CYLI NDER LUBRI CATI NG O L COVPCSI TI ON FOR CROSSHEAD- TYPE DI ESEL ENG NE

Techni cal Field [0001] The present invention relates to a cylinder |ubricating
oi I conposition for a crosshead-type diesel engine. Background Art [0002] For a
crosshead-type diesel engine, a cylinder oil for lubricating the friction
poi nt between the cylinders and pistons and a systemoil for lubricating and
cooling other portions have been used. The cylinder oil is required to have a
suitahl e viscosity needed to lubricate a friction portion between a cylinder
and a piston (pistoifkihgkRand B FOMETINONCEG EIMRE @F hTdeterrgdhcy needed to
allow a piston and a piston ring to nove appropriately. Furthernore, since for
t his engine, a high-sul f ucREGHENDfTEFE| &IGSidr A¥§I¥Eed for the econony
reason, it has a problemthat acidic conponents such as sulfuric acid
generated by the conbustion of the fuel corrode a cylinder. In order to avoid
this problem the cylinder oil is required to have a function to neutralize
the aci di ¢ conponefieshadcrlastFsalfluric acid so as to prevent corrosion.

[ 0003] Meanwhi | e, for the purpose of further inproving properties, a recent
crosshead-typd @ esel erdith® 1ETRIT t b herdirécted atsiar® PnEréasésin t he
cylinder dianeter (for exanple, 70 cmor greater bore size), in the piston
stroke (for exHmpleatianr £ ongBPPERE I Utht That FECSSE IR BFPCnore at an
aver age speed), and in the conbustion pressure (for exanple, 1.8 MPa or greater
brake mean effetifvecprdd€ure (BMEP)), resulting in an increase in the
tenperatures of the pkston and_cylinder wall. The increase in the conbustion
pressure invol ves PRESFAFYHOT mt*Fise of sulfuric acid causing a cylinder to be

likely to cor y sulfuric acid. Furthernore, for. the peasure of inhibiting
t he corrosionhﬁggéﬁlfuHéPEuﬁd?rPﬁéWﬁﬂ%?ﬁ%ﬁemgﬂﬁ%ﬁ%ﬁﬁﬂ%&ﬁ?e f'ends to be

[ d (f |l e,. 250C hi gher, cylinder wal] t . d al th
aount of & 1061 RAEF iyt Ot & e ity F BN Bt s &Y Pbideh PR sdon
decr eased. Tq: circgns%ances concerning the Iubric%tion of cyl i nder has
become renarkgb?yc¥e63r§FF AT URA S ERAg b ?h@yélfﬁhﬁ§€5n€8§, t he

anti-scuffin [ rti.es of .a lubricating oil has been required to be urgently
i nproved (Pa?le“ﬁ?PE?ferlgtqurgéldlfoggtl&% C'IJ_Ciht%err gtol#el%s. %Iaovo%%eﬁ%%csyﬁq'nder oil is
a lubricatin il i.s. of. ec- rqﬂgp p d.t : ever been

consi der ed igrf%sﬁgggggyﬁﬁk%ﬁgi?gngg%gﬁi |tyE%ngg%téL?#£?£?§%§ 1, Patent
Literature 2),; Jbesinventars. of - bhe Bnasent. appligatian, Nayecfgynd that
addition of a speelficC antioxidant can inprove Significa y not only the

anti oxi dati on, properties..but, also the .antisscyffi I es .aof cylinder
oi . Meanwhile, the o?i gpﬁéh §ta8%lifyq%%8§§#ué ?%&?&ﬁgﬁ%%??ig ﬁn%ﬁn to be

i nproved by using:2.0ase ojd i W L hnadess ALoomt e conpanent ; o ,addi ng an
anti oxi dant. Ml ybdenum conmpounds are al so known to be act as anti oxi dant
(Patent Literaturgn3qnBatent; Litgrature A4) (Fatent, Lideraiuce,3 discloses that
a crank case oil conprising a hydrocracked base oil', an oil-sol uble nmolybdenum
conpound fromwhighrgulflr ds,remwed.: 1an, 0é1‘1g§ﬁ!e‘;'b|ae_}gi'cfxﬁygémfﬂ%_ and a
phenate of an alkaline earth netal is excellent in oxidation stability and

decreases the:yeaknef ractappefeandatihg, depesisls: end LRas ANd Malyves, Patent
Literature 4 discloses that a lubricating oil conprising a base oil with an

aromati c content 20f a3 Po PEEGENE a BYa TBSSc Horh®S8endlskyh dhphenylamings and/ or
phenyl - a- napht hyl am nes and sul furi zed oxynol ybdenum di t hi ocar banmat e and/ or

sul furized oxyatlybdanumyganpphespbenedisatie:hass hi gb heati- esisianee and
oxidation stability and low friction properties. Ctation List Patent
Literature [ Q005 Patertr Li trer ad pdl €r 1t oJapanese: iPat eptr okaids Opens Publ i cati on
No. 2008-239774 Patent Literature 2: Japanese Patent Lai d-Qpen
Publ i cation Noyl2004+1%A700i Patent:ildelcerad uigvad: alapanesesPatent No. 3507915
Patent Literature 4: Japanese Patent No. 3608805 Summary of I|nvention

Techni cal Praobdenrp00G6] The present comyentdons hasciam ORjecty £ Dc provi de a
cylinder lubricating oil conposition for a crosshead-type di esel engine, which
has i nproved xi @at tonpsteabint t yoamd sanid - scuf fing properties, maintaining the
properties of the conventional |ubricating oil conpositions.
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Solution to Problem [0007] As the results of extensive study and research, the
present invention was acconplished on the basis of the finding that a

| ubricating oil conposition conprising a base oil having an aromatic content
of 8.5 percent by mass or nore to which an al kaline earth netal phenate, an
am ni c anti oxi dant and an oil -sol ubl e nol ybdenum conpound are each added at a
specific ratio is effective as a cylinder lubricating oil conposition for a

crosshead-t ype git esel @@@dw%iigpogbIthgE%ugﬁgsgrg§thggﬂ/ tion relates to
a cylinder lubricating oil conposition for "a crosshead-type di esel engine,

conpri sing anbasey Okl PAYHBE tank A oBtd Lo £ONL 80L sk 284 5. PoL cept by nass or

nore and on the basis of the total mass of the conposition (A) an al kaline

earth metal ephenad ecbnaan camunty of e 0:005 Rl 8/ Kgi OF -BRBLE 50N  he, basi s of
phenate soap content, (B) an am nic antioxidant in an amount of 0.1 to 5

percent by rgssi g () ambt ekl (Feluble 1wl ybdenum conppungd: Lp gp-amount of 30
to 500 ppm by nass on the basis of nolybdenum and having a base nunber of 20
to 100 ngKOHigeand an 100€ KiBermt iscc Miis€0sEbY k%216 M2/ sy 911 bigher.

[ 0009] The present invention also relates to the foregoing cylinder |ubricating
oi | conposi titare fosuaceasshead: $ B /di @seloengitnenwWhee ehfe(Hcthe amnic
antioxi dant is an al kyl di phenyl am ne and/ or N phenyl -a-napht hyl am ne.

[ 0010] The presentn ittventoohuakser glatesuto therf exegaing, cyl snder | ubricating
oi |l conposition for a crosshead-type diesel engine wherein (C) the oil-soluble
nol ybdenum conpousdt € s hokydedernam dé £ ieacadnzanmat €s andEor smal pybdenum

di t hi ophosphate. [0011] The present invention also relates to the foregoing
cylinder |ubrxatihggoih eonpositeonef on aher ossheadatype sdiceselhengi ne
further conprising (0) an ashless dispersant in an anount of 1 to 9 percent by
mass on t herdadi®sn ofndheytotnale masal bf t Aeecompasiad @nin Aduant ageous Effects
of Invention [0012] The lubricating oil conposition of the present invention is
excel | ent | soartysstonf brng sproperines ] vheatt reesist apeénand iod daf i on stability
and suitable as a cylinder lubricating oil conposition for a crosshead-type

di esel engi B& ldnidr 1 @ aeaird cewlsaim @xhe bit sdexced [tent iéfeflacts asracdyl i nder

| ubricating oil conposition for an el ectronically-controlled two stroke cycle
di esel engi B¢ driVEWr bfidécigny drutieprosach fegndilts onsashae &t ultra | ong
stroke is so that an average piston speed is 8 m's or greater, preferably 8.5
nms or great@?iy EhABUStT 619 Pressur &Y §Udd UHat 2briaket heahy £ R8I ve pressure
(BMEP)is 1.8 MPa or greater, preferably 1.9 Mra or greater, and a cylinder

wal |t enper &drle ﬁ%m%%rﬁﬁéfetﬁ@rﬁth%%tb?ehﬁ@FSPﬁF@Pt%%%%d?x?%P?8®C or hi gher,
preferably 250C or higher, garticularl% preferably 270C or higher. Description
of Enbodi mert’d [OGF3] THE Spr e¥ At G5 ERtiloh SHPEIF et tes & hed SintH8t ai | s bel ow.
No particul ar Iinita%ion is inposed on,the type of lubricating base oil to be
used in the®®A%hde? Iﬁb?P@&Fﬂﬁﬁtb?F EonpdS tiont FoF 152¢rSssHEAY- 2 ype di esel

engi ne of the prqgent invgntion %herein fter nereh% referred to as "the
| ubri cati ng 3t toMpolrEi 87 F THer present i BVetion*y St AACER may be a ni neral
oil, a synthetic oi

|, or.a mxture thereof. [0014] Specific exanples of the
n ner al bas§9ﬁﬁe%?i?%déhﬁhg%1 Whi 2 183n°§é5£ﬁﬁéb%%§eﬁy §ﬁbﬁ5¥ggﬁ a
| ubricating Qi f%?ﬁiy?@e@%%d%?ed y vacgun%distillgng%an at nospheric

