DESCRI PTI ON LUBRI CATI NG O L COWPCOSI TI ON Techni cal Field [0001] The
present invention relates to a lubricating oil conposition.
Background Art [0002] Conventionally, a lubricating oil has been used
for an internal conbustion engine, automatic transm ssion, grease and
the like in order to operate them snoothly. Anpbng these uses, the

| ubricating oil for an internal ggggggbbgBNengine (sonetines called
an "engine oil") is particularly required to exhibit a high
performance due to the high performnce, high power, and severe
operating conditions of the internal conbustion engine. [0003]In
order to achi eve the aboygpreguirrge perfeonyvade, Al | ous additives
such as an anti-wear agent, netallic detergent, ashless dispersant
and anti oxi dant are contained in the conventional lubricating oil for
an internal conbustion engine. Above all, zinc dialkyl

di t hi opTeshinstoal( ZHETE) is used in the lubricating oil for an

i nternal conbustion engine as an essential additive since it can
serve adOd lanti - wEhe mpyesenandnventoxi deltatssed cheal owbParening oil
Docunment 1 for exanple). Ctation List Patent Literature [0004]

Pat ent BEEWRPSAC1PN-Japanese Patent Application Lai d-Open No.

08- 302378 Summary of Invention Problens to be Solved by the Invention
[ 0005] Further, in order to reduce friction loss and to inprove fuel
ef ficiency, organic nolybdenum conpounds containing netal and sul fur,
such as%ﬁﬁgﬁﬁﬁéﬁ%é%ﬁihiocarbanate and nol ybdenum di t hi ophosphat e,
have be erally el - i ngine.oil. Additiaqn

in ordef[%to%(a2 roducecsﬂgggFﬁg ?%%yfé%ﬁ%%Fg%ﬂe%%@b9}ggﬁ% kﬁﬁﬁhﬁsﬁga%%r

has been gengralby E%@?Sitﬁgmieﬁgtig:@:,agﬁggﬁgﬁﬂf k?é?gﬁng%ygﬁ,ogrease

conpound contal ning su such as zinc

di t hi ophesphiet @ 1D Rrdes H8 b reaet PREm tsqlofo%mﬁa BRhyRIeMIYe uses,

disulfide layer on a sliding surface. As such, the conventi onal

f uel - satihrgl ePgi 8Lt Ohd CIANFaNSn d nt@lrakilvVebibhaf Dsn amRuUMe 0fomet fnss
and it has been difficult to |lower the sulfur content while

mai nt ai miaigd eidt snpéehoimencel”)nier garttioudakve rbgaipedabtenexhibis a
suggested that zinc dial kyl phosphate (ZP) be contained as an

al t er natilgdé perZebTRnce duer sby thewbdghhpes@ibfuancent bhghwhover, and
mai nt ai ni ng excellent friction reduction; however a problemis found
in the &sVierfearcpropegt GoNHDDOBPThel prhes dmtsirmednEPrplRuRSas ObeehI e
in view of the problenms of the abogve conventional art; and an object
of the pgPE9dt i nvehtidFes tbaphdevEet e IR FENG T6F PRBRPHERRFDN

which is capable.of maintaining its anti-wear property and  al so
enabl es VEHLPUS TN EhTST SHGCHT DANHR BHRA T BRERFr MG KedRERFo T o

be Conp%%hqggs dispersant and antioxidant are contained in the
conventional lubricating oil for an internal combustion engine.
Above all, zinc dialkyl dithiophosphate (ZnDTP) is used in the
lubricating oil for an internal combustion engine as an essential
additive since it can serve as the anti-wear agent and antioxidant

{see below Patent Document 1 for example).
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Means for Solving the Problens [0007] As a result of intensive studies
to achieve the above objective, the inventor discovered that by using
a specific dialkyl nonothiophosphate netal salt as an alternative to
ZnDTP (a first aspect of the present invention), or by using a

conmbi nati on of a specific dial kyl nonothi ophosphate netal salt and a
specifig %%%%'Ho%u%%h%FQQ”haga %@%O@gtéﬁﬂeﬁkp95c59§oﬁrEéfHLOpen No. .
invention), it is possiblet F0mer the sultur content and to exhibit
excel | eplg_fipioatigon reduction while maintaining the anti-wear property
equi valent to that of the ZnDTP-added oil. [0008]<First aspect of the
present invention> A first aspect of the present invention is
a lubricating oil conposition conprising: a |lubricant base oil; and a
di al kyl smmmeity egFhaspkateomet al salt, wherein based on the total mass
of the lubricating oil conposition, the dial kyl nonothi ophosphate
nmet al s&robilemsoniaibre§oillmednbambbet IofFe@L@0B to 0.12 nass %in terns
of phosphorus. [0009]1n the first aspect of the present invention,

t he di allkyI05donot hi Bphbkphat enneraer sept redupe ef ekabign al pas ANG L@
of a phosphorus conpound represented by the below formula (1). | |
[0010] [om&wiveafusbemiislepcr-@F 9qnianelRedenupmonRauyds (pipa pixg
OR4 (1) In the fornula_(1), RL-R4 each represent

C3- C30 IMekédr 28k P 1§MSup SHAG eRePoriy sBPhEL1EAARCBFP AR FEI BAE from

t her; X1-X4 . ted, f | t d
atom ¢ AFGYPEETRT. S4SBAPRECSRIGER” al BHE ARETORE"0F “X.1 3 Ber nb-a°
| f d . . A
val encod Lo GOT1 i CTRGLE| PEL - adtt oT LT o b eA T u@nb 81cg The

carbon pyher of rbgﬁck&eﬁa%?%!gg!y RN, idb e ehak akh Qéné?gl%%e

phosphorus conpound Is pre 6 to 9. [0012] <Second aspect of

present ¢iReNEHhQNTi ch an adfySLEONY 13SRRCEmBLint her RegeRind BYLDLLRMNgS
a lubricating oil composition conprising: a base oil; a netal salt of

a phospRenysircemaowmed anepueseatediby thalkelowitniophasfiif}e apaDaPp)
nmetallic detergent al kylated by a linear a-olefin, wherein based on
t he totdls nass tafydtihe d ubriiccant mellyrcemosdi sohfidéd ayetrabn sabliding
the phosphorus conpound is contained in an amunt of 0.005 mass % or
nmor e andu@fbkZevasls%och) eshei poneenelofia bhbsphosaising 09IS] e cal
Formul a 2] R210-R23 _
contains a relatively large amount of sulfur, and it has been
difficult to lower the sulfur content while maintaining its
performance. Inorder to solve this problem, it is suggested that
zinc dialkyl phosphate (ZP) be contained as an alternative to
ZnDTP to thereby lower the sulfur content while maintaining
excellent friction reduction; however a problem is found in the
anti-wear property.
[0006] The present invention has been made in view of the
problems of the above conventional art; and an object of the
present invention is to provide a lubricating oil composition
which is capable of maintaining its anti-wear property and also

enables sulfur content reduction and excellent friction reduction

to be compatible.



t\p/s y \p/ /\ R22 0000-R24 (10) In the formula (10),

R21- R24 each represent a Cl-C30 linear alkyl group and they may be
the sane or different fromone another; and Y represents a netal atom
having two or nore val ences. [0014]In the second aspect of the

present invention, an average carbon nunber of the |inear alkyl group
in the netal salt of the phosphorus conpound is preferably 5 to 9.
[0015]In the second aspect of the present invention, the |inear alkyl

group |rMégggrggfﬂSdﬁylndﬁtﬁgupﬂqu%ggorus compound is preferably a
conmbi nation of Cl-C6 |inear alkyl group and C7-C20 |inear al kyl

group. Hfdgeis of the 4 nvenhicoss [1QAER|AGEOEELA0et & d Benk 4be iRt hBgve
oi | conposition of the first aspect of the present invention, the

speci f i onljiedtkitte ,maned himphasphatie dwtealeds aht t( ber @isnabt ar spseiEL tnes
referred to as a first netal salt of a phosphorus conpound) is

cont ai netl,altihdr ebyoehabbhogrtet eeaseal rsalhe asubfurl cantentveand ZnDTP

excellent friction reduction while maintaining the anti-wear property
equi val et ftigsthatspsfctt e 2ZiPTRraddad dinvention), Aecbydimgngoat he

| ubricating oil conpositon of the second aspect of the present

i nvent i sitMaif@tdacioffi @ aParkiic kot hY bpitosphdiehasrdlategmetal salt

(hereinafter, sonetjinmes referred to as a second netal salt of a

I U M S AT

| | | | |

o o e o A ey enadL g deered ﬁ%ﬁliu ﬁgﬁ eFﬁeanj to
ti - | P

i %;%fﬁrg%grL’%’ﬁ?eﬂ]%n&iﬁ?ﬁontl?&o??ﬁﬁ%—?éfﬁgﬁﬁl Lradigds Biha FRECS,

the, bressnts Juenti.apaiid) dg.deseriDed ingdeLs lchfe 20D7P-added oil.

<Lubricating oil ion of the first aspect e present
i nventi griyppoEhe |Ubr'<@§§c‘s@9a§bbc§08@0§hé' %Begénw@n%ﬁ@ioﬁwect of the

pr esent |nvent|on conprises a lubricant base oil and a first netal

salt of a phogpharys eeppeundf the present invention is a lubricating
0il composition comprising: a lubricant base 0il; and a dialkyl
monothiophosphate metal salt, wherein based on the total mass
of the lubricating oil composition, the dialkyl moenothiophosphate
metal salt is contained in an amount of 0.005 to 0.12 mass % in
terms of phosphorus.
[0G09] In the first aspect of the present invention, the
dialkyl monothiophosphate metal salt is preferably a metal salt

of a phosphorus compound represented by the below formula (1).

[00101 [Chemical Formula 1]

R1— —R3

\// \\/
\x/ /\ (1)

RZ— 0O—R*?



[ 0018] (Lubri cant base oil) The | ubricant base oil to be
contained in the lubricating oil conposition of the present invention
is not particularly limted: any lubricant base oils used in ordinary
| ubricating oils may be enployed. Specifically, a mneral |ubricant
base oil, a synthetic lubricant base oil, a mxture of two or nore

| ub b | f she
ubricant 22?8%%;%6@5%%2@ r%“f&ﬁ%%??ﬁég‘séﬁg 1 B G Yl e
lubri canf, | ?%I%[na' Ik ple gffkn%%eafehgl )}{;{@' gh aifggﬁseheeﬁrm{ 5651 255Gh 8y ;

Iubricatlng fraction produced vacuumdistilling a topped crude

resul ting_ff oAMSRheld ¢ rdhShi shaEh AN @n k] Ude o@kyent BEBMINEOACe
or nore treatnents such as sol vent deasphalting, solvént extraction,

hydr ocr agkichg* sak wgnbx devaxdidns amd bydr of ef--nf ngs iy waXuil SQFEs i Za

mneral oil; and a base oil produced by isomerizing GIL WAX
(gas- tth@qulde@@ében&@O&Ohgpealbtamexaﬂmh@Stmb bhemsyat heléncbase
oil include: polybutene or the hydrogenated product thereof;

pol y- a- dlogflilis suchIaghk Httene speicgome t hanpkdsatec éneent iigoper cavpon
t he hydrogenated product thereof; diesters such as ditridecyl

gl ut al atembeir- 2fetthgl Adxphradilpalegrdibsodacyheatepat esadtt ef delgl
adi pate, and di-2-ethyl hexyl sebacate; polyol esters such as

tri met hphelsphepase corpoyng:t é5 Pre#stRbLEl fr bpafle pel ar gonat e,
pentaerythrltol 2- et hyl hexanoate, and entae thritol Iargonate
and ar orf@0’¢! synthef?%cﬂpﬂsaéﬂ%ﬁta%faT glpﬁ%% %a}%ﬂ%“%ﬁﬂjalkyl

benzene, or the mxture th

Kk f
the | ubricant ©*baSe® Ia§%e%%to pEP?l Bﬁ?%%ﬁlgeﬁ‘lfﬁnf%l;‘% E&x\%\s}g giﬁ%%aglng
e ey SRfBRR 1B e rﬁgl%gosﬁﬁ BCeLen ALY a0 Ies g OLs) £°7;

nor e prefera ess nore prefera /s or
| ess, r e ma
i scbsi By SPTERE) h%m?%ﬁ%? Pkt R Bho ereasts 5%%% 0T e

property r%tépwé gaperabHE e M SGASd ]My IaSliﬂlé@f %-b@chenpaferdih based
addition, the kinemati ¢ viscosity of the lubricant base oil at 100C

is pref @hal%ye Lowal/ §a86 BEr €heaNdbEREENPr ef &r abhpo2i tNBAS BheMbeeal
When the kinematic viscosity thereof at 100C is less than 1 m®/s,

t he | ubrsiaditt ¢f athet hleo splear tio deeploulnkl tatcech tizedmes! 10 abpeardegn aadeddO ddies
to poor oil layer formation thereat, and the anmount of evaporation
Ioss of melse Bubri mane badelol? nagrlss tor ilmcrsedse tekmsepft prosphorus.

"Kki nematic VISCOSIty at 100C" refers to a kinematic viscosity at 100C

speci fi d@0By1J1 S K228Bemfoa2oFFmehersl the viscosity index of the

| ubricant base oil is not particularly Iimted; however, in view of
the property of |owtenperature viscosity, it is preferably 80 or

nor e. Aovel in order to tain cellpag viscosity
char act isti((,)s\h de teggéiat range of from | ow tenperature
to high tenperat the i sco i ndex of the lubricant base oil is
nor e preferably Q}gr nor e preferabl( 9 or nore, and
especi al pr ef 123 gh\ 0023]F t hernore, "t he sul fur
cont ent R%Th@l ubri c@nt bas@m I i Onor—PR4 rt| cularly linited:;
however, it is preferably 0.1 mass % or |ess, and nore preferably
0.01 mass % or less, still nore preferably 0.005 mass % or | ess, and
it is in especial preferably substantially sulfur-free (e.g
0.001mass% or thegg) . rothushould bezhoi2d. i batrddiedarms’ @&‘l(fl}dr linear
content” in the present invention neans a value neasured In
accor danQeyi § Foudh anik2Siddy hayBREEBY- CHisPBrSd VEf oedray fEbMRSE80ERe T ;
nethod (in general, a range of 0.01 to 5 mass %9 or JIS 1<2541-5

" Bonb n&&ﬁAde&@@&e&@hm@nanmbhad afAnnekafRagukabi onshpréndatenveby
coupl ed plasma em ssion nethod" (in general, 0.05 mass % or nore).

