2005M018 FF 1 A Method of Operating a Marine or Stationary D esel Engine The
present i t ] oncerns a nethod of  operating a marine or stationar

di esel eng¥ﬁ§46§ﬂ¥ﬁe sul phur cont ent i h fuel varies dependent upon itsy
geographi cal area of origin. For marine diesel engines, high sul phur fuel
is fuel including sulphur fuel is
fuel including 1 5ViHEERS ' Care usual |y
required in and around ports 10 and in Iegrslated areas, whereas cheaper,

hi gh sul phur fuels can be used on the open seas. |f a marine diesel engine
i s run on Heypresehpimyentiorconcerna@enethast efcoparating atraarine,or sigtianaryl i nder
Iubrrcatrgﬁ OHl havi ng a base nunber of at |least 70 ng KOH g, 15 as

det erm ne %‘?ﬁ@gﬂ§?M D 2896. A cylinder lubricating oil having a | ower base
nunber scoul d be used at an increased feed rate but the inpact on cost would
be severe because high lubricant feed rates would be needed. If, on the
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a short period of tine at a reduced feed rate but over a | onger period of
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pi st on andnelphen st&fs. Thus, when fuels with different suI phur contents are
used, marine engines require different cylinder lubricating oils, one
havi ng a hi gh base nunber and one having a | ow base nunber, which need to
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using a cylinder lubricating oil having a base number of at least 70 mg KOH/g,

15 as determined using ASTM D 2896. A cylinder lubricating oil having a lower
base number could be used at an increased feed rate but the impact on cost
would be severe because high lubricant feed rates would be needed. If, on
the other hand, a marine diesel engine is run on low sulphur fuel, it can be
lubricated using a cylinder lubricating oil having a base number of less than 70

20 mg KOH/g, such as, for example, 40 mg KOH/g. A cylinder lubricating oi!
having a base number of about 70 mg KOH/g could be used for a short period

of time at a reduced feed rate but over a longer period of time deposits will

ne from excessive ash. Furthermore, a reduction of feed rate
increases the risk of oil starvation and the risk of insufficient lubricant being

25 available to provide a film between the piston and the liner. Thus, when fuels
with different sulphur contents are used, marine engines require different
cylinder lubricating oils, one having a high base number and one having a low

base number, which need to be stored in separate tanks.

30 The aim of the present invention is to provide an improved method of
operating a marine or stationary diesel engine. In particular, the aim of the
present invention is to provide an improved method of operating a marine or
stationary diesel engine that runs on different fuels having different sulphur

levels, i.e. high and low sulphur fuels.



operating a marine or stationary diesel engine. In particular, the aimof

the pres i lon is to provide an inproved nethod of operating a
mari ne or%B@pgﬁﬁﬁﬁgry di esel engine that runs on different fuels having

different sulphur levels, i.e. high and | ow sul phur fuels. 2005MOL8 FF 2 In
accordance with the present invention there is provided a nethod of
operating a marine or stationary diesel engine wherein the engine is

| ubri cat eqn astbRiahceivite! hebmesentinbémitst therd i ravideédnainetiod ofl at a
substantially constant feed 5 rate to the_engine and, when the engipe runs
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oil, i.e. acylinder lubricating oil having a | ow base nunber, needs to be
used i n a thahrequireginagigl bassgthas isavailatie free theghasic pwm-,de@hiuwmar\éraém fuel s

having different sulph ey r tank is
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met al dete{hgp{mH/gqsgghégtt@méfuym an overbased netal phenate, an overbased
nmet al sul phdonate, an overbased netal salicylate or an overbased netal

hybri d detergent. The overbased netal hybrid detergent is preferably
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detergent preferably has a total base nunber of greater  than 5
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sulphur levels. Furthermore, only one storage tank is required for the cylinder
lubricating oil.

15
Preferably the overbased metal detergent is selected from: an overbased
metal phenate, an overbased metal sulphonate, an overbased metal salicylate
or an overbased metal hybrid detergent. The overbased metal hybrid
detergent is preferably selected from: an overbased metal phenate-

20 sulphonate detergent or an overbased metal phenate-sulphonate-salicylate
detergent. The metal is preferably an alkaline earth metal, preferably calcium.
The overbased metal detergent preferably has a total base number of greater

referably greater than 200, more preferably greater than 245 mg

25
The cylinder lubricating oil preferably has a total base number of less than 100,

preferably less than 70, more preferably less than 60, even more preferably

less than 50, and most preferably from 25 to 45 mg KOH/g.

30 The overbased metal detergent is preferably added to the fuel oil at a treat
rate of 1 to 10,000 ppm, preferably 100 to 1,000 ppm, more preferably 250 to
500 ppm.



The cylinder lubricating oil preferably has a total base nunber of |ess than
100, pref 86%?/2@% ess than 70, nore preferably |ess than 60, even nore
preferabl); han 50, and nost preferably from25 to 45 ng KOH g. 30 The
over based netal detergent is preferably added to the fuel oil at a treat
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cont ent ofp,-@mgowme&h_gnmss%r eferably nore than 3 mass% In accordance
with the present invention there is also provided a method of 5 operating a
marine or stationary diesel engine wherein the engine is lubricated wth a
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oper at es Woﬁthﬁ@ gle marine diesel cylinder lubricant that is fed
at a substantially constant

In accordance with the present invention there is also provided an operating
15 system for a marine or stationary diesel engine, the system comprising:
a) one cylinder oil tank for storing a marine diesel cylinder lubricant;
b) a first fuel tank for storing a first fuel having a sulphur level of 1.5
mass% or less; and
c) a second fuel tank for storing a second fuel having a sulphur level of
20 more than 1.5 mass% and including at least one overbased detergent
having a base number of greater than 150 mgKOH/g;
wherein the marine or stationary diesel engine operates by using one

single marine dies

feed rate to the engine and at least two different fuels having different

| cylinder lubricant that is fed at a substantially constant

L4

25 sulphur levels.

The present invention also concerns use of an overbased metal detergent
having a total base number of greater than 150 mg KOH/g, preferably greater
than 200 mg KOH/g, in a fuel having a sulphur level of greater than 1.5%,

30 preferably greater than 2%, to reduce piston ring and cylinder liner wear in a

marine or stationary diesel engine.

