SYSTEM 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 system | ubricating oi
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
suitabl e viscosity needed to lubricate a friction portion between a cylinder
and a piston {PIBEBALE¥ERGYAIAH Ga OfldnCOMA® 3107 el i @R r-Ries erlgércy ffdeded to
allow a piston and a piston ring to nove appropriately. Furthernore, since for
this engine, a high-sul fur contenbPIffpall BNgeheérally used 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

t he aci di ¢ conponeheshgdélastFsatfluric acid so as to prevent corrosion.
Whereas, the systemoil does not contact conbustion gas unlike the usual

di esel engind BiP1and i & IRBFFRALT Ag G E WhT cheite “tored #nsS¥St&fk and
supplied to hearings with a circulation pu for lubrication and cooling and

i s thus reqm%%RF%BaﬁéPHtﬁﬁ%zf%ﬂ??éBFéQHgg%gi?yCFBP%QQ%ﬁgtﬁﬁFiod(ﬁ time
because it is used for a long tinme unlike the cylinder oil (see, for exanple,
Patent Literd&tu?®®1 BBFIWE- However, a crosshead-type engine for ships has a
probl em that the s%stin1oil is_eventually increased in viscosity by being
mxed with a drip BPFSIERFHOWEhch viscosity increase shoul d be suppressed
has becone a andi roblem 1In rticular, due to the recent grow ng
envi r onnent iggﬂgiﬁenphggpg %a§r888he5EE§V%?ﬁa§&SS§ﬁ a ‘Hetériorfation in fuel
efficiency resulti fro he.incr.eased friction |.oss at .bearings involving

t he vi scosi tycxujhﬁ?gggeo%?% T Uhdcr et P i thd THéar - ex Ozalnng%%ee&%ec?réncy at

pi ston surfaces t e aoled. Citation List, Pat iteratu [ 0003) Pat ent
Literature 153 %pg 2%3 %ﬁ?%n H%LP3§ O@ﬁ-ﬁﬁﬁ?iga Qéﬁ%ﬂbfjﬁ%05$575491 Summary of
| nvention Te *U‘LBE?L E’Ti%?t elly LQ?%@S%&{&SE’& M0t o0, Ras, an, obj ect to
provi de a system abric I'ng Ol composition for a cross eaJ?type di ese

engi ne, whic n - t fue fici eferj ti.o ressing the

Vi scosity ing?%gsggﬁ %ﬁ%ﬁiéﬁL%o§ r%%ﬁggﬁ%ﬁgdngégﬁﬁear&?ﬁ?%éggg ext ensive
study and researels s the Rrasent ¢ bnyention yas, aseqmpligheds op Lhe basis of the
finding that a lTubricating oil conposition containing a s ecific pol ymer can
bal ance a vi $£08i;t ¥ | BeTRASE, gause a0y, el ngom )fE?Lth\ﬁotrh 2 drhpagid and a

Vi scosity decrease gue to thermal deconposition of a polyner and thus is an
adVantageOUS'ﬁﬁﬁ&%%%h'%Q>§M§£§€éth@é%§f§Qh9g|n%%%@&ﬁ“&éoglﬁg% 2 _
crosshead-type di esel engine. pecifically, a system oi
conprising a jubrieatinng basesobh blignded, %50eaa§>}g%g)piyﬂsnyhaw ng a vinyl
aromati ¢ hydrocarbon structure in the nolecule and/or an ol efin copol yner,

whi ch have chafaeterhstics $hateare exapld edhghReshear sy@bklLitey but likely to
deconpose with heat nakes it possible to decrease the viscosity of the system
oi | by the deconpesit rqr10f sthenpRLYNBS vale Pirst0N nsUelacem ¢ & es €90l ed and

t hus bal ance out the viscosity increase caused by being m xed with a cylinder
drip oil therebysiippsessing fuel £ffickenty,odehesi ofahi 06 510006] Jhat is,
the present invention relates to a systen1ld%ricating oil conposition for a
crosshead-t ypec diegeheengidte £ONMPrESEBE LR o1 Nef ab £ base @il 1and/Ofo@e Synt heti c
base oil, and (A) (a-1) a star polymer having a vinyl aromatic hydrocarbon
structure in 4 heymeheew .e and/ordéa-2p arvetdyt ene- arelafdm, copel ymer or a
hydr ogenat ed conpound thereot, and having a base nunber of 4 to 20 ngKOH g and
a 100C ki nenatytivibeeosiitly 0§ Fehutiaekb.®b MARES. 2 function to

neutralize the acidic components such as sulfuric acid

S0 as to prevent corrosion.



[ 0007] The present invention also relates to the foregoing systemlubricating
oil conposition for a crosshead-type di esel engine wherein Conponent (a-1) is
a conpound having a structure wherein the polymer or copolynmer of a diene
extends radially fromthe core of the vinyl aromatic hydrocarbon |ocated in
the center of the nolecule. The present invention also relates
to the foregoing systemlubricating oil conposition for a crosshead-type

di esel engine wherein yhe dyl @nomaLLe hydrocaiben s cdiodyl benzene.
The present invention also relates to the foregoing system | ubricating oi

conposi ti onchaib s cf @ssheadnhype di-asel sengi ng sher ei iyt he pohyopy or

copol yner of a diene is oolyisoprene or an isoprene-styrene copol yner.

[ 0003] The presentl.dmwveskionqalssion reh akes ko stthe S0r £90ENg sy Stem | ubri cati ng
oi |l conposition for a crosshead-type diesel engine further conprising at |east
one type sekegtad 4 omt beagrioups conshshi ag ofu I(B) i o8t ahingdetrergents, (O zinc
di al kyl di t hi ophosphates, (0) rust inhibitors and (E) ashl ess di spersants.

The present lumwentd ohcal sadr elcatlesn ¢ oatfie isoregod nge gy skem ltubri cating oil
conposition for a crosshead-type di esel engine wherein the base oil has a 100C
Ki nemati ¢ vinsdosidiyn ef s8.1% «tdl O v3 amP4 5t v Adviant ageeuscEfibects ofménventi on

[ 0009] The use of the system lubricating oil conposition for a crosshead-type
di esel engi hecafudde prieserted fwenta dmmpkesnd turpaisiss bl e toy sUppe ess t he
viscosity fromincreasing, resulting in inhibition of fuel efficiency
deteriorati on.l Destti pfponeofarEnbodi Prents t[ Q0LC] ddeu peedebte liowjention wi Il be
described in details bel ow. No particular limtation is inposed
on the typeHofvdwibri cat cngshdseaditybe begused fortheipygstem laubricating oil
conposition for a crosshead-type diesel engine of the present invention

(her ei naf t el rvérlety heffertrhed sty fasm "ahle ilulsriccdtydgl vi incoapesit Lon  of the
present invention"), which may be a mneral oil, a synthetic oil, or a mxture
t hereof . [ OOLE|pectYiky exanpl 8l vfdt Wethi Aet al Pbasé - ophdi hekudecthose which
can be produced by subjecting a |ubricating oil fraction produced

byvacuum di iS993 hyt anl AEFESHIFeritO Wi St ¢ | arPod sFetabri ot | °2@8Ukt Rng from
atnospheric distillation of a crude oil, to any one or nore treatnents

sel ect ed frdmisol ventlaeasphal etng, 18dt ¥eht cekeractier.© hjgr beFatki ng, sol vent
dewaxi ng, and hydrorefining; wax-isonerized mneral oils; and those produced
by i someri zi9$ G VRAXY 62 Li 4F BE VAR iy otiut ed® FhPEGdh F scher - Tropsch
process. [00121Specific _exanples of the synthetic_ base oil include pol ybutenes
and hydr ogeRdted Tdrpothdé ot pbEyIa- 3 efihs SGEACAS ™ EYoct ene pl i gomer
and 1-decene ol igoper,_and dr.ogenat ed c ounds thereof; copolyners of

oyl ene_haviaR: S REP g S vl agd T etafiar T er Ot bPS8. B00° 61 FaYs. and
a-olefins having 3. to 39 carbon atons; diesters suc a%iditridocgl gl utarate,
di - 2- et hyl héxy/1® atit pat 6" SdiV LSEEeCytY atif pateé ® *dict’r i°dedy|® B pare afd

di -2-ethyl h | .sebacat e, pulyol.  esters such as_ trinethylol propane capryl afe,
r1 methy! ol Bl BpdnE per &r BRAEs S Fhanr Ry T I tore S Br PO hESaHoste end
pentaerythr%%gjnglargonate; copol yners of dicarboxylic acids such as dibutyl
mal eat e and a-&Ie ins having 2 to 30 carbon atons; aromatic synthetic oils
such as alkylnapn%hgl$m%s, %hﬁylbenzenes, and aromatic esters; and m xtures of
the foregoing. [O 1 f ﬁenlﬁbrlcating base oil used in the lubricating oi
conposi tion of thﬁaggggeﬂ?éégga j.gn may be any one or nore type of the

m neral base oils or synthetic base oils or a m xture of one or nore of the

m ner al basq(ghj§%and @gﬁgthnp{@eggtEQ% %Yﬁtﬁfééﬁe ase Qids. [0014] The 100C

ki nematic viscosity of t ubricating base oil used in the present invention

i s preferably Q3 [ $.90 5l OWel o, "RLE pleferaplyo8.5 m2/s or |ower, nore
preferably 8.0 /s or |ower. \Wereas, the 100C ki nematic viscosity is

preferably 3.5 m&ignathigher,8REeopreferably 3.8 mm2/s or higher, nore
preferably 4.0 nmm2/s or higher. The 100C ki nematic viscosity referred herein
denot es one defi nedchYiBRESIMEO-ddbearm! f the 100C ki nematic viscosity is higher
than 9.3 mMis, the resulting conposition would be less in viscosity decrease
and thus could not exhibit the

