2005MD18 FF 1 A Method of Operating a Marine or Stationary D esel Engine The
present i nygeN@R Froncerns a nethod of pperating a marine or stationary

di esel engine. 5 The sul phur content in fuel varies dependent upon its
geographi cal area of origin. For marine diesel engines, high sul phur fuel
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determ ned using ASTM D 2896. A cylinder lubricating oil having a | ower base
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be severe | Cant, . ; f n the
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| ubri cat i nd-2Mmassinof sifphutand lawsyehusiuehisduel MoludPkbY Hagsh d be used for
a short pery ' t Vv eriod of
tinme deposiskJ @)%vlenrﬁf |é§T50mr1_ rg%\? ﬁ@ip hgpg%géljﬁééﬁ%oéﬁ ergg@gésq &egg%%rél@l%?%%?mre, a
reductiton ahdfiedehislated] areas| whersast dieeapes khigh salphus fgely 8hh e wsedl éme ri sk of
insufficient |ubricant being 25 available to provide a film between the

pi ston and tRHEPEN §€AS. Thus, when fuels with different sul 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
be stored ilfra sepimeadieselamgine BOumton BigmsofpHuhéuels it eets tobenabricated t o

provide an ulsm:érg \éy?lgncfge}tlt%)rgca?i];\g 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 oil
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
form in the engine 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

t he presenf, gl{f&ﬁ%&? on is to provide an,inproved nethod of operating a
marine or °S ry diesel engine that runs on different fuels havi ng

di fferent sul phur levels, i.e. high and | ow sul phur fuels. 2005M)18 FF 2 In
accordance with the present invention there is provided a nmethod of
operating a marine or stationary diesel engine wherein the engine is

| ubri cat ed Inictdrdanse vethethegsresestyihverstiin theks isqrovideat meshdedf at a
substantially constant feed 5 rate to the engi ne and, when the engi ne runs
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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
than 175, preferably greater than 200, more preferably greater than 245 mg
KOH/g.

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, prefepghiyisligss than 70, nore preferably Iess than 60, even nore
preferably ess than 50, and nost preferably from25 to 45 ng KOH g. 30 The
overbased netal detergent is preferably added to the fuel oil at a treat

rate of 1 0, ¢ ly 250 to
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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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sul phur level of nore than 5% In accordance with the present invention
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fuel hagi nghduding Mhe stepeafedddig at téasfraﬁé%/@ﬂbalseasieta@ent:haﬁngecmfuel t ank
for storing a second fuel having a sul phur |evel of “20 nore than 1.5 mass%

and i ncl udintgnker of gseatepthanol&l M"@e@éh@é‘#@' haying agulphwaievehgfiber of

greater th ﬁRa ﬁgng wherein the marine or stationary di esel engine
operates by using one "single 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 diesel cylinder lubricant that is fed at a substantially constant
feed rate to the engine and at least two different fuels having different

25 sulphur levels.

The present invention also concerns use of an overbased metal detergent
having a total base number of greater than 1560 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 | ewghsvo1kig pPresent invention ahso concerns use of an overbased
netal detergent having a total base nunber of greater than 150 ng KOH g,
preferably greater than 200 ng KOH g, in a fuel having a sul phur |evel of
greater thahelr@de 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 nore detail as follows: 2005MO18 FF 4 The Fuel The

oi 1s. "5 SO eEREy e flbhe of BiEtaton!of s, BAELEM Upseliditf,

petrol eum based fuel oils obtainable in refining crude oil as the fraction
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general |y w.t hi e f 0] a : ot di t ASTM
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can be 2- oqr, 4-stroke. Suitable fuel ener al | ojl wiithin the range of
about 1oocJ%tofU§Ed§J@3§deé, hegging Qf; Vigholken gl Bsbtqul%ro"ea%ﬁ’refaeyu hose
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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
precipitate as wax as the 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
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360C, nore preferably greater than 400C, and nost preferably greater than
430C; (ii) a cetoest piclesably leasdband®, by ASTM D613) of |ess than 55, such as
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streans pr oducedndn Orﬁ%lrmsls G;&t:b.laﬁﬂ% orrrmknalgs ahdcinostpeferably greatdrd y
having a density @150 of 850 to 970, such as 900 to 970 kg/n8 and
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| ower to around 30 to 35; fromthernal cr acki ng 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.
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fromanimal or vegetable sources are known as biof uels and are obtai ned
from a $enbgatsinemesaialiycavailable. ai n derivatives of vegetable oil, for exanple
rapeseed oil, e.g. 2005MD18 FF 6 those obtai ned by saponification and
re-esterification with a nonohydric alcohol, may be used. It has recently
been repor tTpds! AabioflertisiiEve@étable bARAFARSI0IE D oth e a &civaLliee theweseed

met hyl ester (RI\/E?, with petroleum distillate fuels in ratios of, for
exampl e, 1@agdEuarysangil spmpsisingsfatly @cid ard/or fafty arigestessarer ci al |y avai | abl e.
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

est er s 10 10 \Wgeedmd| alisohtes nadinly nirighlcerities gfymenbeadosilicorasiisareigxubide aci ds,
e.g. acids containing 10-25 carbon atons and |isted bel ow : CH2000R |
CHOCOR 15 cpnigiping JR-25 carbon atoms and listed below :

