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WO 20081119936PCT/G132008/0111002 LUBRICATION METHODS

This invention relates to lubrication methods and in particular to methods

for lubricating two-stroke, diesel crosshead engines. Two-stroke, diesel
woOsshIeRe;eNgines are compression ignition engines in whigh-@a&kh008/001002

5piston rod is connected to the crankshaft by a crosshead bearing

(sometimes also just referred to as a crosshead). Such engines are

usually used in marine applications and sometimes in land-based power

generation plants. In two-stroke, diesel crosshead engines, the cylinder

liner is lubricated by a cylinder oil which lubricates the inner walls of the

cylinder and the pistorirgrpegkrads soFIrasedrrosive and mechanical

wears. The 10cylinder oil also removes deposits from the quter sur. s of
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luistiesehgrasshedd aligidlesptbiecatankoase is lubricated with a system oil
which lubricates the crankshaft, the crossh the.mai rp -ms{ t@ﬁx h each
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pigonrasioncdmedyd terthoilratbchofdis thuqoidtend baddneEameamEprBPnES,
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ricating systems are sepa ateg:l a barrier (sometimes referred to as a
sotetffinsy iokydobasiedrmsect senaniinambmnist therspstankaiflitsplexaitisdispeioes.

th¥ @F-,ma@; fueh LY RYReaYsts Qlithe.combrstiqawefdie feknyusag of the
cylinder oil which may have leaked through the stuffing box, or b 1é\/\éaﬁt{;r
ratly,

cylipfen awhipaRIROR BREAFFK PP BIEIH EC RS ArG S nical g
cyRnigBirlsARAethaup duEntias e wibese:tices ighiistoalisatibfiom the

_capacity because the system oil is not generally exposed to acidi _
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is Sysieaeailsitianetisaveivenchigbientathinaativhaflithy peddrndribe main

because generally, they. are nqot expected.to jecht t
o R ey Cr e R S e entcp S HO A P ST
carfsiotheTatudfistgrh ox. dthowevisrthepinton wghreeromaraibifsaventsheadtiasiar

not al e s, typical i ' i tQ d
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byCy eavd i (enalctianes ripAsErigsrmemiiag F&éﬁ?@d‘%@lﬁg% RODGTRAEAPBthe
sy NGRS A Ja351e WhilstamenasiS IS B ARy addiieRalbusaRivBo e, by

anti-wear, corrosion-"30inhibition and/or antl-OX|danCéoadd|tlves, they ar

usgdrratinderol whirkmadhe cligked SR AP IBYE ROST MoRYATARGHGIF B2y

haXSIRAihwhieh afpincteasighs irirg encountered WO
2008%%}%?@?5}%{&? o?lgcc)lg%/oot ]éggﬁlgh base numbers or a high neutralisation

capacity because the system oil is not generally exposed to acidic by-product gases
produced by combustion of the diesel fuel. Generally, system oils do not have very high
contaminant-handling performance because generally they are not expected to be subject to
any great extent to contamination by un-burnt fuel etc. because of the separation provided
by the stuffing box. However, current experience indicates that this is not always the case.

System oils typically available in the market to date have a viscosity in the SAE30
range typically about 11.5 ¢St at 100 °C, and a total base number (sometimes referred to as
BN) of typically 6 mg KOH/g or less.

Whilst such system oils may additionally contain some anti-wear, corrosion-
inhibition and/or anti-oxidancy additives, they are generally not well suited to cope with

the higher levels of contamination of system oil which are increasingly being encountered
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in modern crosshead engines, where such contamination may include
unbumt fuel, byproducts of the combustion of the fuel, used cylinder oil
and/or water.  In use, over time, some of the system oil in the engine is
wonsuwmedidNormal practice is to top-up the engine with freS§ Bdialp/6i1002
which is the same as that previously charged 5to the engine. On-line
cleaning of the system oil is usually also used. If contamination of the
system oil is low; top-up with fresh system oil which is the same as that
previously charged to the engine when combined with on-line cleaning
may allow the properties of the system oil in the engine to remain within
aceenialiedinits, fosiexample; asidefinadibstitherengimsude signent figif by-

contamination of, the sys ilis Q i d&%‘ﬁi%w {:%’{Qgete
?%)Sf%féseo 2‘% %%ﬁ%séﬁrs};%ﬁg%iﬁﬁl’t gege%%gﬁe Witlh fresoh system oil which is

the danre,asthtimprevioushtisrrstwe b ihérempgies inegnEnesyUiemmbpractice
TR the promering plde susierm ollith heenginevitiprsaniabiprged
imits: Ohe property of the system oil in the engine which may require . ¢
edhreenrineis A5 liRe BRYITRINE RS PG Fﬂ}liﬂfcﬁlé‘égleysa&ﬁﬁr}ﬁﬁdo;fé?&g@w]@f‘ﬂ?g ©
%@%%&Jﬁyﬁl lwpasHaly eplecemeRtehibr sysiam Dit Butheenginewithsly
fresh system oil of the same viscosity a ,thatl greviouslga(iﬁar%ed tr% te[}%cs of
ehigre 1R eSS0 B AR IMURS é%‘é'}h;?fiﬁ&}%%sé{l BeWavar Wis'aro”
knaveleh uiinaticompinniote:naim avisystentapilafdohretim &s rafenpel o desiaed by
utter oil alvh&h has a viscosity which is less than that of the system oil

pree%?glt?s y%sharegr'ed to the 20engine. This may reduce the extent of
replakfenmsaniktive of therysamiilch tieoreighineatial €pFrIePiFe FRlaeagnt of the

INEISASE. {F A SAAMPIS RERRFUNGR yumitbaringRoas, tAet bANEALy charged
ARINE 20 (trade mark) is said to be used to top %%crankcasi%f% rication

&t SogrBIY BrgsenesiymeBidn iR es AR eSS Uhd the BR™
Qfithe Hegcelsysiem oil is higher than the warning limit, due to
contamination b inder lubricant 25through the stuffing. hox. If | [

that iﬁ]@gm@g%&? er%fﬁ%?r@ t%)np&ﬁepefl (I)lred%li;ntccl)l gleacyrggﬂsgé%%& t% @%%?rlﬂain
thiecwisiosTlyisatcamante ptablededeliag epamaphicel shpaneitehb srebErorREEDil
in.arder 1o, dragy : YASERR! HHR A B GaliBiscosit
Aﬁ%ﬂ?}:ﬁ‘m&%@%‘g%@%ﬁg %%?ﬁ%%?%?%ﬁgznxlthough a top-sljﬁ)Sl v .
Sheteravitslhidiigcd deléls FES BRI TEAT FA RSV IStRaBBSESsit e 1

thatiprexipusiy e harasaiine f8gNSsitwitidenekiic avertbe tsamecutter oil)
additives, and in the same concentrations, as trtlose jp thg. g, ﬁtechaOi!e d 10 the
TR BRge ﬁ?%‘\?iﬁﬁ/s}’)")‘é‘i“‘aﬁsg%ﬁ {8%h aér?%ﬁﬁ’g SiR'EBE BESETSY §8tEm Gl
ofthecdasireaiseasitytheitmith sfopace@nt of the system oil which is required to
2008/119936 PC*/GSZOOS/OP{%%%# Mc&%%@%&ﬁﬂ%@é&ﬂy be

! ?

COLTECE 1he VISCOSITY ICTEasE. !gﬁthvc%
USEd, tor example a base oll or a ;draullc oll. , i
ATLANTA MARINE 20 (trade mark) is said to be used to top up crankcase lubrication of
slow 2 stroke crosshead diesel engines when the viscosity and the BN of the in service
system oil is higher than the warning limit, due to contamination by cylinder lubricant
through the stuffing box. It is said that it can be used to regularly top up in order to
decrease and to maintain the viscosity at an acceptable level or to replace a part of the in
service oil in order to drastically decrease the viscosity below the warning limit.
ATLANTA MARINE 20 has a base number of only 2.

