WO 2008/084251PCT/GB2008/000101 COMPOSITION. METHOD AND

USE The present invention relates to an additive composition for fuel, a

fuel composition, and methods and uses of such a composition. In
Wamiosme2the present invention 5 relates to an additive com@pesiti8iues/oo0ioi

which may be used to achieve improved fuel economy and to permit

heavier and/or dirtier fuels to be used in place of lighter and/or cleaner

fuels.  As crude oil prices rise, all downstream products become more

expensive - for 10exam|tmi\aeﬁsmmi%wwhmtm and vehicles,

especially ships. More highly refined or "lighter" fuels are more expensive
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operating cost. In the case of commercial shlpplng for example, it |s
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cost. In the case of commercial shipping, for example, it is esfimated that the fuel cost
sometimes amounts to 70% of the total operating cost of the ship.

25
Therefore there is often a strong economic driver to move to less refined fuels but the
adverse consequences, mentioned above, inhibit it. Ship operators, for example,
cannot tolerate addition down-time whilst ships’ engines and associated etjuipment
are cleaned of soot (i.e. carbon) deposits. Moreover many ships cannot have visible
30 smoke exhaust streams. This would be unacceptable on cruise ships, and may in any
case not satisfy environmental laws in countries in which ships may dock.

Blended fuels — for example conventional diesel and bio-diesel, and different grades
of conventional fuel oil — may also suffer from problems of instability. This is a
35 particular problem when ships buy fuel on the spot market, and the purchased fuel is



It would be desirable to have an additive composition which reduces or
overcomes 5such problems. It is an object of embodiments of the
invention to provide an additive composition which provides benefits in the

WiBi2eRioN Bt fuel having a viscosity which is as low as 1 cSt #t40EEX0BMis101

an object of embodiments of the invention to provide an additive

composition which provides benefits in tize utilisation of fuel having a

viscosity which is as high as 1000 cSt at 40C. 15It is an object of
emistsigignianfecbfemsinineritiots tiughrstide afhadditive map pesitiaemsich pumping
pedhRitmachrRavigicfel to be used in a situation in which a lighter fuel would
previously have been used; with reduction or avoidance of adverse
consequences which might otherwise have been expected; in particular

with vl tRsrispisalid nbavef aie rdditive seadssiidormiztio netkadingr fovercomes

5 exantplertdieathon deposition and/or 20 exhaust smoking. It is an object of

embodiments of the invention to improve the stability of fuel which may
otherwise suffer from stability problems, for example phase separation, or
sefldfafibrPBiesy Bt &trshmsnseIghtomiaverdion to ineddsitmnagiditie basnposition
25aitimaotadienbdhiidnrobiectinfatorbedinemsief thadbvantiondR is as low as 1
impegve the~delivery of a fuel to the site of combustion, for example by
improving its flow properties. 30It is an object of embodiments of the

invention to improve the delivery of a fuel to the site of combustion, for
exdnphnictEshsioitbaivanissichel¢anntss of pavibiestiomdiiiee composition
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e S L
derivativ %r@ 'own from the literature. Ferrocene and its manufacture

were described for the first time in Nature 168 (1951), Page 1039. Since
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procedures have been the object of numerous patents, e.g. US 2 7 ,
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exhaust smoking.

It is an object of embodiments of the invention to improve the stability of fuel which
may otherwise suffer from stability problems, for example phase separation, or
separation or aggregation of polyaromatic compounds within the fuel or
sedimentation,

Itis an object of embodiments of the invention to improve the delivery of a fuel to the
site of c_ombustion, for example by improving its flow properties.

It is an object of embodiments of the invention to improve the delivery of a fuel to the
site of combustion, for example in terms of its evenness or cleanness of combustion.

The additive composition of the present invention contains a metal compound {as later
defined)}, which may be ferrocene.



10heating oil. In US 4 389 220, a two stage process for conditioning a
diesel motor is described. According to this patent, an initial high dosage
of ferrocene, 20 to 30 ppm, in the diesel fuel can remove carbon deposits

Wi 3E/88Rdustion chamber and also deposit a 15 layer of catay/Gadaisn/000161
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oxide on the combustion surfaces. Subsequently, a lower dosage of
ferrocene, 10 to 15 ppm, maintains this gatalytic iron oxide coating. At the
same time it was found that with these measures, fuel consumption is
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0.}de 1% phoamphansass beyarded to heating oil immediately before
combustion. DE 21 47 994 teaches that additives which among others

contain ‘camphor can be used in the combustion air of internal combustion
erlginaddiionudes gEmn3ethencrenpREndh aBEitivié which@éntariges ferrocene
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provide™a reduction in either fuel consumption or'hazardous emissions,

H&&EHRS Sfamphor is not known to reduce 35soot. Rather, as discussed in
US 5 116 390, a disadvantage of using camphor is that additional soot
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unburned ?zrbon, Ieading)to sooty exhaust particles. 5 It is also known
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Partikelfiltern mit Additiven, FUELS 1999, 2nd International Colloquium,
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of heavy duty. diesel engines proyides an increased peak in the emissions
ce{gu]ts?ég%@’ﬁ%’ wieh e B zampher o of the additive. 15 CN
1597873 discloses a fuel which includes methanol, hydrogen peroxide,

fepacEneansscampachdhatded uaRaitb e daIsAY eMTSIOBS% of water by volume
and 0.1 to 1% of camphor can be added to heating cil immediately before combustion.

DE 21 47 994 teaches that additives which among others contain camphor can be
used in the combustion air of internal combustion engines.

US 3 925 031 teaches that an additive which contains camphor and naphthalene
among others can be added to a gasifier fuel, a diesel fuel or a lubricating oil.

In the art, camphor has been used in fuel to provide a reduction in either fuel
consumption or hazardous emissions. However, camphor is not known to reduce
soot. Rather, as discussed in US 5§ 116 380, a disadvantage of using camphor is that

additional soot formation is noted on burning fuel that contains camphor as an



The additive composition of the present invention contains a stabiliser. 20

To disperse asphaltenes in a fuel various proposals have been made. For

example: US 5073248 describes the use of secondary alkanesulphonic
VeRigwsepétphaltenedispersing agents. The compositions carpurtbgseesmooiot

contain: 1, alkylphenol formaldehyde resins, 2. oxalkylated amines, 3.

wax-dispersing agents. 25 EP0946679A glescribes the use of sarcosinates

as asphaltene dispersants. The sarcosinate stabiliser can be combined
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ca res.t : iii) a stabiliser. A stabiliser herein
S S0 TGS 8 8 R S e
anﬁ%@ﬁﬂﬁﬁ%\’&gﬁf?@ combstiPmahibea@ddifingel antioxidant, a biofuel
ins_tability inhibitor ora blended fuel se_paration inhibitor. Other agents
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embodiment the present disclosure provides a tuel

CO

cofRpFamga, Lakisouces sdaiof b miRsiBngsent invention and a fuel.

Suitably the fuel is a hydrocarbon fuel. It may be a petroleum or distilled

fughdtuameesnidslaslestack irrmdliaael-maringduel bunker fuel,

heating oil, middle distillate oil and heavy fuel oil; and including GTL
(gas-to-liquid), CTL (coal-to-liquid), BTL (biomass-to-liquid), and OIL (oil

20 saheigisasisprpDr!DeSs inixtiues yatieue of (pdsele mppriogriatedddn Goeexample:
aspect, there is provided an additive composition for a hydrocarbon fuel

c ising;, {i).a metal compound selected from an iron compound, a
m?%‘él?@éé%%ﬁ%%ﬁbﬁ ,?5%3%%?5 %%?%’b%%%&?kf'&%wﬂ%%%%asaﬁapha*fene-
miERRESIRE RIS (i) encerapasitionnep dvthsetootett-fromiiky ibfeyalidormaldehyde

Messtier RecesiBy i aiam & CYCHamMpRIgIRE BgeAgdamantane, propylene
»5 carbonate and mixtures thereof and (jii) a stabiliser;
EPQ946679A describes the use of sarcosinates as asphaltene dispersants. The
sarcosinate stabiliser can be combined with alkyiphenol formaldehyde resins,
oxyalkylated amines, and sulphonic acid.

30 WO9904138 describes the use of ether carboxylic acids as asphaltene dispersants in
crude oils.

US5484607 describes the use of alkyl substituted phenol-polyethylenepolyamine-
formaldehyde resins as asphaltene dispersants.
35



wherein (iii) comprises an asphaltene dispersant, a cold flow improver, a
wax antisettiing additive, or mixtures thereof. 5a In another aspect, there
is provided an additive composition for a hydrocarbon fuel comprising: (i)
a metal compound selected from an iron compound, a manganese
compound, a calcium compound, a cerium compound and mixtures
thereof; (ii) an organic compound selected from a bicyclic monoterpene,

sufsti i I 4 rpene, ada tane, propylene carbonate and
R ;’:ﬁﬁ%‘éﬂéﬁé‘%ﬁgﬁﬁfse%‘mgfa AR BRI n 2 fuid, and
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eSRmAlYMRAGMAS Aphmors.- Balydalkylene esters, ethers,

ester/ethers, maleic anhydride olefin copo yroher'additives prepared by the
reaction of maleic anhydride with an a-olefin, imides produced by the

reHcAon ehhpcikghbinie erealeiisairsde decaitth e ool efiliine/ ebapotiten for a fuel
aspeebridigge is provided a fuel composition comprising an additive

composition as defined above, and a hydrocarbon fuel. The fuel may be a
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(iii) a stabiliser.

