2005MD11 FF 1 A Method of Lubricating a Crosshead Engi ne The present

I nvention relates to a nmethod of |ubricating a crosshead engine. In

particular, the present invention relates to a nethod of lubricating a

cylinder Iiner and a crankcase in a marine diesel crosshead engine with the

sanme | ubr pegsmo11lFF @ mari ne di esel crogshead engine the cylinder |iner and

the crankcase are |lubricated separately using a cylinder oil and a system

oil respectively. The cylinder oil lubricates the inner walls and the

pi ston ring pack and cArieihod of tabricatingea Erabsheatd&mgird wear. The system oi |

| ubricates the crankshaft and the crosshead; it |ubricates the main

beari ngs, the crosshead bearings, the canshaft and it cools the piston

undercrowr'h@bideg@rnptr%hﬁoﬁ F@at@éa@bc‘rﬁ&mawm%ﬁr@g{ h@Pd¥head ngm qal cylinder

oi | has a viscosity at 100C of 19.0 cSt and a total base nu of 70-100
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The use o eren S neans operat or nee to buy and
store two different oils. Furthernore, a vessel operator needs to nmake sure
t hat the rlght oil is used for the rig part of the diesel engine.

Ther ef or el @ Marig dliesad erasshaag eﬂ@'@Pr‘B@)Fé"ﬂdler H”%'y?'?%w’@rcrﬁ'i"ff‘é‘fseaﬁﬁﬂ a crankcase
coul d be n d Hpebe able to
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other hand, needs to be able to neutralize the acidic products of
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of 70-100 mg KOH/g (ASTM D 2896-98); whereas a typical system oil has a
viscosity at 100°C of 11.5 ¢St and a total base number of 5 mg KOH/g (ASTM D
2896-98). The use of two different oils means that a vessel operator needs to
buy and store two different oils. Furthermore, a vessel operator needs to make
sure that the right oil is used for the right part of the diesel engine. Therefore, it
would be highly desirable if a cylinder liner and a crankcase could be lubricated

using the same oil.

A system oil needs to be able to prevent corrosion of metal in the bearing shells
and to prevent rust in the crankcase when in the presence of contaminated
water. The system oil also needs to provide adequate hydrodynamic lubrication
of the bearings and have an anti-wear system sufficient to provide wear
protection to the bearings and gears under extreme pressure conditions. The
cylinder lubricant, on the other hand, needs to be able to neutralize the acidic
products of combustion, provide lubrication of the cylinder liners to prevent
scuffing and be thermally stable in order that the lubricant does not form deposits

on the piston ring pack.



on the piston ring pack. 2005M011 FF 2 The aimof the present invention is
to provide a nmethod of lubricating a cylinder |iner and a crankcase in a
mari ne di esel crosshead engine with the sane |ubricant. The |ubricant would
obviously need to provide sufficient lubrication for both the cylinder

li ner and2WWé“Bﬂéﬁ£case. In accordance2with the present invention there is
provided a nethod of lubricating a cylinder liner and a crankcase in a

mari ne diesel ., crogshead engine with the  sanme |ubrjcating oil conposition;
the | ubri 589 Afgo e%ﬁ%’b@ﬂ‘(?'ﬁ&?"d%#ﬂ)PWfdﬁg@ me”é&é) oUABECHBG BT an of | of

| ubri cat i fbr\dndiCd&lahKease ind mafiAs dic¥eecid8bRé&EBhgine with thedamePne di spersant;
and - at |east one anti-wear additive; the lubriTating oll conposition

havi ng a IPBrcants Thedybricant wautdondousipneed & pawjdessuffigentdubbcationdber abl y 20
to 45, ngy . s rprisingly found that they are able to
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| ubricate I nefr “crankcase in a marine diesel
crosshead engine with the sane |lubricant. A vessel operator will therefore
only need to haye one tank of lubricant far the cylinder |iner and the

cr ankcaseln 30 '\_ﬂel"}’ith Wﬁerﬁéemtd@Ye_éFipeébef@d%PT%’H\QP %gf%hw BEB‘QUS@t"ﬂher e will
not be an cgmﬂéﬂﬁheﬁa%é%kc&\@wé 'n%arin('ge%iéwrc%gsﬂeadteﬁgide’\ymﬁ‘{ﬂeon makes it
possi bl e tof engine manufacturers to redesign narine esel crosshead

engi nes ssamadubricating il icnohgositionethedubridatieg oil okmsidioarcompriging:cat ed by a
single lubrjcant, The Jubricati oi l. conpasition preferably has a viscosity
at 100C of atllga%]tomzmas éto.t% aph%quﬂﬁt?rﬂ%lpgﬁ COPY:composi tion preferably

i ncl udes ajt lbgstsdneodsteiéept;based hybrid/ conpl ex detergent including at |east
two surfactants selected from