I
. . . el . S5UC chnange oI;. .
distillation bottom o resulting troma nnsphgrlc di stfllation of a crude

oil, to anchQQ1855@9ﬁ8egte%5ﬁ?Q§§t‘§E%%E%qjﬂ£ﬁ%%§°|¥%nt d%ﬂ§qpalting, sol vent
S

. 1 e85, > .
extraction, hy rocr acki ng, ol vent ewaxl ng, %’%I’ or efsl ning, wax-1soneri zed

m neral oils; r.qd LS ri.zi L to Liquid Wax)
produced thréﬁgﬂg%%€§ﬁ§r9+gog§§% %%%éegg%u1?%%%§$£p%%?XF%%2§ﬁH§Ies of the
synthetic basg, Qi n?bé!@@nreo'ﬁbﬁl&xeé'@éréng, h¥93%9@t”%t'eéje PQE‘E’QE”QZ .thereof;

pol y--ol efins 'such as 1-octene oligoner and 1- ecene51|goner, and hydr ogenat ed
conpounds thergpf; copelyners of et hyk ene and,apgl;efjns, haying.g.to 30 carbon
at ons; dies?ers shch as Qitgﬁﬁécy! glutargtez gF-f—eﬁ%@?%cxy ggfpate,

dii sodecyl adipate, dihtridecy,pdipabe and digds ethyl hexyl. sghacate;  pol yol
esters such as trinethyl ol propane caprylate, trinmethyl ol propane pel argonat e,
pentaerythrttol 2-ethyl hexaroate and pentaerythritol pelargonate; copolyners
of dicarboxylic acids such as dibutyl pmleate and a-olefins having 2 to 30
carbon atons; aromatic synthetic oils such as al kyl napht hal enes,

al kyl benzenes, and aromatic esters; andm xturesofthe foregoing. [0016] The

| ubricating base oil used in the lubricating oil conposition of the present
invention may be any one or nore type of the mineral base oils or synthetic
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[0017] The lower limt of the aromatic content of the |ubricating base oil of
the lubricating oil conposition of the present invention is necessarily 8.5
percent by mass or nore, preferably 12.5 percent by mass or nore, nore
preferably 15 percent by mass or nore on the basis of the total nass of the

| ubricating base oil. The upper limt of the aromatic content is preferably 49
percent by mass or |ess, nore preferably 45 percent by nass or |ess, nore
preferably 40 percent by mass or less on the basis of the total nass of the

| ubricati ng basesadlerdd itrheraspaati o fcorntientt ofn theabubiitgatimerebase oil is
| ess than 8.5 percent by mass, the base oil could be decreased in solubility
of additives hntedeposid 1PreécursorsLitértherar @nati ¢heontenticsraose t han 49
percent by nmass, the anount of deposits could be increased, or conglutination
on rings coul dheceursedie atoe tihea degnadavicoficofhnd héatubrddiat i mg of | &

The aromatic content referred herein denotes the value neasured in accordance
with ASTM D 2007<931icTheraroratikes ool udesr alkyIsbenzehesz nal kyedpht hal ens;
ant hracene, phenant hrene, and al kyl at ed products thereof; conpounds wherein
four or nore ®ehzeléer iafgsl ax edesadensat @k r bieacty it hersoantdeconpounds havi ng
hetero atons such as jryrldlnes gui nol i nes, phenols, and naphthols. [0018] No
particul ar |i®Earsen ﬁ#ﬁ@mﬂﬁ&&?%ﬁﬂﬁHGDQGDGNRﬂ@éWETPéIV|SH@§QﬂP¥ﬁethe

| ubricating base oil used in the resent invention, which is, however,

pref erabl y 40°Rfe?318p tHioWers, atot 1b¥ eP &r Abl Y035 Cid/g ¢ri | ovierkndipr e
preferably 30 m®/s or lower, particularly preferably 20 m®2/s or | ower.

Meanwhi | e, th*'e01%enp<%%ﬁﬁfiﬂeyw%b6§.%;}Dq%wrle#éﬂfﬂa%wzierﬁﬁz%oafra‘qﬂ@her nor e
preferably 6 mm2/s or higher, nore preferably 8 mm2/s ar higher. The 100C

ki nematic V|s%%§P99eP€fé%?eﬂdﬁéP8|ﬁ“déHHi%%Xbﬂén&eflFﬂ%}ﬂﬂﬂﬁﬁ§ﬂv 0-445. If the
100C kinematic viscosity of the |lubricating base oil is higher than 40 m®/s,
t he resultlngc%%988§ﬁﬁ(ﬁF%O%F8°b§WﬁﬁQH?%r§FeéanQ%wﬁq%hﬁ§ﬁgﬁﬁﬁe vi scosity
characteri sti i f the 100C ki ne tICVISCOSIt i sl owert han4= 2/s the resulting
| ubri cating o??é58ﬁﬁogfﬂT%ﬁaﬁBEngge PootF nktt SFFGFPyadg "t o' FFE s uf fi ci ent

oil filmfornation_at ri,cat s.and woul d be |large in evaporation | oss
o; th; conpog?%#ona% g %b %Pgﬁéh%EFHiﬂﬁﬁ%éwkﬁ??% ﬁﬁpS?@@ﬁﬁ% he 46C

Ki t f ot | tl b th t t
whi ah i s, hosbvar XGRGrEr BTy D700 Bl Of P ouer o ot Epr et LY RByST0=2l & or
I |y 450 t |.arl f b 240 e/
or Tower . Wher CAECTERE 406 B E‘.ﬁﬁle%ats.uci%’%c%%f’f rEtrert oty S0 1o or

hi gher, 30 m@/s_ ﬁaq%g?%raqﬁgéﬁ%gggf%rabLy Qﬁ?/ 18%ehlan{IW%B Ehe 4OC

ki nematic VISCOSI ati'ng *base i | %han t he
| t b t t
Char act er 2?."%2%%8%%}0% R Lo By Sff eRR A Rt .V'%%Z'seyoi s

over than 20,002/ §¢ 5h@a§§§g';hagthgbakggts'ﬁ% Y GYmositd n. gyl d be poor

in lubricity due to its i'nsufficient ol ’I'm f or mati on at ubricating sites

and could be targgqi @&%ﬂgmom Loss 10fs 441%%”9%%5&%3 #0020] The

viscosity index of the lubricating base oil used in the present”invention is

preferably 85:0hp pdLGALRL o MDIL, Ry ef & pbh Y2 90, O gi6at &on {WLE. P ei epably 95 or
greater. No particular linmtation is inposed on the upper limt of the

viscosity indexrcNarmaly paraffin, 1slack wax @algﬁlenwaﬂnééoa%wéf nic
m neral oils produced by isonerizing the fore90|ng nay al so be used

The viscosit yphadex efargied, hekaiin Aenotes one; Feasur sgyh@l@%%ﬁce Wi th
JI'S K 2283- 1993 0021] The %CA of the lubricating base oil used in the present

invention is @iehebaling kSt Or agueatersy e peef enaply) dndeflingreater, nore
preferably 3.7 or greater. If the %CAof the lubricating base oil is |less than

1.9, the resubtingolpulrdmal i #gigkk GQMOS] &h oAUl L NOt+ QbLaip suf fici ent
antioxi dation properties. The %A used herein denote the percentages of the
aromati ¢ car boniaumhen igtihel tevalancarbon punben.odeles i pedhy a net hod
(n-d-Mring analysis) in accordance with ASTM D 3238-85. [0022] The | ubricating
oi | conposition of cihafir€®seni sknventi on contai ns necessarily an al kal i ne
earth netal phenate (hereinafter referred to as phenate netal detergent (A))
as Conponent (A). For exanple, the phenate netal detergent (A) is a phenate
metal detergent containing an alkaline earth netal salt of an al kyl phenol, an
al kyl phenol sul fide or a Mannich reaction product of an al kyl phenol represented
by fornmulas (1) to (3) below or an (overbased)basic salt of the alkaline earth
met al salt Exanples of the al kaline earth met al |nclude

L " o | P P | P . - ™. £ - o o = L L " I | P . o P |



[ 0025] The base nunber of the phenate netal detergent (A) is in the range of
preferably 50 to 400 ngKOH g, nore preferably 100 to 350 ngKOH g, nore
preferably 120 to 300 ngKOH e. If the base nunber is |ess than 50 ngKCOH g,
corrosive wear could be increased. |If the base nunber is greater than 400
ngKOH g, a problemregarding dissolubility would ari se. The term
"base nunber"” used herein denotes one neasured by the perchloric acid
potentiometric tiggathenieidod. ip.accordance with section 7 of JIS K2501

"Pet rol eum products and | ubricants-Determ nation of neutralization nunber”.
[0026] No partiioeud jor 11 plat-atdion, i se p ppgsed jon he, petal pratiq of the phenate
netal detergent (A). The lower limt is, however, 1 or greater, preferably 2
or greater, rpardispdar bynprefarabl yng. 520nh sgreadefswhile the upper linit is 20
or less, preferably 15 or less, nore preferably 10 or |less. The term "netal

ratio" used herein is pepresented: by:uval encer of, petal pelengnt x netal el enent
content (nole% / soap group content (nole% " in the phenate netal detergent

(A)". The netald-aleeentudenetaes an wbkabione eartfygetal such as cal ci um and
magnesi um The soap group denotes Phenol group. [0027] The content of Conponent
(A) described above inpthedwbricathagrei |3 :cagoshtienpak e g esent
invention is necessarily 0.005 nole/kg or nore, preferably 0.01 nole/kg or
nore, nore praferiably 0.015 nole/ kg or nore as the soap group on the basis of
the total mass of the composition. If the content is |ess than 0.005 nol e/ kg,
the resulting conposit PanecoulIdi et aobt-al Al :necessaeycheat: arasitsd ance and
anti-scuffing properties. [0028] The lubricating oil conposition of the present
i nvention magy0ddHti@ain a nmetal detergent other than the phenate netal detergent
(A) in order to adjust the base nunber of the conmposition. Specifically, the
nmet al detergent ndwympergneforInmorretietal detergents selected from sul fonate
detergents, salicylate detergents, carboxyl ate detergents, and phosphonate
detergents. [00299bknsakflorfate teter gent may be an alkali netal salt or

al kaline earth netal salt of an al kyl aromatic sulfonic acid produced by

sul i onating [A¥ G kyl afdratd e sonpoundehdviary e pokecabdrateitght of 300 or
nore, preferably 400 to 700 and/or an (overbased) basic salt of the al kali
metal salt &% ki idec gainhefetlalb sigtat L ELanplles cofe ahiet abkafprnetal or

al kaline earth nmetal include sodium potassium nagnesium barium and cal cium
Preferred afe afaghedf uf&5d/Ore 2t cf b NPar tilctar g spieparaved i s cal ci um

[ 0030] Speci fic exanples of the alkyl aromatic sulfonic acid include petroleum
sul f oni ¢ acicds Hid: Sy nfRélild il fdnf c2aéitds. curhiel pet P6PeGmtsif$onic aci ds may
be those produced by, sul fonating an al kyl aromati c conpound contained in the

| ubri cant f P&t Ioh-otRe AiMFerdiORTFCoR SRy B SrehoyaRd) tacid 'by- produced upon
producti on (if white oil. The synthetic¢ sulfonic acids may be those produced by
sul f onat i ng T&¥ =1 %@ 1 BEn2ere Wyt at8ffai ght - chai n or branched al kyl group,
produced as a by-%rfduct froma cgtIFant for producing an al kyl benzene used as
the raw material of 14 d8Fer et ¥7  pFoduced by al kyl ating pol yolefin to

benzene, or prodyced by sul fopating al kyl naoht hal enes such as
di nonyl napht[ﬁg;bﬁjgﬁe. Nog‘ﬁagﬂ%uq%?uﬁpﬁi fat iGh §'8° 1 HpoS&d“dh FHE sul fonati ng
agent used for sul fonatin tetgeeset glnl%lntar omati c_conpo eral, fumng

resear r 10T, Wa LindS%’-é (#n geB
sul furic aci'ds or suf furi E7acid may 'be used.” T 0651 the THTT &1 at'é det er gent
may be an a l.i t of . i art.h nmetal salicylate havi one
hydr ocar bonlbigéfsoluspg%aglhﬁgfﬁg%ig%%QQ}g%rgbao&uéotroln%a%ﬁa?o?ygr?o(m&)vcesr gg‘é’a) basic salt
t hereof; an _al i r_al kal i.ne.earth |..sal icyl ate having one
hydr ocar boncgrmg’upl%gﬁ%b%feﬁgﬁiohggfrlg%ntagt%né gr?&/%ofgér?e gcvgr%bgégd) basi c
Sall rher 0bue e @0 B Kalds FELAL O AUKAING 021 LD, TRLAL 53k fyLahe having fwo

i
or nore hyd ocar bon roups having 1 tglﬁztg carbon atons ang?or an (overbased)

basi ¢ sal t ﬁ%’ern ta?(tQSSE alrkyd 9&998&1%&@%&&‘%@3@1Q~.rsociinfleé ent). Exanpl es

of the al ka metal " or alkaline earth metal 1nc e sodium potassium
magnesi um baniyneahd cahsbumy Fref enred- ane qmagnesd ym apdlor . cal,ci um
Particularly preferred is calcium [0032] The base nurber of the netal
detergent other than the phenate nmetal detergent (A) used in the present
invention is in the range of preferably 100 to 500 ngKOH g, nore preferably
120 to 450 ngKOH g, nore preferably 150 to 400 ngkKOH g. If the base nunber is
| ess than 100 ngKOH g, corrosive wear could be increased. |If the base nunber
is greater than 500 ngKOH g, a problemregarding dissolubility would arise. No
particular limtation is inposed on the netal ratio of the netallic detergent.
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présent invention contains necessarily an am nic antioxidant as Conponent (B)
Exanpl es of the am nic antioxidant used in the present invention include

di phenyl am nes having one or nore al kyl group having 4 to 20 carbon atons
(hereinafter merely referred to as "di phenyl am nes") and

