having 3 to 18 car- bon atoms; and alkylbenzene having an alkyl group of
9 to 30 40 carbon atoms. The synthetic oil generally contains essentially
no sulfur, shows good stability to oxidation and good heat resistance, and
gives less residual carbon and soot when it is burned. Therefore, the

SYRtNREE BT 25 1/ pRTEraBiEEMBRYy cblTer tHellabRcdtiHCoiPcom OB E6H ~
of the.invention. Rarticylarly, preferred.is poly=(x; olefip. fram, the Vi%WBQ'ﬁ§;mum

of the object of the inven- tion. 5 Each of the mineral oil and synthetic oil
canbelém- ployed Sigly drdesiicd; w6 dritorelmrferalCiisidam beven-
empleyed in combination, and two or more synthetic oils can be

employed.in combination. The mineral oil a nthetic .oil ca
cployAF T cambihaTof AP bb 70 ol Taty Wtk Contming be e
defergenit Ehﬁltybylcatlrig oiflesmpositiornaf the imvendionicataihsasithecan

”beéa %xé'&g detergent an-alkyl 15 salieylate apd/op ap, mthetic

alky Ica ate of an alkali metal or an alkaline earth metal.
nfé%éﬁc@rﬁalrmg gafet Og’éﬂ cb%ﬁ?@@éﬁﬁ&lkﬁ%ahcyﬁté éﬁﬁ?tﬁ%ﬂalfkyll and

carpoxylate of an alkali-mptal enan alkalinerearthupetal1Qptienally: the, -

alkylsali ylate and/or 20 alkylcarboxylate may be employed in combination
%Oélas IfbRate"and/or a phenate of an alkali metal or an alka- line earth

metal. In the lubricating oil composition of the invention, it is assumed that

t%@lgxlg,@g%%tgn q%ord@gglgg@ﬁgS oxylate of an alkali metal or an

2 The lubricating oil composition cof the invention
contains as the metal-containing detergent an alkyl-
salicylate and/or an alkylcarboxylate of an alkali metal
or an alkaline earth metal. The metal-containing deter-
gent comprises an alkylsalicylate and/or an alkyl-~
carboxylate of an alkali metal or an alkaline earth met-
al. Opticnally, the alkylsalicylate and/or
alkylcarboxylate may be emploved in combination with a
sulfonate and/or a phenate of an alkalil metal or an alka-
line earth metal.

In the lubricating o©il composition of the invention,
it is assumed that the alkylsalicylate and/or alkylcarb-
oxylate of an alkalil metal or an alkaline earth metal
functions to increase dispersion of the soots and assists
reduction of friction.

Preferred are.an alkylsalicylate and an alkylcarb-
oxylate of an alkaline earth metal. The alkaline earth
metal preferably is calcium, barium, or magnesium. Cal-
cium is most preferred. _

The alkaline earth metal-containing salicylate gene-
rally is a an alkaline earth metal salt of an alkyl-

salicylic acid, which can be prepared from an alkylphencl
11



10

15

20

25

30

functions to increase dispersion of the soots and assists reduction of
friction. Preferred are an alkylsalicylate and an alkylcarb- oxylate of an
alkaline earth metal. The alkaline earth 30 metal preferably is calcium,
barium, or magnesium. Cal- cium is most preferred. The alkaline earth
metal-containing salicylate gene- rally is a an alkaline earth metal salt of
an alkyl- salicylic acid, which can be prepared from an alkylphenol 11 by

Kelbe SRt TeBétibn. Trecaikyiphendliis obtaiidd H57e fedctioRtorained
agolefin having approx: §,0.3Q ¢arbon. gtom, (’égﬁ%’}?[‘*e@ with phenal by,

Kolbe-Schmidt reaction. The alkaline earth'm salts can be ordinarily
pEddiitedB:By: stibjeefing theinNR salior K galk tol 86ulsledetdinpo: shtioren -

o gulfuric.acid decempositiop: [0, give their £a, salt op Mg salt- The deuRlgced
decomposition using calcium_ chloride (CaC12) or the like is nat preferred

bB¥aist” Chftriedis WPt t migratis ihtherebulfifg produdt °Hy FGrtHeR FER° -
alsbﬁdrmwmth%ahﬂkyﬁlphermﬂlds di@emﬂwp@e&{traﬁzeﬂ tocgikgeli_ts Cansdlt; Ca
and i'%%%“%c%%%#ﬂ? Ca,3aLi0 E%rbaoé‘ég%aggé%eiséﬁoé%‘é% Caleium
calcium salicylate. This process, however, gives the desired compound

irc& IV yigdd, iREemparisontiih tHeRolbe 1B Schffftssadibroecause

Tbl$ﬁ@m§ ig@f@fgﬁreego zggpayb%&% gil_% @@-ﬁ@ﬁﬁi@%ﬁ@ﬁ@fﬁ%@f;@«i.
Sulturic acl ecomposition. Preferred IS a non-suifurjz a - salicylate
(AR Gt metdl St RalRg d TBRAR 16 nge 0T 3015 8007 -7 eCtLy

MoK QkAL POthe alkalive: earth nfetakedrboxylate carebe pue-iparednfprthe

pelnge, Dol sloeral it shalye o Do bese
aBsSence/dfedre- This process, however, gives the desired
compound in a low yield, in comparison with the Kolbe-
Schmidt reaction. Therefore, 1t is preferred to combine
the XKolbe-Schmidt reaction and sulfuric acid
decomposition. Preferred is a non-sulfurized alkyl-
salicylate {(alkaline earth metal salt; having a TBN in

- the range of 30 to 300 mg*KOH/g.

The zlkaline earth metal carbozxylate can be pre-
pared, for instance, by neutralizing alkylphenol with an
alkaline earth metal base in the presence of a carboxylic
acid having 1 to 4 carbon atoms but in the absence of an
alkali metal base, and carboxylating the resulting alkyl-
phenate. The carbozxylate can be a mon0warbmatic ring
hydrocarbylsalicylatewcarboxylate which can be produced
by treating an aromatlc hydrocarbylsalicylate with a long
chain carboxylic acid before, during, or after the aro-
matic hydrocarbylsalicylate is subjected to overbasing
treatment. In these producing procedures, no Kolbe-
Schmidt reaction (which includes production of an alkalil
metal salt) 1s performed. These producing procedures are

described in Japanese Patent Provisional Publications
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alkali metal base, and carboxylating the resulting alkyl 25 phonate. The
carboxylate can be a mono-aromatic ring '
hydrocarbylsalicylate-carboxylate which can be produced by treating an
aromatic hydrocarbylsalicylate with a long chain carboxylic acid before,
during, or after the aro- matic hydrocarbylsalicylate is subjected to
overbasing 30 treatment. In these producing procedures, no Kolbe-

SéRridteéaétion iwhiéh Wetddésprodueten BPan aficlih Avetdlsdhy is
pedeuned,Ehese producingrocedures are described in Japanese