- at least one dispersant; and
- at least one anti-wear additive;
the lubricating oil composition having a TBN, as measured using ASTM D 2896-

98, of 10 to 55, preferably 20 to 45, mg KOH/g.

The inventors have surprisingly found that they are able to lubricate both a
cylinder liner and a crankcase in a marine diesel crosshead engine with the same
lubricant. A vessel operator will therefore only need to have one tank of lubricant
for the cylinder liner and the crankcase, which will improve logistics, cost and
safety because there will not be any confusion between two oils. Furthermore,
the invention makes it possible for engine manufacturers to redesign marine
diesel crosshead engines so that the cylinder liner and the crankcase are

lubricated by a single lubricant.

The lubricating oil composition preferably has a viscosity at 100°C of 15 to 21
cSt.

The lubricating oil composition preferably includes at least one overbased
hybrid/complex detergent including at least two surfactants selected from:
phenol, sulphonic acid, salicylic acid and carboxylic acid. The lubricating oil

composition preferably includes an overbased hybrid/complex detergent that is



phenol , sul phonic acid, salicylic acid and carboxylic acid. The lubricating

oil conposition preferably includes an overbased hybri d/ conpl ex detergent
that is 2006M)11 FF 3 prepared from phenol, sul phonic acid and salicylic
acid. The lubricating oil conposition preferably al so includes an overbased

phenat e d29WSMHALEF Marine di esel crosshead engines run on heavy fuel oil
havi ng sul phur level s rangi ng from50ppmto nore than 4.0% G| of
Lubricatin %SIt%The o of | ubricatjng viscaosity (sometinmes referred

to as | ubPf &’QE‘? orYi e”ﬁh)?” onigREIGANd saliqyip asid o?hecPIHB”F‘EFH}Q Qhtion of a
mari ne i g5fboSioPBAIGALRIILOMLHAR arl WRibER Bierpid dBRYGSN Lably be an

animal, a vegetable or mneral oil. Suitably the lubrTcating oil is a
petroleun}derlved Iubrlcat|ng oil, such as a naphthenic base, paraffinic
base or

ernativel the Jubricat.in i | be a
oynt hot i MEie BEREI figssnéad EIRELIE & neRG 1UEPHY AT RARKRu B het ude
synt het i cr@gt,@froml.ﬂojppﬁatd moredthiaf 4. @%I ch oils include diesters such as
di -octyl adipate, di-octyl sebacate and tridecyl adipate, or polyneric

hydrocarbon lubricating oils, for exanple |iquid polyisobutene and

pol y-al ph Ly, a mneral oil is enployed. The lubricating
oi |l may é'l%k{ ficatin @e}ﬂér eater than 60, typically greater than 70,
mass% of the conposition, and typically have a kinematic viscosity at 100C

of from 21hooff @ |ubﬂ&atﬂi@mé&.tfngo,%eﬁmeé$efefmaso BsRisticatikg Bpmallbe | ndeX Of
from80tol@ }ﬂ%rF\amngL@ m 9 9 ?Aggt er élSSO élj,Jrlcatlng oils
i s hydr ocPR¢RIEguUiiADle Tor ”Pﬁté heka mar'i'@e;ﬂ* §?sz‘ﬁ? RBEINGr dA¥€s down t he
m ddl e andiblieating oli iy Isuiatsly beart ainal |awvégmamé©$enﬁmecﬁl oilh@ditatggn at hi gh
t enperatu C y have a
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1 and a vbasmparaffiniadage oy prixed bgse ail. tAéennahv;ﬁiy dheflukrmaliog oil andylbe af or
exanpl e fgoihdifAubAcat-oil. Suitable synthetic lubricating oils include synthetic ester

lubricating oils, which oils include diesters such as di-octyl adipate, di-octyl

sebacate and tridecyl adipate, or polymeric hydrocarbon lubricating oils, for

example liquid polyisobutene and poly-alpha olefins. Commonly, a mineral oil is

employed. The lubricating oil may generally comprise greater than 60, typically

greater than 70, mass% of the composition, and typically have a kinematic

viscosity at 100°C of from 2 to 40, for example for 3 to 15, mm?2s™! and a viscosity

index of from 80 to 100, for example from 90 to 95.