N- phenyl - a- naphtyl ami ne. Preferred is di phenyl am nes. [0035] The substituent of
t he di phenyl am ne may be positioned at any position on the benzene ring. Wen
t he di phenyl am ne has two or nore al kyl groups, these al kyl groups nay be
positi oned oniamfiict hecbenzens rimgsr Thher tanbaongnuiber cobotshe iadkyl group
is preferably from4 to 20, nore preferably from4 to 15, nore preferably from
4 to 12. |f thercarbowssirnet-igokevdre tdlanedgithe resulting conposition could
be insufficient in antioxidation properties. If the carbon nunber is nore than
20, it could nakesit diffhazulist o-lpequueeetheicorpdsidn oreld0036] Specific
exanpl es of the di phenyl am nes include straight-chain or branched

di buzyl di phenyy &imder stukai ghttchgi widr doyramehédidinodiosd dé phenyl am ne,

strai ght-chain or branched di nonyl phenyl am ne, straight-chain or branched

di decyl di phenyt @sf he adartd’ g xd e es 1t kerggofe . Preferied rar e2 dPbatykdilphenyl am ne
and dioctyl di phenylam ne. [0037] No particular limtation is inposed on the
content of Cohponeft 20BRIianathec | abrieati wg & 1° conpesiti 8 &f2 e Present

i nvention. However, the content is preferablg 0.1 percent b{ nmass or nore,
more preferabtyr®. 35dpercente bya Fass odr ot ef © idr-e MGrieT et abF§©0. 2 percent by
mass or nore, particularly preferably 0.3 percent by mass or nore and
preferably 5 PEreeAt tHY mddY G 1395t L hde e pF EFelabiy B Seraceht: by thass or

| ess, particularly preferably 2 percent by mass or less. If the content is

| ess than 0. PPRFEEN T Y WasSUCtRéXPeRBITTRY Pudri T Ty Cnpdstatoh tends to
be insufficient in thermal and oxidation stability. If the content of
Conmponent (3)°73PnbPE eidn 5 Pertent™by Lrasd t kel F8RAI £Png"cdM508 ti on tends
to be poor in tﬁrgge stabilité. [20333The Iugricating oj# coEBEiition of the
present inverftT on: coffai’hs® WeteBSari Yt of T 9sdfdbl3E vt ybae Sonpound as
Component (C). | es of the oil-soluble nolybdenum co nd i ncl ude

Sul Tur - cont arif R OPGa CHINS BaGN M ConFaHES. steh® s CRorybdatim >3

di t hi ophosphat e ?1) _and nol.ybden di t hi ocar bamat e (MoDTC) ; conpl exes of
ol ybaanam CAMRSEHS (P B o P B ASTL AT G ALS TGe i Bee MAYidbnum

di oxi de and nol ybdenu ri oxi nol yhdi c Gl such_as ort.honol.ybdi c acid,
par anol ybdi c %%igg gﬁgH§8|Fﬁ¥| eﬁg(%%Eyfn%ﬁ@bé?écﬁ%?%?%ﬁgtgﬁ%ﬁﬁ%%?%f t hese
nol ybdi ¢ acid | ybdi & aci d I such as ammoni um salts of these nol ybdic
aci ds, molyb e%u?nBS')él |md£é sourcﬁﬁjé ﬁ%rybolenum di sul fide, nol ybdenum
trisulfide, num asulfide, .an l ybdenum pol | fide, .sul furized
nol ybdenum agFé():I?{Qrgrit al glﬁgé a’?r?ﬁgesgcl ts o?}%s)ﬁ ?u%iqzseod ﬁ%?%gagngr% é%led, and

hal ogenat ed . chl orj de |.fur- taining
organic conpgﬁ%%§8§?§5'35@25?%?PZF%????%E%&Q%H%%gt%?%E%F§§fé¥£r§?p 3

mer capt ot hi ad%%@éﬁeatdm%b%%%%& &l f YQBB(E'%]&W' Y UEﬁQ‘jEEikkgocI” de , bis

( di (thio ) hydrocarbyl i ophosphonat e disulfide , organic y)sul fide,

and sul furized,ester$h Q" ©f hep angani g soopovnds:, comph gxes of

sul f ur-cont ai ni ng nol ybdenum conpounds such as t he above-nenti oned nol ybdenum

sul fides and ﬁuﬁgghgqeqwngggpggpqghggkg and al kenyl succinici ide.
[0039] Al ternatively, the oil-soluble nolybdenum conpound may be an oil-sol uble
mol ybdenum coppoung contaidi pgeRe sul fiikc /81 BncaNsid tuent rekenent., £xanpl es of
such a nol ybdenum conpound i ncl ude nol ybdenum am ne conpl exes, _

nol ybdenum suegi 86l Migde: ciomph exesupralyhdanyn sal tsneh sargani craei ds, and

nol ybdenum salts of al cohols, anbng which preferred are nol ybdenum am ne

conpl exes, nmotybdenemasal fse Ofi i 06@aNih Ach dSyhand inpl ybdepym sal ts of
al cohol s. [0040] Anrong t hese oil -sol ubl e nol ybdenum conpounds, preferred are

MODTC and/ or dMDTPo 1hmpste pief epbed s MG n 50941 the, icont gpt of conponent
(C if contained in the lubricating oil conposition of the present invention

i's preferabl yaf£em3a rte&00e PRAUDY MRSSL Pha L Rembasis, of o ok yhdenum of the
total nmass of the conposition. The lower limt content on the basis of

nol ybdenumis preferably 50 ppm by nass or nore, nore preferably 80 ppm by
mass or nore while the upper limt content is preferably 400 ppm by mass or

| ess, nore preferably 300 ppm by nass or less. If the content on the basis of
nmol ybdenumis | ess than 30 ppm by mass, sufficient anti-scuffing properties
may not be attained. If the content is nore than 500 ppm by mass, the
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| ubricating oil conposition would be deteriorated in lowtenperature fluidity.
The al kyl or al kenyl group may be straight-chain or branched but is preferably
a branched al kyl or al kenyl group derived fromoligoners of olefins such as
propyl ene, 1-butene or isobutylene or a cooligoner of ethylene and propyl ene.

[ 0044] The ashl ess di spersant maybe anyone or nore of conpound sel ected from
the foll owi ng Conponents (0-1) to (0-3): (0-1) succinimdes having in
their nol ecylgs #f Iea%eorbofeaé&yk Qﬁv@nkceﬁ)ryrt o1 oy P-haying 49, to, 400 carbon

atons and derivatives thereof enzy amnes having in their

nol ecul es aEdﬁﬁéﬁl@@ecﬁhKMBéy Eﬂ&@f&étQBQUBlhaEb%%égﬁEPoéogogagbon at ons

and derivatives thereof; (D-3) polyam nes having in their nol ecul es

at | east oneradadeoa- agb%nahegéquanla&wenguﬂ(@hfeq 408 -¢arhayy atgns,and
derivatives thereof. [0045] Specific exanpl es of f succini m des include

conpounds r epHesen e&ilbyefc%ma as (A andub®) or 1 N‘c( GHZH2NL A 1) 43- 1- 1(4)

R2N <0 N (CH2CH2NH) -{-CH2CH2- ---<0 [0046]In fornmula (4), RL is an al kyl or
al kenyl group vinngh40p 8614005 Prefesabl yn$stor 320 candbdeisign.integer of 1
to 5, preferably 2 to 4. In forrmula (5), R2 and R3 are each i ndependently an
al kyl or al kenyl maoupthailduyy #réet400s prefeiabby 60 to 350 carbon atons,
and particularly preferably polybutenyl group, and i is an integer of 0 to 4,
preferably IotcaB. [004¢] Camponeat sngDol)l idwhpidei BRBG- toypec isaicci ni m des
wherein a succinic anhydride is added to one end of a polyam ne, as

r epr esent edphxye faortrui ave4) iamd s sekype isuaciim mdes-whearaima succi nic
anhydride is added to both ends of a polyam ne, as represented by forrmula (5).
The | ubri carimvgp it i eanposiatti ore of st Aecpr esentos nveni bon sy iclont @i N ei t her
type of the succinimdes or m xtures thereof but preferably contains bis-type
succi ni m degnd suitable as a Spédinflier éxdnplwest ofg tdvel polnyams heibncl ude
diethylene triamne, triethylene tetram ne, tetraethyl ene pentam ne, and

pent aet hyl ed@ rhex ahi mes ¢ 0048ySpeci f4 e exanples e dCémparrent 5ci¢D=2) i ncl ude
conpounds represented by formula (6): CH2N11-(CH2CH2NH)j-14 (6) [0049]In
formula (6) emblstaneapkylle@rt aklenytsgeroup haviingle40 tup 2002t pnef erabl y 60
to 350 carbon atons, and j is an integer of 1 to 5 preferably 2 to 4.