Patent Provisional Publications 12 2000-63867 and 2000-87066,
incorporated herein by reference in their entirety. Nitrogen-containing
ashless dispersant Hi The gitrogehecontainmgeasiidess dispersant

employegd_] lubricating oi iti ein i -er

s 2 weidt A0CTEGE olSLIar weighy o 400 1o .00 T weight 7=
avérafeimalekular welgist Usel iATH® Specifieation is-amaoledgar weightret -
detesminedi\by; GP G d0analysisusing pelystyene as.a refarense 4,500 to
c%(rgp % d. Examples of the nitrogen-containing dispersants include
alkenyl-

t alkyi:Eu&Enitiide BY Bdetivative Shareot whict?Istaeti/ad frdmthe
peiyekeﬁﬁi?éhe i@ngﬁw-a;qnta}irminglﬁspersargm imwrpcmaie;émt@mé%m
lubricat 13 Ing,ail composiyan in.ap amaunt of 0:01.19,0.3 weight, pescent

in terms of a nitrogen content,"based on the total amount of the
lubricatifig:8Mesefipostiohl A rapl Fgntaversttehimilelis Bhrained by
thereagtien hextwean-suecinic anhydide havihgfesuhstituent of aat20se

-~ al I lkyl hich h high - ight and
PO HGIEhe OyAmAS cRAIAG 4 510 HiiGGar AoAs (leferably 516"
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20

25
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7 pitrogematoms) pereneamolecule.ritheralkenylagroup or ahtatkyl grougat-

WEE@*H%& composition in an amount of 0.01 to 0.3 weight
percent in terms of a nitrogen content, based on the
total amount of the lubricating oil composition. A rep-
resentative succinimide is obtained by the reaction be-
tween succinic anhydride having a substituent of an
alkenyl group or an alkyl group which has a high molecu-
lar weight and polyalkylenepoiyamine containing 4 to 10
nitrogen atoms (preferably 5 to 7 nitrogen atoms) per one
molecule. The alkenyl group or an alkyl group which has
a high molecular weight is preferably derived from poly-
olefin, particularly polybutene, having a number average
molecular weight in the range of approx. 900 te 5,000.

The processg for obtaining the polyvbutenyl-succinic

acid anhydride by the reacticn of polybutene and maleic
anhydride is generally performed by the chlorination pro-
cess using a chloride compound. The chlorination process
is advantageous in its reaction vield. However, the re-
action product obtained by the chlerination process con-
tains a large amount (for instance, approx. 2,000 ppm; of
chlerine. T£ the thermal reaction process using ne chlo-

13
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a high molecular weight is preferably derived from poly 25 olefin,

particularly polybutene, having a number average molecular weight in the
range of approx. 900 to 5,000. The process for obtaining the
polybutenyl-succinic acid anhydride by the reaction of polybutene and

maleic anhydride is generally performed by the chlorination pro- 30 cess
using a chloride compound. The chlorination process is advantageous in

its teEctionyisidnH ohvevernhe yecactioheprodactesaireddsyuie contains

chigrigation BEOCESR L0~ faing a |%f19_§cﬁ£‘5’]ﬁ'ém &Mﬂn&@gggn@w%ﬁ@% or
ppm) of chlorine. If the thermal reaction process using na chlo- 13 ride
compdtind i ErpYEt: thef reachion producd eohtaifs Wty BH esdamety™ -
small:chtofinge (ferdnstancey40 ppreorstessytMereaver litadighlyprox.
reactive polybutene (con- faining a methylyinylidene structure at least_.
o B o B N Sy pusene
(mMaialyndontaimingead miolefia sfruciusg)i even thetheremal ¢eastionhe ther-
process can give a high reactign yield. if the reaction yield.is high, the

e Ton oG b s ety SOt & 18aic ahoiatof e adeted
pélye Ousgene oThis iredns. that adispersantrcortaininiy & Iarge camoanes-

ofsthe.effective component (syceiimide) is, eb-taingd. Accordingly it js, 1 -
preferred that the polybuten- yl succinic acid anhydride is produced from

tHeiGR - reactive gofbiterd by the tHetRaF redttion AnAthat i f5 Large
praduced polybiitenyd saecinicvacid anbydrde:is feacteth withde) is ob-
polyalkylenepglyamine haying an average njtrogen, atom.number in th _
r;%rlggén(j%%'to ﬁﬁy gﬁ%%ﬁé“ %Pé’cu%t(% Sgi e %%eégc?niﬁ e. L%T%e@ pOly%uten
succirfiiide further €A Benligdatéd wvithsbericcacigcalcohcnaldehybéeghly

ketone+2Q-alkylphenel Syelig garbonate, organic acigherihe likeq togive ane

modified succinimide. Particularly, a berated | , ‘
produced polybutenyl succinic acid anhydride igs reacied
with polyalkylenepolyamine having an average nitrogen
atom number in the range of 4 to 10 {in one molecule} to
give the succinimide. The succinimide further can be
reacted with boric acid, alcchol, aldehyde, ketone,
alkylphenol, cyclic carbonate, organic acid or the like,
to give a modified succinimide. Particularly, a borated
alkenyl(or alkyl)-succinimide which is obtained by the
reaction with boric acid or a boron compound is advanta-
geous from the viewpoints of thermal ahd oxidation sta-
bility.

Other examples of the nitrogen-containing ashless
dispersants include polymeric succinimide dispersants
derived from ethylene-a-olefin copolymer (for instance,
the molecular weight is 1,000 to 15,000), and alkenyl-
benzyl amine ashless dispersants.

In the lubricating oil composition of the inventicn,
the nitrogen-containing ashless dispersant can be re-

placed with a nitrogen-containing dispersive viscosity
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alkenyl(or alkyl)-succinimide which is obtained by the reaction with boric
acid or a boron compound is advanta- geous from the viewpoints of
thermal and oxidation sta- 25 bility. Other examples of the
nitrogen-containing ashless dispersants include polymeric succinimide
dispersants derived from ethylene-a-olefin copolymer (for instance, the
molecular weight is 1,000 to 15,000), and alkenyl- 30 benzyl amine .
asHIEss diSpRESHIRS.-In the Iihricatihg NCBMPosiich-6iLAe iRvaRpnS tHe
nigrogen=confaining=-ashiess-dispersant gan bedenplasedmithiay olefin
nitrogen-containing dispersive viscosity 14 index improver. As the,

nitfOg BN ERaifing diSpersRE® Viscosiny ek Smprovepcg tacrylate each
nitkogenecantaininghdlefie acopotymendra nitrogentcantaining 00 or more
polymefagaiylaic each avind adveightiean maleeulan weiohl.of 90,009, -

or more 5 (in terms of polystyrene converted-molecular weight de-

teried By GRC aRalyaTs) L irsddhsiderafiors B fhefmaf Stability Sthenermal
foxmer is preferred.eT e kibsicating pit empesition of the invention
necessarily cqontains a nitfrogen-containing ashless dis- l%ger,sant and/or