The invention will now be described in more detail as follows:



feed rate to the engine and at |east two different fuels having different 25
sul phur | evels. The present invention also concerns use of an overbased

net al det@P%@%qllﬁaving a total base n%nber of greater than 150 ng KOH g,
preferably greater than 200 ng KOH g, in a fuel having a sul phur |evel of
greater t?in & a@& 30 preferably greater than 2% to reduce piston ring and
cyl i nder ar in a marine or stationary diesel engine. The invention
will now be described in nore detail as follows: 2005MO18 FF 4 The Fuel The
fuel may be any one of a wide variety of fuels, particularly diesel fuel
oils. 5 Jhehfuelisiay benahydee ofiaduide vairiety of fuels: padisulasiy digpeldueraiser s t o
petrol eum based fuel oils obtainable in refining crude oil as the fraction
fromthe light, kerosene or jet fuel, fraction to the heavy fuel oi

fractian. §u*l§f§ﬁ1é1§lﬁlc$l1d@ymﬁid$@ distiaRr ifsel Gif WRRIPRITeIs 1@F patesieum-Based | | at e,
cracked gas oil or a blend, in any proportions, of straight run and

t her mal | y feekdits obtairable inceefiningceradedl as theofrastinnofemdhedight, eresenee

Exanpl | t f uel
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generally wthin the range of 100C to 500C, as neasured according to ASTM

D86, nore mrepedicas| yofbstraighh rusoand nidenalty argl/or siatalylicallyt Aeacked| of s
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having a relatively high Final l'ing Point of above 360C (ASTM D- 86) .

Such fuel sgaail.aiSuch m@d@dls@ﬂateﬁyak oldmumw il OVere trrepetatireniaegst ur e
range, | “Céé’:?érg wuﬁurlfatﬂe range of 100°C to 500°C, as measured according to
ASTM D86, more especially between 150°C and 400°C.
15
Preferably the fuel is residual fuel oil and the diesel engine is a marine diesel

engine, which can be 2- or 4-stroke.

Suitable fuels generally boil within the range of about 100°C to about 500°C,
20 e.g. 150° to about 450°C, for example, those having a relatively high Final
Boiling Point of above 360°C (ASTM D-86). Such fuels contain a spread of
hydrocarbons boiling over a temperature range, including n-alkanes which
e fuel cools. They may be characterised by the
temperatures at which various %'s of fuel have vaporised, e.g. 10% to 90%,
25  being the interim temperatures at which a certain volume % of initial fuel has
distiled. The difference between say 90% and 20% distillation temperature
may be significant. They are also characterised by pour, cloud and CFPP
points, as well as their initial boiling point (IBP) and final boiling point (FBP),
cetane number, viscosity and density. The petroleum fuel oil can comprise
30 atmospheric distillate or vacuum distillate, or cracked gas oil or a blend in any

proportion of straight run and thermally and/or catalytically cracked distillates.

The fuel may in particular have one or more of the following characteristics:



precipitate as wax as the fuel cools. They may be characterised by the
tenperatures at which various %s of fuel have vaporised, e.g. 10%to 90%
25 bei ng 2AOMHUBLE m t enperatures at which a certain volume %of initial
fuel has distilled. The difference between say 90% and 20% di stillation
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boi | i ng poi nt tge~Nu s M4 [ { o). ol eum
fuel o1 can cSpreLdnds BTG RFC prifeely, di¥a®indRORIOE, B8, Pget ! O
cracked gas oi lnrgferablf!gpestet thary3od@;oportion of straight run and thermally
and/or catalytically cracked distillates. The fuel may in particular have

one or nor(#) of a betahel nwnbery(roeasured dyi ASTED628D6MBES thEnDY, ispch a$5%
distillation point (ASTM D86) of greater than 330C _preferabl greater than
360C, Rore preﬁ%?say'lg‘if‘ e '8 r&ﬂgﬁe%é@n é@d S P"%&@%&f 5%%%&%35’& t han
430C, (i1) a ceha&GrateraBly 683w 451 by ASTM D613) of less than 55, such as
5 less than 53, preferably [ess than 49, nore preferably |less than 45, nost

pr ef er abl i) essart heomatlc contént efngreaterathian to%:t wht prefergbbagegatenthan 5% wt |,
preferably gre r than

25%.and nore, pr.eferably eater than 40% and (iv)
a Ransbottom c a@ﬂdé%‘P%Bfe(f%&?%N#maﬁ?D’éﬁﬂﬁ‘ 4@(“"&'@&& than 0.01 % 10 nass,
pref er abl y;\gr ead Ranidifitoth afomBesidugby AB e F4y oﬂpf@étéf thainh®01% 3% nass,
such as 1 % or 5% mass, and nost pref erabl¥ greater han 10% mass. As
descrillBed ear| iraass,t peeferablyeigseatay than fatd%cmass, cwreapieferabbagreatech as 15
streans produc fromfluid catal ytjc crgcking, such materigls us |y
having a densiel?@n@ HANGRS gRlP %glg'ﬁ)?r é%’crﬁ‘aﬁg'@?fgnp&t e@l%r%éﬁrl
characterised {Rynl199, p¢dsgne nunber values, typically ranging from 10 or

| ower to around 30 to 35; fromthermal cracking processes, |ike visbreaking
and coki ng, such

As described earlier, these fuels may in particular contain streams such as

15 streams produced from fluid catalytic cracking, such materials usually having
a density @ 15°C of 850 to 970, such as 900 to 970 kg/m® and characterised
by low cetane number values, typically ranging from 10 or lower to around 30
to 35; from thermal cracking processes, like visbreaking and coking, such
streams typically having a density range @ 15°C of 830 to 930 kg/m® and a

20 cetane value of 20 to 50; and from hydrocracking that uses severe conditions,
e.g. temperature in excess of 400°C coupled with pressures of 130 bars or
greater, to produce streams characterised by cetane number from 45 to 60
and having a density range @ 15°C from 800 to 860 kg/m?®.

25 Typically, marine fuels accord with the standard specification ASTM D-2069
and may be either distillate or residual fuels as described within that
specification, and may have a kinematic viscosity at 40°C in cSt of at least
1.40.

