Mari ne Engi ne Lubrication FI ELD OF THE | NVENTI ON Thi s
invention relates to the lubrication of 2-stroke and 4-stroke marine
di esel internal combustion engines, the forner usually being referred
to as cross-head engines and the latter as trunk piston engines.
Respective |ubricants therefor are usually known as marine diesel
cylinder lubricants ("MXCL's") anMdringBnginelLabrieagome oil s

("TPEO s"). BACKGROUND OF THE | NVENTI ON Cross- head engines are
sl ow engines with a high to very high power range. They include two
separ at el y- |giipirs efreprganwENTIONPI St on/ cylinder assenbly | ubricated
with total -1/os5 ruprrcattom by a highly viscous oil (an MDCL); and
the crankshaft lubricated by a | ess viscous |ubricant, usually

referred to as a stemoil . runk .pi st on engi nes be. used
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used for crankcase and cylinder |ubrication. _maj or noving parts
of the engi reegines and thadatienantrenkdpiston ergidesdh despeaive lubuiesitta therefodareal ve
gear, are |ubri.cated by nmeans,.of. a.. d.circ i,an,.s e The

OV nder 11 PR AR 2 S RATE Gl A B R e iy
partial ly byngink ofls priPBTEsgi rcul ation systens that finds its way to
the cylinder wall through holes in the piston skirt via the

connecting rod and gudgeon pin. It is known in the art to
i ncl ude bri § b- rAE %ﬁb , brightstock being a high
Vi scosity oi dewaxed and that is produced

fromresidual stocks or bottonms. It may, for exanple, have a
ki nematic viscosity at 100C of greater than 25, usually greater than
30, m®s-1, such Cabssshesd FR@REs A% EloRcangdes afét-ha?slﬁalarwayéggmw Fa8Fn

vacuum r esi rall I i i J 1
26 36 rmps. | 1oy WRRRRIRG Sl A ool 1A, E PHAGERTRL Eloph) fuifiated
descri bes wayith tofal-tasp lwbricatipri by a MiGhBOViSbsd 8il qas®TI(Igs adiBEk 'cmnkshaft

f or mul at ed $ﬁthou% bri ght st ock and US 2q98/%g87329 descri bges a TPEO
cont ai ni ng MATREIEY albsspiseght wpgeant usually referd SR peasYSFR A art is to
formul ate brightstock-free MDCL's and TPEO s at reduced cost. A
further problemin the art is to fornul ate brightstock-free MDCL's
and TPEO s at reduekdristos engines mey bhesed anmarinegpopieo geksationandveid
antiwear properties,. SUVWARY, OF THE | NVENT] ON It is npw found
That the LsdaSioERHoTMY AR b i SR b rossshops sheny R ainet

copol yner i mbitaRCRED) iustPESD cparklohRant RTiaded Viebriehied. e hidjdienoving
over cone. Thus, the present invention provides a two-stroke or

f our - st r oke PA#Y Pirf@e epginhidef B maimendijesnd bewsnpsstemsbaft auhyalyegeny
oi | of Iubr hGfichiad bY'nrdafls bEY pﬁrﬂpé”ﬁ %ﬁ&ioﬁ@&&ﬁ. %Hg cylinder liners are

lubricated partially by splash tubrication and partially by oil from the circulation
systems that finds its way to the cylinder wall through holes in the piston skirt via the

connecting rod and gudgeon pin. -

It is known in the art to include brightstock in MDCL’s and TPEO’s,
brightstock being a high viscosity oil that is highly refined and dewaxed and that is
produced from residual stocks or bottoms. It may, for example, have a kinematic
viscosity at 100°C of greater than 25, usually greater than 30, mm?s™, such as a
solvent-extracted, de-asphalted product from vacuum residuum generally having a

kinematic viscosity at 100°C of 28-36 mm?s™.



(A) additives, in respective mnor anounts; and (B) a viscosity
nodifier in the formof a polynmer conprising a core and a plurality
of polyneric arns extending therefrom in an anount in the range of
0.05 -6 mass% wherein the conposition includes less than 0.5 nmass%
preferably less than 0.1 nmass% of brightstock; preferably . .

bri ghtstock is cdtisbisteskis bpweyassrpensivelang agisleagibes waps phigplacing it. WO
conposi ti on.ggldy<har , i i i Y

the use of  2ouSaS e ibeBRRRILS dhlfinEFRRRby R Rl RS0 G8RR57529
properties afes@iberk TPEQIte@sahing Yitilaokato brightsteknt or a trunk piston
engine oil which includes less than 0.5 nmass% preferably |ess than
0.1 mass% of brightstock; preferably brightstock is absent or is
substantially abs j I TR TSI s U the
Erunk pi ston engraEogl T BB T e M AL P RO
mari ne di esetdendicoxt. doliupthérsproblesuipphe/am to femodatp bsibtsmokfiee MIBCL’s

pi ston/cylind senbl y of, the engj.ne; . a et hod of | ubricating
B trunk pi sEBH TR ha 190w cod A AL e SHBE (o0 Sdp BPRRoN G ppivear
conpositiong%a%hm%.engine; and a method of, or for, reducing

t he amount rightstock in a two-stroke or four-stroke nmarine

engi ne lubricating oil conposition conprising an oil of |ubricating
Vi scosity i e I dditives, in respective mnor
anounts; thgl.fu 6 g[c@ ot iéilmlﬁﬁgtﬁep of replacing, in part or in
full, the brightstock with (B) a viscosity nodifier in the formof a
pol ymer conprising a core and a plurality of polyneric arnms extendi ng
therefrom in an laiswam fopnd thabtheangef $ar mplysens sueh #easaorphous styreng-giene
this specifi Lon, .t | Qw i el when
used, have t ﬁ&W§§%FH%§”%§§%? egﬁggﬁ%%@e@&gaBéﬂ%@??%ﬁﬂ%&Fé&F@% 5" or
"(a.i.)" refers to additive material that is not diluent or solvent;

Thus, the present invention provides a two-stroke or four-stroke marine engine
lubricating oil composition comprising an oil of lubricating viscosity in a major

amount and

(A)  additives, in respective minor amounts; and

(B)  aviscosity modifier in the form of a polymer comprising a core and a
plurality of polymeric arms extending therefrom, in an amount in the

range of 0.05 -6 mass%,

wherein the composition includes less than 0.5 mass%, preferably less than 0.1
mass%, of brightstock; preferably brightstock is completely or substantially absent

from the composition.
In further aspects the present invention comprises:-
the use of a viscosity modifier (B) to improve the anti-wear properties of a

marine diesel cylinder lubricant or a trunk piston engine oil which includes less than

0.5 mass%, preferably less than 0.1 mass%, of brightstock; preferably brightstock is



"conprising” or any cognate word specifies the presence of stated
features, steps, or integers or conponents, but does not preclude the
presence or addition of one or nore other.features,.steps,l|ntegers,
conponents or groups thereof; the expressions "consists of' or

"consi sts esgoht @il YuRlantiAly ARENFERS BN ORI @ﬁﬁ%e %)H&ﬂlt o the trunk
“conprises" or cognates, wherein "consists essentially o permts

i ncl usi on of PiSigPenameed; not materially affecting the characteristics
of the composition to which it applies; "major anmount” means 40 or 50
mass % or nore of a conposition; "mnor amount” neans | ess than 50

mass % of a conpogidetted;of WbHNind ' &08s-h@idaharhRSBedHENSke red
by ASTM 132896. Furthernore in t%ﬁs specification, | anﬁjﬁmﬁsed:

"cal ci um cont'PRlying the gempesiden wdhopisnsiuylinds kssenpiip sftherengineont ent "
I s as measured by ASTM D5185; "sul phated ash content” is as neasured"
by ASTM D874; "sul phur content” is as neasured by ASTM D2622; "KV100

means ki nematic vi metsd oy hikic@G aenkFiseH nedine )i ASTMe 4B mprising

supplying the composition to the engine; and

a method of, or for, reducing the amount of brightstock in a two-stroke or
four-stroke marine engine lubricating oil composition comprising an oil of lubricating
viscosity in a major amount and (A) additives, in respective minor amounts; the
method comprising the step of replacing, in part or in full, the brightstock with (B)a
viscosity modifier in the form of a polymer comprising a core and a plurality of

polymeric arms extending therefrom, in an amount in the range of 0.05 to 6 mass %.

In this specification, the following words and expressions, if and when used,

have the meanings ascribed below:

“active ingredients” or “(a.i.)” refers to additive material that is not diluent or

solvent;

“comprising” or any cognate word specifies the presence of stated features,
steps, or integers or components, but does not preclude the presence or
addition of one or more other features, steps, integers, components or groups
thereof; the expressions “consists of” or “consists essentially of” or cognates
may be embraced within “comprises” or cognates, wherein “consists
essentially of” permits inclusion of substances not materially affecting the

characteristics of the composition to which it applies;
“major amount” means 40 or 50 mass % or more of a composition;

“minor amount” means less than 50 mass % of a composition;
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Also, it will be understood that various conponents used, essenti al
as well as optimal and customary, may react under conditions of
formul ati on, storage or use and that the invention also provides the
product obtainable or obtained as a result of any such reaction.
Further, it is understood that any upper and | ower quantity, range
and ratio limts set forth herein nmay be indep ndeq@#ylﬁgggined.

