1 r 2005MJ 4 FF ] A Method of Reducing Piston Deposits, Snoke or War in a
Di eset Engine This invention relates to a nethod of reducing piston
deposits, snoke 5 or wear in a diesel engine. EP 689 577A discl oses the use
of ferrocene in fuels to reduce deposits or to facilitate their renoval.
Ferrocene i n®¥PoelesF Fe" only. 10 The aim of the present invention is to
reduce piston deposits, snmoke or wear in a diesel engine. In particular,

the aimof the present & af Red ist0p Heposit d¥XEsi t s, snoke or
wear in a marine diesel engine 6HN@hP9‘Q@¥e%£§¥¥¥ﬁ#e oil. 15 In accordance
with the present invention ther od of reducing piston
deposits, snmpke or wear in a diesel engine, the method involving the step

of running the e _gl ne on fuel conprising an oil soluble or oil  dispersible
i ron carboxyl at e bRiSiipGNiANRIARS AR MERILAREIUENG Piiem dERESIHPKD t hat

when t he tgqg oreducing snmoke in a diesel 20 engine, the
ratio offﬁﬁe nun Pingﬁégﬁ%vgﬁents of organic acid to the nunber of
equi val ents of Fe 3+ in the oil soluble or oil dispersible iron carboxylate

or iron conplex is or_nore. The EI ston deposits are preferably piston
groove deposits. EE@S@H@?M gisclosesd |U§9@f6¢rr¢qam indHplsdr regduer EERPSIE v
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10 The aim of the present invention is to reduce piston deposits, smoke or
wear in a diesel engine. In particular, the aim of the present invention is to
reduce piston deposits, smoke or wear in a marine diesel engine running on

heavy fuel oil.

15 In accordance with the present invention there is provided a method of
reducing piston deposits, smoke or wear in a diesel engine, the method
involving the step of running the engine on fuel comprising an oil soluble or oil
dispersible iron carboxylate or iron complex that includes Fe®*; with the
proviso that when the method is a method of reducing smoke in a diesel

20  engine, the ratio of the number of equivalents of organic acid to the number of
equivalents of Fe* in the oil soluble or oil dispersible iron carboxylate or iron

complex is 3 or more.

The piston deposits are preferably piston groove deposits.

25
The iron carboxylate or iron complex is preferably derived from a

compound of the formula
Ry Ry
R;5-(CH,),-C-(CH,),,-C-COOH

Ry R,



wherein R, R2, R3 and R4 represent hydrogen or a hydrocarbyl having 1-30
carbon atons (Cl-C3()), but at least two of RI, R2, R3 or R4 are Cl-C30
hydrocarbyl; R5 is a hydrocarbyl having 1 to 120 carbon atons and rn and n
may each be zero or an integer such that the total nunber of carbon atons in
5 the carboxya®effs not nore than 125. TDhe fornula above is intended to

represent a carboxylic acid which has at |east two side chains of at |east
1 to 30 car bwheeidms:, ifz RerdfichR senresphiehydrape) Aor MyRrocaiaylRravipg 1-30
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strai ght or 1191 %988%8{&% In%%’rb iR n]tggSUbSt ituted alkyl, the substituents

bei ng ni tTogen or “ox st prefer t he carboxylate s a
neodecanoate. Suitable exanples of RS noleties are hydrocar byl groups nade
from hono- or |nterpolyners (e.g. copolyners, terpolgners of nono- and di -
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such honmo- or interpolynmers or from polyethers. 25 The hydrocarbyl may be

sat ur at elf. THROGHEXGALDYP-, Hwnrﬂﬁathq)pamﬁ atamm (whiel nwénhactq thegathaay! t hat

i's, containi n t
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contains no nore than one such non-aliphatic group
carbon and hydrogen, optionally substituted with oxygen or nitrogen,
preferably aliphatic and particularly straight or branched chain alkyl or
15 substituted alkyl, the substituents being nitrogen or oxygen. Most preferably

the carboxylate is a neodecanoate.