30 The fuel may also be an animal or vegetable oil, or a mineral oil as described
above in combination with an animal or vegetable oil. Fuels from animal or
vegetable sources are known as biofuels and are obtained from a renewable

source. Certain derivatives of vegetable oil, for example rapeseed oil, e.g.



streans typically having a density range @15C of 830 to 930 kg/nm8 and a 20
cet ane val %8 1@6 %q:to 50; and from hydrocracking that uses severe

conditi onsz, 3 BK tenperature in excesf of 400C coupl ed with pressures of
130 bars or greater, to produce streans characterised by cetane nunber from
45 to 60 nd having a,density.range 15C f ; t.0..86 [ 8. 125
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rapeseed oil, e.g. 2005MO18 FF 6 those obtained by saponification and
re-esterification with a nonohydric alcohol, may be used. It has recently
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Thus, a biofuel is a vegetable or animal oil or both or a derivative
thereof, particularly an oil conprising fatty acid and/or fatty acid
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CH20COR
|
CHOCOR
15 |
CH20COR
where R is an aliphatic radical of 10-25 carbon atoms which may be saturated
or unsaturated.
20

Generally, such oils contain glycerides of a number of acids, the number and

kind varying with the source vegetable of the oil.

Examples of oils are rapeseed oil, coriander oil, soyabean oil, cottonseed oll,
25  sunflower oil, castor oil, olive ail, peanut oil, maize oil, almond oil, palm kernel
oil, coconut oil, mustard seed oil, beef tallow and fish oils. Rapeseed oil,
sunflower oil, soya bean oil and palm oil, is preferred as it is available in large

quantities and can be obtained in a simple way by pressing from rapeseed.

30 Examples of derivatives thereof are alkyl esters, such as methyl esters, of
fatty acids of the vegetable or animal oils. Such esters can be made by

transesterification.



or unsaturat ed. 20 Generally, such oils contain glycerides of a nunber of

aci ds, r kind varying with the source vegetable of the oil.
Exanpl es ?P{}W@Ffe rapeseed oil, cor%ander oi |, soyabean oil, cottonseed
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15 Commercial mixtures of the stated kind are obtained for example by cleavage
and esterification of natural fats and oils by their transesterification with lower
aliphatic alcohols. For production of lower alkyl esters of fatty acids it is
advantageous to start from fats and oils with high iodine number, such as, for
example, sunflower oil, rapeseed oil, coriander oil, castor oil, soyabean oil,

20 cottonseed oil, peanut oil, fall oil or beef tallow. Lower alkyl esters of fatty
acids based on a new variety of rapeseed oil, the fatty acid component of

which is derived to more than 80 mass % from unsaturated fatty acids with 18

25 Preferably the biofuel is present in an amount of up to 50 mass % based on
the mass of the middle distillate fuel oil, more preferably of up to 10 mass %,

especially up to 5 mass %.

The fuel may alternatively be a fuel (either distillate or residual fuel) such as a

30 heating fuel oil or powerplant fuel.

It is preferred that the fuel is a heavy fuel oil which is used for example in

power generation and marine type applications which employ large engines
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especi al | 9 fuel may alternatively be a fuel (either
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sur f act ant gyrfdasicgent s generally conprise a polar head with a | ong
hydrophobic tail, the polar head conprising a metal salt of an acidic
organi ¢ conpound. Large 15 anmounts of a netal base are included by reacting

an excess B]Zatea}ggﬁttsadenerally comprise a polar head with a long hydrophobic tail, the
polar head comprising a metal salt of an acidic organic compound. Large
15 amounts of a metal base are included by reacting an excess of a metal
compound, such as an oxide or hydroxide, with an acidic gas such as carbon
dioxide to give an overbased detergent which comprises neutralised

detergent as the outer layer of a metal base (e.g. carbonate) micelle.

20  Surfactants that may be used include phenates, salicylates, sulphonates,
sulphurized phenates, thiophosphonates, and naphthenates and other oil-
soluble carboxylates. The metal may be an alkali or alkaline earth metal, e.g.,
sodium, potassium, lithium, calcium, and magnesium. Calcium is preferred.

25  Surfactants for the surfactant system of the overbased metal compounds
preferably contain at least one hydrocarbyl group, for example, as a

substituent on an aromatic ring.

Phenate surfactants may be non-sulphurized or sulphurized. Phenate include
30 those containing more than one hydroxyl group (for example, from alkyl
catechols) or fused aromatic rings (for example, alkyl naphthols) and those
which have been modified by chemical reaction, for example, alkylene-bridged
and Mannich base-condensed and saligenin-type (produced by the reaction of

a phenol and an aldehyde under basic conditions).



conpound, such as an oxide or hydroxide, with an acidic gas such as carbon
di oxi de t% @5%ﬁ %% over based detergent which conprises neutralised

det er gent ) 8T8 ut er | ayer of a neta? base (e.g. carbonate) mcelle. 20
Surfactants that may be used include phenates, salicylates, sul phonates,
sul phuri zed phenates, thiophosphonates, and napht henates and ot her oil -

sol ubl e carboxyl ates. The netal nmay be an alkali or al kaline earth netal,
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preferred. 25 Surfactants for the surfactant system of the overbased netal
conpounds desived draabithe fasmuba hbelow: east one hydrocarbyl group, for exanpl e,
as a substituent on an aromatic ring. Phenate surfactants may be

non- sul phuri zed or sul phurized. Phenate include 30 those containing nore
t han one hydroxyl group (for exanple,QHrom al kyl catechols) or fused
aromatic rings (for exanple, alkyl naphthols) and those which have been
nodi fi ed by chem cal reaction, for e | e, al kyl ene-bridged and Mannich
base- condensed and sal i genin-type ( ced by the reaction of a phenol and
an al dehyde under basic conditions)\~2Q0D5M018 FF 9 Preferred phenols on
whi ch the phenate surfactants are basedN\my be derived fromthe fornula I
below OH 6~'~ 5 Rv where R representsﬁ@ hydr ocar byl group and y
represénts 1tod4. VWerey is greater than 1, the hydrocarbyl groups nay be
the same or different. 10 The phenols are frequent!lylused in sul phurized
form Sul phurized hydrocarbyl phenols may typically be represented by the
formula Il below OH OH

where R represents a hydrocarbyl group and y represents 1to 4. Where y is

greater than 1, the hydrocarbyl groups may be the same or different.

10
The phenols are frequently used in sulphurized form. Sulphurized hydrocarbyl
phenols may typically be represented by the formula Il below:
OH OH
) > Q
N SN
Ry Ry
15 I

where x is generally from 1 to 4. In some cases, more than two phenol

molecules may be linked by S bridges.

20 In the above formulae, hydrocarbyl groups represented by R are
advantageously alkyl groups, which advantageously contain 5 to 100,
preferably 5 to 40, especially 9 to 15, carbon atoms, the average number of
carbon atoms in all of the R groups being at least about 9 in order to ensure

adequate solubility in oil. Preferred alkyl groups are dodecyl (tetrapropylene)

25  groups.