= nitroger Sontaing BishaFeive viscouRy ek fprover. T ebirad: the™
otherashless ispernsants suechrastam gkenylsoceiniciaoid estetess dis-—
dispetsant CQ%P{%@%O'%&@MD@B@%%&&Beati_@'paﬁ_sqfxﬁattyf@g@osity
and fatty amine The lubricating 0il composition of the invention contains a
nétFasalt{BE ABGFalizedtsal) of Befatty “a@d ahierfaiy arfing ddlerer-
friction snaditier (riction seducing ageat)nlike fatty-ncid peaferablypisrd ant
linear %BO chain ag/y %cid having 8 to 30 carbon atoms. The fatty amine
pFe?gra ?y S hiear chain fat y é'rﬁl%elhoé%/ing 8

Neutral salt of fatty acid and fatty amine

The lubricating oil composition ¢f the invention
containg a neutral salt (or neutralized salt) of a fatty
acid and a fatty amine as a friction modifier (frictiocn
reducing agent). The fatty acid preferably is =z linear
chain fatty acid having 8 to 30 carbon atoms. The fatty
amine preferably is & linear chain fatty amine having 8§
to 30 carbon atoms. It is preferred that the fatty group
of one of the fatty acid and fatty amine is an unsaturat-
ed group (e.g., clevyl). It is also preferred that the
fatty group of both of the fatty acid and fatty amine is
an unsaturated grcup (e.g., cleyl). It is further pre-
ferred for the neutral salt of fatty acid and fatty amine
that a difference between the acid value {unit: mg*RKOH/g)
and the amine value {(unit: mg*KCH/g) is not more than 20,
specifically not more than 15.

Examples of the preferred neutral salts of fatty
acid and fatty amine include a salt of oleic acid with
stearvlamine, a salt of oleic acid with laurylamine, a

salt of oleic acid with oleylamine, and a salt of a
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to 30 carbon atoms. It is preferred that the fatty group of one of the fatty
acid and fatty amine is an unsaturat- ed group (e.g., oleyl). It is also
preferred that the 25 fatty group of both of the fatty acid and fatty amine is
an unsaturated group (e.g., oleyl). It is further pre- ferred for the neutral

salt of fatty acid and fatty amine that a difference between the acid value
(unit: mgKOH/g) and the amine value (unit: mgKOH/g) is not more than
201 Bbespecificatly wot mote th&ry 15 rExrarmplescfahid peeferrBdHeuwrdl the

salts of fafty: acigrandsfatty aminednclude aysalt-of oleic agidWith » qeriva-
stearylamine, a salt of oleic acid with laurylamine, a salt of gleic acid with

ofeylaming" Grd &s it ofa £5 Hisiet add With N:ofeIgtBpylerEdiaming “S/
Bottzohithe: faily acid anddatty amiie can beciployed their getva-rives

S eneoxide adduycts or sulfides. Thus, the.neutral acid salt of
T e L e ol et
thtssel Wefivatias. Oxidation inhibitor The oxidation inhibitor preferably is
at least one 10 oxidation inhibitor selected from the group consisting of

the known phenoljc oxidation inhibitor and the known amine oxidation
i%@#&@pﬁ%@?@&%henolic oxidation inhibitor is a hindered

phenol ctimepeund;iandanrepresentative aming=15 oXidation inhibierds aone
diarylamine compound. The i 200k pomnou A diandaqing
com- pound aremlglgvaﬁta%eogs %g%sge ggl%r?ug&%r ro?/a%'é gigé@%%rl% ot
détergensar LhrRhabhiperature tike digfylaminecaxidatticom mhitioris

pakichlarly.adyantageoustbacadse it 20 has a base number derived from

the contained nitrogen | . . . L .
A representative phenolic oxidatlion inhibitor is a

hindered phenol compound, and a representative amine
oxidation inhibitor is a diarylamine compound.

The hindered phenol compound and diarylamine com-
pound are advantageous because both further provide high
detergency at a high temperature. The diarylamine oxida-
tion inhibitor is particularly advantageous because it
has a base number derived from the centained nitrogen
which serves to increase detergency at a high tempera-
ture. In contrast, the hindered phenol oxidation inhibi-
tor is effective to reduce oxidative deterioration caused
by NCy .

Examples of the hindered phenol coxidation inhibitors
include 2, ¢6-di-t-butyl-p-crescl, 4,4'-methylenebis(Z, 6~
di-t-butylphenocl), 4,4'-methylenebis(6-t-butyl-o-cresol),
4,4'-isopropylidenebis (2, 6-di-t-butylphenocl), 4,47~
bis (2, 6-di-t-butylphenol}, 2,2'-methylenebis{{-methyvl-6-
t-pbutylphencl), 4,4'-thiobis{Z-methyl-6-t-butylphenol),
2,2-thio-diethylenebis[3~(3,5~di~t~butyl~4-hydoxyphenyl)-
propionatel, octyl 3—(3,5—di—t~butyl—4—hydroxyphenyl)pro~
pionate, octadecyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)pro-
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which serves to increase detergency at a high tempera- ture. In contrast,
the hindered phenol oxidation inhibi- tor is effective to reduce oxidative
deterioration caused by NON. 25 Examples of the hindered phenol
oxidation inhibitors include 2,6-di-t-butyl-p-cresol, 4,4'-methylenebis(2,6-
di-t-butylphenol), 4,4'-methylenebis(6-t-butyl-o-cresol),
4,4'-isopropylidenebis(2,6-di-t-butylphenol), 4,4'- bis(2,6-di-t-butylphenol),
22 grieth§len2bis (£avethylS6 8D tibupphiéndlynydroxy-3-methylphen-
4, A-thiobis(2yaethyl-6-t-butylphenol),
2,2-thio-diethylenebis[3-(3,5-di-t-butyl-4-hydoxyphenyl)- propionate], octyl

S (5o Ay oty ey Hionie adecAT CAncbitocd
3i(3:5-ditbatykdhydroxypheayl pro- 6 pionate, and ooty of alkyl
3B kg ydiagye3 metiylphen Y propiopate, Examples b8 1 an: re,

farylamine oxidation inhibitors‘include alkyldiphenylamine having a
nuikteme of atkybS gtoupk=ofihito, 9 chrtonlatdmsphthylamine, alkylated

p,p'-dioctyldiphenylamine, phenyl-a-naphthylamine, L.