CH20COR
|
CHOCOR
15 I
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 oail,
25 sunflower oil, castor oil, olive oil, 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.



where R is an aliphatic radical of 10-25 carbon atons which nmay be saturated
or unsatur%@ﬁ,ml%q}FGeneral 'y, such oilss;contain glycerides of a nunber of
acids, the nunber and Kkind varying w t?‘l t he source vegetable of the oil.
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acids are e esters erc acid |no el ¢ acl eni ¢ acid and
eruci c aci de;ucaoacmi andmeixturbe tieareof. 15 Commercial m xtures of the stated kind
are obtained for exanple by cleavage
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

carbon atoms, are preferred.

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



and esterification of natural fats and oils by their transesterification
with [ower ,,ahiRRa ¢ al cohols. For praduction of [ower alkyl esters of
fatty aC|ds It 1s advantageous to start fromfats and oils with high iodine
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solids in suspension. Mst detergents are based on netal "soaps”, 10 that is

netal sal t SUFRC@PESi ¢ or gani ¢ conpounds, sonetimes referred to as
surfactants. Detergents generally conprise a polar head with a | ong
hydr ophobic tail, the polar head conprising a netal salt of an acidic
organi ¢ comwtergentd gemeErally 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 alkyt
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).



15 anmobunts of a netal base are included by reacting an excess of a netal
compound, SYEA4AS FEN Oxi de or hydroxidqa with an acidic gas such as carbon
di oxide to give an overbased detergent Wwhich conprises neutralised
detergent as the outer |ayer of a netal 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 caMrefeytest mrnolhen mdtich theaphdratesughétants are badeal mag beart h net al ,
e.g., sodiyun tassi u | it hi ym cal cium and nmagnesium Calciumis
preferred.d%gbggﬁpgﬁﬁﬁﬁgbnpkﬁPbﬂg“%urfactant system of the overbased netal
conpounds preferably contain at |east one hydrocarbyl group, for exanple,
as a substituent on an aromatic ring. Phenate surfactants may be

non-sul phuri zed or sul phurized. Phenat@Hinclude 30 those containing nore
t han one hydroxyl group (for example, [fromal kyl catechols) or fused
aromatic rings (for exanple, alkyl naphthols) and those which have been
nodi fied by chem cal reaction, for pl e, al kyl ene-bridged and Mannich
base- condensed and saligeni n-type (peddced by the reaction of a phenol and
an al dehyde under basic conditions). 200 S FF 9 Preferred phenols on
whi ch the phenate surfactants are based be derived fromthe formula I
beloww OH - 6~ 5 Rv where R represents a hydrocarbya group and y
represents 1 to 4. Were y is greater than 1, the hydrocarbyl groups may be
the sane or different. 10 The phenols are frequently used in sul phurized

form Sul phurized hydrocarbyl phenols may typically be represented by the
formul a || Wherre R represents a hydrocarbyl group and y represents 1 to 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 |l below:
OH OH
3 ° Q
N SN
Ry Ry
15 Il

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

molecules may be linked by Sy 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.



OHOH---6k Sx Ry Ry 15 1l where x is generally from1l to 4. In sone
cases, nor S}ﬂfq’] phenol nol ecul es y be linked by Sx bridges. 20 In

t he above ?gﬁrm gteF?ohydrocar byl groupslggpresent ed by R are advantageously
al kyl groups, which advantageously contain 5 to 100, preferably 5 to 40,

especi al | y|r%’tﬁé?foiiéwi@aditéafrbéérﬂr@gréé’a?bﬁyﬁftéagjéga‘ BholSfwill &7 bon atoms in all

of the R groups being a east out 9°in or 0 ensure adequate

sol ubi | i t y convenienceé’befreferred taldsyalkgrphemolsar e dodecyl (tetrapropyl ene) 25
groups. 2005MO18 FF 10 In the foll ow ng discussion, hydrocarbyl-substituted
phenols wll for convenience be referred to as al kyl phenols. A