[ 0024] TH®Xldt]lal ar ofiat theceatent! afpebe dfibtheaptrepase Divensiomwt an

average carbon number of the linear alkyl group in the metal salt

of the phosphorus compound is preferably 5 to 9.
4



The lubricating oil conposition of the first aspect of the present

i nvention conprises the first netal salt of the phosphorus conpound
represented by the below formula (1), i.n addition to the above

descri bed | ubricant base oil. [0026][ Chemi cal Formula 3] R1-0 Xl X3
O-R3 PYP( 1) /\ /\ R2-0X2 X4 (;) R4 [0027]In the formula (1) , RL-R4

cach reNAREL 2 09650 gearnal iyl o P and Lhek RN b e opre

or different from one anot 4" are se roma su

and an oxygen %t&g;vl Lhrgs A ohe XbcRal 091 PXYHEh ALAR ARG LN EoRbound
X1-X4 being a sulfur atom and Y represents a netal agbn1haV|ng t wo

or nore \aLeaeesabl Q028dmbithhe ifer gel@a-Cl)1inaxaapkes @fodhaneBcN,
| i near al kyl group represented by R -R4 include: n-propyl, n-butyl,

n- pent ylLineadexlkyindieptoyl , n-octyl, n-nonyl, n-decyl, n-undecyl,

n- dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl,

n- hept adecyl, and n-octadecyl. [0029] R1-R4 are each preferably a
C4-014 linear al kyl group, nore preferably a 05-012 |inear alkyl
group, &idesttid loindhe gnekartadlolny a 06-09 |inear al kyl group

[ 0030] X1- X4 are selected froma sul fur atomand an oxygen atom as

| ong as (B &Df X - xBererdingl fertha dimbaagathadohbrcqarmass tara ofygen
atons, any one of X -X4 may be a sulfur atom g0031]8pecific exanpl es

of the ettt SFRSE fordenbrasesdl nvRatdas: iPRaFPRe1EAFt AiAbKELs
ch as cal cium .nmagnesi um .and bari and avy netals such as
B s L B e S by PR L S N
Among these, Lhe alkallng earih el gl s sHoh as sal i um and.gRenesiym
nmol ybdenuny "an Yead ar & pr et era FeP" 3Rt T ead |sE%spe ially g

pref or alihs.: Q0T S° ol 3 20RRC 101 e r £3RLALNNAN" LoD | B

first netal osphorus conmpound represent ed _ ove
fornul a -ty heddsed odl MRl OhaliWe 29k i BN enaBYnbe-Ws8d HPoperty

conbi nati on
equivalent to that of the ZnDTP-added oil.

According to the lubricating oil compositon of the second
aspect of the present invention, the specific dialkyl
monothiophosphate metal salt (hereinafter, sometimes referred
to as a second metal salt of a phosphorus compound) and the
specificmetallic detergent are contained in combination, thereby
enabling decrease in the sulfur content and excellent friction

reduction while maintaining the anti-wear property equivalent

to that of the ZnDTP-added ocil.

Modes for Carrying Out the Invention
[0017] Hereinafter, preferred modes of the present
invention will be described in detail.

<Lubricating oil composition of the first aspect of the
present invention>

The lubricating oil composition of the first aspect of the

5



[0033]In the lubricating oil conposition of the first aspect of the
present invention, the content of the first netal salt of the
phosphorus conpound represented by the formula (1), to the total mass
of the lubricating oil conposition, needs to be 0.005 nass % or nore
and 0.12 mass %or less in ternms of phosphorus and is preferably

g,agi' g?%?re%%rt {rr?ge?rb@ggn co%l‘rr:l‘5 orgs Ofu% 1cg§%sl% Sl_IF_)r ef‘foer a$|1ystbrin<9§al

re an ess, nore prerera

0. 05 na%%f%)%% gogﬁpggg ?h%oéo SSny. or | ess. Fbre if the content of

the first nmetal e pho phorus conpound represented by the

formul a (Ghhghs | ess t,hppiLhR:aboye ggp;roned lower limt, the wear
resrstance property becones insufficient; and if it exceeds t he above

ment i oned uppehel i fbicHOL NI Qf tANLEXAGISL 1 RS RUELEYT 05 cab el yst
tends to be brought about. Thus, both cases are unfavorable.

[ 0034] ( ¥ani edmphkisnds oaf cddhki pes)sent invelbeohubsi iati pgroitularly
conposition of the first aspect of the present invention may conprise
vari ous lkimidedof aagdilubresadeésbrsbedibel ogedi hnadddinanyt bubhecating
| ubricant base oil and the first netal salt of the phosphorus
conpoundirlepnays det enebyyetie Seleow figemhilva § Mindred353p O hent fatsa 011,
salts of phosphorus conpounds) The lubricating oil conposition
in the fipvithepbetlubrichatppasest L ng @Heitorenal toonpr |Tf§efenetﬂa¥l§%ﬂl¥s
of phosgﬁorus conpounds represented by the f or mul as %ﬁ% and %

ot her t k&% Ré1Fi peterbedl TEaPttFS? MDRYSHTbrEs 280 aﬁaary atio,
represented by the formula (1). [0036][Chem cal Forrmula 4] R5 (O)mP
0- R6 (2?“@ R? 0871 H<t HE<dbove fornula (2), R5 represents a Cl- C30

| kyl d b di ff fr h
al Ky @ Atlngnasﬁzag?yc & H%%ior of g&edﬁbner{i“lubf%Qé%%?BagE &1

each re rogen *H gr oup;
Srreseafg dp ME{Sen ceL Soumg MmO Lin e oo
di ff er enty JhQBeBEHa0LBE LY %%hurnee&eeentmag & ﬂli/fgjétg%@u@%o%%lﬁlng
Cl1- C30 al kyl group; and n represents 0 or [0040] I n the above :
f0r”U|a&r@%ﬂa@ﬂ@s&ﬁ%ri&E&léﬂlb@%&l@&CBf51crude 0il, through one or more
treatments such as solvent deasphalting, solvent extraction,
hydrocracking, solvent dewaxing, and hydrorefining; a
wax—-isomerizedmineral oil; and a base 0il produced by isomerizing
GTL WAX (gas-to-ligquid wax).
[0020] Specific examples of the synthetic base 0il include:
polybutene or the hydrogenated product thereof; poly-a-olefins
such as l-octene oligomer and l-decene oligomer, or the
hydrogenated product thereof; diesters such as ditridecyl
glutalate, di-2-ethylhexyl adipate, diisodecyl adipate,
ditridecyl adipate, and di-Z2-ethylhexyl sebacate; polyol esters
such as trimethylolpropane caprylate, trimethylolpropane
pelargonate, pentaerythritol-2-ethyl hexanoate, and

pentaerythritol pelargonate; and aromatic synthetic oils such

as alkyl naphthalene and alkyl benzene, or the mixture thereof.
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preferably a Cl-C32 al kyl group, nore preferably a C3-Cl18 al kyl
group, and still nore preferably a C4-Cl12 al kyl group. Exanpl es of
the al kyl group include: nethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pentadecyl hexadecyl, heptadecyl, and octadecyl (these al kyl groups

may be ligear or br%ﬁ‘éh ﬂ% rgi@?“ch%%%%‘ﬂtp; %Eﬁr‘ifl b?%é?é &l 108

t he above netal sal t al kali S suc hi'um ~sodi um

pot assi Wy %&%ﬂl%lﬁ'ﬂﬁh‘t%%{ eafibo Bt Al SnsUehh aRa Al %f‘é‘&osl 0}3

magnesi um and barium "and heavy netals such as zinc, copper,

| ead, nitgkdlecrShkVeno°daRIaRESEraBNY @@Inmwgn@mle%@n&otr@eﬁeefébgmy
alkallne earth netals such as cal ci um and magnesi um nol ybdenum and

| ead ar e (prefgsableleapd bealdlisoesppettdtabpyeferail/e Jr0043sThend
netal salts of the phosphorus conpounds represented by the above

f or nul as s} iaid Y Prefavabdif fler enf/stoucieses d@pendiheg kimetdae inet al
val ence and/ or the nunber of hydroxyl group of the phosphorus
conpounds;sadnig it o sheudubrésaot bheenmetidl asal §8°bfexrdredrhddphof vs,
conpounds represented by the fornmulas (2) and (3) are not

parti cultfie propairtedef Fovw eheitgp e tulite ¥ ieresadlyel 8f 1 Fiaky da Gé apdr.
two nol es of phgsphate diester (a conpound having gne hydrox gr oup)
are reaétneedﬁ&téa@h ShRekIngMabhpotihe- Pavt ngh 1 l}élﬂoﬁﬂéaflép é§@n%

b he bel | 4 h b b d

o et TR A At oy NI ot S2ha etk SR eegahily 2 /s
th ht t 0043 | F | 1

R 00, BeomaEeRy STECR i A %3130 %E% : ngheot fdd Todbcois 1aag
represent, ?H it 8l ke gf&é'lpzc%.g?e i an alto LQOﬂQLEHEEFSB t@@gé‘

one nol e of zinc oxide and one osp at e nonoester

conpoung Ngui aggkaﬁeeayéﬁﬁ@% pHRUBS) BEPeF SASRM 1h @t QltNehnHOfhe
exanpl e, a conpound having a structure trepresented by the bél ow

for nul a aflurits drhewghorae ke oblsai bedtas aubRliBageMBaBENbilapgnat the

sanme time polynerized nol ecul es are al so thought to be present.

[ 0046] [ Chemeceale .FoOHEUE A The 0*HireenRt3-d @QkRoRiZy at 100°C” refers to a
kinematic viscosity at 100°C specified by JIS K2283.
[0022] Further, the viscosity index of the lubricant base
0il is not particularly limited; however, in view of the property
of low-temperature viscosity, it is preferably 80 or more.
Moreover, in order to attain excellent viscosity characteristics
in a wide temperature range of from low temperature to high
temperature, the viscosity index of the lubricant base oil is
more preferably 100 or more, still more preferably 110 or more,
and especially preferably 120 or more.
[0023] Furthermore, the sulfur content of the lubricant base
0il is not particularly limited; however, it is preferably 0.1

Q

mass % or less, and more preferably 0.01 mass % or less, still

more preferably 0.005 mass % or less, and it is in especial

preferably substantially sulfur-£free (e.g. 0.001 mass % or less).
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0 (5 [0047]1n the above formula (5), R13 is a Cl-C30 al kyl group;
and nis O or 1. [0048]In the present invention, the netal salt of

t he phosphorus conpound represented by the above formula (2) or (3)
may be used alone; or two or nore may be used in conbination.

[ 0049] The content of the netal salt of the phosphorus conpound
represente ‘ f ) [ e s S %

| ess, ngﬁegB?é%épg%Fgﬁgg%ﬁh%§§§9§§%§%le%&?%g%dégﬁ#¥Tpn§?é%gée?ﬁggi 5

0.03 mass$ %@k drefisahl 1 &fdmPhcBRASRAOK HSa cLaseshon (Lihke, Hokako %%54

of the composition. [0050] The total phosphorus concentration in the

| ubri catipp@ 1Qyl- G ePReS keoR -0k yt ReubiresteasRembtAbdt heiRr §688Lal, a
invention is preferably 0.005 mass % or nore and 0. 12 mass % or iess,
more prefheigabby 0.003t s Ha¥%sof) Rl FIARE5A.1LE "BSSEh Haes Hessrmandtion
further nore preferably 0.05 nmass % or nore and 0.105 nmass % or |ess
i n ter muneahophosphex UReghdaedoas) t Nendwttal vaiassoopl e ldamar €0as shgn
oil conposition. If the phosphorus concentration in the |ubricating
oi | conpesihbiddn (éxceedsrbhe &bOvemappek birninbrepeoi soni ng of an
exhaust gas purifying catal yst tends to be brought about. .

[ 0051] ( N®©OgKIli ¢ det Bhgembal aromatTreconirnie £t Aol UL Eigrpts PRISEnC bt
the first aspect of the present invention preferably further .
conpri sé§ BOReRa 1 ieulfdtler e trA opaee Ve fidr ERePT ERpFaREY i3 massd®

trali ' ty, high-t t t . d tL-
b7 oper L5 10082 RSB ELoORDtHel NBEAE | G TaSEerGent | heFtideb - 3FRATDLY
metal sylfonate ar al kal.ine earth QEE?I sulfonage. alkall gefal, _
phenat e of"¢5Pk &l iPhe ggﬁfhanetaﬁppﬁena g;paFEaFl bt &l sa?i&y?ate or’
| kal i | ' te, [ i
car th MEST RBpoNat 6 ARACCRE 1t OF & TharBor [ G0B0] Brarerteq oo

exanpl esafs 4he ald@bli At abnd: A kaldynes aanidhyel dle it onates e g1

al kali metal salts or alkaline earth netal salts of al kyl aromatic

sul foni geacbdied ithaRaitheCtkatad BROAESEHM:-akEnandiarceal presesel t,
obt ai ned by sulfonating al kyl aromatic conpounds having a nol ecul ar

wei ght ahvi0@ibe 1200s phekepabkycofr200itn Z0AteSpemchsaredaipl es of
the al kyl aromatic sulfonic acid include the so-called petrol eum
sul f onatecandasyrt heth ASIN f0R%E%e. [6054)1As tie getmedlieudrsukfionatet
the foll owi ng may be
only includes alkyl benzene and alkyl naphthalene, but also
includes anthracene, phenanthrene, and the alkylated product
thereof; compounds in which four or more benzene rings are
condensed; and compounds having hetercaromatics such as pyridines,
quinolines, phenols, and naphthols.
[0025] (Dialkyl monothiophosphate metal salt (a first metal
salt of a phosphorus compound)
The lubricating oil composition of the first aspect of the
present invention comprises the first metal salt of the phosphorus
compound represented by the below formula (1), in addition to

the above described lubricant base oil.