Although a top-up system oil which is added to the engine may have a lower
viscosity than that previously charged to the engine, it will generally have the same
additives, and in the same concentrations, as those in the system oil which was previously

charged to the engine. In some cases, a system oil of the desired viscosity but with no, or
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Although these may correct the problem of increasing viscosity of the
system oil in the engine, they do not do much to address other aspects of
degradation of the performance of the system oil. In particular, they may
wotkasld&ss the problem of increased contamination 5(for exampigleakRdos:
fuel, combustion debris and by-prodsicts, and/or waste cylinder oil) in the
system oil, which is increasingly being encountered by modern two-stroke,
diesel crosshead engines, and which is usually the dominant underlying
cause of the viscosity increase. With conventional system oils there is
often a limit to the number of times one can 10cut back the viscosity by
rel PRINNGHPLANEUY AR feRiscerNts  dhamsrsterseibindhelgagiots oil.
because other factors (for example,, oil degradation ar%qR ?onta{ninat'lon)the
Althamebbrsa Ay st SRRt OF IS ST R iPE Comn pis & TPl atehént
engeté,hﬁe%ybé&efmtl |' b &gdaeteragmes_seg@ert&@ﬁgkﬁ tidegraiasioy ; r;]fahehmﬁdﬂrimce of
acceptable limits, The range within which the viscosity of the s k1N,
e AR R R
(fovis@esgily Rhtlke Avsiesmbilinddbnginaltoyberalimisdnd siseastsrsidetetnl)

abave the viscosity of the system oil previ he £NJIRE e
e A Bad T DO e B B e e eo ey e
crosyistsireniitasthadntink sanuad nibértainodrduadeiyirs geuaatpiibgescosity
in %Ilgs\évable range. According to EP-1 728849-A a typical system oil has a

Cw%co’sity at 100 C of 11.5 20 cSt and a total base number of 5 mg KOHig
(AW caBeation)! ERtan 2l iceients rdliadhs Aethepbiimes one tan

cut URHERHING R sylinslerliner ang A GrRnscase: il soamaine tieselesassianthe

engine with the ’same lubricant. This lubricant is said to comprise at legst
enginenhesauss etheh fafters (on cxrmg 6isebergr A HORAANS RO HBTRTEERE at e ast
evaiGlippessariRRdRhicastionrpRinvealcatddiiy esghedubricafihg oistem oil in

composition having a BN, as measuyred.25 usin TM D, 2896-98, of 10
the g% I AP S0HG %'é??ﬁgymﬁ%. il lﬁc%ﬁ%éﬁe b

a croslslﬁéad engine with
~ therseme dehvitantwises tas Hethstyliobibe ejlstmal G Steitre eilgiasmust be

disadvantages, one of which at least, is.that the properties of that lulrigant
m%ﬁ’ﬁ?%‘%g %Sit}gl%?ég Of p?gﬁ(e?r?llgg gﬁ%’é E)r clyﬁnéé% oil dust?/es and
enpitepertieslBuitabitéori syatesioitdytiboyartipthiecerity afsheforsenbeil previously
n GRS SR AL DG L AR ACGRIEINAAD B rRAARE Acosity of

ubricating oil composition preferably has a viscosity at 100 C of 15 to

thegyssn Slidh therigiinseodiyrintainadm sl saverddinthaderslienee:

fueleconamydian: Yk 20084419936 G L4533 2008/00300% 4 waurid be11.5

obtained, for example with a typical system oil having a wscgggx a}\loq(c
cSppand a total base number of 5 mg KOH/g (ASTM 2896-98). EP-17 9-A’seeks to
provide a method of lubricating a cylinder liner and a crankcase in a marine diesel
crosshead engine with the same lubricant. This ubricant is said to comprise at least 40
mass % of an oil of lubricating viscosity, at least one detergent, at least one dispersant and
at least one anti-wear additive, the lubricating oil composition having a BN, as measured
using ASTM D 2896-98, of 10 to 55, preferably 20 to 45, mg KOH/g. Lubricatinga
crosshead engine with the same lubricant used as both cylinder oil and system oil has
disadvantages, one of which at least, is that the properties of that lubricant will be a
compromise of properties suited for cylinder oil duties and properties suited for system oil
duties, and the oil is therefore not optimised for either duty. For example, according to EP-
1728849-A, the lubricating oil composition preferably has a viscosity at 100 °C of 15 to 21

¢St. Such a high viscosity in a system oil is expected to cause poorer fuel economy than
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11.5cSt. There is thus a need for a method of lubricatingtwo-stroke
diesel engine which avoids or at least mitigates these problems.  Thus,
according to the present invention there is provided a method of
lubricating a two-stroke., diesel crosshead engine which m

%8&?6?@% 71(’Jbricating the engine with a cylinder oil and withejlee g&sﬁze(mn?/g?ﬂm
which oils are different from each other, characterised in that the system
oil is an SAE 20 or SAE 30 oil, has a total base number of at least 10 mg
KOH/g and comprises :- 10(a) a base oil; (b) at least one detergent
additive in a total amount of detergent corresponding in performance, as

whgasuedbyihe Ht Filitalion d eshcte Ableashlng¥doyweight af theC of

system oil, of a calcium alkyl salicylate detergent soap in which the alkyl
Ug?cﬁ?ﬁ-is a C12 YO C20 alkyl group; and 15(c) at least one anti-wear A
additivge is (TheapragenE inventidnsalvesahe; technioat dietlemsrideiifed

above by the use otg §gstem Q{I comprising at least one anti-wear

R HASE'S H5FREEPRESimance and a defined base number.
Thisthas mitigdite: toetprplient ofvietieatetedoptaridpdtonefiion ekbibitating 2

| fuel ' is.and. by- . aw I i o
Wﬁé}%g%‘sﬁylg %e n%#%'ﬁﬁ %q%mw& By RIRANGLS RO Wﬁﬂ%tﬁ}f iRgaE oibh

encountered by modem two-stroke, diesel

cdindsheidrenuitiess atamoHichhishusilaneiidiesmh amearkieisingheRGsa st

(e NISSRRIY dNGEeRSeAE 2bhe Presenbinveptanmaydepariadartyast 10 mg
beneficial when the system oil in the engine is partially replaced and/or

KBl ans e BP0l the properties of the system oil in the engine, for
exgdnaleate sentrol the viscosity of the system oil in the engine. 25Thus,

accarding to a further a .of the pr t] | ' i :
A
compriseiubnizatingthensddiriehw o Fiihtida st dadiisaitd éfé’té-‘r’nwéﬂght of

which gils are different Jé%rﬁl%@}%@&@ﬁéyﬁ%%%&mdﬁ thattbe sy sty eroup

oil is an SAE 20 or SAE 30 oil, has a total base number of at least 10 mg
KOH/dsarfeicirivriaksl-2r3opafapase oil; (b) at least one detergent
adglé'giveg 15a etk amesttaahigietergent corresponding performance, as

T et o ot O L 2R JEAR A R R B, MERie ot

system oil comprising at least one anti-wear additive and having a defined performance
and a defined base number. This can mitigate the problem of increased contamination (for
example leaked fuel, combustion debris and by-products, and/or waste cylinder oil) in the
system oil which is encountered by modern two-stroke, diesel crosshead engines, and
which is usually the dominant underlying cause of the viscosity increase.

The present invention may be particularly beneficial when the system oil in the
engine is partially replaced and/or topped-up to control the properties of the system oil in
the engine, for example to control the viscosity of the system oil in the engine.

Thus, according to a further aspect of the present invention there is provided a
method of lubricating a two-stroke, diesel crosshead engine which method comprises
lubricating the engine with a cylinder oil and with a system oil, which oils are different
from each other, characterised in that the system oil is an SAE 20 or SAE 30 oil, has a total
base number of at least 10 mg KOH/g and comprises :-

(a) a base oil; ‘
(b) at least one detergent additive in a total amount of detergent corresponding in

performance, as measured by the Hot Filtration Test, to at least 1.5 % by weight of
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the system oil, of a calcium alkyl salicylate detergent soap in which the
alkyl group is a Cl, to C30 alkyl group; and (c) at least one anti-wear
additive, the method further comprising replenishing the system oil in the

W%Wﬂf@@(ﬁa top-up 5system oil, in which the top-up systerq,eib@%gmm(m

same additives as in the system oil greviously charged to the engine but
has a viscosity which is lower than that of the system oil previously
charged to the engine.  In this embodiment of the present invention,
when the system oil in the engine is topped-up and/or partially replaced
with a system oil which has a viscosity which is less 10than that of the

systeqp Qileriginally chaasd indhesrgine o has bepsameiadditives Bgoup
those in the Séstem, oil which was previously charged to the engine, the
probieA et in&reddling $188stfof the system oil in the engine can be

addrgg:sgq@gﬁ&&&gm@gmacﬂ&@egressing other aspects of degradation of
the performance of the system.qil, such as the problem of.increased
0 e L CEOPISLAN ERBIA R0 ST B LR o Cop-up
systarediuatsheniins waste sytierdenldibsiththersy stihitivik Fhistheaytemloid
the viscasity of the system pil. in the engine to be controll ithi fangs:
P O A e B T S ek P it R (e
oilhaveibehetitargtdueltbeengimy for the engine.  The top-up system oil of

P e

topBifdepedtemeyisiaydiead withe oFgmaibibishhasdorissifiiaehiis dees
thayaﬁmﬂuy@mw(ﬁw{gambhmmqﬂe H8RNBHBes thd HiensyRIEE odlas

and top-up system oil of the present invention each comprise a base oil.
thod bRES Y COHDIIEES A REAAIOEN BResE bk SRRt
inGHALR CORBIRING OfHe kbR basestacksyify oupbld hedesiatksthSsap iine as
S e AT e
preisastdcksrbavingatviseasity (fotex imtiie kakhee 46l tooBOystiod delxtarexs! by-
e R R A oroe
sybtenesilbe R0 versidn dathaiidisntedappegit Hseosites whidh i¥ dsken than
mP g%JnghéA%Qe gQ %e/ %}596931@53?(;%%3\960@49%99? f-\gﬁtg@ohomy for the engine.