sul phur i 21 posERzIA@EgbfEtor Bse e prilahgds §mbﬁbﬁiéd§§§em igheftghenate 5

¢
may be any conpound ©Or el enent which I nfroduces -( bri dgi ng groups

bet weenS t henay kg Bnplcompoundrasratemgnbwpich intiedudas «S)xs brjdaiegagroypsrom 1 to
about 4. Thu the r tion be conducted with el enmental . sul phur or a
nal i de  t hePEbtesn e RYRsRCT Biondinst PRS- Stheieinos & Grtedafiy GPH BT, sulphur
nonochl ori gdgouf 4. FhasEhbakastibrPhidy BeScoridiéted Wih EiériABHLE dalph@Rof gact i on may
10 be effected by heating the al kyl phenol conpound at from 50 to 250,

pr ef er abl y hatide theseofl fur, examptaesulpburdickipgge @ amoge prsierably, Isulphusi cal | y

hei i de i s MiIge” ot PRt S UBR 8 DR R AP lARSa BB ey Gt g e
al kyl phenek effictdd Byheafing theldRyl ghetiot tamppund at fasi 569 260, The reaction
may be conducted 15 I1n the presence of a suitable diluent. The dil uent

advant ageo@&eferablyrpt least1@0, ‘CubEhense &f elementat syphunwll typicalbnyield ar exanpl e
mneral ol b H,r&Bf B&GRG grdfhE18),- as described above. If a sulphur halide is
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

amine, preferably a heterocyclic amine (e.g., morpholine).
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.



event, the reaction is conducted for a period of time sufficient to effect
substantlal mf N, Is generally queferred to enploy fromO0.1 to 5

nol es of he ]k phenol mat eri al per "equi val ent of sul phurizing agent. 20
VWere el errent al suI phur Is used as the sul phurizing agent, it may be

desirabl e tQ HIRafdES \{ﬁ GRE ﬁ%} é)rhefn%f" SRy ﬁere?Pfﬁ'cHHeEDﬁ{e??&' | ne%ﬁ

organic amne, prefera ocyclic am ne

Detail s of hsaubrhmenlmadnﬁed bgrcbremlsalsreacmmmith fon@wanipte, tarosldebydd, |l i n t he
art. Rega:@qles 8 t he ganned' |ch they are prepared, sul phurized al kyl
phenol s geMANIIER DBgFHEPNIENTR] BleR %nd unreacted al kyl phenols and generally
contain from?2 to 20, preferably 4 to 14, nost preferably 6 to 12, nass % of
30 sul phur, based on the nass of the sul phurized al kyl phenol. 2005MO18 FF
11 As i hdi d’dddw@eowiﬂ) which phanals prayriee modifiedsiodiuder tarexamgleides phenol s

which h d b | ' ith, f | e,

Al denyde. - SHAERVIc P OR0BAIOB AR S0d HAREAeTYAS, AP ATGIRs oL rBRNHES ch

phenol s nays Rﬁn{%ﬁ?‘d@d Alﬂéhykﬂiéimddi’ﬁeoeﬁﬁéﬁm@smté&éfm} deduee deférfiopal dehyde
and butyral dehyde Er eferred al dehyde is fornal dehyde. Al dehyde- nodifi ed

phenol s swaFa@{aénlDl@r USsA-2229 86%cribed in, for exanple, US-A-S 259 967. 10
Manni ch base-condensed phenols are prepared by the reaction of a phenol, an
al dehyde and an am ne. Exanpl es of suitable Mannich base-condensed phenols

are desgri hshrich 6Bsécdnd@dsetBghendls ﬁﬁé‘pf ared b9t pEEBtDNBN, phéndide

substituents other than those nentioned 5 _above provided that such

subst i t uen®® aldehyste ard ap@MisegnExamales| of suitakletMannishixagsetcondepsederti es of
t he phenol %&?F? rg;r%%gas%béd'@hd#;ﬂséll?’l’ﬁ@?s are nethoxy groups and hal ogen

atons. Sali n-sul phufi zed or sul phuri zed, and may be
chem cal ly

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

known 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.



20 nodified and/or contain additional substituents, for exanple, as
di scussed ®1sfFer phenols. Processeg,similar to those described above may
al so be use or sul phurizing a hydrocarbyl-substituted salicylic acid, and

are well known to those skilled in the art. Salicylic acids are typically
prepared by ifioni€ AERIarE Hpieally dbtaindd BRI [Bnt 8f HjdPS&ByI-Of phenoxi des,
and in that cg*goe,l 25 w | q%%neryal I? be %a’iﬁ‘r‘]e (r?orr@lrlcg/ i nya diluent) in

admi xt ur e \subBgtitutet; @spegially atkyl-phistituted Parsheaticchlydratatbons efor @xampig,| - sol ubl e

salicylic L ds from whic er d r gent .be. derived are the
substi t uent o§eegpt@§mv¥£%fn[}98&aicﬁgﬁitg)%%%rﬁ%nj%y@%gltq%gﬁ %?df?)rhenol s. In
al kyl - substeixtrdttsh, ol bychkidikydgtichSof dromalickidradatbens. aBxamphaFiabRIde contain 5
to 100, preferably 9 fo 30, ‘especially 14 to 20, carbon atons. 2005MO18 FF