A stabiliser herein may suitably be selected from an asphaltene dispersant, a wax
anti-settling agent, a cold flow improver, a fuel antibxidant, a biofuel instability inhibitor
or a blended fuel separation inhibitor. Other agents which promote stability of the
composifion are not excluded.

| In a further embodiment the present disciosure provides a fuel composition comprising an
additive composition of the present invention and a fuel. Suitably the fuel is a
hydrocarbon fuel. It may be a petroleum or distilled fuel. It may be a fuel selected
from diesel, marine fuel, bunker fuel, heating oil, middle distiliate oil and heavy fuel oil;
and including GTL (gas-to-liguid), CTL (coak-to-liquid), BTL (biomass-to-liquid), and
OTL (oif sands-to-liquid); or from mixtures thereof {where appropriate).

in one aspect, there is provided an additive composition for a hydrocarbon fuel comprising:
() a metal compound selected from an iron sompound, a manganese compound, a
calcium

compound, a cerium compound and mixtures thereof;

(i} an organic compound seiected from a bicyclic monoterpene, substituted bicyciic
monoterpane,

adamantane, propyiene carbonate and mixtures thereof; and

(iii} a stabiiiser;

wherein (i} comprises an asphaltene dispersant, a cold flow improver, a wax
antisettiing additive, or mixtures thereof.



6 The fuel may be a fuel which is prone to freezing, wholly or partially,

under ambient conditions. The fuel may be a fuel which burns "dirty". By

this we mean that it produces carbon 5on combustion and this leads to

carbon deposition on surfaces in the combustion system (hereinafter

"coking") and/or has an exhaust which,4s visibly smoky. As noted above

the fuel may be a biofuel. It is commonly known that biofuels are

' r idatl . ared to. petroleum based (or
B e S s R T o
() slenatel( apsweyatedplectstifisravailatie rothedioduelmamsmpsseshbiapound, a
calgirpleum based fuels. The exposure of a biofuel or a biofuel/distilled

blend to air (oxygen) causes oxidation of the fuel, and leads to instability.
CORg %ﬁdﬁtﬁ?ﬁ”ﬁf’tﬁ@%%@ﬁg A RS RSP of alcohols, aldehydes,
(ii) lestoorgsnbarhonybe atidslacd dutther sepelencoroststsiiBesabstituted bicyciic
mo},%fgép‘ggﬁ)&al groups, some of which may yield polymers. Water also is an

important component in facilitating degradation in biofuels. As microbial
a0FYRARRIRs PROVIREe Sanae angynissgsrtbseanplenibases) in their
(innoeadliimetabolic pathways, these organisms are able to digest biofuels,

d anv petroleum 20fuels present. resulting in detrimental changes in the

Wh%wi@én%osgﬁ%ﬁe&cﬁoﬂample sludge formation). Moreover prolonged
phefpligesiiofuels and their blends at elevated temperature causes

CofRINFHOeT S RSTRG SR T [Alg Rk AT LHIRK %9@9@%8@&%&?%@”@%2 units,

25hydrolytic, oxidation) and results in enhanced storage instability.
COR& %{giti@g oflsERBReuAT LS HHIARSIo 8RR is Al seritiantiatienbelymers,
poljo sysdkinspereestt facionansfusitinstalkititsy. There is supporting data which

indic t ' he fuel to form oxidation products is )
maigr%l_a%ﬁég ?r? %e%%ﬁ%%%@é’l §e8 #Jﬁ\é%ﬁlvpe%aﬁgﬁ%aa#ﬂpl B5p[gaction of maleic
anygrirs Mty Bl CHBIEERIUISIES Pre tHerdyTtne -osmion/aft seaiiglamine, maleic
anHidrlics) and 3012fMh biofuel(s). The factors described greatly increase the

instability of bulk biofuel and 35biofuel/petroleum fuel blends, especially of

bylk di sel and bigdiesel/petroleum diesel blends. The degradation

SRS P RAGRABH S iR RAYRE A dHatcemRagipRsemprising an additive

In ye
produ
composition as defined above, and a hydrocarbon fuel.

The fuel may be a so-calied recovered fuel or bicfuel, for example biodiesel,

The fuel may be a fuel which is prone to separation or sedimentation during

transportation or storage.

The fuel may be a blended fuel in which the components in the biend are not wholly

compatible.

The fuel may be a fuel which is prone be instability as a result of oxidation.



7 block engine nozzles or generate undesired deposits which can lead to
subsequent engine damage. The instability oxidation of such fuels are of
concern to fuel producers, engine manufacturers and informed fuel users.

Wi aohsrekesembodiment the present disclosure provides a methaskioos/os0101
combustion of a fuel composition in a combustion system with an exhaust,
comprising providing the fuel compositiop comprising: (i) a metal
compound selected from an iron compound, a manganese compound, a
caltienfuebmpptiad, fueesitioh comBaLNE feadima ey Giepariili) @ler ambient
orgapisepapound selected from a bicyclic monoterpene, substlt_uted
bicyclic monoterpene, adamantane, propylene carbonate and mixtures
thereof; (iii) a stabiliser; and (iv) a fuel; and combusting the fuel
cofttpositionayl ba dUlesigchbindita éditiyhe Byadnivdisalasuratntevidesdbearbon

5 USBrNanUBSFHMARSIHRD BHEAt D A AMRRISHRRSY SIR By 9L cl) zf"]'\n?l'(?et"’lécnmE:;usticm

compoung selected from an iron compound, a manganese compound, a
co AT RTBGHE: -COaPer POBIAD RN T SHRF AR bt Sl
organic compound selected from a bicyclic monoterpene, substituted

bigvelip et aieq M aBAHanCHBIAYI§NR CRRNBAR B ERfuels are

thereof: and_(iii) a stahiliser; for one or more of the following purposes
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10 redtiftingTheproEriiostasitine 'sratitasstofttiseabuhdanteyatelsfinietueriugted)
thenfitelisivitabiesiae Liﬁetiﬂbtflﬁ%ﬁﬂmbﬁ§ti96h%@r{nté‘;%?r§ié%?h%§sgf hel fuels. The
addliti it e _suit - =imparoving the stability of the fuel
o R SR o R i s e

of ##fe: féief (RAdsxiipRaRitcing hexXisi#fisanebiinBerhirastéiin the formation of
hyalrobalt)cdzinytiee, Rdicniss, AaioxyIROAHRIHIPIAARRH RS RiBA IIAMRSI these
15 the gxhals quuwgrs'é%qé%%@?rﬁ %Té?é) fcarbgn monoxide in the

exhaust and/or minimising ignition y); - Improving the flow properties
of the fuel. 7a
Water also is an important component in facilitating degradation in biofuels. As

microbial organisms produce and utilize enzymes (for example lipases) in their normal
metabolic pathways, these organisms are able to digest biofuels, and any petroleum

20 fuels present. resulting in detrimental changes in the bulk composition (for exampie
sludge formation),

Moreover prolonged storage of biofuels and their blends at elevated temperature
causes produces an increase in rates of other degradation processes (microbial,
25 hydrolytic, oxidation) and results in enhanced storage instability.

The composition of petroleum fuel to which bio diesel is subsequently blended is also
important factor in fuel instability. There is supporting data which indicates that the
propensity of the fue! to form oxidation products is enhanced in certain fuel blends.

30
The invention is applicable, particularly but not exclusively. to blends of 70-98% whwt
petroleum fuel(s) and 30-2% biofuel(s).

The factors described greatly increase the instability of bulk biofuel and
35  biofuel/ipetroleum fuel blends, especially of bulk diesel and biodiesel/petroleum diese!
blends. The degradation products of oxidation such as precipitates and gums can



In one aspect, there is provided a method for combustion of a

hydrocarbon fuel composition in a combustion system with an exhaust,
comprising providing the fuel composition comprising: (i) a metal

compound selected from an iron compound, a manganese compound a

calcium compound, a cerium compound, and mixtures thereof; (ii) an

organic compound selected from a bicycliz monoterpene, substituted

bicyclic monoterpene, adamantane, propylene carbonate and mixtures

the¥é°&ﬁ ﬁﬂ?‘ﬁ%fé?&ﬁi%%aemera@wwmmsemmaswhaﬁeam@mﬁémsequem
a cefgiflevdampgayer TasvacamiaetiingAddit xtures thereof, and
(iV)p?oBM&’éQC%EB%fMQﬁ&Qg&Prrgé%s in? the ﬁﬁgémg%eg ion . I yetoneem to fuel
another aspect, there Is prowc?ed 2 MERCEEOIES HtstiEtion of a

hydrocarbon fuel composition in a combustion system with an exhaust,
comﬁﬁfgﬁﬁﬁg ﬁﬁdigﬂh@é@mmﬁm&éom gmwp6§i@gietﬂb>@féﬂ%%bustéon of a fuel
COBgiRRIAa cte iron. compound, a manganese compound, a
calgium ¢ ﬁ;guénd, %ﬁ%ﬁ‘ g&ﬁw{‘:"p”&u%%ﬁ Sﬁoeﬁﬂﬁﬂ??&mm%mg (Acaisiing the fuel
orgg;é%og' HIpEURL 'SEI8Cted from a bicyclic monoterpene, substituted
bicyclicheiahoterpaine] ademantho, BFORMENSEY, € ixtures

thesaakm @Eﬁ&gﬂgjl'@%r}gn}e&m %wds gglaectggugro&n@ phenr?cg)h%grézlsﬁs?ompou”d’ a
cogrﬁ%n&gsncomprising di(C1-4 i y)a’mlnon('_ KA &by late or
methacrytate Unte- BHP0 FHRTS Siaikehkisvaieimpratenated astess ted bicyciic
alRIAARERATS| ada paiptaees ppulyexpatkytengte siet smRIRLS ieSiasethers,

meitpis Aamyeidgnglefin copolymer additives prepared by the reaction of

m@}izg:fa&hydride with an a-olefin, imides produced by the reaction of an
alkyl amine; maleic anhydride and a-olefin, and (iv) a hydrocarbon fuel;
araterAtysting treefeies coomesitition. It is found that some benefits of the
invention are most prominent under low engine load conditions, for

exanapleyas ine ds.pperating at no more than 50%, or no WO
200810805 PO 308 B0 0 T8 T B HRSHTS5RIuIES s n a fuel

deR BRI D BHaE I AcsEiieR AY Biasteved features of methods or uses

ofitreret@ntianpound sslected from an iron compound, a manganese compound. a
calcium compound, a cerium compound, and mixtures thereof; |
(i} an organic compound selected from a bicyciic monoterpene, substituted bicyclic
monoterpene, adamantane, propylene carbonate and mixtures thereof, and
(iii} a stabiliser;
for one ar more of the following purpeses
- reducing or preventing coKing on surfaces in the combustion system:;

- reducing or preventing visibie smokiness of the exhaust gases;

- rendering the fuel suitable for use

additives it would not be suitable)

in the combustion system (where without the
- improving the stability of the fuel during storage and/or transportation;
- Improving the combustion efficiency of the fuel (for &Xample reducing the amount of

uncombusted hydrocarbons in the exhaust and/or reducing the amourt of particulates

in the exhaust and/or reducing the amount of carbon monoxide in the exhaust andfor
minimising ignifion deiay)

- improving the flow properties of the fuel.