The top-up system oil of the present invention has the same additives as those in the
system oil which was previously charged to the engine, but in concentrations which
independently, may be the same or different to the concentrations in the system oil which
was previously charged to the engine.

The system oil and top-up system ol of the present invention each comprise a base
oil. The base oil may comprise at least one basestock selected from the group consisting of
Group 1 basestocks; Group II basestocks; Group III basestocks; basestocks derived from
Fischer-Tropsch synthesised, waxy, paraffinic hydrocarbon materials; naphthenic
basestocks; mineral basestocks having a viscosity index in the range 40 to 80; and mixtures
thereof.

Basestock groups are defined according to API standard 1509, “ENGINE OIL
LICENSING AND CERTIFICATION SYSTEM”, November 2004 version 15th edition
Appendix E, as set out in Table 1 below : ‘
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Group Saturated hydrocarbon content (wt%) Sulphur content (wt%)

Viscosity Index <90 ncifor>0.03 and > 80 and < 120 Il >90 and <0.03 and
>80 and <120

WO 2008/119936 PCT/GB2008/001002
6
Tablel
Saturated
Group | hydrocarbon content Sulphur Ocontent Viscosity Index
(wt%) (wt%)

I < 90 and/or > 0.03 and | > 80and <120
I > 90 and < 0.03 and | > 80and <120
I > 90 and < 0.03 and > 120
v polyalpha olefins
\Y all basestocks not in Groups I, IL, Il or IV

Group I and Group I basestock are derived from mineral oil by known refinery
process. Group III basestocks may be derived from mineral oil by refinery processes
known in the art. Group III basestocks may also be known as synthetic basestocks and
include for example, Shell XHVI (trade mark) and Nexbase (trade mark). Naphthenic
basestocks and other mineral oil basestocks may be derived from mineral oil by refinery
processes known in the art.

Basestocks derived from Fischer-Tropsch synthesised, waxy, paraffinic
hydrocarbon materials may be made by any suitable known process for the manufactore of
basestock from Fischer Tropsch ?rocesses. Processes for the manufacture of a basestock
derived from Fischef-Tropsch synthesised, waxy, parafﬁnic hydrocarbon material which
may be used, are described for example in US4943672, EP-A-0668342 and EP-A-
0776959, the contents of which are hereby incorporated by reference. Thus, the basestock
may be made by the steps of (i) producing Syngas, (ii) Fischer-Tropsch synthesis of
hydrocarbons from the Syngas, (iii) hydrocracking of the hydrocarbons to produce naphtha
and diesel/kerosene fuel process streams together with a waxy paraffinic residue and (iv)
hydroisomerising the waxy residue to produce the basestock.

The system oil and top-up system oil each comprise at least one detergent additive in
a total amount of detergent corresponding in performance, as measured by the Hot
Filtration Test, to at least 1.5 % by weight of the system oil, of a calcium alkyl salicylate
detergent soap in which the alkyl group s a Cyz to Cyp alkyl group. Preferably, the

system oil and top-up system oil each comprise at least one detergent additive in a total
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I 290 and 0.03 and > 120 r \c, polyalpha olefins V all basestoelcs not in
Groups |, 11, I or IV Group 1 and Group Il basestoek are derived from
mineral oil by known refinery 5process. Group Il basestocks may be

\&Qﬂh\ﬂ?ﬁi f‘m mineral oil by refinery processes known in the dggr}éfﬁld& Wh1002

basestocks may also be known as synthetic basestocks and include for
example, Shell X.FIVI (trade mark) and Nexbase (trade mark). Naphthenic
basestocks and other mineral oil basestocks may be derived from mineral
oil by refinery processes known in the art. 10Basestocks derived from
Fischer-Tropsch synthesised, waxy, paraffinic hydrocarbon materials may

mmmmaﬂ@ewg@ﬁyw@p@mwp@méer4@&5&&1}9&%%8 AbPANERAIRE st
jgégttjj% d/é ropsch processes. Processes for the manufacture of a

Vet PEesE it %yﬁm@mﬁwlmwimmm soap

mhyﬂcmmbﬂ{yhg&ﬁeﬁai whighday sippsaspare described for example in
672 E @A& 66834 and EP-A0776959, the contents of which are
by |nc Borate ?é%ﬁ%eﬁﬁgaw%&é%&% Fiktatiensste Biis

cothweﬂs: pﬁl(ibqunenimﬁwfgl Syngaspld Iééﬁ[&@h@?eﬁ@ﬂﬁ@@aﬁypféth?ﬁ@mt Filtration

rocar s qm the Syn Ji drocracking of the hydrocarbons to
T A A B AT B e rremtornat
de@wm&w@émﬁlniﬂl@@}ﬂuwmgqbl(wardwd megdmeﬂ&ﬂn ththesviaiygr peittiimméa in
duB[QQééC.e the basestock, 20The system oil and top-up system oil each

comprise at least one detergent additive in a total amount of detergent
corresponding in performance, as measured by the Hot Filtration Test, to

at lpagt ;egra@eawmemgféh%sgx?%@mequbazafe}wmsée' ¥% RAUCY A ougnty

detergent soap in which the a oupisaCuto
group‘f—"‘l%férag%/ R Wrieh W%%é&dliélb@%@%&éﬁﬁ’@ﬁ%m@@ﬁhpﬁsﬁ oil

least apelileterpefiadditvesinadeidtual fuel oil with a viscosity of approximately
380 cSt (measured at 50 °C) and preferably, having a heptane-insoluble
asphaltene content measured by IP 143/01 method of between 8§ and 10 % by
‘weight,

2. The mixture is mixed thoroughly and the stored for 24 hours at a temperature of
100 °C. ‘

3. A weighed sample of the mixture is then filtered a“c 100 °C through glass-fibre
filter papers in the apparatus as prescribed in IP375/99, with a target filtrate
volume equivalent to 10 g of the mixture from step (2).

4. After washing and ﬂr}dng the filters as prescribed in IP 375/99, the weight of
sediment captured by the filters is measured and expressed as a percentage of the
sample according to IP375/99,

5. The result is expressed as an average of the duplicate tests.

6. The procedure is repeated using a reference lubricant having 1.5 % by weight of
the system oil, of a calcium alkyl salicylate detergent soap in which the alkyl
group is a Cy; to Cap alkyl group;

7. If the average percentage sediment measured for the test system oil is the same or
less than that measured for the reference sample, the test system oil is deemed to
have a total amount of detergent corresponding in detergency and fuel-

contamination handling performance, as measured by the Hot Filtration Test, to at
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WO 2008/119936PCF/OB2008/001002 7 amount of detergent
corresponding in performance, as measured by the Hot Filtration Test, to
at least 1.75 % by weight of the system oil, of a calcium alkyl salicylate
“gﬁ%gfﬂ])tﬁgap in which the alkyl getup is a C12 to C30 alkyf@&?&ﬁz(%%omoz
etergent additive performance is mgasured by the Hot Filtration Test.
This 5compares the performance of a test sample against a reference
sample. The Hot Filtration Test is a measure of detergency and
fuel-contamination handling performance of the detergent additive. The
following procedure may be used, the test being performed in duplicate :
101. ' theeluibyi ghésambxeeht
thoro'l:}gﬁr?l{?{f\?\éist(%l(%%t-t kﬁg%ﬁgpﬁééﬁﬁgﬁéliﬁ#?ﬁfﬂ (%{f?t?ége@?e%ding up%n'
the fuP#IliBIEHER thRalkIE IR it bee Soreei @t &F8PBil with a viscosity of
approximately 380 eSt (measured at 50 C) and preferably, having a
heptane-insoluble asphaltene content measured by.IP 143/01 method of ..
el pr s e el e S e
ordhgi Stormsbink24habEsat Fhiemparain ®oid A0 or dllAlineightchsashfie
of the mixture is then filtered at 100C through glass-fibre filter.papers 4n
SRR TR E R e S A
salegmivatentstol 1 Drgfefaile, thixtueafiowrisiem (2). 4. After washing and drying

(e MBS AR RIESCrReeL IE A AR e Aelonb ol sedimenkcaptured by
theTilters is measured and expressed as a percentage of the sample

cadmeotding: ©UIRRTEIOS. Henbie, refuftkosriresyanaphibeaveradixprenef salts
mAvpliGale BSks.f~nlq ERRHOGRINIG IR JRReated using a reference

lubricant having 1.5 % by weight of the system oil, of a calcium alk-yl |
salRspistablietirgent Sordin detsasthaldityrypothriRrssesfa Tscely SAgPTIse

cafliRHPpientitbe-AVRIRORIRS IR IGaR s adINaRtdpeasured for the test
system oil is the same or less than that measured foréﬂ(e refere

AR EETEHE (H14 SR TP BEETH L6 SOP A B BB cetereent

addetiesgRniBRH espadingotpdetegencyg fatkiligtoup, in a total amount of at least

1.5 % by weight of the system oil, more preferably at least 1.75 % by weight, of calcium
alkyl salicylate detergent soap.