— =



effect of suppressing the viscosity increase when mxed with a cylinder drip
oil. If the 100C kinematic viscosity is lower than 3.5 m®2/s, the resulting
conposition woul d be decreased in viscosity too nuch and thus could be
deteriorated in oil filmformation capability at bearings, possibly causing
seizure. [0015]No particular Iimtation is inposed on the 40C ki nematic
viscosity of the lubricating base cil used in the present invention, which is,
however, preferably 150 nmR2/s or | ower, norepreferablyl20=2/s or |ower, nore
preferably 90l %#R£8 or |OwerprPhendgas,ntdet 40C kizvermt i €oyestosioty is
preferably 15 mm2/s or higher, nore preferably 20 nmm®2/s or higher, nore
preferably 2 hpRiscor Mghesn [|hbirhe a0 i mematciompd sicosdtyfog B gher than
200 m®2/s, the resulting conposition would be less in viscosity decrease and
t hus coul d notreXRlRBRE thiee ®f ¢ e eof cagppreessingch heavi scegiemt ifics base when
mxed with a cylinder drip oil. If the 40C kinematic viscosity is |ower than
50 m2/s, theeFestlensy E6msosi i dhlaouPd bePHEescdsed tie Vilseosityy t oo nuch
and thus could be deteriorated in oil filmformation capability at bearings,
possi bl y caust’hg*$eéFZure. [0016] The viscosity index of the |ubricating base
oil used in the present invention is preferably 85 or greater, nore preferably
90 or greater, nor&°prdfiethbFy 85°6L < eater. No particular linmitation is

i nposed on thF @@ zr limt of the viscosity index. Nornmal paraffin, slack wax
or GIL wax orl7 g raf fi‘f cERFnErEN L i 1QT prodGESd By §'sviér f2ng t he '
foregoi ng may_al so e viscosity index referred herein

b sed. . Th
denot es one ﬁﬁ%%%?éagrﬁtaﬁd%?%%ﬁEE WA 58K 258529988 1 58679 N T ubri cati ng

oi | conposition_ of t resent, i nyention contains necessarily (a-1) a star
ol it havi g 3701 P SRR e & bR SER et € oninCPHELAIEC o and or
(a-2) an ethxigng-a-olefgn c%pol mer qg%a hydroggn ted congound t hereof , as
Cormponent (A °T 0018 Tie “st&F ol ymdt® halFhg=av ﬁgﬁnéfbﬁatﬂéq%&ﬁ%¥arbon
structure in t |L.ecul e that, is Conmponent _ (a-l1) is_ a.,compaund having a
structure mhé?glﬁgﬁﬁg %Fﬁg“% D01y FEP 5?1%%%67§E%r§ 8f *& ﬁdgbéVI f¢(two or
nore) dienes radial | m,t he,.core of the vinyl aromatic_ hydrocarbon
| ocated in tﬁg¥%§§gé%@o€%¥ﬁéa%% e%ﬁ ng[Ggfgfﬁiaﬁ% %%%BPsﬁhéiv}ﬁ@ Aromatic
hydr ocar bon | 9o¢ [ nt er_ of l.e J nel di vi nyl.benzene,
triyinylbenzéﬁe?§§gfrg%?g@?ggné%ﬁg?a|§;%w %??ﬁS??!8?§%%%Hﬁﬁr$-s%ﬁm

et ravi hyl or horr TEarramt ml met RaE °r i et by Posr a s he tyBar a vl ene
divinylnaphthgigégi di-y:nyd et hyl benzene, divinyl bi phenyl,

di i sobut enyl benzene, di’i sopropenyl benzene, and dii sopropenyl bi phenyl. Anmong
t hese conpounds, preferr Esedivwiny bepzenpe: ([0020) T Le noner
constituting the polynefﬁgé copolyné¢ of d?engs has ﬁgg?%ragﬁ§gz to 12 carbon
atons. Speci i, exanplies; bAckude:l, Bz hutadi €08, 5 iSOPF eNA. i PIW BNE.

met hyl pent adi ene, phenylbut adi ne, 3, 4-dinethyl-1, 3-hexadi ene, and

4, 5-di et hyl - 11 300} pdi€N€at E&eéfagsea%%n_ls%-mfaﬂi@% and LSO &N,
Exanpl es of the Pol ynmer or copolyner of dienes that will be a star pol yner

i ncl ude honopod ¥ PBESa 0fo 1 £ne ekl a8 ROl vh $0ar A6 and, copelyners; of diene
such as isoprene-butadi ene copolynmer. Alternatively, copolyners of diene and

ot her nononercifiat airs Reic i eaet (far sexampl €z 2H30pKENESE YT €N 1GORY] yNer)
maybe used. The copol yner may be a random copol yner or a bl ock copol yner.

[ 0021) Conponentcéapi)et hate H S Stark POl Yieso HAYbNEG @ oViEBY: A HIBIH &

hydr ocarbon structure in the nol ecul e used as Conponent (A) in the present

i nvention hasvaswekghty averages yot eew ar pweisght deMynofs preberablaynd0, 000 or
greater, nore preferably 50,000 or greater, nore preferably 100,000 or greater
and pref er ablpolly080,00@ iort d €3S, 1t €s preeber abby «809: 30, 0F a8SSce NOre
preferably 500,000 or less. It the weight average nol ecul ar weight is |ess
than 10, 000, daihe rlesuttsngscanpasidhians €owd ds Bat Hexhihin sufddcientdy an
viscosity adjustnment effect but also the production cost could be increased.
| f the wei ghta ayériage molreéqubarn wekghbyi sugpeatseri thanel, 800,00 dhe

resul ting conposition could be poor in shear stability and coul d not exhibit
an viscosity adjustnent effect as well. [0022] The PSSl (permanent shear
stability index) 23—



of (a-1) the star polynmer having a vinyl aromatic hydrocarbon structure in the
nol ecul e used in the present invention is preferably from21 to 40, nore
preferably from1l to 35, nore preferably 1 to 30, particularly preferably from
1 to 25. If the PSSI is greater than 40, the resulting conmposition is poor in
shear stability and thus could not exhibit sufficiently an viscosity

adj ustnent effect. If the PSSI is less than 1, the resulting conposition could
not exhibit jsyfficiently,an viscosity adjustnment effect as well.

The term "PSSI" used herein denotes the permanent shear stability index of a
pol ymer cal ¢ul d on basi s.of MRASUL i 278-02 (Test
Met hod for %ﬁgg&gStabiﬁﬁﬁi g?'Pgﬁfnégéégﬁﬁgﬁnlng Ffﬁ?ggéggﬁggwgg ur opean

Di esel | nj eet,@r Apparigt us) tiihg conf of BhbY sWitih ASTM D, 6022- 01 (St andard
Practice for Cal culation of Permanent Shear Stability Index). [0023] The

et hyl ene- a- c@lgfdt Lopol yaedi Ok a @aﬁmge@@ﬁlggi@%@ognﬂiw%@%wm i's
Conmponent (a-2) is a copolynmer of ethylene and an a-olefin or a conpound
produced byochydzegenat iang fheneopel yavk. «SpecifiL exanpl es) of fhera-olefin

i ncl ude propyl ene, isobutylene, 1-butene, 1-pentene, 1-hexene, 1-octene,
1-decene, apdllrtodeceneng Ther et hylenenat i coh @hi-8 ccoRR)y eI Wy, be one

consi sting of hydrocarbons that is of non-dispersant type or one produced by
reacting a capaharefowbthlia peldafrocomporndasiuch 1asl én & k-eger-igont ai ni ng
conpound that is a dispersant-type ethyl ene-a-olefin copolynmer. Anong these
conpounds, theainste prefenr eddr @ et byl epeva-yropyhleneocopalnyrer. [ 0024] The
et hyl ene-a-ol efin copol yner or a hydrogenated conpound thereof that is (a-2)
used as Compermentg (A)bi et hempreesenf { nventicomdias! &g wehght awerage nol ecul ar
wei ght (Mn) of preferably 10,000 or greater, nore preferably 20,000 or

greater, nokengmefterablys60s00F antl pr &f epablsy. G080V00. or | ess, nore
preferably 400,000 or |ess, nore preferably 300,000. If the weight average

nol ecul ar wei0git’ li s | eSset lvare <107 000 vEhe iresH 3 mgredapesi tiontkkaul d not
exhibit sufficiently an viscosity adjustnent effect but also the production
cost coul d Berismrieasedlyskem Hallvel ght 1averdde amwlreesl at oneifght 4 s great er