It is found that benefits of the invention may alternatively or additionally be
found at 5 moderate or high engine load conditions, for example when an
engine is operating at greater than 50%, or greater than 75% of its

maximum deliverable power. Those represent preferred features of

methods or uses of the invention. In this specification when we refer to
reducing carbon formation, depoition or carbon 10content we refer to
elemental carbon, which may otherwise be called soot. In the case of

ekhavst gersed, dagvernisnmaywaersa thesthta Herseoakyudfire e igfesdarbon fuel

thi ificat | r ny_parts which are
sl b o SR M ARG UMM o
182ARAGSHES HPICA S ownstream of it, such as rotors, turbine blades,

824 IREAULES RRMIRME, A0 LYRAUSLAYENNG, 1D R ASBERL NG ASK Of g 5
the invention is toﬁProwde a fuel composition which provides componen?s '
(AP G5 TR AL e AR HETI U MR ARy FeideEs Wigiassnefit in fuels
20)inrgenesal; butwhichy @_ﬁmstmf_lt_'tww adyazmag@ri&é%vﬁéf T@a&bﬁm@é{arbicycnc
%}gﬁ iels, inin ity, suppressing sooting of combustion
sg.rfacegsr%’ﬁld/’ogaijn exﬁ_tta%l%[‘ garée %ﬁ”ir%%ro?ﬁr?g”c%rﬁbﬂ% |(L)%1ef)é$r'%ﬁ%ance.

I aéhfsoRitFRievHaiBmSof tRE Aestioh Aselkasrsviotisheregaidedois flow improver,

usuaablenietgive aRamMBUStaNgoReXharsFendered usable. 25 Further
spects of the invention are defined below, and in the appended claims.

letal compound (i) The metal compound (i) is selected from an iron
copolYRaozrRandesiese compound, 30 a calcium compound, a cerium

GHORYMSuANE Mxtues.theseatidhis important that a metal compound (i)
for use in the invention is fuel soluble or dispersible and preferably fuel

stable. The precise nature of the metal containing compounds is less
inpeitanothar@B0s/ 084254 POTIESPH 000101 &M@ﬂgﬁé}e%?a hydrocarbon

@9@!1BQHﬁﬁBsiﬁéﬁfﬁ@@&ﬁb@ﬂmaéﬁﬂ?gnqgmﬁ%%ng hV\a/ugp B rese'nt, g providi
elected from a manganese carbonyl compound, mangaﬂrepé)é ?mg P ng the
3‘! RRRSHGREC IR 2%ese naphthenate, and

(i) a metal compound selected from an iron compound, & manganese compound, a
caicium compound, a cerium compound, and mixiures thersof;

(i) an organic compound salected from a bicyclic monoterpene, substituted bicyclic
monoterpene, adamantane, propylene carbonate and mixtures thereof,

{iil) a stabiliser; wherein (iii) is selected from

phenaoiic resins,

copoiymers comprising di{C1-4 alkyl;amino {C1-4alkyl} acrylate or methacrytate units,
copolymers of alkenes and unsaturated esters, alkylmethacrylate polymers,
polyoxyalkylene esters, ethers, ester/ethers,

maigic anhydride olefin copolymer additives prepared py the reaction of maleic
anhydride with an a-olefin, imides produced by the reaction of an alkyl amine, maleic
anhydride and a-olefin,

and

(iv) a hydrocarbon fue!;

and combusting the fuel composition.

It is found that some benefits of the invention are most prominent under low engine

load conditions, for example when an engine is operating at no more than 50%, or no



5mixtures thereof. The most desirable general type of manganese
carbonyl compounds utilised in accordance with this invention comprise
organomanganese polycarbonyl compounds. For best results, use should
e xvade4dfia cyclopentadienyl manganese tricarbonyl 10 cexnpomachebhooiol
the type described in U.S. Pat. Nos. 2,828,417 and 3,127,351. Thus use
can be made of such compounds as cyctopentadienyl manganese
tricarbonyl, methylcyclopentadienyl manganese tricarbonyl,
ethyteycloperzaeieny| rsanganase ideadony, siwethytyslepaspadignypreferred
MaPAANESE THERHRRNY Ugrég]gggyéqx%%ggtadlenyl manganese tricarbonyl,
propylcyclopentadienyl manganese 15tricarbonyl,
isopropylcyclopentadienyl manganese tricarbonyl, butylcyclopentadienyl
mahgdneséttich iyt ehtitcirclepant adtie ytanastyehese titduiibediyl be found at
5 heafwemezaoanﬁ@gﬂ%ﬁ@ﬁga@%ﬁa&rw%wﬁwgﬂm@wsx%ﬂgﬁ,@t%dageyehmg at

man%anese tricarbonyl, dimethylo %Icyclo%intadleny manganese
y

triBHH %é@éyleyc%%aéméa?éh rhiafid E?é“fﬁ‘d@rﬁ&i‘i‘{ﬁr%‘?&eﬁ9l”ef Those
maﬁg&ﬁeﬁ@tﬁfﬁm@ fediunesl? OlikbastsmposeTdsf thanhiehitbe.
cyclopentadienyl moiety contains up to about 18 carbon atoms. In one

SR RO AT ASTNRISe ST o

10 m&ﬁ@@ﬁé%tfﬁfﬁfﬁg@E%%ﬁymw@%Nﬂr@bw%@gmmmm|$n the

inRtian éxineshylexs cpaRindignrhRaneanesedrigaskpnyl. Methods for
the synthesis of cyclopentadienyl manganese tricarbonyls are well 30

documented in the literature. See for example, in addition to U.S. Pat.

No¥hersws refer dAdhis spedicatinsida Hisovembrsiopy3rse. weasdes 1@ any parts
2,388 %4 ABEMbp4it aneha, 88hing Bgaip@agtodierSas fhRijectors and burners,

15 OTGAR YA ARANSSE-EUBR é{fg%w'ﬁh@mé%e@{a% YASHEY dgd%sthﬁe%%cove,—y

35manganese tricarbonyls such as methylacet opentadie
m&EAYRREE LSS ARefRENnzoyl methyl cyclopentadienyl manganese
tricarbonyl, described in 10 U.S. Pat No. 2,959,604, the aryl manganese

pqataﬁ@r {StﬁHQ&ﬁ%ﬂh@%éﬂ@&%@@ﬁ?o%@té?&é eé}xc}ag%ﬂgmﬁmm.des

Pat. 3,007,953; and the aromatic cyanomanganese such

AR Oy A AL A RS S e WS B HEF G WS90 i fucls
20 3 @HQ@@@@ELH@\MMP whersaaideutnnddvehagaopbetagifrlb and/or blended fuels,

in maintaining stability, suppressing sooting of combustion surfaces and/or in exhaust
gases, in improving combustion performance. In achieving the benefits of the
invention fuels previously regarded as unusable in a given combustion context are
rendered usable,

25

Further aspects of the invention are defined below, and in the appended claims.

Metal compound (i)

The metal compound (i) is selected from an iron compound, a manganese compound,
30 a calcium compound, a cerium compound, and mixtures thereof,

it is important that a metal compound (i) for use in the invention is fuel soluble or
dispersible and preferably fuel stable. The precise nature of the metal containing
compounds is less important.