No partlcuI@ﬂM|QﬁWRﬁ$bhlP§ ﬁ@ﬁb@@daﬁ?QﬁﬁpﬂhéaﬁéWhmwﬁﬁﬁobl@duéWﬁg t he
benzyl am nes that are Conponents (D-2). They may be produced by reacting a

pol yol ef i n $ciP s @ Pt BpYl 8AE LoFRgdmer .4 Pl §hut eher 6ﬁye9ﬁyﬁéﬁeoé olefin
copolynmer with a phenol so as to produce an_al kyl phenol and then subjecting

t he aIkyIphéﬁ&thP$%hﬁF8ﬁSré§ﬁﬁ(ﬁPwW%EraféPﬁﬁl&éﬁyﬁéfahﬂ 2°pbl§an ne such as
di et hyl eaetriam ne, triethyl enetetram ne, tetraethyl enepentam ne, or

pent aet hyl eRéhBYEMTE Pf S ¢ itGeX Fe%%f%cﬁ?p‘b‘?ﬁéntpl(%f%fap%’l ude
conpounds represe ted b formul a (Z} R5- NH-%CHZCHZN 7))
. m}g or greater, a dombustion pressu so’ that

brake mean effective pressure (BMEP)is 1.8 MPa or

greater, preferably 1.% MPa or greafer, and a cylinder

wall temperature is so that the highest temperature

thereof is 230°C or higher, preferably 250°C or higher,

particularly preferably 270°C or higher.
Description of Embodiments

[0013] The present invention will be described in

details below.



wherein R5 is an al kyl or al kenyl group having 40 to 400, preferably 60 to
350, and k is an integer of 1 to 5, preferably 2 to 4. No
particular limtation is inposed on the nethod for producing the polyam nes
that are Conponents (D-3). For exanple, the polyam nes may be produced by
chlorinating a polyolefin such as a propyl ene oligoner, polybutene, or

et hyl ene-a-ol efin copolyner and reacting the chlorinated polyolefin with
anmoni a or a polyam ne such as ethyl enedi am ne, diethyl enetrian ne,

triethyl enetetram ne, teisasthylenépentlaminestand pentaectshkyd lenehtexam ne

[ 0051] Speci fic exanpl es of the nitrogen-containing conpound derivative that is
an exanpl e oftyhe @Shlwessidispershnte ntllude kae borom-inoditfd ed lIdompound
produced by allowi ng any of the above-described nit rogen- cantai ning
conpounds to Fehet cwittimdorit achdosd tasoit of meutr alkiczes tora ant dbze t he whol e or
part of the remaining am no and/or imno groups; a nodified conpound produced
by allowi ng ahyeotlt ke cabiovec Hesbri e avitt ogeneodritca nitngredbnpdiirds to react
with a nonocarboxilic acid (fatty acid) having 1 to 30 carbon atons, or a

pol ycar boxyl it agitd havenge2 to 36 ‘thkrbonulatr vomsfiswchad oxakios igciay phthalic
acid, trinellitic acid, and pyroneilitic acid or anhydrate and esterified
conpounds t he? Bothe &1 %l Kyt et %t denfavi H§1Zht 826 eardén t ohk Orl hydr oxy
(poly) oxya 1 kyl enecarbonat e , i.e. , by an oxygen-contai ning organic
conpound so & TB"REGIHA | Fe! or Canifditze e whBE&eerE spart of the remaining
am no and/or imno_groups; a. phosphoric acid-nodified conpound produced by
allowi ng any bf°tAé anﬁQ%%%gﬁFbéé%ﬂﬁ%%@eﬂfcéﬁﬁmmﬁWﬁf% npédRdS itlo react

wi th phosphorjc acid so as to neutralize or am dize the whole or part of the
remai ni ng an1h%C§H8F05q9ﬁ§KV@FSBp§?“aQﬁﬂﬁfﬁgﬁﬁﬁﬁHQ%i%%%%%Eﬁanﬁrdﬁuced by
all owi ng any of the above-dﬁsgribed nitro en-containing conpounds, to react
with a sul furtCPESABSIRF, ©and” a2 fbdiPfi BECPHEGICPY ot BdtidBa by “conbit¥ ng two or
nmore sel ected fromthe nodifications wth boron an gxygen-containi ng organic
compound, phOPIOTTE BEFd, afid Ui 1 L7 L "6F PRE CABoUIdEearieds Fom

ni t rogen- cont ai ni ng. conpounds.. | 00 %%The content of . the_ashless dispersant if
contained in % %OFgBFFEéi%ﬁ§§6%#P%§ SS?Fi%ﬁz%?é?h%l%reE%H?RYﬁ%%%t? nis
preferably fr percent _b ss, on_the basis . of , the total. mass of the
Conpos, t1 on. TOBEL Te Tbt Teat Phg o coRposTbran ot 11" B aent amvent i on
may contain res addj tive. Eligible extrene pressure additives
are any ext?%%gé%égggéggagﬁﬁf%Vegbgké%é%%%é%%f %%gﬁthtﬁgwﬁﬁﬁ&Qbeen used
in a lubricati il... For-e | e ul.furic- osphoric: and_.

sul furic- phosgfo %r ?gdgftrrerefrrleﬁ(%?gésﬁra} aldsgérk%/%%grgra)%/uﬁlee "'ﬂu‘?"lsled(.)l Séciafnldc exanpl es
i ncl ude phos i r ' hor i d. e I.s, dit.hi ophosphorus
acid esters,????%%ig%ﬁ%%be%fdgya%?éﬁgggzﬁg¥gg%%ggﬁ%¥izkggi (%s'é %fh .

thi ophospnoridfa ¢! d:eetficu ChLBLARNGSANALL £-86LE 881 §]5, ¢ LLLLNI ophosphori ¢
acid esters, amne salts, nmetal salts or derivatives thereof,

di t hi ocarbamaf g3 521 nc dif hi pearapptes,) Jolybdenum dihiocanbariales,

di sul fides, polysulfides, sulfurized olefins, and sulfurized fats and oils.

In the presenf,knuaet igd, 7k Hendist Ridphpsphat enard/or: Aol ysyhki des are
preferably used as extrenme pressure additiveS and anti-wear agents. [0054]Wen

the lubricatifgeokbscopBasi-td-am of ; hBespresgnt 1 LRveRtion 16Ok Py tdie extrene
pressure additive, no particular limtation is inposed on the content thereof,

which is, howeveeceprederabhy f,r ai0s P89 ed RerCebln B MBS S hdmd & pref erably
fromO0.1 to 2 percent by mass, particularly preferably from0.2 to 1 percent
by mass. Whencéhelextrene Pressunendddidd ve-bseeontaingsi iy antanmaunt of |ess
than 0.05 percent by mass, it has no effect of further inproving the
anti-wear properbbesaanethsantd r&et g2ukesproperd ies: of it he1r gswlid ng:. conposi ti on.
When the extrene pressure additiveis contained i nan anmount of nore than
Spercent by nass2-theyesit i ngdcpapesi td onsvweukd1be significantly
deteriorated in high tenperature detergency. [0055] The |ubricating oi

conposi tion maytcodeaiyl ananstexkdantd othes hhanGompanent (B that is an
am ni ¢ antioxi dant, such as phenolic antioxidants and netallic anti oxidants
such as copper and nol ybdenum anti oxi dants. The content of these anti oxi dants
if contained in the conposition is generally fromO0.1 to 5 percent by nass.
Exanpl es of the friction nodifier include ashless friction nodifiers such as
fatty acid esters, aliphatic amnes, and fatty acid am des, and netallic
friction nodifiers such as nol ybdenum di t hi ocar bamat es and nol ybdenum
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Exanpl es of the denulsifier include polyal kyl ene gl ycol -based non-ionic

surfactants such as pol yoxyet hyl e. neal kyl ethers, pol yoxyethyl eneal kyl phenyl
et hers, and pol yoxyet hyl eneal kyl napht hyl ethers. [0058] Exanpl es of the netal
deactivator include imdazolines, pyrimdine derivatives, al kylt hiadi a zo
l e s , nercaptobenzot hi azol es, benzotriazol es and derivatives thereof, 1, 3,

4-t hi adi azol epolysulfide , , 3, 4-thiadiazolyl-2 5-bisdial kyl dithiocarbamate
. 2= (al kybdiityhi ) beB,20inidazol ec r; And -, 16,19 oxyhenqz.yl t hi o) p
rop ion it ? Ig&! © PR Exanplgé o? the gﬁ%§§?%gn?% %gééﬁfLinclude

silicone oi k- iddt 18, 2oCo kBRI i Lo Vi S£08LEY 0fy 00, 10,100,009 me/s,

al kenyl succinic acid derivatives, esters of polyhydroxy aliphatic al cohols and
I 'ong- chai n batduh yach d9an8eemRtd £ and Rea sakt-s af et hy) sakibeylate and

o- hydr oxybenzyi al cohol, alum num stearate, potassium ol éate, N-dial kyl-allyl
am ne nitroawiRnalkans! o rand d=soay| octybphesphate, alkykahkylenedi phosphat es,
nmetal derivatives of thioethers, netal derivatives of disulfides, fluorine
conpounds ofhaaldgahatigqhydeacaronsha tLhet bylesi | anesa dbehl aresid ane,

al kyl phenyl pol yet hyl ene gl ycol ether sulfide, and fluoroal kyl ethers.

[ 0059] When these: widdi § yMes earie: cont & B8edhi B st he it wbfia At hAg e@ids conposi tion of
the present invention, the corrosion inhibitor, rust inhibitor and denul sifier
are each contaiyigtki neassanbudta odmasiald i Or 005 dDd md xpercentb thbyhsass, the
nmet al deactivator is contained in an anount of usually 0.005 to 1 percent by
mass, and tHeranjdidigoam ng agent is contained in an anount of usually 0.0005
to 1 percent by mass, all on the basis of the total nmass of the conposition.

[ 0060] The kilmened]i ¢ vi Stesiltybatcd00€gokatshe d ubriusatii ng aide conposition of
the present invention is necessarily 12.6 m®2/s or higher, preferably 13 m®2/s
or higher, dorkre iprefenabbyll4omRist oiohi ghethel prielkent00G ke mefmati ¢ vi scosity
is lower than 12.6 nmm2/s, the resulting conposition would lack in oil film
formati on prepertd es}vy possi by moesultyigy ¢h sbaf fuiimg orl éxcessoear. [0061] The
base nunber of the luhricaring oil conposition of the present invention is
necessari | y ofr gmie ol 1002 AgKOHLg o0 astigthave ekcehéent hdgh eénperature
detergency and acid neutralization properties even for the case of using a

hi gh sul fur téentdme Fajelbaopatal hé R asphal ¢ erfe r Thef |tdwersTipietis nore
Preferably 25 ngKOH g or greater, nore preferably 30 ngKOH/ g or greater while
the upper | P#i%e i%i1hdre preferably 90 ngkKOH g or snaller, nore preferably 80
ngKOH/ g or smaller. If the conposition has a base nunber of smaller than 20
ngKOH g, it WU be i ASGEf fliccient? 1l hetlf r ARPzRAGToVIE? FORtagfdPE subst ances
such as sulfuric acid generated by the conbustion of fuel, possibly resulting
i n i ncreasedéorrtRiveshear. 93¢ heleoRpodittd onthascatpase Hunber of greater
than 100 ragHOH g, . the base nunber is too nuch for neutralization of acidic
subst ances ST G5 E UM U T8 SABF G 5§erier BVER "yt AE CORBESEI"Sr Yof - Puel and t hus
t he excess basi c substances woul d depo t he fgrn1of ash onagistons,

sit in
possi bly ca®Sigfthe YgBA&rat t Ji ot @f@éi%r%\ﬁéy Kuch PEE SEUF FTnl2 £0062] No
particular limtation is inposed t? net al %?Htent of the |l ubricating oi
Bonposi 1 0n %61 "ERE prEIEhi® ThVERT PoR. | FOREVSF! L Ré M6er OFi RPE S 8 pr ef or abl y
0.2 percent ss or .npre,. nore prefer .4 _per.cent mass.or nore, nore
prefgrably 62% pgﬁééh?fb§h%&§%t%?Iﬁ%ﬁ%cﬁﬁgké ?ﬁ%rgﬁﬁéfmﬁ¥ﬁ¥ﬁei%léf6 percent by