t han 500, 000, the resulting conposition could be poor in shear stability and
thus coul d RéC s Bt dReviidessit v ol st weat céfif ompasiawet | (af0025] The PSSI
(permanent shear stability index) of (a-2) the ethylene--a--olefin copolyner
or a hydrogégfated CuIpouRd EHérgofe isf preferablefredm *hto 5l yndre preferably
from3 to 50, nore preferably from5 to 30, particularly preferably from10 to
28. |f the PSSFopP$ lgmsnt &rf tthah <78 ecdifpohenta¢ae 2y ywoubd beepddrei n shear
stability and thus could not exhibit a viscosity adjustnent effect when added
to a systenPdi FReI¥Lphé PSEraf4Cl REITPRAFPEN LRE A ESUIR hecoRPpbEFti on coul d
not exhibit a viscosity adjustnent effect as well. [0026] The content of
Conponent (Rfiﬁ?%rﬂp}%BPﬂEating oil conposition of the present invention is
preferably from1l to 20 percent by mass, nore preferably from2 to 15 percent
by mass, nore preferabl§°f FIRF 1 EEVSQF&&ﬁ.%%ﬁ%agg}a¥ﬁ§tﬁﬂeﬁQﬁably from 4
to 10 perce@t %¥ mass on the S@ is, of the tatal mass of the conposition. |f

t he content "°S %55 ¥ han®1=fe 5y l8s O tthe FERUF ¢ FAG e difost ti on coul d
not exhibit sufficiently a viscqfit% adLusHpent.effect..If]Fhe content is
more than 20 5&rdetc by Y hass St redr frng "édripdsi tFenv¢Sdid be poor in
handl i ng propert.i causi ng ,adver affects on the production of the

: ibl
conoositionagﬁTﬁﬁi% @ga?508§9ﬁﬂeﬁ?o éyéﬁﬁi$%ﬁﬁ%ﬁ%ency due to the generation

of deposit caused by t@ged%gQQQQ%{angg %h%npqiyggr. The

. r %ates to the . .
et hyl ene--ol efi n copol yner “or "hydr ogenat €d conpound thérést 1% provided in a
state wherein it 1. di W t . 90 _per.ce f m neral cil.
[ 0027] The Iggﬁ%%ﬁf%% %?%gggm&%b }%%tgﬁgt%équggg%?g?ﬁggﬁtioﬁré%ntains

ref erabl | o) § t - ! onsi Stid B) netal
get er gent }s/ @t(r&) %?Iisénc@d?%%%ﬁdi%?heﬁgpﬁg %hg[ngglféer(%)r{)%}%% P%%&ttf)r! Pﬁgrés)JI aﬁld) (D)

ashl ess di spgrsanis.r [9928] Ganpanent (B) ,Lhat,is,a getal, detergent may be one
or nore netal detergents selected from phenate detergents, sulfonate
detergents, salicylate detergents, carboxylate detergents and phosphonate
detergents. [0029] The phenate netal detergent is a phenate netal detergent
containing an alkaline earth netal salt of an al kyl phenol, an

al kyl phencl sul fide or a Mannich reaction product of an al kyl phenol represented
by fornulas (1) to (3) below or an (overbased)basic salt of the al kaline
earth netal salt. Exanpl es of the alkaline earth netal include

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



[0031]In forrmulas (1) to (3), R, R2, R3, R4, R5, R6 and R7 may be the sane or
different fromeach other and are each independently a strai ght-chain or
branched al kyl group having 4 to 30 carbon atons, preferably 6 to 18 carbon
atons. If the carbon nunber is fewer than 4, Conponent (B) would be poor in

di ssolubility in the lubricating base oil. If the carbonnunberisnorethan 30,
Conmponent (B) would be difficult to produce and poor in heat resistance.
Specific exanples of the alkyl group for R, RO, R6, R4, Rs, R6, and R6 are
butyl, pentylishexyne-Réptiane oeeyblvaenyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl,
henei cosyl, dot®s§l, trildosypresenitaddsidnt pent aéasylse hexagosyl thigept acosyl ,
octacosyl, nonacosyl, and triacontyl groups. These al kyl groups may be

strai ght - chaifP 62 9Bt afclied et hayrbeadtipr i vat ycoseesndary bPrtértiary.

M, M2 and Mo are each independently an alkaline earth netal, preferably

cal ci um and/ ¢t* raghesdfamyPe 91 andlz =ace "each! F hdéperddit ys andi Atteger of 1 to
3, mis 0, 1 or 2, and nis 0 or 1. [0032]The sultanate detergent nay be an
al kal i metal s23¥C 0PR8I kdPiens et he fref APTSAINE GFF AP af RYF 1atdiet i sul f oni c
acid produced b sulfogating an al kyl aromati c_conpound, hayi ng a nol ecul ar

wei ght of 300! Torh SSTEFarabl§: 460 £ 708" ARdior an { BY EPEASEd)” basi ¢ sal t
of the al kali tal sal.t aor alkaline earth netal salt. Exanples of the alkal
metal or al kal %ergiitﬁnnﬁﬁiho?ﬁcFB&eaéadﬁh%T§58Fa§§ﬁﬂﬁr Yh&si um bari um
and calcium Preferred gig nagnesi%nyand/or.calciun1 Particul rlﬁhpreferred IS
cal ci um 0033] Speci fic exsnp? e8°6f ‘'t Hé ‘A1 kyt °Ar 8mati & S ¥ ohi & °adi'd i ncl ude
petrol eum sul foni ¢c_aci ds agg sygtgetict§ulfonig aci ds. .The ge%roleun1sulfonic
aci ds may be those®prddaced BY suPfonatityy an al kylMParonut?'¢ €8fpbund
contained in the_ lubricant fraction of a mneral .oil_ or,my be mhogany acid
by- pr oduced Jﬁ%ﬁsﬁg8aﬁcﬁﬁﬁ$<§a%@ﬁ éa%?f?eTﬁgegfﬁt éffibﬁue?éﬁfgqﬁﬁgds may be
those produced by, sul f.gnating an, abkyl. .enzeneshaving @ strai ght - chain or
branched al kyl group, produced as a by-prodﬁct froma plant f'or producing an

al kyl benzene used?agggg%#éghgagg%g@ éﬁog.gggggggg or produced by

al kyl ati ng polyoletin to benzene, or those produced by sul fonating

al kyl napht hal epeso guch as, gl popyLpaphtha poe.,No partdeul g bum tation |5

i mposed on the sulfonating agent used for su??onatlng t hes aﬁkyl aromatic
conmpounds. | . fUm sul furd L r | furi .C] Y used.

[ 0034] The sap$%§$§%gk&gﬁéggggﬁ ng%ﬁgﬁg%&agzg%idﬁgfgﬁ(ﬁiigi%fgﬁéﬁggrth net al

salicyl ate hayinge.qne ;hydracashon.geaun haying: 1140 (19 £a5bppsat eps and/or an
(overbased) basic salt thereof; an al ali netal or alkaline earth netal

salicyl ate haying.gneyhydoacanbon - or.o4p having;20 to 40nqarhon, atoms and/ or
an (overbased) basic Salt thereof; or an al ali netal or alkaline earth netal

salicylate hamiog tweiendmre hydeegarhan (Foups having: to 40 carbon atons
and/ or an (overbased) basic salt thereof (these al kyl groups may be the sane

or different). Anopgsthase: conpedngsrfiaiesred are
al kal i et al or al kal i neearthnetal salicyl ates having one hydrocarbon group

having 8 to 1 caobon atons wngdsern -( overdases) basicpsalts thereofibecause
they are excellent in |owtenperature flowability. Exanples of the alkal

netal or al kaddeheieartvkimetal include sodium potassium nagnesium barium
and calcium Preferred are magnesi um and/or calcium Particularly preferred is
cal cium [0035] The base mwrhert of uCanpaneni: {B) othat bspasiet aln deter gent used
in the present invention is preferahly fromb50 to 500 ngKOH g, nore preferably
from 100 to 4500 agKOH gb riere ipfefierabl yiirom Bo0uted350 mykKOd\gstdH the base
nunber is |less than 100 ngKOH g, corrosive wear could be increased because the
resul ti ng conjpositienicould beconpubfiitCicantfen acic¢ ceiidad i zabieon properties
| f the base nunber is greater than 500 ngKOH g, a probl em regardi ng

di ssol ubilitylwostd anigsee The teenprhasenuhbeehtised freseénndenet-es one
nmeasured by the perchloric acid pctentionetric titration nethod in accordance
with sectionofly|B K250&d" Peta ol eune prdductstand bubrteapbs-iBetet m nation
of neutralization nunber”. [0036] No particular Iimtation is inposed on the
metal ratio of (B) the netal detergent. The lower Iimt is, however, 1 or
greater, preferably 2 or greater, particylarly preferably 2.5 or greater while
the upper Iimt is 20 or less, preferably 15 or less, nore preferably 10 or

| ess.