12 Sul phonitkose-elfainadeby alkyleding pesseae.iotueng, xylepeomerhtbalese, bipbeoylar byl -

xanpl e, e BEEeh s e K A BBl R Ap S ORIANREE B0 <1111 ati on
and/ or  exichitbh@phthalenky Alkdatidrkyf atontdtichydroCarbbhs nudbe earduensut ifxanpl es
i nclude 5 those obtained by al kyl ati ng benzene, tol uene, xylene,

napht hal endhe Bresieasgof agrataiysh with alkylatingcrgeniabaviag frara 3 texmeds than

chl or obenz , a 3 | at.i aromatic
hydr ocar boﬁ'srfb %%38%@ Eg}arﬁ %’iusg%ﬂoﬁ’ f?rf]&%?ﬁrggbﬁ@é %&:azﬁ%’ (ﬁéd(?:}\aéttg%@{éy\?é Sh

al kyl ?u()n% obgml 'ned]p?aieihlygrol‘ge?atianbgpamf&n' s,gmd pdPéiefims, fonexdmpie, such as, for
exanpl e, hal oparaffins, olefins that may, be 10 gbtai ned by dehydrogenati on
of paraffi ﬁ@?fra@ré F&theas.repyleae. M%Petenepomﬁ@kglaafl sylmnm@gs

propyl ene, I | ' I tain
from?7 to ﬁggw&%ﬁgéﬁ@bﬁ?éﬂﬁﬁﬁgg%&ﬁ e?ﬁasgl %?gﬁ)trgﬁéﬁ rc})S% to 80,
or 12 to 46rontd6hoB0abpnR tpd0, edbph-atomstper alledsabstitatedcanomaticymoietygpendi ng

On Lhe SoUr L8 hiing o the soured from whidh they are Sbtained.
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



When neutralizing these al kyl aryl sul phonic acids to provide sul phonat es,
hydr ocar bonogaiygss and/ or diluent oilig may also be included in the
reaction mxture, as well as pronoters and viscosity control agents. 20
Anot her type of sul phonic acid conprises al kyl phenol sul phonic acids. Such

sul phoni ¢ @héiﬁ.csrsrumﬁr%ﬁé%u@rza?ﬁe"&\b@émé USfoHéP'éﬁltéﬁG Rdd Qe thgsehuri zed

t hese sul phonic acids are believed to have surfactant properties conparable
to those ofwithieplaryisubatiiution at thenarcartam atum badtdicdrbpxyljpeadidewithonpar abl e to

t hose of phenols. 25 Sul ni c acids, al.so i nclude al kyl sul phoni c acids,
such as aFKB‘HSﬂ than2parhph Bialas separaing by C@H?ﬁaw RakouRte EURPPTr oup sui fabl y
contains 9 otl &{Ilc T o tﬁ s uhﬁnjs% ?&(ﬁ& | 36 Edolld(]) 16rb8n gﬂam%ar bon

atons. 30 Ca I c acl € nono- xylic aci referred
nmonocar lSoxyalre(aIsn:sldtabw eUnbatsmatedruaabmwhg atldsocambe suiphariaéd.y Athougi24,
car bon ato car ds are iso gct anoirﬁ aci d,

c

stearic aci@ 'Cy't‘}l %qn@s Sl‘anta'” %gﬁﬂ?%y CQEC? QW&hﬁéWéﬂ‘?%esa%f € Qre¥L Yct anoi ¢ aci d

may, if deshveilion th@ﬁﬁ@eohsndéﬂw tBQfe”é@éPér'%@e @wﬁwéﬁsmac%@%ﬁd afPNErs sold
by Exxon 2005MD18 FF 13 Chemi cal s under the tfrade nanme "Cekanoic". O her

sui tabl e adioisonsiderdtblodbe oanbloxylir acidisyrfaatants.t (Noroalthougtthey- comtaion at om
and di car bgx t,han, 2 .carbon at o rating the

car boxy |1 o PBUBEN Gfip b el BRESHER PSS ERGRI BRI han 35, for
exanpl go 36 to 100, carbon atoms 5 are also suitable. Unsaturated carboxylic
acids can be sul phurized. Al though sali c¥>¢| c acids contain a carboxylic
group, for Ew@aspﬁgﬂwr@uﬁaﬁ@ntﬁwbmmav difiedon aceerdance withthiedered to be

S Bt BHe RS e PAAGBL AR e SRRRBS Hhrolroc, e b
consi dered r'ta(phtlferﬁdﬂeﬁldb sspidarallyavdphtherdif 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 ahydroxy 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.