DETAI LED DESCRI P1TBN”CreansiotpiNspryeRer s snqaaied P¥ ¢ oMy nventi on
wi Il now be discussed in nore detail below. O L OF LUBRI CATI NG

VI SCOSI TY The | ubricant composition contains a major proportion
of an oil ofpylybiidrati e spesitiosidny if aBdethehwbed:cating oils may range
in viscosity fromlight distillate mneral oils to heavy lubricating
oils. Cenerally, the viscosity of the oil ranges from2 to 40, such
as 3 to 15, mR/segq,.: skl aa {-scosity index of 80
to 100, such as g%c¥@§%gf hg%ggﬁ%ﬁ%g?ﬁﬁé'oilagg§ conprise greater
than 60, typically greater than 70. mass % of the conposition

Natural oils include animal oils and vegetab j >. 9., castor
oil, lard oil); I‘Phesphopscrierl s Weasa??ﬁ%%ﬁﬁ@?#eﬁ
solvent-treated or acid-treated mneral oils of the paraffinic,

napht heni ¢ and m xed paraffinic-naphthenic types. G ls of |ubricating
vi scosity deri vedsilphated oshl contenghialae mepgwed by BSTAE D345 ul base oil s.
Synthetic lubricating oils include hydrocarbon oils and

hal o- substituted hydrocarbon oils such as pol ynerized and

i nt er pol yner i zed «@hefinonf@isas BRI by 813334 DRELYPT Opyl enes,
propyl ene-i sobut yl ene copol ymers, chlorinated pol ybutyl enes,

pol y(1- hexenes), poly(1l-octenes), poly(1l-decenes)); alkybenzenes
(e.g., dodecyl ben , tetrad . : } )
di (2- et hyl hexyl )b@]@éé’i“?nﬁg}@%@?%ﬁgﬁ%{gﬂ)db&?p Aé%%%eg eﬁﬂ\é{ﬂ[})ﬁ?
al kyl at ed pol yphenol s); and al kyl ated di phenyl ethers and al kyl at ed
di phenyl sul phides and derivative, anal ogues and horml&gues.therecHa.‘S

Al kyl ene oxi de pohlest wilhheiupdargpobiigharous AompUisHSE S SHa 8 57e
where the term nal ORSELIRIRG b ¥, storage or use and
esterificatf%ﬁ?m% ﬁ@%@%ﬁﬁé&i%%?H%?E&?Mggnst|tutemgﬁggﬁer’clags of
known synt hehitahé ifventiat alngpoivides themeducapbtabmblepiriobtagnedisy a result of any
pol yoxyal kyl ene pol.ynmers prepared by polynerization of ethylene oxide
or propyl enesSUSRIEHEIONd t he al kyl and aryl ethers of pol yoxyal kyl ene
polynmers (e.g., nethylpolyiso-propyl ene glycol ether having a

nol ecul ar wei ght of 1000 or di phenyl ether of poly-ethylene glycol
havi ng a nol ecul aFurtier,ghis unflers®O0 thad anwoemer andh tpvas gyantiigange and ratio

pol ycar boxyl j c ester her eof ;. for. ex e cetic acid esters,
m xed C3-C8 @it ?tgﬁﬁislaﬁgglt"épgy ]&%l&d%%@b' da(.)(ll‘[itl lﬂﬁe ester of

tetraet hyl ene gl ycol. Anot her suitable class of synthetic

| ubricating oils conprises the esters of dicarboxylic acids (e.qg.,

pht halic aciBETs&JwIMWMﬂQg and al kenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebacic
acid, fumaric acid, adipic acid, linoleic acid diner, malonic acid,

al kyl mal oni ¢ aci dgpe fthit@aydf thaleehtonaeilidsyw bé discussetiini reorg dofaildicbohol s
(e.g., butyl alcohol, hexyl alcohol, dodecyl al cohol, 2-ethyl hexyl

al cohol, ethylene glycol, diethylene glycol nonoether, propylene

glycol). OIL OF LUBRICATING VISCOSITY

The lubricant composition contains a major proportion of an oil of lubricating
viscosity. Such lubricating oils may range in viscosity from light distillate mineral
oils to heavy lubricating oils. Generally, the viscosity of the oil ranges from 2 to 40,

such as 3 to 15, mm?/sec, as measured at 100°C, and a viscosity index of 80 to 100,
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Speci fic exanpl es of such esters includes dibutyl adipate,

di (2-ethyl hexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate,
diisooctyl azelate, diisodecyl azelate, dioctyl phthal ate, didecyl
pht hal at e, di ei cosyl sebacate, the 2-ethyl hexyl diester of linoleic

acid dimer, sk &bl 6 OIPEY] QLIRS
sebacic acid with two nol es Lg)?&fﬁ?antgfr(gregﬁgf 5{1&18%%43?&3 g?mﬁplﬁ%ﬁ"e%re%tﬁr
2- et hyl hexanthas 78cindss % of theEstrgrositiosef ul as synthetic oils al so

i ncl ude those nmade fromC5 to Cl2 nonocarboxylic acids and pol yols
and polyol esters such as neopentyl glycol, trinethylol propane,

pentaerythritol, HNaedioasindhie ahﬁﬁal%'i‘lg ahd Y. (Qré cg tor ?1[1< lard Oi%;r

Silicon-based oils such as the polyal kyl - ol yary po ya
pol yar yl oxyshqyi¢ geieolensilapad bydrorsdined, sblventcioegied sreacihnehet muﬁaﬁﬂ whls of

cl ass of sy bricants; such oils..include tetraeth silicate,
tetrai sopr OB&P %S|a?]?llcl:1§’t gP ﬁ@%’f‘lf} gn Jux I?ﬂf‘ffﬁf‘wpg&eﬂc&ﬁeé OYIS of lubricating
t et r a- (4- met Viydosiy dedyddreony R6allor SiRd1S alsé Sdrbdad Rk hsdatisy! - phenyl )
silicate, hexa-(4-nethyl-2-ethyl hexyl)di sil oxane,

pol y(net hyl)sil oxanes and pol y(net hyl phenyl)sil oxanes. O her

t het | ub d t f .
;%gs pﬁolr ﬁs 30:1; ;Iag I ng tlggﬁ ‘da?ﬁé Eglqsemf:frul% g bg%r@?ar ﬂ%g hadhale-pibstituged
phosphat e, diyetdoatboasiissucl astetythaived phe biterpakindizaddlcAnl b@?r ic

ol

t etrahydr of uri)g’ﬁ’tt nrefined, refined and re-refined S can be
used in | ubrolyienss, pHlupraplsRss: PioAYISAS- isohutylore eppalaiensi ¢hiorimated hose

obt ai ned di r&ﬁﬂﬂyléﬁé@{%cﬂ}g@%éﬁ@ﬁéﬂ%cﬂblﬁy%E{%ﬁ%% posif(“fo cend @dﬁgﬁ%%%eﬁh?eg ,

purification treatmen exa
from r et or t idegeqyleanaeicontstrageeyibehznes, didonglbendcnes d@tlzrﬁlﬁ}tlhe&yi)b@x{ﬂenes),

distillation ro obtained directly fromesterification and
ulsedI wi t hi)utp{ XPELF‘FPEF $J§PH‘§}¥§ :’éﬁr%hqﬁlﬁ efl ﬁ]éé d}oﬂl@hew&:’n\@i{ﬁ%lg@
Cyl i nder LUbﬁplﬁﬂ?ﬁetﬁerMaﬂ(ylated dipMn )@plﬁ@éﬁ aﬁHHlBIQVatljvg Al &géf;n%r abl y

13-30, nost preferably 1 4, mass concentrate or a

package, h@oﬁwﬂﬁﬂﬁlﬁrWQ ng base stock. It preferably includes at

| east 50, nore preferably at |east 60, even nore preferably at | east
70, mass % of oil of lubricating viscosity based on the total nass of

MDCL.  Pref er abl yikiloge G pbigmed '!ylﬂé' }éh d |
D2896) of 40- 1Q0, o haepoige oo %w%‘(aﬁgiﬁgﬁéﬁ%?%ﬁ%ed

as exanpl es tegmina) ﬂW@%?P‘YlpST@bléﬁrhﬁvé feeromodifiig bwetsnﬁcatm, sbffication, etc.,
Addi ti veMas g ditite Yo Ber Qs of known synthetic lubricating oils. These are exemplified by

polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene
oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers (e.g., methyl-
polyiso-propylene glycol ether having a molecular weight of 1000 or diphenyl ether
of poly-ethylene glycol having a molecular weight of 1000 to 1500); and mono- and
polycarboxylic esters thereof, for example, the acetic acid esters, mixed C5-Cy fatty

acid esters and C3 oxo acid diester of tetraethylene glycol.

Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic
acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol).
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(Broad) (Preferred) detergent(s)1-203-15 dispersant(s)0.5-51-3
anti-wear agent(s)0.1-1.50.5-1.3 pour point

di spersant 0. 03- 1. 150. 05-0. 1 base st ockbal ancebal ance Trunk Pi ston
Engine G| ("TPEO") A TPEO may enpl oy 7-35, preferably 10-28,

nore pref er 8pbyfid éxatdpled@Ssucheqtrs andhndes d[ﬁutﬁtadlprate dif@iettiyiiexyp achagts,
t he remai nder bei ng base stock. Pr eferabl Y,

](c:olrr}:)om ti ondi-nTBwl(fumarﬂée drwdd sebicatssd WOCB’L TP & fg?gyl agglate, dioctyl
ol | owi n
TPEO Adgl ?%5%1&&% eb}(ﬁrli?}gha?eﬁ %, %8&5@'} &39 hd QJEﬁly‘H{ex OgtkdtbMEYinoki@

Y(Preferred
acid dimer, and the complex ester formed by reacting one mole of sebacic acid with

two moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid.

Esters useful as synthetic oils also include those made from Cs to Cy2
monocarboxylic acids and polyols and polyol esters such as neopentyl glycol,

trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic
lubricants; such oils include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-
ethylhexyl)silicate, tetra-{(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate, hexa-(4-methyl-2-ethylhexyl)disiloxane, poly(methyl)siloxanes and
poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorus-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl
ester of decylphosphonic acid) and polymeric tetrahydrofurans.

Unrefined, refined and re-refined oils can be used in lubricants of the present
invention. Unrefined oils are those obtained directly from a natural or synthetic
source without further purification treatment. For example, a shale oil obtained
directly from retorting operations; petroleum oil obtained directly from distillation; or
ester oil obtained directly from esterification and used without further treatment are

unrefined oils.