A STy Ainos ity ade L hEpnA EMns o Bkt e
phenyl-&aaphthylamiae hE aclz ot thephiadere dphietwot oxidatioh imhibitor and
and _diarylamine oxidation. inhibitor can.be employed sj in.
cgrjh%fryait%%rl\?" ede%ﬁé%,a %Cthé]Irbm Iggu Tet 8%id§§8n§1 ikﬁ?%é%gﬁ]zgegmgly oF
efrployetbinrcomisiation WitAehé hirt de?éd phensdllodatiohlinhbitogat ion
andforthe diasylamine, oxidation,inhibitar. 4&:Qthes additives fibec ne hin-
lubricating oil composition of the |nvention can further contain a basjc .
nRfOgRN-EOMARIng CorpduaL oxyolyidenuif Complex: Préfetrad- amine
examplesiafrthe diasic: hithogen-containing compound-oxymolybdenum
complex in 20 clude an oxymolybdenum complex of succinimide and an

Other additives

The lubricating oil compesition of the invention can
further contain a basic nitrogen-containing compound-
oxymolybdenum complex. Preferred examples of the basic
nitregen-containing compound-oxymolybdenum complex in-
clude an oxymolybdenum complex of succinimide and an
oxymolybdenum complex of carboxylamide.

The basic nitrogen-containing compound-oxymolybdenum
complex can be prepared by the following process:

an acidic molybdenum compound or its salt is caused
to react with & basic nitrogen-containing compound such
as succinimide, carboxylamide, hydrocarbyl monoamine,
hydreocarbyl polyamine, Mannich base, phosphonamide, thio-
phosphonamide, phosphoramide and a dispersant-type vis-
cosity index improver (or a mixture thereof) at a temper-
‘ature of 120°C or lower.

The lubricating oil compdsition of the invention may
contain zinc dihydrocarbylditiophosphate or zinc dihvydro-

carbylphosphate both of which are known as multi-func-
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oxymolybdenum complex of carboxylamide. The basic nitrogen-containing
compound-oxymolybdenum complex can be prepared by the following
process: an acidic molybdenum compound or its salt is caused 25 to

react with a basic nitrogen-containing compound such as succinimide,
carboxylamide, hydrocarbyl monoamine, hydrocarbyl polyamine, Mannich
base, phosphonamide, thio- phosphonamide, phosphoramide and a .
disperSantafpe sy E6sifiPnteR improver (6ra Mixtre therédfat Junction
temper: 3frature 6h12QC of lowers Thedubicatingraileorpaesitdryekthean be
in%/ecr:ltion Cr)réa?_%(t cgng_air% Zi ckl(gaihqurgcggbs}dclli%ilg#hoo hgge or zSiQ% d(i)kg/dr%- an
ca%yfpﬂ)osp ate bath of which are known as mui-func 17 tional additives
havingrah exidation inhitsitiém function 2amd aridtion regusimgfinstiosphor

These additives capbe, incorperated.inta theslubricating oif compesitionn
an amount of not more than 0.12 wt.% (in terms of§hosphor 5 content),

pRIAEEIRF L therAng8 Bf 5319R ¢ 120mdte Peferdbly in the range of

0.01 to (.88+As thd zincdlihydipearbyldithinphiosphatesarzine:, a zinc
dialkyldithiophgsphate having a primary_or_ secondary al- kyl_group is B
e R o e ey
diaiy|ditfiophdsphafe Having Boseordary eiigs §roupPwhightis degiged func-

frem-a secondary-algohal having, 3 te 181qarben afoms HpLonyast, @&zine -
dialkyldithiophosphate having a primary_ alkyl group which is derived from

a Prineary Hieotot Fabingme 18 Raffbnt 5 dfome ReadvafageiRGRTHE TY
excelent heat:resisiarice: @anddrictiorbreducingdtinctiom Hhenzingst, a zinc

di ithio-.phos e havi secondary alkyl group a e zinc :
d@%ﬁﬂ%&ﬁ&bﬁgﬁﬁ&%ﬁg%aﬁﬁéﬁ al yl%g%ﬂ%%gnagég ggeg in oo which
combifsionsA Zrediatkyiditiisptiosphatiol having 3 to 18 carbon

atoms 1s advantageous in its excellent heat resistance
and friction reducing function. The zinc dialkyvldithio-
phosphate having a secondary alkyl group and the zinc
dialkyldithiophosphate having a primary alkyl group can
be used in combination. A zinc dialkyldithiophosphate
having a primary alkyl group and a secondary alkyl group
which can be obtained using a mixture c¢f a primary alco-
hol and a secondary alccohol can also be favorabkly em-
ploved.

In addition, a zinc dialkyvlaryldithiocphosphate
{e.g., zinc dialkylaryldithiophosphate obtainable using
dodecylphencl) can be employed.

A zinc dihydrocarbylphosphate can be employved in
place of the zinc dihyrocarbyldithiophosphate. The for-
mer zinc dihydrocarbylphosphate may be advantageous from
the viewpoint of minimizing sulfur content, because it
contains no sulfur atoms.

In combination with the basic nitrogen-containing
compeound-oxymolybdenum complex, other molybdenum-contain-
ing compounds can be used. Examples of the molybdenum-
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20 having a primary alkyl group and a secondary alkyl group which can
be obtained using a mixture of a primary alco- hol and a secondary
alcohol can also be favorably em- ployed. In addition, a zinc
dialkylaryldithiophosphate 25 (e.g., zinc dialkylaryldithiophosphate
obtainable using dodecylphenol) can be employed. A zinc
dihydrocarbylphosphate can be employed in place of the zinc
dibgrecabyldithiophbsphiaie. The ford tnet e dihyd b carbyipRospHeum

may:he advaniaggeus fram 3Q the,viewpgint ofminimizing slfur cantent,
because it contains no sulfur atoms. In combination with the basic

nRASYRREGORaining compound-oxymolybdenum complex, other
molybdeTiuwn-tabtain-ang cogmpolndsisandie-used. Exanples ot thec ion may

e confaining compounds,include sulfuri . e
%%%gﬁgéér%t%ﬁ io%rgrbaa_matelan gstuﬁ?uri%%g %E(%/m%%s@ﬁ%%%mfgﬁhi%?
pRESEHEEITRE flbricating ot compositioredTRe ivertioalHay B AktHer

CoRtaiEan a'kﬁﬁéﬂgtﬂkm&at%@?{g@t%J)Q@Eé%@?@%@aéﬂm 3l hight 3 1 ned
temperature and a basic number. The alkali metal borate hydrate can be

contafed™HPHR Gnfount of 5wit.5Tor18ES parficUiafy 01t 5 Wtoe © °
Semesalkalt metalhicratel hydratels ¢ontaimsarhasiri@component and@a ash

?‘é'é‘f{g‘&%%oc”eafﬁdTEerse&‘ﬂf%uﬁf‘ec%lﬁ%'M‘%%@'. borate hydrate ?aﬁé’é@ st i

in an appropriate amount in consideration of the composition of t
réseiting Riprtading \GHGoRTp oSHib R T HeSaBricatingroiPEIRpBSitien of tieount

invgntion skoypreferably eantains a-viscesitydndex HRPrAYEr in-amn 1amagnt
of 20 wt.% or less, preferably 1 fo 20 wt.%. Examples of the viscosity

intaR Trhprovets afe pofyarg s+ F+on -

The lubricating oil composition of the invention
preferably contains a viscosity index improver in an
amount of 20 wt.% or less, preferably 1 te 20 wt.%.
Examples ¢f the viscesity index improvers are polymers
such as polyalkyl methacrylate, ethylene-propylene copol-
ymer, styrene-butadiene copolymer, and polyisobutylene.