Exanpl es of other surfactants which may be used in accordance with the

I nvention %Gh\ggﬁ gghe following conpoungs, and derivatives thereof:

napht heni ¢ ‘aci ds, especially napht henic aci ds contai ning one or nore al kyl
groups, dial kyl phosphoni ¢ aci ds, dial kylthi ophosphoni c acids, and 15

di al kyl di t hy ' ' i I ' r :
et hoxyl at egwgﬁgﬁg{"&g"% ﬂeﬁw&%%%ﬁ%é%&?@!éﬂer%%ﬂﬁgﬁ%ﬁil%frt]%géhgﬁ%vmg
di sper sant sa baga fmmbanatleast 150 grefarablysat deast igb| maneprefecatiimaskeaski | 1 ed in

the art. S ctants. of .th hydr oc | - tituted carboxyl al kyl ene-1i nked
phenol typgéog?n(gmﬁp@éﬁ@ a%gg%ﬁé&%g ng@Q'ene di carboxylic acids, the
al kyl ene group being substituted with 20 a hydroxy group and an additi onal

carboxylic acid group, or alkylene-linked polyaromatic nolecules, the
aromat i & nolha detergendmeay alsorgontaje ahleasé dwe suractany grasps: Bych aabst i t ut ed

henol and | henpl... |.so b i table for inth
b esent 1 il ESleofiiaR BEYalh 0EPEpncTRY, RaBiuSfic oY, SAlefls S 55 " 1"
Fur t her exaRy spHhesietaRid) enatsmay Besbtdined ibyadanlifseture ®f @dybhidret al

hydrocar byl phenates that have been nodified by carboxylic "acids such as
steari c acirgaterigl inaxhighitwe aisnereddifiercat sudactenigropps arg ingargoradedi s) ; and

phenol at es . ri I - A- 750 659 (Chevron). 30 Detergents may have a
| ow TBN (i .@ﬁ'"gq@%ﬁvgﬁyﬁsé’&gf%%ﬁ%m, a medium TBN (i.e. a TBN of 50 to
150) ornoa high TBN (i.e. a TBN of greater than 150, such as 150-500). "TBN'

(Total Base Nunber) is as neasured by ASTM D2896. 2005MO18 FF 14 The present
i nventi on rEAmples ohhyprud mateiials @re ahpyvesbanadgalgumesajbat sWiaataRts a base

nunber at | i y. -”Fﬁg I east 200
and nost pr@%@%%ﬁy sgﬁbh‘ﬁhﬁ:&?&é&@%&rﬁ%ﬁ_&% %Z@' eggeo? esrﬁréfg{r:l%wrtrélaeﬁéﬂéslo contain
at | east tvandsearbexylizrdcidiranipeerbased calgium salt of surfactants 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,
from the use in the manufacture of the overbased detergent of a surfactant
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



groups selected from phenol, sulphonic acid, carboxylic acid, salicylic
acid and %%@ﬁrpl;c acid, that may be gbt ai ned by manufacture of a hybrid
material in two or nore different “surfactant groups are incorporated
during the overbasing process. 10 Exanples of hybrid materials are an

over based I f | n
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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



to 10:90; nore preferably from 20:80 to 80:20; especially from70:30 to

30: 70; ad%afﬁgwl y from60:40 to 4 600. Particul ar exanples of hybrid
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rate ofiol tgi. 10, 000 ppm preferably 100 to 1,000 ppm nore preferably 250 to
500 ppm The overbased detergent nmay be in adm xture with a carrier liquid
(e.g. as a 30 solution or a dispersion). Such concentrates are conveni ent

as a means | MoTeP : || g |d such
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the art. Thatich 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.



concentrates may al so contain other fuel additives as required and
preferably 20@9@&@ froml to 75 mass %.- nore preferably 2 to 60 mass %
nost 2005MD1 16 preferably 5 to 50 ss % of the additives, based on
active ingredient, preferably in solution in the carrier |iquid. Exanples

of carrier 4 gui Hg%n tS ) | n I ts, for
exanpl e pettﬂé%]lifj%&a? lr;'gc?'?on é@gﬁﬂgéaﬁa%hl%a %g{ Hﬂ%%ﬁgéﬁféég?é%%qnaﬁi |,

di esel fuelantiwearragentéati ng 5 oil; aromatic hydrocarbons such as aronatic
fractions, e.g. those sold under the 'SOLVESSO tradenane; alcohols such as