Marine Diesel Cylinder Lubricant (“MDCL™}

An MDCL may employ 10-35, preferably 13-30, most preferably 16-24,
mass Y% of a concentrate or additive package, the remainder being base stock. It
preferably includes at least 50, more preferably at least 60, even more preferably at

least 70, mass % of oil of lubricating viscosity based on the total mass of MDCL.



detergent (s)0.5-122-8 di spersant(s)0.5-51-3 anti-wear

agent (s)0.1-1.50.5-1.3 oxidation inhibitor0.2-20.5-1.5 rust

i nhi bitor0.03-0.150.05-0.1 pour point dispersant0.03-1.150.05-0.1
When a plurality of additives is enployed it nmay be desirable,

al t hough not pr&sgnt ] @k MDD { 4 S
conprising the addIS/,ti ves, g\%ﬁ%f@g%&ﬁggeg?la T%@tsﬁlgg%sé@\gﬁ)%?%zggﬁmo’
si mul t aneous$iehtap S0468. base oil to formthe |ubricating oil
conposition. Dissolution of the additive package(s) into the

| ubricating oil may be facilitated by solvents and by m xi ng
acconpani ed with Thd 1IBGAid Mey bOientibied 4 '

addi tive package(s) w |l tg pi )éal |y %gﬁ?‘agls%@g@gﬁéfgﬁ%ﬁég{%ﬂ?ﬂ%d
addi tive(s) 44@“&%[%?11 ts to provide the desired concentration,
and/or to carry out the intended function, in the final fornulation
when the additive package(s) is/are conbined with a predeterm ned
anount of basdéditiwbri cant. Thus, ®REQUNGS I n accordagges Wi LA the
present invention nay be adm xed with small anmounts of base oil or
ot her conpatible solvents toget Hdxoaflk h ot her desir affrefeaxtditi ves to
f or m addi t i vepackages—contarntrng—actire—thgredients—Mre-det ai d
description of additive conponents is given bel ow. Detergents
det ergent i gletargadi@d) ti ve that redpeées formati on of depesits, for
exanpl e, hi qﬂ-tesgge(\r ature varni sh_and | acquer deposits, in engines;
it has aci d-HRTEE®si ng propertd&e and is capabl e oF3keeping finely
di vided sol igg-wéhrapshghsi on. It g ased on netal "$ogps”, that is
nmetal salts of acidic organic conmpounds, sonetines refeired to as
sur f act ant s.pour point dispersant 0.03-1.15 0.05-0.1

base stock balance balance

Trunk Piston Engine Oil (“TPEQ”)

A TPEO may employ 7-35, preferably 10-28, more preferably 12-24, mass %
of a concentrate or additives package, the remainder being base stock. Preferably, the

TPEO has a compositional TBN (using D2896) of 25-60, such as 25-55.

The following may be mentioned as typical proportions of additives in a

TPEO.

Additive Mass% a.i. Mass % a.i.
(Broad) (Preferred)

detergent(s) 0.5-12 2-8

dispersant(s) 0.5-5 1-3

anti-wear agent(s) 0.1-1.5 0.5-1.3

oxidation inhibitor 0.2-2 0.5-1.5

rust inhibitor 0.03-0.15 0.05-0.1

pour point dispersant 0.03-1.15 0.05-0.1



A detergent conprises a polar head wth a |ong hydrophobic tail.
Large anmobunts of a nmetal base are included by reacting an excess of a
nmet al conmpound, such as an oxide or hydroxide, wth an acidic gas
such as carbon dioxide to give an overbased detergent which conprises
neutralisedbg%ggkgent as t he outbglandaayer of a netal bblase (e. g.
carbonate) mcelle. The detergent is preferably an al kali netal
or alkaline earth nmetal additive such as an overbased oil -sol uble or

oi | - di spersible %ﬂ#ﬁh{%ﬁg&e@dﬂg}&? gsﬁégﬁnllﬁig%éz{ it gla?%%idlz'éﬂa%ﬁz], Eltl%fu_gg not

surfactant sel ect eno acl car boxyl i c aci
salicylic aggsgn@aldtoqﬁt@[mr@@m@rrﬁ@ﬂedlddiﬁhelped:kmgbhmmmsﬁ@&b ndditiges, whereby
provi ded by an oil-insoluble salt of the lmatg}:l e 9.8 rboga{ i btasi c
carbonat e, aewrandditivey eamhe addsdisipwligacayslydQ Arclhase Oyl fgqm; the lubricating
stabilised by the oi.l-sgl LDE oS AW the TheiaBh@bil @fay be
t he oil-solﬁﬁf@n%ﬁgbggtg% p@ﬁ §8£%§%%%ﬁ$ﬁg %%%gg%r.di?ferent %fbnfy
that of t he fx@litateddfy sblven®iahd by sdkiniglaecaapanicdPwish aildiepting duhiisis not
whet her the nmetal of the oil-soluble. or oil-.insoluble sal j

cal cium  essentfpe Therdditive H%&&S‘i’@r\j@ﬁttypﬁby B'é?q%,?a??‘fté) L Eea%ns ht%han 50
my KOH g, b (s) 1 ; F9idb the dedthedtonéonfatioty @hd/bB R ey out
KOH g, as gg‘ﬁgﬁr%ﬁy %ﬁ%@gg{%&%g Igr ef .ergbl y ?ﬂeen‘_l'gl{l i's medium or
high, i.e. mg@tdidadfimdtidiBih thefiral forafubatisblwhenttheadriiye package(Qagares,

500, Such agompines v480: R REIP R SEbUR PR LAy AT EfgyRate tO
Anti - oxi dant,8q o gance with e g;féé@ﬂf i@e%'ﬁ@ﬂ nfhiy@selint gl wigh bubll bmantts of base oil
conposition nmay Include at | east one anti-oxidant. The anti-oxi dant

gitwe

may be ani niot otirer phrepatitile solventetoasibpewith pthepflprablepdddivanlp foem 2

menti oned secondar r.omatic amn uch as diarylam nes, for exanple
di phenyl ani ﬁé%kﬂﬁﬁﬁg%‘}%?fn’ég@ﬁﬁ %%q%%egnr%up is alkyl-substituted with an
al kyl group having 4 to 9 carbon atons. As exanples of anti-oxidants
there may be nentioned hindered phenols, including.nono- ‘ﬂenol s and
bi s- phenol s. Morerdstailed geseriptipe obaddit sgapappnents ¢s %}?’%‘EE PW-is
provided in the conposition in an anmount of up to 3 nass % based on
the total armount of the |ubricant conposition. Q her additives
such as pourpgeiggitsdepr essants, anti-foamants, netal rust inhibitors,
pour point depressants and/or denulsifiers may be provided, if
necessary. The terns 'oil-soluble" or 'oil-dispersable as used
herein do Not NECESRALddnYislAAduAHLE ol AaubleropaRatiTiRpalitsprid ckimsls,
are sol uble, dissolvabie, mscible or capable of being suspended.in
the oi | in aiighyemopoatticomsnishrreblecainr deposits.inwesiaes; itthaaacidpeytralising

properties and is capable of keeping finely divided solids in suspension. It is based on

metal “soaps”, that is metal salts of acidic organic compounds, sometimes referred to

as surfactants.

A detergent comprises a polar head with a long hydrophobic tail. Large
amounts of a metal base are included by reacting an excess of a metal compound,
such as an oxide or hydroxide, with an acidic gas such as carbon dioxide to give an
overbased detergent which comprises neutralised detergent as the outer layer of a

metal base (e.g. carbonate) micelle.

The detergent is preferably an alkali metal or alkaline earth metal additive

such as an overbased oil-soluble or oil-dispersible calcium, magnesium, sodium or

8



are, for instance, soluble or stably dispersible in oil to an extent
sufficient to exert their intended effect in the environment in which
the oil is enployed. Mreover, the additional incorporation of other
additives may also permt incorporation of higher levels of a
particul ar adghitj f i bricant compositions . of
this invention cg\ré;%;[_{)géesgg%:ﬁaﬁllggel?crﬁe I f\f?%ﬂjglfe}lckii 4 %Ogécp%ﬂd;?:@‘%oéﬁlﬁ%ﬁﬁ nts
that may or AelicyHieacidendinaphtheiczaid vitesh eed dvertheinghiep@Rtiedbleh oil-

m Xi ng. . e .desirapl e, although not essential, to prepare
one or nore 5&%{“5?%989% dgeel §:& &3 @@lﬁ‘ia%ﬁ%léﬁarb@lﬂﬂﬁ%iaﬁﬁﬁ@, fomaate, hydroxide
addi tives, wbeseiteWigciddyi > i Pl eousl y.to the

oi | of lubricati ngevi SCOS| ty lgsggfbg?l{n}% ('?E% ﬁﬂgg?lggwﬁtégtgﬁ?ar@biﬂ‘égﬁqq%.
Di ssol ution B oilhwhideisurfagtanpsedtangebs theisame of Hifekand Foaathian\er 1B nchRY

be facilitat - n n 1 Xi ng. acc anied with mld
heat i nlg, | butﬁl{gﬁiﬂgmlgogbgrl\lg élgs]grgﬂfi’?gﬁy Eﬁ?ﬁ@ghwﬁﬁ@%@ww&éﬁ&@ﬂwmme or oil-
typi cal | y beinkelublelsalt dlcdlpiugont ain the additive(s) in proper anounts

to provide the desired concentration, and/or to carry out the
i ntended function in the final fornulation when the additive

ackage(s) is/ar 1 i redet.ermi ned amount of base
Fubr i gagt ) | %Wh%g%\éﬁaeﬁ%}gglggn% 8w hfc‘jﬁ?@aﬂmf’tlﬁg&%wg, medivnt,s
of base oil iar 56t mTKOPHE, d?lhegls Ok VRRE $50 KGR DAN:, W bl RtRES by ASTM

desirabl e addijives to formadditive packages containing acti
i ngr edi ent scﬁ%éggn 5?%@#5’, the &M isgpediva oz biths |.w.enqra thead® TRIN, Mat

exanpl e, fr f Y, 7 t preferably
from8 to 6?&%{3&?153; g&%@%ﬁ%%tll%sng’imng{e%gé %%%%o%?‘?ai{rg&p OPITEHAY at he
remai nder bdeasyl Hhsed op ke 500, suchTdsarpftor3ab nig)KmmI/g,taisqeﬁgnﬁﬁ%dﬁ))gmm| y
contain abo%%tho 40 mass % of the additive packages(s), the

remai nder beéi base oil. VISCOSITY MODI Fl ER In this invention,
as stated above, a viscosity nodifier (B) is additionally provided.
This invention enpl oys polyners conprising a core and a plurality of
pol yneri ¢ addaii-exidantsli ng from the core. Such pol ymers are known as

st ar-shaped polyners (or star or radial polyners). Exanples of ranges
of (B) in the conposition include 0.1 - 6, 0.1 -5, 0.1 - 4, 0.1 -3,

mass % and a | owdhe ik bis@in died®RE S48 lubricant composition may include at least one

anti-oxidant. The anti-oxidant may be aminic or phenolic. As examples of amines

there may be mentioned secondary aromatic amines such as diarylamines, for
cxample diphenylamines wherein each phenyl group is alkyl-substituted with an alkyl
group having 4 to 9 carbon atoms. As examples of anti-oxidants there may be

mentioned hindered phenols, including mono-phenols and bis-phenols.