[0026] [Chemical Formula 3]



general ly used for exanple: those obtained by sulfonating al kyl
aromatic conmpounds in the lubricating oil fraction of a mneral oil;
and the so-call ed mahogany aci d obtai ned as a by-product in the
manufacturing of white oil. Further, as the synthetic sulfonate, the
fol l owing nmy he usgd fog exarrpl e:, those obtained by sul fonating

al kyl benz&e_h in xa i ¥ga _Fr%nched al kyl group, which is
produced as a by pfoduct o a manuf acturl ng plant of al kl ybenzene
used as a source teryal detergents, IIIITs)Ch results from

and t

al kyl ati on of be ne v\\h Qgeyol efin; e obtai ned by
sul fonatin dd| tion, a sulfonating agent to
sul fonat e aI k ar @fmatl mﬁ)ounds is not particularly limted,

in general, fumng sulfuric acid and sulfuric acid are used. [0055]As
the alkali metal or alkaline earth netal phenate, the following is
preferably used in specific: an alkali nmetal salt or an al kaline
earth meti27gal t, | Onpafd fewhara (a)regnresdicampnsodpradehiion Gakel Uimsatt
etc. of: al kyl phenol having at | east one C4-30, preferably C6-18

| i near @l HKylagcoed aaldkythe gmaypye ahkyd pirenoldisifdiate dbbaioredabyther;
reacting such al kyl ohenol with sulfur; or the Mannich reaction
product X3FXaldasd piedresiteshfaiomed byl feacriony autmrakbikylogheabbmwi three
f or mal deIE/ 10056] As the alkali netal salicylate or alkaline earth
metal s&lf &yt BSINNeORBEEBR NS Sk enerabl¥ —dsdering Speuilfne: abem/
al kali nmetal salt or an alkaline earth netal salt, in particular, a
magnesi @M% 4] F%&F@Ptﬁalacfnﬁﬁlaéalaﬂz‘)@t 83VePJaFKy 9% MeyFi ¥aheNaehavi ng

I bI I d, al_kyl
[0057] PR or o, ERGTET KAPPABLAN * o P STRLTT RE GO R Gracioat &1 Fy1
| f h l. | _ph
2 kal i Rgose SeBLRehe AT ) LT iR bag, T a?éﬁ?tn% T mar Bage 5L

neut 1l S8l NOnTBEcsght) nBEela] s pahbaledal B cox: ”ﬁI-ﬁn Y pacting

an al kyl aromat’i ¢ surfoni c aC| nol eno fide,

t he Nﬁnm%de%@qt'&ﬂtﬁ@é@ﬂ %LtéIt%MHEE%OIn ﬁﬂ%&@ﬂcmﬁeﬁ&agaﬂc
directly with a metallic base such as an oxi de and hydrOX| de of an

al kali met@lpteldealkal angl eabthagetsl,, or by once naking an al kali
netal salt such as a sodiumsalt and potassiumsalt and then

substit utio2@lit wit R'-ari' ak&addarepeafthahkyad Csatis; 1 badanmlagkyilngt ode, a
basic salt obtained by heating the neutral salt (normal salt) and an
excessi werampnet egfabdlivkal Csnet.al isabtr et kalkgkpne, eantdhshit &l mgagt or
al kali metal base or alkaline earth netal base (a hydroxide or oxide
of an alk&fensdtlal aofsalkalinfdealifyImasiuD). in the presence of

wat er; and _an overbased, salt (ultrabasic salt) obtained by reacting
the neutlC®3%al t (n%rn}ﬁl ags| ??lﬁﬁ:ﬁd al BB e st s 24 oy 8PEx RBeCBr I8M

al kal i t al | kal i ne ear tal in sence ,of carbondi oxi de
Sndror BTG 85 T 20paeet FO0LbERe TS A SRl geit st
made commer ci al I \éal |_abl e in a f%r EEILOX-; bei n edlaI ut c—ic% t a |ight

| ubri canit based % Sthé™Vi RET P generérI Y esi ragl émto use a

netal | C[ Zﬁr gent Eglélg?)%mpq%@gﬁttﬁ%f é‘tgl I)(Brége Ve 14Ietal s?

preferably 0Oto 1 Mass Base nu the met
deter geIltndl%déSU"éIlIk)ﬁlQLnEoeéggh RO 9, s ey 2l 2@t ﬂagﬁgsﬂmﬁ%ﬂd

Here, the term "base nunbe means a base nunber neasure

per chl onjat- 12 ;da i@ hRad rﬁe‘@&PQ%d@ﬂC&s whihB, Noppler Nidb8, &%@Q&l nickel,
"Pet rol eum pr oducts and | ubricat i ng oils- Det er mi nat i on’ of

neut r al isAdtied) mamM@hese], 0008 b li/becpuasentmdmy eftie o, e sEtLcted
fromthe alkali metal or alkaline earth nmetal sufonate, the alkali
nmet al oreaalthahenel eazudh aet abl phematre] maheealikal imakladeroim alakal i aed
earth netal salicylate etc. may be used al one or two or nore

sel ect edifar gnaisesd Ledy abel Usad s espbicnatilgnpreferablas for the

[0032] In the first aspect of the present invention, the

first metal salt of the phosphorus compound represented by the
S



[ 0060] The netal ratio of the netallic detergent is not particularly
limted; and a netallic detergent wwth a netal ratio of 20 or |ess
maybe usual ly used. However, in view of capability of inproving the
friction reduction effect and the | ong-drain performance, it is
desirable to enploy one or nore selected fromthe netallic detergents
.hav' ng aab@fteago%ﬁhﬂg ?i? prﬁgf eﬁftﬁs\édlatl% 1199 ot‘efﬁo 59%01‘?5@ Eéth?ed
is represented by "a va ence of netal el efent x a content of meta

el ement (W ard gont ent of soap group (nmol 99" in a netallic
detergent, wherein the nmetal elenment refers to cal cium nmagnesium or

the Iikegooand the SQaptgéombwtzgfﬁn%ooﬂlS@&Iﬁ@@ﬁtﬁ@ﬁdogrm,first
salicylic acid group, or the like. [0061] The upper limt of the

cont ent =Gfpddie offet aé | pe St erigardntinnt, hehkubsh €atit NG GiHe EarRaShEtan
of the first aspect of the present invention is not particularly

i mt ed;sadndobasled mwhoddietot alompasmdotepheséubedday ittge diolkrmula (1),
conposition, it is usually 0.5 nass %or less in terns of netal

el enent toHbWwevépfailt mass peef grablub ticadjnsoitthecoposéftioof nheds to
metallic detergent with other additives so that the sulfuric acid ash
cont ent ben 0RO Sc aapasitt conmpacorns §.-02n#assFopr| 665 bRSEABA Phe
total mass of the conposition. In such a viewoint, the content of _
the net ANASPI@SUSr g@t 1% BreRerebt %10 PesB28f T RE oRp &St ¥ ohl> m@ss %
preferably._0.3 mass % or_| ess re preferably O. ss % _ or
eos’ n ara s 2ol THEE b EF Sty T REes Bhet CORTSANDR tHa et PE
detergent is preferahly 0.01 nmass_% or , more, preferall .02
mse. 5 OFor Bt s e M o B L P& Erdnly 0. T8 Hadooh P Pt Unas
the contenls 8ol e Jit aklhe debel@eilod: 2033 LHAN: D AlSS Yhikloks
difficu to ensure the high-tenperature detergency, oxidation

stabi | i toye ﬁﬂgsﬁhﬁrhgngbﬁbéhﬂdpﬁé PLOBNCE YN RS RASKR 1RUNEET is less
retention, which is thus unfavorable. [0062](Ashl ess dispersant)

The | ubrineat ¢ g aBbk e GIMOtdONoREr 1Nt rste aspecte HfstditcPbespatty
invention preferably further conprises an ashl ess dispersant. As the
ashl ess mdiceperssansy f ahyiash} essl tf Speesast ds uhedalbove andnthrdneat upger
oil may be used. Exanpl es thereof include: nitrogen-containing
conpoundsimtiavi pgiabnliegsvfoae Sk GHOGdS meari forinyr aadchedsal kghdgr bop
or al kenyl group in the nolecule, or derivatives thereof; and

modi i edeplsducts eboaltkenyhusucked il ndaires Gree ginfver #akriont y
selected fromthese may be contained. [0063] The carbon nunber of the
al kyl grl@§g4dr the AVREAGVSgkbRPSi of 487¢B°¥0®S) preferably 60 to 350.
When the carbon nunber of.the alkyl group or fhe alkenyl group is
658t han 40 1861 LBTT 5 B0 Cid. COMBURAELPR Thé et f EbmsHARE o6, Fre
tends tog de%r%de. Chtthe ot her _hand, when.the %aﬁ ono@un88£ gfethe

al kyl gPOEF=8" CRECARERY MYy GaPPesc8edd 280 FhBUFoRft RPperaltre
fluidit f. L I icating. Qi it o 0 deteri

Thus, bo 24558 BPeclnf bor at sERE I gt by ERs SieRgl e
group mgy he LERGARr s91 + bf anched,n et A £ ldmbo Rl eb-8d «8XaBPLESthe
t hereof include: a branched al Kyl group or branched al kenyl group
deriveddfcnem 3 ahiigonen .of ol efin such as propylene, 1-butene, and

i sobutene, or froma co-oligonmer of ethylene and propyl ene.

[ 0064] Spewisfsiic exanpbebeof mébel ashl essofli sipesSlantudr €otieuiad ) ow ng
conpounds. One or nore conpounds selected fromthese may be used.

(1) succini mdeechmbnjcatiheasil onepC4Dt C400 raltkyl £irotipasped kbényhe
group in the nolecule, or derivatives thereof; (Il) benzylam ne
havi ng atrdseast lonenC4onCaey abkplrigeouptel akkeaybfgpbappharuvhe

nol ecul e, or derivatives thereof; and (I11) polyam ne having at

| east oOTRAINCHOTeBIRPENGESupYoithal kerngrlgrold) i Anehé3hpl etles, than

derivatives thereof. HOOGS%Specific exanpl es of the above (I)
the first metal salt of the phosphorus compound represented by

the formula (1).
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[0067] I n the above fornula (6), R14 represents a C40-C400, preferably
C60- C350 al kyl group or al kenyl group; and p represents an integer of
1 to5, preferably of 2 to 4. [0068][Chem cal Forrmula 9] [0069]In

t he above formula (7), R15 and R16 independently represent a

C40- 400, preferably C63-C350 al kyl group or al kenyl group, and in
parti cul ef er abl e | ybut enyl group; and r represents
an intedgﬁx%$ 0Oto A?héﬁgég?aEF§ﬁ8$81¥?o 3. [0070] The (I) succinimde
i ncl udes: a so-called nono-type succinimde represented by the
formula (6) wherein succinic anhydride is added to one end of

pol yam rré—a-@m)ﬁ’-s-epea-l-l-@i—b-i-sRﬁype succi nim de represented by the
formula (7) wherein|succinic anhydride is added bot h ends of

pol yam ne. The lubricating oil conposition of t first aspect of the
present invention ngy—cap7in one of these or a mixture thereof.

[ 0071] A production method of the above (I) succinimde is not
particularly limted; and the succinimde can be produced for exanple
by bringing a conpound having a C40- C400 al kyl group or al kenyl group

i nt [ ith | el hydrid t t t f 1 2
o obt ai CA Ryl or ATKEH PoBUECt Rk Bt &) EREFS SERGH 7 cdet St niTh
pol yarm B, Spegit L6 exapl s, of 1 the ol wamne LIehUds: o cach otnes

di et hyl ‘ami ne; triethylenet et ram ne: aet hyl enépentani né; ahd

pent aet hyl £nehexamng  nk0Q7 2l areekh &texappl gsc icgtohglﬁpwsr&hp an
benzyl ami ne include a conpolnd represented by the bel ow fornul a (8?.
[ 0073] [ @hempsalsehesmal x1@], c1\ C 2NH (CH2CH2NL-) 1, - H(8) [0074]In the
above formula (8), RLl7 represents a C40-C400, preferably C60-C350

al kyl griowgsdr al kenghegtodp; Fapduyar Bpresents an integer of 1 to 5,
preferably of 2 to 4. [0075] Specific exanples of the above (I111)

pol yam ne include a conpound represented by the below formula (9).

O
R8—(0),—P——0——R"0 (3)
O0—R?®
[(0039] In the formula (3), R® represents a C;~C3g alkyl group;

R® and R' may be the same or different from each other, each
representing a hydrogen atom or a C;-Czp alkyl group; and n
represents 0 oxr 1.

[CC40] In the above formulas (2) and (3), R°-R! are each
preferably a C;-C3p alkyl group, more preferably a C3-Cig alkyl
group, and still more preferably a Cy-Ciz alkyl group. Examples
of the alkyl group include: methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl, and octadecyl
(these alkyl groups may be linear or branched).

[0041] Specific examples of the metal of the above metal salt
i1



R18- NH (CH2CH2HH) z- H(9) In the above formula (9), R 8
represents a C40- 403, preferably C60-C350 al kyl group or al kenyl
group; and z represents an integer of 1 to 5, preferably of 2 to 4.
[ 0076] Further, the derivatives of the nitrogen-containing conmpound
gi ven as an exanple of the ashless dispersant i nclude: a so-called

act d- modithed coapaund abtai ned, by B hnggnd Neabaye HBALLONEH, ana

ni trogen- cont dal Nl ng ound (0] reac I on w't

monocar haxyl i,¢ %rft!kql&ﬁegeak%t %epghd) seah%ghcélgu@%ggﬁagﬁuﬁoxaﬂlac

acid such as oxalic acid, phthalic acid, trinellitic acid, and

PYT Ol biztyis Gr@Chithi $828% e NRILTahI 2820k cAHie 1 Dﬁo@arltea@’ mhekel pf
the remai ning am no group and/or imno group; a so-called

bor on- maditficed eempauBdepbhabngdlbpabhiingi Mmdie whose the alkaline
ni trogen-cont ai ni ng conpound into reaction wth boric acid to

neut r al ieze tor mata s zei1dthe spad I coum wnel maghesheny ensl yhdegnuany nadgl eap
and/or imno group; a so-called sulfur-nodified conpound obt ai ned by
bri ngi ngreheralferebnet r egenieedt asneagecoapbundréehevapbacti on with a
sul fur conmpound; and a nodified conpound obtained by conbining the
above nilt0dgén- contﬁhﬁlmgt@bn%®hh@ O t Bhe viph @t Pl es risdifewds ons
selected fromthe acid nodification, boron nodification, and sul fur
modi f | cAEPERSCARSAgPYhEE8 aBPVeatPYBYLafhéZ horBR- Adli PREE LLRDBLRRIL of
al kenyl succini m de exc s int heat resi_stance ro

anti oxi &éﬁfﬂlcﬁ%ﬁér F?Peﬁ 4" hes Fq%e a1tk P G eRa/ P bFf%aPFﬂBEB.‘Pf
conpositio the firs spe t he present entd in_or
inprove%¥ﬁ§ Egge ﬁaﬂ%éy¥t§t Hﬁ Sﬁﬁgﬁash$d%P?%%%%ra ﬁ?%gggt%Fﬁ%%g%rég
Lo07 7] a0 chilen@sthess, dLoper sAnt ohso6ROLALEHNE0uANE LUBELCANLOS 00!

conposi tTon of the first aspec esent Tnvention e conte

thereof ;ta E@%m59%§|(5§5§n8f @WeakébﬁbﬁaﬁhPﬁlghiaEPﬁpP§mitQ@ | Sror
usually 0.01 mass % or nore and 20 nmass % or |ess, and preferably 0.1

Mass % @k ipNne , aRfdeAloi@sH 1% &f Less. oihes dhe Wh@ﬂbsoﬁftﬂﬂﬁo%ﬂﬂéﬂés
di spersant is 'ess than 0.01 nass % the effects on the base nunber
retenti giectder (A gbmbenper atuiasg dagr adaroOnlt yecap hedrbandacwbeénto
the content thereof exceeds 20 mass % the |owtenperature fluidity
of the lkualhi caténgactdmmanpbbeviog d stgneatky mgtrerseortadeldy thigulss low
both cases are unfavorable. [0078] (Chain-term nating antioxidant)
The | ubrfiogailiag (8 | 1eobiposdint ore die tdie Finest ags petpLof cempopeeEenind
invention preferably further conprises_a chain-terni nating

ant i oxi @&nttheTsiegensips pelimprévedt heleghieoxplantlpr oblé‘P‘tl?h%ft‘P hee
| ubricating 0|I conposi tion, thus enabling inprovenent of the base
nunber P&EESEREon and hi gh- tenperature detergency in the present

i nventi 079] As e chain-term natjng antioxi dant, those
generalﬁ@oﬁggd f or é&ﬁﬁ%}?% %ﬁﬁﬁi? éLuch as a phenol - based

ant i oxi dant, am ne-based ant|OX|dant and netal lic antioxidant, may
be used. [0080] Preferred exanpl es of the phenol -based anti oxi dant
incIude:'4,4'-nethg3enebis ,6-di -tert-butyl phenol);