hexanol and hi gher al kanols; esters such as rapeseed nethyl ester and

paraffinic m%gé%wons such as hexane and pentane and isoparaffins. The
carrier liqurd must, of course, be selected having regard to its

conpatiility with the additives and with the fuel 10 oil. The detergents
may be incoyporated.into the byl k fuel ail hy other.nethods,. such as those
known in tré%(ljﬁpte_rsqr}t.l%angggﬁkVp\Lfggaéthlté'lqagagquMOSten%rynﬁ%ﬁjggtlorp Htor por at ed
into the bylkriéars iPid acdeldafe ﬁé‘u%lebﬂSn%a%i’i!@d%26|déi@r@@%§9%eﬁi 15 the

present invention or at a different tinme. The rgents may be used in
conmbi nation wth one or nore co-additives such as known in the art, for
exanpl e the,fallow.ng: cold flow inoprover wax anti-settli .agents,

i spor sant 2 NAIRTQUPCREEof dspBtRenbr e AsBlessn nedang A - Mg o1 1 er s,
netal deactdrgahiehaterial tHa® fornitOssstantially ¢t &dHeoh BBADUREISR, inConBha%eft S, _
package conpatibilisers, other lubricity additives, biocides and antistatic
addi ti ves. metalceatainiggdhencexashrfgming maigriplsg Ashless dispeesanis has a t ot al

than 50" andBRISES KPS s ES4ERNY 4 &3Pghed8 BB sl HRItE st b 2806,
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 1.0 to 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.



30 The desired total base nunber can be achi eved by addi ng appropriate

amount s of RpsQYBAAsed det er gent descrligbed above. A lubricating oil having
a base nunmber of 40, for exanple, can be produced by the use of a treat rate
of 40% of an overbased detergent having a base nunber of 100. 2005MD18 FF 17
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ash-formng, materials. Ash|ess dispersants conprise a |ong chain
hydr ocafborfe@sting mixelesrofipsiaarytand seaoadaryalsehelg. Altarnatively, mawliplec] usi on

conf or & of 1oReBRtissBhelt 885 eah e PeEiREEE e e e Hn My ERRABUE diBhe.  Thus.
ashl ess di sher sRndritiréfseeonBarySa charadter &l Hydrecaigd yYrepscthydieocar bon
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pr opor t1ipon gemerdily erapged! CbrhmetdlalCadditivesf fesq@lentlyGontdin an. ékcess ofor e
preferably 1.0 to 5.0, mass% based on the mass 25 of the lubrjcating oil.
Ant i wear AdNG dye o 4 of apexeass althsi ba%ympﬁ@mmngﬂmt@%@ﬁuﬁﬁ@zaém wear

addi tive. Dihyerpcarbyl

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], 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.



30 dithiophosphate netal salts constitute a known class of anti-wear
additive. Pﬁwpﬁg in the dlhydrocarq_ di t hi ophosphate netal may be an
al kali or Ine earth nmetal, or aluminium l|ead, tin, nolybdenum
manganese, nickel or copper. Zinc salts are preferred, preferably in the

range of O. a}iné’QrQM%%%b@gl;%l 3, mass% based upon the total
mass of thﬁ'ﬂ‘@n‘t‘aﬂ'ﬁg 18 They may be prepared in

accordance with known techniques by first formng a dihydrocarbyl

di t hi ophosphoric ac cti,on of aone o nor e, al cohol or
a phenol wi gﬁgﬁeﬁdﬂgw%%ﬁf’?@ P}z{'fﬂlé' ng(ef gﬂeﬁﬁﬁeﬂﬁiﬁﬁs %PP'P.‘%’\‘ ginesc
conpound. kg ﬁmapinea FidH %Qg@@*&smﬁhbcv@éé'e% FRY RfayTBRS Bé Fbuheamt' ng

m xtures of primary and secondary alcohols. Alternatively, nultiple

di t hi opﬁosmt@hiormmapahcaimsm@ghcmsed conpri sing both hydrocarbyl groups
that are entirely secondary in character and hydrocarbyl groups that are
entirely primary in character. To nake the zinc salt, any basic or neutral

zinc CO”DQDﬂﬂwéTR)Urf&rdkéedwélHéstbém@ﬁ!aﬁ?ssuntbblér en?m% é}@dtr@éétmmg?% are
nost 10 general |y enpl oyed.” Commercial additives Trequently contain an

excess of RAWRS @uiput of abeve258rbho anskespeaially $@§edwaaalm@aadaqipuhqv¢rn t he

are o1 - sol U] brbaichoRs AV, R0 3eF L, Foaaah o SHBRTR e, MGG Ty oo
r epr esapt ecyliydémeofe!didensionsf of taéater [thES) 18R redn Bh3) pistorstdkewhef € R and
R1 may be the sane or different hydrocarbyl radicals containing froml to

18, prefer agsegtez tihan 180 remy angh marepyetanably heresiohgreater hans24Qamand al kyl |

aeny! el Bt At 200 1 sELF BELORIPHH b RT: S5 S or LY
t he radi calstrokey ,offg@éatexmmi 820 hﬂnembwdmgwtrw largést engiMeztydving bbresy of

| -butyl, sec 25 buty nyl, n-hexyl, hexY -octyl, decyl, dodecyl,
oct adecyl gge@ttqﬁg,rp@hé?@mm and strokes of greater than 600 mm.