35



5 manganese dicarbonyl compounds of the formula RMn(C0)2L, where R
is a substituted or unsubstituted cyclopentadienyl group having 5 to 18
carbon atoms, and L is a ligand, such as an olefin, an amine, a phosphine,

V&0 20aeusihyrrofuran, or the like. Such compounds are referreg4g; #9%os /06101
example in, Herberhold, M., Metal Tr-Complexes, Vol. Il, Amsterdam,
Elsevier, 1967 or Giordano, P.J. and Weijghton, M. S., 10 Inorg. Chem.,
1977, 16, 160. Manganese pentacarbonyl dimer (dimanganese

degaorrheny -oanalsa be employed if desired. Preferably the manganese
compound is a manganese complex. 15 Preferably the manganese

compound is selected from cyclopentadienyl manganese tricarbonyl and

subsatRiRRIVCH O BRERAERN FPRRA AN sk riRmRgRy IS FRIEGIRthjamesananganese

conrgbemd coaptindy elapgaiasiaiy bregiganenetdcarbaiidsdthaphthenate, and
5 subgiitwedcydapentadienyl manganese tricarbonyl, wherein the

substituents can be, 20 for example, one or more Ci.5 alkyl groups,

preferably C1.2 alkyl groups. A combination of such manganese

coiffpsienastinsiattiebgensad . Hpeferablyihenessanganess cumpeURdsisitiised in

o dFRENA SHipAe t|t ted
Cyﬁijg,Pgntgd'eﬁﬁﬁgﬁ?ﬁélcamoﬁ& Prg‘ﬁgrag%w aéngﬁégbne compounds.

compotnd [EMethyRSE %@di’@ﬁ%rﬂ%ﬁg‘%\’ﬁ@?@ %WFW?“}G tricarbonyl
10 Caterpewrhpidhadypretiosiiyed daldibnPebniosuldaRAen presBriRisss1. Thus

selaatesddres saleus 30@%6!9.%999@59 E%B%@@%W%ﬁggﬁ&@%carbonyl

su“:jwe,E F\ =% cal{.:aglen farbo lates (mclu%ﬁﬁwcalcmm soaps including

neutral CAIGRIT | S0apYand 9 fbeggegigar sGUYSYdReAdiERYS manganese

thdfieatbepdierably tl@?ﬁi&'ﬁmiémtﬁﬁﬁwlls calciumesgifoesge. WO tricarbonyl,

209&9&9%%‘%“%%9%&%%:%?% AU lﬁcﬁ@‘&ﬂéﬂd ’(é?géﬁlpph'ﬂqﬁanese

ar an are discusse
1 P e S S il rotioReniadieny

sel’é%’i‘gaq?éﬁ ceffifroAnyk- etmmmaﬁemeta@@nm sumngRaess ceritearbonyl,
cahbeylyiatopefitadiatiylg CeringSeaes lneh&mweutrab@@w&w@@aa@a@amenyz
Ovﬁg?%%ﬂgéée”%éfﬁ)@rﬂﬁ) A S gggsl;meta - Comgoﬁ)ensde-rqncarbonyi

€ Iron compoun mpoun

rovided a si
e o e o, nd
20 prékenenipeunidsim oyl éiesplicotethtrdiemlisnoiety contains up to about 18 carbon

atoms.
In one aspect, the manganese compound is an organomanganese compound.

25 A preferred organomanganese compound is cyclopentadienyl manganese tricarbonyl.
Particularly preferred for use in the practice of this invention is methyleyciopentadieny!
manganese tricarbonyl.

Methods for the synthesis of cyclopentadienyl manganese tricarbonyls are well

30 documented in the literature. See for example, in addition to U.S. Pat. Nos. 2,818,417
and 3,127,351 noted above, U.S. Pat. Nos. 2,868,816; 2,888,354: 2.960,514; and
2,987,529, among others.

Other organomanganese compounds which may be employed include the acyl
35 manganese fricarbonyls such as methylacetyl cyclopentadienyl manganese
tricarbonyl and benzoy! methyl cyclopentadienyl manganese tricarbonyl, described in



cyclopentadienyl iron; substituted bis-cyclopentadienyl iron; iron
carboxylates (including iron soaps including overbased iron soaps, such
as iron tallate and iron octoate); and mixtures thereof. 20Preferably the

Vitbeswosund is an iron complex selected from bis-cyclopeptadisrgbsrons et

5

substituted bis-cyclopentadienyl iron and mixtures thereof. Preferably the

iron compound is a substituted bis-cyclgpentadienyl iron selected from
adamantyl bis-cyclopentadienyl iron, bis(dicyclopentadienyl-iron)
dicarborRatand. 22rabe e theresdy Bistdipyiepeptrtieaongn) iearhanyihenyl
> Aanddnae eicloneniadieqiion 94%(%9%9"E%?,ggs%%@gﬂsi%mmaﬁc

the iron compound Is an iron complex selected from biscyclopentadien

iroﬁ?%ﬁ?ﬁ%ﬂ??ﬁ%-éﬁ&ﬁ@ﬂ%ﬁ@?@l %nr’nes:tylene cyanamanganese dicarbonyl,
big{d&wibbxperwaﬁli@mylqummcmmoqydema,_twatmahd mmmmﬂ&diewl
mixiurgsibareaf{Hbey SLiRRIS SUPsHUiRY BisroyGlORRINRUSRY! Bre R is a

complexes are those wherein the substituents can be, for example, one or
mGHPEUie B TRRSEeE SIRPREREE 0 SIRYP GRYITASS PR AR e RS and
alkylgpoligssidCaudh ik pngelslips aprasferebly IBbsphitke| §oupsrahydrofuran, or the

35pMbIREINR SARIFHUY RLAURRIENER MaY AsmhBe YsetePod, M., Matal 7-
2008/084251PCT/GB2008/000101 12 Suitable

IRl A DB R BIRSVFSn BRI REape. P and Weighton, M.

10 cyéoprntdieny|(@Bthyléy cl6pentbdieganipsmmpentacarbonyl dimer (dimanganese

5

20

25

30

35

cyglnrRatssion\diathikb exclanssadieayliian, bis(methylcyclopentadienyl)
iron, bis-(ethylcyclopentadienyl) iron, bis-(1,2-dimethylcyclopentadienyl)
iron, and bis-(1-methy1-3-ethylcyclo-pentadienyl) iron. These iron 5
coftipfesadly dad HangasnearceP P eHBAIER BEES 1E8E RPInPe S -A-2680756,
US-A-2804468, GB-A-0733129 and GB-A-0763550. Another volatile iron

co X IS iton pentacarbonyl. Suitable iron complexes are .
o g R s SR IR e envadieny| gpganese

coldrafipeme anchebsbitnerbrcanentadnnd snaptieegisntiifarkemition metals,

including iron, in hydrocarbon solvents, e.g. diesel fuel, is well known to

thage skilledhin e ArhES6Re A Yenaahdel i
15Substituted bis-cyclépentaﬁae%%?rﬁp é@)%n g%%%ﬁgﬁsﬂggﬂtﬁ%g an%?t}:onyl and
feﬁﬁ%%@? Biclgeetiadicny! manganese tricarbonyl, wherein the substituents can be,

for example, one or more C; alkyl groups, preferably C..; alkyl groups. A combination

of such manganese complexes may also be used.

Preferably the manganese compound is selected from cyclopentadienyl manganese
tricarbonyl and substituted cyclopentadienyl manganese tricarbonyl.

Preferably the manganese compound is methylcyclopentadieny! manganese tricarbony!
(MMT).

Calcium compound

Preferably a calcium compound, when present, is selected from calcium 2-
ethylhexanoate, calcium napthenate, calcium sulphonates, calcium carboxylates
(including calcium soaps including neutral calcium soaps and overbased caicium
soaps), and mixtures thereof.

Preferably the calcium compound is calcium sulfonate.



invention include those in which substitution may be on either or both of

the cyclopentadienyl groups. Suitable substituents include, for example,

one or more Ci.5 alkyl groups, preferably C1.2 alkyl groups. 20Particularly
vabiitedslesatisy|-substituted-dicyclopentadienyl iron complexes fgulastiia@dooio

ferrocenes)includecyclopentadienyl(methylcyclopentadienyl)iron,bis-

(methylcyclopentadienyl)iron,bis-(ethylcyglopentadienyl)iron,bis-(1,2-

dimethylcyclopentadienyl) iron and 2,2-diethylferrocenyl-propane. 250ther

suitable SUbBIRURINR HIRbMSVL RGBSR YSioRentRNRRVGERSS4610 and
incéréjgispycslggéﬁle%%ups such as cyclopentyl, aryl groups such as ‘

toly pheny"f, and ace{yl groups, such as present in diacetyl ferrocene. A
particularly useful substituent is the hydroxyisopropyl group, resulting in
(a-Dyduoxyisopsanyl) ferrocene. As disclosed in WO-A-94/09091,

5 (a-hydroxyisopropyl)ferrocene is a room temperature liquid. 30
Ferrocenes linked by a "bridge" may be used in the present invention.
SUtEHREAEHMRRSITHES RRBREHTh HRERREE27 18 S8 ARRI TR0 B3indlas:
Thetby hsuitable,"teidge Slipkorgfesrcedire sartsyxiietesUnalkhgiec.or soaps
SURRIIHRAHRYIA RV JEMR- BB IE A SURRHIEHST SHPHtHIRY thereof.
hydrocarbyl group” as used herein means a group 35comprising at least
and H and which may, optionally, comprise one or more suitable

10 syberiteempsunda preferred embodiment one carbon atom of the "bridge”
hydrocarbyl WO 2008/084251PCT/GB2008/000101 13 group is attached
to wgréergaocggerr&oéeges, hence, br%ng the ferrocenes. Further )
ferrocene Phorehiee/ ey Ha M LRRGUTRILPHEP BFELECPRANBL AL @ mixture of
gréapSOMPPERE: unsubstituted or substituted hydrocarbyl group is an
unsubstituted or substituted hydrocarbon group. Here the term
"h " means any one of an alkylene 5 group, an alkenyle )