Suitable examples of Rs moieties are hydrocarbyl groups made from
homo- or interpolymers (e.g. copolymers, terpolymers) of mono- and di-
20 olefins having 2 to 10 carbon atoms, such as ethylene, propylene, 1-butene,
isobutene, butadiene, isoprene, 1-hexene, 1-octene, etc. Typically, these
olefins are 1-monoolefins. This hydrocarbyl can also be derived from the
halogenated (e.g. chlorinated or brominated) analogs of such homo- or
interpolymers or from polyethers.
25
The hydrocarbyl may be saturated. The hydrocarbyl may be
predominantly aliphatic in nature, that is, containing no more than one non-
aliphatic moiety (cycloalkyl, cycloalkenyl or aromatic) group of 6 or less
carbon atoms for every 10 carbon atoms in the substituent. Usually,
30  however, the hydrocarbyl contains no more than one such non-aliphatic group
for every 50 carbon atoms, and in many cases, they contain no such non-
aliphatic groups at all; that is, the typical substituents are purely aliphatic.

Typically, these purely aliphatic hydrocarbyls are alkyl or alkenyl groups.



for every 50 carbon atons, and in many cases, they contain no such non-

al i phatic groups at all; that is, the typical substituents are purely
aliphatic. Typically, these purely aliphatic hydrocarbyls are al kyl or

al kenyl groups. 2005M014 FF 3 The hydrocarbyl may al so contain sone

unsat ur at i on20TRéFhydr ocar byl rmay be desived fromoils fromseeds, fats and
trees. Exanples of oils are rapeseed oil, coriander oil, soyabean oil,

i nseed oil, cottonseed oil, sunflower 5 oil, castor oil, tall oil, olive
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predominantly contain monomer repeating units of the configuration
-C(CHgs)2CHa-.

15 The iron carboxylate or iron complex is preferably present in an
additive solution or dispersion. The additive solution or dispersion will
preferably comprise 10-80%, more preferably 20-70%, most preferably 35-
65%, by weight of the carboxylate or complex, with the remainder being
hydrocarbon solvent.

20

The iron carboxylate or complex may include mixtures of Fe** and
Fe3+; however, the iron carboxylate or complex preferably includes more than
25%, even more preferably more than 50%, of Fe**. More preferably, the iron
carboxylate or complex includes more than 75%, and preferably more than

25 90%, of Fe®*.

The iron carboxylate or complex additive may also be acidic, that is,
the iron carboxylate or iron complex composition may contain up to about
20% of unreacted free acid such as 1-20% by weight free acid, more

30 preferably 0-10%, most preferably 0-5% free acid.

The iron carboxylate or complex additive may be overbased, acidic or

neutral, but preferably is neutral.



the iron carboxylate or iron conplex conposition may contain up to about
20% of unreacted free acid such as 1-20% by weight free acid, nore 30
preferably 0-10% nost preferably 0-5%free acid. The iron carboxylate or
conpl ex additive may be overbased, acidic or neutral, but preferably is
neutral . 200%PMY@T4 FF 4 The iron carboxyl ate may be neutral in that it
contains a stoichionetric ratio of iron cations to carboxylate anions. It
may al so be acidic, overbased or mcellised. Acidic salts contain an excess
of carboxylic aci ﬁﬁ&%ﬁ%@@fb%& fatVifty el hdtirain G IPLORaRR & SRSERBIRAC
stoichionetric and overbased salts ctontains an excess I ron speci es over
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such as 20 ft&xpmlent 2- et hyl hexanol or isodecyl alcohol solvent. Typical

exanpl es include kerosene, hydrotreated kerosene, isoparaffinic and
paraf fi ni% solvents and naphthenic aliphatic hydrocarbon sol vents, aronmatic

solvents, diners ' [g&g S r
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alternatively may be introduced subsequent to this via post treatment. The
elemental iron, oxides and hydroxides are common feedstocks for the

15  overbasing process.