Preferably, the anti-oxidant, if present, is provided in the composition in an

amount of up to 3 mass %, based on the total amount of the lubricant composition.

Other additives such as pour point depressants, anti-foamants, metal rust

inhibitors, pour point depressants and/or demulsifiers may be provided, if necessary.

The terms “oil-soluble’ or “oil-dispersable’ as used herein do not necessarily
indicate that the compounds or additives are soluble, dissolvable, miscible or capable

of being suspended in the oil in all proportions. These do mean, however, that they

9



The viscosity nodifier nmay conprise at | east one star-shaped, at

| east partially hydrogenated, polyner derivable, at least in part,
fromthe polynerisation of one or nore conjugated di ene nononers as
defi ned herei nbefore. Suitably, the star-shaped pol yner includes

mul tiple ar%gg £XLAMEAGo bR Oratbeplikpdrsiblyia oilith en axtest wiicigntdeckutd
fromthe po

heri sat f ated di
defi ned hermenbzretlfsgt?@l eofgnglndgggmgﬁ@gglq%ﬂ?ﬁﬁgrcglnxéﬂn%ﬂﬁ@go S@%P%veﬁ,atﬁe
o n@(ﬂll A Uggr g)lg befo(%r ﬁerl&&tﬁé a)(?;ls géi-nﬁf REorpetayioR of ARhebe

a honopol y rom nerisation of a single

conj ugat ed fé‘v@la%fq?aﬁiﬁﬁrara@dﬂeé llflﬁdlrh@r ein, such as i soprene or
1, 3- but adi ene articularly isoprene. A ternati vely, the arns of the
star polymer may be a copol ymer derived essentially fromthe

pol yneri sation Oih mggé%ﬁhin%ﬂghy%hﬁqn@nﬁﬂﬁ c&ﬁﬁﬁ%éﬁn@& itedidogdi.c.

herei n, such as t adi ene copol yner, or_a

copol ymer  degiaya6) @mnéntatﬂaynfammnalymopmmthe§amﬁ@hermcaklh Belgre ¥k e
conj ugat ed di ene nononers as defined herein and a vinyl aromatic

hydr ocar bon afieBieéRg-as defined herein, such as an isoprene- styrene
copol ymer, a butadi ene-styrene copol ymer or an

i sopr ene-but adi ene-styrene copol ynmer. As used herein in conne%id

wi th pol ymer conposiy bedesitabley mltkeadghsgéﬁm(iféﬂal JO DISBRLSIONS Of AT A on

of ot her substances not materi al l affec t f
the pol ymer PEEKagRT I FONFenisss; °8§lp L %{1&#1':1 S"Vg%errl 5 %ggtslgigﬂr‘{? % %a%soeo

means the spagld §1ﬁqlt£%'39ﬂ§ ko BRGICTTRROAENS v1st:<ﬁ’slﬁyhe fm‘asme(btﬁbra:atmg 011

copolymer, are present in”an anount of at |east. 90 nor e erably
95 % even rmf@optlerﬂ eDwstblyltlgm ehtheaddibiyp P@‘é(a%(ﬁl/m%@g WCPH%EB‘EFWE’

The arms of th 9% Rﬂjxe)éﬂﬁ ‘but this is not

preferably d2¢ WFFQ b“%gvc?\épec?gggs){n&m% r(r:g(?%ﬁ%?%f‘g grﬁ Il %ear di bl ock

copol ymer, suchigs 1eRadiRRe pacaized) il tipicallpbk (ﬁwmm@atgétmecr(:@taim thenul a:
additive(s) in proper amounts to provide the desired concentration, and/or to carry out

the intended function in the final formulation when the additive package(s) is/are

combined with a predetermined amount of base lubricant.

Thus, the additives may be admixed with small amounts of base oil or other
compatible solvents together with other desirable additives to form additive packages
containing active ingredients in an amount, based on the additive package, of, for
example, from 2.5 to 90, preferably from 5 to 75, most preferably from 8 to 60,

mass % of additives in the appropriate proportions, the remainder being base oil.

The final formulations may typically contain about 5 to 40 mass % of the

additive packages(s), the remainder being base oil.

VISCOSITY MODIFIER

In this invention, as stated above, a viscosity modifier (B) is additionally

provided.

10



. : : : : tly
Az-(B-A)y-B. wherein: Ais a polymeric block derived predoninan
frog1vi%¥l aromati ¢ hydrocarbon nononer; B is a polymeric block
derived predom nantly from conjugated di ene nononmer; x and z are,
i ndependently, a nunmber equal to O or 1; and y is a whol e nunber

ranging from1 to Taioibertfon ehiifo oy Rdrs E&ﬁ}éﬁérifz%a ngje)r%ggé pglﬁgltlﬁ?{lao%o be

tapered linear bl ock copol yner such as on eprese _
? ol ?gw’ ng geRElAICrCEHRH peendingfiBnBhokereeiSuch polymers 0 kyewis hEstl-9aked

' dapi i nhyl, aromatic hydrocarbon nononer; Bis a
ool yror i 0 bl GOk et (< 8T Bl naeRy T Fie sb i e srswmoiion
and A/B i s aittchplertet- seqmers, oder ived ¥ eiadaf B B%kr RLATRY i Sass %,

hydr ocar bon nononer and conj ugated di ol efi n nononer.

The viscosity modifier may comprise at least one star-shaped, at least partially
hydrogenated, polymer derivable, at least in part, from the polymerisation of one or
more conjugated diene monomers as defined hereinbefore. Suitably, the star-shaped
polymer includes muitiple arms extending from a central core; the arms being derived
from the polymerisation of one or more conjugated diene monomers as defined
hereinbefore, and optionally a vinyl aromatic hydrocarbon monomer as defined

hereinbefore.

The arms of the star polymer may be a homopolymer derived essentially from the
polymerisation of a single conjugated diene monomer as defined herein, such as

isoprene or 1,3-butadiene, particularly isoprene,

Alternatively, the arms of the star polymer may be a copolymer derived essentially
from the polymerisation of two or more conjugated diene monomers as defined herein,
such as an isoprene and 1,3-butadiene copolymer, or a copolymer derived essentially
from the polymerisation of one or more conjugated diene monomers as defined herein
and a vinyl aromatic hydrocarbon monomer as defined herein, such as an isoprene-
styrene copolymer, a butadiene-styrene copolymer or an isoprene-butadiene-styrene

copolymer,

As used herein in connection with polymer composition, “derived essentially” permits
the inclusion of other substances not materially affecting the characteristics of the
polymer to which it applies. Preferably, “derived essentially” means the specified
monomer and comonomers, in the case of a copolymer, are present in an amount of at
least 90 %, more preferably 95 %, even more preferably greater than 99 % by mass of
the polymer.

il




Preferably, the arns of the star polyner conprise a hydrogenated

i sopr ene- but adi ene copol yner, a hydrogenat ed

styrene-i soprene-but adi ene copol yner, a hydrogenated i soprene-styrene
copol ymer or a hydrogenat ed but adi ene-styrene copol yner.e]abl Nblsia}l Hlock
preferably, r aP Asy BBk bluekrbpslemar, prefeablyh shat RloC
copol yner a@%@%n@ﬁ%?@bﬁyﬁ%%fgr ably, the IIiJnear di bl ock co ,oilixrrer
conpri ses atogobyasdr, moee jrkfeciblyle linoaristielogh eapshiniAntucl af PBATRIGF gt Y
aromati ¢ hydrocarbon nononer .defined herein and at |east one bl ock
derivabl e pFl@cf%‘i"ﬁ‘é‘ﬁtgFS}er?%mjgﬁe or nore conjugated di ene nonomers as
defined herein. Preferably, the vinyl aromatic hydrocarbon nononer
conprises styrene. Preferably, the one or nore conjugated di ene
nonomner s coupi(Bsk),iBxopr ene, but adi ene or a m xture thereof Mst
preferably, the |linear diblock copolynmer is at |east partially

hydr ogenated. Preferably, the at |east one bl ock derivable

predom nant Ly fk@m a vinyl aromatic hydrocarbon nononer (e.g.

styrene) in the linear diblock copolynmer is present in an anmount of
up to 35 % even nore preferably up to 25 % nost preferably 5 to 25
% by mass based on th : i {018 @iyl btk hyopohpoer .
Pref erably, A K& W%cilbng{]gé%@?ﬁeﬁgﬁ@?x%&ﬁ o%dpr edon‘ihﬁant ly from
one or nore peihiégat ed di ene nononers is present in an anount of
greater than 65 % even nore preferably greater than or equal to 75
% nost preferably 75 to 95 % by nass based on the total nass of the
linear diblqck ca ihdigly! frdig @bnjdpdtbd diene opoabyegr
conpri ses aﬁf}sa so?ﬁ%%%@}%gf%&s‘?;&gﬁgé%%ck e)lAnd a bIJo%k derived from

i soprene, byt agdizese, indepeadentlyt anembereaqualitodigHE 90br ef erred | i near

di bl ock copol yners co i se l.inear djbl opol yners including at

| east one | ixisarvilen er&@%?%ﬁ'@}n ]gé aé”@ﬁgldff r om hydr ogenat ed
styrene/i soprene di bl ock copol ynmers, hydrogenated styrene/ butadi ene
di bl ock copol yners and hydrogenated styrene/i S,pr egﬁ-&t adj ene o ch as
di bl ock copolhenems of Brestamahinger mgieHse b 1aPHES MG YCKERE SIS RET
conprises at | east one.isoprene-. i ck the block is derived
pr edoni nant | SPEAFRYGSSRE bé’tggf?e'}gjgvslgg/??ﬁs%%?g%@m%ononers and 30 to 10
mass % 1, 3- byt gebgne nononers. The arns of the star polyner typically
conprise a copolynmer derived from70 to 90 nass % i soprene nononers
and 30 to 10 nmass % 1, 3- but adi ene nononers. More preferably, the arns
of the star ggl%mgr further include a vinyl aromatic hydrocarbon
nonomer as d&PFHed herein, particularly styrene. A highly preferred
copolynmer is derived fromisoprene nononers, 1, 3-butadi ene nononers
and a vinyl aromatic hydrocaybon, nononer, ..e cj-ali

vi nyl ar omat Ads wgkmw@éwiﬁ{%ﬁ%w Vlrl?gﬂ%%@gie{r@ &lll ér{{mzl%ﬂ%ﬁ UR%JE(?I up
to 35 mass % OBBI%EFrabW up to 25 nmass % based on the total mass of
t he copol yrreqr“. ’

B is a polymeric block derived predominantly from conjugated diene monomer; and

A/B is a tapered segment derived from both vinyl aromatic hydrocarbon monomer

and conjugated diolefin monomer.