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



phenyl, butylphenyl cycl ohexyl, nethyl cycl opentyl, propenyl, butenyl. In
order to E g -solubility, the tofjal nunmber of carbon atons (i.e. in R
and R) in the dlthlophoshorlc acid w Il generally be 5 or greater. The zinc
di hydrocar byl dithi ophosphate can therefore conprise zinc dialkyl

di t hi OphOSpI"l%It@\?\/eré@oﬂ'&f‘cté&hbp@ar additive may be used in a proportion in
the range of 0.1 to 1.5 preferably 0.2 to 1.3, or nore preferably 0.3 to

0.8, mass% based, The
Marine or Stati o %é%gggﬁﬁénghr%m?ﬁé“g%?ﬁts @agﬁaoe %2@%@&{58%&0 r
stroke diesel emylinder. IuBucé‘tlrglgl laaﬂ are found in a wide range of narine
vessel s and may | so be feggﬂ stationary applications applications. O

the four-stroke H'g"?%\é’sfu t"?‘((%H"HW'S/C%@}PFBBI1éMe(?‘)dPﬁ|é'§"Qf%ezmoﬁ@ﬁl ng a
power oyt put of V 0, over
600 bhp,g such as&%\%érlse%‘sg%@@% p‘ﬁégageng rgéitu?% @?% grgééét cr)‘ggeb rh%f/ﬂri:% 10
cylinder bore dianensid0BM m’arlgedaﬂwl cylmader Lidfhicatingdl. pi st on strokes of
greater than 180 mm and nore preferably bores of greater than 240 mm and
strokes of greater than 290 mm such as bores of greater than 320 and
strokes of 1HeLREEFedURdWete AsMBliowéc! uding the | argest engines having bores
of greater than 430 mm and strokes of greater than 600 mm 15 O the

t wo- stroke engi nes, particularly suitable engines are those having a power

out put aboye—266—bhp—aRdrHo-e—fi-ei-oabi-y—alev-e—t000—bhp- ially

suitabl e afe those engi ngs ha Etgorles Q fﬁ.sﬁuan such as
great er t hgp—400—6+—500—m—an o idsh or 20 500 mm
such as gr ¢aMeasutedEngir@0() AOBNMarine Diesge |t cl ude the

"crosshead] typerametgrnes |Ugdgcant withrfiuabA gppl

Ring wear / mm

average 0.05 0.04

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



The invention will now be described, by way of exanple only, with reference
to the foll,gn npl es: 25 Testing s perforned using the Bolnes 3(1)
DNL 190 si nz(gap\semgglgﬁ?ﬁder test engine. ﬁe tests were run with a cylinder

| ubricant feed rate of 1.35 g/kWh for 96 hours using an engi ne speed of 500
romwith a a MR i 0o oI wer e
conduct ed Ets’léﬁgb %@erﬂg‘gﬁé s?ﬂ)tgwtgw@:&t%gu puS?Q)crg\gﬁent g.{@%ISJHﬁﬁ%OBN
mari ne di edghighcylinder lubricating oil; and 2) Heavy fuel oil A (sul phur
content 3.1wm % including 367 ppmof an 5 overbased cal ci um phenate
detergent having a base nunber of 250, and a 40BN marine diesel cylinder

| ubricating oil. The test results were as follows: Test | Test 2 (See
Figure 1) (See Figure 2) Measured Engine 70 BN Marine Diesel 40 BN Marine
Di esel Lubricant Paraneter Lubricant with Fuel A with Fuel A including an
Overbased Detergent Ring wear / mm 0.05 0.04 average Cylinder War / mm
0.013 0.012 average mm FRT Cylinder War / mm 0. 033 0. 030