Another class of lubricating oils is hydrocracked oils, where the refining process
further breaks down the middle and heavy distillate fractions in the presence of
hydrogen at high temperatures and moderate pressures. Hydrocracked oils
typically have a kinematic viscosity at 100°C of from 2 to 40, for example from 3
to 15, mm?s™ and a viscosity index typically in the range of from 100 to 110, for
example from 105 to 108.

The term ‘brightstock’ as used herein refers to base oils which are solvent-
extracted, de-asphalted products from vacuum residuum generally having a
kinematic viscosity at 100°C of from 28 to 36 mm?s™ and are typically used in a
proportion of less than 30, preferably less than 20, more preferably less than 15,
most preferably less than 10, such as less than 5, mass%, based on the mass of
the composition.



*The term ' brightstock' as used herein refers to base oils which are sol vent-
extracted, de-asphalted products from vacuum resi duum generally having a

ki nematic viscosity at 100C of from28 to 36 mm2s 1 and are typically used
in a proportion of |less than 30, preferably |l ess than 20, nore preferably
| ess thandBmoingst preferably | ess than 10, such as |less than 5, nmass%
based on the nass of the conposition. 2005M)11 FF 4 Most preferably, the
oil of lubricating viscosity is present in the lubricating oil conposition
in an anount greater than 50 mass% nmnore preferably greater than 60 mass%
based on The

| ubricati Mgg%ﬁﬁg%o@ﬁ'{)ﬁ%b@ Qggus‘?:bklt)‘?% 8;§)én'?at u’é’@y{eelr'aﬁhgé &get ergent is
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solids in suspension. It is based on netal "soaps", that is netal salts of
aci di c organi c conpounds, sonetines referred to as surfactants. The
det er gentDetengeritses a pol ar head with a | ong hydrophobic tail. The polar

head conprises a netal salt of a surfactant. Large anmounts of a netal base
are incluyde reacting an.excess, of tal ¢ ound ch as an oxi de or
hydr oxi deyh?/\f"’tbﬂxﬁii’f‘%‘a'f 'ﬂpﬁ%@o%lﬁcﬁ’% a&iqagsgﬁnaidg%nggnttdﬁ\gp 9¢M 1$¢Br based
det er gent i th@P Fadfuice s SorfrRitioh f ipfstsh d@wiﬁefar e&énipi’@h@ﬁttéﬁwp'e?étﬁfe of a

metal base (e.g. carbonate) mcelle. The net may be an al kali or al kaline

earth rret‘éam§bcﬁli1dd§0ql1&5rde@ﬁalﬁﬁall@en9|6§$,uhhas p@ﬂmﬁrahimg iPropartigs aad ci um
bari um an S € urf
salicyl atg Q'%%“gﬁ?ﬁ@ a%{rl 8§y a(ge{n %sﬁéﬂﬁ It 'g%gﬁﬁs 8nﬁﬁetgﬁat e or a
napht henatseapd/etialt isaletdl \shis ef aadkmgmiefcemmdnwtsdmaﬁhés referred to

as surfactants.

The detergent comprises a polar head with a long hydrophobic tail. The polar
head comprises a metal salt of a surfactant. 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 neutralized detergent as the outer layer of a metal

base (e.g. carbonate) micelle.

The metal may be an alkali or alkaline earth metal such as, for example, sodium,

potassium, lithium, calcium, barium and magnesium. Calcium is preferred.

The surfactant may be a salicylate, a sulphonate, a carboxylate, a phenate, a

thiophosphate or a naphthenate. Metal salicylate is the preferred metal salt.