Preferably, the system oil and top-up system oil each comprise at least one calcium
alkyl salicylate detergent additive in which the alkyl group is a Cja to Cso alkyl group, ina
total amount of at least 1.5 % by weight, more preferably at least 1.75 % by weight of the
system oil and top-up system oil, of calcium alkyl salicylate detergent soap.

Each of the one or more detergent additives of the present invention may comprise a
complex/hybrid detergent which may be prepared from a mixture of one or more metal
surfactants, for example from a mixture of a calcium alkyl phenate and a calcium alkyl
salicylate. ;

Each of the one or more detergent additives may contain at least one hydrocarbyl
group, for example és a substituent on an aromatic ring, The term hydrocarbyl means that
the group is primarily composed of hydrogen and carbon atoms and is bonded to the
remainder of the compound 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, the alkyl groups have 5 to 100, preferably 7

to 30 carbon atoms.
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contamination handling performance, as measured by the Hot Filtration
Test, to at least 1.5 % by weight of the system oil, of a calcium alkyl
salicylate detergent soap in which the alkyl group is a C12 to C30 alkyl
Wigra03/ 251 of the one or more detergent additives may confjsrideBa47éta)002

salt of an acidic 5organic compound®and a base. 'The metal may be an

alkali or alkaline earth metal, for example sodium, potassium, lithium,
calcium, barium or magnesium. Mixtures of metal salts may be used.
Preferably, the metal is calcium. Each of the one or more detergent
additives may comprise a metal salt of a carboxylate, a.suép onate, a

I

phéAie MRS P G ARABHIEIATB AR S BIEHIs TR £
sulphedzMdieferedCarbeotate is salicylate.  Preferably, the one or more

detergent additives of the present invention camprise calgium phenates, ..

calgﬂgth AhEATSY R igé?é%e’fﬁé A5 ves 1By e?%Bff}f %ieﬁsr)% égz’rﬁsoﬁﬁfr bitating
ar€RRopisesat deast one calcium alkyl salicylate detergent additive, in which

the alkyl group is a C12 to C30 alkyl.group, in a total amount t]

15 E VDRI VIR By B1C T R Ay SRl 17 S8 et
dewesigit, ofocatoiciivesdkyl ssedipylate dbigrgentossaipdetetRepferably, the

sy oil and top-up system oil each .compri (Wask=11]

S B e e

raggewp firna geribathouhtof R e O sosiurbighn horangeeléianhme
K88 }nzf’e%?é?&%ﬂﬂﬁtt% the20ers 6l ﬁg@:@ﬁy%p system oil, of

calcium alkyl salicylate detergent soap. Each of the one or more

det@rirhaseianioby oPHehsEsaHR AREHIRIE LDMPis et 6-98
complexiybic getargeniyiiaBaay heriep amapiiemasxitetafobaor

more metal surfactants, for example from a mlxturfﬁof a, calc%rg%l}kvw i a total

desprafiaadatiil s it k)1 SR CTAN OB BT BP LR *LHETDP
badetargRet aggiivas ey coRtainaideasiians bydregatbyl group, for
O 528 S o0 o T DA v
omtanisead igdianeettvatie setraird eddtitre compodihgdrizazdrigriophosphate
T e T T T L
m30thalhetiodstict ofdtats groop ntivad o mshy tHenBIRy NGREIPSSRaVES tgine
orlgo%p@?efﬁrgflggbz;/t,(%h%%ﬂ%xg%l Mép-up system oil of the present invention each
comprise at least one zinc dihydrocarbyl dithiophosphate anti-wear additive. Primary
and/or secondary hydrocarbyl groups may be present in the anti-wear additives. The
hydrocarbyl groups may be alkyl groups. Each hydrocarbyl group may have 1 to 18 carbon
atoms. The total amount of the anti-wear additives in each of the system oil and the top-up
system oil of the present invention is preferably in the range, expressed as zinc of up to
1100 ppm zinc. The total amount of the anti-wear additives in each of the system oil and
the top-up system oil of the present invention is preferably in the range, expressed as
phosphorus of up to 1000 ppm phosphorus, preferably in the range 100 to 600 ppm
phosphorus and more preferably in the range of 200 to 400 ppfn phosphorus.

The system oil and top-up system oil of the present invention may also comprise one
or more dispersants. Preferably, the dispersants are ashless dispersants. These are non-
metallic organic compounds that form substantially no ash on combustion. Each ashless
dispersant may comprise a long chain hydrocarbon with a polar head. The polar head may

comprise oxygen, phosphorus or nitrogen atoms. The hydrocarbon chain may have 40 to
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WO 2008/119936PCT/GB2008/001002 Each of the one or more

detergent additives may be sulphurisecl. Processes for sulphurizing are

known in the art.  Each of the one or more detergent additives may be
“)2)0508 bypcesses for borating are known in the art. 5Each @t-thg 006861002

more detergent additives may be a geutral detergent, a low based

detergent, a low overbased detergent or a high ovefoased detergent

Each of the one or more detergent additives may have a total base

number in the range of from greater than 0 to 500 mg KOH/g, preferably in

the range 25 to 500 mg KOH/g, more preferably in the range of 30 to 300
500\ UImLO Foliaashumhess iRy he seaskhetagspedingpto ASTM

D 2896-98.  The system oil and top-up system oil each may compr
PojsisebWRBSI T Bics @&@%@P&@&H%CM@P@P&M&O@ & éH‘rys HF
ex@%ﬁf@?lﬂﬁéﬂﬁiﬂ&i@h@@ﬂi&%ﬁ@ sl basers) lﬂmbﬁﬁrﬁf)mhylgolﬁﬂdﬂégsmmmc

an amount of 5 % by. Weg%t Theglg@em oil a ﬁ up sy stem Qll. ogth
eSS AR I B RSB " S
dl@ﬁtmsaﬁ@wmtmludpreémdu}m:@tbwzdnmmphdsphawmewbkaﬂmemetem
ofjelaleStie didocarbv dibonbesthole et sl MY S

art met umlnlum d, tin mo enum

0 mang ammgmquembtyon d@mgemfmmmyame}m@sm%%amrmaﬁgably
ste 0|I the gﬁ%?maﬂwe[ntko% 39%&%@1pnse at least one zinc
lop

earby osphate anti-wear additive. Primary 20and/or
seéﬁrmsyenqumvmyp@w@} ot prssprtnicationmRz Al Jampase one

orm%e%if%aﬂ{%ﬂ{%ﬂoerpﬁw%ﬁmw%mv&ammmm%aaauaae

have | to 18 carbon atoms. The total amount of the anti-wear
P%ﬂhtﬂ@@é’llﬁl]@ééheéﬁﬂﬁ’é‘s‘iféﬁémléf%nﬁ RRS Wt SR EHPBAL SF AT {08%ent
adDVQBiiNeiR PEIFRIaL) Y mibE sa0as-expIeRsesine ZRG e iavEafithapa be an

zinc. The tot Iam unt of he anti-wear additives in e of thes ste oil
O BIESS dfP&f’ %Pﬁfas%ﬁ*?? f?\\@]ﬁBﬁ aécpPé’f“ré% R ety up
mr&nggnexpressed as phosphorus of up to 1000 ppm phosphorus,

pre rab in th range 100 to 600 hosphotus a f r

L AR SO0 RO ST DL S VA S RO SRR ne
oqyste rmnmkma‘t mﬁimeﬁﬁypmhammmwwmmwmtsm@hbeoﬁﬁddr@lude HOnyl

phér?&grrn%m é[ gfﬁég&%h he dis 91%5?%2 3] %ﬁ%?ﬂ%ﬁ@%sfc}@ﬁéﬁple

are non. 3 IC organic compoun orm substantially no ash on
alsplertsugitionls HApreawsiildbe Wishemsamt afapiomipisity to iy arhipf the system oil

add/ &11538 RORWIED 8RR D&Y il iR RA AP BRAMSY GOBPHSERXYEBrably up
p osphorus or nitrogen atoms. The hydrocarbon chain may have 40 to
to 0.5 % by weight and more preferably up o0 0.2 % by weight.
The system oil and top-up system oil of the present invention may also comprise one
or more pour point depressants. Typical pour point depressants which may be used include

polymethacrylate compounds. If present, the total amount of pour point depressants in each

‘of the system oil and top-up system oil of the present invention may be up to 1 % by

weight, preferably up to 0.5 % by weight, more preferably up to 0.25 % by weight.