Sx Rv Rr 15 11 where x is generally from1 to 4. In sone cases, nore than
two phenol | es may be linked by,S,, bridges. 20 In the above

f ormul ae, 28?’%?4)1%%%by| groups represen%igd by R are advantageously al kyl
groups, which advantageously contain 5 to 100, preferably 5 to 40,

especi al | , : q{%l a : ; rbon atonms in all
of the R érlj g’?ﬁ)g}"ég’fnr%%p B%égé’t ar%%%}gglaélllﬁ{sglgggg%ﬁélnsg&peﬁﬁadequate
sol ubi | i t sohveniehce Beabfurrenttosdkalkylguieruss.ar e dodecyl (tetrapropyl ene) 25

groups. 2005MO18 FF 10 In the follow ng discussion, hydrocarbyl-substituted
phenols wll for convenience be referred to as al kyl phenols. A

sul phuri zi : r i | | phenate 5
may b any® SABAGHn0oelf fruteRh BRenarty 2 saithaiety BenBerdle LS ins

bet wees t mgayabk\dnyoensdurboogiement advich inbbduees-(8),- drigging gidupsf rom 1 to
about 4. Thus, the reaction %be conducted wi.th el errentlal sul phur or a

hal | dﬁl t hé}eéwet?? the alkybpheno! moNgIReT JreuRR! Whewin &is grperlly fometdBl v, sul phur
nonochl ori I ' [ | [
10" be e 1 oS e, THWSTRIE Rlachih R be BotaGied with Stahidtél i AriLact on MY

pr e}‘ Sr abl maiﬂeltﬁer@?f,geﬂgxﬁnprﬂneumer dfchidrigieeort, adore wirefevably $ulphympi cal |y
yi e a mxture o ridging groups -(S)x-. as described above. If a sul phur
hal i de i s moBeehlofidR glﬂ'?ﬁﬁ@?‘@?ﬁ@'FBW s » e ﬁ&?ﬁﬁﬁz%tw&?éﬂo%{pacyr eat | ng t he

al kyl ;phe I ot Ifﬁgﬁt , The reaction
may bell%co%u%ftféelé qugirﬂr?#'ﬁgttg?és hg@éﬁél% u(?{{rgt)?te | Ist@%tz.%The di | uent
advant ageqsreferablgratiessts 08, °Gulitieards afl dlgmiental tsulphwawilt typidallyryieldfaor exanpl e

mneral oil or an al kane. In a event, .th ti i uct.
peri od of MixkreLibNdginggrouss stI)ucas destribed above. Ilf%nsdlghucr%naql%(étlsed for a

used, the sulphurization reaction may be effected by treating the alkyl phenol
at from -10 to 120, preferably at least 60, °C. The reaction may be conducted
15 inthe presence of a suitable diluent. The diluent advantageously comprises a
substantially inert organic diluent, for example mineral oil or an alkane. In any
event, the reaction is conducted for a period of time sufficient to effect
substantial reaction. It is generally preferred to employ from 0.1 to 5 moles of
the alkyl phenol material per equivalent of sulphurizing agent.
20
Where elemental sulphur is used as the sulphurizing agent, it may be

desirable to use a basic catalyst, for example, sodium hydroxide or an organic

A ranfara
amine, preiera

25  Details of sulphurization processes are well known to those skilled in the art.

Regardless of the manner in which they are prepared, sulphurized alkyl
phenols generally comprise diluent and unreacted alkyl phenols and generally
contain from 2 to 20, preferably 4 to 14, most preferably 6 to 12, mass % of

30  sulphur, based on the mass of the sulphurized alkyl phenol.



substantial reaction. It is generally preferred to enploy fromO0.1 to 5

nol es of I phenol material per, equivalent of sul phurizing agent. 20
Were el e@bﬁﬁ\ﬁ&éﬁ{ phur is used as t hellsul phuri zing agent, it nmay be

desirable to use a basic catalyst, for exanple, sodium hydroxide or an

' ' f bl het, CLi ' (e q. ' 25
Retal o ot Findied 2607 iHe TS Bl ad (BT Rtk BRGNS, Wiy, >
art. Regéﬁé?blee&éerpﬁoﬁmédfw&l@émical dHctiBn Wity fer exaphsipaaedldedhytphand zed al kyl
phenol s generally conprise diluent and unreacted al kyl phenols and generally

contai n frManmichbage-condensedphgnalst o 14, nost preferably 6 to 12, nmass % of
30 sul phur, based on the nass of the sul phurized al kyl phenol. 2005MO18 FF
11 As indicated above, the term "phenol"™ as used herein includes phenols

whi ch  shaveidBRgdesRithvittich Piieadis Thapbe meadifie® ihchidd) fof exarplepl e, an
al dehyde, and ~ Manni ch base-condensed phenols. 5 Al dehydes with which
phenol s ndipriveldebytie; propionaldehyderand butyraidehyde: of hapEriagrad aldahygBonal dehyde

and butyral deh ..The fer . [S., ;0 =nodi fied
henol s” s P Tapaapayag BidkaRdiedrEd Brefols"s BRI Y S desLRBRT 0G7 ' 16
Manni ch bageekarprs19SLAAbo%0Ig67ar e prepared by the reaction of a phenol, an
al dehyde and an am ne. Exanpl es of suitable Manni ch base-condensed phenols

are described in GB-A-2 121 432. In general, the phenols my include

substifuen ot her_th |0, a%%*%’ b ch
substit%en&%nﬂlfhﬁﬁqsed@hc}aeg\gagipré%’l%!sc%%%r?a?? om ﬁ]eeo 're%é{rléi@g{ é:??‘tegﬁgpert I es of
the phenol g afgehyEkb&idodn aitide.s Einblus of Suitdlte Maritic page-copderset hal ogen
atonms. Salicylic acids may be non-sul phurized or sul phurized, and may be
cheni cal | yphawlswe tieseritasindsBovrt B hd3didi ti onal substituents, for exanple,
as di scussed

In general, the phenols may include substituents other than those mentioned
15 above provided that such substituents do not detract significantly from the
surfactant properties of the phenols. Examples of such substituents are

methoxy groups and halogen atoms.

Salicylic acids may be non-sulphurized or sulphurized, and may be chemically
20 modified and/or contain additional substituents, for example, as discussed

above for phenols. Processes similar to those described above may also be

used for sulphurizing a hydrocarbyl-substituted salicylic acid, and are well
nown to those skilled in the art. Salicylic acids are typically prepared by the

carboxylation, by the Kolbe-Schmitt process, of phenoxides, and in that case,
25  will generally be obtained (normally in a diluent) in admixture with

uncarboxylated phenol.