mass or,Ies%hénﬁf% Eeff%a€|¥ﬁ3tgep§£8%nk'b mass, or ﬂeﬁffe eJrfebEreferany 2.9
o1 1 e conpositi content of |ess than
u

percent by mass ess. np on fas & heta
0. 2 percent mass, .t he conpositi.on woul d be insufficie i n_neutralizing
power for aélit%ipcerscu 35 abr?’cénsan%senoerr a'-tLteesd'S ’bf/not]:nee pcroen%eug 1%3% ﬁ;% ’?%Efeg%d fail to

exhi bi t i ght simer atune Jdet g gency.. 1 Lhe copposition Bas,a.netal content of

nore than 3 percent by ness, ash generate ustion of fuel

deposit on npi i : t w@g% | 4 . No ,particul ar
limtation ?ﬁ%@sgg%o%%ﬁllg@gﬁsftﬁg as - %an%%n(wgcﬁ{fhlem{%ggg%:g??ng oi |
conposi tionQfsd he present joventhon, cHowaver: the Jawer,dimi-igql. 2 percent
by mass or nore, preferably 2 percent by mass or nore, particularly preferably
3 percent by mass- or nore while the upper Iimt is preferably 20 percent by
mass or less, nore preferably 10 percent by mass or less. The sulfated ash
content referred herein denotes the value neasured by a nethod descri bed by
"Testing Methods for Sulfated Ash" stipulated in JIS K 2272 5 and nmai nly
originates fromnetal -containing additives. Exanples [0064] The present
invention will be described in nore detail with reference to the foll ow ng
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Exanples 1 to 15 and Conparative Exanples 1 to 12, the blend ratio of two
types of base oils was adjusted so that the conpositions to which additives
wer e added had a 100C ki nematic viscosity of 20.5 nmmR/s. Metal detergents were
added so that each of the conmposition had a base nunber of 40 ngKCH g.

[ 0066] (Base Q1) Base G| A: 500 neutral (kinematic viscosity at
100C. 10.8 mmR2/s, viscosity index: 97, aromatic content: 32.2 mass% %CA:
7.4% Base Gi B: 150 bright stock (kinematic viscosity at 100C

31.5 mR2/s, wWaeestiy indexss 96 amrfonatrec @ont ént mB5s 7 Mes % s YA L 7. 499
Base G| 0:250 neutral (kinematic viscosity at 100C. 7.1 mmR/s, viscosity

i ndex: 96, ar®®atfcleonteenteasadoimmssdbhuimidnity, 8% additives andBase O D
poly-a-olefin (PAD) 10 (kinematic viscosity at 100C. 10 mm/s)

Base O | D pbtyoalisl efies(PAD) s 40 ki RBRaRire™d 5kost eyt ant166CTNBE M/ s)
(Additives) 1) Metal Detergent (A) cal cium phenate (cal cium
content: 9.2 hWadsof °bRBECRINLEY: "25G myKOH o wetaP frdepesid sg)could

cal cium sul fonate (cal ciumcontent: 15.5 mass% base nunber: 400 ngKOH g)
cal ci um sal i cyF ate- ¥ eaFeFunPEoRPERt: Y t8l 22 Frhe8up "haS B IfuRBErkd 230 HgKOH g) 2)
Ant i oxi dant (B-1) diohenylam ne éoct yl/t-butyl mxture) (8-2)

N- phenyl - a- ndpht hiy Paiife PHEndT f & 18Rt i90xi daht L CRFAdrdd: hehot )

3) G I-Sol uble Ml ybdenum Conpound (0-1) MDTC (ol ybdenum content. 10 mass%
(0-2) MoDTP (nol ybé@ﬁuﬁf&&‘rﬁ%ﬁ P THEZS 9 - T BB =6r §anicd molsyeitirh tonpl ex

Y Baemm cont Ehindad pBgog h accordance wifh AdyHhak 2B0ane L antt he COTP! &
Al k | inimde, bi t it tent: 1 0 5

e ke T e kRt F o Dre) RS Tt Ragy1 & T A BALE 670 rmasobt
h h tent: 7.4 0 6) . Zi di al kyl di thi b t
ooy (o bRk s c bt T nthrens, Y FLEEREEAT Tt hassy o

[0067] (PDSC Qe dat i on SLabidity. Test). . cour o noACSAURLE Ol I, i an amount
ta j [

mo Zene rings
of 5 ng was en and oxi di zed undefr  an oxygen atnbSphere "at a pressure of 2

NP | TRLLUES il A0EE 200 SUAL VAL by PRECAMANEL e TRt 13 the
Extrene Pres%ﬂé@eggsgkoms such as pyridines, guinolines, phenols,
and naphthols.

(0018] No particular limitation is imposed on the
100°C kinematic viscosity of the lubricating base oil
used in the present invention, which is, however,
preferably 40 mm?/s or lower, more preferably 35 mm®/s
or lower, more preferably 30 mm?/s or lower,
particularly preferably 20 mm®?/s or lower. Meanwhile,
the 100°C kinematic viscosity is preferably 4 mm?/s or
higher, more preferably 6 mm?/s or higher, more
preferably 8 mm*/s or higher. The 100°C kinematic

viscosity referred herein denotes one defined by ASTM

D-445. If the 100°C kinematic viscosity of the

-G-



Each conposition was eval uated for high-tenperature extrene pressure
properties using a reciprocating friction and wear testing machine (TE77
manuf actured by Plint). At a |oad of 200N, a-vibration of 50 Hz, and a
frequency of 50 Hz, the tenperature of a test piece was increased fromroom
tenperature to 350C at a rate of 5C/ mn to neasure the friction coefficient
during the tenperature increase. The tenperature at which the friction

EAR G Bl B R e e L U

Con 1VE resulting composition could be deteriorated in low
temperature viscosity characteristics. If the 100°C
kinematic viscosity is lower than 4 mm?/s, the resulting
lubricating oil composition would be poor in lubricity
due to its insufficient o¢il film formation at
lubricating sites and would be large in evaporation
loss of the composition.
(00191 No particular limitation is imposed on the
40°C kinematic viscosity of the lubricating base oil
used in the present invention, which is, however,
preferably 700 mm?/s or lower, more preferably 570 mm?/s
or lower, more preferably 450 mmn?/s or iower,
particularly preferably 240 mm?/s or lower. Whereas,
the 40°C kinematic viscosity is preferably 20 mm®/s or
higher, 30 mm?/s or higher, more preferably 80 mn?/s
or higher. I£f the 40°C kinematic viscosity of the
lubricating base oil is higher than 700 mm?/s, the
resulting composition could be deteriorated in low
temperature viscosity characteristics. If the 40°C
kinematic wviscosity of the lubricating base oil is
lower than 20 mm?/s, the resulting lubricating oil
composition would be poor in lubricity due fto its
insufficient o0il film formation at lubricating sites

and could be large in evaporation loss of the

-10-
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composition.
i0020] The viscosity index of the lubricating base
01l used in the present invention is preferably 85 or
greater, more preferably 890 or greater, more preferably
95 or greater. No particular limitation is imposed on
the upper limit of the viscosity index. Normal
paraffin, slack wax or GTL wax or isoparaffinic mineral
0ils produced by isomerizing the foregoing may also be
used.

The viscosity index referred herein denoctes
one measured in accordance with JIS K 2283-1993.
{00217 The %C, of the lubricating base oil used in
the present invention is preferably 1.9 or greater,
more preferably 2.7 or greater, more preferably 3.7 or
greater. If the %Ca of the lubricating base oil is less
than 1.9, the resulting lubricating oil composition
could not obtain sufficient anticoxidation properties.
The %Cs used herein denote the percentages of the
aromatic carbon number in the total carbon number,
determined by a method (n-d-M ring analysis) in
accordance with ASTM D 3238-85.
[0022] The lubricating o0il composition of the
bresent inventicn contains necessarily an alkaline
earth metal phenate (hereinafter referred toc as phenate

metal detergent (A)) as Component (A}. For example,

_11._
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the phenate metal detergent (A) is a phenate metal
detergent containing an alkaline earth metal salt of
an alkylphencl, an alkylphenoclsulfide or a Mannich
reaction product of an alkylphenol represented by
formulas (1) to (3) below or an {(overbased)basic salt
of the alkaline earth metal salt.

Examples of the alkaline earth metal include
magnesium, barium, and calcium. Preferred are
magnesium and calcium, and particularly preferred is
calcium.

[0023]

O——M-—0

Rl_@ Q2 (1)

. ) .
O— M — O 0o—M —0 O0—NM—OH
@ Sx —Sy @ Sx @ Al [Sz (2)
O————Nﬁ O

R @ cH, [QEJ g7 (3)
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[0024)] In formulas (1) to (3), R', R?®, R?, R', R?,
R® and R’ may be the same cor different from each other
and each independently a straight-chain or branched
alkyl group having 4 to 30 carbon atoms, preferably 6

to 18 carbon atoms. If the carbon number i1is fewer than

4, Component (A) would be poor in dissolubility in the

lubricating base ocil. If the carbon number is more than
30, Component (A) would be difficult to produce and poor
in heat resistance. Specific examples of the alkyl
group for R', R?, R?, R*, R®, R®?, and R’ are butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl,
heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl,
docosyl, tricosyl, tetracosyl, pentacosyl, hexacosyl,
heptacosyl, octacosyl, nonacosyl, and triacontyl
groups. These alkyl groups may be straight-chain or
branched and may be of primary, secondary, or tertiary.
M', M? and M® are each independently an
alkaline earth metal, preferably calcium and/or
magnesium, x, y and z are each independently an integer
of 1 to 3, m is 0, 1 or 2, and n is 0 or 1.
[0025] The base number of the phenate metal
detergent (A) is in the range of preferably 50 to 400
nmgKOH/g, more preferably 100 to 350 mgKQH/g, more

preferably 120 to 300 mgKOH/g. If the base number is

13-
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less than 50 mgKOH/g, corrosive wear could be increased.

If the base number is greater than 400 mgKOH/g, a problem
regarding dissolubillity would arise.

The term "base number" used herein denotes
one measured by the perchloric acid potentiometric
titration method in accordance with section 7 of JIS
K2501 "Petroleum products and
lubricants-Determination of neutralizaticn number”.
[0026] No particular limitation is imposed on the
metal ratio of the phenate metal detergent (A). The
lower limit is, however, 1 or greater, preferably 2 or
greater, particularly preferably 2.5 or greater while
the upper limit is 20 or less, preferably 15 or less,
more preferably 10 or less. The term “metal ratio” used
herein is represented by “valence of metal element x
metal element content (mole%) / socap group content
(mole%)” in the phenate metal detergent (A}“. The
metal element denoctes an alkaline earth metal such as
calcium and magnesium. The soap group denotes phenol
group.

[0027] The content of Component (A) described above
in the lubricating oil composition of the present
invention is necessarily 0.005 mocle/kg or more,
preferably 0.01 mole/kg or more, more preferably 0.015

mole/kg or more as the scap group on the basis of the

_.14_
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total mass of the composition. If the conient is less
than 0.005 mole/kyg, the resulting composition could not
obtain necessary heat resistance and anti-scuffing
properties.