The system oil and top-up system oil of the present invention may also comprise one
or more anti-oxidants in addition to the anti-wear additives and/or detergents, which may
also act at least in part as anti-oxidants. Typical anti-oxidants which may be used include
phenolic ashless anti-oxidants and aminic ashless anti-oxidants. If present, the total amount
of anti-oxidants other than anti-wear additive and/or detergents which act at least in part as

anti-oxidants, in each of the system oil and top-up system oil of the present invention may
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WO 2008/119936PC11C82008/001002 10 500 carbon atoms. Suitable
ashless dispersants are succinimides, for example polyisobutene succinic
anhydride; polyamine condensation products; succinimides, for example
isobutene succinimides; succinic esters, for example pg

V‘E%@@Wllc“e)gt’ers or aminated succinig ester, for example ami %ﬁegz%%ﬂﬁmoz
polyisobutene succinic esters. The 5 dispersants may be harmed. If
present, the total amount of dispersant in each of the system oil and
top-up system oil of the present invention may be in the range of from
greater than0to 3 A by weight, preferably in the range of from greater

B9 ® 8’~xr <fIRIS refasanly 19 U@wgg@agt{qmrﬁ@t@;am@apm 4 by

by weight. The sys em oil and top-up system oil of the present invention
W‘ﬁ@if also comprise one 10or more anti-foam additives. Typical anti-foam

addifjyesswiiel maxd%%%@@téacm@fmwwaamyt@ﬂmﬁaﬁ@sam&ommse one

. methacr Iates resent, th otal amo tofa ti- foa |t|veemrlhaea&)r

OrdReFREgH ?é‘rﬁ‘% Pafc tgﬁpﬁ% Ctté?ﬂ B’i? 'tfft(s—)lﬁ? S@r‘% ﬁW on may be an
cxamglunhiemeseestassiieoh pehupiambRpboitapreterabynampitd SGrspior,

e‘{%gr?e iR r\%grl%t pIttoptese%P%e]tota SRR %’yc%?m%ﬂo%eﬁt/ﬁﬁ%?” of

presen Invention‘may dlso comprise one of more anti-rust additives.
oiFypidaliantorusedifiditve sashihmaysiserodkandriensie ey phehBrpr!

lnggMOqum%%qg ?@Qme%}ﬁ nakRagad gt bt aeiditives:, iab@meraily

alkylene glycols. If present total amount of anti-rust additives in each
uRithel s@aﬁéwatar%ttsﬁfuawmwwebm%ﬁt MOEREDFCRTEY BT
to 11% l@yswalghtarprafgrapbyuarz&t@oetﬁe%rayxwetgamndnmwmpreferauy
2%Db ail p |I 0
@ga ?Iﬁlﬁflgﬁ tngx})gtg&%%Eng rlsgbone%gr q&r%lfg%ér%&rn a,e|t§tr}e65§§a3n(tgl &
KW@ahmlmﬁerm’mldeﬁrb%saNsn@ﬁ*@fmaydbewnselztelhtﬁbﬂe)f 15 to 20 mg
ORI OO NPl RRE B bedotalipmoAhRO AR

epﬁessants ineac e system oil and top-up system oil of the present .
nmveqtuaﬁwﬁaylﬁesuﬁ% oiRY R e RAE PrERFABICHH 19955 BaseRiHE ol
W%QB/ 0 Sl e AR WW@%%H be BYSieRt @ibachigbeipvhich is
syst m oil of the present inventi 0 comprise o rmore
R SRS R DR GTFICOHD SERFads LHeRIG0e ARCFOT Hateh G, st
oWRIgh Mmayialse aﬁmuaashmmﬁ &5l antionig mst/ g'mabcat am@@mu@mstem
hICh may be L us ude nalic a
oééﬂ'%/ nl%ff' prétser?}a\{ﬁlgt %Cb[ q%sa 6%‘5\%9%?@0 15 mg

At OXidT otal amount ant| oxidants other
I&W@ntl -wear addltlve and/or detergents which act at least in part as

anti-pXidanLs. RRRAC QL ESYRIe R Qlanshion-URAvSemqyl3f the
present invention may WO 2008/119936PCT/GB2008/001002 11 be

to 1 D2 BytweiRjhis ﬁ?e?fér%bﬂ/‘ﬁ&ﬁ)g@% Y RARAGRESHBIR R B ko~

iR tge%hbg/e of 5.6 to less than 9.3 c¢St. SAE 30 oils have a viscosity at 100 °C in the range
of 9.3 to less than12.5 cSt. Preferably, the system oil is an SAE 30 oil. However engine
designers and manufacturers often specify minimum viscosities of system oil which may
be used in the engine. For example, the system oil used in the present invention may have
a kinematic viscosity at 100 °C in the range of 7.9 to less than 12.5 cSt, preferably in the
range of 8.8 to 11.5 ¢St, more preferably in the range 0f 9.3 to 11.5 ¢St.

The viscosity of the system oil in the engine may be controlled by replenishing the
system oil in the engine with a top-up system oil in which the top-up system oil has the
same additives and in the same or different concentrations as in the system oil previously
charged to the engine but which has a viscosity which is lower than that of the system oil

previously charged to the engine.




10

15

OS]
wy

30

The system oil and top-up system oil of the present invention may also
comprise one or more friction modifiers. Typical friction modifiers include
salicylates; stearates, for 5example calcium stearate; glycerol mono
v%e%% /?B%g)leamides; and natural esters, for example sun oY, %I 3'/501002
present, the total amount Of glycerg} mono oleate andior o earnlge riction
modifiers in each of the system oil and top-up system oil of the present
invention may be up to 1 A by weight, preferably up to 0.5 % by weight,
more preferably up to 0.2 % by weight. Other friction modifiers maybe
present at higher concentrations. 10The system oil and top-up system oil

for thepresent inventian maycaabdndspandenty bave adetaiRasey be
number of 10 to 40 mg KORt, preferably of 10 to 30 mg KOM|& mog?las been

repearehably A145%E S0P FRERS IR IDSY TS Qb IR FEPLISR 557195 1l 36M]
colidaiid -onl@J@ﬁ@b l@lyhmt?gsyghemeqiymd thedeR: 3@%@@&?@41@ bg
same tota Se numapey. e top-up system oll ma a pase num r
oA AT e Ly B e LB A GEESRS B IOTERE SOt
Odiectopatp syste b aicthmychauecabasapimiabreplhichnésthifierspitemtbid in

thsy%teng oil previously charged to the engine, for example a top-up system
BirFith a total base number in the ranee of 15 - 20 mg KOHig may be

usethwith-apsystern ol prebiows B dhabqe dnS Aae38miins Herey Sredea-vr
sygéﬁ?%@qm%A@tWoﬁﬁnﬁ%@a%g; ot 2 KQJkHg, SPhelalibasR.AYMERSsity

may be measured according to AST 2896-98. The system oil is an

mGRRSIFoH08 AE oj Bifis SNETBNERO ha ke LeUidesdgrdhdicy Baiie SHge
pelR&todessdhani 3ngdk, pAEROIpils have g s aslyait i$@0HEG ihihef the

range of 9.3 to, less than12.5 eSt. Preferably; the system oil is an SAE 30
Sy&fﬁ%l%\%%‘?@?@%%%r%fgg%%gr%nglﬁlg ‘manufacturers often specify minimum

vischsities of systém witevhishiméay atie osed treadashyging oFoméranisie,

vischsites aisysiémsyit ahichimiay Ao
R TR T e g & L 2?‘2‘??%'“#,“?@5@&3“@@6?

fohexpange GitB 8 8- Tncanosiomn drddpieteraRin PR raAY& BT 8oL R8T

af Rliine TRBMSCAsHY Qhihesyusianyaton theeneing smay baeantiollethdy
replenishing the system olil in the engine with a top-up system oil in which

&' top-up system oil has the 30 same additives and in the same or

differagitponcentiationswasdint theesyste nlaiterpuinusty biarged 10 thger than
SR R R e

previously charged to'the engine.” V _
°his AniBdditaentatttdipresontemasheieinaines jememadires By Bpgfheto 4°

oFAYHR k! @erﬂll?ﬂﬁ%giﬂ&&%@?aﬁ@%ﬁe [QB- WRSYRIRR il4l0 teBkReE for

system oil which has béen consumed or lost from the engine. The system
S Sie B eplehiHBA RG] Salt BPTIE SpeR TR
téroperihe L rging.ant EPRCIRYAS MitbrtoP°up BySlenn koS an dinel cleaninef
; Igg%%sgg %giegf&igggjynction with partial replacement of the system oil in

The system oil of the present invention may be prepared by mixing a low detergency
system oil with a lubricant concentrate composition. This mixing may be done external to
the engine. If the engine is on a vessel, such external mixing may be performed on-board
the vessel. The low detergency system oil may be a conventional system oil, The low
detergency system oil, for example a conventional system oil, may be provided in a storage
tank on-board a vessel and mixed with a lubricant concentrate composition on-board the
vessel. Alternatively or additionally, the mixing may be performed, at least in part, i sity,

by charging to the engine, a low detergency system oil (for example, a conventional system

oil), which may be used or unused, and a lubricant concentrate composition. Thus, the
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the engine.  The top-up system oil may be an SAE 20 or an SAE 30 oil,

preferably, the top-up system oil is an SAL 20 oil. Preferably, the top-up

system oil has a kinematic viscosity measured at 100 C which is in the

n f 510 1 cSt less than that of the system oil 10previo

\{’%e%%gilﬁé?%referably in the range pf 4 to 2 cSt less than tf#aé%ﬁn%ﬁ%w%

system oil originally charged to the engine  The viscosity of the system

oil in the engine may be regularly and/or continuously monitored. The

viscosity of the system oil in the engine may be continuously monitored for

example, with an in-line monitor. Addition of system top-up oil may be
efz2nttpled.hy RIS MRNIQNWRIEN LoMBYLOLSH MaRitas.theyiscosity

of the system oil in the engine.  The system oil nla be used at an
G GRHET SR B S D 16 6 TRt COPAERSTSF &) &term of
cenginedniatiempesatores, dasexanplevlith fie 20C deaiigenor d5t@ntail2PEt of

hotter, Conventional system oil engine. inlet temperatures may be 40, to
S N T G 0 B 08 T o8 e tal
Tuismpe et oftd 0ot 66t0n folexarnplal B tteb5ribodiBBntoBEadrassing
SR ETALAILA0AURE ngine e CMARIAIS JOLEXMEIR Bl Red