Preferably, the arms of the star polymer comprise a hydrogenated isoprene-butadiene
copolymer, a hydrogenated styrene-isoprene-butadiene copolymer, a hydrogenated

isoprene-styrene copolymer or a hydrogenated butadiene-styrene copolymer.
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Preferably, the arns of the star polynmer are formed via anionic

pol ynerization to forma |living polynmer. Anionic polynerization has
been found to provide copol yners having a narrow nol ecul ar wei ght
distribution (MvV M), such as a nol ecul ar wei ght distribution of |ess
than about 1MosPAsref@ah®] the kKRQVWE ¥l - f.ar: ggm iLn.U. S,
Pat ent No. 4, 11%\,?917,. I Vi ng polﬂ;ﬁe&rglsﬁidrlrg@kﬁe glrrgsfg%rhé% y gﬁli‘cgéﬁogymeras
sol ution pol §eitedAereinnlsferablys the linear diblodiecapohjmeg abmgrisksen &aB@ BRIk

inth kali petal . lkalj metal hyd bon,

oo ot ancseBle APABAy BEh3 il e Bicrochhon reigHer g delined

initiator ishreinhindmy BastonebekideRl AT PXdbAGALRY %ﬂi}é(ﬁ%&e lebhibAE
ally Ithi LfmE

hydr ocar bons _i ncl ude unsaturated conpounds such” as
met hal |yl | i $isnemenemertas defiredhserindyeferrbly, dbe pingharbmbdi¢ hydrovarbdie

tolyl lithi it hiu t.he naphthyl lithjiyns, and in
particul ar, u{ﬁﬁgm%?ﬁcﬁ r?é% %%t&%gé‘s%%ﬁé%gyﬂg? RYY 51?19%1 %mug@{eﬁﬂenﬁn’t\qﬁomﬁrs
propyl it hicomprisatisdprdnief hitadivnecorid mixittrd ithkeo N &xXSs phefdrAbIYMhe Tinear diblock
2-et hyl hexyl |ithiumand nhexadecyl |ithium Secondary-butyl PI thium
is the prefef®8 %l%?tg?%FPalﬁrﬁléYﬁwﬁr?ge@ﬂ@ﬂ(s) may be added to the

pol ymeri zation m xture in two or nore stages, optionally together

with additional nmononmer. The living polyners are olefinically

unsat ur at ed.Prefeeably thesttieast onedibdhdérhable predvgninaltiy®ss aak @1 hesmmg ar e

inert liqui olvents, such as hydrqcarbons e.g., aliphatic
hydr ocar bons ™ ﬁoccﬁl%gg “ﬁ%}mé?'g'ﬁé%ﬁ?é In F@dt%ﬁ’é@lg@ék apieolyperis pydshtiane,
nonane, decam@uney¥ Ll ey elBhIY hFdEla 095 ‘%rmﬁﬁg%ﬁa@gggo 25 %,

>

hydr ocarbons e.g., benzene, toluene, ethylbenzéne,
di et hyl benzdWenass ppssdyanybe tosalamass Of thedimexadiblocls cppodfraet ed. M xt ur es
of hydrocarbons e.g., lubricating oils, may al so be used. The
tenperature at which the polynerization is conducted nay be varied
within a wi deefemblye thesdt tdasesneltl QIR RPIOHE]e TRA |

preferably from aggut 20C to about 88[5(%.6 The Iieg%@'?%g{rlly ?Igg-lsq’unletoé'ﬁlﬁ/re
carried out ‘PHURed dispe monamsisHe present i n awowmittof grmter themdh Sreéyeven more

optionally i resure e. d. ssure of frqom
about 0. 5t 8 apare v bt SRR ol st ersPol S 1 G s e
to prepare bhéehd total npspof hotinearaiblediSepoBiyer™ t hin a wi de range and
is determned by the desired nol ecul ar weight of the |living pol ynmer.
To formthe star polyner, the living polyners fornmed via the

foregoi ng pPagesblyamhe lineactiBidcl foyR Aok j | i th a
pol yal kenyl %ouEI iyryg a&ent_. Pol yal Kenyl 0%{3)8%?% aﬁé&ggtseﬂrﬁoﬂsblisbgg%q l\é\flo%l? and
forming staf biRskyrEyed femdsapsens, kutadiend, or a mirtundercof. Mashlsprafigredr e

descri bed, f: %o i ... Pat ent 985, 830. . Pol yal kenyl
coupl i ng aggﬁ%aégar e CCSOR\‘}@%F?%‘%’&RW@‘&%%W&E‘* ﬁ%ﬂ]ﬂ"@eréﬂnq?‘éé%& attlggst one
non- conj ugalieehr ditteskydopglyaie Scleditt o MRSzcAARd YSHRk) Yo pldeafil6d, t O
the sane or di ifereﬂ}ty el ectron-wi thdrawi ng noiety e.g. an aronatic
nucl eus. SutPObBRFSUNIEassted seenpbaisdieany dithesk capolyesess araf hytdhezenated
al kenyl gro : [ reaction with different

i Vi né pgl yééeﬁ%g@gsﬁgfeﬁg%{ahaﬁlse%gisﬁggel‘%tpf%gggmcffsf'f erent from conventional
conj ugat ed di ene pol yneri zabl e nononers such as but adi ene, isoprene,

de paol yal kenyl coupling agents may be used.

etc. Pure echni cal gr
Such conpoﬁéf&ter%ﬂ% ‘Bléenéﬂ? Sﬂ%??id&lo%‘r%ﬁ T §pPMpESasrab topet| ang isopxenepl es
of al i phat i put&RERAIBASHE BN IEIdNE i d Pk yEl Lyl gcetyl ene,
di acetyl enes, phosphat es and p%ospgggégémég%&%ﬁo%zgﬁ%ﬁﬁ%ﬁﬁ 21
e.g. ethyl gnendnereand BGtr 10 mbss. Y% EGabphadienomosbint@bl € het erocyclic
conmpounds i nclude divinyl pyridine and divinyl thiophene. The
preferred coupling agents are pol yal kenyl aromati c conpounds and nost
preferred arig ddne o &le)svirmgl Ldi H{I?gg Sq&f S
conpounds i nclude those g%ownﬁr?%ﬁcoﬁp(%u s?gg.glgfl%gﬂ@%ﬁ’gfi 6t J(Jj(gp?ego
mass % isoprene monomers and 30 to 10 mass % 1,3-butadiene monomers. More

preferably, the arms of the star polymer further include a vinyl aromatic hydrocarbon
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The pol yal kenyl coupling agent should be added to the living polyner
after the polynerization of the nononers is substantially conplete,
i.e. the agent should be added only after substantially all the
mononmer has been converted to the living polynmers. The anount of
pol yal keny! ,coMRkES R-RAEMherdBid pattionlyirly Styyenei tAhhighly pueftered apppdymerns
preferably, at least 0.5 nole of the cou Iinrg a(gent i useggtperatirml e
of unsat ur atdletvedifianmipoprsng FENOMEHS dr RUteHeRE THHRCIRYE A9 2 VEYARSHIE 15
nol es, preferably. from abou . ut } @ afon nhotioRger
pol yner ar eﬁb‘ﬁB?%P9%ﬁ‘9nqu8r’tg%ﬁlnp,&gt\kﬁl cthgn é‘ﬁi}élg%%@ﬁ two or nore
stages, is psyaklYesent inmauRiouatibifipcioSitmass % gmeferablyp togksmasfedasgh
mass % to 85 mass % of the |iving polyner into star-shaped pol yner.
The coupl i ngn thedtotal orscelihpEORAYPfled out in the sanme sol vent as the
l'iving pol ynmerization reaction. The coupling reaction can be carried
out at tenperatures within a broad range, such as fromQ0C to 150C,
pref erabl y bramaBiyotic :20E€of theatmpdlyhRO@re fohaed vacnicpir prlympigation to
conducted in an inert atnosphere, e.g. .ni.trqge a essure
of from abodfiermpa bvwarpolweab&aﬂtw%@a&'&‘wﬁt}%* §?enp%ﬂ§¢rer§{0¥ Lat%s f or med
are charactep| &We&%a@in%%%o%ﬂbfe@ul@f wBidht @egibafios (MsgMnjisach as a

pol y( pol yal ke%y coupl1ig agent) and a nunber of arns of

subst ant i al Ipoléduteeareightsitrivetiond fpess yhrarabowlkt.-2ndi ng outwardly from

t he nucl eus. The nunber of arnms nmay vary considerably, but is

typically between about 4 and 25. The resulting star polyners can
then be hydrogernatiasiowsi figl disslosedj foabkanpiesnd].SAP 4Ny dld 6%, living

catal yst may be used e.g. a copper. qr l.ybdenum.c ownd., ts

cont ai ni ng rpohyireersataz|bs prenargidh A1eRlE 5q%%%m<§}’ﬂ?ﬂ@£@§$&ﬂ’}}é§?é gg%lé

al so be used, Fref ?ﬁ{e%gwgwﬂﬂﬁéﬁ@s&ﬁ&@fﬁﬁlﬁaﬁﬁf&aﬂbﬁaﬂaﬁﬁﬂm@eﬂl e
e netal - g

metal or a MORVESE cont ai ni conmpound of Goup VIII of the.
peri odi ¢ Taljy@rdcaon, ¢.g9mditmaphthalene ap amiohicunisetoy, The pre&prreddpitiRiority