The term"netal ratio" used herein is represented by "val ence of netal el enent
x nmetal elenent content (nole% / soap group content (nmole%" in (B) the netal
detergent”. The netal el enent denotes an al kaline earth netal such as cal cium
and magnesi um The soap group denotes phenol group. [0037] The content of (B)
the netal detergent if contained in the conposition of the present invention
is usually fromO0.5 to 15 percent by nass, preferably from1 to 12 percent by

mass, partigyl anly, pretarablycfrom.t\5 1,6 110, pereent o By: f@ssy 40038] The
| ubricating oil conposition of the present inverition contains preferably (0)

zi nc_di al kyldist hi.ophosphat es represented-by chermda (4): R3 0\/S\ /OR P Zn
JP, RRO/ \S/ S\OR4 ("4 ) [0039]in formula (4), Rl, R2, R3 and R4 may be the

same or diffepant, fronbg@%hfqtéwéx@rmglageo%acth@é ndependentlywanal kyl group
having 1 to 30 carbon atons, which nay be straight-chain or branchedandof
primary, segondayd. ©f.ap ahkWrarddn gsouprbavidag % § 0s30jearhen; at ons.
[.0040] No particular limtation is inposed on the nethod for producing zinc
di t hi ophosphates dain i S iConpenanto { Gk csieed ajyvseaventiional L netdod may be
used. For exanpl e, an al cohol having al kyl groups corresponding to Rl, R2, R3
and R4 aboveni streacied: W tdi phosphernus pentiasuldide d01lpr Dagcerom

di t hi ophosphoric acid, which is then neutralized with zinc oxide thereby

synt hesi zi ng tzidyp ik t ht ophosphate.i JiO@41EThe ucdenvent, ob &€y the zinc

di t hi ophosphate if contained in the lubricating oil conposition of the present
i nvention i sicpreefter @bt yehitems®1005:¢0 O0rd2 RBerlcentt byeaasda liorey pref erabl y
from0.01 to 0.10 percent by nass, nore preferably from0.02 to 0.08 percent
by mass on tshe vbast seof r phosphor by dofod heckohgl, mweds coft tdweveconposition. |f
the content is less than 0.005 percent by mass, the resulting conposition
woul d fail taeicobtad noextriens r essur €spneperdddesnonegedr oghar;acteti stics
required for a systemoil. If the content is nore than 0.12 percent by nass,
the resul ti ng conmosetitordcoyl d scoregodesnbe&fiingdX séads ringsifinid staffing
box or oil scraper rings. [0042] The lubricating oil conposition of the present
i nvention cant:ai nsrprefedablhy QOJh r s e cihshi-Bi 1ok $¢ L ERARPISES of the rust
inhibitors include sulfonic acid salts (salts of sodium calciumor barium,
succini ¢ acild et vati vescofgarixanmel 8sesf et sestieht A8 tiat Py S&cPdlesters and
sorbitan acid esters, carboxylic acid salts (sodium magnesium barium and
zinc salts ofnastedei poasiod i HaphtAeRiYE &d )2t Bl FRYECYE S cohol parti al
esters such as sorbitan nonoester and pentaerythritol noncester, oxidized
paraffin (oxildizedfwaxdlycar bokxpfiiesacigh afd! phesph6r PEiaeid restérs.
Preferred are sul fonates. [0043] The content of (D) the rust inhibitor if

cont ai ned i i tdRCEBBrdEhY PRET0i N EoMSUST ¥ P BATEA ¢ HBPBHESSNt P RFeMti on i s
preferably from0.005 to bpercent by nass on the basis of the total mass of

t he conposi ti%P 1 YD044] Tie FUbY¥1 R8I AG V319 conpdsPLion "6F 3He present

i nventi on contai ns_preferabl E | ess. dispersants, _. .
moleculgr weightyo% 5,83% or less gnd a—ofeflns having

3 to 30 carbon atoms; diesters such as ditridecyl
glutarate, di-2-ethylhexyl adipate, dilsodecyl
adipate, ditridecyl adipate and di-2-ethylhexyl
sebacate; pclyol esters such as trimethylolpropane
caprylate, trimethylolpropane pelargonate,
pentaerythritol 2-ethylhexanoate and pentaerythritol

pelargonate; copolymers of dicarboxylic acids such as

-G



The ashl ess di spersant may be any ashl ess di spersant that has been used in a
lubricating oil. The ashl ess di spersant nmay be succinic acid i mde,
benzyl am ne, or polyam ne having in their nolecules at |east one

strai ght-chain or branched al kyl or al kenyl group having 40 to 400, preferably
60 to 350 carbon atons, or nodified products thereof. 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 fromoligomers of ol efins such as
propyl ene, 1-butehelomzilsobir y¢enecopr 1z ftiood | gamengof2 etchyl @neaahdnpr opyl ene.

[ 0045) Anong t hese conpounds, preferred are succinimde or products nodified

wi th boron reptresent edohyttthe $ohlkowitng forhul agchRaN - (CH2CH2NH) E-- H (5) 2
RON3 N-(Cl112C1- 12NE) FC1- 12C1-12-N [0046]In formula (5), RL is an al kyl or

al kenyl  groupl havhagh4d ale 299, prlétdial 32605t 02350, ammtehifs an integer of
1to 5, preferably 2 to 4. In fornula (6), R2 and H3 areeach independently an
al kyl or al kehyFegFoup Waviingt 402600400, pres e &by 90 to 350 carbon atoms, and
particularly preferably pol ybutenyl group, and i is an integer of O to 4,
preferably 1 5%0%31[004 hel EBAEEALE 16T theS ashléss s &pkP sait if contained in
t he Iubricatingboll conposition of the present invention is preferably from1
to 8 percent BYCHASE AR Ivet has?Pof L Ehe Nt Gtfalt st dF CRhe 1 8FREISi 2 on.
[0048] In addition to the above-described conponents in order to further

i nprove the ptoperti 88YoPtthed U FeatVR§ 6ifl tduimgbsi e dh BF Sthé Ipresent
invention or add other required properties thereto, any additives that have
been convent iVhatYy-UgedS P35 WhbritatT my BIFEiay Bé &dded s Modccdtidance with
t he purposes. ExaqPIes &f such additives include antiox%dants, extrene
pressure addit?ves i ebPro8RGR PRniSbRT6r 87 Cd8RulsiFi &rs F et 4P “déactf vat or s,
pour poi nt dqfressan s, and anti-foam ng agents. [0049] Exanpl es of the

ant i oxi dants Thefudé~Phenol i ¢ antioxi dants such as nRpc, bisphenol, and

hi ndered phen m ni ¢,.ant oxidant.s such, as_di phenyl am pe_and

N phony! - o naptEhyr an ne P ankt ffal it Cxl okt S CQach Coppet Fend mol ybdenum
ant i oxi dant s. . . The. cont ent, of._ t he anti oxidant if. contained in
the lubricat iln%bjéllf:agérzriﬁosblatsleorﬁ S upS'ree elrnabti@ef[?%%ss.n 51Pge§tplec?%eln% by mass
on the basis 2 t he conposition, [Q050].El Lgi-bl e2 extreme
pressure addﬂ?%%%g%gkggggyggﬁ rg%grbggggﬁfemgagi ?%%% gggjhngJW%dfsagents
that have been. ysed. in a l :ygéggigglgié.OF&p/%g%gp&gw6§ulf%%jg; phosphori c-
and sulfuric-ﬁﬂosp oric extreme press re” addi t'ives may be use&.egbetific

exanpl es include phgsphpr us aGid. esters. L ephpsal r%%f@gis?. EShET 8,

di t hi ophosphorus acid esters, trithiophosphorus aci phosphoric acid

esters, thi op@pfslpb@a!ee,af;ria%:eesg%fergﬁaﬁp} ophosphoy i c,achd @sters, ¢

trithi ophosphoric acid esters, amne salts, netal salts or derivatives

thereof, dithiocarbapates, @ipg?gdithlogaramstes,»dwlybdepumdithiocar bamates,
di sul fides, polysulfidées, sulfurized olefins, and sulfurized fats and oils.