65 00 or 55 to 65 C may provide an advantage of increased fue
OBwIERshEYY TRiETSFRtE Y BB PIhEBIRSERI R EISAL PR BErepakad byt
wikHRg R M deleraanemRe sy Stam el With svubksant sensantsatend the

composition. This mixing may be done, external to the engjne. If the

h
T E SR P CUBP STHT S I BT PRt P! BesReRrhedP SheBERrA!
ithenviesdelparhenlewdeisigencysysieniinimaitizepacconuentional siistecant

chillée-xrl raetf!%\(l)vmdets?rigrel Qsc ghé}/ség I?E') g{b&%‘xf %Wl%o%&%\{ﬁg I?W ld?’e% %H(lgp il
may pe provided in a storgge tank o -?)oar a vessel and mixed with a

shststiceih( foo ptenplateceorpbeitd fysinobold e 8D ek dab Ixrp iRaxEly or

vAdigopallyutaemixing BayReiPelianaibRileastdtRart A% mix to

charging to the engine, a low detergency system oil (for example, a
PERHYR BTN SYSREFRTBINE R PHASEP I FaBERo PRI P2 RIS R BTt
deanesdiraieGarIPRSitianydinuss they Weated, for example in a settling tank to

2008/119936PCT/C0O2008/001002 13 engine. have been charged
R R BTN Sy S I o7 BT g OB SR e Sy stemn of.

éﬁ%)l/ system ol ﬁf)r exampleac
whicthenalyrbentisedtontunusedpaittblubricprtes ericentrita ¢ onhpesiticrierragent

agag{ge%d}gfm%@?&iyﬁlﬁ%m Jith.the:low deseraenay SIS Qlla etk Ohe

e low detergency system oil in the engine may be removed to provide
aghareaféadie Slubricant concentrate composition. Thus, according to an

embegimsRtafiths resotinveian etpicant RancaRiRie COMRRISHEDS a
is charged to an engine which contains useqn%r unysed I(gPW detergenc

R B AP SRR CTOERGrAr ST ST B oG g etion
wopdionay, wids the erwrésnoyeacywisseabyi thElowideterg et y eystertoil and
dhe lubricant concentiale. COmPOSHIR BRIPREILS ASYRIF Rl that of the
according to the present

low detergency system oil and also a higher concentration than that which will be present
in the system oil according to the present invention which is prepared by mixing the low
detergency system oil and the fubricant concentrate composition.

Preferably, the lubricant concentrate composition also comprises at least one antiwear
additive which is of the same type as those hereindescribed with respect to the system oil
according to the present invention and in an amount such as to provide a system oil
according to the present invention when mixed with the low detergency system oil.

The lubricant concentrate composition may also comprise one or more additives

selected from the group consisting of dispersants, anti-foam additives, anti-rust additives,
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10invention. In particular, according to an embodiment of the present
invention, a lubricant concentrate composition is charged to an engine
which contains used low detergency system oil (for example a

089(\)(/9%?1'[{ &%I system oiI),_part of Which_has been removed, W@Xﬁ%ﬁwoz
Ow detergency system oil and the Iybricant concentrate composition mix
to provide a system oil according to the present invention. Vvien at least
parr of the low 15detergency system oil is removed, this may be u-eated,
for example in a settling tank to remove preferentially, solids, water and/or
-other undesirably contaminants. The lubricant concentrate composition

pofPIARISRS A base AlliansuatleastoneHaiaras Rhadsig.Rielerasly, tese
lubricant concentrate composition also comprises at Ii%ast_o e anti-wear

adgitrin/me DB PRRETISRIL AE EO RSP RO AT BR UBpThes Bt baePone”
thelstargent acditiigzab ahtypesandincar amatsjexdatiass topperiteia gpstem
o] accordin%]t the present invention mixed with. the low

lulgg}g%h(io&ie e&gc epﬁﬁglon 1N, amn amou Vgrs}e&ment 10 ov1é%?he reﬁggzﬁrgency

us, ricant concentrateé composition has a higher
conotentivationief getergahtaddithvetotradditiessithenfithat of the low

det@ﬁ%%ﬁﬁt@g@?gzm Anfalse,adigher sancentration dhan that which wil

be prese e system oil according to the present invention which is
thphepranaenbsy afisingveten o reasrirmicy Ry srernbinyriiieRe Tutickht the
1uGARER HALENGBASKIRN on HREfSEAD MR UDAIGas: CORCERDALE, more

composition also corg}&%s/es at Ieagijyova% %rgfcénvear additive sﬁlhic% IS ofutrtllger
PISEHBIR oA thodg heteiRubEAt: R YEEPELE W THE LYt B ™
oBgeardionie KeHpsesent inviention e o af0angdlOHsy chars togirobidethe

stem oil 30according to the present invend; } ' ow

ey A R e e e
pedriblise drerorzndyecdddithak SBldcted from the group consisting of

diSpRISAMS. ANt IR Ad &ié&tiﬂﬁf%%@¥§§ba¥¥@1 which is the same
2008/119936PCTIG1320011/001002 14 pour point depressants,

tRRtRoRridsTEndreraPeuEeh i (BHTETEH SHLthRERE S st Siitives

e drdeprnlenily brsahihe sas0s bies asNhasedier dindesttbedonittntrate
- respect to the sl%item oil alccordirh%tgntth? resen} inveation T

CORIARTIRR P8 SURRING A TRE Tb PN ConceRtPate cOMpOsI }(I)Flvgfc ﬁaehs a base oil
hameuntosufficiesityto RyedariabéytHizereapaiodds present in the lubricant concentrate
composition at a concentration of up to 90 % by volume.

The lubricant concentrate composition may have a kinematic viscosity which is less
than that of the low detergency system oil. This has an advantage, for example when the
low detergency system oil is a used oil and the lubricant concentrate composition is to be
mixed with the used low detergeﬁcy system oil in the engine, because the lubricant
concentrate composition can also reduce the viscosity of the used low detergency system
oil, which for example might have increased from that of the system oil previously charged
to the engine by use. Suitably, the lubricant concentrate composition has a kinematic
viscosity at 100 °C in the range 5 ¢St to 12 ¢St

" A preferred lubricant concentrate composition has a base number of 20 to 200 mg
KOH/g, preferably of 25 to 150 mg KOH/g, and a kinematic viscosity at 100 °C of 5 ¢St to
12 cSt. |

A suitable lubricant concentrate composition comprises a base oil, one or more

detergents (for example selected from one or more salicylate detergents, phenate detergents

and combinations thereof) and one or more additives selected from antiwear additives,
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5concentrations in the system oil according to the present invention.
Suitably, the lubricant additive concentrate has a base number which is
p'eater than the base number of the system oil according to the present
invention. Preferably, the lubricant concentrate composition has a base
YW ABEHSRSt least 20 mg KOH/g, mare preferably at least 25 %%BWP&OM
Preferably, the additive concentrate has a base number 10 of up to 200
mg KOH/g, more preferably of up to 150 mg KOH/g. More preferably, the
additive concentrate has a base number in the range 20 to 200 mg
KOHig, yet more preferably in the range 25 to 150 mg KOH/g. The

diyBUCADt CARCRNAR SORRRSIlioRIRAN FRMEriSE & haseiiehichirdAtate

same type as that hereindescribed with respect to the system ail ,
CORRASHATRGNRY e pRdsehPIBRfTatSriC SPhass BEe Birdsrblidd 456N HHas
K 350N hasapibsatide stirant coneenraiesconmpasition may comprise a

solyen QDr,diIuent, for exam%e a.cutter ti nhich is a base oj(l ha&'&nn%aatl)%w

ot PRI RG BHBB B PELERITH A aB SO
mbahfinstierbatelwoncentiagidonrofu $aLf0 ¥ by Mohrmet Thedotyricant

concentrate ¢ ositi ve a ki {iC Vi it ich.i
1 P e e or
lugraanptenadénaterre talp diesargercyetyseany siFignadilsed oil and the

'Ub'ﬂ%%tp?&@&%ﬂt! ale 1%9%9@%@6@3&6%%@0W“@8@@a@§%@w of 25 to

deter eng%%system oil in the engine, because the Iubriqcant concentrate th
L omibbSiton R4 kissratit e PRWIEIin-RtheS e 416w datergarcy it
tig)iste areihandiichstemexam plasnightdiave ingiaaseaiitora thasof toef
stem oil previously charged 25to the engine by use. Suitably,.the__..
T et s e 2 S e S
viheraols 5 TS tiboi s et centytprefepsdifubricarictueomytpsstem oil.

co ”‘1%%%@ Qeltﬁéﬁ'gaﬁé; t&H"S‘i{?ﬁ{a?’fb%_Qa E%%th&l*%%&ﬂ oﬂ[%@@ by, @2,

to 150 mg KOHJg, and a kinematic viscosity at 100°C of 5 ¢St to 12 cSt.
30ATSG e e IEnsARaNE YR AR eBprpssriBnelianiprsas o daieesi aghive

1k RYresaeterarnis(far axamplaseleeiedHem RRenabMane: saicdaigency
detergents, phenate, d tergenta and co_mbin\:;léions ther?gg andtone or
SYAGR AR SRR R PRO R G ATIRIEST Al At Smiey oF detergen

c200pbAdiA9 AGROTHE BROOS/BRE0021Hy disprtddntsticoifesioniahibitoisS %
S e B g e s e B e g e
Wek e elivd arkimemaficoVisCosity dtston CTof StSeent PP deSEITRE MitsaRkEHt
(RORGRRARABRISIHISN ARY SReHOWHEIRISNEN RYRIRM RIS Rt respect
to the system oil according to the present invention.