4,4' -bi 4(2, 6-di -terf-butyl phenol ) ;

4, 4" -bi 4(2-met hy1-6Ht ert - buf yl phenol ) ;
2,2'-netﬁ | s(4pethyd- t - but yl phenol ) ;

2, 2" - metlhyl enelMs( 41 net hyl-pB-tert butylﬁgﬁnol)

4, 4" - but]yl i denebi s(B-net hylf 6-tert-buty enol ) ;
4,4'-|scpropyliden st di-tert-butyl phenol);

2, 2" - metlhyl enebi s(4- et hyl-pBanonyl phenol ) ;

2,2 -isdbutylidenebis(4, 6-di et hyl phenol);

2, 2' -met hyl enebi s(4- nmet hyl- 6- cycl ohexyl phenol ) ;
2,6-di-tert-butyl-4-nethyl phenol; 2,6-di-tert-butyl-4-ethyl phenol;
2, 4-di

nethyl 6-tert-butyl phenol; 1 12
[0044] In the above formula (4), R' and R'? each represent

a C1-C3p alkyl group; and n is 0 or 1.
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phenyl - a- napht hyl am ne; al kyl phenyl - a- napht hyl am ne; and di al kyl

di phenyl am ne. These maybe used al one or a m xture of two or nore of
these may be used. [0082] Further, the above phenol - based anti oxi dant
and am ne-based anti oxi dant may be used in conbination. [0083] Wien
the chain-termnating antioxidant is contained in the lubricating oi
conposi ti f the of th resent ti the ¢ nt ent
t her eof iqygz e totaF n%ég%éf t% r§%§t$§5”6% co%po%?gr%ﬂsrde SF

usual | y ﬁocgzd% Isrqsygg%egeaﬁes ce@rrgr orh%vq ?%q}garé}aﬁfgr%%s@g@e

prefera e cont

chai n-terddnald R &Ll dant.exceadsi &, G %ﬁéod@zd%é@iﬁ%faa%%béture
anti oxi dant property proportional to the content cannot be ensured

whi ch i srdpdiess ditferl @Rakhe. bENot/heophhBs PaNdis iThRIPRr tlobkUbbhEEned
i nprove the base nunber retention and hi gh-tenperature detergency
during tdie acndt secafipdndit calndgtothedeghadaino mo ltyhe raerentlebel esf
to the total mass of the lubricating oil conposition is preferably
0.1 massr% arlswrdowhd rmer depreferatil.y 1 mass % or nore.

[ 0084] (Conventional additives) The lubricating oil conposition
of the fiGkk6laspect [Bhemheapr Esemtlanvénti on may contain any kind of
additives generally used for a lubricating oil depending on the
purposes, in order to further enhance its performance. Exanpl es of
such additives inclu@: an anti-wear agent, friction nodifier,

vi scosity index inpr ¥er orrosion inhibitor, rust inhibitor,

denul sifier, netal ct r, defoamant, and col oring agent.

[ 0085] ﬂple f th ntl- ent incl sul fur-contai ni ng
conpouﬁgg sucicﬁs di rized olgg? sul furized fat and
oi | ; dithiophosphate net aIt (zinc salt, nDbedenunrsaIt etc.);

di t hi ocarbamate netal salt (zinc salt, nnlybdenunrsalt etc.);

di t hi ophosphate ester and the derivatives thereof (reaction products
with olefin cyclopentadiene, (nethyl)nethacrylic acid, propionic acid
and the (gdei) i n thencase Qow eBkANLS 85 drithesg @ @gg A% e -Bgh 2
position are preferred ); trrthrophosphate ester; and dithiocarbanate
ester. Usipld Mi,s tchese 1may be contained in a range of 0.005 mass % or
nore and 5 nass % or |ess based on the total mass of the conposition
as | ong [@4die perfonmaheepotsthe CoupASidbhpnté mbeapresentof the
invention is not deteriorated drastically. However, in view of the

m ni m zathasphofrusubbupooodt eaprasent endgydithienapervéofommekls (heor (3)
content thereof to the total mass of the conposition is preferably
0.1 mas&ay de vess adwaeoos FWef eprablloyreomes' besgS%iorinl esgbinatepns
of sul fur. [0086]As the friction nodifier, ounds generally
used as @¥9lcti on HB8I FPBESRB O& Fh%rmﬁﬁﬁinﬁabFlo Yheeriigephorus

Exanpl es t hereof include; %géa ﬂgn m based _ friction nodifiers such_ as
mol ybderfifHRAYEY FPRESSHDBF§BdRh G i VR D Barat &) 3)ahidl BRI SRS @Y - 05

dithi h h d hi f i h .

ol cul SR e 8t TERE: OROEIOPEF KSToi0rY o Iy I Gt QU™ Ber cidr FyilL

l'i near r%3{9 ?{EQL}:? Gl eyl gr %‘{ple%qh %%rﬁr'é" Of pﬂ%’%%l‘éﬂ’}q}%’, £aLlLy
a fat t cohol™,

acid ester acr am de, acli aliphatic

al i phat i, 3&&@ éﬂ%ﬁ%@é&g%i(%%%ybo ggq{&g etc ), sem carbazi de,

urea, urel iuret. The content of ese friction nodifiers to
the totalpgmes of t@ﬁeCQBEailbh@@phéru§uébh¥e9téaﬂﬁé§ Y ofh&ore and 5
mass % or | ess. [0087] Specific exanples of the viscosity index

i mpr overluhiGldsdengd 0SQ- eahbedineBndbspensaft r st SERSHJY dindex bEpEeMer
such as a pol yner of one kind of nmonomer or a copolyner of two or
nor e Ki ndsreoftinonasepgesekapledd fOOINmnveass Gue rmabhacayd i . X inthsasten s,
or the hydrogenated product thereof; a so-called dispersant viscosity
i ndex i nigrsayemoobtrafevser 4yl ¢ OpOBymess 2 og mare eud et haesyl $F orateds,

and further more preferably 0.05 mass % or more and 0.105 mass %

or less in terms of phosphorus, based on the total mass of the
13



to 1,000,000, preferably 100,000 to 900,000; in the case of

pol yi sobutyl ene or the hydrogenated product thereof, the nunber
average nol ecul ar wei ght of the viscosity index inprover is usually
800 to 5,000, preferably 1,000 to 4,000; and in the case of an
etherne--oIefin copolyner or the hydrogenated pr oduct thereof the
nunmber ra nol ecul ar _wei ght of t |scos |ndex i_npr.o

Usual |y 81%6 & e 2BE Ghb CopPararaBly 3 oY B OO0 CRoCRYIRarRED
when th ene- oIe i 0 r__or g d u

t her eof Eé% lc‘?mng %eislecé\?]l%')aicézélolrs?;3 F e%ﬁ%%};ﬁg&%\/g%k% ?BIIBQQ %%%}%1 e
to obtain [ -G t
shear sP3 s?f*ﬂ% B R B G W?Ipé‘*éttgﬁlﬁsﬁ%g%*%@%éﬁ@
above v%ggg§tty i ndex inprovers nay be contained in an adequate
anount. The content of the viscosity index inprover to the total nmass
of the gompasition k@eg§ygi&ydémér@@@§)96or nmore and 20 nmass % or

| ess. [0090] Exanpl es of the corrosion inhibitor include

benzotri azol erhaskeihri@ting bd2otembpasetioh i adhazdl esbaspdctand the

i m dazol e- based conpounds. [0091] Exanpl es of the rust inhibitor

i ncl udeprpetnal eunesulibonptefeabkkyly benzkar sohpohace,a metallic

di nonyl napht hal ene sul fonate, al kenyl succinic acid ester, and

pol yval éetezibepholinestder [ZQOQQ]fERaI-‘rpIUéBrQVet hes derid shenieral hed uben
ponaIkerne ycol -type nonionic surfactants such as polyoxyethylene
al kyl et PEPPep wyo&yebngeeﬁeremw pHERA R/THef, a&%aﬁéﬂyw%tm%% y-
alkylnaphthgle;her [009§%Exanples t al deactlv%L i nc kdfl

i mi dazollPReZ1pyri mi Hr#EP ?l%%ﬂ?ve§Et§hﬂﬁFiﬁ?ﬁ&F&?BFeln Pdaptd
benzot hi azol e

I
R a1 R EaasbE EORor bt %lﬁﬂ@‘ilfeeé'ﬁ hiira Gy Tosas sy ahkatkyTetal
di t hi b I Id
2 (o oo BRRRLrs oM P L AL it g oo
def oarm ot wg%yﬂﬁetﬁ S%ﬁgg?alf gg@&@gdteonﬁk@m n{eltléqr eabgpshehaee or

[0095] en addi ng itives tO the lubricating olfl conposition

of the kgl iaepeat-+af mtRg1l FM@B heRatkhesg@ntpat mokt @ashc wérébe.
corrosion inhibitor, the rus ibitor, and the denulsifier, to the

total mag9saf] the cpﬁeeérfe@rexa@maiﬂ @ Q0% aTES fie¥alr o ADs Bkahth®
mass % or less; the content of the netal deactivator, to the total
mass of eblre hcompadi subfAonase ustald Mkl D0k s s a%ter ompatkahidng eastsh %
or less; and the content of the defoamant, to the total nass of the
conposi tiegal isslusualfl plByd0e5omasscysvifanie andds, nhRsP8FBECH 8L, a
[0096] (Kinematic viscosity of the lubricating oil conposition of the
first aspeseséotmswlppasért GahvEniin 6a)t, obtained by sulfonating alkyl

aromatic compounds having a molecular weight of 100 to 1500,
preferably of 200 to 700. Specific examples of the alkyl aromatic
sulfonic acid include the so-called petroleum sulfonate and
synthetic sulfonate.

[0054] As the petroleum sulfonate, the following may be
generally used for example: those obtained by sulfonating alkyl
aromatic compounds in the lubricating oil fraction of a mineral
0il; and the so-called mahogany acid obtained as a by-product
in the manufacturing of white oil.

Further, as the synthetic sulfonate, the following may be
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The kinematic viscosity at 100C of the lubricating oil conposition of
the first aspect of the present inventionis 4.1 nm2/s or nore
and21.9=2/s or less, preferably 5.6 mR/s or nore and 16.3 mm®2/s or

| ess, and still nore preferably 5.6 m2/s or nore and 12.5 mm2/s or

| ess. [0097] (Sul fur content of the lubricating oil conposition of the
first a t se s\ i J.fu

the | ubroat i S BaEoaT I on o tRe Yt PYsFusbaiat thb pEo b Elkett

I nvent iy ibfy %h%jkﬁ%ﬁJcﬁﬁ%ﬁe%khebh%lk?@rb%%hb?gwﬁﬁkh09geﬁ§b&h88d L8
preferably 0.3 mass % or |less, nore préferably 0.2 mass % or |ess,
and stild b@uﬁ@oah@ftefa&hya GhahuTess ubiQlg besst &Y SBtijhihAdh sukhuss
content at the above upper limt or less, it is possible to realize a
| ow sul fausolinbe inGaid Migh 0ok dyEIesIHtdsgnowiWHi direxaet b efvionl aDYyUAGLON
performance. [0098] (Uses of the lubricating oil conposition of the
first aspedendferteheripuitepeitycilefenti anyl those obheihalr bgasubhfonating
conposition of the first aspect of the present invention is capable
of mai ntdHinsimy naph tdatliensear Ipr epett yomnda asebi emabl e awghturteont ent
reduction and excellent friction reduction to be conpatible. As such,
it can &M Qpetablbpeassed lay laargpeitést crgrendeokposPti Bartasularly

i nternal  conbusti,on engi nes such as gasoline engi ne, diesel engine,
and gas léfYitFelif oF FDEOF Y cl ¥ N SHHINIEEs aCpBvRR S FaididtioRcigngre
ships. Furthernore, it can also be suitably used as a |ubricating oi
requi red®%5 "exhi bit an anti-wear performance and | ong-drain

perf or Mgy f or example, a3,a 5 URLESANL bl hOn ALl ve, SUSLEME, SUCh a5
aut omat i c and manual "t Fahsnmi Ssions, and a“lubricating or-Ssu as Wwet
br ake oi, r | i r.hi oi C il ,..b i i

and refﬁ#ﬁ%?ﬁﬁggHgﬁﬁlqfogggFggﬁggycg%?ﬁgquFﬁggggégft?Snggkh?%eﬂékal
second agNeChrOin tN&AriesLBhrtAVRIEAORZ1t, in pdPeidddd cal hBgn8khum
conposition of the second aspect of the present invention conprises:
a | ubri cant: kasy @ lcalziseceadtnetal. s&.t aokyappbasphpaisngoapousdst
and a specific netallic detergent. [0100] (LuEricant base oil) The
sane | ulmecant;hapeedidrabdy deser ilhedairnotrhbrincatd aipett goebuphe
present invention nay be used. [0101] ((A) D al kyl nonot hi ophosphate
met al saltkylehsecdnduddtide shtéinédabphosphiving scatpedhg)lohenol wihe
| ubricating oil conposition of the second aspect of the present

i nvent i ¢ ldevr PEekhe Maswuirdh weeslt i9al profuat phosghkorlpheaodpebhdined
represented by the below fornula (10), in addition to the above

| ubri caftyY BESEENY SPeloZkeHeRrEsl FéFRuferTefdRrYdeEss0 R23 \
[0056] As the alkali metal salicylate or alkaline earth

metal salicylate, the following is preferably used in specific:
analkalimetal salt or analkaline earthmetal salt, inparticular,
a magnesium salt and/or calcium salt etc. of alkylsalicylic acid
havingatleastone(h~3m.preferablngqglinearorbranghedalkyl
group.