The content of;tbhgsextrene prassue-addi fhyeciels cont aidtaddd ghedipricating
oil conposition of the present invention is preferably fromO0.05 to 5 percent

by nmass on the basis ot the toiat mﬁeﬁnmi&heiggap%iytigmic]{,to(@)'élr]@mpl es of
the corrosion inhibitor include benzotriazole-, tolyltriazole-, thiadiazole-,

and inmdazol®:8ypes/ £0NMPRENESsulting composition would be less in

[

viscosity decrease and thus could not exhibit the
effeotofsuppressingtheﬁiscosityincreasewhenmixed
with a cylinder drip oil. If the 100°C kinematic
viscosity is lower than 3.5 mm®/s, the resulting

composition would be decreased in viscosity too much



[ 0052] Exanpl es of the denulsifier include polyal kyl ene gl ycol -based non-ionic
surfactants such as pol yoxyet hyl eneal kyl ethers, pol yoxyethyl encal kyl phenyl
et hers, and pol yoxyet hyl eneal kyl napht hyl ethers. [0053] Exanpl es of the netal
deactivator include i mdazolines, pyrimdine derivatives, alkylthiadiazoles,
mer capt obenzot hi azol es, benzotri azol es and derivatives thereof,
1, 3, 4-t hi adi azol epol ysul fi de,
1, 3, 4-t hi adizazolylrL2, 5501 sdial kylditihiocat banpt g, : ,
2-(a|kyIdithic)benzof%%gggo?g,ﬁﬁﬁgzgﬁio-cd?bggygé%ziﬁ%ﬁ}5?3?%%%%%?triIe.
[ 0054] The peur, poi i« fepressant; JE Y, bgogsggllmlﬁﬁﬂ!];ag@i%'r}éﬁer that is
suitable for a lubricating base oil to be used. [0055] Exanpl es of the
anti - foam ngoagent inchydgasicliicGoner o {nWE01831236 Kifpeimdd ¢, visgosity of 100
to 100,000 mm®2/s, al kenyl succinic acid derivatives, esters of pol yhydroxy
al i phatic alkooholis angs+ 08gv¢hain ifaf tyr ach dsi ,BLOMRLIG A NE- s@l ts of
nmet hyl sal i cyl ate an o- hydroxybenzyl al cohol, alum num st'earate, potassium
ol eate, N-dualkylialdy:apiae it ricam peabkanel, i &nd; s | spawkkect yl phosphat e,
al kyl al kyl enedi phosuhates, netal derivatives of thioethers, netal derivatives
of disulfideseddunsine corpéusdsr afowad i phatdLphyrdiacarbons,c hkt et hyl sil ane,
di chl orosi | ane, ai kyl phenyl pol yethyl ene gl ycol ether sulfide, and fl uoroal kyl
et hers. [00b&] Whenr rt,hese cagdictdiasesk ay e cant’dined itrwthe | whrd.caisng oil
conposition of the present invention, the corrosion inhibitor, rust inhibitor
and denul si tiher 4are ¢ackcont ained-bnian aropnt fefrabsyallsyn®?085ct0 5 percent
by mass, the netal deactivator is usually contained in an anmount of usually
0.005 to 1 percent, byomassrednd dihkey ahti nfréari ng ageritet s usual |y contained in
an amount of usually 0.0005 to 1 percent by nmass, all on the basis of the
total mass ofr etfhee ohpodh tioh/ s [ ©057) The rki nédatihe vioScosiineed £ 160C of the
| ubricating oil conposition of the present invention is necessarily 7.5 m®2/s
or higher, priefearsably 9s3hrm@/es orh 4 ghep, mmére prdferabbyl 10nam2/ s or hi gher
The kinematic viscosity at 100C is necessarily 15.0 nmm2/s or |ower, preferably
14.5 mP/s errrewart i emor eoprlef érabl 5421 65=2/is wrs 1 owedeckkatsite ar0OC ki nemati ¢
viscosity is lower than 7.5 mmR/s, the resulting conposition would be poor in
filmformatitémscasabidin9t andithds tdoulaf taasecsesrmre s bearihgs. If the
100C ki nematic viscosity is higher than 15.0 mm®/s, the resulting conposition
coul d not sSUREFICEENY y 'Ot 2 PP Stlomd Surfee&s tho abey ebbred, deats? hf- burn of
pi stons and _al so could deteriorate fuel efficiency due to the increased
friction | oss. EPE0L8] Fhelpgse trmMer cofs tthe YuBoivsat ithg ol 88npdsi ti on of the
present invention is necessarily from4 to 20 ngKOH g. The lower [imt is
preferably 5PFgROT Y bt “gr £S5 bt @7 prreterallsy BSTREREOY ¢ lor greater while
the upper limt is preferably 15 KOH g or |ess, nore preferably 10 ngKOH g
or less. |fVtHi& Pase’ nuiBelUrs PSS thsn 40 myRORFg 9 ttive Y25t € ng™ conposi ti on
coul d be poor _in detergency. If the base nunber is greater than 20 ngKOH g,
the conposi Citdn ‘coul d- RETFesEN KPP L o Fémbve i ket #8r eP§F SSiibsY ances in a
purifier. [0059] The |ubricating oil conposition of the present invention is
not only sui"tabl'y appftélbl"e as a systemoil for a crosshead-type diese
engi ne but al an be_used.for trunk-piston-type .diesel engines as well as
gasol i ne, dﬁgégﬁﬁand 94 eeﬁéﬁﬁ@?%ﬁyrﬁﬁ)?%ﬁ%ﬁé%&a$ﬁ9ﬁﬁﬁﬁ?ég? PoWer generators
and cogener at.i,on unjt.s. agples L%0§Q Th%.present in epgggn 'Igrbe descri bed
he

. o1l us. iT t":}%(e re?e eln ion 15E>Prle]%/e .
in nore defail W reference 10 ol'I"ow ng anpl €s an nparative

Exanpl es bu r t lim t her : 061 Exanpl 1l to 18, ,and

Conpar at i vebéxaa‘rsrcpﬁqg’s mfr[gob%%fe@abe}y 90 b8 %J%)#%ﬁf irgﬁ%]?%i rec%%%gwi ons of the
present invention | es ) t . _compar i arative
Exanples 1 ?g g? %égégggforg# F%I%gﬁFgggﬁlgﬁgfaggéﬁg g$e£%§§3?ggggﬁ of the
resulting c 0sjJd.ons suby d t, t. est the results

t her eof areggggghé%§9f%¥?%tiEn#gﬁiisv%gggéq%y ﬁggﬁﬁiénp %SH%lto 7 and 10 to 16
and Conpar aya\f%f@&arnplsqsaclk w884 e the, content, of, £ he, polyieL - conpound and
the ratio of the base oil were adjusted so that fhe 100C ki nematic viscosity
of each conposition mxed with additives was 11.5 m®/s.

-8-



[ 0062] (Base Q1) Base G| A: 100 neutral (kinematic viscosity at
100C. 4.42 mm2/s) Base O 1| B: 250 neutral (kinematic viscosity
at 100C. 7.12 m®2/s) Base O C 500 neutral (kinematic viscosity at 100C
10. 8 MR/ s) Base G| ID 150 bright stock (kinematic viscosity at
100C. 31.7 mm®2/s) (Additive) (1) Polynmer Conpound A-1:
Pol yi soprene star polyner (polynmer wherein polyisoprene bonds as arns to
di bi nyl benzene, PSSI =2) A-2: Pol yi soprene-pol ystyrene star
pol ymer ( pol yarel s whes@inednb iy sopreneistiyrene < dpaleerndponds alss ars t o
di bi nyl bonzonc, PSSI =25) A-3: Et hyl ene- propyl ene copol yner
(PSSI =25) PMAis#0l ynet hacryl ate (PSSI =5) PB: Pol ybut ene (nol ecul ar wei ght:
BOO (2) Additives other than the pol ymer conpounds B-1:. Metal
Det ergent (overbased bagitee ¢l i wm phiehatiex basermenbber<236dngkO¥ gy, Ca
content: 9.25 mass% B-2: Metal Detergent (overbased cal cium
salicylate, bazse naabered 700 nyKOPE G2 nCe cohtlentf IS6.X2 Arekss94 993 -
Zi nc di al kyl di t hi ophosphate: Primary zinc dial kyl dit hi ophosphat e
(al ky1=2-et hyl hekyl, 2 ¢dm ehpbricatiassWil compositioRuaf Fhii bitor:
Neutral cal cium sulfonate (base nunber: 20 ngKOH g, Ca content: 2.35 percent
by mass) present inveaghl @gscppsgersamecabrRenyl! Ysucet hl nfdé @B s- t ype,
nitrogen content: 1 nass% , O her Additives (antioxidant, extrene
pressure addiR? VETEEoRRVHSIINE HepresSantta ant it¥Yant AgLageAt) YU0H3] (Hot Tube
Test) , This test was carried out in accordance with JPI-5S-55-99.
At a test tenperhffir 8o D50T, 284AEAT0i 12 T4 owi Rig®6lY gy A gt 8Ss % ube i s
coll ected, and the viscosi tg/ of the oil was neasured with an automatic
capi | lary vi SCORBLEPEECAEY)? nahdf 4880 e Dy  CARBHFnd- "S5 typ8§ of sanpl e
oils were tested for the follow ng two cases. A) Fresh G1 100%
B) Mxture of°®8BEPFESh &)~ and 15 mass% of cylinder drip oil collected forma
crosshead-typ i esel engine unted on VLCC (M ddl e East to Japan),

Fefee 1 ' g

properties of yl i ndet® dvFprofl® A s PO PEwS: Kithenat &M scosity

(1000 28,1 UBLaL S0 ITbele, T, 5 TRACH.S, DRSS nurber, Chgrellantc aoic
{a-1) is a compound having a structure wherein the arms
of polymers or copolymers of a numnber of (two cor more)
dienes extend radially from the core of the vinyl
aromatic hydrocarbon located in the center of the
molecule.
[0019] Examples of the vinyl aromatic hydrocarbon
located in the center of the molecule include
divinylbenzene, trivinylbenzene, tetravinylbenzene,
divinyiortho-, divinylmetha- or divinylpara-xylene,
trivinylortho-, trivinylmetha- or trivinylpara-xylene,
tetravinylortho-, tetravinylmetha- or
tetravinylpara-xylene, divinylnaphthalene,

divinylethylbenzene, divinylbiphenyl,



[ 0064] [Table 1] Insirnonoo [ 011 | 661 lgoo GIO 1 551 W 511-
0.

r-

r-

diisobuterylbenzene, diiscpropenylbenzene, and
diisopropenylbiphenyl. Among these compounds,
preferred is divinylbenzene.