The detergent may be a complex/hybrid detergent prepared from a mixture of
more than one metal surfactant, such as a calcium alkyl phenate and a calcium
alkyl salicylate. Such a complex detergent is a hybrid material in which the
surfactant groups, for example phenate and salicylate, are incorporated during

the overbasing process. Examples of complex detergents are described in the



The detergent may be a conpl ex/ hybrid detergent prepared froma m xture of
nore than one netal surfactant, such as a cal cium al kyl phenate and a
calcium al kyl salicylate. Such a conplex detergent is a hybrid material in
whi ch the surfactant groups, for exanple phenate and salicylate, are

i ncor por a2®@dMiFg t he overbasi ng prlocess. Exanpl es of conpl ex detergents
are described in the 2005M)11 FF 5 art (see, for exanple, WO 97/46643, WO

97/ 46644, 97/.46645, 9 46 and [46647). The lubricating oil
conposi ti %f@r%ﬂ?'%@é@gggﬁ’I‘&&s?%ﬁé‘%%%&%@“%%h d/ conpl ex
det er gentg7/ag6A461bAY D d7edsE47y W0 surfactants sel ected from phenol,

sul phonic acid, salicylic acid and carboxylic acid. The lubricating oil

conposition preferably includes an overbased hybri d/ conpl ex detergent that

Is prepared, fr.am ph .phani T salicylic acid. The |ubricating
oi | corrpatri(? H%%WE%&E?%’BP?/&Q&%grqfﬁﬁ%@dgglﬁggs Sghélaggg%%l%?fbﬁﬁ? det ergent .
Sur f act antybrididonhplex detergeritandluging tat reast twarsumaditants deledtgkfbm: cont ai n - at

| east one hydrocar byl (group_, for exanple, as a substituent on _an aronatic
ring. Thep'ieé\q?nsmﬂﬂﬂﬂ‘l“‘o% fpsalicylisacid @pdcarRaxyliGagids hedubri¢atingrdlup concer ned
IS primar} i i A&Nibtl to the
remai nderédor?{p ?ﬁ@%ﬁ%@g{yéﬁ%lgggggggr@g%ﬁ%g{i@%Bn%tatemgges g%‘?eggc ude the
presence prepatdddromtptenobsulpiroig@Esid andisaliaylio acidonThenlsbfi¢atinigesit t o det r act

fromthe subst atnt | al I%_ B@drlocar o] char act erdlﬁ i cs aft t he {group.

Advant age%%??ls,' '%Brl% | ﬁs%;lf‘& €S8 VAR A9 BP9 n accor dance
with the invention are aliphatic groups, preferably al kyl or alkyl ene
groups, especially alkyl groups, which may be |inear or branched. The total
nunber of SedagaMsIPLHE SUﬁf%@ta@t systeaicaldhe srelalsinterasatsgontainst least enei ent to

ool TRSEOROL EPLAEE e AURTERESYSh Yy Sy, R e uee
at ons. Whtydrocalteil’eas gsetbneretrhmeans tha fikey groyipaomcetried iapemeagily nunber of
carbon at c?orrrﬁpésrzada cl)fI hy%frogen and carbon atoms and is bonded to the remainder of the
molecule via a carbon atom, but does not exclude the presence of other atoms or
groups in a proportion insufficient to detract from the substantially hydrocarbon
characteristics of the group. Advantageously, hydrocarbyl groups in surfactants
for use in accordance with the invention are aliphatic groups, preferably alkyl or
alkylene groups, especially alkyl groups, which may be linear or branched. The
total number of carbon atoms in the surfactants should be at least sufficient to
impact the desired oil-solubility. Advantageously the alkyl groups include from 5
to 100, preferably from 9 to 30, more preferably 14 to 20, carbon atoms. Where
there is more than one alkyl group, the average number of carbon atoms in all of

the alkyl groups is preferably at least 9 to ensure adequate oil-solubility.

The detergents may be non-sulphurized or sulphurized, and may be chemically
modified and/or contain additional substituents. Suitable sulphurizing processes

are well known to those skilled in the art.