The low detergency system oil may be an SAE 20 or SAE 30 oil. The low
detergency system oil may have a base number in the range 2 to 20 mg KOH/g.

The low detergency system oil may comprise a base oil which 1s the same type as
that hereindescribed with respect to the system oil according to the present invention.

The low detergency system oil may comprise at least one anti-wear additive. The
anti-wear additive or additives may be the same type as those hereindescribed with respect
to the system oil according to the present invention. The anti-wear additives may be

present in the low detergency system oil in a total amount which is the same as, less than

. or more than that in the system oil according to the present invention.

The low detergency system oil may also comprise one or more additives selected

from the group consisting of dispersants, anti-foam additives, anti-rust additives, pour
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5mixed in ratios by volume ranging from 5 : 95 to 50 : 50 of lubricant
concentrate composition low detergency system oil, for example in a ratio
by volume of 25 : 75 lubricant concentrate composition : low deter2eney
system oil..  More preferably, the lubricant concentrate co it
b %Oggglﬁ%gr?{ber of 25 to 150 mg KOfd/g and a kinematic vis*é%%?yhg %@@%2
of 5 ¢St to 12 cSt, and is mixed with 10the low detergency system oil in
ratios by volume ranging from 5: 95 to 50 : 50 of lubricant concentrate
composition ; low detergency system oil, for example in a ratio by volume
of 25-: 75 lubricant concentrate composition : low detergency system oil.

pbie dewesiatesgamcy-sysietailinmydei s anventienatisystasol, knawn

in.the art. The low detergency system oil may comprise a smaller amount
o PSRRI TR e ATCRE 1 e G o PiRTEghds (e
spyesent mverdiignioThe foacdietergenay system oil may comprise at least

. : TP
pertar N T P s rom g
Negripeldmited. tieGBW deterdn Y asyseeniladile Sba Caigiohi-anitiddsalicylate

deteggent-sear brwhichthealky &J&éﬁtlﬁlt@cgﬁges%{? Bl arouR. lg,w@m oil

detergent or detergents present in 20the low detergency system oil may

5P TRRERHE RIFS A THEUO R T SAE SRR eTr WitiePR S dp LR IRRAESSIEE GiloW

deeegeaingiactheipreseshinyentionyventonel W ASSIITReY sysiemoail may

C{% 2, an SAE 20 or, SAE 30 n?“l’ 'll'he ég\;y detergency Séstem oil mgﬁ/ havg a_
e AN TaRSEBI b G RS P To 4 e gBA ) WrdiaH

d@tbmwscmmse'lafba@@mizbwmdn Blgi're,samlfsaw mkystem oil

Assrindeseinad iihiicansal PCRRIEN. ALaceoring R BG RLERE ysier

invention. he low detergency system oil may comprise at least o

Aniiiidancatanhhe. drrratdediwhea chinamed othadeitere shedjhp ergsens Atyrntion.
typems thsenenatndascaiied itk resREGH I RSy s temReiRGCardingIRer oil
.the regsrggt J \gzntl%g, Trle nti-wear additives may be present in the low
Ry Ly EHARUR S IPASTAT AL WERER' 6 THE-Balhe HEd g Bhrporel
GoechtorsWWhandhatairk theasystein eilate raingrtokh € prasenilisgention. (trade

I [ il ma omprise one ore additive
L S o e S e BB R B
%mgﬂhﬁlawm%é? pwts)- WO 2008/119936PCT/G112008/001002

The methods of the present invention are used for lubricating a two-stroke, diesel
crosshead engine. The diesel engine may be marine or land based.

The invention will now be described with respect to the following example. A

_system oil for use in the present invention was prepared using a mixture of Group 1

basestocks, This system oil comprised zine dihydrocarbyl dithiophosphate anti-wear
additive and had a concentration of salicylate and phenate detergents which will
correspond in performance, as measured by the Hot Filtration Test, to at least 1.5 % by
weight of the system oil, of a calcium alkyl salicylate detergent soap in which the alkyl
groupis a Cp to C3o alkyl group.
The system oil was manufactured to a specification which included the features of :
¢ akinematic viscosity at 100 °C as measured according to ASTM D445, in the
range of 11.0 to 12.0 ¢St;
¢ atotal base number as measured according to ASTM D2896 in the range of 29.0
to 32.1 mg KOH/g and ‘
¢ azinc content as measured by IP308 in the range of 370 to 420 ppm by weight.
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15

16 point depressants, anti-oxidants, friction modifiers and combinations
thereof. These additives may independently, be the same type as those
bereindescribed with respect to the system oil according to the present

“}B\Q%FQLg{} &suitable low detergency system oil is OE-EIT30 QQQ& @tg&nooz
a e? gdle

aval rom BP SMarine Limited, pr CDX 30 (Trade Mark) availa

from Casual Limited.  An advantage of using a lubricant concentrate
composition to prepare the system oil according to the present invention is
that it enables a system oil to be prepared using a low detergency system
oil, for example a conventional system oil. Thus, unused low detergency

SV%B%’%QM%F%M&% 3 A SIRA0S 1ARKGDDABKhAY BESRIVRNIRE Usehe

low 10detergency system oil, for example in an engine, can be used to . n
dieppbkieaheopdtension lﬁzye@gdii@@W@rtﬁfelﬁ%{@efn%‘{rﬂﬁé@ﬁdﬁwﬂrswc?éﬁ? it a
104851898 0% the,lQusdptRTaRNEY 18 YsteNboiks Whithnarddiahbeudrearnded

when changing to the system oil of the present invention., . The cylinder

Oil AR BRTAIFRSAIRICR SHAGRENS MISHE aH SBYSR B AtHE‘ S hder oil is
aft@" FARRICIF Suitaigsrisder ptsdnciide&ast ehOyliedioaobttirade

mark), Castrol 15Cyltech 80AW (trade mark), Castrol Cyltech 70 (trade
PeriREmANE QL & HERhSABSELQFade mark), BP Energol CLO 50M (trade

marky, BR-fparinkGhith ¥sé 0hd radesinesk)hangsBi BilevijbirCie5081(datle
mar The meth f the present invention. ar d lcati
ST RS A e SR B
enghnchibasedrcphamiiied widn avilbnpvs st tesitrivkighieh thespares agditizes, in the
saniowing example. B eYRIa0 Ol OGRS B e RIGREN LRV AT gine but
prepared using a mixture of Group I basestocks. This system oil
whighipsisedseimgviiyshoc ey dimicheneb BirsEmiot e itk agaiadre
enBEONKERIANIRNpLERIGKIRE AR gieRale Setergents whikhamit viscosity at
correspond in performance, as measured by the Hat Filtrati T,gost,. o at
10psgsehiesothay beiveRgt sPHRBIS e SIFTHR géa}&ahmwﬁo icyISte
detergant spardinahichstealkyl Brause isrepbivdoGatialkyllgrodgetaacy
system oil was manufactured to a s eciflcatiogﬁvm&g r{gﬂg{ gloen% éQFate
SYSER AR STIP-2 LRSI SRR REYSIEP P OB A the RS red Accarding to
comP I Em pri dbeareng@ibbdd 0 ket 2:0: ciBtgr308 adtbtalebase number as
measured according to ASTNI D2896 in the range of 29.0 to 32,1 rug
KOH/g and
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a zinc content as measured by 1P308 in the range of 370 to 420 ppm by

weight WO 2008/119936PCI1G82008/001002 The system oil was

used to lubricant a MAN B &W model 6L 70MC Mk6 marine diesel

crosshead engine having a power of 16980 KW at 108 rpm, It was MCSLLP

operated with a load of 12917 KW at ]1 3 rpm and 76 to 78 % of its

Maximum Continuous Rating. An interim inspection of the engine and its

oil system was carried out 5after 1464 hours of engine operation, 3

months into service and this showed the performance of the oil to be
cis@tisfactory. It is anticipated that with use, the viscosity of the system oil