I f f d hydr i talysts...i-ncl . N} I
and i ckel | dHhear Ganditoidr ko, b iR AR it
catal ysts arg fh0se &%C@uﬁ@@s&n 26 Sl IBiUAE bty Ll tian yrbme derpooprasds

to react with organi c conpounds of any one of the group_ Vil| tals
i ron, cobal tsuok aniplodos] lithitme, thatd@rlithivmsoilsaylyé GHERNAA fh&tnaPlétgg'tl%WES’

organi ¢ conpound that is, at dto At 1 /X 1
atom as des 5%&@%%3&%#%6'@,%1“6“ GY wgi’%t%@%% llﬁgmlé,{hog(%,ﬁlggﬁ pERY
Pref erence i lihﬁliﬁﬁ/’ Ryl Pt Seenahiued) herjlditlists 2attitydbexadilitjurs andbong an
alum nium trialkyl (e.g. al uni ni um di et hyl . (ﬂgé Ef:eg%h.(){. tal umi n{'nﬂggtor(s)
triisobutyl )hexedeoyhlithiveit ReepndpyRBityldihipmgs g prg et Py

ni ckel diisopropyl l.i Gyl Al ¢ . norfkked. oBi@ially!
hexanoat e, @2§¥a%‘%i%?%@&%ﬁ%@ﬁﬁ%ﬁ?@%ﬁ?&ﬁ sal tséof lgaturi&(t ed
monocar boxyl jogerdei With eddiflone shdmpnteeathe bring ol ars obefiiiendytngifyatado
20 carbon ators in the nolecule with carbon nonoxide and water in the
presence of acid catalysts) or with nickel enolates or phenol ates
(e.g., nickel, ac [ bizk@d foxmled aff inert liquid solvents, such as
but yl acet opht%%%og'&q%{&?vtg@w{e}%ﬁ%?%%%#gti on catal ysts w Iql be wel |
known to t hoppirsddrbdmac.g. naliphetiahydracebartsesuelonspatang, exane, jhspgye, pgtane,

means intended to be exhaustive. Th dr ogenat J i

pol yner is s%ieﬂéﬂle?‘a%ﬁaﬁ@%%ée‘iaﬂe’&ﬁﬁw F’q?%ﬁgfcggf)@éexr# Q’%{%‘?&ﬂﬁ? s
inert duringpthe. ?&{5%%%, kQRadHel @RylbSRicuE ahedylbyel dictryienzemnd
m xtures of saturate drocarbons are suitable. Advant ageously, t he
hydr ogenat i opropgibeanines.sCytlehsaneisqseferied.sMiy@rS of RyGRFrRoNS €2

pol ymeri zation js.conducted uitably, at |east 50% preferably at

| east 70% niHEICRing WlSaBlay a0 BeASEE 9005 nost preferably at |east 95%
by mass of the original olefinic unsaturation is hydrogenated. The

hydrogenated star polynmer may then be recovered in sol ig form f.r.0om
The temperature at which the polymerization 1s conducted may be varicd within a

wide range, such as from about -50°C to about 150°C, preferably from about 20°C to
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The star polynmers useful in the practice of the present invention can
have a nunber average nol ecul ar wei ght of from about 10,000 to

700, 000, preferably from about 30,000 to 500,000. The term "nunber
average nol ecul ar weight", as used herein, refers to the nunber

aver age wei ghbo@BOPEATUE eshchvn Saki el 8 i hy.. (. GPC")
with a polystyrene standard, sﬁﬁgggﬁféﬁ?ﬁgﬁﬁf rélggﬁg |§n&¥?’(sflgas

i nportant t o BHEEENtFgimayidendldy be earrieiguttundempradsare @y.es paSsIIObLEYLAT
wei ght of a V. ing this nethod, the cal cul ated nunber
aver age nol e%%‘?%ro%idgﬁgt fv{\ftl"firtg'be | ess than the actual nolecul ar

wei ght due to the three dinensional structure of the star polynmer. In
one preferre& enbodi nent, the star polynmer of the present invention
i's derived flBRFesSHFats aftheingintanusedioproparatiedivisppolgmer aag aRb oty

10 %t o abouiy; % Len n eater than 80 % by namss
of tohe but ad?vgﬁgl a}J@r‘{ﬁésr ean?ﬁ%@ér{%%%lg%deﬁy %eg{e%fiﬂe Tp%ﬁ‘iﬁ?‘ﬁﬂﬁk}gqf%hﬁh"mg

anot her pr ef polymer.enbodi nent, the star polymer of the present
i nvention conprises anorphous butadi ene units derived from about 30
to about 80 % by nmass 1,2-, and from about 20 to about 70 % by nass

1, 4-i ncor pords ks @E | : er preferr nmbodi nent, the
star polymer is deri \S/{eagbl?1 omﬂﬁlé%%ﬁggg%lﬁsa@’%ﬁ }11&3&6 TR pracess are

t her eof , a_ndfeﬁQIﬁd h?ean agiditicaahsadtioansteph otith aﬁaoﬂﬁaﬂ&iﬁ@u&0@51n%h§éﬁt.”?§}§/alkenyl
styrene units. T]?{%l cal | t.he f‘tar_ pol ymer has a Shear Stability
| ndex (SSI) SFPHPHAFRRG G0l 9f fosming sarpofyrasrs haye besn kagwmfore wimizer of
commer ci al | yyeamsainiabd @cssiigdd, B HBh1eVin U Vi n S5l equal
to or |ess %/yhan_SS is ISnfi neum SVZBIOeTk}IU'geg%@{yg%fér%?ngﬁnﬁﬁ@w@A
L. P. and | nf9oHBlRE agenistagc caviertiorsiz wpinpsurafs haoingae iag tvy n@ﬁ%b%ﬁ@&t@d

)

star pol yner, ' v aving an SSI equal to or |ess _than
i ncl ude 1 nf iarll%ém %E%HCEI%?W%@W%a ﬁwcgﬁ%tq the seae f dfferarslectos o
avai | abl e f rthdrabingensietySly. biParodiiclibice LERd Mond e
viscosity nodifier may bggggr ovi"ﬂrded icrlll ar? iﬁ#ﬁog@gy?iﬁn&%%ﬁé%e}@
preferably 3@t east ohealbenyh ewapparechpabiastindépentient lredetiog i thrigfrerht
itiong: ' RV hot h .t f Vi it difi
Gsed in tne N EIARG ad | ERR RnedPR ARED p o Gatond) eamusated dione
ni t r ogen- comphineirizghlt urtibhenaduch bObREdiERS isopfadR! dtc P $RE: $@hical

capabilities 15{8 the1 VI jnmprover. One trend in the industry has %%%en
to use suchPORAKERYLfEPlRgAgentsay bagised.eSuch eompvnils may be tbiphagip) ace

sonme or all zRmdiiderdk t I hrogen-cont ai ni ng., functi gnal . gr oups
can be added to a pol %Rrrg;? ?I?VEIX%%‘%SO%? P ﬁé;lcgcrog}ﬂoflﬁ‘&s ’3‘%1‘}1? &GQ’QW‘“W and
hydr oxyl - coelyalivlianetyleoe.aligcetyderes aitabphate ant phogRates a0tvail 3k ng moi ety,
onto the pol, i ¢ .backbon f the VI inprover (functionalizing).
Processes f g%r{ﬁrﬁaé”ﬂ?tgf’ter% 6%&“& dHP?th]@@r&Paé% nExdmplayofavitelly hotetasyelic

pol yrmer ar ecksipovinds bR (ﬁﬁhyl%gidg&cd{ngqlﬁgn{lﬁéiogﬁg}{épl e, contacting the

pol ymer and nitrogen-containing noie resence of a free
radical initiator, either neat, or in the presence of a solvent. The

free radi cak,lni ki r be gener at by shearing (as in an
ext ruder) o?higﬂgﬁnﬂégi%guﬁ%eageﬁtgiaﬁeaﬁ’oa}?’ﬁ?‘?qg?’@ﬂnﬁ%éémpgmqs agd enpshs
hydr ogen refer@de arclthe [ = R0 i ni fii nomer
vm'yll gepegg‘? to sgrr% ef?gﬁ?mg%%aﬁgkggl ﬁ%&bf@xtgﬁgleg%gg%@actoéppggwner
and the | eviaFluge thoss premasia sompevndsy o g. thzervetoduats ederpobythRienc] O
inmpart dis ri,std cs to both star and |inear
copol yners %ﬁ%@%ﬁﬁﬁ%@ﬁ%&%%}ﬁ%ge st 8&1”&:%@{ IastitHg alkesnpharpupss
sui tabl y betrefeemblphtaicheddidectiydh&BOU Spdeific BRGpIK in%ru%[%?ﬁeﬁ@l%vi%{dfm

: 0

about 0.5 to about 1.8 mass % nost preferably from abo
about 1.2 Hﬁgémﬁf €18a v rinyiny! @Itﬁtalra‘ﬂeYldimZ@rbS;gﬁﬂiﬁyleﬂ‘iWI)an&ltetravinyl

Met hods f orgrgiafitdind, i .r.0080- comt ai ni n nomner . ont olyner
backbones, and ’sui '_t.gtqbr‘lracﬁ1 %%)?ﬁgﬁegh&&%wg t Iﬁl{f}}%ﬂn&g&ﬂqyﬂﬁﬁﬁg@@@}% digjinyl
biphenyl, diisobutenyl benzene, diisopropenyl benzene, and diisopropenyl biphenyl.