The detergents may be borated, using borating processes well known to those
skilled in the art.



the al kyl groups is preferably at least 9 to ensure adequate oil-solubility.
The detergents may be non-sul phurized or sul phurized, and may be chem cally
nodi fied and/ or contain additional substituents. Suitable sul phurizing
processes_are well known to those skilled in the art. The detergents may be
borat ed, #&MPIdFati ng processes wel 16 known to those skilled in the art.
2005MO11 FF 6 The detergents preferably have a TBN of 50 to 500, preferably
100 to 400, and nore preferably 150 to 350. The detergents may be used in a
proportion in the range of 0.5 to 30, preferably 2 to 20, or nore

pr ef er abl Yhé deterdénts Rsfebaharavk aTENEf SBES500, gréRrabiPHDORS 4D, a |

conposition. Dispersants The lubricating oil conposition includes at |east
one di spefMosmpreferaplyshal 9a3R0.is an additive for a lubricating conposition
whose primary function in lubricants is to accelerate neutralization of
acids by the detergent system A noteworthy class of dispersants are

"ashl ess" Therdeatergenta nmaynberased In @ propgatiorcin thatramgeadf 0.6ad 30Dppreferablyst anti al |y

no ash on_copgpustion, in contrast to | - contai ni ng, hence ash-form ng,
mat eri al s2 ?9\231 YO %rﬁg?@g%it%c{ﬁrﬁ?? n%°§a?%(ﬁ8” tﬂ&%ﬁ]alsrgt%f/gfeo'é'g%‘é}m% th a
pol ar heagjj chhpofitbmr i ty being derived frominclusion of, e.g., an 0, P or

N atom The hydrocarbon is an ol eophilic group that confers oil- solubility,
havi ng for exanple 40 to 500 carbon atons. Thus, ashl ess dispersants nay

conpri se gn Qi | -iol ubl e pol yneric hydrocarbon backbone having functional
groups th S pabl e of associating with particles to be dispersed.

Exanpl es of ashl ess di spersants are succini mdes, e.g. polyisobutene

succi ni ¢ Thahbdicatiey oiodmposiyienminuudesratéesstone digpepsart! A dispérsamyisbe bor at ed
or
an additive for a lubricating composition whose primary function in lubricants is to

accelerate neutralization of acids by the detergent system.

A noteworthy class of dispersants are “ashless”, meaning a non-metallic organic
material that forms substantially no ash on combustion, in contrast to metal-
containing, hence ash-forming, materials. Ashless dispersants comprise a long
chain hydrocarbon with a polar head, the polarity being derived from inclusion of,
e.g., an O, P or N atom. The hydrocarbon is an oleophilic group that confers oil-
solubility, having for example 40 to 500 carbon atoms. Thus, ashless
dispersants may comprise an oil-soluble polymeric hydrocarbon backbone
having functional groups that are capable of associating with particles to be

dispersed.

Examples of ashless dispersants are succinimides, e.g. polyisobutene succinic
anhydride; and polyamine condensation products that may be borated or
unborated.

The dispersants may be used in a proportion in the range of 0 to 10.0, preferably
0.5 to 6.0, or more preferably 1.0 to 5.0, mass% based on the mass of the

lubricating oil composition.



unborated. The di spersants nmay be used in a proportion in the range of 0 to
10.0, preferably 0.5 to 6.0, or nore preferably 1.0 to 5.0, mass% based on
the mass of the |lubricating oil conposition. 2005M)11 FF 7 Antiwear

Addi tives The lubricating oil conposition includes at |east one antiwear

addi ti ve. 2000MBldd&car byl dit hi ophosphate metal salts constitute a known
class of anti-wear additive. The netal in the dihydrocarbyl dithiophosphate
netal may be an alkali or alkaline earth netal, or aluminium |ead, tin,

nol ybdenum nmanganese, nickel or copper. Zinc salts are preferred,

preferablxn{i\p¥5rt1@d(§iﬁ#e of 0.1 to 1.5, preferably 0.5 1to0 1.3, mass% based
t he

upon the lubricating oil conposition. They may be
prepared in accordance with known techniques by first formng a

di hydrl()C&leél/Iubﬁibéﬁr'h%@ih@?mb_@%iﬁé% ggdldhe(s[@%ﬁst oHélé?kiW?éapﬁddiﬁt@@.tion Ofd OBEP Zr
nore al CO, or Ol ., WM an en.neutralil zi e 1.orne