[0057] Furthermore, the alkali metal or alkaline earthmetal
sulfonate, the alkali metal or alkaline earth metal phenate, and
the alkali metal or alkaline earth metal salicylate not only
include a neutral salt {(normal salt) which is obtained for example

by reacting an alkyl aromatic sulfonic acid, alkylphenol,
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/P\/P\ R22 0000 R24 (10) [0103]In the above fornula (10), R21-R24
represent a Cl-C30 linear alkyl group and they may be the sane or
different fromone another; and Y represents a netal atom having two
or nore val ences.) [0104]In the above fornmula (10), exanples of the
C1-C30 | i near aIkyI group represented by R21-R24 incl ude: nethyl;

ethyl; 1&&3@% peiéﬂrﬁfde tﬂsrr eéﬁﬁP@3Q%10§8?8P5¥£wx@a?ﬁ%1$henol

n- nonyl nZ Unde cyl, trid n-tetr
n pent a qq( Lsaﬁle%e@es&d @teepcaeP@&e/iy WA, oy %tt%(iq%l base such as
[ 0105] 4 are each preferably a C3-Cl4 l|inear al kyl group, and

nore pr %fneds;apdw 2AdHyGldx ] ddear aRlKWa 19T BeiPa ] bRIBE £ A8 lafie nCas HeN,
nunbers of R21-R24, they may be one certain carbon nunber, or two or

nmore di ighrependneamni nmuabes SkaBY e ©pIseyedsiuahcoshi Raldiom s¥henateo
or nore different carbon nunbers are enpl oyed in conbination, the
aver age pearbkeiunusbét 30d oOfieh hesesiR2:RMy iis priecherabbykslineSeath
particular, it is preferable to make R21-R24 be a conbi nati on of
Cl-C6 almeylaland1C7- 020 allkyl include a hetat salt obtaipadshhoresting
conmpound wherein the average carbon nunber of the al kyl groups is 5
to 9. H&hei heuphad pivortud nesmpdunast haandqgnawwsgrw@n%mtdprffelce'n%l
car bon nunbersna%beconblned(forexanple aphosghorusconpoundhavrng

R24 wit FekadaPBoh Phrdeie bins eﬁsﬁthbeee%br% %ﬂ%@%&@f&ﬁ&rae e or

d_ha Rn R, 1 with f t
Xt ur 6 S HECFOSRGFLS c%%%d% VR eneoi‘fh%xw% be' Sy eragd chrbeh

”“”be.r of. 1 fecul 89 Hlfrpe akl§| roeg reAé SO eo pwaqcseox{] LYy a%OQPQ Qsed

wher ei n °tHe" 7o as a U f'&rent’ earbon

may be used, on¢ 3 ﬁaur aﬁ@?VSBEaEH¥ 3u§egct£ aereca§e¥rar

pref erablé for t phosphor us conpoun ave t types o

groups, %'rﬁﬁlagsle Gl {5 2abkyk Qﬁewrasaedhﬁdgzxﬁag & loyl agKaup Iﬁ@tal
that a mhole average carbon number of the al kyl groups beconmes 5 to

9. [010¢hSpegkligeexar estefl ARt dhe Afrdfenh@bove carbahdsakt denghdder
al kaline earth netals such as cal cium magnesium and barium and

heavy nebalis swéhld as bbmarecopper, iron, |ead, nickel, silver,
manganese, and nol ybdenum Anong these, the alkaline earth netals
such as[@@B@nunrandThagmﬁsﬂme:m@tebgenMnisannuﬂdadmade pesherabtbly
and lead is especially preferable. [0108]1n the |ubricating oi
conposi &iverd leblehen pr dsanm of nveing o, lutes! vohhentl ightt Rubrecantshase
of the phosphorus conpound represented by the fornmula (10) needs_ to
be 0.0051Aug8doslR lHdre aRB PRSI #hss Welér dpasEabhe (e rrs‘seofi metallic
phosphorus, based on_the tot mass of bricatin
conposi GEORTIERE Fithr 8FBeY %fyc?ﬂ?ﬁ?ﬁnﬁé; K)OEO ﬁ maﬁg GH Hrﬁggga@l%r
less, n%r% to 16 mass %. Further, the base number of the metallic
detergent is usually 0 to 500 mgKOH/g, preferably 20 to 450 mgKOH/g.
Here, the term “base number” means a base number measured by the
perchloric acid method in accordance with No. 7 in JIS KZ5C1
“Petroleum products and lubricating oils-Determination of
neutralization number”™.
(00591 In the present invention, one selected from the
alkali metal or alkaline earth metal sufonate, the alkali metal

or alkaline earth metal phenate, the alkali metal or alkaline

earth metal salicylate etc. may be used alone or two or more
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preferably 0.03 nass % or nore and 0.10 nass % or less, and stil

nore preferably 0.05 mass % or nore and 0.09 nmass % or |less. Here, if
the content of the first nmetal salt of the phosphorus conpound
represented by the fornula (10) is less than the lower limt, the
wear resistance property becones insufficient; and if it exceeds the

i it . ; f i .catal yst tends t
vt el SRR T P PR S ot Loncs 1

Metal lic detengept . qleyhat g by fd t AeRL %flil&)lfi metal o81xaline

| ubricating ol | conposition of the second aspect o pr esent
inventi Qi AMRELEESsA Blay TRt dlils adet eh98P1y 3l M Aat8d Y nachd N8l has
a-olefin, in addition to the above described | ubricant base oil and

t he secangtrisald sakttobnthedphosphertis ceoRMmIEl biNa OF deydicd ligfpa Ay e
its acid neutralization property, high-tenperature detergency, and
ant i - weathair dperetyee 1[s0ih0laTHennetdalalinc pdetfergentei.s not particul arly
limted. Exanples thereof include: alkali netal sulfonate or alkaline
eart h ndt0le0dul f onafee mkkali raketial ophehat vebal hi katlehergant hi sretet
phenate; alkali netal salicylate or alkaline earth netal salicylate;
al kal i madigpHesENohanet o/ Andaf imnt addritthdaee ayephosipioadiatalandtine
m xture thereof. [0lll] Regardless of the types of the nmetallic
det er geitf, 2P 1RF LEPSFMY PE GF bl Y WSELf Reweéer o Weviekyitacanabjlity

| i near a-olefin. . The carhon nuynber of the linear a-olefin to be used
o pret GBS G g P et 05 1 OPo S38eCts RR fBPe . pRardF iy
8 to 26, and nost. re£g{a@é%i%%rﬁp %é'egWﬁy t@F can@on nunber, hs | ess
than 4, Re “oi 7S5 ubr| |?y s |bkeel y to e Xf)(?ore; OL A v SHE CEFBIBn
nunber e . 1 i Li j n th e..0l
|om+ten%%%%ﬁ%?8§gﬁgc§§F§§&§$Eg|$i¥3§bf%ﬁﬁgggef%?%%?%?éﬁgﬁfﬁffﬂ?%% to
exanpl e 1¢f, theral kald ~petah oft alkaking eardh Jebal SyLieRat & d fefal
netal salt produced by al kyl ati ng benzene with the above |1 near

a- ol ef i Rt ai & cdrkydhenrzenerasuéi Onatt NGnd1t eW ¥ ha & dnatd 88ap
agent such as fumng sulfuric acid and sulfuric acid to obtain

al kyl bengeng $ubiani‘tiaci thetand itcheseat et Netleralinzt ng ridtall 8133&AD
exanple of the alkali metal or alkaline earth nmetal salicylate is a
met al salefeprsoduec ed Loy val, k Waghiersg upheral tbe di&sel andt hhehecapoyeoup
linear a-olefin to obtain alkylphenol, obtaining alkyl salicylic acid
t hr ough nefegodle resctlifonicard itheresby esanéailaki 2cad proupe194] phe
exanpl e of the alkali netal or alkaline earth netal phenate is a
netal salit“Spr oduced by al kyl ati ng phenol with the above |inear

ol gt o gLl henol, bl anie alkylphenal eullite

oot i 0l e M0 L BL GO Bl el phensl pesi g, (ro

neutral iozfi @gei lgregQ&%Sir@eﬁ%or?li%ahbtnﬁéﬂigﬁlﬂf?lliiq{?itee%{;t gnﬁeﬁgged
on the total mass of the lubricating oil composition, it is usually
0.5 mass % or less in terms of metal element. However, it is
preferable to adjust the content of the metallic detergent with
other additives so that the sulfuric acid ash content in the
composition becomes 1.0 mass % or less, based on the total mass
of the composition. In such a viewpoint, the content of the
metallic detergent, to the total mass of the composition, is

Q

preferably 0.3 mass % or less, and more preferably 0.23 mass %
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magnesi um and/ or calciumetc. are, in particular, preferably used.
[0116] Furthernore, the alkali netal or alkaline earth netal

sul fonate, the alkali nmetal or alkaline earth netal salicylate, and
the alkali nmetal or alkaline earth netal phenate not only include a
neut r al salt (nornal salt) which is obtained for exanple by reacting

o RO 1f S ene g, otlihorl | o e BLVLESCO0I e

alkylpheno I de nich reaction alk Io enol etc.

directlyophh;a @%’t@'ﬂ;bﬁtb% R%@Qr%lgnoomdﬁa@@do hé’f”ﬁ&é'e I%r@n
alkali nmetal or al'kaline earth metal, or by once making an alkali

netal sabbreweRi13soaosodhym sabt vk p%trﬁﬁ%*tlimlsﬁbkeaﬁgefégﬁbly 0.15
substituting it wth an al kal i ne earth metal salt; but also include a
basi ¢ sakisoBt ainedrby hesdr nghd henewts alf sakt méoal mak satéygantd ag
excessi ve anount of alkali netal salt or alkaline earth netal salt or
al kal i netal thase Oo0lahkaki Ae édarth defalcbasetéacshydroxtide or oxide
of an alkali netal or alkaline earth netal ) in the presence of

wat er ; andhamnecoperbased dekergehtyabasidatabn) sobbained, byndedleei ng
the neutral salt (normal salt) with a base such as a hydroxi de of an
al kal i Aera-dgeial RarFFacmearehswel &is itk haupesenes ot 1ear bohdrbxi e
and/or boric acid or_ borate. [0117] The netallic detergent is usually
made cofREScPRIERYo&¢RilPabl e in a fornrof being diluted with a |ight

| ubri cant %a e oil nd he Iéke %gneral a netal content thereof
is preféP§ j 1.0 t ﬁ%%s @Ep%ﬁﬁﬁ ke preferably 2.0 to 16 mass %

Furt her, the se unber of the netallic. det nt refer bl
ngKOH g or § ngwg ormPce%% l?r%rogf %r%ef%lrr%g ac éﬁohe

or nore '%‘3 %§OlngEVbrgnoﬁéle?é§a]RF§r?ur{:ﬁgrtgéﬂr}%rpgég 5‘1‘1'”19 1e£“s’a”5 a

base nu er measur e erc ric acrd od 1n accordance with

No. 7 'Hlébér%%%%01.AEQ&&PB%HTEE%OQP§§ér§§§E|%Q%JSQEEQQS dispersants
oil s-Determ nation of neutralization nunber’ 118] I n the second

aspect okebhes PEESSM] daviel bon magnse $&leCt eﬂxémpmé h@edlcod indBhdéd ;

or alkaline earth metal sufonate, the alkali netal or alkaline earth
met al saliteylhahecohieiat kgl compmireds Gravaklgaht rieszear bhen®tal,;phehat £r
etc. may be used alone or two or nore selected fromthese nmay be used
i n conbomabirenchAs Eékyﬂhgrnepabrielﬁeneigenbupthe dh&aholaet b, opr

al kaline earth netal salicylate is particularly preferable in that it
has i ncPeased tiviesttihmraadduend owdéfifiectpreriibttero by Jdsh ylestuet 1 i bo-
it excels in the long-drain performance. [0119] The netal ratio of the
net al | | @NGePér §eie r3ndenlyarelearas §rr>rﬂm*—heae BAY Benetafpieed.
detergent wi_ith a netal ratio of 20 or | ess usual |

However . 0083Vi ew olea%p%ﬂﬁkr% rwaeqrnﬁﬁoryrﬁga% f@PﬁO&H 8% Eﬁgﬂakwl

ﬁﬁfﬁﬁﬁ B the. g drgn g rreet&rﬁ NeE0 ol TbEE NS b PP S o0
1 ; b |
T B S ST 3 e S R P

cont ent @f ﬁQan Mdﬁ@'th‘@ 1ub91éa%tBééécoﬁftteefrﬂﬁ‘ttowe%g%baet heon
nmet al eIenent ers to calcium nagnesiumor the I1Kke; soap

group reher éth@r%a’%&& f il BREd-HFIOMD nisRd1C ¥l €nhatd defll QU ok-hene
l'ike. [0120] The upper limt of the content of the netallic detergent
in the bukehgat jREuPi Ex€OBPOHSIG0 ol liche t2apendtaspetludliithecf the
present invention is not particularly limted; and based on the total
mass of lubeikahiingadilngonpbstofpodicndanto ide dstesiuatdtyed. 5 Thass Boon
less in terns of netal elenent. However, it is preferable to adjust

the contesesodréhefimstatdble delbegehty Widrougt hertheldiltieres gootharay
the sulfuric acid ash content in the conposition becones 1.0 nass %
or | essbebhbrerpwrthranched. n¥Pecoff icrd lvonposteioed erkanpdel ghereof

vi ewpoi nt, the content of the netallic detergent, to the total nass
include: a branched alkyl group or branched alkenyl group derived

from an oligomer of olefin such as propylene, l-butene, and
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of the present invention nmay conprise various additives described
bel ow, in addition to the above descri bed conponents. [0122] (Ashl ess
di spersant) Moreover, the lubricating oil conposition of the
second aspect of the present invention preferably further conprises
an ashl ess di spersant. The sane ashl ess di spersants as those

describ I I i ing . qil i ti0 I.I,S of
he. pr eSSl TS an “iay! Ba CUsed  SDEbs P ECRE K LE B Ra: PRADYIChet
anti oxi qajfel | spddiithanatly, 1 40e, 4 WRei cafi 0gs Qlds Li-an. Of
t he second aspect of the present 1 nvention preferably “sti further
conpri seg1a shaigncbRpBLnakl g idoxbdantondbhsahelPedied FREAVERLLE
anti oxi dant property of the lubricating oil conposition, thus

enabl i ngrady"covRERNt of the base nunber retention and

hi gh-tenperature detergency. [0124] The same chain-term nating

ant i oxi ddant suasithosée desdricbed ligadthenk uhp+Catb iaikydl §reopmpassl keny Of
the first aspect of the present invention may be used.

[ 0125] ( @augntirortdle addietines) or derivatThes| tbeireafing oi
conposition of the second aspect of the present invention nmay contain
any ki nd1df) eyl esnglpagianlat dsadtiare GadGhoi THEY hgrobp afepehenny
on the purposes, in order to further enhance its perfornmance.

Exanpl eJTEMPs d¢h REdMOLees Lienc PideerayadhvEsweBRr8gént 2neri cti on

nodi fier,_ viscosity.index inprover, corrosion inhibitor, rust

"o bi £ G o raf o BTy LB Ceo derb A S5 ol o kvl
agent . E%%%.OE t@ se %ﬂgkhﬁ%es gaé be_the sanﬁ as those described in
the first a§be5& 0 e presénP i &5%FF8ﬁVeFo E%fﬁﬁ h addi ng these
additiv the | ubyLj k ng.. 0l ifion h e ; e of
t he invg§¥%%ﬂ, t he gg%?g%%go?géggﬁgg?gfh%h%o?§%%%oﬁlfréﬁ%ﬁ%%#ﬁa%%e

rust i nhirgittefe c8Rgotgs dasp sldd &ty bpgt%@%oet%%akogﬁﬁagf(é)h%nd (7) -

| ubricating oil conposition, is usual mass % or nore and 5
mass % qroodexss; the[caahenklofothe1getal deactivator, to the total
mass of the lubricating oil conmposition, is usually 0.005 mass % or
nore and 1 mass % or |ess; and the content of the defoamant, to the
total nmass of the lubricating oil conmposition, is usually 0.0005 nass
%or nore and 1 mag® % or less. [0127] (Kinematic viscosity of the

| ubri cat osition of the second aspect of the present

i nventi on) The kinematic viscosity at 100C of the lubricating
oi | conpositifon o\ the second aspect of the present invention is 4.1
m2/s or nor ﬂféHog” ﬂl‘ﬁ .brgf erabl ¥6p. 6 2/ s or nore and
16.3 mR/s o and‘' iR 8rabl'y 5.6 nmm2/s or nore and 12.5

128] (Sul fur content of the |ubricating oi

conposition of t second aspect of the present invention)

The sul fur content,of the lubricating oil conposition of the second

aspect of the presént invention, to the total mass of the lubricating

oil conposition, is preferably 0.3 mass % or |less, nore preferably O
2 mass %or less, and still nore preferably 0.1 mass % or |ess. By

setting the sulfur content at the above upper_,,imt or less, it is

possi bl  ©°8 Heal i ze18 FBR- 3UPTEr L Pt +Rat Py i | TEBRAPBETEF dh Wit heoan
excel | erf}relf%r}%-bqryabg— ?gof gi]g?f%%oup or alkenyl group; and p represents

m2/s or | ess.

an integer of 1 to 5, preferably of 2 to 4.