[0020] The diene monomer constituting the polymer
or copolymer of dienes has preferably 4 toe 12 carbon
atoms. Specific examples include 1,3-butadiene,
isoprene, piperylene, methylipentadiene,
phenylbutadine, 3,4-dimethyl-1,3~hexadiene, and
4,5-diethyl-1,3-0octadiene. Preferred are
l,3-butadiene and isoprene.

Examples of the polymer or copolymer of
dienes that will be a star polymer include homopolymers
of diene such as polyisoprene and copolymers of diense
such as isoprene-putadiene copolymer. Alternatively,
copolymers of diene and other monomer that is not diene
(for example, isoprene-styrene copolymer) may be used.
The copolymer may be a random copolymer or a block
copolymer.

[0021] Component (a-1) that is a star polymer having
a vinyl aromatic hydrocarbon structure in the molecule
used as Component (A) 1n the present invention has a
weight average molecular weight (Mw) of preferably
10,000 or greater, more preferably 50,000 or greater,
more preferably 100,000 or greater and preferably

1,000,000 or less, more preferably 800,000 or less,

-10-
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more preferably 500,000 or less. TIf the weight average
molecular weight is less than 10,000, the resulting
composition could not exhibit sufficiently an
viscosity adjustment effect but also the production
cost could be increased. If the weight average
molecular weight is greater than 1,000,000, the
resulting composition could be poor in shear stability
and could not exhibit an viscosity adjustment effect
as well.
(0022] The P3SI (permanent shear stability index)
of (a-1} the star peclymer having a vinyl arcmatic
hydrocarbon structure in the molecule used in the
present invention is preferably from 1 ftc 40, more
preferably from 1 to 35, more preferably 1 to 30,
particularly preferably from 1 to 25. If the PSSI is
greater than 40, the resulting composition is poor in
shear stability and thus could not exhibit sufficiently
an viscosity adjustment effect. If the PSSI is less
than 1, the resulting composition could not exhibit
sufficiently an viscosity adjustment effect as well.
The term “PSSI” used herein denotes the
permanent shear stability index of a polymer calculated
on the basis of the data measured with ASTM D 6278-02
(Test Method for Shear Stability of Polymer Containing

Fluids Using a European Diesel Injector Apparatus) in

_.11_
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conformity with ASTM D 6022-01 (Standard Practice for
Calculation of Permanent Shear Stability Index).
[C023] The ethylene~a~olefin copoclymer cr a
hydrogenated compound thereof that is Component (a-2)
is a copolymer of ethylene and an w-olefin or a compound
produced by hydrogenating the copolymer. Specific
examples of the wo-clefin include propylene,
iscbutylene, l-butene, l-pentene, l1-hexene, l-octene,
1-decene, and l-dodecene. The ethylene-a-olefin
copolymer may be one consisting of hydrocarbons that
is of non-dispersant type or cne produced by reacting
a copolymer with a polar compound such as &
nitrogen-containing compound that is a dispersant-type
ethylene-a-olefin copolymer. Among these compounds,
the most preferred is an ethylene-cu-propylene
copolymer.

[0024] The ethylene~-a-olefin copeclymer or a
hydrogenated compound therecf that is (a-2) used as
Compcnent (A) in the present invention has a weight
average molecular weight (Mw) of preferably 10,000 or
greater, more preferably 20,000 or greater, more
preferably 50,000 and preferably 500,000 or less, more
preferably 400,000 or less, more preferably 300,000,
If the weight average moclecular weight 1s less than

10,000, the resulting composition could not exhibit

—12-
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sufficiently an viscosity adjustment effect but also
the production cost could be increased. If the weight
average molecular weight is greater than 500,000, the
resulting composition could be poor in shear stability
and thus could not exhibit an viscosity adjustment
effect as well.

[GO25] The PSSI (permanent shear stability index)
of (a-2) the ethylene~c=-olefin copolymer or a
hydrogenated compound thereof is preferably from 1 to
75, more preferably from 3 to 50, more preferably from
> to 30, particularly preferably from 10 to 28. If the
PSSI is greater than 75, Component {(a-2) would be poor
in shear stability and thus could not exhibit a
viscosity adjustment effect when added to a systemoil.
If the PSSI is less than 1, the resulting composition
could not exhibit a viscosity adjustment effect as
well.

i0026] The content of Component (A) in the
lubricating oil composition of the present invention
is preferably from 1 to 20 percent by mass, more
preferably from 2 to 15 percent by mass, more praeferably
from 3 to 12 percent by mass, most preferably from 4
to 10 percent by mass on the basis of the total mass
of the composition. If the content is less than 1

percent by mass, the resulting composition could not

-13-



IL"O1 | SOS 951) ICEL .1 or Exanple SI 1 OO

exhibit sufficiently a viscosity adjustment effect.
If the content is more than 20 percent by mass, the
resulting composition could be poor in handling
properties, possibly causing adverse affects on the
production of the composition and also could be
deteriorated in detergency due f£o the generation of
deposit caused by the degradation of the polymer.
The ethylene-a-olefin copolymer ox
hydrogenated compound thereof is provided in a state
wherein it is diluted with 1 to 90 percent by mass of
a mineral oil.
[(0027] The lubricating oil composition of the
present invention contains preferably at least one type
selected from the group consisting of (B) metal
detergents, (C) zincdialkyldithicphosphates, (D} rust
inhibitors and (D) ashless dispersants.
[0028] Component {B) that is a metal detergent may
be one or more metal detergents selected from phenate
detergents, sulfonate detergents, salicylate
detergents, carboxylate detergents and phosphonate
detergents.
[0029] The phenate metal detergent is a phenate
metal detergent containing an alkaline earthmetal salt
of an alkylphenol, an alkylphenolsulfide or a Mannich

reaction product of an alkylphencl represented by

-14-
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formulas (1) to (3) belcow or an (overbased)basic salt
of the alkaline earth metal salt.

Examples of the alkaline earth metal include
madgnesium, barium, and calcium. Preferred are

magnesium and calcium, and particularly preferred is
calcium.
[0030]

O—M—0

Rl_@ 22 (1)

2 2

O0—M—0 0—M—0  O—M—0H
@58@ @@1 -
O M0
RS (/J\\ E( }Rf (3)
M CH,
[0031] In formulas (1) te (3), R', R?, R®, R?, RS,

R® and R’ may be the same or different from each other

and are each independently a straight-chain or branched

_15_
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alkyl group having 4 to 30 carbon atoms, preferably 6
to 18 carbon ateoems. If the carbon number is fewer than
4, Component (B) would be poor in dissolubility in the
lubricating base oil. If the carbon number is more than
30, Component (B) wouldbe difficult to produce and pocr
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, tricoesyl, 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, v and z are each independently an integer
of 1 te 3, m is 0, 1 or 2, and n is 0 or 1.
[0032] The sulfonate detergent may be an alkali
metal salt or alkaline earth metal salt of an alkyl
aromatic sulfenic acid produced by sulfonating an alkyl
aromatic compound having a molecular weight of 300 or
more, preferably 400 to 700 and/or an (overbased) basic
salt of the alkali metal salt cor alkaline earth metal

salt. Examples of the alkali metal or alkaline earth

_16_
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metal include sodium, pctassium, magnesium, barium and
calcium. Preferred are magnesium and/or calcium.
Particularly preferred is calcium.

[0033] Specific examples of the alkyl aromatic
sulfonic acid include petroleum sulfonic acids and
synthetic sulfonic acids. The petroleum sulfcnic
acids may be those prcduced by sulfcnating an alkyl
aromatic compound contained in the lubricant fraction
of a mineral c¢il or may be mahogany acid by-produced
upon production of white oil. The synthetic sulfonic
aclids 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 tTo benzene, or
those produced by sulfonating alkylnaphthalenes such
as dinonylnaphthalene. No particular limitation is
imposed on the sulfonating agent used for sulfonating
these alkyl aromatic compounds. In general, fuming
sulfuric acids or sulfuric acid may be used.

[0034] The salicylate detergent may be an alkali
metal or alkaline earth metal salicylate having one
hydrocarbon group having 1 te 19 carbon atoms and/or
an (overbased) basic salt thereof; an alkali metal or

alkaline earth metal salicylate having one hydrocarbon
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group having 20 to 40 carbon atoms and/or an (overbased)
basic salt thereof; or an alkalimetal or 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). Among these compounds, preferred are
alkali metal or alkaline earthmetal salicylates having
one hydrocarbon group having 8 tc 19 carbon atoms and/ox
(overbased) basic salts thereof because they are
excellent in low-temperature flowability. 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.

[0035)] The base number of Component (B) that is a
metal detergent used in the present invention is
preferably from 50 to 500 mgKOH/g, more preferably from
100 to 450 mgkOH/g, more preferably from 150 to 350
mgKOH/g. If the base number is less than 100 mgKOQH/qg,
corrosive wear could be increased because the resulting
composition could be insufficient in acid
neutralization properties. If the base number is
greater than 500 mgXKOH/g, a prcblem regarding
dissolubility would arise.