wih o o AitveGiestl aiRBpnSiatbie fista s arSlEie kiowE s it 3al M rade by
reacti ng additive.eShemagbaliinttie/dibpdroseachyhdithigpladsphiatd metalmay betn\atkali,

mul tiple gi 4RSS Lds: ¢ - &ggpr' | th rocar byl
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are enti®etappsfi Acysalts are grefetred. preterakly én theerappa©f 9al 1o, 1.8ny basic or

neutral ZpiferaB§TIS e, 3 AYada%, ba8ed kipbn the Xl f8ss ofndnebriciifgand car bonat es
are nost ener.fal I yTe%n;pI Oé%%.f Commey.ci al 1%ddl t I‘N\ﬂl)'séﬁ f reqtue t.l cBnt ain an
excess of CUTRRSIIQN, e They may bePrepared p accoidante NOWY 1RE '&'Sﬁﬁ% Wd in the
neut r al i zfirst fanmingea dihydrocafiyg difhiephosphbrizi avid (DD A), asaalhy by deéddtion@ifiosphat es
are oil-s f ' zar M a)] ' ' and may be
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DDPA with a zinc compound. For example, a dithiophosphoric acid may be

made by reacting mixtures of primary and secondary alcohols. Alternatively,

multiple dithiophosphoric acids can be prepared comprising both hydrocarbyil

groups that are entirely secondary in character and hydrocarbyl groups that are

entirely primary in character. To make the zinc salt, any basic or neutral zinc

compound may be used but the oxides, hydroxides and carbonates are most

generally employed. Commercial additives frequently contain an excess of zinc

due to use of an excess of the basic zinc compound in the neutralization

reaction.

The preferred zinc dihydrocarbyl dithiophosphates are oil-soluble salts of
dihydrocarbyl dithiophosphoric acids and may be represented by the following
formula:

[(RO) (R'0) P(S)S]; Zn

where R and R! may be the same or different hydrocarbyi radicals containing
from 1 to 18, preferably 2 to 12, carbon atoms and including radicals such as
alkyl, alkenyl, aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly
preferred as R and R' groups are alkyl groups of 2 to 8 carbon atoms. Thus, the
radicals may, for example, be ethyl, n-propyl, I-propyl, n-butyl, I-butyl, sec-butyl,
amyl, n-hexyl, I-hexyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethylehexyl, phenyl,
butylphenyl, cyclohexyl, methylcyclopentyl, propenyl, butenyl. In order to obtain
oil-solubility, the total number of carbon atoms (i.e. in R and R) in the



[(RO (RO P(S)S]2 Zn where R and R1L may be the sane or different

hydr ocar byl radicals containing from1l to 18, preferably 2 to 12, carbon
atons and including radicals such as alkyl, alkenyl, aryl, arylalkyl,

al karyl and cycl oal i phatic radicals. Partrcularly preferred as Rand R1

gr oups ar%xﬁkﬁyﬂFEroups of 2 to 8 carbon atons. Thus, the radicals may, for
exanpl e, be ethyl, n-propyl, I-propyl, n-butyl, I-butyl, sec-butyl, anyl,
n- hexyl, 1-hexyl, n-octyl, decyl, dodecyl, octadecyl, 2- et hyl ehexyl, phenyl,
but yl phendithiophpshotie agid, willhgehgially bk dpemgrgbter p Thpeaind dih;admeargtiyl In order to

n' tho 20BERBPEERe S ARG eSS S ERIBAIPIDS £ or "oreater

The zinc di hydrocarbyl dithiophosphate can therefore conprise zinc dialkyl
di t hi ophoEhantinearasditiyetmar be usadiin a\péorrm’yorw ih‘@eféngﬁoéoﬂr@pb5,tlon in the

range of S&gﬁer&tﬂ %) ?to 1 @r 8% ﬁrro?l%éyefgra%l o% '8 ‘?ﬁﬁaﬂ% Bagefgﬁgﬁghésgé)i Lg 0.8,

mass% ba ¢ he™ mhs bri ca I'ng ad conposi

desi r abl ethedlhbrfmﬂgglon@brrmsmnhr al, to prepare one or nore additive packages
or concentrates conprising the additive or additives, which can be added
simul taneously to the oil of lubricating viscosity (or base oil) to formthe

| ub t to th
| ubr i cat Egra%'*re GETRBR, gt hoReREntiah dhrebdfe SHEb! mtfe RIS rrani e
with miIRACkages ﬁgcorrﬁﬁntrtarﬁ%cqreprrﬁbrﬂg 'ﬁ'%oraﬁi’ét'%dwt‘lqr‘e?%%age(s) will

typicall yadued s‘munsrhémecy roqhémtombrrcbﬁn@drécésrtye(()sbaseow)rt@rf@rm gounts to