[0068] [Chemical Formula 9]
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[0129] The total phosphorus concentration in the lubricating oi
conposition of the second aspect of the present invention is
preferably 0.005 mass % or nore and 0.12 mass % or |ess, nore
preferably 0.03 nass % or nore and 0.11 nass % or less, and stil

nore preferably 0.05 mass % or nore and 0.105 nass % or less in terns
of phosphorus, baged on the total of mass @ the lubricating oi
conposi tRgn. |If e phosphorus concentrati ol in thert®ubricating oi
conpositio ds the above upper limt, LsonpNg of an exhaust
gas purifying cahalyst tends to be brought Y [0130] (Uses of the
l'ubri cati ng foi | CW@;H' @Hzm)_ri_hecﬁgggd—qﬁpept of the gmesent

i nventi on) The T ubricating oi [l conpositi of the second
aspect of the esent invention is capable off/f/maintaining its
anti-wear proper and al so enabl es sul fur ntent reduction and
excellent fricti reduction to be conpatibPe. As such, it can be
favorably used as a lubricating oil conposition for internal
conbusti on engi nes such as gasoline engine, diesel engine, and gas
engi ne for notorcycles, autonobiles, power gqu:rationl,6 and shi ps.
Furt her md0&21i t canlal tbebebeuetbbinulsed las R | aibdiRat ingependently
required to exhibit an anti-wear performance and | ong-drain

per f or MEREEESEHE Ex &npt@oas R ifradantCeor ¢ash o L eyt v QYR tBheR RN as
automati c and nmanual transm ssions, _and | ubricating oil_such as.wet
brake oid=OURYydPRG & @@FFlF&ianersﬁﬁFaéiﬁpF88§8FGBF|? BRAY PRGSOV,
and refrigerator oil. Exanples [0131] <First _aspect ,of th resent
Mventi gioues end’p gDt BBt bR TGO LsCRTEE! 4f hekgFelaRtY br 1
i nventi n i1l be described in specific based on Exanpl es and
Conpar ative ‘Exanpl es; however, the present invention is not limted

to the Exanpl 1VELiCt i oti et i b
et e e ?tﬁﬁe(lp)hg’su&%ﬂ%sﬁ l?%n%gﬁ%ﬂ%&?%xaé‘n%{a’ega%q%‘g fonbDeype

CD”paraEﬁMﬁﬁ%&%ﬁ@be%e%r%%eﬁked by thensBxaopkesel tRede@Adsuccinic
Conpar ati ve Exanpl es to 4, the friction reduction effects of the
conposi HndR&I relee ievakdatiedo eaeheali bliepeoypashel oARdCcantakFgabyea
pol ya-ol efin having a kinematic viscosity at 100C of 2.0 mm2/s as a
base oi lbisangpeontaicindigiaedirEberephtphlobphohas foompband’irevabérsaht
in an anount of 0.10 mass % in terns of phosphorus as shown in Table
1. The resyind capahaidgd dehdwn addeTabbesoth Evdbuafi palpémihe. f Tk i on
coefficient was conducted with the bel ow described bl ock-on-ring
test. THebTRessigw PalTapMecsifson ohlthe Hdsed Gfnasd Pét Ahenasssent
the conposition. [0132] (Bl ock-on-ring test) . . The bl ock-on-ring
test wasEAFICPedaivn CREOEH HaREE it %hﬁg?wpbs?om,lxwﬁ4.th?ﬁ%° est

diti t h.that th | oad 445N, t il t t
vas. 100G Cho SPREOBHORIY NeRholl St e R0'S rl HaBPEoLr o188} o

[ Tabl e %kt particularly limited; and the succinimide can be produced

for example by bringing a compound having a Csp—Caoo alkyl group
or alkenyl group into reaction with maleic anhydride at a
temperature of 100 to 200°C to obtain alkyl or alkenyl succinic
acid, which is then reacted with polyamine. Specific examples
of the polyamine include: diethylenetriamine;
triethylenetetramine; tetraethylenepentamine; and
pentaethylenehexamine.

[0072] Specific examples of the above (II) benzylamine
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include a compound represented by the below formula (8).

[0073] [Chemical Formula 10]
17
/ CH NH~—(CH,CH,NH), —H (8)
[0074] In the above formula (8), R' represents a Cso—Cago,

preferably Cg-Csso alkyl group or alkenyl group; and y represents
an integer of 1 to 5, preferably of 2 to 4.
[0075] Specific examples of the above (III) polyamine

include a compound represented by the below formula (9).

R*®-NH- (CH,CH,NH) ,-H (9)

In the above formula (9), R1® represents a Cuo—Capny,
preferably Cey—Cssp alkyl group or alkenyl group; and z represents
an integer of 1 to 5, preferably of 2 to 4.

[0076] Further, the derivatives of the nitrogen-containing
compound given as an example of the ashless dispersant include:
a so-called acid-modified compound obtained by bringing the above
mentioned nitrogen-containing compound into reactionwith a C;-Csg
monocarboxylic acid (e.g. fatty acid) or with a Cy—Cayg
polycarboxylic acid such as oxalic acid, phthalic acid,
trimellitic acid, and pyromellitic acid sc as to neutralize or
amidize the part or whole of the remaining amino group and/or
imino group; a so-called boron-modified compound obtained by

bringing the above nitrogen-containing compound into reaction
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with boric acid to neutralize or amidize the part or whole of
the remaining amino group and/or imino group; a so-called
sulfur-modified compound cbtained by bringing the above
nitrogen-containing compound into reaction with a sulfur
compound; and a modified compound obtained by combining the above
nitrogen-containing compound with two or more modifications
selected from the acid modification, boron modification, and
sulfur modification. Among these derivatives, the
boron-modified compound of alkenyl succinimide excels in the heat
resistance property and antioxidant property; and thus is
effective for the lubricating 0il composition of the first aspect
of the present invention in order to improve the base number
retention and high-temperature detergency.

[0077] When the ashless dispersant is contained in the
lubricating oil composition of the first aspect of the present
invention, the content thereof to the total mass of the

Q

lubricating oil composition is usually 0.01 mass % or more and
20 mass % or less, and preferably 0.1 mass % or more and 10 mass %
or less. When the content of the ashless dispersant is less than
0.01 mass %, the effects on the base number retention under high
temperatures degrade. On the other hand, when the content
thereof exceeds 20 mass %, the low-temperature fluidity of the
lubricating oil composition is greatly deteriorated. Thus, both
cases are unfavorable.
[0078] (Chain-terminating antioxidant)

The lubricating oil composition of the first aspect of the

present invention preferably further comprises a

chain-terminating antioxidant. This helps to improve the
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antioxidant property of the lubricating oil composition, thus
enabling improvement of the base number retention and
high-temperature detergency in the present invention.

[0079] As the chain-terminating antioxidant, those
generally used for a lubricating oil, such as a phenol-based
antioxidant, amine-based antioxidant, and metallic antioxidant,
may be used.

[(00BO] Preferred examples of the phenol-based anticxidant
include: 4,4'-methylenebis {2, 6-di-tert-butylphenocl):;

4,4’ -bis(2,6-di-tert-butylphenol);

4,4’ -bis(2-methyl-6-tert-butylphenol);

2,2" -methylenebis (4-ethyl-6~tert-butylphenol);

2,2" -methylenebis (4-methyl-6-tert-butylphenol) ;

4,4’ -butylidenebis (3-methyl-6-tert-butylphenocl);

4,4’ -isopropylidenebis (2, 6~di-tert-butylphenol);

2,2' -methylenebis (4-methyl-6-nonylphenol) ;

2,2’ -isobutylidenebis (4, 6-dimethylphenol) ;

2,2 -methylenebis (4-methyl-6-cyclohexylphenol) ;
2,6-di-tert-butyl-4-methylphenol;
2,6-di-tert-butyl-4-ethylphenol;
2,4-dimethyl-6-tert-butylphenol;
2,6-di-tert-a-dimethylamino~p-cresol;
2,6-di-tert-buthyl-4 (N, N’ -dimethylaminomethylphenol) ;

4,4’ —thiobis (2-methyl-6-tert-butylphenol) ;

4,4’ -thiobis (3-methyl-6-tert-butylphenol);

2,2’ -thicbis (4-methyl-6-tert-butylphenol) ;

bis (3~methyl-4-~hydroxy-5-tert-butylbenzyl)sulfide;

bis(3,5-di-tert-buthyl-4-hydroxybenzyl)sulfide;
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2,2"-thio-diethylenebis[3-(3, 5-di~tert-buthyl-4-hydroxypheny
l)propionate]; '
tridecyl-3-(3,5-di-tert-buthyl-4-hydroxyphenyl)propionate;
pentaerythrityl-tetraquis([3-(3,5-di-tert-buthyl-4-hydroxyphe
nyl)propionate;
octyl-3-(3,5-di~tert-buthyl-4-hydroxyphenyl)propionate;
octadecyl-3-(3,5-di-tert-buthyl-4-hydroxyphenyl)propionate;
3-methyl-5-tert-buthyl-4-hydroxyphenyl substituted fatty acid
esters. These may be used alone or a mixture of two or more of
these may be used.

[0081] Examples of the amine-based antioxidant include:
phenyl-a-naphthyl amine; alkylphenyl-o-naphthyl amine; and
dialkyl diphenyl amine. These may be used alone or a mixture of
two or more of these may be used.

[C0B2] Further, the above phencl-based antioxidant and
amine-pased antioxidant may be used in combination.

[0083] When the chain-terminating antioxidant is contained
in the lubricating oil composition of the first aspect of the
present invention, the content thereof to the total mass of the

=]

lubricating o0ll composition 1s usually 5.0 mass % or less,
preferably 3.0 mass % or less, and more preferably 2.5 mass 3%
or less. If the content of the chain-terminating antioxidant
exceeds 5.0 mass %, a satisfactory anticxidant property
proportional to the content cannot be ensured, which is thus
unfavorable. On the other hand, in order to further improve the
base number retention and high-temperature detergency during the

course of lubricating oil degradation, the content thereof to

the total mass of the lubricating oil composition is preferably
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0.1 mass % or more, and more preferably 1 mass % or more.
[0084] (Conventional additives)

The lubricating oil composition of the first aspect of the
present invention may contain any kind of additives generally
used for a lubricating oil depending on the purposes, in order
to further enhance its performance. Examples of such additives
include: an anti-wear agent, friction modifier, viscosity index
improver, corrosion inhibitor, rust inhibitor, demulsifier,
metal deactivator, defoamant, and coloring agent.

[0085] Examples of the anti-wear agent include
sulfur-containing compounds such as disulfide; sulfurized
olefin; sulfurized fat and oil; dithiophosphate metal salt (zinc
salt, melybdenum salt etc.); dithiocarbamate metal salt (zinc
salt, molybdenum salt etc.); dithiophosphate ester and the
derivatives thereof (reaction products with olefin
cyclepentadiene, (methyl)methacrylic acid, propionic acid and
the like; in the case of propionic acid, those added to the beta
position are preferred.); trithiophosphate ester; and
dithiocarbamate ester. Usually, these may be contained in a
range of 0.005 mass % or more and 5 mass % or less based on the
total mass of the composition as long as the performance of the
composition of the present invention is not deteriorated
drastically. However, in view of the minimization of sulfur
content and long-drain performance, the content therecof to the
total mass of the composition is preferably 0.1 mass % or less,
and more preferably 0.05 mass % or less in terms of sulfur.
[0086] As the friction modifier, any compounds generally

used as a friction modifier for a lubricating oil may be used.
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fixamples thereof include: molybdenum-based friction modifiers
such as molybdenum disulfide, molybdenum dithiocarbamate, and
molybdenum dithiophosphate; and ashless friction modifiers
having in the molecule at least one C¢-Csp alkyl or alkenyl group,
particularly linear Ce-C3p alkyl or alkenyl group, such as amine
compounds, fatty acid ester, fatty acid amide, fatty acid,
aliphatic alcohol, aliphatic ether, hydrazide (oleyl hydrazide
etc.), semicarbazide, urea, ureido, and biuret. The content of
these friction medifiers to the total mass of the composition
is usually 0.1 mass % or more and 5 mass % or less.

(0087] Specific examples of the viscosity index improver
include: a so-called non—-dispersant viscosity index improver such
as a polymer of one kind of monomer or a copolymer of two or more
kinds of monomers selected from various methacrylic acid esters,
or the hydrogenated product thereof; a so-called dispersant
viscosity index improver obtained by copolymerizing various
methacrylic acid esters containing nitrogen compounds; a
non-dispersant or dispersant ethylene-~o-olefin copolymer
{examples of o-olefin including propylene, l-butene, and
1-penten), or the hydrogenated product thereof; polyisobutylene
or the hydrcogenated product thereof; the hydrogenated product
of a styrene-diene copolymer; a styrene-maleic anhydride ester
copolymer; and polyalkylstyrene.

[0088] The molecular weight of these viscosity index
improvers needs to be selected in consideration of the shear
stability. Specifically, in the case of dispersant and
non-dispersant polymethacrylate for example, the number average

molecular weight of the viscosity index improver is usually 5,000
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average molecular weight of the viscosity index improver is
usually 800 to 5,000, preferably 1,000 to 4,000; and in the case
of an ethylene-oa-olefin copolymer or the hydrogenated product
thereof, the number average molecular weight of the viscosity
index improver is usually 800 to 500,000, preferably 3,000 to
200,000.
fO0B9] Further, when the ethylene—-oa~olefin copolymer or the
hydrogenated product therecf is used among these viscosity index
improvers, it is possible to obtain a lubricating oil composition
with a particularly excellent shear stability. One or more
compounds randomly selected from the above viscosity index
improvers may be contained in an adequate amount. The content
of the viscosity index improver to the total mass of the
composition is usually 0.1 mass % or more and 20 mass % or less.
[0090] Examples of the corrosion inhibitor include
benzotriazole-based, tolyltriazole-based, thiadiazole-based,
and imidazole-based compounds.
[0091] Examples of the rust inhibitor include: petroleum
sulfonate, alkyl benzene sulfonate, dinonylnaphthalene
sulfonate, alkenyl succinic acid ester, and polyvalent alcohol
ester.
[0082] Examples of the demulsifier include: polyalkylene
glycol-type nonionic surfactants such as polyoxyethylene
alkylether, polyoxyethylene alkylphenylether, and
polyoxyethylene alkylnaphthylether.