A dispersant viscosity index. improver and. a multi-func-
tional wviscosity index improver which are produced by
providing dispersant properties to the above-mentloned
polymer are preferably empliloyed. The viscesity index
improvers can be used singly or in combination.

The lubricating oil composition of the invention may
further contain a small amount of wvaricus auxiliary addi-
ftives. Examples of the auxiliary additives are described
below:

zinc dithiocarbamate or methylenebis (dibutyl dithio-
carbamate) as an oxidation inhibitor or a wear inhibitor;
an oil soluble copper compound; sulfur compounds (e.g.,
olefin sulfide, sulfurized ester, and poclysulfide}; or-
ganic amide compounds. {(e.g., oleylamide), phosphor-con-
taining esters (e.qg., phosphoric acid ester, thiophos-

18



10

20

25

30

such as polyalkyl methacrylate, ethylene-propylene copol- ymer,
styrene-butadiene copolymer, and polyisobutylene. 20 A dispersant

viscosity index improver and.a multi-func- tional viscosity index improver
which are produced by providing dispersant properties to the
above-mentioned polymer are preferably employed. The viscosity index
improvers can be used singly or in combination. 25 The 'Lubricating oil
composition @fdhe frivehtiof hidy Fntverdontain @ Shall apfcunt ofnd phos-

vaniousauxiliary addi<tives, Examples-otthe auxiliaraddisives are ni adi -
described below: zinc dithiocarbamate or methylenebis(dibuty| dithio- 30

carBRAmAIEIRS AR bkidatibntinRibitof of & Wisar InhibBit6r “an 8it sBfpRS St/
coppercopaurid; suifal &gmpoends: (e£g g colefin Sulfidegsulfurizedesters

a I ide);-qr- gani | m (e Q i ol -
R e o, BRI e o ethy)
phdric agddsten dithiophosphericadidesterafid phosIpRcrods bk ust
eg@%@eaa@”@%&%%&%&a@tf}i@@n@liollacqmgq;mjs functioning as
metal deactivating agent; nonionic polyoxyalkylene surface active agents

S 55 & p RSk eyl ST Act S5y ere BFthyl- ERE=T=
oxide mntypropylenexide: funetioning ashantierust rdgent ands which func-
antj- ity 2nt; a variety mi [ mij el _
et e, AT e Hlouhole S el deihates™
wWhiehflRe 10%icH as frictidfi-redifien Bid ¥afods edmpolnts Fare-es -~
tignjpg a&s anti-foaming agents and pour point depres- sants. The auxiliary
additives gan be ﬁp

referably incorpo- rated into the lubricating oil |
ComposIRGHT if A AUt 16 0f 3 W5 of b (Baitictlaly D001 135 *°"
wkét)ed into the lubricating oil composition in an amount
of 3 wt% cr less (particularly, C.001 to 3 wt.%).

The lubricating o¢il compeosition of the invention is
preferably formulated to give a multi-grade engine oil of
a relatively low viscosity, such as 0W20, 0W30, O0W40,
5W20, 5W30, 5W40, 10W20, or 10W30(SAE viscosity grade),
by incorporating a viscosity index improver, from the

viewpoint of fuel economy.

EXAMPLES
The invention is further illustrated by the
following examples, which are not to be considered as

limitative of its scope.

Example 1
{1} Preparation of lubricating oil composition

A lubricating oil composition of the invention hav-
ing an SAE viscosity grade of 5WZ0 was prepared using the
following additives and base oil.
(2} Additives:
~Nitrogen-containing ashless dispersant
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The lubricating oil composition of the invention is preferably formulated to
give a multi-grade engine oil of a relatively low viscosity, such as 0W20,
Oow30, OW40, 5wW20, 5wW30, 5W40, 10W20, or 10W30(SAE viscosity
grade), 20 by incorporating a viscosity index improver, from the viewpoint

of fuel economy. EXAMPLES The invention is further illustrated by the 25
following examples, which are not to be considered as limitative of its
scope. Examplés €l Préparation of Wihicating oil cotisosiivn 30 arage
lukxsicating o ceapasitiomof, the dnventionay: ingian SAE viscesityngradeu-
of 5W20 W?ﬂ?\ gr%pared usin%the followin% ad%itives a51d basg oil. gg o
Additives: Nitrogen-containing ashfessidispersant 26 1) Bis-shednimiae™
dispetsant-10(weight, average imelecalar sveight312 800(GPC apalysisyed by

valye as.mplecys larweight gorresponding to.palystyrene).Jutogen cans .,
tent: 1.0 wt.%, chlorine content; 30 wt.ppm., prepared ﬁS the steps of

thetRiay Pe&ctiig’a Rfhly FeuRiive pdkRTsobttdrcl Raving a aheat of ap-
ayerage molecular weight:of apy psex. %300 (contaibing atdeasiappsexyl-
50% of mgthﬁll- virt%lide{levstructurgca%withlmaleic ar}@/grid% to T’give ‘
pgl%/lns\(l)%]u eeny?susémn% aH‘I”i){/E ri&ﬂejj reagﬁ—’hgetﬁg p%rllyl 610 %tenoyléﬁc%?nic :
anbwydridecwith polybikyteriepolyamingc having ancetage nitiog epcatyinso -

ofL.6-Dper ane Mmelexculg) irgivea W%@y%@@g@k@@gﬁ%@@mﬁﬁm&
succinimide with ethylene carbonate): 0.05 wt.% (in terms of nitrogen
CORERD A5 @i%%%%iﬁ%&é&@ﬁ@rs%ﬁ?@?w‘é@h@ a@er%i%%r one mole-

cule) to give a bis-succinimide, and reacting the bis-
succinimide with ethylene carbonate): 0.05 wt.% (in terms
of nitrogen content)

2}y Bis-succinimide dispersant-2 (weight average
molecular weight: 5,100, nitrogen content: 1.95 wt.%,
boron content: 0.66 wt.%, chlorine content: less than 5
wt.ppm., prepared by the steps of thermally reacting a
highly reactive poclyiscobutene having a number average
molecular weight of approx. 1,300 {containing at least
approx. 50% of methylvinylidene structure) with maleic
anhydride to give polyiscbutenylsuccinic anhydride, re-
acting the polyisobutenylsuccinic anhydride with poly-
alkylenepolvamine having an average nitrogen atoms of 6.5
{(per one molecule) to give a bis-succinimide, and react-
ing the bis-succinimide with boric acid): 0.01 wt.% (in
terms of nitrogen content)