15 ore e e B BRanC ey AR arind fom b
cyEYidOBRHAURYY Jretisubstitetaghhishsy dirpemadisattiner bersonbetetes
hy(iicioantp nogyr eogpeiay beiraoadiyisee ilressdird alkiI8orR @ tallate and iron
CVSHP@AF%E%%%J tegm hydrocarbon also includes those groups

but wherein they have been optionally substituted. If the hydrocarbon is a
branched structure having 10 substituent(s) thereon, then the substitution
20 m&yseraivydith énotheohyminoehihamifeackdniexasenrctine fhyrnsibicyclopentadienyl

altespadiisdbt g BIRBiLgiRRERaY RR A SYEFacaBagackbone and

on the branch. A preferred unsubstituted or substituted hydrocarbon group
is an unsubstituted or substituted alkylene group having at least one
carpfarakkbnitia ites seyieewnd kg subidivie ¢ reifecptibnatedisrslibstitabtatod from

supsiifiaieg IhyeiocaraeRiouRdS AfSHASIEHIES AN AYERI It WRbonyl  and
25 all%l)g&_ee rqﬁjgrggfvm%ifréorin 1ct)o %g arbg_n a%oms_ in the alkylene linkage,

for Example. TavTig at Teast SPREATCRIGHR I (HSah8MEhe finidiif ofown  as

h&ViFigrshtadiemdireadineibomb ditkglene linkage. If the hydrocarbyl group

comprises more than one C then those carbons need not necessarily be

linke e her. For example, at least two. of the carbons may be 20

Iiﬁbega{}(l&a §§ _lﬁ?gbﬁé‘%e'ﬁgnt"S'r%E%‘ﬂ‘S. JIshuasr} tﬁré)%ya%n(f) %ylsﬁT%ﬁ/ﬁngﬁm bis-

cOHERRFTERSIB Yo ifR. SERRRI e teirr rioResRdlieny alrprardris(tictsinnsntadienyl-
30 skilkegticatberst avel tinlehedendobinsiaiace sid phiiursinegripand oxygen,

for example, oxygen. Other organometallic complexes of iron may also be

used in the invention, to the 25 extent that these are fuel soluble and

stiiE" SuitableoRHBRIREEd fRifRHS oRs A RRY R oFP PRI ASB )RS MesTein the

nowastidsoisytafl |3 bistackempleironetvc anbengl, ;aatkyl groups, preferably C..q alky

(c i iron.gi | dim C tegkalin i

yrlape ey o Qréaf&'g'la_éll ¥l ¢ .&%{k BP&:EQ &é}érgbﬁ?&_z %lfé@%&eups. A

tetraphenylborate (Fe 2'(B1( 5)4)2) may also be emp
35 38R pr‘é‘%{%&fi?gﬁ 5 mqﬁggﬁ@éﬁ’@?i?& Yi€%yclopentadienyl iron).



Instead of ferrocene, equivalent quantities of other organic iron

compounds which are soluble in hydrocarbon mixtures can be used in

respect of the iron content. This applies to all statements and descriptions
WEees AN, Dicyclopentadienyl iron has 35proven to be pa®iCEiaH 08000161

suitable. Ferrocene derivatives can be used at least in part instead of

ferrocene. Ferrocene derivatives are comypounds where, starting from a

14 basic ferrocene molecule, further substituents are found on one or both

of Ma@elo@bﬁaeﬁ@yladﬂgsymmmgo ulchbe-etipdiesocrnae cyclopentadienyl-
bubyiarReeRBeReaRARI TOGERE a@ﬂlgp@ﬁ@ﬁr’%&}’&ﬁ%@é&é@%@%ﬂﬁ) iron,  bis-

Geminal bisferrocenylalkanes are also suitable, as described, for ]

exgﬁ?ma',c‘/ﬁ*@@fﬁ%ﬂ%%gg%d BE EBy'ensiapatadiRad) reat of bis-(1,2-dimethyt-

copybipraittiehitieirao | dpiityjst iy Ricthyeoboptekddiend)jabove dihese iron
5 YO@W&@M@H%@B&&%&E&W &?r&@éé@e{&ﬁﬁ%gi}{ @g@%&d&w ﬁé‘,SJQIA@%ousa,

in n ian. Fer n is.an especially preferred iron compoun

o A e AN Rl SRS PR AT ARy

as PLUTOcen™" and as JOsolutions, SatacenRTm both by Innospec

Lirpiigshid NRoiortap@aN dsdordiseyiofpsiianiondieedrafl fealuiethyicycio-
'ro&(}ﬁi@&g‘ 'B;E?nds in order to be fuel compatible and stable. Salts may be
S

TON.
used,; ay be neutral or overbased. Thus, for example, overbased

10 spaps including iron stearate, iron oleate 15 and iron naphthenate may be

useek bbeshnidstiter shenfisaipasisiamab nheledisompsior ol SREREA MelBe inciuding
Kitk-Ot 0 ia. of Chemical Technol 4th Ed. Vol.. . .
S ISR B A EBRR LS U I Ol ol e o

iro iSRS x A §HP0E80 AR rRA#PHEAUde the so-called 'drier-iron’
species, such as iron tris(2-ethylhexanoate) [19583-54-1]. 20 Iron

15 CORpIaXERNBISAMHRG R r%@ﬁﬁ%ﬁ%‘&?ﬂﬁrz {aﬂgsﬂekgége%gga%@i%h&e in the

preceding reference may also be used in the invention provi ese are

ad BRI RN HSSELIE M aHESTYLGN eviksude @hpleXediithof the
p-dykitperdteryl ghoas se tBaitattiedhegtansdi oaide Iorleonmple plaxes obre C. s

thg;igllgwﬁg}%@@%l&g&ng@%%%@ suitable for use in the invention:

aromatic Mannich bases suchas those prepared by reaction of an amine
with an aldehyde or ketone followed by nucleophilic attack on an active
20 hydedigein R0 suiiekiniakebsubsliin dalgydrepradistybitire coaplimrof{Swisstituted

eiai}/@deizégpf (thicapeoPeny eIk datRIdsidis AR ONe Ghbn, bis-
et(%&ﬂﬁcﬁ%méggtadienyl) iron, bis-(ethylcyclopentadienyl) iron, bis-(1,2-
dimethylcyclopentadienyl) iron and 2,2-diethylferrocenyl-propane.

25  Other suitable substituents that may be present on the cyclopentadieny! rings include
cycloalkyl groups such as cyclopentyl, aryl groups such as tolyiphenyl, and acetyl
groups, such as present in diacetyl ferrocene. A particularly useful substituent is the
hydroxyisopropyl group, resuiting in {(o-hydroxyisopropy!) ferrocene. As disclosed in
WO-A-94/09091, (a-hydroxyisopropyl)ferrocene is a room temperature liquid.

30

Ferrocenes linked by a “bridge” may be used in the present invention. Suitable
compounds are taught in WO 02/018398 and WO 03/020733. Thus, a suitable “bridge”
linking ferrocenes may be a unsubstituted or substituted hydrocarbyl group. The term
“unsubstituted or substituted hydrocarbyl group” as used herein means a group
35 comprising at least C and H and which may, optionally, comprise one or more suitable
substituents. In a preferred embodiment one carbon atom of the “bridge” hydrocarbyl



hydroxyaromatic oximes, such as (polyisobutenyl)-salicylaldoxime. These
may be prepared by reaction of (polyisobutenyl)phenol, formaldehyde gnd
hydroxylamine; Schiff bases such as those prepared by condensation

weamienstmtween 35aldehydes or ketones PCT/GB2008/060101

5

10

15

20

25

30

35

(e.qg.(tert-butyl)-salicylaldehyde) and amines (e.g. WO
2008/084251PCT/G82008/000101 15 dedecylamine). A tetrader!tate
ligand may be prepared using ethylenediamine (half equivalent) in place

of @m&&gﬂﬁﬁéd%tfﬁw;ﬂéﬁ?d@ﬂéﬂﬁ&?ﬁé%ﬂlé\%e. briggigg th_?] gﬁrrig?eonres. Further
2- ituted-8-quinalinals, for exam -dogecenyl- 8-qui i
R e e U o TP R B ot g e
whifeitiiatet batitrbstitataiR Dveros i varntshy Feisia lomybbtiinete .o substituted
20+3arCcatoonsyraygr Owwkﬁmlmﬁﬁﬁ)ﬁfﬁﬁbﬁﬁbﬁfﬁe of an aikylene
itute I e aromatic rings may benefici e further .

23 i%%gte%n\?v?tﬁgﬁ%é?cggw roﬁp%%%?égpgwgrrog&yl%h%ﬂp%'fo"f:%srbrgﬁylige ifnear,
achyERee Ih P TaPR AR o dRid s main thetHasebplitiiede Bybstituted
10rwdctimmnboh agrcamphiydsidee (arg atipidese Byt rsiiee rﬁiky?lﬁhé’ dﬁ:d@j)ﬁﬂﬂlhﬁene group.
' QLY Icoho! ri e cql). acylated,amines.
T B o R el TN BRI AR 6L Wbl been
skm%tboﬂ?l{%e %\'ﬁsﬁﬁ\?&ver, haftfeuMEAGaE0N ot e PrchivescShreBRe daving
by setstticantélalikersdrsubistitutesl subsiingies, maghtas dodetenytisicsiicearbon

159&&%“@%rWﬁl?h@rb%ﬂ?a%ﬁt%l%%'mm%ﬁéww edciﬂqﬂgﬂy%{'acarbon
m%glé%-z- mewﬁlﬁgﬂleng-benzo te; amino-acids, for example those
0

orERSFS, L o PR LimiRe S RIFF A L BRSLUHRRifB SHRGTAjed hydrocarbon
arig U A RIiyted i ashsiithsthaitiieoey mud heeisgsatvieese ane carbon

prigesiy mmiee ikyuend, thiagaay el braareitVias VMG hsaHEBLS 20t uteq

L AT ETR e

thd S prefrapiRTeditiae Alkeleastiinkasealieylexempleehavinwith laisb Aydeson atoms

preferabbiyiriagidkadge Rietrably dnd, GAEBANAIRMS. 104 GNGBRE inkage. If the

Zﬁﬁ%%éﬁéﬂyﬂ%up comprises more than one C then those carbons need not
necessarily be linked to each other. For example, at least two of the carbons may be
linked via a suitable element or group. Thus, the hydrocarbyl group may contain
hetero atoms. Suitable hetero atoms will be apparent to those skilled in the art and
include, for instance, sulphur, nitrogen and oxygen, for example, oxygen.