Preferred substituents in oil-soluble salicylic acids from which overbased

detergents may be derived are the substituents represented by R in the above
30 discussion of phenols. In alkyl-substituted salicylic acids, the alkyl groups

advantageously contain 5 to 100, preferably 9 to 30, especially 14 to 20,

carbon atoms.



above for phenols. Processes simlar to those described above nmay al so be

used for %ﬁbﬁ%ﬁfsiﬁﬂ' ng a hydrocar byl -sullast ituted salicylic acid, and are well
known to those skilled in the art. Salicylic acids are typically prepared by
the carboxylation, by the Kol be-Schmtt process, of phenoxides, and in that

case, 25 wd radel : ' éofc}&; | | ' dm xt
W th unc\zi%rlgé?(@{ﬁgt%ggisp%rgﬁg?'ggwg%ﬂ} e S%Ebix?%tibnr?gﬁm&g?%%!trugl (ran )s(aluir gyl I C
acids f r?méJWgtimllge@\espbamﬁyl alkybsgggﬁgpted, BrEyMétic ?gdrio«zarl)lmsefdrrm(ampjex ituents
represente i n e above . i scussj on o o

3 pbizined ffog he feaqtigBation ot asgIPug L AGIRIAN ABYebus | y contain 5

al kyl - subdhp$
to 100, | g 05MO1
R T i

12 Sul phoni'c aci
subst : sut auﬂs@sbtaém@d by ﬂylatlngsbérﬁehteutodambneamglwﬂ oaphithabere; biphenyf or

exanpl e, those, obtained fromthe fractiopation of pefroleumby distillation
and/ or  ex@rtheyhgipges Qﬂ)’alt'H%S’afPRW%mPt?mCB%’%@W?&&‘?&?"@E’&PS&?{S. Exanpl es

i ncl ude 5 éﬂ?&gﬁsﬁﬂfﬁ%\é}%‘j RIY(KI%!HEM'o‘?‘fai’%}ﬂa@@ﬁf%%arﬁdﬂs%?gbe%rﬁ 8ut in

napht hal ene, or therr halogen derivatives, r exanpl e,
chl or obenzbsgresdricer oft dtatahyst with atkylatirapagénth dlaving frémk3 taamooathen ar onat i ¢

hydr ocarbons may be carried out,in th resence of a_.catalyst wth
al kyl at i ng! (ePeNAHIMe ST ﬁ?@fofﬁxﬁpg'?‘ﬁ ar‘ifgﬁsc%!%%{hﬂ%‘?@’, Buch as, for

exanpl g, *@Atam%gg%%@a@é&ém SiHrafiR¥, A% 5119);3,'9%%%# Rinfpdydr ogenat i on

of paraffins, ins, for exanple, yners of ethylene,
pr opyl ene, painahecs obethglene, prapyidrey laadidr rténehohhe atlgiaryl sulplenit acisnt ai n

from7 to 100, or re_carpon ons. The referably contain, from.16 to 80,
or 12 to 44sualiyoen "&;er’H%t)g%rﬁqu{WQ@Lﬁ%Pg? %Sarﬁ?@f P@?‘?I@_PB&?R" 8fependi ng
on the soutGg {]d RBOMH o R, é?ﬁor?Qfo%{ ﬁr alky-SURAtEY arhbfit Atbidtyese
al kyl aryl sul phonic 'acids to provide su onat es,

depending on the source from which they are obtained.

15
When neutralizing these alkylaryl sulphonic acids to provide sulphonates,
hydrocarbon solvents and/or diluent oils may also be included in the reaction

mixture, as well as promoters and viscosity control agents.

20  Another type of sulphonic acid comprises alkyl phenol sulphonic acids. Such
sulphonic acids can be sulphurized. Whether sulphurized or non-sulphurized
these sulphonic acids are believed to have surfactant properties comparable
to those of sulphonic acids, rather than surfactant properties comparable to
those of phenols.

25
Sulphonic acids also include alkyl sulphonic acids, such as alkenyl sulphonic
acids. In such compounds the alkyl group suitably contains 9 to 100,

advantageously 12 to 80 especially 16 to 60, carbon atoms.

30 Carboxylic acids include mono- and dicarboxylic acids. Preferred
monocarboxylic acids are those containing 1 to 30, especially 8 to 24, carbon
atoms. Examples of monocarboxylic acids are iso-octanoic acid, stearic acid,
oleic acid, palmitic acid and behenic acid. Iso-octanoic acid may, if desired,

be used in the form of the mixture of Cg acid isomers sold by Exxon



hydr ocar bon sol vents and/or diluent oils may al so be included in the

reaction ) r as well as pronoter,s and viscosity control agents. 20
Anot her tﬁ%@%@ﬁggﬁiphonic acid conpriggs al kyl phenol sul phonic acids. Such

sul phoni ¢ acids can be sul phuri zed. Wet her sul phurized or non-sul phuri zed

e oe R EaRSuEerIng yalkl g CAAME, oiiief SLtBbloRIRELE fidsg o2l 20! &

to those o I 'C aci rather than surfactan ropertres conparable to

those of pligNRIFaryZubStiuBbARIt thaaisiEben atom avldudicarbbkylic scitphdthi c aci ds,
such as al kenyl sul phonic acids. In such conpounds the al kyl group suitably

cont ai ns 9noke thao,2 caibenratame aepryating the cacbeaieareyps, fairthereo, carbon

atons. 30 rboxyl i c.aci I ncl - i | ] i Preferred
nonocar bo@jﬁ?qrgo ‘ZIICO%C"% &’%HB%E& @%ﬁtﬁﬁ&n@@%@ g@'ﬁ@gg%&éﬁgﬁﬁya(?@m? 0 24,

car bon 5 atgaw|sd3@ifaNIEeS UnlsatiRarercdbaxlicachty cn Be sulphurieetamdihoughi d,
stearic acid, oleic acid, palmtic acid and behenic acid. |so-octanoic acid

may, if desslicgis acide castain acarbexyiie greur, forn@erpurpases of thegorgseat i soners sol d

by Exxon 2005 8,FF 13 7] t iy G, O h
sui tabl e dBY%@'\{%ﬂ‘Qeﬁ’ ﬁé%g%%%ﬁ&{ @r??g%péﬁbggtqrﬁpggun@?dgﬁ{eg?gﬁg%rr%on ate (r)m
and di car hestdongidesedfo Bé cBrboXgTi€ atidasurfaceitdo (N6t eMthoagin they cargainhe
carboxylic groups. Further, dicarboxylic acids with nore than 35, for