The solvent used to prepare stable additive solutions or dispersions
may generally be characterized as a normally liquid petroleum or synthetic
hydrocarbon or oxygenated hydrocarbon or alcohol solvents, such as

20 hexanol, 2-ethylhexanol or isodecyl alcohol solvent. Typical examplies include
kerosene, hydrotreated kerosene, isoparaffinic and paraffinic solvents and
naphthenic aliphatic hydrocarbon solvents, aromatic solvents, dimers and
higher oligomers of propylene, butene and similar olefins and mixtures
thereof. Commercial products such as “Solvesso”, “Varsol”, “Norpar’ and

25  “Isopar” are suitable. Such solvents may also contain functional groups other
than carbon and hydrogen provided such groups do not adversely affect the
performance of the additive composition. Preferred are isoparaffinic and
paraffinic hydrocarbon solvents. Preferably, the solvent has a flash point
greater than 20°C, more preferably greater than 40°C, most preferably

30  greater than 55°C.

The iron carboxylates or complexes may be used as additives in a

wide variety of fuel oils, particularly diesel fuel oils and heavy fuel oils.



25 "lsopar" are suitable. Such solvents may al so contain functional groups
ot her * than carbon and hydrogen provi ded such groups do not adversely affect
the performance of the additive conposition. Preferred are isoparaffinic
and paraffinic hydrocarbon solvents. Preferably, the solvent has a flash
poi nt  great gfsMolkgh 200C, nore preferably, greater than 400C, nost preferably
30 greater than 550C. The iron carboxyl ates or conpl exes may be used as
additives in a wde variety of fuel oils, particularly diesel fuel oils and
heavy fuel oils. 200SM)14 FF 5 Such fuel oils include "mddle distillate"
fuel oil which refeeh fuel pés riockigder bandsde f distillase! sfuebteil nubice referseftpni ng

crude oil as fr iLon.fro . i ght rosene, or., et | ,. fraaction to
t he heavy fug%ng‘elu”?ﬁég%j (%é' %e@@gmg% 3 Bqlﬁl%gw%{}]:d&l é'!)lagén%#ﬁascgogtfﬁgbpheri C
or vacuum di fid lidtat RerosbAE ke fetdasl, Haktion tathedhends: fueNoRFAchEPPThEsO NSl Of
straight run an t her mal |y and/or catalytically ‘cracked or hydrocracked

distillat®. BitamaksisPromprsehgimespheciced vecugandistillater eraeked Jastoif aef,

di | fuel, ti. j | ' K il 1ight I i

oi 1+ such i BBTE: df &l Piar bl 5 pE&G00hun ArgElterill ey Eaipelkalil'c °°°
range, gener gidckeWidryairédrackadamstithtel 0B%mbRsSALREe RFirofRaREE @tredf®r di ng
to ASTM D86, nore especially between 1500C and 4000C." Preferably the fuel
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measured according to ASTM D86, more especially between 150°C and

400°C.

Preferably the fuel is residual fuel oil and the diesel engine is a marine

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

Vegetable-based and fat-based fuel oils are triglycerides of
monocarboxylic acids, for example, acids containing 10-25 carbon atoms, and

typically have the general formula shown below

CH,0OCOR
CHOCOR

CH,0COR
20

where R is an aliphatic radical of 10-25 carbon atoms which may be saturated

or unsaturated.

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

25 number and kind varying with the source of the vegetable or fat.