Other organometallic complexes of iron may also be used in the invention, to the
extent that these are fuel soluble and stable. Such complexes include, for exampie,
iron pentacarbonyl, di-iron neonacarbonyl, (1,3-butadiene)-iron tricarbony!, and
(cyclopentadienyl)-iron  dicarbonyl dimer, Salts such as di-tetralin iron
tetraphenylborate (Fe(CioH12)2(B(CeHs)a)2) may also be amployed.,

A preferred iron complex is ferrocene (i.e. bis-cyclopentadienyl iron).

Instead of ferrocene, equivalent quantities of other organic iron compounds which are
soluble in hydrocarbon mixtures can be used in respect of the iron content. This
applies to all statements and descriptions which foliow, Dicyclopentadieny! iron has
proven to be particularly suitable. Ferrocene derivatives can be used at least in part

instead of ferrocene. Ferrocene derivatives are compounds where, starting from a



alkylated, substituted pyridines, such as 2-carboxy-4-dodecylpyridine;
borated acylated amines. These may be prepared by reaction of a
succinic acylating agent, such as poly(isobutylene)succinic acid, with an

WAN38/08¢5H as tetraethylenepentamine. This procedure is tHETfGHOAUEEC101
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by boronation with a 30 boron oxide, boron halide or boronic acid, amide

or ester. Similar reactions with phosphorys acids result in the formation of
phosphorus-containing acylated amines, also suitable for providing an
oilbeslubilericoaregh etatecine uRetivetheubsieriion are fydolendenwativesin of the

vagigg Balodaliad pydole isaubstituted gk th%@-p&ﬁyi@rt?afeﬁép%%&Tocene,

O2H, SH or C{O)H. Particularly suitable pyrrole derivatives

2R HABLRSE FIE BICHBRIBIRT PR INERRGES - CamioRl NisiepERAY lkanes are
sudiidrosid aied 85 stashraedhis e dtipefonbla® | B03E avti &8 122108 206.8

to C80 hydrocarbyl group, e.g. dodecylbenzene sulphonic acid;

organometallic complexes of iron, such as ferrocene, substituted

fe 9%&5

B FRRY 2P B RRIRIRR Al FB LBl aRRD Woibidfe Pty ROBlent and, above
ovalt-lyakditityr dhes sapsitamcb tarydatmes sudpineteats  iiconcpiommiendeofer use in the
carxylate Rt dQmetikeioRala CRPYRISKL PreferreHiRRICHRPAIRERISS #96 basis.
usg in the invention include those described in US-A10 4,37%),#4(57 antko d
USSR 3 R = ST R TR PP R H O =
inclidtonfoSeistens Topatuly MRpReE Ligkedin: M is an iron cation; R is

the residue of an organic compound RH in which R is an organic group
coptaining an active hydrogen atom H replaceable by the 15 metal M and , .
A AroUoR () AP Iehiog et el Oy Fones
poieethbsgee] feraghperod siabler ota¥svrYigantsedolseare s ayrhfimperal or
dasiuatzead. Withid)goneiahatiopvaBsskd S6appas T FRDPSHEsR RS @S oleate

a %ﬁ&v !§ogﬁ%h?ﬁggg{éegﬂ %?LS&E“ pﬂ%@\%c@ fgrotr%:ﬁé%%%}/ls&hgf rrnn%ttgl soaps are

compoun IS selected Trom one or more Iron co

meRRARERIo e RESdIEHyPHRIR dsye trassisoR) Cheatigalntagngloay. 4th Ed, Vol
2-8thythesmnoahe, Vit eSenaapisdienaseitaaleiwniZaelinginexasroateiral, iron

Caé%%wafé@%?% ﬁ?!ﬁ@ﬁbéﬂ@%ﬁu&@fmgl ﬁéﬁ%}ﬁm@p%%%iesd s(%ch as

cerium sulfonate, and mixtures thereof. 25 A preferred metal compoun

is STitBHESPBERN Bspdd R rafrdtene.

fron complexes not featuring metal-carbon bonds and not prepared as in the
preceding reference may also be used in the invention provided these are adequately
fuel compatible and stable. Examples include complexes with B-diketonates, such as
tetramethylheptanedibnate. -

lron complexes of the following chelating ligands are also suitable for use in the

invention:

¢ aromatic Mannich bases such as those prepared by reaction of an amine with an
aldehyde or ketone followed by nucleophilic attack on an active hydrogen
containing compound, e.g. the product of the reaction of two equivalents of
{tetrapropenyliphenol, two of formaldehyde and one of ethylenediamine,

= hydroxyaromatic oximes, such as (polyisobutenyl)-salicylaldoxime. These may be
prepared by reaction of {polyisobutenyl}phenol, formaldehyde and hydroxylamine;

« Schiff bases such as those prepared by condensation reactions between

aldehydes or kefones (e.g. (fert-butyl)-salicylaldehyde) and amines (e..



Organic compound (ii) 30The organic compound (ii) is selected from a
bicyclic monoterpene, substituted bicyclic monoterpene, adamar!tane,
propylene carbonate and mixtures thereof. Preferably, the organic

womperwnd<i) is selected from a bicyclic monoterpene, substﬂg@g‘g@%%m
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monoterpene and mixtures thereof. 35 WO
20081084251PCT/GB2008/000101 17 f‘i’ example, one or more of
aldehyde, ketone, alcohol, acetate and ether functional groups.

Preferabscfisaraania cemprHRL (i i5a P-IEMCBQ P R$¥ OLinylenediamine
substityted bicxc’lcg. L

mono'ﬁtg!}?oeﬁ%%fe Sl BIRESh SRSF A ne, isobornylacetate,
dipropyisriiglpdaitisobler syt tve?-aviostiniddras tiverienls, finoremprBabdeceny!-

the orwﬁmgmmﬁ.@ﬁdg&g%ﬁo{m&;&mr, camphene, isobornyl
acetate, di o lene I}/col-isobornyl ether, adamantane, prqprﬁene ’ _
BRI PR e Rera R oRR NP R SRR BB St which

10carbona
is caniplifor ICrgmbadT (eap the-39 Seroati) hpdnesarbyl group. in the case of both a-
1,7, 7-4methy\Qicye 2 tap:2- r has the follawing

structgr!g Ig %%g%g? (i#f-ghggThgét%ﬁgé%r%lg@%%m%%ur?(? Wi ’F&V\ﬂchse tgurther

maintSP TGS AR O PR3 Dh B Rk yhaHRy; Asphaltene
disperszihtaiic stadtiserdjin caticpRyadschidable dolHsabRRINMSe prepared by

Stabi”?@écﬂ.@li%lw Q’ﬁmﬁ%ggn%gi.Sp%EJ%ae@g’ﬁy%Ssuccinéc anhydride) with a single

equivalent of an alcohol (e.g. triethylene glycol);

¢ acylated amines. These may be prepared by a variety of methods well known to
those skilled in the art. However, particularly useful chelates are those prepared
by reaction of alkenyl substituted succinates, such as dodecenyl succinic
anhydride, with an amine, such as N,N'-dimethyl ethylene diamine or methyl-2-
methylamino-benzoate;

¢ amino-acids, for example those prepared by reaction of an amine, such as
dodecylamine, with an «,p-unsaturated ester, such as methylmethacrylate. In
cases where a primary amine is used, {his may be subsequently acylated, such as
with oleic acid or oleyl chloride;

« hydroxamic acids, such as that prepared from the reaction of hydroxyiamine with
oleic acid,

¢ linked phenols, such as those prepared from condensation of atkylated phenols
with aldehydes preferably having 1-22, preferably 1-7, carbon atoms, for example
formaldehyde;

o alkylated, substituted pyridines, such as 2-carboxy-4-dodecylpyridine;

¢ borated acylated amines. These may be prepared by reaction of a succinic
acylating agent, such as poly(isobutylene)succinic acid, with an amine, such as
tetraethylenepentamine. This procedure is then followed by boronation with a
boron oxide, boron halide or boronic acid, amide or ester. Similar reactions with
phosphorus acids result in the formation of phosphorus-containing acylated
amines, also suitable for providing an oil-soluble iron chelate for use in the
invention;

¢ pyrrole derivatives in which an alkylated pyrrole is substituted at the 2-position by
OH, NH,, NHR, CO;H, SH or C(O)H. Particularly suitable pyrrole derivatives



Asphaltenes may cause loss of uniformity and mobility, and ultimately

stability, of a fuel, by promoting separation or sedimentation within the

fuel. An asphaltene dispersant herein acts to disperse asphaltenes in a
ViGeltaB@eitirhately the aim is to prevent asphaltenes from causirigdkanos/co0161

problems, or separation, or sedimentation, from coking surfaces or

forming carbon aggregates which are visgple as "smoke" in exhaust gases.