exanpl e, 38hydroxgogrovar anthey ewsstlese@tabe phenrk ssfactantidat ur at ed carboxyl i ¢
aci ds 1(‘Dfan be sul phurized. Although salicylic acids contain a carboxylic
group, “for the purposes of the present invention they are considered to be

a separat eEﬁérﬂFlésfo ot sUHaNARts which Ay be@éed nacabed &k withehear boxyl i ¢
acid surfactants. (Nor, although they contain a hydroxyl group, are they

consi der edinventien insidel the deliewing PosmpoundsraggpevatbresdhREOTsur f act ant s whi ch
may be user?aéh'lhgﬁi%%rc?o%?%%p&igm hgﬁhthenic acids containing one or more alkyl

groups, dialkylphosphonic acids, dialkylthiophosphonic acids, and

15 dialkyldithiophosphoric acids, high molecular weight (preferably ethoxylated)
alcohols, dithiocarbamic acids, thiophosphines, and dispersants. Surfactants
of these types are well known to those skilled in the art. Surfactants of the
hydrocarbyl-substituted carboxylalkylene-linked phenol type, or dihydrocarbyl
esters of alkylene dicarboxylic acids, the alkylene group being substituted with

20  a hydroxy group and an additional carboxylic acid group, or alkylene-linked
polyaromatic molecules, the aromatic moieties whereof comprise at least one

hydrocarbyl-substituted phenol and at least one carboxy phenol, may also be

suitable for use in the present invention; such surfactants are described in EP-

A-708 171

25
Further examples of detergents are sulphurized alkaline earth metal
hydrocarbyl phenates that have been modified by carboxylic acids such as
stearic acid, for examples as described in EP-A- 271 262 (LZ-Adibis); and
phenolates as described in EP-A- 750 659 (Chevron).

30

Detergents may have a low TBN (i.e. a TBN of less than 50), a medium TBN
(i.e. a TBN of 50 to 150) or a high TBN (i.e. a TBN of greater than 150, such
as 150-500). “TBN” (Total Base Number) is as measured by ASTM D2896.



I nvention include the follow ng conpounds, and derivatives thereof:

napht heni ¢_aci especi al | y napht heni c aci ds contai ning one or nore al kyl
groups, dﬁ@?%?&@ﬁ:sphonlc aci ds, dlaIQ¢1th|ophosphon|c acids, and 15
dlalkyldlthlophosphorlc aCIdS hlgh nmol ecul ar melght (preferably

t hoxyl d
i Sper sant e afsPRLRRLSH 5@@%3&3%@% B A R eenL 8808 11 eq i
the art. %Jbés’)ecﬁaﬁnb‘érgf Iéa|§€15¢?y§|'@fé;’abi%’ét Iéé§231t7I5t Wicie pe éfeb@m?/laalé@dtene l'i nked

phenol type, or dihydrocarbyl ‘esters of al kylene dicarboxylic acids, the

al kyl ene” Suandaiasy peefeeatly at least4h MmK@HIGdr oxy group and an additi onal
carboxylic acid group, or al kylene-linked polyaromatic nol ecules, the
aromatic noi eties whereof conprise at |east one hydrocarbyl-substituted
phenol sandrip dét@a@éntcmay aRoDAtaiARR Nedst tWB)Su?faéfanbgrOLEw sabhasfor use in the
present invention; such surfactants are described In EP- A-708 171. 25

Furt her exgtoppeselectattfremy pherolaselpbonistagid, catbexwigiacits selieylic aaid al

hydr ocar byl phe es. tha ave bee | £ ds such as
stearic acfi"?ijpn?@i‘ath@'grﬁﬁ' %mag ?@gﬂ’edrﬁ%ﬁ%ﬁﬁ%%%§ ﬁY_t%HAdI bis); and
phenol at esmétérlé?ﬁp\ﬁ/hféﬁ%rbrﬁﬁor‘édlﬁéférﬁ%%rfé%vgﬁm)pséﬁ’r@|E>©ér©bméds may have a
| ow TBN (i.e. a TBN of | ess than 50), a nedium TBN (i.e. a TBN of 50to
150) or adurgmthlw\(arb@smgpme%f greater than 150, such as 150-500). ' TBN'
(Total, Base Nunber) is as neasured by ASTM D2896. 2005MD18 FF 14 The present
i nventi%n requires at | east one overbased netal detergent having a base
number at E%ﬁbneis%? hyBI"lﬁfrﬁét@Hlahsa?bérﬁ@%rbégéd carien Rk bEsalhtants | east 200
and nost preferably at |east 245 ng KOH g. 5 The detergent may al so contain
at | east tphaermhandauéphorm 80igs an sverbased @@umssajwfe&w&@tam@ epakenol ,

sul phoni ¢ & gérbco% ica ||dI &n %(\:/er%assé% ca‘f’é‘ uhcsafi'tcéfdsurfactants phenol,

sulphonic acid and salicylic acid; and an overbased calcium salt of surfactants

15  phenol and salicylic acid.

By an “overbased calcium salt of surfactants” is meant an overbased
detergent in which the metal cations of the oil-insoluble metal salt are
essentially calcium cations. Small amounts of other cations may be present in
20 the oil-insoluble metal salt, but typically at least 80, more typically at least 90,
for example at least 95, mole %, of the cations in the oil-insoluble metal salt,

are calcium ions. Cations other than calcium may be derived, for example,

f a surfactant

Fiv N

froom tho 1ica in
] i

rom the use in the manufacture of the overbased detergent

[ RN AN ] ululu

salt in which the cation is a metal other than calcium. Preferably, the metal

25 salt of the surfactant is also calcium.

Preferably, the TBN of the hybrid detergent is at least 300, such as at least
350, more preferably at least 400, most preferably in the range of from 400 to
600, such as up to 500 mg KOH/g.