will increase and/or some of the system oil will be lost and/or consumed in
L. thaehigihe! THhe ayjstem Bipintipkcefigirmd ariplisedepBpisHBrvmsthad poggprises
uYSIEAY ol WHGHhBRINersAMS Additves, I INR JORAmE AlUHRIENk, of the

concentrations as in the system oil previously charged to the engine but

engIRfCH RS B VRBGEIyRIRRRTS Rot/ar e tharorthk esrerhangiravioshat the
sySBareada{aa engine oA suitallie 1ap-1R &Y IR AlLBNOBE Be R 3OmSR or/g

with a kinematic viscosity at 100C of less than 11.5 cSt. A suitable top-up
angyIBRTISMight be an SAE 20 oil. It is anticipated that the system oil may

b@apge@%@glpy mixing a low.detergency 15system oil with a lubricant

concentrate composition, which lubricant concentrate composition

cOMphikest Qe B A% AWk Teast btk ietargnealiditivearmediiping total
Claims, oA masthed-ethhricating & fve=stsaken diesel crasshesd |pgine

which method comprises lubricating the cylinder liner of the engine with a

cylinfdfefioantethd CrhMashde of thie RGOt &/sipstert. oif, e gl
e LR S A S M
(c) at least one anti-wear additive.
2. A method as claimed in claim 1 in which system oil has a total base number of 10 to 40
mg KOH/g, preferably of 10 to 30 mg KOH/g, more preferably of 15 to 30 mg KOH/g, yet
more preferably of 15 to 20 mg KOH/g.

3. A method as claimed in claim 1 or claim 2 in which the system oil has a kinematic

viscosity at 100 °C in the range of 7.9 to less than 12.5 ¢St, preferably in the range of 8.8 to

11.5 ¢St, more preferably in the range of 9.3 to 11.5 cSt.

4. A method as claimed in any one of the preceding claims in which the at least one
detergent additive is at least one calcium alkyl salicylate detergent additive, in which the
alkyl group is a Cj; to Csg alkyl group, in a total amount of at least 1.5 % by weight of the
system oil, more preferably at least 1.75 % by weight, of calcium alkyl salicylate detergent
soap.

5. A method as claimed in any one of the preceding claims in which the method further
comprising replenishing the system oil in the engine with a top-up system oil, in which the
top-up system oil has the same additives as in the system oil previously charged to the
engine but has a viscosity which is lower than that of the system oil previously charged to
the engine.

6. A method as claimed in claim 5 in which the top-up system oil has a total base number
0f 10 to 40 mg KOH/g, preferably of 10 to 30 mg KOH/g, more preferably of 15 to 30 mg
KOH/g, yet more preferably of 15 to 20 mg KOH/g.
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and comprises :- (a) a base oil; (b) at least one detergent additive which is
a metal salt of a carboxylate, in a total amount of detergent corresponding
in perfonnance, as measured by the Hot 10Filtration Test, to at least 1.5

% by weight of the system oil, of a calcium alkyl salicylate detergent soap
in which the alkyl group is a Cp to C30 adkyl group; and (c) at least one
anti-wear additive. 2. A method as claimed in claim 1 in which system oil
has a total base Dumber of 10 to 40 mg KOH/g, preferably of 10 to 30 mg
KOH/g, more preferably of 15 to 30 mg KOH/g, yet 15more preferably of
711ten 20 s g KDHYgd 3n Almeathod dsiclatmed lincaldimtdpenrclyine2 mnlwihidhe
the system oil has klnegnatl VISCOSIt at 1 OC in the ran ge of 7.9 10 less
SR @%&O‘E‘j‘é’fggﬁyl %e a0 %aé(% 0 iingigé?emore pieferably in
8thﬁ rapgedfs%Riadilid aStode Afriethod as Ttlaimadttintany pne efdlee oil is an

cedln%?ngaél !% VXhICh the at least one 20detergent additive is at least
QCOa?(El rgyi at cylate detergent additive, in which the alkyl group is

% & Iretada 30 alkyl graumyroactotall ameuniod! at {e’;a'eh 1% pyyusighinofil has a
the system oil, more preferably at least.1.75 % b ht, of alk

g AP UGB Sodb 00 Ao AN 58 HRHERR By o e ot ofthe
s@geﬁedmgre{ammmh@h theﬂmeﬁlgﬁdzj @i&f@faB@CQmMIS&nger ef)lemﬂnﬁg ess than

ystem oil in the en th a stem oil, in which the top-up
g STV FEE %fgkﬁ g"dﬁ{?\? ég) 1%@ﬁém oil previously charged

1o then&m@@ﬂemahhﬂsdamsgosﬁy wm@m@ fower ﬂnammﬁtmf a;mesyste nmd)rhe top-

previously charged to een d
PR VP St e L) DESD PLDRF 00K 10160 gy v ich e
HOH@uprafe l(agl};bomalnq/Bgrmg KOHigra metewpreferalbdysof b. %tbﬁ@mr@t of the

MCSLLP

KOH/q, yet more 5 H/ 1/1 01 9
ol D A HE SSEH A e R

dhe system oll prewously charged to the engine have the same base

‘HU rr/lxbr%réthod as claimed in any one of the preceding claims in which the system oil is
prepared by mixing a low detergency system oil with a lubricant concentrate composition
which lubricant concentrate composition comprises a base oil and at least one detergent
additive of a type and in an amount such as to provide a system oil as defined in any one of
the preceding claims when mixed with the low detergency system oil.

12. A method as claimed in claim 11 in which the engine is on a vessel and the mixing is
performed on-board the vessel and external to the engine.

13. A method as claimed in claim 12 in which alternatively or additionally, the mixing is
performed, at least in part, in situ, by charging to the engine a low detergency system oil
and a lubricant concentrate composition.

14. A method as claimed in any one of claims 11 to 13 in which the lubricant concentrate
composition has a base number of at least 20 mg KOH/g, preferably of at least 25 mg
KOH/g.

15. A method as claimed in any one of claims 11 to 14 in which the lubricant concentrate
composition has a base number of up to 200 mg KOH/g, preferably of up to 150 mg
KOH/g.

16. A method as claimed in any one of claims 11 to 15 in which the lubricant concentrate

composition has a kinematic viscosity at 100 °C of 5 ¢St to 12 CSt.




8. A method as claimed in any one of claims 5 to 7 in which the top-up

system oil is an SAE 20 or an SAE 30 oil. 59. A method as claimed in any

one of claims 5 to 8 in which the top-ut system oil has a kinetic viscosity MCSLLP
measured at 100 C11 which is in the range of 5 to I. ¢St less than that of

the system. oil previously charged to th%l ngine, preferably in the range of

4 to 2 cSt less than that of the system oil previously charged to the

engine. 10. A method as claimed in any one of claims 5 to Pin which the
system oil and the top- 10 up system oil comprise at least one calcium

akyd spligyjate deteraent addite, dobich the atkvl @reuPds 861210 GRntrate
alkyl group, in a total amount of at least 1.5 % by weight of the system oil,
GRS PFsTR FREINh S IR dE e ZEGY BYSiGRIGHE, ¢ BHlGt A EkgE Sansipgiom 5 @ 95 to
HLE(PERT 90A0m Lot SRR, AT LMED AT HRE 0F Qﬂﬁa{p&@dmg

claims in winch the system oil is !ﬁ?)repared by mixing a low detergency

ystemaiiodia dabrtanteonentdie RortastoHWhiRRViiBhidameystem oil is
1RRAGHIY AL OMPRSH 0L GRMANSES @(ﬁ%%@'*@,’ﬁe%x‘?&%ﬁ”?@dec@ g8t or 55° 10
additive of a type and in an amount such as to provide a system oil as

ed in any one of the preceding claims when mixed with the 46w
detergency system oil. 12. A method as claimed in claim 11 in which the
engine is on a vessel and the mixing is performed on-board the vessel
and external to the engine. 13, A method as claimed in claim 12 in which
alternatively or additionally, the mixing is performed, at least in part, in
situ, by charging to the engine a low detergency system oil and a lubricant
concentrate composition.  14. A method as claimed in any one of claims
11 to 13 in which the lubricant concentrate 25composition has a base
number of at least 20 mg KOH/g, preferably of at least 25 mg KOH/g. 15.
A method as claimed in any one of claims 11 to 14 in which the lubricant
concentrate composition has a base number of up to 200 mg KOH/g,
preferably of up to 150 mg KOH/g. 16. A method as claimed in any one of
claims 11 to 15 in which the lubricant concentrate composition has a
kinematic viscosity at 100 C of 5 cStto 12 CSt. M. Sp 20 17. A method
as claimed in any one of claims 11 to 16 in which the lubricant concentrate
composition and the low detergency system oil are mixed in ratios ranging
from 5 : 95 to 50 50 of lubricant concentrate composition : low detergency
system oil. 18. A method as claimed in any one of the preceding claims in
which the system oil is used with an engine inlet temperature of 40 to 65
C, preferably of 50 to 65 C, or 55 to 65 'C.