Plnct 1 on ‘B CHRoThEam RS doauiothar s s HataSi G g ) T's/ ar e
conbi ned lubti¢atingmileday be rﬁamlﬁdtedrbwmlveﬁts abddy rmixing ara:nmpaﬁlrmi willdi ti ve
Packase, " ARSI, 4 Ky SR 1hg a0 AERAIN) G bO 20011 ve
pr ef er abl fgr m#'@Fﬁ‘%tOt@n@” t%@@%nm(shmrppere@npﬁntﬁﬁe pr dvide 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. The additive package may contain 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.

The term ‘active ingredient’ (a.i.) as used herein refers to the additive material
that is not diluent.

The term ‘oil-soluble’ as used herein does not necessarily indicate that the
compounds or additives are soluble in the base oil in all proportions. It does
mean, however, that it is, for instance, soluble in oil to an extent sufficient to exert
the intended effect in the environment in which the oil is employed. Moreover,
the additional incorporation of other additives may also permit incorporation of
higher levels of a particular additive, if desired.
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The following lubricating oil composition was prepared:

Combined Cylinder Oil and
System Oil
350 BN Calcium 7.15
Phenate/Sulphonate/Salicylate
Complex detergent
258 BN Calcium Phenate 6.00
Detergent
Succinimide Dispersant 2.00
ZDDP Anti-wear Additive 0.50
Brightstock 20.00
SN150 Base Oil 0.10
SN600 Base Oil 64.25

The lubricating oil composition was compared to a commercial system oil
(Infineum M7040, available from Infineum UK Ltd) and a commercial cylinder oil

(Infineum M7089, available from infineum UK Ltd). The results are shown below:
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VK 100, ASTM D445,
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Properties
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Cylinder Oil
Properties

Corrosive Wear with
High Sulphur Fuel in
Bolnes Engine,
Liner Wear
Average/Microns

19
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High Temperature

Scuffing
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Resistance,
Temperature of
Minimum Friction
Coefficient, °C

Panel Coker High
Temperature
Detergency Test,
Merit Rating

4.34

5.06

Panel Coker High
Temperature

Detergency Test,
Mass of Deposits,

mg

34.1

28.5

Komatsu Hot Tube
Test for High
Temperature
Resistance, 330°C,
16 hours,

Average Tube Merit
Rating

0.5

4.58

As shown in the Table above, the combined cylinder oil and system oil achieves

either the same or better results than the commercial system oil for rust control

and deposit control. It achieves a worse result for wear control, but the result is

adequate. As also shown in the Table above, the combined cylinder oil and

system oil achieves better results than the commercial cylinder oil for corrosive

wear, high temperature resistance and deposit control. The combined cylinder

oil and system oil is therefore suitable for use in both a cylinder and crankcase of

a marine diesel crosshead engine.

The Bolnes Test uses a Bolnes crosshead engine (a single cylinder 2-stroke

engine, the Bolnes 3DNL), calibrated and stabilized, operating on a fuel including
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Y It is noted that for the Bolnes test, the combined cylinder oil and system oil

included a different basestock than that reported above. The basestock included
25.00% of brightstock, 0.10% of SN150 and 59.50% of SN600; it had a viscosity
at 100°C of 17.78cSt and a base number of 43.11 mgKOH/g.