-Alkaline earth metal-containing detergent

1) calcium salicylate (Ca: ©.3 wt.%, S: 0.1 wt.%,
TBN: 177 mgeXOH/g): 0.23 wt.% {(in terms of Ca content)

2) calcium salicylate (Ca: 11.4 wt.%, 5: 0.2 wt.%,
TBN: 320 mgeKCOH/g): 0.008 wt.% {in terms of Ca content)

3)  calcium sulfonate (Ca: 2.4 wt.%, S: 2.9 wt.%,

TBN: 17 mg*KCH/g): 0.02 wt.% (in terms of Ca content)
21
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molecular weight: 5,100, nitrogen content: 1.95 wt.%, boron content: 0.66
wt.%, chlorine content: less than 5 wt.ppm., prepared by the steps of
thermally reacting a highly reactive polyisobutene having a number
average 20 molecular weight of approx. 1,300 (containing at least approx.
50% of methylvinylidene structure) with maleic anhydride to give
polyisobutenylsuccinic anhydride, re- acting the polyisobutenylsuccinic
aﬁ%?ét‘?@é’r&ﬁ%ﬁ polyi-dikytedepolyamine having an average nitrogen atoms
of 6.5 25 (perrenenmolecide)do give abissuecinimide, land keactdng thenine
isﬁ-sug}cinigide W%h bé)rigfem&d): 0.01 &vt.% (in ;ermsO%f nitrogen éogtewg) N
-AKANNE earth The gEcontainlﬁga&é?erg%n‘f]lg{gélc%% Shiicylate (Ca’6'3 " °”
WERS,: S16.0 wic?E 80 FBN: 1177 mgK®H/g): 0.23 wt.% (in terms of Ca

conteno%g?)) calcium, salicylate (Cas 14,1, %, §z Q2 W20, FBN. 32055 ¢

mgKOH/g): 0.008 wt.% (in terms of Ca content) 3) calcium sulfonate (Ca:
2R 06, ST iR 98 P TTBN U PR IROMRYY-<0.02 Wt Y6 \(in-terms of Ca

content): 24 rOxigatign dahibien)-Aming@ddativniitofbdenum complex
(dialkyldwn%gr%ine havingfr?f ixture of C4 and C8 alkyl %rou[gs,q,N:, 4.6
wt.%, TBR180MgROMgfFE wte $2) Pieroi bkidatibhiRmbitsr 9
(eutylf3:(3,5M-t- Butyl-4-hydroxyphényl)propibonate): 0.20wtvd. -BasiEN: 10
njiragen; ”tagirl%cgn%‘ gund-oxymolypde g]cggg oé{’%’fg lypdenum
coﬁ?g%%lo duccinimi e?contamlng sultur, ﬁ%:%. vvt.Lf/oé - 0. 8wtg’/o,%?’
116-Wt.%, TBN IO #0 mgKOH/g, OLOA 17502 available from Chevron

Japan £0s1 kidh 0,4 W% -Zinc dithiophosphate Zinc

dialkyldithiophosphate (P; 7.2 wt.%, Zn; 7.8

Zinc dialkyldithiophosphate (P: 7.2 wt.%, Zn: 7.8
wt.%, S: 14 wt.%, prepared by using a secondary alcchol
having 3 to B carbon atoms: 0.077 wt.% (in terms of P
content)
~Friction modifier

A salt of oleic acid and stearylamine (acid value:
98 mg*KOH/g, amine value: 108 mg*KCH/g): 0.6 wt.%
-Viscosity index improver

Non-dispersant ethylene-propylene copolymer viscosi-
ty index imprever: 1.5 wt.%

-Pour point depressant

Polymethacrylate pour point depressant: 0.3 wt.%
(3} Base o0il {residual amount)

Mixture of 50 weight parts of hydrocracked mineral
0il~1 (kinematic viscosity at 100°C: 6.3 mmz/s, viscosity
index: 132, evaporation loss (ASTM D5800): 5.6 wt.%, sul-
fur content: less than 0.001 wt.%, saturated component
content: 92 wt.%, aromatic component content: 8 wt.%) and
50 weight parts of hydrocracked mineral oil-2 (kinematic
viscosity at 100°C: 4.1 mm®/s, viscosity index: 127,

evaporation loss (ASTM D5800): 14 wt.%, sulfur content:

22



10

157

20

25

30

wt.%, S: 14 wt.%, prepared by using a secondary alcohol 15 having 3 to 8
carbon atoms: 0.077 wt.% (in terms of P content) -Friction modifier A salt
of oleic acid and stearylamine (acid value: 98 mgKOH/g, amine value:
108 mgKOH/Qg): 0.6 wt.% 20 -Viscosity index improver Non-dispersant
ethylene-propylene copolymer viscosi- ty index improver: 1.5 wt.% -Pour
point depressant Polymethacrylate pour point depressant: 0.3 wt.% 25 53)
Bla%éscn%a@grd&m%@%m) RixtBife BF 56 Weigtaris ot hyaratratked
minera) cikbfikinematieniseosity at100€h6.8 mmy2/sgyiscosity index:
132, evaporation loss (ASTM D5800): 5.6 wt.%, sul- fur content: less than
0.001 wt.%, saturated component 30 content: 92 wt.%, aromatic
cEmpoaentcontBAEBOWEY) and 50 weight parts of hydrocracked mineral
oi}-2, (Kineraatic. yiscgsity, at 100C: 4.L.mmy2/s; Viscosityjadex:c127,
evaporation loss (ASTM D5800): 14 wt.%, sulfur content: 22 less than
0.001 wt-96 satiitafdd Cotfipenttditert: $2 FEsh, Arstfaiie Cofiponght
content:thwt.%0)iCempariseri Example & 5.1} Preparation of lubricatingioii -

comgggltlon .Thecprocegtires cg @<almple 1 were %erpeated except that the

friction rﬁoé)iﬁér isorﬁpfﬁcﬂsea,l% giv8 a Iﬁgﬁpgeﬁﬁwsg oil composition for

comparison. 10 Comparison Example 2 (1) Preparation of lubricating oil

cemposition Jheprogedures of Example 1 were repeated except that the
friction maodifier was replaced with the same amount (0.6 wt.%) of a fatty

a&akom%FSHﬁi%B%ﬁﬂaaf lubricating oil composition

The procedures of Example 1 were repsated except

that the friction modifier was replaced with the same
amount (0.6 wt.%) of a fatty acid (oleic acid), to give a

lubricating ¢i1l composition for comparison.

Comparison Example 3

(1) - Preparation of lubricating olil composition

The procedures of Example 1 were repeated except
that the friction modifier was replaced with the same
amount (0.6 wt.%) of a fatty amine (stearyl amine), to

give a lubricating oil composition for comparison.