(00281 The lubricating o0il composition of the
present invention may contain a metal detergent other
than the phenate metal detergent (A) in order to adjust
the base number of the compesition. Specifically, the
metal detergent may be one or more metal detergents
selected from sulfonate detergents, salicylate
detergents, carboxylate detergents, and phosphonate
detergents.

i0029] The sulfcnate detergent may be an alkali
metal salt or alkaline earth metal salt of an alkyl
aromatic sulfonic acidpreduced by sulfonating an alkyl
aromatic compound having a molecular weight of 300 or
more, preferably 400 to 700 arnd/or an (overbased) basic
salt of the alkali metal salt or alkaline earth metal
salt. Examples of the alkali metal or alkaline earth
metal include sodium, potassium, magnesium, barium and
calcium. Preferred are magnesium and/or calcium.
Particularly preferred is calcium.

{0030] Specific examples of the alkyl aromatic
sulfonic acid include petroleum sulfonic acids and

synthetic sulfonic acids. The petroleum sulfonic
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acids may be those produced by sulfonating an alkyl

aromatic compound contained in the lubricant fraction
of a mineral oil or may be mahogany acid by-produced
upon production of white oil. The synthetic sulfonic
acids may be those produced by sulfonating an alkyl

benzene having a straight-chain or branched alkyl group,
produced as a by-product from a plant for producing an
alkyl benzene used as the raw material of a detergent
or produced by alkylating polyolefin to benzene, or

those produced by sulfonating alkylnaphthalenes such
as dinonylnaphthalene. ©No particular limitation is

imposed on the sulfonating agent used for sulfonating
these alkyl arcmatic compounds. In general, fuming

sulfuric acids or sulfuric acid may be used.

[0031] The salicylate detergent may be an alkali

metal or alkaline earth metal salicylate having one

hydrocarbon group having 1 teo 19 carbon atoms and/or
an (overbased) basic salt thereof; an alkali metal cor
alkaline earth metal salicylate having one hydrocarbon
group having 20 tc 40 carbon atoms and/or an (overbased)

basic salt thereof; or an alkali metal cr alkaline earth
metal salicylate having two or more hydrocarbon groups
having 1 to 40 carbon atoms and/or an (overbased) basic
salt thereof (these alkyl groups may be the same or

different). Examples of the alkali metal or alkaline

-16-~-
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earth metal include sodium, potassium, magnesium,

barium, and calcium. Preferred are magnesium and/or
calcium. Particularly preferred is calcium.
[0032] The base number of the metal detergent other

than the phenate metal detergent (A) used in the present
invention is in the range of preferably 100 to 500
mgKOH/g, more preferably 120 to 450 mgKOH/g, more
preferably 150 to 400 mgKOH/g. If the base nunmber 1is
less than 100 mgKOH/g, corrosive wear could be
increased. If the base number is greater than 500
mgKOH/g, a problem regarding dissolubility would arise.
No particular limitation is imposed on the metal ratio
of themetallic detergent. The lower limit is, however,
1l or greater, preferably 2 or greater, particularly
preferably 2.5 or greater. The upper limit is 20 or
less, more preferably 15 or less, particularly
preferably 10 or less.

f0033] The content of the metal detergent other than
the phenate metal detergent (&) in the lubricating oil
composition is from 0 to 30 percent by mass, preferably
from 0 to 20 percent by mass, particularly preferably
from 0 to 15 percent by mass in the form of containing
a diluent such as a lubricating base oil on the basis
of the total mass of the composition.

{0034] The lubricating oil composition of the
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present invention contains necessarily an aminic
antioxidant as Component (B). Examples of the aminic
antioxidant used in the present invention include
diphenylamines having one or more alkyl group having
4 to 20 carbon atoms (hereinafter merely referred to
as “diphenylamines”) and N-phenyl-a-naphtylamine.
Preferred is diphenylamines.

[0035] The substituent of the diphenylamine may be
positioned at any position on the benzene ring. When
the diphenylamine has two or more alkyl groups, these
alkyl groups may be positioned on any of the benzene
rings. The carbon number o¢f the alkyl group is
preferably from 4 to 20, more preferably from 4 to 15,
more preferably from 4 to 12. If the carbon number is
fewer than 4, the resulting composition could be
insufficient in antioxidation properties. If the
carbon number is more than 20, it couldmake it difficult
to produce the composition.

{0036] Specific examples of the diphenylamines
include straight-chain or branched
dibutyldiphenylamine, straight-chain or branched
dioctyldiphenylamine, straight-chain or branched
dinonylphenylamine, straight-chain or branched
didecyldiphenylamine, and mixtures thereof.

Preferred are dibutyldiphenylamine and

~18-
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dioctyldiphenvliamine.

[0037] No particular limitation is imposed on the
content of Component (B) in the lubricating oil
composition of the present invention. However, the
content is preferably 0.1 percent by mass or moere, more
preferably C.15 percent by mass or more, more
preferably 0.2 percent by mass or more, particularly
preferably 0.3 percent by mass or more and preferably
5 percent by mass or less, more preferably 3 percent
by mass or less, particularly preferably 2 percent by
mass cr less. If the content is less than 0.1 percent
by mass, the resulting lubricating composition tends
to be insufficient in thermal and oxidation stability.
If the content of Component (B) is more than 5 percent
by mass, the resulting composition tends to be pocor in
storage stability.

[0038] The lubricating oil composition of the
present invention contains necessarily an oil-soluble
molybdenum compound as Component (C). Examples of the
cil-soluble molybdenum compound include
sulfur-containing organic molybdenum compounds such as
molybdenum dithiophosphate (MoDTP) and molybdenum
dithiocarbamate (MoDTC); complexes of molybdenum
compounds (for example, molybdenum oxides such as

molybdenum dioxide and molybdenum trioxide, molybdic
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acids such as orthomolybdic acid, paramolybdic acid,
and sulfurized (poly)molybdic acid, metal salts of
these molybdic acids, molybdic acid salts such as
ammonium salts of these molybdic acids, molybdenum
sulfides such as molybdenum disulfide, molybdenum
trisulfide, molybdenum pentasulfiide, and molybdenum
polysulfide, sulfurized molybdenum acid, metal and
amine salts of sulfurized meclybdenum acid, and
halogenated molybdenum such as molybdenum chloride)
and sulfur-containing organic compounds (for example,
alkyl(thio)xanthate, thiaziazole,
mercaptothiadiazole, thiocarbocnate,
tetrahydrocarbylthiuramdisulfide,
bis(di(thio)hydrocarbyldithiophosphonate)disulfide,
organic (poly)sulfide, and sulfurized esters) or other
organic compounds; complexes of sulfur-containing
molybdenum compounds such as the above-mentioned
molybdenum sulfides and sulfurized molybdenum acid and
alkenyl succinicimide.

[0039] Rlternatively, the cil-soluble molybdenum
compound may be an oil-soluble molybdenum compound
centaining no sulfur as a constituent element.
Examples of such a molybdenum compound include
molybdenum-amine complexes, molybdenum-succinicimide

complexes, molybdenum salts of organic acids, and
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molybdenum salts of alcohols, amcong which preferred arse
molybdenum-amine complexes, molybdenum salts of
organic acids, and melybdenum salts of alcohols.
[(0040] Among these oll-scluble molybdenum
compounds, preferred are MoDTC and/or MoDTP, most
preferred is MoDTC.

(0041 The content of Component (C) if contained in
the lubricating oil composition of the present
invention is preferably from 30 to 500 ppm by mass on
the basis cof molybdenum of the total mass of the
composition. The lower limit content on the basis of
melybdenum is preferably 50 ppm by mass or more, more
preferably 80 ppm by mass or more while the upper limit
content is preferably 400 ppm by mass or less, more
preferably 300 ppm by mass or less. If the content on
the basis of molybdenum is less than 30 ppm by mass,
sufficient anti-scuffing properties may not be
attained.. If the content is more than 500 ppm by mass,
the detergency of the resulting composition would be
adversely affected.

[0042] In addition to the above-described
components in order to further improve the properties
of the lubricating oil composition of the present
invention or add other required properties thereto, any

additives that have been conventionally used in a

21—
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lubricating oil may be added in accordance with the
purposes. Examples of such additives include ashless
dispersants, antioxidants, friction modifiers,
viscosity index improvers, corrosion inhibitors, rust
inhibitors, demulsifiers, metal deactivators, pour
point depressants, anti-foaming agents, and dyes.
[0043] The lubricating oil composition of the
present invention may contain an ashless dispersant as
Component (D).

The ashless dispersant may be any ashless
dispersant that has been used in a lubricating oil.
bExamples of the ashless dispersant include
nitrogen-containing compounds having in their
molecules at ieast one straight-chain or branched alkyl
or alkenyl group having 40 to 400, preferably 60 to 350
carbon atoms and derivatives thereocf, Mannich
dispersants, and modified products of alkenyl
succinicimides. When Component (D) is used, any one
or more of these compounds may be added.

If the carbon number of the alkyl or alkenyl
group of the nitrogen-containing compounds or
derivatives thereof is fewer than 40, Component (D)
would be poor in dissolubility in the lubricating base
oil. Whereas, if the carbon number of the alkyl or

alkenyl group is more than 400, the resulting

_22_
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lubricating o0il composition would be deteriocorated in
low-temperature fluidity. The alkyl or alkenvl group
may be straight-chain or branched but is preferably a
branched aikyl or alkenyl group derived from oligomers
of olefins such as propylene, lI-butene or isobutylene
or a cooligomer of ethylene and propylene.

[0044] The ashless dispersant may be any one cr more
of compound selected from the following Components
(D-1} to (D-3):

(D-1} succinimides having in their molecules at
least one alkyl or alkenyl group having 40 to 400 carbon
atoms and derivatives thereof;

(B~-2) benzylamines having in their molecules at
least one alkyl or alkenyl group having 40 to 400 carbon
atoms and derivatives thereof; and

(D-3) polyamines having in their molecules at
least one alkyl or alkenyl group having 40 to 400 carbon
atoms and derivatives therecof.

[0045] Specific examples of (D-1) succinimides

include compounds represented by formulas (4) and (5):
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N—(CHCHNH)—H (4)
\O

2

R /O 0\ R’
N—(CHCHNH)—CHCH;—N )
O Q

[0046] In formula (4), R' is an alkyl or alkenyl

group having 40 to 400, preferably 60 te 350, and h is
an integer of 1 to 5, preferably 2 to 4. In formula
(5}, R® and R* are each independently an alkyl or alkenyl
group having 40 to 400, preferably 60 to 350 carbon atoms,
and particularly preferably polybutenyl group, and i
is an integer of 0 to 4, preferably 1 to 3.