Suitable fuel oils also include mixtures of 1-50% by weight of vegetable

oils or methyl esters of fatty acids with petroleum based diesel fuel oils. Also



20 where Ris an aliphatic radical of 10-25 carbon atons which may be
saturdted or unsaturated. Cenerally, such oils contain glycerides of a
nunber of acids, the 25 nunber and kind varying with the source of the
vegetable or fat. Suitable fuel oils also include m xtures of 1-50% by
wei ght of vegghghle oils or nethyl esters of fatty acids with petrol eum
based diesel fuel oils. Al so 2006MO14 FF 6 suitable are fuels enmulsified

with water aggitadeaie! SelsWBmeltifcn vithwater tall @Icoﬁéléf AicnESntafc anwAe of

oil's are rapeseed oil, coriander oil, soyabean oil linseed 5 oil,
cottonseed oBUrfagiants.ower oil, castor oil, tall oil, olive oil peanut oil,
mai ze oil, alnond oil, palm kerneI oi |, coconut oi I , mhustard seed oi |, beef
tallow and fish oils. Rapeseed oil, which is a mxture of fatty acids
partially esterifERdmplddof Blly aes @épes‘e’édpélﬁfc%fnbﬁdenaéll i éoya%e@%%ll alpkged n

| arge quantities and can be obtained in a si y pressing from
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acid, olgjc glgbc},wtgb@légﬁ]eqaé:l d, petroselic acid, ricinoleic acid,
el aeost ear i ¢ acid, linoleic aC|d l'i nol enic aC|d ei cosanoi ¢ acid, gadol eic

aci d, docosanoic acid or erucic acid, which have an i odi ne nunber from 50

to 150, especial Ililurg?r?ert gxamples of vegetable-based and fat-based fuel oils are alkyl

esters, such as methyl esters, of fatty acids of the vegetable or animal oils
and fats. Such esters can be made by transesterification.
15
As lower alkyl esters of fatty acids, consideration may be given to the
following, for example as commercial mixtures: the ethyl, propyl, butyl and
especially methyl esters of fatty acids with 12 to 22 carbon atoms, for
example of lauric acid, myristic acid, palmitic acid, palmitoleic acid, stearic
20 acid, oleic acid, elaidic acid, petroselic acid, ricinoleic acid, elaeostearic acid,
linoleic acid, linolenic acid, eicosanoic acid, gadoleic acid, docosanoic acid or
erucic acid, which have an iodine number from 50 to 150, especially 90 to
140, more especially 100 to 130. Mixtures with particularly advantageous
properties are those which contain mainly, i.e. to at least 50 wt %, such as 1-5
25 wt.% or 1-15 wt.% methyl esters of fatty acids with 16 to 22 carbon atoms and
1, 2 or 3 double bonds. The preferred lower alkyl esters of fatty acids are the

methyl esters of oleic acid, linoleic acid, linolenic acid and erucic acid.

Commercial mixtures of the stated kind are obtained for example by

30 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, palmoil, linseed oil, tall oil, sunflower oil, rapeseed oil,



140, nore especially 100 to 130. Mxtures with particul arly advant ageous
properties are those which contain mainly, i.e. to at least 50 wt % such as
1-5 25 wt. % or 1-15 wt.% nmethyl esters of fatty acids with 16 to 22 carbon
atons and 1, 2 or 3 double bonds. The preferred | ower al kyl esters of fatty
aci ds are thegsvimtzhyl esters of oleic acid, linoleic acid, Ilinolenic acid
and erucic acid. Commercial mxtures of the stated kind are obtained for

exanpl e by gfrigh®avageasiod oBst@fdtidapadii, eottohserrt il Aedrit Dilndeek taioy their
transesterification wth |ower aliphatic alcohols. For production of |ower
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of fatty acids based on a new variety of rapeseed oil, the fatty acid
conponents of which is derived to nore than 80 wt % from unsaturated fatty
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di spersi on cagrd pRIFeRIly 5 to 10 parts, of iron per million parts of fuel.

15 The iron carboxylate or complex solution or dispersion can be combined
with the diesel fuel by direct addition, or as part of a concentrate or in

admixtures with other fuel additives.