The preferred aromatic compounds are those represented by the formula A-
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EXAMPLES The present invention is illustra '
limted to, the foll ow ng exanples. MDCL's tidsg%/’ o?u}vDICIr_]' QO\A/any
formul ated, each containing 20.89 nmass % of the same additives in the
proportions and having a TBN of about 70. The set conprised a control
consi sting ngQ@ﬁﬁ)t Wereaal iDas eptidally substiercdmoenationstlsed ang %o an
addi tives, base o'l and bri ghtstock; and an.inventive I%DCL ons St
01(‘j da;:lm ti vimlegoaeﬁatd%ast anBivunydsareg BRI qular mefpdnang Fﬁ/eé'lg’ 1&/§ee&b&g
addi tives kno i.n the.art u ' | i | ird
for confer rP‘i‘?gg]rf\%(ﬁme?tb%eorntl esfl' ?ﬁ% dJ ﬁg@%ggg%%ﬁggﬁ%%?%gag@%?ﬁg
pol ymer in bier hehehek canerpieund sthyt smend) map be opwl yisrcounlig agents
brightstock was a Group | bright stock with_.a kinemati ' '
>20cSt at 10@gbePred icadaiziure With smalkrmgpnts OB3@%%??““‘1"%%@’%%%&%6% ©
el O TPEO e AR LI e dnrGREH 104MBIALNth SRHIRSES frorucldns coalre
itives i sane proportions and having a TBN of about 40. The
set conpri sgescAbedH 4 pdly@iaikersd poupling agertimonpabkeanlpromakic @ﬂml?ouéd)

reference consisting of additjves, base oi ' ;
inventive TPEQr¢HA% applylfigpy ﬁﬂ?eflf"%%foa@(gég%g?m%én%ﬁ@%ggﬁ 31/6%'(1 o
nodi fier. The additives were additives known in the art and used in
proportions known in the art for conferring TPEO properties. The

vi scosity migifbbrlkebyl ghpknpagenhshvulsbeeadded taiediving prluges ar{f’te{ﬂ@

MDCL' s. TESTI NG & RESUL : i
were tested Pﬂwzét“iﬁtﬁl‘ﬁﬁ§1°P8W§Fﬁslggﬁgﬁsg%n?ﬂ%éﬁg%%%%gﬁgé%%gﬁdgﬁ g

(HERR) on a,ghay kﬂg R QbaeRlial§UMRhE Biongmhiasiteeh ovveged onidieivi
) . . VoS
120 m nutes (;0 §reC| procation of | nm stroke | engt‘{leg 200g | oad

usi ng st andgobmegsii prent manuf acturer supplied steel substrates.

The amount of polyalkenyl coupling agent added may vary within a wide range, but
preferably, at least 0.5 mole of the coupling agent is used per mole of unsaturated
living polymer. Amounts of from about 1 to about 15 moles, preferably from about
1.5 to about 5 moles per mole of living polymer are preferred. The amount, which
can be added in two or more stages, is usually an amount sufficient to convert at least

about 80 mass % to 85 mass % of the living polymer into star-shaped polymer.

The coupling reaction can be carried out in the same solvent as the living
polymerization reaction. The coupling reaction can be carried out at temperatures
within a broad range, such as from 0°C to 150°C, preferably from about 20°C to about
120°C. The reaction may be conducted in an inert atmosphere, e.g. nitrogen, and

under pressure of from about 0.5 bar to about 10 bars.

The star polymers thus formed are characterized by a dense centre or nucleus of
crosslinked poly(polyalkenyl coupling agent) and a number of arms of substantially
linear unsaturated polymers extending outwardly from the nucleus. The number of

arms may vary considerably, but is typically between about 4 and 25.
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Each test was repeated two further tinmes and the recorded wear
measur enent was the average of these values. The HFRR data for the
conpositions are summari zed in the table below Table 1 TPEO
Additive Base oil Brightstock Star Polyner Result

The resulting star polymers can then be hydrogenated using any suitable means. A

hydrogenation catalyst may be used e.g. a copper or molybdenum compound.
Catalysts containing noble metals, or noble metal-containing compounds, can also be
used. Preferred hydrogenation catalysts contain a non-noble metal or a non-noble
metal-containing compound of Group VIII of the periodic Table i.e., iron, cobalt, and
particularly, nickel. Specific examples of preferred hydrogenation catalysts include
Raney nickel and nickel on kieselguhr. Particularly suitable hydrogenation catalysts
are those obtained by causing metal hydrocarbyl compounds to react with organic
compounds of any one of the group VIII metals iron, cobalt or nickel, the latter
compounds containing at least one organic compound that is attached to the metal
atom via an oxygen atom as described, for example, in U.K. Patent No. 1,030,306.
Preference is given to hydrogenation catalysts obtained by causing an aluminium
trialkyl (e.g. aluminium diethyl (Al(Et3)) or aluminium triisobutyt) to react with a
nickel salt of an organic acid (e.g. nickel diisopropyl salicylate, nickel naphthenate,
nickel 2-ethyl hexanoate, nickel di-tert-butyl benzoate, nickel salts of saturated
monocarboxylic acids obtained by reaction of olefins having from 4 to 20 carbon
atoms in the molecule with carbon monoxide and water in the presence of acid
catalysts) or with nickel enolates or phenolates (e.g., nickel acetonylacetonate, the
nickel salt of butylacetophenone). Suitable hydrogenation catalysts will be well
known to those skilled in the art and the foregoing list is by no means intended to be

exhaustive.

The hydrogenation of the star polymer is suitably conducted in solution, in a solvent
which is inert during the hydrogenation reaction. Saturated hydrocarbons and
mixtures of saturated hydrocarbons are suitable. Advantageously, the hydrogenation
solvent is the same as the solvent in which polymerization is conducted. Suitably, at
least 50%, preferably at least 70%, more preferably at least 90%, most preferably at

least 95% by mass of the original olefinic unsaturation is hydrogenated.

The hydrogenated star polymer may then be recovered in solid form from the solvent
in which it is hydrogenated by any convenient means, such as by evaporating the
solvent. Alternatively, oil e.g. lubricating oil, may be added to the solution, and the

solvent stripped off from the mixture so formed to provide a concentrate. Suitable
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(wear vol

nB) Control 16 84 - 5,584 Reference 16 75.5

concentrates contain from about 3 mass % to about 25 mass %, preferably from about

5 mass % to about 15 mass % of the hydrogenated star polymer VI improver.

The star polymers useful in the practice of the present invention can have a number
average molecular weight of from about 10,000 to 700,000, preferably from about
30,000 to 500,000. The term “number average molecular weight”, as used herein,
refers to the number average weight as measured by Gel Permeation Chromatography
(“GPC”) with a polystyrene standard, subsequent to hydrogenation. It is important to
note that, when determining the number average molecular weight of a star polymer
using this method, the calculated number average molecular weight will be less than

the actual molecular weight due to the three dimensional structure of the star polymer.

In one preferred embodiment, the star polymer of the present invention is derived
from about 75 % to about 90 % by mass isoprene and about 10 % to about 25 % by
mass butadiene, and greater than 80 % by mass of the butadiene units are incorporated
1,4-addition product. In another preferred embodiment, the star polymer of the
present invention comprises amorphous butadiene units derived from about 30 to
about 80 % by mass 1,2-, and from about 20 to about 70 % by mass I,4-incorporation
of butadiene. In another preferred embodiment, the star polymer is derived from
isoprene, butadiene, or a mixture thercof, and further contains from about 5 to about

35 % by mass styrene units.

Typically, the star polymer has a Shear Stability Index (SSI) of from about 1 % to

35 % (30 cycle). An example of a commercially available star polymer VI improver
having an SSI equal to or less than 35 is Infineum SV200™, available from Infineum
USA L.P. and Infineum UK Ltd. Other examples of commercially available star
polymer VI improver having an SSI equal to or less than 35 include Infineum
SV250™, Infineum SV261™ and Infineum SV270™, also available from Infineum
USA L.P. and Infineum UK Ltd.

Typically, the viscosity modifier may be provided in an amount of from 0.01 to 20,

preferably 1 to 15, mass % based on the mass of the lubricating oil composition.
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8.

5

8,279 1 16 82.98 1.02 2,170 MDCL

Optionally, one or both types of viscosity modifiers used in the practice of the
invention can be provided with nitrogen-containing functional groups that impart
dispersant capabilities to the VI improver. One trend in the industry has been to use
such “multifunctional” VI improvers in lubricants to replace some or all of the
dispersant. Nitrogen-containing functional groups can be added to a polymeric VI
improver by grafting a nitrogen- or hydroxyl- containing moiety, preferably a
nitrogen-containing moiety, onto the polymeric backbone of the VI improver
(functionalizing). Processes for the grafting of a nitrogen-containing moiety onto a
polymer are known in the art and include, for example, contacting the polymer and
nitrogen-containing moiety in the presence of a free radical initiator, either neat, or in
the presence of a solvent. The free radical initiator may be generated by shearing (as

in an extruder) or heating a free radical initiator precursor, such as hydrogen peroxide.

The amount of nitrogen-containing grafting monomer will depend, to some extent, on
the nature of the substrate polymer and the level of dispersancy required of the grafted
polymer. To impart dispersancy characteristics to both star and linear copolymers, the
amount of grafted nitrogen-containing monomer is suitably between about 0.4 and
about 2.2 mass %, preferably from about 0.5 to about 1.8 mass %, most preferably

from about 0.6 to about 1.2 mass %, based on the total weight of grafted polymer.

Methods for grafting nitrogen-containing monomer onto polymer backbones,
and suitable nitrogen-containing grafting monomers are known and described, for
example, in U.S. Patent No. 5,141,996, WO 98/13443, WO 99/21902, U.S. Patent No.
4,146,489, U.S. Patent No. 4,292,414, and U.S. Patent No. 4,506,056. (See also J
Polymer Science, Part A: Polymer Chemistry, Vol. 26, 1189-1198 (1988); .J. Polymer
Science, Polymer Letters, Vol. 20, 481-486 (1982) and J. Polymer Science, Polymer
Letters, Vol. 21, 23-30 (1983), all to Gaylord and Mehta and Degradation and Cross-
linking of Ethylene-Propylene Copolymer Rubber on Reaction with Maleic
Anhydride and/or Peroxides; J. Applied Polymer Science, Vol. 33, 2549-2558 (1987)
to Gaylord, Mehta and Mehta.
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Contr ol

20.89 79.11 - 33,960 Reference 20.89 58. 89

EXAMPLES

The present invention is illustrated by, but in no way limited to, the following

examples.
MDCL’s

A set of MDCL’s was formulated, each containing 20.89 mass % of the same
additives in the proportions and having a TBN of about 70. The set comprised a
control consisting of additive and base oil; a reference consisting of additives, base oil
and brightstock; and an inventive MDCL consisting of additives, base oil and
viscosity modifier. The additives were additives known in the art and used in
proportions known in the art for conferring MDCL properties. The viscosity modifier
was a star polymer in the form of amorphous styrene-diene copolymer. The
brightstock was a Group I bright stock with a kinematic viscosity of >20cSt at 100°C.