30
In the instance where at least two overbased metal compounds are present,
any suitable proportions by mass may be used, preferably the mass to mass
proportion of any one overbased metal compound to any other metal

overbased compound is in the range of from 5:95 to 95:5; such as from 90:10



and naphthenic acid, that may be obtained by manufacture of a hybrid
material i G wo or nore dlffererit surfactant groups are incorporated
during the overlba5| ng process. 10 Exanpl es of hybrid materials are an
over based calciumsalt of surfactants phenol and suI phoni c aC| d; an

O e G B S5 A0 CHO) oMYA 10
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acid; and a@jsyamagebas@cfr@alao 40t 40 1600f surfact ant s 15 phenol and salicylic
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essenti al | ts pr esent
n 20 ¢ he FrpeaE SRRrmplds o nateRgR MEfaS, (P aidic thape ghBkitus
t%pl Ca:5| y |ﬁN}/O§?$97/Z66ﬁ3f‘ﬂ10-¢¥&7¢4&6484t, W@a&-tg'95664®;IW% @f?/4613@16¢at ions in

e oil-insoluble netal salt, are calciumions. Cations other than cal cium
may be derqf\ﬁ’e\ﬁl,o'fborwé%ﬁﬁﬂ-e, fromthe use in the manufacture of the
over based detergent of a surfactant salt in which the cation is a netal
other than calcium Preferably, the netal 25 salt of the surfactant is also
cal ci ulm Pries geét@bgent rhay alEdNbaffot xearnple; aduliiuzizgd rand m/eaba$ahmixt8m3, such
as at | east 0, nore preferably at | east 400, st refer I n the range
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| east o é)es%%ga?rq E@Aa}scfgg?)wﬂé‘yar e present, any suitable proportions

by mass may be used ref hass to mass proportion of any one
over based afdéwr @mmjsw@ahbaddlyveafdrdubmmmg oilofehbasighurisep@mndd is in the

range of from5 95 to 95:5; suc m 90: 2005 8 FF 15 to 10:90;
pr ef er abl ysunesatkalinised : Akane eart %@B‘é‘&@ﬁ ¢ylatera g)ﬁ'P'?@“% 6 WB8e30: 70; e

characterised in that:
a) the alkyl substituents of the said alkylsalicylate-alkylphenate are in a
15 proportion of at least 35 wt.% and at most 85 wt.% of linear alkyl in
which the number of carbon atoms is between 12 and 40, preferably
between 18 and 30 carbon atoms, with a maximum of 65 wt.% of
branched alkyl in which the number of carbon atoms is between 9 and
24 and preferably 12 carbon atoms;
20 b) the proportion of alkylsalicylate in the alkylsalicylate-alkylphenate
mixture is at least 22 mole % and preferably at least 25 mole %; and
c) the molar proportion of alkaline earth base with respect to

alkylsalicylate-alkylphenate as a whole is between 1.0 and 3.5.

25  The overbased metal detergent is preferably added to the fuel oil at a treat
rate of 1 to 10,000 ppm, preferably 100 to 1,000 ppm, more preferably 250 to
500 ppm.

The overbased detergent may be in admixture with a carrier liquid (e.g. as a
30 solution or a dispersion). Such concentrates are convenient as a means for
incorporating the metal detergents into bulk fuel oil such as distillate fuel oil,
which incorporation may be done by methods known in the art. The
concentrates may also contain other fuel additives as required and preferably

contain from 1 to 75 mass %, more preferably 2 to 60 mass %, most



advant ageously from 60:40 to 40:60. Particul ar exanples of hybrid materials
I ncl ude, L@éﬁéﬂ{% e, those descri bed in WO-A- 97/46643; WO A- 97/ 46644;
WO A- 97/ ; A- 97/ 46646; and A- 97/ 46647. The detergent may al so
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phenate a Ciu ad/i cyliate; [ Gesan in
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20Dyt he BROSCIIGRSO! taARyATIe: AISANAL SHeh pRd ek 880 NG elANRR phenat o
m xture | Se&%ré g@é@ a%zi(ﬁéggeg"rﬁgﬁxprégfe‘?r% ﬁa%ﬁiﬁi@%r@éarﬁ%@ Shcneggl c) the
nol ar proportion of al I'ne ear base wth respect’ to
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(e.g. as a 30 solution or a dispersion). Such concentrates are conveni ent
as a neans for incorporating the netal detergents into bulk fuel oil such

as distillate fuel oil, i ¢ch incorporation be done by net hodg known in

the art. ThBe deleraspts Hiaé’\é\g%ﬂ}c%fpgf?tg‘gd’i?@i ﬁ%eoglﬂérf“?hgﬁ bé(cﬂll)(‘?r \F‘éé]tRQasr equi red

and prefergbly as those known in the art. If co-additives are required, they may be
incorporated into the bulk fuel oil at the same time as the metal compounds of

15 the present invention or at a different time.

The detergents may be used in combination with one or more co-additives
such as known in the art, for example the following: cold flow improvers, wax
anti-settling agents, dispersants, antioxidants, corrosion inhibitors, dehazers,
20 demulsifiers, metal deactivators, antifoaming agents, cetane improvers,
cosolvents, package compatibilisers, other lubricity additives, biocides and

antistatic additives.

Lubricating Oil

25
The lubricating oil preferably has a total base number of less than 70,
preferably less than 60, more preferably less than 50 and most preferably 35
to 45 mg KOH/g as determined by ASTM D 2896.

30 The desired total base number can be achieved by adding appropriate
amounts of an overbased detergent described above. A lubricating oil having
a base number of 40, for example, can be produced by the use of a treat rate

of 40% of an overbased detergent having a base number of 100.



contain from1l to 75 mass % nore preferably 2 to 60 mass % nost 2005MD18
FF 16 prefz%ﬁg to 50 mass % of thﬁ dditives based on active

i ngredi ent rably in solution in‘the carrier |iquid. Exanples of
carrier liquids are organic solvents including hydrocarbon solvents, for
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fractions,gfiwgartdyene sol d under the 'SOLVESSO tradename; al cohols such as

hexanol and hi gher al kanols; esters such as rapeseed nethyl ester and
paraffinic hydrocarbons such as hexane and pentane and isoparaffins. The

carrier llﬂﬂg @jgg of course, be selected having regard to its

conpati bi | the additives and with the fuel 10 oil. The detergents
may besincorporated into the bulk fuel oil by other nmethods such as those

known in the art. If co-additives are required, they I, ncor por at ed
into the bAdispersantds anzadditive f@éﬁéub”Q?é'ngsP“t\M'éO%PEiﬂnaabmﬁﬁén of 15 the
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exanple the following: cold flow inprovers, wax anti-settling agents,
di spersants, antioxidants, corrosion inhibitors, dehazers, 20 demulsifiers,
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than 50 and nost preferably 3 to 45 as determ ned by ASTM D 2896.
30 The descmr@arlse)adonmbalnrhn%@@arban\Aﬂ@ %Qﬁﬂaé dpipeRRlanty %Bgoprlate

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

15 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
20  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 1.0t0 5.0, mass% based on the mass

25  of the lubricating oil.