The additive solution can also be maintained in a separate fuel additive

20 dispenser apart from the fuel. The additive solution or dispersion can then be
combined or blended with the fuel during re-filling of the fuel tank. The additive
solution or dispersion may be maintained in the fuel additive dispenser and may

form a part of a fuel additive concentrate of the concentrate being combined

with the fuel. Other techniques comprise adding the iron carboxylate or

25 complex additive into the intake or exhaust manifold or adding the additive to
the fuel at fuel depots prior to filling the fuel tank. Preferably the addition is
made direct to the fuel line prior to the main fuel pump in order to optimise
mixing of the additive within the fuel. The addition is preferably controlled by an
injection system that is capable of varying the treat rate of fuel additive

30 dependent on fuel flow rate, fuel type and engine operating parameters. The

injection system is preferably used with a separate additive tank



conbi ned or blended with the fuel during re-filling of the fuel tank. The
addi ti've solution or dispersion nmay be maintained in the fuel additive

di spenser and nay forma part of a fuel additive concentrate of the
concentrate being conbined wth the fuel, Qher techniques conprise adding
the iron carBi“dt e or 25 conplex additidve into the intake or exhaust

mani fol d or adding the additive to the fuel at fuel depots prior to filling
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dependent on fuel flow rate, fuel type and engi ne operating paraneters. The
injection systemis preferably used with a separate additive tank 2005MOL4
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particul ar have one or nore of the foll OWI characteristics: (i) a 95%
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preferably | ess than 44900%@raemdpheémremrgblyeyeatdna}marzﬂaso(m i) an aronmatic
content of greater than 15% w ., ref erably greater than 25% and nore
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preferably greater th mass Such 'as 1 and nost
preferably great gfij)t hagn 209 aRS sonend of greater than 15% wt., preferably greater

than 25% and more preferably greater than 40%;
(iv)  a Ramsbottom carbon residue (by ASTM D524) of greater than
15 0.01% mass, preferably greater than 0.15% mass, more
preferably greater than 0.3% mass, such as 1% or 5% mass,
and most preferably greater than 10% mass; and
(v) adherence to the ISO specification 8217:1996 and modifications
of said specification.
20
As defined earlier, marine diesel fuels may in particular contain
streams such as streams produced from fluid catalytic cracking. Such
materials usually having a density @ 15°C of 900 to 970 kg/m® and
characterised by low cetane number values, typically ranging from 10 or lower
25 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/m3 and a 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 characterized by cetane

30 number from 45 to 60 and having a density range @ 15°C from 800 to 860
kg/m?®,



(v) adherence to the 1SO specification 8217:1996 and nodifications of said
specification. 20 As defined earlier, marine diesel fuels may in particular
contain streans such as streans produced fromfluid catal ytic cracking.
Such materials usually having a density @15 C of 900 to 970 kg/ M3 and
char act eri se®®¥BY*Fow oet ane nunber val ue8, typically ranging from 10 or
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than 0.1% nore ef er abl reater than 0.2%Db 5 weight . .

Viscosi ty of 40 O Maeidinessitable 4a e 4o e CunBiersioregniteR W8Sy he use

i ncl ude conQRHTsOslidnaad HHaRe fodh&#eleniceagi nes such as those found in
vehicles. 10 I'n particular, suitable engines are those |arger diesel engines
of four- stroke or two-stroke design having one or nore of the follow ng

operatin paranmeters: (i) a maximum engine speed of. no nore th 2500 rpm
(revol utlgons pe:ﬂ:fn ‘P@nfﬁuﬁﬂfi éﬁ"ﬁr@? epghr}e_ssqgr Pgrﬂ%seg%égﬂe%'?sarﬁf‘%ﬁe%BﬁpﬁHF'e t han
1500 rpm f ofstioRBor S Y@ KBMESRShaving one or more of the following operating

parameters:

(i) a maximum engine speed of no more than 2500 rpm (revolutions per
15 minute) for four-stroke engines, and of no more than 1500 rpm for two-
stroke engines;
(i) a power output of greater than 200 bhp (brake horse-power);
(i)  a cylinder bore dimension of greater than 150 mm for four-stroke
engines (such as greater than 200 mm) or greater than 200 mm for
20 two-stroke engines (such as greater than 500 mm); and
(iv)  a piston stroke of greater than 150 mm for four-stroke engines (such
as greater than 250 mm) or of greater than 500 mm for two-stroke

engines (such as greater than 1000 mm).