The base oil was a Group 1 base oil.
TPEO’s

A set of TPEO’s was formulated, each containing 16 mass % of the same
additives in the same proportions and having a TBN of about 40. The set comprised a -
control consisting of additives and base oil; a reference consisting of additives, base
oil and bright stock; and an inventive TPEO consisting of additives, base oil and
viscosity modifier. The additives were additives known in the art and used in
proportions known in the art for conferring TPEO properties. The viscosity modifier,
brightstock and base oil were as used in the MDCL’s.

TESTING & RESULTS
Samples of the above formulations were tested using a PCS Instruments high

frequency reciprocating rig (HFRR) on a standard protocol comprising the following

conditions:
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20.22 - 3,940 2 20.89 76.68 2.43 13,291 The above results show
anor phous styrene-di ene isoprene star polynmer advantageously reduces
the wear scar volune as conpared with the control and reference for
TPEO oils. For MDCL it is clearly advantageous to include the star

pol ymer versus using np,prtghistock at all.

» 20 Hz reciprocation of lmm stroke length
* 200g load using standard equipment manufacturer supplied steel

substrates.

Each test was repeated two further times and the recorded wear measurement was the

average of these values,

The HFRR data for the compositions are summarized in the table below.

Table1
TPEO Additive Base oil Brightstock  Star Polymer Result
(wear vol m?)

Control 16 84 - - 5,584
Reference 16 75.5 8.5 - 8,279

1 16 82.98 - 1.02 2,170
MDCL

Control 20.89 79.11 - - 33,960
Reference 20.89 58.89 20.22 - 3,940

2 20.89 76.68 - 243 13,291

The above results show amorphous styrene-diene isoprene star polymer
advantageously reduces the wear scar volume as compared with the control and
reference for TPEO oils. For MDCL it is clearly advantageous to include the star

polymer versus using no brightstock at all.
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CLAIMS: 1. A two-stroke or four-stroke marine engine |ubricating oi
conposition conprising an oil of lubricating viscosity in a nmajor
anount and (A) additives, in respective mnor anounts; and (B) a
viscosity nodifier in the formof a polymer conprising a core and a
plurality of~Pojnmgeric arns extending therefrom in an amount in the
range of O. mass % wherein the conposition includes |ess than
0.5 mass% preferably less than 0.1 mass% of brightstock; preferably

br ght stock,is co L SLE! l¥? %&0?&5&@?%?%@6%&%%%%0&&5% H‘ltSEI%.POSIEIOH

conposi ti on;l- and AMEPET rne engr n catl ng oi

conposition has a,fBhiak bil & HBEcatiskRgcoSiNh@2896r amourithad
four-stroke marine engine |ubricating oil conposition has a TBN of 25

;[Nﬁ 60 usi Eg ASTM D2896. 2. The conposition as clained in claiml,
erein the arns t he ,.pol ymer pr. | 0 at ed
r@ co Bgﬁi]@ﬁ% 1111 Iéesﬁeglcggé Erﬁgo@ar\ﬂ%ﬂfs, gL

i soprene-but adi e ogenat e
styrene-i soprene-but adi ene copol yner, a hydrogenat ed i soprene-styrene

copol ymer or a hydrogenated butadi ene-styrene caqpol yner. .3. Th
conposition as cl(B) ned vissositumediicsin @Fi‘%’/ﬁ*ﬁ ?f?a aﬁgﬁn@f/wrm&%? g‘?rtgraf‘ﬂa

arms conprise a i nearpétﬂ%]?t'%@)%??@'%?éﬁ](‘)’aﬁlﬁg ext%ﬂ%iﬁg {HPARAR) thiaRAnRent in the

clainmed in any one of ereint ol ymer has
‘ range of 0.05 to 6 mass %;

wherein the composition includes less than 0.5 mass%, preferably less than 0.1
massY%, of brightstock; preferably brightstock is completely or substantially
absent from the composition; and wherein the two-stroke marine engine
lubricating oil composition has a TBN of 40 to 100 using ASTM D2896, or
the four-stroke marine engine lubricating oil composition has a TBN of 25 to

60 using ASTM D2896.

2. The composition as claimed in ¢laim 1, wherein the arms of the polymer
comprise a hydrogenated isoprene-butadiene copolymer, a hydro genated
styrene-isoprene-butadiene copolymer, a hydrogenated isoprene-styrene

copolymer or a hydrogenated butadiene-styrene copolymer.

3. The composition as claimed in claim 1 or claim 2, wherein the polymeric arms

comprise a linear diblock copolymer.

4. The composition as claimed in any one of claims 1-3, wherein the polymer has
a number average molecular weight of 10,000-700,000, such as 30,000-
500,000.

5. The composition as claimed in any one of claims 1-4 in the form of a marine

diesel cylinder lubricant.
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a nunber average nol ecul ar wei ght of 10, 000- 700, 000, such as 30, 000-
500, 000. 5. The conposition as clained in any one of clainms 1-4 in the
formof a marine diesel cylinder lubricant. 6. The conposition as
claimed in any one of claims 1-4 in the formof a trunk piston engi ne

oil. 7. The gise ofheacom@%htdyclqﬂﬂééﬁ% 6B o@élaglfsfi H‘?ﬁitﬂe% xfgﬂ-‘anfef

clainms 1-4 to inprove the anti-wear pro ties a narlne i esel

cyl i nder | ubri camiston emgite oihk pi st on englne oi | which includes |ess
than 0.5 mass% preferably less than 0.1 nass% of brightstock; the
two- stroke marine engine |ubricating oil conposition having a TBN of

40 to 100 using AFENDE89Gisciity Iﬂ@dlﬁél’:l%’,&%& H%%drfﬁrah gn@t'ilﬂdlﬁ%lss_ll I\/zll to

| ubricating oil conposition having a to 60 using A
D2896. 8. The usdmasovethé amtwiear bpdrties7of awhemm dhesdh eylimaler hibridirg oeh

cyl i nder IubricagFg@r JLhe trunk &,c®on e Hne s s%gfta ti I

free from bri ght Pistey englne i} h @8@% 955 g?ﬁsi )prﬁgerad’illf E%%d

in any one of cl ahab0.1nfhs3, 6F Hr%hkmttwoléﬁoﬁéfﬂarlﬁé engind Hibticatioil

brightstock in a marine di esel i nder lubricant or a trunk piston
Jé@%

engi ne oi | so thapmpReitinphaviag g pf 4G40 }Q@éﬁlﬂgu‘b‘iTMthS%r o the feyrunk

0. 1 massos of br FYRCECHIRS cRebRB el ot RREHCR L g A ey S8 e 8"

marine di esel engising ASTMIA96g suppl yi ng a conposi t| on as clainmed in
any of clainms 1-5 to the piston/cylinder assenbly of the engine. 11.
A nmethod of lubricating a trunk piston marine di esel engine

conpri si ng %“pp' Y d%is@aE QHRAR! th eAin S WhbRIRE nhind WesAl oyfindlr Thbrcatt &F

6 to the eng
the trunk piston engine oil is substantially free from brightstock.

9. Use of a viscosity modifier (B) as defined in any one of claims 1-4 as a
replacement, in part or in full, for brightstock in a marine diesel cylinder
lubricant or a trunk piston engine oil so that the marine diesel cylinder
lubricant or the trunk piston engine oil includes less than 0.5 mass%,

preferably less than 0.1 mass%, of brightstock.

10. A method of lubricating a cross-head marine diesel engine comprising
supplying a composition as claimed in any of claims 1-5 to the piston/cylinder

assembly of the engine.

11. A method of lubricating a trunk piston marine diesel engine comprising

supplying a composition as claimed in any of claims 1-4 or 6 to the engine.

12. A method of reducing the amount of brightstock in a two-stroke or four-stroke
marine engine lubricating oil composition comprising an oil of lubricating
viscosity in a major amount and (A) additives, in respective minor amounts;
the method comprising the step of replacing, in part or in full, the brightstock

with (B) a viscosity modifier in the form of a polymer comprising a core and a
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12. A nethod of reducing the ampunt of brightstock in a two-stroke or
four-stroke marine engine lubricating oil conposition conprising an
oil of lubricating viscosity in a major anount and (A) additives, in
respective mnor anounts; the method conprising the step of
replacing, in pamfludhity of pblhherictdi@s Bk icBdihg tieedfrorh tih ab BnoanyinsbORingy of
nodifier in the formof a polymer conprising a core and a plurality
of pol ymeric ar nd.@xtodndhssdot herefrom in an anount in the range of
0.05to 6 nass % 13. The nethod as clainmed in claim 12, wherein (B)
substantially replaces the brightstock so that the conposition

i ncl udes | esg. t hapheQudhsasHainfedeh eraahl1R, Whasint(Basulibtdhtinhy silaces the
brightstock; preferably so that the conpogsition is co

| npa letely o
substantial |y fr sighistaekise ity tha ewnposition lq%%dq%é%ﬁﬁwné&n?maaﬁ"/ﬁﬁaefewbly
claims 12 or 13, [ o oggw&g’} L OR. | Shd Ao RF RS S %0
preferably | ess tl%%ﬁﬁ%dil%}?g& 0 Htg fg%gééaﬁ?%?e er abl g{btohe0
conmposi tion is caapiphitelyr subssnkistinfite Abmybrighestodkc om bri ght st ock. 15.
The nethod as clainmed in any one of clainms 12, 13 or 14, wherein the
two- stroke marine engine |lubricating oil conposition has a TBN of 40

to 100 usingAST 5l dlif Waidd 1P6L1 T8 HRGn BRUoAG k18R itdideld
oi | conposi '?L|4bn hhﬂgsg%g&%q\?%?l l%dtlge%(l) usi ng ASTI\e/I D%S%.Oﬂﬁ)
less than 0.5 mass%, preferably less than 0.1 mass%, of brightstock;

preferably the composition is completely or substantially free from brightstock.

15.  The method as claimed in any one of claims 12, 13 or 14, wherein the two-
stroke marine engine lubricating oil composition has a TBN of 40 to 100 using
ASTM D2896, or the four-stroke marine engine lubricating oil composition

has a TBN of 25 to 60 using ASTM D2896.
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