Comparison Example 4

{1) Preparation of lubricating oil composition

The procedures of Example 1 were repeated except
that the friction modifier was replaced with the same
amount {0.6 wt.%) of a fatty acid ester {glycerol
monooleate), to give a lubricating oil composition for

comparison.

Comparison Example 5

(1} Preparation of lubricating oil compesition
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15 lubricating oil composition for comparison. Comparison Example 3 (1)
Preparation of lubricating oil composition The procedures of Example 1
were repeated except 20 that the friction modifier was replaced with the
same amount (0.6 wt.%) of a fatty amine (stearyl amine), to give a
lubricating oil composition for comparison. Comparison Example 4 25 (1)

Preparation of lubricating oil composition The procedures of Example 1
were repesteB eXEEPM R tRE frictiTRrhBdifie"#AS réfReed Sith thesP T

- samet amount £Q.64wt%) oba fatye acidesterdglycese] mongoteate)l 1o wt. %
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give a lupricating oil composition for _30.comparison. Compari .
S B0 PR aa of RURCdtng o Lo AP 25 THEoDTC, Mo
procedutes of Exarhple ¥Wwete refeated exceptl that e frictionanddifierpo-
wasreplaced with-the-1.1 wt,% of sulfurized oxymolybdenum
dithiocarbamate (MoDTC, Mo: 4.5 wt.%, S: 4.7 wt.%), to give a lubricating
oil compo- 5. sition for comparison. Characteristics of lubrication oil -
compositioas Theicharactenistiosi afahe dubricating @ilreempasinéons
obtained,in Example 1 and Comparison Examples.1 to 10 5 are set forth . _
in Table 1. Tablé ar:sxaxmp e Comparison Examp e ffiijl 93 Ulfated
ash 413 19°1.01ned.0-1.05:2070 014 0400 42 es Dskn0 ARamal@ 26l to

026:0.264126 8:26-8.26 72116 1.

Table 1
Example Comparison Example
1 1 2 3 4 5
Sulfated

ash 1.0 1.0 1.0 1.0 1.0 1.0
N 0.14 0.12 0.12 G.18 0.12 .13
Ca 0.26 D.2% 0.26 0.26 0.2¢ .26
P 0.08 0.08 0.08 0.08 .08 .08
) 0.20 0.20 0.20 0.20 0.20 .27
TBN 10.4 9.8 9.8 10.¢9 9.8 .9

Remarks: Sulfated ash, N, Ca, P, 85: wt.%

TBN (ASTM D-2896) : mg*KOH/g

Evaluation of lubricating oll composition:
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P 0.08 0.08 0.08 0.08 0.08 0.08 25 S 0.20 0.20 0.20 0.20 0.20 0.27 TBN

10.4 9.8 9.8 10.9 9.8 9.9 30 Remarks: Sulfated ash, N, Ca, P, S: wt.%

TBN (ASTM D-2896): mgKOH/g 35 Evaluation of lubricating oil

composition: 24 (1) HFRR Friction test (Friction test in the presence of

dispersed carbon black) In order to simulate soot emigration in a diesel

en- 5 gine oil, carbon black (mean particle diameter: 22 nm, specific

surface area: 134 m2/g, carbon particles produced by incomplete

g?mguzﬁmﬁ?f F&Ei}ciﬂi_dihal‘ﬁll@ﬁﬁt QfEQMif/%oil W% o]cma r\:ﬁ&f}@) }@/ﬁ%s ence of
ended in the |ubricating oil c osition by means of a high spee

agitator ‘f!daR/%ras Tg téjﬁ%okﬁ@?h%rﬂggﬁéil containing carbon black was then

subjectetitocthe HFRR testrhy. aleans @i a MERR@sternunderidhgiesel en-

canditions pf 105G 1,0l temperafiire 400 g. otload, 1,000 for Hictip,

length, 20 Hz for frequen- cy of reciprocating motion, and one hour for test
pER6E 115 fo dseRmie & Hictioncobffiticht. TRt ard 46t fottPrRocuced
Tableiz, {2nHligh terapenatiie cofrosionstest (AS TMR6294)ulhe earrasian . %,
of non-irpn metal by the diesel engine 20 oil was evaluated. The test was
b et By ntroic-iho A inELTE e o By £y e s
phesphor bronze by 185€{oil temperature) for<k88 kouirsa Thie amogntief 2
coRRar, leadand 4o baving:besmdissolyed 0. 1e Lastiplas MERSUER. then
The test results and cri 25 teria are set forth in Table 2. Table 2

subjected to the HFRR test by means of a HFRR tester

under the conditions of 105°C for oil temperature, 400 g

~¢of load, 1,000 um for friction length, 20 Hz for freguen-

cy of reciprocating motion, and one hour for test period,
to determine a friction ccefficient. The results are set

forth in Table 2.

(2) High temperature corrosion test (ASTM D65%4)

The corrosion of non-iron metal by the diesel engine
0il was evaluated. The test was carried ocut by introduc-
ing ailr into the test oil containing copper, lead, and
phosphor bronze at 135°C (oil temperature) for 168 hours.
The amount of copper, lead and tin having been dissolved

in the test oil was measured. The test results and cri-

teria are set forth in Table 2.
Table 2
Example Comparison Example
1 1 2 3 4 5

(1) HFRR Fricition test
Amount (wt.%) of

Carbon black
25
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Example Comparison Example 30112 345 (1) HFRR Friction test
Amount (wt.%) of 35 Carbon black 25 0 0.088 0.139 0.084 0.134 0.115
0.057 10.098 0.142 0.112 0.127 0.121 0.102 2 0.096 0.145 0.117 0.130
0.123 0.112 5 (2) High temperature corrosion test (ppm by weight) Cu 18
-444--Pb54-40143--Sn000--10 Remarks: Criteria for

acceptable oil according to JASO M355: Cu: <_ 20, Pb: < 100, Sn: _<

50 16 The resufitsset forth th Tales 1%anth 2 indifate>that alubrcating®oif =7

composition of ghe ¢nventiop coms taining & metalcontaininggdetergent ¢ . 102
comprising an alka- line earth metal alkylsalicylate and a ne trilﬁ alt of a

20 fatty acid arttt Q?&tty amine §hows gaﬁgﬂctor& frﬁc?’lgn reduction 0.112

regardless of a low sulfated ash content, a low sulfur content and a low

ptg7 pli_pru content even in the case that soots mj rate%into the
UbiEating ol COmpe- Sibn 2576 WHAT 15 CLAIMED 151 A Iibichting

oil c8mposition fot fubricating -5 internal éombustiorténgines which has a~

sulfatgd ash con-g 4 - 401 43 - -
sn 0 - 0 0 - -
Remarks:

Criteria for aceeptable oil according to JASO M355:

Cu: £ 20, Pk: £ 100, Sn: £ 50

The results set forth in Tables 1 and 2 indicate
that a lubricating oil composition of the invention con-
taining a m@tai—containing detergent comprising an alka-
line earth metal alkylsalicylate and a neutral salt of a
fatty acid and a fatty amine shows satisfactory friction
reduction regardless of a low sulfated ash content, a léw
sulfur content and a low phosphorus content even in the
case that soots migrated into the lubricating oil compo-

siticon.
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tent of 1.1 wt.% or less, a sulfur content of 0.5 wt.% or less, and a
phosphorus content of 0.12 wt.% or less and which comprises a base oil
having a lubricating viscosity and the following additive components: 10
a) a metal-containing detergent comprising at least one of an alkali metal
or alkaline earth metal alkyl- salicylateand an alkali metal or alkaline earth
metal alkylcarboxylate in an amount of 0.01 to 0.4 wt.% in terms of an
amount of metal contained in the composition; 15 b) at least one of a

QRN NtIRRgegshiess dispersant and a nitrogen-containing

dispersive viscosity index improver in an amount of 0.01 to 0.3 wt.% in
terms of a nitrogen amount; ¢) a neutral salt of a fatty acid with a fatty 20

amine iman amount 80 dat0i% wt.%6; ang-eh-ansexidationr ihibitgrin aft ing
amount of Q.1 toﬂ?P wt.%. 2. The Lubricati?gL oyﬂﬁom§osition oé clai@ 1, iQ _
2B WHICH the (FETtPAlZ Bd CAITBFATARS adithWith 275ty AMine’isnéiitral ©°™
saleota fdttyladidiiaving8 ta. 86 scar&_a:oona_laldms a@dret@ty a:rﬁin@_ﬁawiﬁg % or
8 10 30 carhon atamss 30 3. The lubricating il composition of ¢laim 2. in. 4
which the fatty acid is ‘an unsaturated fatty acid and the fatty amineisa
s¥ltstad fatfjpramite. 27 Rafe %ﬁcﬁﬁﬁdﬁiﬁcémﬁ%@iﬁbﬁ%ﬁ%‘l‘ﬁm‘@ﬁﬁoSlty
which thedattyacighis af unsaturated lineaschain:fatty acid. 55. The
lubricating oil corrrrggogl_}ign of claim.4, in which the unsaturated linear

chain fatty acid ig oFelc acid t@ lfh:bngﬁgatt%ﬁgﬁpgon%%ﬂ%éﬁ of Elaih 3l east
ione of an alkali metal or alkaline earth metal alkyl-

salicylate and an alkali metal or alkaline earth metal
alkylcarboxylate in an amount of 0.01 to 0.4 wt.% in
terms of an amount of metal contained in the composition;

b} at least one c¢f a nitrogen-containing ashless
dispersant and a nitrogen-containing dispersive viscosity
index improver in an amount of 0.01 tcoc 0.3 wt.% in terms
of a nitrogen amcunt;

¢} a neutral salt of a fatty acid with a fatty
émine.im an amount of 0.1 to 5 wt.%; and

d) an oxidation inhibitor in an amount of 0.1 to 5

oe

wt.

2. The lubricating oil composition of claim 1, in
which the neutralized salt of a fatty acid with a fatty
amine 1s a neutral salt of a fatty acid having 8 to 30
carbon atoms and a fatty amine having 8 to 30 carbon

atoms.
3. The lubricating oil composition c¢f claim 2, in

which the fatty acid is an unsaturated fatty acid and the

fatty amine is a saturated fatty amine.
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10 which the fatty amine is a saturated linear chain fatty amine. 7. The
lubricating oil composition of claim 6, in which the saturated linear chain
fatty amine is stearyl 15 amine. 8. The lubricating oil composition of any

one of the preceding claims, in which the neutral salt of a fatty acid with a
fatty amine is contained in an amount 20 of 0.1 to 2 wt.%. 9. The

lubricating oil composition of any one of the preceding claims, in which
the metdl-contdiRfhg! deter§eitesmprising aPRRSE RE S ah diddiifetal 11

ofR5alkaline easthcrretal alkyisaligylate: apd an-alkali metalser alkaline fatty
earth metal alkylcarboxylate is contained in an amount of 0.1 to 0.4 wt.%
i tetms of an amount of metal contained in the composition. 30 10. The
lubricating oil composition of any one of the preceding claims, in which

the base;oil haying a |uhricating iscosity has asaturated component of,

85 wt.% or more, a viscosity index of 110 or more, and a sulfur content of
0" WHodBFfIed8 5238 113 TRE Ubritafifig Dl omposition Gfary drie 6f ¢

peeceding claims, in which the nitrogen-containing ashless dispersant has

a weight average molecular weight 5 in the range of 4,500 to 20,000. 12.
The lubricating oil composition of any one of the preceding claims, which
further comprisék<a Zinb rdihydrocarbyddithiophiosphatecor @ zinelE0lm 3, in

diydracarhyiphasphate in 4o amount of 0.01,t0.0;12 Wib inteLms of ap.

amount of a phosphorus amount. 13. The lubricating oil composition of
aftyone of the preceding claims, which has a TBN in the range of 2

7. The lubricating oil composition of claim 6, in
which the saturated linear chain fatty amine is stearyl

amine.

8. The lubricating oil composition of any one of
the preceding claims, in which the neutral salt of a
fatty acid with & fatty amine is contained in an amount
of 0.1 to 2 wt.%.

9, The lubricating oil composition of any one of
the preceding claims, in which the metal-containing
detergent comprising at least one of an alkall metal or
alkaline earth metal alkylsalicylate and an alkali metal
or alkaline earth metal alkylcarboxylate is contained in
an amount of 0.1 to 0.4 wt.% in terms of an amount of

metal contained in the composition.

10. The lubricating oil composition of any one of
the preceding claims, in which the base o¢il having a
lubricating viscosity has a saturated compeonent of 85
wt.% or more, & viscosity index of 110 or more, and a
sulfur content cf 0.01 wt.% or less.
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15 to 15 mgKOH/g and is used for lubricating diesel engines. 14. A
process for lubricating a diesel engine comprising operating the engine
using the lubricating oil 20 composition of any one of the preceding
claims. 29

11. The lubricatiﬁg cil composition of any one of
the preceding claims, in which the nitrogen-containing
ashless dispersant has a weight average molecular weilght
in the range of 4,500 to 20,000.

12. The lubricating oil composition of any one of
the preceding claims, which further comprises a zinc

dihydrocarbyldithiophosphate or a zinc

i)

dihydrocarbylphosphate in an amount of 0.01 to 0.12 wt.

in terms of an amount ¢f a phosphorus amount.

13. The lubricating oil composition of any one of
the preceding claims, which has a TBN in the range of 2
to 15 mg*KOH/g and is used for lubricating diesel

engines.
14. B process for lubricating a diesel engine

comprising operating the engine using the lubricating oil

compositicon of any one of the preceding claims.
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