The term "base number" used herein denotes
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one measured by the perchloric acid potentiometric
titration method in accordance with section 7 of JIS
K2501 "Petroleum products and
lubricants-Determination of neutralization number"”.
[0036] No particular limitation is imposed on the
metal ratio of (B) themetal detergent. The lower limit
is, however, 1 or greater, preferably 2 or greater,
particularly preferably 2.5 cr greater while the upper
limit is 20 or less, preferably 15 or less, mcre
preferably 10 or less.

The term “metal ratio” used herein is
represented by “valence of metal element x metal
element content {(mole%) / soap group content {(mole&)”
in {B) the metal detergent”. The metal element denotes
an alkaline earth metal such as calcium and magnesiumn.
The scap group denotes phencl group.

[0037] The contént of (B) the metal detergent if
contained in the composition of the present invention
is usually frem 0.5 to 15 percent by mass, preferably
from 1 to 12 percent by mass, particularly preferably
from 1.5 to 10 percent by mass.

[0038] The lubricating oil composition of the

present invention contains preferably (C) zinc

dialkyldithiophosphates represented by formula {(4):

~19-
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[0039] In formula (4), R', R?*, R® and R® may be the
same or different from each other and are each
independently an alkyl group having i to 30 carben atoms,
which may be straight-chain or branched and of primary,
secondary, or an alkylaryl group having 7 to 30 carbon
atoms.

[0040] No particular limitation is imposed on the
method for producing zinc dithiophosphates that is
Component (C) since any conventional method may be used.
For example, an alcohcl having alkyl groups
corresponding to RY, R?, R® and R? above is reacted with
phosphorus pentasulfide to produce dithicphosphoric
acid, which is then neutralized with zinc oxide thereby
synthesizing zinc dithiophosphate.

[C041] The content of {(C}) the zinc dithiophosphate
if contained in the lubricating oil composition of the
present invention is preferably from 0.005 to 0.12
percent by mass, more preferably from 0.01 te 0.10
percent by mass, more preferably from 0¢.02 to 0.08
perceét by mass on the basis of phoesphorus of the total

mass of the composition. If the content is less than
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0.005 percent by mass, the resulting composition would
fail to obtain extreme pressure properties or gear
characteristics required for a system oil. If the
content is more than 0.12 percent by mass, the resulting
composition could corrodes bearings, seal rings in a
staffing box or o©il scraper rings.

[0042] The lubricating oil composition of the
present invention contains preferably (D) rust
inhibitors. Examples of the rust inhibitors include
sulfonic acid salts (salts of sodium, calcium or
barium), succinic acid derivatives, organic acid
esters such as fatty acid esters and sorbitan acid
esters, carboxylic acid salts (sodium, magnesium,
barium and zinc salts of stearic acid or naphthenic
acid), polyhydric alcohol partial esters such as
sorbitan monocester and pentaerythritol monoester,
oxidized paraffin {oxidized wax), carboxylic acid, and
phosphoric acid esters. Preferred are sulfonates.
[0043] The content of (D) the rust inhibitecr if
contained in the lubricating oil composition of the
present invention is preferably from 0.005 to 5 percent
by mass on the basis of the total mass of the
composition.

{00447 The lubricating oil composition of the

present invention contains preferably (E) ashless
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ashless dispersant may be succinic acid imide,
benzylamine, or polyamine having in their molecules at
least one straight-chain or branched alkyl or alkenyl
group having 40 to 400, preferably 60 to 350 carbon atomns,
or modified products thereof.

The alkyl or alkenyl group may be
straight-chain or branched but is preferably a branched
alkyl or alkenyl group derived from oligomers of
olefins such as propylene, l-butene or isobutylene or
a cooligomer of ethylene and propylene.

[0045] Among these compounds, preferred are
succinimide or products modified with boron

represented by the following formulas:

R; //O
N—(CH,CHNH)-H )
o

2 0

R\, S
N-~(CHCHNH)—CE,CHy—N {6)
N 0 o 4

[0046) In formula (5), R' is an alkyl or alkenyl

—2D
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group having 40 to 400, preferably 60 to 350, and h is
an integer of 1 toc 5, preferably 2 fto 4. In formula
(6), 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 1
is an integer of 0 to 4, preferably 1 tc 3.

[0047] The content of the ashless dispersant if
contained in the lubricating oil composition of the
present invention is preferably from 1 to 8 percent by
mass on the basis of the total mass of the compositicn.
(0048] In addition to the above-described
components in order to further improve the properties
cf the lubricating oil composition of the present
invention or add other required properties thereto, any
additives that have been conventionally used in a
lubricating oil may be added in accordance with the
purposes. Examples of such additives include
antioxidants, extreme pressure additives, corrosion
inhibitors, demulsifiers, metal deactivators, pour
point depressants, and anti-foaming agents.

[0049] Examples of the antioxidants include
phenclic antioxidants such as DBPC, bisphencl, and
hindered phenols, aminic antioxidants such as
diphenylamine and N-phenyl-o-naphthylamine, and metal

antioxidants such copper and molybdenum antioxidants,
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The content of the antioxidant if contained
in the lubricating oil composition is preferably from
0.05 to 5 percent by mass on the basis of the total mass
of the composition.

(0050 Eligible extreme pressure additives are any
extreme pressure additives and anti-wear agents that
have been used in a lubricating cil. For example,
sulfuric-, phosphoric- and sulfuric-phosphoric
extreme pressure additives may be used. Specific
examples include phosphorus acid esters,
thiophosphorus acid esters, dithiophosphorus acid
esters, trithiophosphorus acid esters, phosphoric acid
esters, thiophosphoric acid esters, dithiophosphoric
acid esters, trithiophosphoric acid esters, amine
salts, metal salts or derivatives thereof,
dithiocarbamates, zinc dithiocaramates, molybdenum
dithiocarbamates, disulfides, polysulfides,
sulfurized olefins, and sulfurized fats and oils.

The content of the extreme pressure additive
if contained in the lubricating oil composition of the
present invention is preferably from ¢.05 to 5 pearcent
by mass on the basis of the total mass of the
compositicn.

([0051] Examples ¢f the corrosion inhibitor include

benzotriazole-, tolyltriazole-, thiadiazocle-, and
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imidazole~types compounds.

[0052] Examples of the demulsifier include
polyalkylene glycol-based non-ionic surfactants such
as polyoxyethylenealkyl ethers,
polyoxyethylenealkylphenyl ethers, and
polyoxyethylenealikylnaphthyl ethers.

[0053] Examples of the metal deactivator include
imidazolines, pyrimidine derivatives,
alkylthiadiazoles, mercaptobenzothiazoles,
benzotriazoles and derivatives thereof,
1,3,4-thiadiazclepolysulfide,
1,3,4—thiadiazolyl—2,5—bisdialkyldithiocarbamate,
2-(alkyldithio)benzoimidazole, and
f~{o-carboxybenzylthio)propionitrile,

[0054] The pour point depressant may be a
polymethacrylate polymer that is suitable for a
lubricating base o0il to be used.

[0055] hxamples 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 alcohél,
aluminum stearate, potassium oleate,

N-dialkyl-allylamine nitroaminoalkanol, and
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iscamyloctylphosphate, alkylalkylenediphosphates,
metal derivatives of thioethers, metal derivatives of
disulfides, fluorine compounds of aliphatic
hydrocarbons, triethylsilane, dichlcrosilane,
alkylphenyl polyethylene glycol ether sulfide, and
fluorcalkyl ethers. |

[0056] When these additives are contained in the
lubricating oil composition of the present invention,
the corrosion inhibitor, rust inhibitor and
demulsifier are each contained in an amount of usually
0.005 to 5 percent by mass, the metal deactivator is
usually contained in an amount of usually 0.005 to 1
percent by mass, and the anti-foaming agent is usually
contained in an amount of usually 0.0003 to 1 percent
by mass, all on the basis of the total mass of the
composition.