Antiwear Additives

The lubricating oil may include at least one antiwear additive. Dihydrocarbyl

30  dithiophosphate metal salts constitute a known class of anti-wear additive.
The metal in the dihydrocarbyl dithiophosphate metal may be an alkali or
alkaline earth metal, or aluminium, lead, tin, molybdenum, manganese, nickel
or copper. Zinc salts are preferred, preferably in the range of 0.1 to 1.5,

preferably 0.5 to 1.3, mass%, based upon the total mass of the lubricating oil.
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reaction.

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

formula:

[(RO) (R'0) P(S)S]2 Zn

20 where R and R' may be the same or different hydrocarbyl 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-

25  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 dithiophoshoric acid will generally be 5 or greater. The zinc dihydrocarbyl
dithiophosphate can therefore comprise zinc dialkyl dithiophosphates.

30
The antiwear additive may be used in a proportion in the range of 0.1 to 1.5,
preferably 0.2 to 1.3, or more preferably 0.3 to 0.8, mass% based on the mass

of the lubricating oil.
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15
Of the two-stroke engines, particularly suitable engines are those having a
power output above 200 bhp and more preferably above 1000 bhp.
Especially suitable are those engines having bores of greater than 240 mm,
such as greater than 400 or 500 mm, and strokes of greater than 400 mm or
20 500 mm, such as greater than 1000 mm. Such large two-stroke engines

include the “crosshead” type engines used in marine applications.

The invention will now be described, by way of example only, with reference
to the following examples:

25
Testing was performed using the Bolnes 3(1) DNL 190 single cylinder test
engine. The tests were run with a cylinder lubricant feed rate of 1.35 g/kWh

for 96 hours using an engine speed of 500 rpm with an average power output
of 110kW.

30



to obtain oil-solubility, the total nunber of carbon atons (i.e. in R and R
in the dithi horic acid wll generally be 5 or greater. The zinc
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t wo- st r okel REhEEShERSUNSA¥e a5 HPYSs i t abl e engines are those having a power
out put above 200 bhp and nore preferably above 1000 bhp. Especially
suitable are those engines having bores of qgreater than 240 mm such as
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Overbased Detergent

Ring wear / mm

0.05 0.04
average

Cylinder Wear /
mm 0.013 0.012
average mm FRT

Cylinder Wear /
mm 0.033 0.030
Maximum mm FRT

10

The wear patterns for Tests 1 and 2 are also shown in the attached Figures 1
and 2 respectively. The y-axis shows cylinder liner height in mm, ranging
from 0 to 300 mm, and the x-axis shows wear in microns, ranging from 0 to

15 100 microns.

The data shows that a marine diesel cylinder lubricating oil having a base
number of 40 mg KOH/g can be used in a marine diesel engine running on
high sulphur fuel as long as the fuel includes an overbased detergent.

20 Furthermore, the wear is less than that produced by the use of a marine diesel
cylinder lubricating oil having a base number of 70 mg KOH/g in a marine
diesel engine running on high sulphur fuel. Thus, the invention allows the use

of a marine diesel cylinder lubricating oil having a low base number, i.e. less
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10 The wear patterns for Tests 1 and 2 are also shown in the attached
Figures 1 and 2 respectively. The y-axis shows cylinder |iner height in mm
ranging fromO to 300 nm and the x-axis shows wear in mcrons, ranging
fromO to PP009MOL§iSEr ons. The data shd®s that a marine diesel cylinder

| ubricating oil having a base nunber of 40 ng KOH g can be used in a marine
di esel engine running on high sul phur fuel as long as the fuel includes an
over based del@#M§ent. 20 Furthermore, the wear is | ess than that produced by
the use of a marine diesel cylinder lubricating oil having a base nunber of
70 mg KOH/ g in a marine diesel engine running on high sul phur fuel. Thus,
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1.5% 2. The nethod as clainmed in,clajml, wherein the overbased detergent
is sel ect LAYRGAS %3%¥%§§8‘8’%&%i‘§]’r{%nate, an overbased net al

sul phonate, an overbased netal hybrid detergent preferably being selected
from an
2. The method as claimed in claim 1, wherein the overbased detergent is

selected from: an overbased metal phenate, an overbased metal sulphonats,
an overbased metal hybrid detergent preferably being selected from: an
overbased metal phenate-sulphonate detergent or an overbased metal
phenate-sulphonate-salicylate detergent.

3. The method as claimed in claim 2, wherein the metal is an alkaline
earth metal, preferably calcium.

4, The method as claimed in any one of the preceding claims, wherein the
overbased detergent has a total base number of greater than 175, preferably
greater than 200, more preferably greater than 245 mgKOH/g.

5. A method as claimed in any one of the preceding claims, wherein the
cyclinder lubricant has a total base number of less than 60, preferably less
than 50 and is most preferably 35 to 46 mgKOH/g.

6. The method as claimed in any one of the preceding claims, wherein the
overbased detergent is added to the fuel at a treat rate of 1 to 10,000 ppm,
preferably 100 to 1,000 ppm, and more preferably 250 to 500 ppm.



over based netal phenate-sul phonate detergent or an overbased netal

phenat e- sul phonate-salicyl ate detergent, 3. The nmethod as clained in claim
2, wherein the netal is an alkaline earth netal, preferably calcium 4. The
met hod as cPR2OBBMOIRI$Gany one of the pr2Zkeding clainms, wherein the overbased
detergent has a total base nunber of greater than 175, preferably greater
than 200, nore preferably greater than 245 ngKOH g. 5. A nethod as cl ai ned
in any one éf thEh@ ayclaimadhie, anmmeetpfrthemece@ytg ¢laims, wheseindaeit has a

total base r |.e S nost
preferably g%‘[q?@ fﬂgl I@Vlénege‘?%hoé%nﬁtﬁ{@%?) 'ﬁ?@e@gﬁﬁaggﬁ%%?} of the
precedi ng’ clranE59%IRy @ieh mbes preferabigapeardetrang®el i s added to the fuel at a
treat rate of 1 to 10,000 ppm preferably 100 to 1,000 ppm and nore
preferably 250 to 500 ppm PF2005MO18 $G 23 7. The nethod as clained in any
one of the preceding clains, wherein the second fuel has a sul phur |evel of
greater than 2% nore preferably greater than 2.5% and even nore preferably
greater than 3%