Asphaltene dispersants are commonly WO

2008/piide IPEGHOHIM8/PYNERE; 18 believed to form a steric layer

0 e RPLEEn e WAER DS AHOMELE ST PG . 1o Ca

resins. As ene dlspersants appear to |n ation o

asphdlﬂ&ﬁ%cmiﬁfm’@eelglsd&éﬁé SRS ANRT OGS 3¥ftaining
well-disgansedasiphaliesesds duroh, tigmspfalietaskamRtsmady fyrocenes, iron
s combyjg dL%%éHHfaatq!xgot (R8s {}9'%%4 S0 SIE W soaps

monoxide. Components ( assist in achieving excellent, cle
comb{f&iB ﬂ"%@v@@eﬂﬁﬁﬂ%tﬁé IHRUPLREo YR et #Hichdmes sfiketonate
the invempdaxea/e are not bound by theory. The invention relies on the
finding that compounds of formula (i), (ii) and (iii) work in combination to
praovide the beneflts referred to above, in particular the valuable benefit
thatHiRhEr HRRSPSIAER FouRR ) RIS S bR RGe RoRgRRed in US-A-
10 préhvd@0sily haeh URohdlilGictédsary. Suitable asphaltene dispersants for
use in the present invention include alkoxylated fatty amines or derivatives
of; alkoxylated amines; alkane sulphonlc acids; aryl sulphonic
R RS RER R AOETAEATES B B HOGHAN e v S formula
caMiByit- ard’na@ahﬂﬂdemantwethrébﬁ thieyietidvm bhitetrgdeicasimpound RH in

hyﬁm{w WiRARiRYHGPOlHERSy @Mhﬁv@%w PRERAP E—P@M%H“e\d&@%y the

formaldehyde re n I I a s; alkgxylated amines
5 'ga C(&eo str?gsa/gml Wltterlon %‘ tﬁﬁé’é"?ﬁt v d? g s Oora
Ie@ﬂﬁfﬂVwaﬁMWé@mé}%aﬁm @f@m\&@gmﬁ mtestalesdaryimddedative bond
sugginmRidetal Qdaoefamad aspRplass sishsiksanisiiag Hse inthe piesent
invention are molecules comprising alkyl groups, preferably alkyl groups
havm at Ieast 12 carbon atoms and polar functional groups selected
ass SampleREBENIE acid groups, phosphonic acid groups,
20 carboxyllc aC|d groups amines, amides, |m|d§es alcohols and esters. 25

Cwage@stwmgm&mm ﬁpg%@&@&% ﬁg'a?m%;—ﬁﬁ% sét

molecule may, for example, be f oxy ene unit, Carbonate
Bl?ﬁy%'ﬁe%mlﬁmér@%aﬂgese SRR aﬂa%eéub%trwmate
oI|gmnmemmbﬂmtwmtﬁthMeﬁapmymrmmef AGRBEMALE calcium

C i f
IR g%%zswcﬂes%%%{% AnAHBRB rereot

functionality. WO 200

25

A preferred metal compound (i) is an iron compound, especially ferrocene.

Orqanic compound {ii)

30  The organic compound (ii) is selected from a bicyclic monoterpene, substituted

bicyclic monoterpene, adamantane, propylene carbonate and mixtures thereof.

Preferably, the organic compound (i} is selected from a bicyclic monoterpene,
substituted bicyclic monoterpene and mixtures thereof.
35

Suitable substituted bicyclic monoterpenes are those wherein the substituents can be,



19 Suitable alkoxylated fatty amines include those of formula_(i): _
(CH2CHO)x-H Ri  5where n is an integer from 'l to 4, whereln_when nis
1, A has structure (a); when n is 2, A has structure (b); when nis 3, A has

walruaismsssy and when nis 4, A has structure (d): R-N/N- PCT/GB2008/000101
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R-N-(CH2),-NR-N (CH2)m-N (CH2)m-N (a)(b)(c)(d) and wherein R is a C6
to C22 alkyl, preferably a C6 to C18 alkyll,,, mis 2, 3 or 4, preferably 2 or 3;
X is a number from 5 to 120, preferably from 10 to 80; and R1 may be H,

CHg- aixheitle VYRELPR4BrdNG inclindengdng eéfg&g]aé(cg%t%r%%ggger functional

randomly or in blocks. Suitable sulphonic acid derivatives for use as
asﬁhé’l? he dispersants include alkyl sulphonic acids, aryl sulphonic acids,
alkyl aryl sulphonic acids, and derivatives thereof, for example those of

formueia4bly AR6INRRRS CoMpARA o) 18 QWE?&M@%F}JE% m%@&%t&mﬁcychc

sR is an optlonally sqbstltgted linear or branched a@%/ group having

> 40 A BEPSSms, SSararably O 30RHRN ato D e&?optl'ﬁﬂﬁﬂﬁ'/’yi acetate
suBief Wﬁ@%cﬂdﬁ?ﬁﬁw%@hﬁﬁ 0 B0iIarsethateris. Preferred 25aryl
groups are those based on napthalene or especially, benzene. WO

20918@1%43..5,&&9”%8&%9% 9 Q:%]moplo%gd (i) is selected from camphor, camphene,

iscbornyl  acetate, dipropyleneglycol-isoborny! ether, adamartane, propylene
carbonate and mixtures thereof.

Preferably, the organic compound (i} is camphor. Camphor has the systematic name
1.7, 7-trimethylibicyclof2.2. 1]heptan-2-one. Camphor has the following structure:

Me Me

AMe

Stabiliser {ii)

The stabiliser is a compound which acts to maintain the uniformity of the fuel, and
hence its mobility,

Asphaltene dispersants as stabiliser {iii)

Compounds suitable for use herein as stabiiiser (jii) include asphaliene dispersants.

Asphaltenes may cause loss of uniformity and mobility, and uitimately stability, of a
fuel, by promoting separation or sedimentation within the fuel. An asphaltene
dispersant herein acts to disperse asphalienes in a fuel.

Ultimately the aim is to prevent asphaltenes from causing flow problems, or
separation, or sedimentation, from coking surfaces or forming carbon aggregates
which are visible as “smoke” in exhaust gases. Asphaliene dispersants are commonly



disubstituted aryl moiety, most preferably C6H4* Also preferred are
secondary alkane sulphonic acids in which R has 8 to 22, preferably 11 to
18 carbon atoms. Preferred sarcosinates for use as asphaltene

wiispesggmtsiin the present invention include those of formulap@ityc sz 101

R2 Wherein R1 and R2 are independently selected from optionally
substituted alkyl groups having 1 to 30 ggrbon atoms. Preferably R1 is a

07 to 021 alkyl or alkenyl and R2 is H, methyl, butyl, isobutyl or a Cli to
02Bcpk0dg %M@%@%Q%@M%@@ HeHas, %ﬁﬁﬁgﬁg%‘ﬁe aromatfc and

dispersants in the rese |nve tion inclu rﬁ?kggoun sin

opfionally SUbatitt Bshydr%%ar!b RTEVAS R85 ¥6v Iléhgc grmation of
reﬂ@&}@@?ﬂ@ﬁ@%@ﬁ@é alkbxg dreigysd EﬁafnmofWemmelnFE!l-dlspersed

camxuliemmmdsﬂed%mgw%ﬁé fonpnedmbuie) &i’b@nateiy to‘carbon

ﬁgljéc H H2000H . her in R is 02 t , .

pre era %g‘%g %% %?%?era%)):\é%‘f to“&?fgx1 alkyl (;&r éﬁkeny% ?%Za i d@oaSS'St n
pr@@i‘ﬁlﬂ‘ﬂﬁ@‘?@“@f@‘éﬂ%ﬂaﬁ?}ﬁ $tiafd HowseTnveisisenayer# Sheopato explain
prefieradpfit efittecianshijonrevindepesidsnily Byienddnprateratlyridide #les on the

Prﬁa%rggwbeo%é&@a&&@fm>s ig)t @5%%'1(3%%0&@% Pieigrably, Qstgsaee the

Phosphoric acid esters suitable for use in the present invention

|n358@%6?1f§§f§jr§°cﬁ89i’€r§"hﬁaqﬁé@fe%ep‘f‘%'ﬁépéﬂ bESSH ‘fHB"’Fe‘HEtRSrfL@fS can be

10 phusgshioradtetione/ilnéattijohleohdls, fake xptatedsintiyen totnalstaedessary.
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alkoxylated alkylaryl alcohols. Preferred 30phosphoric acid esters include

th sters and djesters of formula (v
esm(oQ;e asphaltene g!Spersants for use in t%e present invention include alkoxylated

fatty amines or derivatives thereof; alkoxylated polyamines; alkane sulphonic acids;
aryl sulphonic acids; sarcosinates; ether carboxylic acids; phosphoric acid esters;
carboxylic acids and derivatives thereof, alkylphenoi-aldehyde resins; hydrophilic-
lipophilic vinylic polymers; alkyl substituted phenol polyethylene polyamine
formaldehyde resins,; alkyl aryl compounds; alkoxylated amines and alcohols; imines;
amides, zwitterionic compounds; fatty acid esters; lecithin and derivatives thereof; and
derivatives of succinic anhydride and succinamide.

Preferred asphaltene dispersants for use in the present invention are molecules
comprising alkyl groups, preferably alkyl groups having at least 12 carbon atoms and
polar functional groups selected from, for exampie, sulphonic acid groups, phosphonic
acid groups, carboxylic acid groups, amines, amides, imides, alcohols and esters,
Compounds including aromatic moieties are also suitable. Regions of the molecule
may, for example, be linked by a polyalkoxylene unit, carbonate groups, imine or
amide groups.

Suitable compounds are polymeric or oligomeric compounds. Most suitable are
polymeric or oligomeric compounds inciuding a hydrophobic functionality and a
hydrophilic functionality.