[0047] Components (D-1) include mono-type
succinimides wherein a succinic anhydride is added to
one end of a polyamine, as represented by formula (4)
and bis-type succinimides wherein a succinic anhydride
is added to both ends of a polyamine, as represented
by formula (5). The lubricating oil composition of the
present invention may contain either type of the
succinimides or mixtures thereof but preferably

contains bis-type succinimides.
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Specific examples of the polyamine include
diethylene triamine, triethylene tetramine,
tetraethylene pentamine, and pentaethylene hexamine.
[0048] Specific exanples of Compcnents (D=2)

include compounds represented by formula (6):

Ré
CH,NH—(CH; CHZNH)J.——H (6)
(00491 In formula (6), R? is an alkyl or alkenyl

group having 40 to 400, preferably 60 to 350 carbon atoms,
and j 1s an integer of 1 to 5, preferably 2 to 4.
No particular limitation is imposed con the
the methed for producing the benzylamines that are
Components {D-2). They may be produced by reacting a
polyolefin such as a propylene oligomer, polybutene,
or ethylene-a -olefin copolymer with a phenol so as to
produce an alkylphenol and then subjecting the
alkylphencl to Mannich reaction with formaldehyde and
a polyamine such as diethyleﬁetriamine,
triethylenetetramine, tetraethylenepentamine, or
pentaethylenehexamine.
[0050] Specific examples of Component (D-3) include
compounds represented by formula (7):

R°-NH- (CH,CH,NH) ,~H {(7)

-285-

lin



vz CB Ito | so oo 5 072 Ot cosl esz Bass Ol Conposition mass%
Base Ol A ( 500 neutral ) nass% Base 0113 ( 150 bright stack) nass% Base 0110
( 250 neutral ) nass% gssetunoi-ova | a Ho ssso Base O 1| E (PAO-10 nmass%

| (Aromatic Content in Base O1l) mass% ( ang as so sosom oa issH n

wherein R® is an alkyl or alkenyl group having 40 to
400, preferably 60 to 350, and k is an integer of 1 to
5, preferably 2 to 4.

No particular limitation is imposed on the
method for producing the polyamines that are Components
(D-3). For example, the polyamines may be produced by
chlorinating a polyolefin such as a propylene cligomer,
pclybutene, or ethylene-o-clefin cepolymer and
reacting the chlorinated polyolefin with ammonia or a
polyamine such as ethylenediamine, diethylenetriamine,
triethylenetetramine, tetraethylenepentamine, and
pentaethylenehexamine.

[0051] Specific examples of the
nitrogen-containing compound derivative that is an
example of the ashless dispersant include a
boron-modified compound produced by allowing any of the
above-described nitrogen-containing compounds to
react with boric acid so as to neutralize or amidize
the whole or part of the remaining amino and/or imino
groups; a modified compound produced by allowing any
of the above-described nitrogen-containing compounds
to react with a monocarboxylic acid (fatty acid) having
1 to 30 carbon atoms, or a polycarboxylic acid having
2 to 30 carbon atoms, such as oxalic acid, phthalic acid,

trimellitic acid, and pyromellitic acid or anhydrate
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having 2 to €& carbon atoms or

hydroxy(polyloxyalkylenecarbonate, i.e., by an

oxygen—-containing organic compound so as to neutralize

or amidize the whole or part of the remaining amino

and/or iminoc groups; a phosphoric acid-modified

compound produced by allowing any of the

above-described nitrogen-~containing compounds to

react with phosphoric acid so as to neutralize or

amidize the whole or part of the remaining amino and/or

imine groups; a sulfur-modified compound produced by

allowing any of the above-described

nitrogen-containing compounds to react with a sulfuric

compound; and a medified product produced by combiring

two or more selected from the modifications with boron

an oxygen~containing organic compound, phosphoric acid,

and sulfur, of the abeve-described nitrogen-containing

compounds.

i0052) The content of the ashless dispersant if

contained in the lubricating oil cémposition of the

present invention is preferably from 1 to 8 percent by

mass on the basis of the total mass of the composition.

[0053] The lubricating oil composition of the

present invention may contain an extreme pressure

additive. HEligible extreme pressure additives are any
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extreme pressure additives and anti-wear agents that
have been used in a lubricating oil. For example,
sulfuric-, phosphoric- and sulfuric-phosphoric
extreme pressure additives may be used. Specific
examples 1include phosphorus acid esters,
thiophosphorus acid esters, dithiophospheorus acid
esters, trithiophosphorus acid esters, phosphoric acid
esﬁers, thiophosphoric acid esters, dithiophosphoric
acid esters, trithiophosphoric acid esters, amine
salts, metal salts or derivatives therecotf,
dithiocarbamates, zinc dithiccaramates, molybdenum
dithiocarbamates, disulfides, polysulfides,
sulfurized olefins, and sulfurized fats and oils.
In the present invention, zinc
dithiophosphate and/or polysulfides are preferably
used as extreme pressure additives and anti-wear
agents.
inos54] When the lubricating ©il composition of the
present invention contains the extreme pressure
additive, no particular limitation is imposed on the
content thereof, which is, however, preferably from
0.05 to 5 percent by mass, more preferably from 0.1 to
2 percent by mass, particularly preferably frem 0.2 to
1 percent by mass. When the extreme pressure additive

is contained in an amount of less than 0.05 percent by
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mass, it has no efiect of further improving the
anti-wear properties and anti-seizure properties of
the resulting composition. When the extreme pressure
additive is contained in an amount of more than 5 percent
by mass, the resulting compocsition would be
significantly deteriorated in high temperature
detergency.

[0055] The lubricating oil composition may contain
an antioxidant other than Component (B) that is an
aminic antioxidant, such as phenclic antioxidants and
metallic antioxidants such as copper and molybdenum
antioxidants. The content of these antioxidants if
contained in the composition is generally from 0.1 to
5 percent by mass.

Examples of the friction modifier include
ashless friction modifiers such as fatty acid esters,
aliphatic amines, and fatty acid amides, and metallic
frictionmodifiers such as molybdenumdithiocarbamates
and molybdenum dithiophosphates. The content of the
friction modifier is usually from 0.1 to 5 percent by
mass on the basis of the composition.

{0056] Examples of the viscosity index improver
include polymethacryalte, olefin copolymer,
styrene-diene copolymer, styrene-maleic anhydride

ester copolymer, and polyalkylstyrene viscosity index
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improvers. The mass average molecular weight of the
viscosity index improver is usually from 10,000 to
1,000,000, preferably from 50,000 to 500,000. The
content of the viscosity index improver if contained
in the composition of the present invention is usually
from 0.1 to 20 percent by mass on the basis of the
composition.

[6057] Examples of the corrosion inhibitor include
benzotriazole~, tolyltriazole-, thiadiazole-, and
imidazole-types compounds.

Examples of the rust inhibiteor include
petroleum sulfonates, alkylbenzene sulfcnates,
dinonylnaphthalene sulfonates, alkenyl succinic acid
esters, and polvhydric alcohol esters.

Examples of the demulsifier incliude
polyalkylene glycol-based non-icnic surfactants such
as polyozxyethylenealkyl ethers,
polyoxyethylenealkylphenyl ethers, and
polyoxyethylenealkylnaphthyl ethers.

[0058] Examples of the metal deactivator include
imidazolines, pyrimidine derivatives,
alkylthiadiazoles, mercaptobenzothiazoles,
benzotriazoles and derivatives thereof,
1,3,4-thiadiazolepolysulfide,

1,3,4-thiadliazolyl-2,5-bisdialkyldithiccarbamate,

_30_
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2-(alkyldithio)benzeoimidazole, and
B -(o-carboxybenzylthio)propionitrile.

Examples of the anti-feoaming agent include
silicone oil with a 25°C kinematic viscosity of 100 to
100,000 mm?/s, alkenylsuccinic acid derivatives,
esters of polyhydroxy aliphatic alcohols and
long~chain fatty acids, aromatic amine salts of
methylsalicylate and o-hydroxybenzyl alcohol,
aluminum stearate, potassium oleate,
N-dialkyl-allylamine nitroaminoalkanol, and
isoamyloctylphosphate, alkylalkylenediphosphates,
metal derivatives of thicethers, metal derivativas of
disulfides, fluorine compounds of aliphatic
hydrocarbons, triethylsilane, dichlorosilane,
alkylphenyl polyethylene glycol ether sulfide, and
flucreoalkyl ethers.

[0059] When these additives are contained in the
lubricating oil compositicn of the present invention,
the corrosion inhibitor, rust inhibitor and

demulsifiier are each contained in an amount of usually
0.005 to 5 percent by mass, the metal deactivator is
contained in an amount of usually 0.005 to 1 percent
by mass, and the anti-foaming agent is contained in an
amount of usually 0.0005 to 1 percent by mass, all on

the basis of the total mass of the composition.
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[0060] The kinematic viscosity at 100°C of the
lubricating o0il composition of the present invention
is necessarily 12.6 mm?/s or higher, preferably 13 mm?/s
or higher, more preferably 14 mm?/s or higher. If the
100°C kinematic viscosity is lower than 12.6 mm?/s, the
resulting composition would lack in oil film formation
properties, possibly resulting in scuffing or excess
wear.

[0061] The base number of the lubricating oil
composition of the present invention is necessarily
from 20 to 100 mg¥QOH/g s¢ as to have excellent high
temperature detergency and acid neutralization
properties even for the case of using a high sulfur
content fuel containing asphaltene. The lower limit is
more preferably 25 mgKOH/g or greater, more preferably
30 mgKQH/g or greater while the upper limit is more
preferably 90 mgKOH/g or smaller, more preferably 80
mgKOH/g or smaller. If the compositicon has a base
number of smaller than 20 mgKOH/g, it would be
insufficient in neutralizing power for acidic
substances such as sulfuric acid generated by the
combustion of fuel, possibly resulting in increased
corrosive wear. If the composition has a base number
of greater than 100 mgKOH/g, the base number is too much

for neutralization of acidic substances such as
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sulfuric acid generated by the combustion of fuel and
thus the excess basic substances would deposit in the
form of ash cn pistons, possibly causing the generation
of excess wear such as scuffing.

[0062] No particular limitation is imposed on the
metal content of the lubricating o0il composition of the
present invention. However, the lower limit is
preferably 0.2 percent by mass or more, more preferably
0.4 percent by mass or more, more preferably 0.7 percent
by mass or more while the upper limit is 3.6 percent
by mass or less, mcre preferably 3.2 percent by mass
or less, more preferably 2.9 percent by mass or less.
If the compesition has a metal content of less than 0.2
percent by mass, the composition would be insufficient
in neutralizing power for acidic substances generated
by the combustion of fuel and fail to exhibit
high-temperature detergency. If the compositicn has
a metal content of more than 3.6 percent by mass, ash
generated after the combustion of fuel deposit on
pistons and increases the wear of cylinders.