Maxi mum mm FRT 10 The wear patterns for Tests 1 and 2 are also shown in the
attached Figyegsglpr and 2 respectively. 22The y-axi s shows cylinder |iner
height in mm ranging fromO to 300 mii” and the x-axis shows wear in

m crons, ranging fromO to 15 100 mcrons. The data shows that a nmarine

di esel cyI iddphg | Ubricating oil having a base nunber of 40 ng 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 Furthernore, the wear is less than

t hat duc d b d | uhri h
 base nuntler of PSS REperatRE MarnRer StatioDh dgPHerGR OB R gn

sul phur f Ueénglﬁ%slubﬁéﬁed Wﬂ?ﬂé b@@l@bﬂllm‘ﬂ%rldﬁlcﬁﬁ?tha@fs @d@rd Shsta R
cylinder lubricating oil having a | ow base nunbe .e. less 2005 8 FF 21

t han 705 eweomstantferd eaie;tmme e@gmerandowhenéhe @@glneownmomﬂmei haviega@ ne is
runnlng, alos 1. A. h tlngamarlne
or stati onwwgg\éq%%%dl Hglr%g}o& P%ﬁéharéﬁg?\f?éla @P%@qﬁéﬁﬁ’a‘?% th a single
cyl i nder | ulricemin! attiBasét drie 6\%iba§e@déteb§émmaivﬁ{d ¥ ba§e¢ﬁ1’ﬁﬂ$éﬂﬁf greésdrrate to
the engine and, when t he engi ne runs on-fuel having a sul phur "l evel that

requi res ndhan Bﬁgénglﬁ@lﬂ/géﬁ &d@ﬁd toothe fiebm t he cylinder lubricant, at |east
one overbased detergent having a base nunber of greater than 150 ngkKOH g is
added to the fuel. 10 2. The nethod as clainmed in claim1, wherein the at

| east qoe @ver batdmetitidcagenimbain biaird 1haskereintheat iasybasioverbdsad 150
ngKOH/ g is added to the fuel when it has a sul phur | evel of &reater t han

1.5% 3. THKetergenbhaypg @ baseeaumhennlgreaterdhan 80 palcOll/ads addedip wher ein
the the fuel when it has a sulphur level of greater than 1.5%.

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

15 cylinder lubricant has a total base number (TBN) of less than 70.

4, The method as claimed in any one of the preceding claims, wherein the
overbased metal detergent is selected from: an overbased metal phenate, an
overbased metal sulphonate, an overbased metal salicylate or an overbased
20 metal hybrid detergent; the overbased metal hybrid detergent preferably being
selected from: an overbased metal phenate-sulphonate detergent or an

overbased metal phenate-sulphonate-salicylate detergent.

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

25 metal is an alkaline earth metal, preferably calcium.

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

30
7. The method as claimed in any one of the preceding claims, wherein the
cylinder lubricating oil has a total base number of less than 60, preferably less
than 50 and is most preferably 35 to 45 mgKOH/g.



15 cylinder lubricant has a total base nunber (TBN) of |ess than 70. 4. The
met hod as clyginteh 40 @any one of the pr eﬁedi ng clainms, wherein the overbased
netal detergent 1s selected from an ovérbased netal phenate, an overbased
nmet al sul phonate, an overbased netal salicylate or an overbased 20 netal
hybri d detergent; the overbased netal hybrid detergent preferably being

sel ected from an overbased netal phenate-sul phonate detergent or an

over based rfst al Toteemeathodas plaimed én eny boglofithe pdescedingnelaints, whereirethitod as

| ai med | f th di l,ai wherein,th i
ol kel i ne. edvEPTRR ot AEIERERTS el Gl el St kg oL AR T any
one of the gyeasrdidiably! U0 1,006 pphi) dnidemory Biiaradl 260 & 50@pphruent has a

total base nunber of Jgreater than 175, preferably ‘greater than 200, nore
preferably greater than 245 ng KOH g. 30 7. The nethod as clained in any one

of the precedin i LRyt i i I i S t ot al
base nunbefga'of ?lé@sﬁ]te@rg %@?‘raﬁbgfﬁi’?gﬁ}’@q@é’zg% Phéé%dwéh@#gfg’m%gﬁ] tﬁ'?ef erably
35 to 45 nyEMHias a 0PHVDIVEFEf gRater thae 296tmerk preferladly@eater thay 266% of the
precedi ng clains, wherein the overbased netal detergent is added to the

fuel at a tansh@venamereprefetablyigrester thepd % pref erably 100 to 1,000 ppm and
nore preferably 250 to 500 ppm 5 9. The nethod as clainmed in any one of the
precedi ng clains, wherein the fuel has a sul phur |level of greater than 2%
mor e pnef erdhl y Treemiethiod asiolainéddn any oae®f the prededafetlaimhy, tgpeaderit t han 3%
10 10. The nethod as clainmed in any one of the preceding clains, to prevent
pi ston ri ngPREAT NG Wegr Ph&Winder HBer wear in %n@rw&rwﬁéamnwﬂ%ﬁh&nglr& esel

engi ne. 15
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