25 The additive can be used in four stroke marine diesel engines defined
by the above operating parameters and found primarily in fishing vessels and
other medium-sized craft. This combination of parameters appear to
correlate both with the type of application for these engines, and also with the
problems observed during use. Alternatively, two-stroke engines lubricated

30 by means of a separate lubricating oil system (such as, for example, marine
diesel cylinder engines) having the above operating parameters may be used.
Such engines may also be found in stationary applications and railway

applications.



(ii) a power output of greater than 200 bhp (brake horse-power); (iii) a

cyl inder bore dinension of greater than 150 nm for four-stroke engines
(such as greater than 200 mm) or greater than 200 mm for 20 two-stroke

engi nes (such as greater than 500 nm; and (iv) a piston stroke of greater
than 150 nnw*%vmf%hr-stroke engi nes (sucl as greater than 250 m) or of
greater than 500 nmfor two-stroke engines (such as greater than 1000 nm.
25 The additive can be used in four stroke marine diesel engines defined by

the above oper atiTk RAlraARKE hgish §atabib BY thBBRVEMidnplefsblpoeess! s and
ot her nmediumsized craft. This conbi nation of paraneters appear to

correl ate badha operatindheataypriets (lad (ig @sidaiintdraboves mose girefesablytiae al so wi th
the proble bser v ring.use.  Aternatively, twg-strok ngj.nes

| br i bated SrBgeasy. B9 aa0dubaid @osChErEAERA e ataaize 8, BUSHIZhe (o
exanpl e, smarjyje diesel cylinder engines) having the above operating

paraneters may be used. Such engines may al so be found in stationary
applications and railway applications. 2005M014 FF 10 The four-stroke

engi nes suitable44n the invention preferabl ossess . the aqperating
parameters (1) and<euekGenpiies Suiate ™ s Brenek et R St er s
(i), (i1) angskbsd lhe 8peraliRgpaPiPbRIraiE) Unbilip ArEeEEaBovd Jmofd 1), (iii) and
5 (iv). The two-stroke engihes suitable in the present invention preferably
possess t he pogkeraly tige parametess §),((ii) arch dii)( By ragstquefateblydbewarametars
preferably the,.. a(r. meters (i), (ii) and (iii), and nost preferably the

par anet éfs (90(”?4 §ilfapdiivl. (i) and (iv). The preferred engines are
two-stroke, Particularly suitable engines are those having a power output

of above 250 bhp, and preferably above 1000 bhp. Especially suitable are
t hose engi nes havihegoreteresd engigee are twoistrok@o@articularly suitable engines are

those having a power output of above 250 bhp, and preferably above 1000

bhp. Especially suitable are those engines having bores of greater than 200
15 mm (such as greater than 500 mm) and strokes of greater than 500 mm

(such as greater than 1000 mm). Such large two-stroke engines include the

‘crosshead’ type engines used in marine applications.

The engines considered for this application can also have a variety of
20  after treatment systems to control/reduce noxious emissions such as NO,,
particulate matter, smoke, SO,, CO and HC. Some of these systems known
in the art are: diesel particuiate filters, scrubbers, oxidation catalysts and

others.

25 The invention will now be described, by way of example only, with

reference to the following examples:

Examples

30 Testing was performed using the Bolnes 3(1) DNL 190 single cylinder
test engine. The tests were run for 96 hours using an engine speed of 500 rpm

with an average power output of 110kW.