[0093] Examples of the metal deactivator include:
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[0134] (2) Evaluation of the anti-wear property of the conposition
(Exanpl e 4, Conparative Exanples 5 and 6) Conpositions were
prepared, each containing a mneral base oil, a netal salt of a
phosphorus compound, and other additives as shown in Table 2; and the
anti-wear properties of the conpositions were evaluated. The results

o e I e OB £ S 88 0Eat A BB Lt
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Conpar atji e JEX3MRE 28 01e polysulfide,
1,3,4-thiadiazolyl-2,5-bisdialkyl dithioccarbamate,
2-(alkyldithio) benzimidazole, and B-{o-carboxybenzylthio)
propionitrile.
[00924] Examples of the defoamant include: silicone,
fluorosilicone, and fluorcalkylether.
[0095] When adding these additives to the lubricating oil
composition of the first aspect Qf the invention, the content
of each of the corrosion inhikitor, the rust inhibitor, and the
demulsifier, to the total mass of the composition, is usually
0.005 mass % or more and 5> mass % or less; the content of the
metal deactivator, to the total mass of the composition, is
usually 0.005 mass % or more and 1 mass % or less; and the content
of the defoamant, to the total mass of the composition, is usually
0.0005 mass % or more and 1 mass % or less.
[0096] (Kinematic viscosity of the lubricating oil
composition of the first aspect of the present invention)
The kinematic viscosity at 100°C of the lubricating oil
composition of the first aspect of the present invention is 4.1
mm?/s or more and 21.9 mm?/s or less, preferably 5.6 mm®*/s or more
and 16.3 mm?/s or less, and still more preferably 5.6 mm®/s or
more and 12.5 mm’/s or less.
[0097] (Sulfur content of the lubricating oil compositicn
of the first aspect of the present invention)

The sulfur content of the lubricating oil composition of

the first aspect of the present invention, to the total mass of
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the lubricating oil composition, is preferably 0.3 mass % or less,

Q

more preferably 0.2 mass % or less, and still more preferably
0.1 mass % or less. By setting the sulfur content at the above
upper limit or less, it is possible to realize a low-sulfur
lubricating oil composition with an excellent long-drain
performance.

[C098] (Uses of the lubricating oil composition of the first
aspect of the present inventiocn)

The lubricating oil composition of the first aspect of the
present invention is capable of maintaining its anti-wear
property and also enables sulfur content reduction and excellent
friction reduction to be compatible. As such, it canbe favorably
used as a lubricating oil composition for internal combustion
engines such as gasoline engine, diesel engine, and gas engine
for motorcycles, autcmobiles, power generation, and ships.
Furthermore, it can also be suitably used as a lubricating oil
required to exhibit an anti-wear performance and long-drain
performance, for example as a lubricant oil for drive systems
such as automatic and manual transmissions, and a lubricating
oil such as wet brake oil, hydraulic oil, turbine oil, compressor
0il, bearing oil, and refrigerator oil.

[0099] <Lubricating oil composition of the second aspect of
the present invention>

The lubricating cil composition of the second aspect of the
present invention comprises: a lubricant base 0il; a second metal
salt of a phosphorus compound; and a specificmetallic detergent.
[0100] (Lubricant base ©il)

The same lubricant base cils as described in the first
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aspect of the present invention may be used.
[0101] ((A) Dialkyl meocnothiophosphate metal salt (a secend
metal salt of a phosphorus compound)

The lubricating oil composition of the second aspect of the
present invention comprises a second metal salt of a phosphorus
compound represented by the below formula (10), in addition to
the above lubricant base oil.

[0102] [Chemical Fermula 11]

R21 0_R23

_O\P/S ) S\P/ o
10
VANV N N

R22 R24

[0103] In the above formula (10), R*-R*! represent a C;-Csq
linear alkyl group and they may be the same or different from
one another; and Y represents a metal atom having two or more
valences.)

[0104] In the above formula (10), examples of the Ci-Cjsp
linear alkyl group represented by R**-R*! include: methyl; ethyl;
n-propyl; n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl,
n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl,
n-pentadecyl, n-hexadecyl, n-heptadecyl, and n-octadecyl.
[0105] R%*'-R?? are cach preferably a C3-Cy4 linear alkyl group,
and more preferably a C4-C;; linear alkyl group.

[0106] As to the carbon numbers of R**-R?*, they may be one
certain carbon number, or two or more different carbon numbers
may be employed in combination. When two or more different carbon

numbers are employed in combination, the average carbon number
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alkyl to use a metal salt of a phosphorus compound wherein the
average carbon number of the alkyl groups is 5 to 9. Herein,
phosphorus compounds having alkyl groups of different carbon
numbers may be combined (for example, a phosphorus compound having
R?!-R** with a carbon number of 5 may be combined with a phosphorus
compcund having R?1-R?! with a carbon number of 10) to obtain a
mixture of the phosphorus compounds wherein the whole average
carbon number of the alkyl groups is 5 to 9. Also, a phosphorus
compound wherein the molecule has alkyl groups with different
carbon numbers may be used, or a mixture thereof may be used.
In any case, it is preferable for the phosphorus compound to have
two types of alkyl groups, which are a C;-Cgs aikyl group and a
Cy—Cyp alkyl group so that a whole average carbon number of the
alkyl grcups becomes 5 to 2.
[0107] Specific examples of metal of the above metal salt
include: alkaline earth metals such as calcium, magnesium, and
barium; and heavy metals such as zinc, copper, iron, lead, nickel,
silver, manganese, and molybdenum. Among these, the alkaline
earth metals such as calcium and magnesium, molybdenum, and lead
are preferable; and lead is especially preferable.
[0108] In the lubricating oil composition of the present
invention, the content of the metal salt of the phosphorus
compound represented by the formula (10) needs to be 0.005 mass %
or more and 0.12 mass % or less in terms of phosphorus, based
on the total mass of the lubricating oil compesition; and is

Q

preferably 0.0l mass % or more and 0.11 mass % or less, more
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preferably 0.03 mass % or more and 0.10 mass % or less, and still
more preferably 0.05 mass % or more and 0.09 mass % or less. Here,
if the content of the first metal salt of the phosphorus compound
represented by the formula (10) is less than the lower limit,
the wear resistance property becomes insufficient; and if it
exceeds the upper limit, poisoning of an exhaust gas purifying
catalyst tends to be brought about. Thus, both cases are
unfavorable.

T0109] ((B) Metallic detergent alkylated by a linear
ca-olefin)

The lubricating ¢il composition of the second aspect of the
present invention comprises (B)a metallic detergent alkylated
by @ linear a—clefin, in addition to the above described lubricant
base 0il and the second metal salt of the phosphorus compound,
in order to improve its acid neutralization property,
high-temperature detergency, and anti-wear property.

[G110] , The metallic detergent is not particularly limited.
Examples thereof include: alkali metal sulfonate or alkaline
earth metal sulfonate; alkali metal phenate or alkaline earth
metal phenate; alkali metal salicylate or alkaline earth metal
salicylate; alkali metal phosphonate or alkaline earth metal
phosphonate; and the mixture theréof.

[0111] Regardless of the types of the metallic detergent,
the lipophilic group thereof needs to be alkylated by a linear
o—olefin. The carbon number of the linear a-olefin to be used
is preferably 4 to 30, more preferably 6 to 28, still more
preferably 8 to 26, and most preferably 10 to 24. When the carbon

number is less than 4, the oil scolubility is likely to be poor;
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and when the carbon number exceeds 30, the solubility in the base
0il and the low-temperature viscosity are likely to be
deteriorated.
[0112] An example of the alkali metal or alkaline earthmetal
sulfonate is a metal salt produced by alkylating benzene with
the above linear oa-olefin to obtain alkylbenzene, sulfonating
it with a sulfonating agent such as fuming sulfuric acid and
sulfuric acid to chtain alkylbenzene sulfonic acid, and
thereafter neutralizing it.
[0113] An example of the alkali metal or alkaline earth
metal salicylate is a metal salt produced by alkylating phenol
or crescl with the above linear o-olefin to obtain alkylphenol,
obtaining alkyl salicylic acid through the Koch reaction, and
thereafter neutralizing it.
[0114] An example of the alkalimetal cr alkaline earth metal
phenate is a metal salt produced by alkylating phenol with the
above linear o-olefin to obtain alkylphenol, obtaining
alkylphenol sulfide resulting from the reaction of this
alkylphenol with sulfur or obtaining the Mannich reaction
product of alkylphenol resulting from the reaction of this
alkylphenol with formaldehyde, and thereafter neutralizing it.
[0115] As the alkalil metal or alkaline earth metal,
magnesium and/or calcium etc. are, in particular, preferably
used.
[0118&] Furthermore, the alkali metal or alkaline esarthmetal
sulfonate, the alkali metal or alkaline earth metal salicylate,
and the alkali metal or alkaline earth metal phenate not only

include a neutral salt (normal salt) which is obtained for example
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by reacting an alkyl aromatic sulfonic acid, alkylsalicylic acid,
alkylphenol, alkylphenol sulfide, the Mannich reaction product
of alkylohenol etc. directly with a metallic base such as an oxide
and hydroxide of an alkali metal or alkaline earth metal, or by
once making an alkali metal salt such as a sodium salt and
potassium salt and then substituting it with an alkaline earth
metal salt; but also include a basic salt obtained by heating
the neutral salt {normal salt) and an excessive amount of alkali
metal salt or alkaline earth metal salt or alkali metal base or
alkaline earth metal base (a hydroxide or oxide of an alkali metal
or alkaline earthmetal) in the presence of water; and an overbased
salt (ultrabasic salt) obtained by reacting the neutral salt
(normal salt) with a base such as a hydroxide of an alkali metal
or alkaline earth metal in the presence of carbondioxide and/or
boric acid or borate.

[0117] The metallic detergent is usually made commercially
available in & form of being diluted with a light lubricant base
01l and the like. 1In general, a metal content thereof is
preferably 1.0 to 20 mass %, and more preferably 2.0 to 16 mass %.
Further, the base number of the metallic detergent is preferably
0 mgKOH/g or more and 500 mgKOH/g or less, more preferably 20
mgKOH/g or more and 450 mgKOH/g or less. Here, the term “base
number” means a base number measured by the perchloric acid method
in accordance with No. 7 in JIS K2501 “Petroleum products and
lubricating oils-Determination of neutralization number”.
[0118] In the second aspect of the present invention, one
selected from the alkali metal or alkaline earth metal sufonate,

the alkali metal or alkaline earth metal salicylate, the alkali
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It was found fromthe results shown in Table 1 that the lubricating
oil conpositions of Exanples 1 to 3 wherein a linear dialkyl
nonot hi ophosphate zinc salt was used exhibited Iower friction
coefficients and nore excellent fuel saving performances in al
conditions, conpared with Conparative Exanple 1 wherein zinc dialkyl
phospha S _us aragj Exam and 3 rein zi ral kyl
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found fromthe results shown in Table hat the conposition of
Exanpl e ghwheleindralhigeactdirgbky! apoolhiophesihat € Z2i1%a33hk ¥8Sth
used excelled in the anti-wear perfornmance, conpared wi th Conparative
Exanpl e nfetthierseiln gilne diid plrtpResphatepragenspdeand Cagpaiat hye
Exanpl e 6 wherein branched zinc dial kyl dithi ophosphate was used.
[ 0139] ( Secanchsaspéet col ohheequeEsient effieentdéroat®led by asideregiurafitoer and
the second aspect of the present invention will be described in
speci f i cithasew lon iBExdy évngnd r@ompeeatfovaaBrenpl es; however, the
present invention is not limted to the bel ow Exanpl es. _
(Exanpl 918 X0 7, Céhpamgtitergkanppéstietpebal Rt edehergaExtingt asotl0
and 11) , In Exanples 5 to 7, Conparative Exanples 7 to 9, and
Ref er end@ 4bd&idicds Y11 Babed 1 andompsdialildiisdtkes e9prE partdda mefed ratio
containi@? 8 niieral base oil, different netal .salt O%Hf ghosghorus
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cOMPOS! L 90 MEEE VAl Uk B S90UCS L b e o Lo gk gk Bron
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are al so shown in Table 3” [0140] (Bl ock-on-ring test)

bl ock- ond PEeta3t r1B$o € OoNE Uat A dah tRGLC 888 Cea M de AFTMeP370d1 ement
D2714, with the test conditions of the | oad being 445N, the oi

t enper atuglereel Rga IORG erand it hetslli @lamdoeci tmoli B ¢ad ebnkalteof. soap

[0141] (KA24E Val ve train wear test) The KA24E Val ve train wear
t est wagymompdymbéds ) ‘h iaceanetomtki nidet elASOMBR8x85n {04 42} a 1] Fakhen8]
Ref erence | Exanple 11 Rermainder | 11L001

refers to calcium, magnesium or the like; and the soap group refers
to a sulfonic acid group, salicylic acid group or the like.
[0120] The upper limit of the content of the metallic
detergent in the lubricating oil composition of the second aspect
of the present invention is not particulariy limited; and based
on the total mass of the lubricating oil composition, it is usually
0.5 mass % or less in terms of metal element. However, it is
preferable to adjust the content of the metallic detergent with
other additives so that the sulfuric acid ash content in the
composition becomes 1.0 mass % or less, based on the total mass
of the composition. In such a viewpoint, the content of the
metallic detergent, to the total mass of the composition, is

Q

preferably 0.3 mass % or less, and more preferably 0.23 mass %
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or less in terms of metal element. Further, the lower limit of

[»)

the content of the metallic detergent is preferably 0.01 mass 3%
or more, more preferably 0.02 mass % or more, and still more
preferably 0.15 mass % or more. When the content of the metallic
detergent is less than 0.01 mass %, it is difficult to ensure
the high-temperature detergency, oxidation stability, and
long-drain performance such as base number retention, which is
thus unfavcrable.

[0121] The lubricating oil composition of the second aspect
of the present inventiocn may comprise various additives described
below, in addition to the above described components.

[0122] {Ashless dispersant)

Moreover, the lubricating oil composition of the second
aspect of the present invention preferably further comprises an
ashless dispersant. The same ashless dispersants as those
described in the lubricating oil composition of the first aspect
of the present invention may be used.

[0123] {Chain-terminating antioxidant)

Additionally, the lubricating oil composition of the second
aspect of the present invention preferably still further
comprises a chain-terminating antioxidant. This helps to
improve the antioxidant property of the lubricating oil
composition, thus enabling improvement of the base number
retention and high-temperature detergency.

[0124] The same chain-terminating antioxidants as those
described in the lubricating cil composition of the first aspect
of the present invention may be used.

[C125] (Conventional additives)
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The lubricating ¢il composition of the second aspect of the
present invention may contain any kind of additives generally
used for a lubricating oil depending on the purposes, in order
to further enhance its performance. Examples of such additives
include: an anti-wear agent, friction modifier, viscosity index
improver, corrosion inhibitor, rust inhibitor, demulsifier,
metal deactivator, defoamant, and coloring agent. Each of these
additives may be the same as those described in the first aspect
of the present invention.