[0057] The kinematic wiscosity at 100°C of the
lubricating oil composition of the present invention
is necessarily 7.5mm?/s or higher, preferably 5.3 mm?/s
or higher, more preferably 10 mm?/s or higher. The
kinematic viscosity at 100°C is necessarily 15.0 mm?/ s
or lower, preferably 14.5 mn?/s or lower, more
preferably 12.5 mm?’/s or lower., If the 100°C kinematic

viscosity 1s lower than 7.5 nm?/s, the resulting

composition would be poor in film formation capability
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and thus could cause seizure at bearings. If the 100°C
kinematic viscosity is higher than 15.0 mm®/s, the
resulting composition could not sufficiently cool
piston surfaces Lo be cooled, causing burn of pistons
and also could deteriorate fuel efficiency due to the
increased friction loss.
[0058] The base number of the lubricating oil
composition of the present invention 1s necessarily
from 4 to 20 mgKOH/g. The lower limit is preferably
5 mgKOH/g or greater, more preferably 5.5 mgKCH/g or
greater while the upper limit is preferably 15 mgX0OH/g
or less, more preferably 10 mgKOH/g or less. TIf the
base number is less than 4 mgKOH/g, the resulting
composition could be poor in detergency. If the base
number is greater than 20 mgKOH/g, the compositicn
could be less likely to remove mixed foreign substances
in a purifier.
[0059] The lubricating oil cecmposition of the
present invention is not only suitably applicable as
a systemoil for a crosshead-type diesel engine but also
can be used for trunk-piston-type diesel engines as
well as gasoline, diesel and gas engines of motorcycles,
automobiles, power generators and cogeneration units.
Examples

[0060] The present invention will be described in

-27~



%I aL 514 V) ,- C N.- Exanple 151 001 EL CES 99'0 GE 001 VO 531

more detail with reference to the following Examples
and Comparative Examples but are not limited thereto.
[0061] (Examples 1 to 18, and Comparative Examples
1 to 4)

Lubricating 01l compositicns of the present
invention {Examples 1 to 18} and those for comparison
(Comparative Examples 1 to 4) as set forth in Tables
1 and 2 were prepared. FEach of the resulting
compositions was subjected to a hot tube test, and the
results thereof are also set forth in Tables 1 and 2.
For Examples 1 to 7 and 10 to 16 and Comparative Examples
1, 3 and 4, the content of the polymer compound and the
ratio of the base 0il were adjusted so that the 100°C
kinematic viscosity of each composition mixed with
additives was 11.5 mm*/s.

[0062] (Base 0il)

Base 011 A: 100 neutral (kinematic viscosity
at 100°C: 4.42 mm*/s)

Base 0il B: 250 neutral (kinematic viscosity
at 100°C: 7.12 mm?/s)

Base 011 C: 500 neutral (kinematic viscosity
at 100°C: 10.8 mm®/s)

Base 0Qil D: 150 bright stock (kinematic
viscosity at 100°C: 31.7 mm®/s)

(Additive)
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(1) Polymer Compound

A-1: Polyisoprene star polymer (polymer
wherein polyisoprene bonds as arms to dibinylbenzene,
PS51I=2)

A-2: Polyisoprene-polystyrene star polymer
(polymer wherein an isoprene-styrene copolymer bonds
as arms to dibinylbenzene, P5SI1I=25)

A-3: Ethylene-propylene copolymer

(P3SI=25)
PMA: Polymethacrylate (PSSI=5)
PB: Polybutene {(molecular weight: 800)
{2) Additives other than the polymer
compounds

B-1: Metal Detergent (overbased basic
calcium phenate, base number: 255 mgKOH/g, Ca content:
9.25 mass%)

B-2: Metal Detergent (cverbased calcium
salicylate, base number: 170 mgKCH/g, Ca content: 6.2
mass%)

Zinc dialkyldithicophosphate: Primary zinc
dialkyldithiophosphate (alkyl=2-ethylhexyl, P
content: 7.4 massh)

Rust Inhibitor: Neutral calcium sulfonate
(base number: 20 mgKOH/g, Ca content: 2.35 percent by

mass)
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Ashless Dispersant: alkenyl succinimide
(bis-type, nitrogen content: 1 mass$%)

Other Additives (anticxidant, extreme
pressure additive, pour point depressant, anti-foaming
agent)

[0063] (Hot Tube Test)

This test was carried out in accordance with
JPI~55~-55-29. At a test temperature of 250°C, each oil
flowing out form a glass tube 1s collected, and the
viscosity of the o0il was measured with an automatic
capillary viscometer (CACV) manufactured by Canon Inc.
Six types of sample ocils were tested for the following
two cases.

A) Fresh 0il 100%

B} Mixture of 85% fresh oil and 15 mass% of
cylinder drip oil collected form a crosshead-type
diesel engine mounted on VLCC (Middle East to Japan),
properties of the cylinder drip oil are as follows:
kinematic viscosity {100°C): 28.1 mm®/s, acid number:
7.5 mgKOH/g, base number (perchloric acidmethod)}: 24.1

mgKCH/g, pentane insoluble (A method): 6.0 mass%
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Tables 1 and 2, the lubricating oil compositions of the

present inventicn has no difference in viscosity change

over those of Comparative Examples when tested by 100%

fresh oils but are smaller in viscosity increase than

the comparative o0ils when mixed with a cylinder drip

oil.

Industrial Applicability

[0066] The lubricating oil composition of the

present invention is smaller in viscosity increase even

when mixed with a cylinder drip oil and thus excellent

in fuel efficiency and exhibits excellent effects in

particular as a system lubricating oil for a

crosshead-type diesel engine.
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Hot Tube Test Results ( loot kinematic viscosity ) Evaluation 1 Before |est:
Fresh G| 10066 mRis Q| collected through Hot Tube Test rnnVs Evaluation 2
Before lest: Mxed Ol of 8566 Fresh Gl and 15% Cytinder Drip Gl mm/5 Q|
col |l ected through Hot Tube Teat mmizis [0065]As apparent fromthe results set
forth in Tables 1 and 2, the lubricating oil conpositions of the present

i nvention has no difference in viscosity change over those of Conparative
Exanpl es when tested by 100% fresh qil s;but are smaller in viscosity increase
than the conparative oils when mxed wwth a cylinder drip oil. Industrial
Applicability [0066] The | ubricating oil conposition of the present invention
is smaller in '"viscosity increase even when mxed with a cylinder drip oil and

thus excel | enti dimfpel efficiengy-and l@g}iibggtsigécghller&tmﬁgsef{§O' n particular
as a systemlubricating oil for a crosshead-type di esel engine. Al VB

[Claim]A system | absksAERRG 19 de COIPOSHT QN FAr &,6L0sshead-type diesel
engi ne conprising: a mneral base oil and/or a synthetic base oil;

(A (a-1) a star pol ymer phaving a,yéayh ;i ar gnayice hydrecarbon.structure in the
nmol ecul e and/or (a-2) an ethyl ene-a-olefin copol yner "or a hydrogenat ed

conpound t herieof, and having a base nunber of 4 to 20 ngKOH g and a 100pC
ki nematic viscosity of 7.5 to 15.0 m®/s. [C aim 2] The system | ubricating oil
conposition for a crosshead-d-ype di esel engiyne aceordinag 4 ;i@ m 1 wherein
Component (a-1) is a conpound having a structure wherein the polyner or
copol yner ofrandiene exdends rbadi aklry fom the wcor endfe d heeViny) caromati c
hydr ocarbon | ocated in the center of the nolecule. [Caim 3] The system
| ubricating (eiH2 jcampesht/ilem<-ar- @l e Fdasheaditype diresely engjseaasqording to
claiml or 2 wherein the vinyl aromatic hydrocarbon is divinylbenzene. [Caim
4] The syst emclybricét t hg reiclt ,conposi ti on

and having a base number of 4 to 20 mgKOH/g and a 100°C

kinematic viscosity of 7.5 to 15.0 mm2/s.

[Claim 2] The system lubricating 0il composition

for a crosshead-type diesel engine according to claim

1 wherein Compecnent {a-1} is a compound having a

structure wherein the polymer or copclymer of a diene

extends radially from the core of the vinyl aromatic

hydrocarbon located in the center of the molecule.

[Claim 3] The system lubricating oil composition

for a crosshead-type diesel engine according to claim

1l or Z wherein the wvinyl aromatic hydrocarbon is

divinylbenzene.

[Claim 4] The system lubricating oil composition

for a crosshead-type diesel engine according to any one

of claims 1 to 3 wherein the polymer or copolymer of
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fora crosshcad-type diesel engine according to any one of clains 1 to 3
wherein the polyner or copolynmer of a diene is polyisoprene or an
i soprene-styrene copolyner [C aimb5] The system | ubricating oil conposition for
a crosshead-type diesel engine according to anyone of clains 1 to 4 wherein
Conponent (A) is contained in an anobunt of 2 to 15 percent by mass on the
basis of the total nass of the conposition. [C aim®6]The system | ubricating
oil conposition fora crosshead-type di esel engine according to any one of
clains 1 to Safdither iconprigi agpaknlccast omeitype esal-ectedehieom t he group
consisting of (B) nmetal detergents, (C) zinc dialkyldithiophosphates, (D) rust
i nhi bitors antdo&) yashl.ess di spersants. [C aim 7] The system | ubricating oi
conposition for a crosshead-type di esel engine according to any one of clains
1 to 6 wherei lCithémbase oil h@seas $60€mki nematiat vigeddi tymefosd.thidw 9. 3
m/ s.

for a crosshead-type diesel engine according to any one

of claims 1 to 4 wherein Component (A) is contained in

an amount of 2 to 15 percent by mass on the basis of

the total mass of the composition.

[Claim 6] The system lubricating ¢il composition

for a crosshead-type diesel engine according to any one

of claims 1 to 5 further comprising at least cne type

selected from the group consisting of (B) metal

detergents, (C) zincdialkyldithiophosphates, (D) rust

inhibitors and (E) ashless dispersants.

[Claim 7} The system lubricating oil composition

for a crosshead-type diesel engine according to any one

of claims 1 to 6 wherein the base o0il has a 100°C

kinematic viscosity of 3.5 to 9.3 mm?/s.
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