15 mm (such as greater than 500 mm) and strokes of greater than 500 nm
(such+as greater than 1000 mm). Such | arge two-stroke engi nes include the
'crosshead’ type engines used in nmarine applications. The engi nes consi dered
for this applhsslsd=on can also have a variety of 20 after treatment systens
to control/reduce noxious em ssions such as NOx, particulate matter, snoke,
SO., CO and HC. Syagisferbhtengusgieiiy: known in the art are: diesel
particulate filters, scrubbers, oxidation catalysts and others. 25 The
invention will noiv be Beaarfubkall Alycluding 30 npraspiren orbgecanaate; ref erence to
the foll owm ng exanpl es; EX es, .30 Testin s perfornmed using the Bol nes
3(1) DNL 190 si ng'l'e cyﬁ‘??’n‘ﬁ’zfﬂg" ?'Eét'mg‘ﬁ%pgugb qug&egeméﬁg run for 96 hours
usi ng an engine sipped Rda\RGHel HIMA (44 bltoAttopver age power output of 11CKW

2005MO 14 FF Tests were conducted using: i) heavy fuel oil A including 10
ppm of iroon neodethdtrst eesultsiveragsvigllawssl oil A including 10 ppm ferrocene;
and iii) heavy fuel oil A (as a control). 5 The test results were as

follows: Bolnes 3 (1) DNIL 190 Single Cylinder Engine Ave. Ave. liner Total

Ave. Total [Total  Snpke[wear Gagomegg;((ﬁ;gnqub@m%Pngiﬁgé,e@,@ng‘ea_r Fil
Heavy Fuel Q1 0.0818 0011 mm 1.55mm 0. 08 mm 3. 95g 0.76 A plus iron

neodecanoatle Heavy Fuel @ve. 0| ¥8@1ligerol6 Tatall. 95nfved. 111 rfiotal. oigTotak7
Smoke wear Gap Ring Groove | Merits

Increase Wear Fill

Heavy Fuel Oil 0.0818 | 0.011mm | 1.55mm | 0.08 mm 3.95¢9 0.76
A plus iron

neodecanoate
Heavy Fuel Oil 0.1391 | 0.016 mm | 1.95mm | 0.11 mm 4949 0.67

A plus ferrocene
Heavy Fuel Oil 0.0927 | 0.0183mm | 2.15mm | 0.00mm 4.389 0.74
A

As shown in the table above, the use of iron neodecanoate in heavy fuel oil A
10  produces less smoke, less wear and less piston groove deposits than the use
of ferrocene. The smoke measurements were taken on an AVL-415 smoke

meter, which generated a filter smoke number.



A plus ferrocene Heavy Fuel G| 0.0927 0.01 3nmm 2. 15nm 0. 00mm 4.38g 0.74 A
As shown in the table above, the use of iron neodecanoate in heavy fuel oi

A 10 produces |ess snoke, | ess wear and | ess piston groove deposits than
the use of fgrrQeene. The snoke neasurenents were taken on an AVL-415 snoke
meter, which generated a filter snoke nunber. 2-005MO 4 FF 12 dains: 1 A
met hod of redygingg piston deposits, snoke or wear in a diesel engine, the
met hod i nvol ving the step of running the engine on fuel 5 conprising an oi
sol ubl e or oil dispersible iron carboxylate or iron conplex that includes
Fe3+; with the pr VISO t ha n_the a. met hod of reducin noke
in a diesel engin& th@m {hl ghcgfregHgng og%l%@}gﬁ]%wgpr 'rb?&é‘%lei aci d
to the nunbeén@ﬁeeqHéVﬁ#eqnéé Plf\/ol\:/%ggﬁhén %ﬁ'cﬂl 'rur%ﬂhg'bh% Undhé ol fieer si bl e
iron carboxylate or iron conplex is The met’hod as cl ai ned
in claimsl, meeslngteheoulrsmiutdardjomyldaperable mmm:actamwllam omicorudbesnpiex e t han