[0126] When adding these additives to the lubricating oil
composition of the second aspect of the invention, the content
of each of the corrosion inhibitor, the rust inhibitor, and the
demulsifier, to the total mass of the lubricating oil composition,
is usually 0.005 mass % or more and 5 mass % or less; the content
of the metal deactivator, to the total mass of the lubricating
0il composition, is usually 0.005 mass % or ﬁore and 1 mass %
or less; and the content of the defoamant, to the total mass of
the lubricating oil composition, is usually 0.0005 mass % or more
and 1 mass % or less.

[0127] (Kinematic viscosity of the lubricating oil
composition of the second aspect of the present invention)

The kinematic viscosity at 100°C of the lubricating oil
composition of the second aspect of the present invention is 4.1
mm®/s or more and 21.9 mm®/s or less, preferably 5.6 mm®/s or more
and 16.3 mm?/s or less, and more preferably 5.6 mm®/s or more and
12.5 mm*/s or less.

[0128] (Sulfur content of the lubricating oil composition

of the second aspect of the present invention)
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The sulfur content of the lubricating oil composition of
the second aspeci of the present invention, to the total mass
of the lubricating cil composition, is preferably 0.3 mass % or
less, more preferably 0.2 mass % or less, and still more preferably
0.1 mass % or less. By setting the sulfur content at the above
upper limit or less, it is possible to realize a low-sulfur
lubricating oil composition with an excellent long-drain
performance.

[0129] The total phosphorus concentration in the
lubricating 0il composition of the second aspect of the present

Q Q

invention is preferably 0.005 mass % or more and 0.12 mass % or

o Q

less, more preferably 0.03 mass % or more and 0.11 mass % or less,
and still more preferably 0.05 mass % or more and 0.105 mass %
or less in terms of phosphorus, based on the total of mass of
the lubricating oil composition. If the phosphorus
concentration in the lubricating o0il composition exceeds the
above upper limit, poisoning of an exhaust gas purifying catalyst
tends to be brought about.

[0130] (Uses of the lubricating oil composition of the
second aspect of the present invention)

The lubricating oil composition of the second aspect of the
present invention is capable of maintaining its anti-wear
property and also enables sulfur content reduction and excellent
friction reduction to be compatibkble. As such, it canbe favorably
used as a lubricating oil composition for internal combustion
engines such as gasoline engine, diesel engine, and gas engine
for motorcycles, automobiles, power generaticn, and ships.

Furthermore, it can also be suitably used as a lubricating oil
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required to exhibit an anti-wear performance and long-drain

performance, for example as a lubricant oil for drive systems
such as automatic and manual transmissions, and a lubricating
0il such as wet brake oil, hydraulic oil, turbine oil, compressor

cil, bearing o0il, and refrigerator oil.

Examples
[0131] <First aspect of the present invention>

Hereinafter, the first aspect of the present invention will
be described in specific based on Examples and Comparative
Examples; however, the present invention is not limited to the
below Examples.

{1)Friction reduction effect of the first metal salt of the
rhosphorus compound

(Examples 1 to 3, Comparative Examples 1 to 4)

In Examples 1 to 3 and Comparative Examples 1 to 4, the
friction reduction effects of the compositions were evaluated,
each of the compositions containing a polyo-olefin having a
kinematic viscosity at 100°C of 2.0 mn?/s as a base oil, and
containing a different phosphorus compoundmetal salt in an amount
of 0.10 mass % in terms of phosphorus as shown in Table 1. The
results are also shown in Tables 1. Evaluation of the friction
coefficient was conducted with the below described block-on-ring
test. The “mass %” in Table 1 is a value based on the total mass
of the composition.

[0132] (Block-on-ring test)
The block-on-ring test was conducted in accordance with

ASTM D3701, D2714. The test conditions were set such that the
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load was 445N, the oil temperature was 100°C, and the slip velocity

was as indicated in Tabkle 1.

[0133]
[Table 1]
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[0134] (2) Evaluation of the anti-wear property of the
composition
(Example 4, Comparative Examples 5 and 6)

Compositions were prepared, each containing a mineral base
0il, a metal salt of a phosphorus compound, and other additives
as shown in Table 2; and the anti-wear properties of the
compositions were evaluated. The results are also shown in Table
2. Evaluation of the anti-wear property was conducted with the
below KAZ4E Valve train wear test.

[0135] (KAZ24E Valve train wear test)

The KAZ24E Valve train wear test was conducted in accordance

with JASO M328-95.

[0136]
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[0137]

It was found from the results shown in Table 1 that the
lubricating oil compositions of Examples 1 to 3 wherein a linear
dialtkyl monothiophosphate zinc salt was used exhibited lower
frictioncoefficients andmore excellent fuel saving performances
in all conditions, compared with Comparative Example 1 wherein
zinc dialkyl phosphate was used, Comparative Examples 2 and 3
wherein zinc dialkyl dithiophosphate was used, and Comparative
Example 4 wherein a branched dialkyl monothiophosphate zinc salt
was used.

[0138] It was found from the results shown in Table 2 that
the composition of Example 4 wherein a linear dialkyl
monothiophosphate zinc salt was used excelled in the anti-wear
performance, compared with Comparative Example 5 wherein zinc
dialkyl phosphate was used and Comparative Exemple & wherein
branched zinc dialkyl dithiophosphate was used.

[0139] (Second aspect of the present invention>

Hereinafter, the second aspect of the present invention
will be described in specific based on Examples and Comparative
Examples; however, the present invention is not limited to the
below Examples.

(Examples 5 to 7, Comparative Examples 7 to 9, Reference
Examples 10 and 11)

In Examples 5 to 7, Comparative Examples 7 to 9, and
Reference Examples 10 and 11, compositions were prepared, each
containing a mineral base oil, a different metal salt of a

phosphorus compound in an amcunt of 0.07 mass % in terms of
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1] LOU sao 4650 L60'0 1600 8g 66 Pt 90.0 Lubricant base oil 1)
mass % (A) Zinc dial kyl thiophosphate 2) mass % in terns of
phosphorus mass % (A) Zinc damm thi ophosphate ,VA3) mass %in terns
of phosphorus nmass % (A) Zinc dial kyt thiophosphate 11cM nass % in
terms of phosphorus mass % arm Marl phosphate6) mass % in terns of

phOSpho%%%srf)%%§u%), %Iilaca eitaa!lklyilc ge%@?:%}%%%ptﬂﬁtgn ga%om%f%O.Z mass %

in terms of metal as shown in Table 3. The friction reduction
effects of these compositions were evaluated by conducting the
below block-on-ring test; and the anti-wear properties of these
compositions were evaluated by conducting the KAZ4E Valve train
wear test. The results are also shown in Table 3.
[0140] (Block-on-ring test)

The block-on-ring test was conducted in accordance with
ASTM D3701, D2714, with the test conditions of the load being
445N, the oil temperature being 100°C, and the slip velocity
indicated Table 1.
[0141] (KA24E Valve train wear test)

The KAZ4E Valve train wear test was conducted in accordance
with JASO M328-95.

[0142]
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It was found from the results shown in Table 3 that

[0143]

the compositions of Examples 5 to 7 wherein a linear dialkyl

monothiophosphate zinc salt and a metallic detergent alkylated

linear o-oiefin were used exhibited lower friction

a

by
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Vel osity: 50nrnfs KANE Val ve train wear test Cam wear anmount 4irn
[0143]1t was found fromthe results shown in Table 3 that the
conpositions of Exanples 5 to 7 wherein a linear dialkyl
nonot hi ophosphate zinc salt and a netallic detergent al kylated by a
| i near a-olefin were used exhibited | ower friction 45 coefficients,
and excel | n _the fuel Vi etfo n n | 7
propert%oﬁﬁ a ﬁeégﬁdigﬁgnégcgggﬁgré &A hgﬁ%ﬁpg?gpﬁ%ggéﬁgﬁﬁﬁénﬁe and
wherein br ne i.al t hi op ph i al t d,.,:
Compar aiTse. Baktn e 6 hererhrsi P Gy FoE e Rnse LdRfalgat wien
Conpar atoug E4aaRke 9 peheraien zignc didkeily di thi ophosphale wagi sRe
and Reference Exanples 10 and 11 wherein netallic detergents
al kyl at gdnby na opharehadolAfd yere wseduska}44loihe darvent immiase 8
been descri bed above as to the enbodi ment which is supposed to be
practi caheasineklinasdpsekel athespiatps esentusddowevaparkt ishobkdmpee 9
understood that the invention is not limted to the enbodi nent
di scl osetleireinheispeciifaléatli ah tdnidodearsdie tappragprusael yambdréfedence
wi thin the range that does not depart fromthe gist or spirit of the
i nvent i 6rampRiesh 1€aanbe liertietedm nhtadppendeticcpanihs ahdyinecdviey at |
specification, and a lubricating oil conposition w th such
nmodi f i cRrpoRseds cdedeneHE86APEESEd within the technical range of the
inventiaon. Industrial Agﬁlicabilit%%[0145]The | ubricating oi

S

conposi tlP8A4df the PreseRYeRhiemthds FeeR AR B RIMQIdT e ithe
ti- | bl | t ent ti d
excel | oRTEPARREPGH St ar DIPRE B0 CAHfBE PBE 60 AS SSlich: St Drant baoLe
favor abla%ﬂé'?gger?é. a | yprjgat &9%@6&1&%@83&&990& e €688 fyent son
combust fon" €Rgi nes stich as ‘gasol | ne engi ne, ~dr esel engi ne, and gas

engi ne EgrnHPth&?%é&%x>%Hkogﬁﬁbafﬁe%99¥ﬁ&: QEiQHe,€ﬁgc§Pi@§tion

Further, it can also be suit y used as a lubricant ol reqwred to

have an anttapMed peiberTanee yansd ] #1q driaiHy ek oF amie eh ft0Hce%anPt e
a lubricant oil for drive sysgens such as automati c and nmanua

transni ggbans, faneh ahkubiseabingp@ilitsuehtns Yeveht ake, obhichydsaubé c

oil, turbine oil, conpressor oil, bearing oil, and refrigerator oil.

CLAI M5 read from the appended claims and the overall specification, and
a lubricating oil composition with such modifications is also

encompassed within the technical range of the invention.

Industrial Applicability

[0145] The lubricating oil composition of the present
invention is capabie of maintaining its anti-wear property and
also enables sulfur content reduction and excellent friction
reduction to be compatible. As such, it can be favorably used
as a lubricating oil composition for internal combustion engines
such as gasoline engine, diesel engine, and gas engine for
motorcycles, automobiles, power generation, and ships. Further,
it can also be suitably used as a lubricant oil required to have

an anti-wear performance and long-drain performance, for example

46



1. Alubricating oil conposition conprising: a |lubricant base oil;
and a di al kyl nonot hi ophosphate netal salt, wherein based on the
total mass of the lubricating oil conposition, the dialkyl
nonot hi ophosphate netal salt is contained in an amount of 0.005 to
0.12 mass %in terns of phosphorus; and an al kyl group of the

ci 2l ky! dmngehicaplosphats el fl o salde L5, Aldnedr Akl SLoURy nZnadle

Iubrlcatlng oi 'l Fon-accor , erel

di al kyl hat a o]

corrpoun reﬁjrﬁ{el%gr}%e byafht é i ﬁﬂ %t;?rrrﬁ aH?% Suﬁ%hem ca E&OaS]p% 5}1?’
--0><1h>§%(r)am@30\1\1/Pc\ugamg\oﬁz Lokt sr ¥ ( Hedring oil, 4hd

the formula (1), R1- R4 each represent a C3-C30 i near al ky group and

they may-dfe:ildegasare cor..different fromone another; X -X4 are

selected froma sulfur atom and an oxygen atom three of X1-X4 bei ng

oxygen atons and one of X1-X4 being a sulfur atom and Y represents a

nmetal atom having two or nore val ences.) 3. The lubricating oi

conposition according to claim2, wherein a carbon nunber of the

| i near al kyl group in the netal 48 salt of the phosphorus conpound

is 6 to 9. 4. The lubricating oil conposition according to claiml1,

further conprising a netallic detergent al kylated by a |inear

a-ol efin, wherein the dial kyl nonot hi ophosphate netal salt is a netal

salt of a phosphorus conpound represented by the bel ow fornula (10).

[ Chemical Formula 2] R21 0.\\SSzo- R23 | \/Y\/ P\ RR2 13’0 R24 ( 1 0)
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(In the formula (1 0 ) , R21-R24 each represent a Cl-C30 |inear alkyl
group and they may be the sanme or different fromone another; and Y
represents a netal atom having two or nore valences . ) 5. The

| ubricating oil conposition according to claim4, wherein an average
carbon nunber of the |inear aIkyI group in the netal salt of the
phosphorus conmpound is 5 to 9. Eh dbricating oil conposition
according to claim4 or 5, mhereln t | near al kyl group in the
netal salt of the phosphorus conpound is a conbination of Cl-C6

| i near al kyl group and C7-C20 |inear al kyl group.

1. A lubricating oil composition comprising: a lubricant base
0il; and a dialkyl monothiophosphate metal salt, wherein based
on the total mass of the lubricating oil composition, the dialkyl
monothiophosphate metal salt is contained in an amount of 0.005
to 0.12 mass % in terms of phosphorus; and

an alkyl group of the dialkyl monothiophosphate metal salt

is a linear alkyl group.

2. The lubricating oil composition according to claim 1,
wherein the dialkyl monothiophosphate metal salt is a metal salt
of a phosphorus compound represented by the below formula (1).

[Chemical Formula 1]

\// \\/
/\/ /\ (1)

(In the formula (1), R'-R? each reprasent a C3;-C3g linear
alkyl group and they may be the same or different from one another;
x'-X' are selected from a sulfur atom and an oxygen atom, three
of X'-X* being oxygen atoms and one of X'-X* being a sulfur atom;

and Y represents a metal atom having two or more valences.)

3. The lubricating oil composition according to claim 2,

wherein a carbon number of the linear alkyl group in the metal
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salt of the phosphorus compound is 6 to 9.

4. The lubricating oil composition according to claim 1,
further comprising a metallic detergent alkylated by a linear
a-olefin, wherein the dialkyl monothiophosphate metal salt is
a metal salt of a phosphorus compound represented by the below
formula (10).

[Chemical Formula 2]

R21 0_R23

—o\P/s ) S\P/ .
10
A YANVAN

R22 —_ R24

(In the formula (10), R*-R*! each represent a C;-Cs linear
alkyl group and they may be the same or different from one another;

and Y represents a metal atom having two or more valences.)

5. The lubricating oil composition according to claim 4,
wherein an average carbon number of the linear alkyl group in

the metal sait of the phosphorus compound is 5 to 9.

6. The lubricating oil composition according to claim 4 or 5,
wherein the linear alkyl group in the metal salt of the phosphorus
compound is a combination of C3-Cg linear alkyl group and C;-Cag

linear alkyl group.
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