The Panel Coker Test involves splashing a lubricating oil composition on to a
heated test panel to see if the oil degrades and leaves any deposits that might
affect engine performance. The test uses a panel coker tester (model PK-S)
supplied by Yoshida Kagaku Kikai Co, Osaka, Japan. The test starts by heating
the lubricating oil composition to a temperature of 100°C through an oil bath. A
test panel made of aluminium alloy, which has been cleaned using acetone and
heptane and weighed, is placed above the engine lubricating oil composition and
heated to 320°C using an electric heating element. When both temperatures
have stabilised, a splasher splashes the gas engine lubricating oil composition on
to the heated test panel in a discontinuous mode: the splasher splashes the oil
for 15 seconds and then stops for 45 seconds. The discontinuous splashing
takes place over 1 hour, after which the test is stopped, everything is allowed to
cool down, and then the aluminium test panel is weighed and rated visually. The
difference in weight of the aluminium test panel before and after the test,
expressed in mg, is the weight of deposits. This test is used for simulating the
ability of a lubricant composition to prevent deposit formation on pistons. The
panel is also rated by an electronic optical rater using a Video-Cotateur from
ADDS, for discolouration caused by the lubricant deposits. The higher the merit

rating, the cleaner the panel.
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The Hot Tube Test evaluates the high temperature stability of a lubricant. Oil
droplets are pushed up by air inside a heated narrow glass capillary tube and the
thin film oxidative stability of the lubricant is measured by the degree of lacquer
formation on the glass tube, the resulting colour of the tube being rated on a
scale of 0-10. A rating of 0 refers to heavy deposit formation and a rating of 10
means a clean glass tube at the end of the test. The method is described in SAE
paper 840262. The level of lacquer formation in the tube reflects the high
temperature stability of the oil and its tendency during service to form deposits in
high temperature areas of the engine.



reciprocating oscillatory friction and wear test systemfor the wear testing
of lubricants under boundary |lubrication conditions. An el ectronmagnetic
vibrator oscillates a steel ball over a small anplitude while pressing it
with a load of 10N against a stationary steel disk. The lower, fixed disc
i s heat ed2089b®Xit FEal |y and is fixed b4l ow the |ubricant under test. The
tenperature is ranped from80C to 380Cin 15 mnutes. The friction
coefficient is neasured vs. tenperature. The friction coefficient decreases
with i ncreadasin tenperature due to the viscosity decrease of the oil,
until a tenperature at which oil form breakdown begins. At this point, the
friction coefficient begins to increase again. The tenperature at which the
friction toef fA nmetimd oflubricatimgraiaylindentieerienelda ctamkchseginea niaking diesgber at ur e,
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2. The method claimed in claim 1, wherein the lubricating oil composition has

a TBN, as measured using ASTM D 2896-98, of 20 to 45, preferably 30 to 45,
most preferably 35 to 45.

3. The method as claimed in any one of the preceding claims, wherein the
detergent is a complex/hybrid detergent including surfactants selected from:

phenol, sulphonic acid, salicylic acid and carboxylic acid.

4, The method as claimed in any one of the preceding claims, wherein the
detergent is a complex/hybrid detergent including phenol, sulphonic acid and

salicylic acid.

5. The method as claimed in any one of the preceding claims, wherein the

lubricating oil composition includes a phenate detergent.

4, The method as claimed in any one of the preceding claims, wherein the
lubricating oil composition has a kinematic viscosity at 100°C of 15 to 21 cSt,
preferably 16 to 18 cSt.



- at least one detergent; - at |east one dispersant; and - at |east one
anti-wear additive; the lubricating oil conposition having a TBN, as
measured usi ng ASTM D 2896- 98, of 10 to 55 ng KOH/ g. 2. The nethod cl ai ned
inclaiml, wherein the lubricating oil conposition has a TBN, as neasured
usi ng ASPAPIMOBOBE 98, of 20 to 45, prkferably 30 to 45, nost preferably 35
to 45. 3. The nethod as clained in any one of the preceding clainms, wherein
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i's a conplex/hybrid detergent including phenol, sulphonic acid and
sallcyllc acid. 5. The nmethod as clainmed in any one of the preceding clains,
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cSt, preferably 16 to 18 cSt. 2005MO11 FF 15 5. The nmethod as clained in
any one of the preceding clains, wherein the dispersant in the lubricating
oil conposition is an ashless succinimde. 6. The nethod as clained in any
one of the preceding clains, wherein the anti-wear additive is a zinc

di hydr ocar byl dithi ophosphat e.