2 e el Thaadl K b &%"v/"@%;miw%ﬁma%%@%‘é?fst Rempiticonl ng -
g'ofr;) gﬁn q ‘g?erret%Hgn por rm‘ié’”n %&n@@élyéﬁgguﬁe Otrge' @g)&qge ngér 8@_6%1%@6? a
organic acid to the number of equuvalents of Fe*" in the oil soluble or oil
dispersible iron carboxylate or iron complex is 3 or more.
10 |
2. The method as claimed in claim 1, wherein the iron carboxylate
or iron complex includes more than 25% of Fe3+, preferably more than 50% of

Fea+, and most preferably more than 75% of Fe®*.

15 3. The method as claimed in any one of the preceding claims,
wherein the iron carboxylate or iron complex is derived from a compound of

the formula:

Rj R4

|

Rs-(CH,),-C-(CH,),-C-COOH
R, R,

where Ri R, Rs and R4 represent hydrogen or a hydrocarbyl having 1-30
20 carbon atoms (C;-Cso), but at least two of Ry, Rz Rs or Ry are Cy-Cy
hydrocarbyl; Rs is a hydrocarbyl having 1 to 120 carbon atoms and m and n
may each be zero or an integer such that the total number of carbon atoms in

the carboxylate is not more than 125.

25 4, The method as claimed in claim 3, wherein Ry and R are both

hydrocarbyl and Rs and R4 are hydrogen.

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

wherein the fuel is a heavy fuel oil.



R4 R2 where Rl1, R2, R3 and R4 represent hydrogen or a hydrocarbyl having
$-30,+20 carbon atons (O -C30), but at least two of Rl, R2, R3 or R4 are
Cl-C30 hydrocarbyl; R5 is a hydrocarbyl having 1 to 120 carbon atons and m
and n may eagh,Re zero or an integer such that the total number of carbon
atons in the carboxylate is not nore than 125. 25 4. The nethod as cl ai ned
inclaim3, wherein R, and R2 are both hydrocarbyl and R3 and R4 are
hydrogen. 5. The nmethod as clained in any one of the preceding clains,
wherein the fuel s a hbeavypethasl asi ¢claim@dsnaEIy PRel1d e Phecerng cdaims,
clainmed in an ne.of 1he preceding, cl ai wherein the carboxylate is
neodecanoatewﬁgaﬁﬁtq%géﬁ§Vﬁ@' tol Cﬁﬁagﬁ% any one of the preceding clains,
wherein the fuel contains 1 to 50 ppm preferably 1 to 25 ppm nore
preferably 5 to 15 ppm of iron by weight of fuel 8. The nethod as cl ai ned
in any one of the7precédengettiosi as, claimedvierasiynonaeoff thel precedimgrdlaignsdi esel
fuel and the jron caboxylate.s iro eodecanogte., 9., The t hod as clai nmed
in any one o‘f\’h?'f?én ptﬁgcﬁgq' n%orbtl"l@isnﬂ, ?0 véberp&n?v P eFﬁQhﬁoh tPegg‘éBQ”bi P :
groove depospieterably 4% 13RRnRiHRM Bpwelght BBidin any one of the preceding
clainms, wherein the nethod reduces "piston deposits and snoke, or piston
deposits and wear, or snoke and wear in a diesel engine. 20

8. The method as claimed in any one of the preceding claims,
10 wherein the fuel is a marine diesel fuel and the iron caboxylate is iron

neodecanoate.

9. The method as claimed in any one of the preceding claims,
wherein the method reduces piston groove deposits.
15
10.  The method as claimed in any one of the preceding claims,
wherein the method reduces piston deposits and smoke, or piston deposits

and wear, or smoke and wear in a diesel engine.

20