[0063] No particular limitation is imposed on the
sulfated ash content of the lubricating oil composition
of the present invention. However, the lower limit is

1.2 percent by mass or more, preferably 2 percent by

ltsc

mass or more, particularly preferably 3 percent by mass -
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or more while the upper limit is preferably 20 percent
by mass or less, more preferably 10 percent by mass or
less. The sulfated ash content referred herein denotes
the value measured by a method described by “Testing
Methods for Sulfated Ash” stipulated in JIS K 2272 5
and mainly originates frommetal-containing additives.
Examnples

[CO&4] The present invention will be described in
more detail with reference to the following Examples
and Comparative Examples but are not limited thereto.
[0065] (Examples 1 fo 16, and Comparative Examples
1 to 13)

Lubricating oil compositions of the present
invention {Examples 1 to 16) and those for comparison
{Comparative Examples 1 to 13) as set forth in Tables
1 and 2 were prepared. Each of the resultiﬁg
compositions was evaluated for oxidation stability and
anti~-scuffing properties by PDSC oxidation stability
test and high-temperature extreme pressure test. The
results are also set forth in Tables 1 and 2. 1In
Examples 1 to 15 and Comparative Examples 1 to 12, the
bilend ratio of two types of base oils was adjusted so
that the compositions to which additives were added had
a 100°C kinematic viscosity of 20.5 mm?/s. Metal

detergents were added so that each of the composition
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had a base number of 40 mgKOH/g.
[0066] (Base 011}

Base 01l A: 500 neutral (kinematic viscosity
at 100°C: 10.8 mm?/s, viscosity index: 97, aromatic
content: 32.2 mass%, %$Cx: 7.4%)

Base Gil B: 150 bright stock (kinematic
viscosity at 100°C: 31.5 mm?/s, viscosity index: 96,
aromatic content: 35.7 mass%, %Ca: 7.4%)

Base 011l C: 250 neutral {(kinematic viscosity

at 100°C: 7.1 mm®/s, viscosity index: 96, aromatic

o

content: 34.9 mass%, %Cnr: 9.3%)

Base 0il D: poly-a-olefin (PAO) 10
(kinematic viscosity at 100°C: 10 mm?/s)

| Base 0il D: poly-o-olefin (PARAO) 40

(kinematic viscosity at 100°C: 39 mm?/s)

(Additives)

1) Metal Detergent

(A) calcium phenate {(calcium ccntent: 9.2
mass%, base number: 250 mgKOH/g, metal ratio: 3.6)

calcium sulfonate (calcium content: 15.5
mass%, base number: 400 mgKOH/g)

calcium salicylate (calcium content: 8.2
mass%, base number: 230 mgKOH/g)

2) Antioxidant

(B-1} diphenylamine {octyl/t-butyl
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mixture}

{B-2) N-phenyl-g~-naphthylamine

Phenolic antioxidant (hindered phenol)

3) 0il-Soluble Molybdenum Compcund

(C-1) MoDTC (molybdenum content 10 mass%)

(C-2)}) MoDTP?P (molybdenum content 8 mass$)

(C-3) Organic molybdenum complex
(molybdenum content 1.1 mass$%)

(C-4) Molybdenum-amine complex (molybdenum
content 10 mass%)

4) Ashless Dispersant (Alkenyi succinimide,
bis type, nitrogen content: 1 massi)

5) Zinc dialkyldithicphosphate (ZnDTP)
(2-ethylhexyl, zinc content: 9.0 mass%, phosphorus
content: 7.4 mass%)

6) Zinc dialkyldithiocarbamate (ZnDTC)
(amyl, zinc content: 6.5 mass%, sulfur content: 12.0
mass$)

[0067] (PDSC Oxidation Stability Test)

A sample‘oil in an amount of 5 mg was taken
and oxidized under an cxygen atmosphere at a pressure
of 2 MPa and a temperature of 200°C and evaluated by
PDSC induction time that is the time until rapid heat
generation occurred by oxidation.

(High-Temperature Extreme Pressure Test)

-36-
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Each composition was evaluated for
high-temperature extreme pressure properties using a
reciprocating friction and wear testing machine (TE77
manufactured by Plint). At a load of 200 N, a vibration
of 50 Hz, and a frequency of 50 Hz, the temperature of
a test piece was increased from room temperature to
350°C at a rate of 5°C/min to measure the friction
coefficient during the temperature increase. The
temperature at which the friction coefficient is
drastically increased is defined as TE77 anti~scuffing
temperature.

[0068]
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[0069] As apparent from the results set forth in
Tables 1 and 2, the lubricating ¢il compositions of the
present invention had excellent results in PSDC
oxidation stability test and high-temperature extreme
pressure test. Whereas, the compositions containing
no phenate metal detergent (Comparative Examples 6 and
7}y, those containing no aminic antioxidant
(Comparative Examples 1 and 3 to 5), those containing
no oll-soluble molybdenum compound (Comﬁarative
Examples 1 to 3, and 8 and 9) and those whose base oil
contains less arcmatic component {Comparative Examples
10 and 11) were poor in both or either of oxidation
stability and anti-scuffing properties; The
composition having a 100°C kinematic viscosity of less
than 12.6 (Comparative Example 13) is poor in
anti-scuffing properties.

Industrial Applicability
[00707 . The lubricating oil composition of the
present invention is excellent in heat-resistance and
suitable as a cylinder lubricating oil composition for
a crosshead type diesel engine and in particular
exhibits excellent effects as a lubricating oil
composition for a latest electronically-controlled two
strokejcycle diesel engine driven under any or all of

such conditions that an ultra long stroke is so that

40—
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an average piston speed is 8 m/s or greater, preferably
8.5 m/s or greater, a combustion pressure is so that
brake mean effective pressure {(BMEP)is 1.8 MPa or
greater, preferably 1.9 MPa or greater, and a cylinder
wall temperature is so that the highest temperature
thereof is 230°C or higher, preferably 250°C cr higher,
particularly preferably 270°C or higher. The
lubricating oil composition of the present invention
can be used as diesel engine oils for various ships and
for cogenerations other than as cylinder oils for

crosshead-type diesel engines.
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oase oir o 250 nmaral mass% | gss'eo( SHOWN ) O ICl ',seal Ease Ol E (
PAC-' 400 nass% ( Aromatic Content iii Base Ol) mass% (tt CA of Base 011)
ourai onon inopy (A) Ca Phonate inreass% Ca &Alienate ;nmassy | Ca Salicylate
Mai nsail ( phonate content) ntVvkg | tuepytODUN ( D-1 ) Di phenyl arnine innost%
I ( B-2 ) N phenyl-a-naphthylam no i nmass% 2000LUL281PuNd O | Sol ubl e
Mol ybdonum Conmpound % . u.eulolipvl ( G2) MoDTP inmasa ( G3 ) Oganic M
Conpl ex 'amass% | gos800!(-fr-o ) MxLomgent innbss% | Ashl ess Di spersant
i nmass% Zn DTP i nreass% | 3ssougui 010 LI Z!' Z1 Contort rnassppm Properties of
Conposition Kinematic Viscosity ( 100C) mmez/s Base Nunber ( aerobic& acid
maKOH g 1 nethod ) POSC Induction Tinme rriM Te77 Anti-scoffing 'fonperature
'C (Claim 1] A cylinder lubricating oil composition
for a crosshead-type diesel engine, comprising:
a base o0il having an aromatic content of 8.5
percent by mass or more; and on the basis of the total
mass of the composition
(A) an atkaline earth metal phenate in an
amount of 0.005 mole/kg or more on the basis of phenate
socap content;
(B) an aminic antioxidant in an amount of 0.1
to 5 percent by mass; and
(C) an oil-soluble molybdenum compound in an
amcunt of 30 tec 500 ppmby mass on the basis of molybdenum,
and having a base number of 20 to 100 mgKOH/g and a 100°C
kinematic viscosity of 12.6 mm?/s or higher.
[Claim 2] The cylinder lubricating oil
composition for a crosshead-type diesel engine
according to claim l wherein (B) the aminic anticoxidant
is an alkyldiphenylamine and/or
N-phenyl-a-naphthylamine.
(Claim 3] The cylinder lubricating oil
composition for a crosshead-type diessl engine

according to claim 1 or 2 wherein (C) the oil-soluble

molybdenum compound is molybdenum dithiocarbamate
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[ 0069] As apparent fromthe results set forth in Tables 1 and 2, the

| ubricating oil conpositions of the present invention had excellent results in
PSDC oxi dation stability test and high-tenperature extrene pressure test.

Wer eas, the conpositions containing no phenate netal detergent (Conparative
Exanples 6 and 7), those containing no am nic antioxidant (Conparative
Exanples 1 and 3 to 5), those containing no oil-soluble nolybdenum conpound
(Comparative Exanples 1 to 3, and 3 and 9) and those whose base oil contains

| ess ar omati cEonPendrt! {edbtparativée BaihpFesate -and 11) were poor in both or
ei ther of oxiggﬁion stability and anti-scuffing properties. The conposition
havi ng a 100C ki Aeffatlilc vi scosity of! 1edert Ak “iE % {tonpartat i ve Exanpl e 13)
is poor in anti-scuffing properties. Industrial Applicability [0070] The

| ubri cating of P™BEAPGSit on®bf 2t Ré 5rdserit~ FrPentiiGiFS s exeéfPent in

heat -resi stance and .suitable as a cylinder lubricating oil conposition for a
crosshead type“dP&ser % @i%%yéﬁﬁaPﬁyﬁ&FﬁWEhﬂaFoé&ﬁpﬁﬁt exC8Hentiffects as a

| ubricating oil,conmposition for a latest electronical]y-controlled two stroke
cycl e di esel é%bfﬁéa&%VV%%Sd%ﬂ%?eﬁﬁﬁn5rlﬁJﬁnd¥“%%%h‘%%ﬁd??i A thattan ultra

| ong stroke i,s_so_that average pi.stan speed.is 8 ms_or, greater,
preferably 8.%yn¥gsgr(ﬁ}eg%%r?aagéoﬁﬂi§ﬂ?%n B?@%sﬁF§”1§3§otP%at brake nean
effective pressy Esggqgﬁ) is 1.8 MPa or greater, preferably 1.9 MPa or
greater, and ac§|r1erv®H tenperature is so that the highest tenperature
thereof is 230C or higher, preferably 250C or higher, particularly preferably
270C or higher. The lubricating oil conposition of the present invention can
be used as dieseL engine oils for various ships and for cogenerations other
than as cylinder oils for crosshead-type diesel engines. CLAIMS [Caim1l]A
cylinder lubricating oil conposition for a crosshead-type di esel engine,
conpri si ng: a base oil having an aromatic content of B.5 percent
by mass or nore; and on the basis of the total nass of the conposition

(A) an alkaline earth netal phenate in an anmount of 0.005 nole/kg or nore on
t he basis of phenate soap content; (B) an am nic antioxidant in
an anount of 0.1 to 5 percent by mass; and (© an oil-sol uble
nmol ybdenum conpound in an anount of 30 to 500 ppm by nass on the

basi sof nol ybdenum and havi ng a base nunber of 20 to 100 ngKOH g and a 100C
ki nematic viscosity of 12.6 nmmR/s or higher. [C aim21The cylinder |ubricating
oil conposition for a crosshead-type diesel engine according to claiml
wherein (B) the am nic antioxidant is an al kyl di phenyl am ne and/ or

N- phenyl - a- napht hyl am ne. [ aim 3] The cylinder |ubricating oil conposition
for a crosshead-type diesel engine according to claiml or 2 wherein (C the
oi | - sol ubl e nol ybdenum conpound i s nol ybdenum di t hi ocarbamate and/ or

nol ybdenum di t h ophosphate. [Caim 4] The cylinder lubricating oil conposition
for a crosshead-type diesel engine according to any one of clains 1 to 3
furthcr conprising (D) an ashless dispersant in an anount of 1 to 8percent by
mass on the basis of the total mass of the conposition.
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