0 HO-P-OR1 (v)olR2 wherein IR1 is selected from H, a C1 to C30,
preferably a C1 to C22 alkyl group, a C2 to 030, preferably C2 to C22
alkenyl group, a CB to C30, preferably C6 to C16 alkylaryl group 5 or

WEHPE813D) R4, where R3 is H or CH3, preferably H, R4 isRET&B2008/000101
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C30, preferably a C1 to C22 alkyl group, a C2 to C33, preferably 02 to
C22 alkenyl group, or a C6 to C30, prefegably C6 to C18 alkyl alkylaryl
group, and n is an integer from 1 to 30. preferably 1 to 20, more preferably
frofuifatde lkpayiatf a¢ s eteickdidnhiedGictof @3ty dilerably a C1 to C22
alkyl group, a C2 to C30, preferably C2 to C22 alkenyl group, a C6 ID to
C30, preferably CB to C18 alkylaryl group or (CH2CHR50)",R6, where R5
is Hor ~{ietebatil),HRB |s 1-1, a C1 to C30, preferably a C1 to C22
alkyl groupj a 02 t(f) C30, preferably C2 to C22 alkenyl group, or a Co to
preferably CRb C15 alkyl alkylaryl group, and m is an integer from 1
to 30, preferably 1 to 20, more preferably from 1 to 10. Preferred alkylaryl
substituents when present are those based on benzene or 15naphthalene
anyhang/namandiieast Bapstiteehts may be branched or linear and

pra{)néaéarlyvhmfﬁnme toﬁaaesnaitala/@ﬁ g@:élrerC@rQON I@é@ﬁ&t&cth%l@%en nis 3,
ca S ltene dispersants, are those having more
thélﬂnIgi)z%gcgagrrg?&rliﬁl Etg)%ns% fg%'eﬁif %ﬁggje a?/%ng éé 2 and in particular 12

to 18 carbon 20 atoms. Suitable hydrophilic-lipophilic vinylic polymers for

use as asphaltene dispersants are those of formula (vi): 25(vi) I\l ( CH2 /
rm( CH2)n CO2R1Q wherein each R is independently selected fr%rplzﬁ
and CH? each is an alkyl, alkenyl, aryl, aIkng'fyI or arylalkyl group
harirgh to 30, pre ly 4 toR22-arb@Hgtemsnand each O ected
from CO\QM and ZONHR2 wherelrf M may be H \a \Wie;
2008/084251PCT/GB2008/000101 22 (CHg)—N

\

\/

(@ (b) (c) (d)

and wherein R is a Cs to Cyp alkyl, preferably a Cq to Cig alkyl, mis 2, 3 or 4,
preferably 2 or 3; x is a number from 5 to 120, preferably from 10 to 80; and R’ may
be H, CHs or both. When both, the oxyalkylene moieties may be arranged randomly or
in blocks.

Suitable sulphonic acid derivatives for use as asphaltene dispersants include alkyl
sulphonic acids, aryl sulphonic acids, alkyl aryl sulphonic acids, and derivatives
thereof, for example those of formula (ii):

ii} RSO:X

wherein X is hydrogen or an alkali metal ion; and R is an optionally substituted, finear

or branched, alkyl group having 2 to 40 carbon atoms, preferably 5 to 30 carbon

atoms; or an optionally substituted aryt group having up to 30 carbon atoms. Preferred
- aryl groups are those based on napthalene or especially, benzene.

in preferred embodiments R is an alky! aryl suphonic acid in which R is R'Ar' wherein
R is an alkyl group having 12 to 32, especially 12 to 24 carbon atoms and Ar' is a



group | or group Il metal ion, ammonium or amine cation, hydroxyl ethyl,
hydroxyl propyl or -(CH2CHRO),(1-1 and each R2 is -(CH2CHRO),(1-1 or
-(CH2)1_3COOM wherein x is 1 to 30, preferably 1 to 20; and n is an

wintagevsekcted such that the polymer has a weight averagearotazolarnosiol

weight of between 5000 and 250000. 5 Suitable alkyl substituted phenol
polyethylene polyamine formaldehyde rggins for use as asphaltene
dispersants include those prepared by the base catalyzed reaction of a
menasdbsiitdtad atolaheneithruiagsip @lkyl substituent containing from
about 4 to 24 carbon atoms, which alkyl substituent may be a linear or
branched alkyl group and a 10 polyethylene polyamine represented by the
forﬁlﬁﬂanﬂﬁiﬁ(eﬂzreﬁzmwﬁ%@@ﬁ isunDaNegeridT Apiiide 5 4 8 to 22,
forprefidteblydi; i 1@ mwienatiorad. alkylphenol to polyethylenepolyamine of
from 5:1 to 3:1, and a mole ratio of alkylphenol to formaldehyde of from
about 2:1 to 1:2, said resin having a weight average molecular weight of
frofheiiERt BaoeRPIRPiasoloY 259 @, depkaliensisispESarifo i disRigEeNt invention
coimpadmttederofiseragiadijhaltene dispersants include those of formula
(vii): 20 wherein n is from 1 to the valency of X, X is an optionally
substituted carbocyclic ring, preferably derived from benzene,
naphthalene gt anthracene and R is and aliphatic chain preferably and

ing 10 to 25, preferably 12 to 20 carbon atoms. 25Suitable
asphaltene ¢t sapes ™Ay include condensation products of fatty acids
having ffom 12 to’i&l carbor46M% and polyamines of the general formula
H2NRCH2)n-Nfrgm-R1 in which R' is hydrogen, a methyl, ethyl,
hy@ifpxyethyl or a {CH2)nNH-R2 group, R2 is hydrogen, a methyl, ethyl or

10 hydroxyethyl group, and n is a number between 1 and 4, and m stands for
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from 1 t9,6. 30 Suitab haltene di include .
L S L A LRSS S v
exbaritied & Bferrinelatienalieiesably R'9pactally Sthatprhasdiiamy and R® is H,

alGabmia, mawn by iGHia 22,cabdgrmipms and from 10 to 60 mol of
alkoxide per mole of fatty alcohol and ethoxylated alkylamines having alky!l

radicals of 35 from 12 to 22 carbon atoms and from 10 to 30 mol of

etiFHbfRS RiReT e RO REIRY I dPhiee PCRSPhaliene dispersants in the present
20080842 FiRAd [EaBR00SI0 00 Whi2h SdpilesdghblisnadiBpeaisainty majety is
in imine, thi ony: opyl taining ¢ fo,gghjl
(v?iaii whi@hnifave at égs%gél? grgegfgyagb@ya‘tﬁ%]agtl%%%gﬁgg‘t%ﬁggﬁwwrel les of
Y REarediiencaibryiskgmeoidr Reiwle supredy Ak TRFaHREN: o, S,

NR4 or is absent; W is 0, S, or NR5; R', R2, R3, R4 and R5 independently

are ydﬁ@é@ii%%@ﬂj&ﬁl’@ﬁﬁﬁ@ 8iowRspand at least one of Y, R', R2,
R3, R4 an R% is substituted e
wherein R is C, to Cs;, preferably C8 to C22, preferably C9 to C18 alkyl or alkenyi, or
C2 to C30, preferably C6 to C20 alkylaryl; R1 and R2 are independently H or CHS3,
preferably H; and x and y are independently O to 30, preferably 0 to 20. Preferably the
sum of a and y is between 1 and 20, preferably between 1.5 and 8.

Phosphoric acid esters suitable for use in the present invention include monesters,
diesters and triesters prepared from the reaction of phosphoric acid with fatty
alcohols, alkoxylated fatty alcohols and alkoxylated alkylaryt alcohols. Preferred

phosphoric acid esters include the monocesters and diesters of formula (v):



10 by at least one polar group two to ten chemical bonds from the
carbonyl, thiocarbonyl or imine carbon. Preferred polar groups are
hydroxyl and hydroxylamino. Preferred organic functional groups are

vaptesalisubstituted alkyl, heteroalkyl, aryl, aralkyl, heterocyehg@Ergos/060101

5

heterocyclic-alkyl groups. In a preferred embodiment, at least one of the
organic functional groups is a C2-C22 alkyl or heteroalkyl group, more
preferably a IS C7-C22 alkyl or heteroalkyl group, more preferably a
C9-C22 alkyl or heteroalkyl gragp, and most preferably, a C15-C22 alkyl
group. Preferably, the alkyl or heteroalkyl groups are unsubstituted.
Suitable asphaltene dispgy mapmtiude the reaction product of an
imine and an 20 organic acid. qxamples of preferred such asphaltene
dispersants are saé&? of carboxgig? phosphonic or sulfonic acid, especially
one having only a single acidic group. Preferably the salt has a polar
group located two to ten chemical bonds from either a carbonyl carbon of

a osnbreiy|Ridsgrelapiea phosghaerOs Btam, ofrpbBFRNON e ANYIYdup, a C, to
;‘;'éég ?J'i%’f@rgi)@ é‘g@&é‘}%l%% r&rz;g Q'g(?%eesatﬁr@f&fﬁglf &t%néted Ig?larllyq group

f
group. The polar group is preferably Séleciéd from ydroxy, oi?rfa]e,

nitfd, @f'@?%@ﬁgr ﬁiﬁﬁeargigd@. Bunabitadgpsinteb disg@rsints mdy: to Ca,

inchoefertivdy re QatiorCpyr atiytg wiipnsaiitteCanthesieragynls acith, Bamp§saf, or a

pr 30 .as 3 baxulic.; Ic.Qr
sﬁfﬁfﬁé %ﬁ?@gggy sy saﬁm@‘éﬁﬁgﬁ)ﬁu R

t
ChEIFIEEGh A 2o e R EERISART Sl S B B SRAEFETRE 51 o Cun
phpierenis atortrdia Phd pbuma€gto Gpopmistahly Btom ©f alkaifgratep, a C;

10 Ore8IiE, P pReRiHRBLe B NG I RFAIGRRIS S A@INS BFTY);, RNGREIZ I UA 5 cH,,
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preferably selecied from hydroxyl and .\ W

206@78?&%%%&@6’0%0‘80%1 ‘52“8%%‘6."‘5%&&%@2&?8%@6%@' a Gz to Cus,
dispeteratty ey iRe wdendramyands aColenGlaspfidembly Zvitte Bonitkyhhtkylaryl
theyieap, andwiheratnifdgisr GdA- €22 3akyiaasamky Eo%,@ﬁgrggreferabfr from 1 to

i Cl:C4 alkyl: R4 is hyd C,-C22 alkyl,
BRI S L DD Wl o
indEpEHEERS, ard Rirogad aikendcarbsiirentkylent biideaphoepfitelinear and

aspiefdrablytesvon Prosprapbaxytate bagohnlienesmaay also be used as
asphaltene dispersants, as described in US 5207891. 15Suitable

as%haltene dispersants may include a polet/mer comprising structural units
de

YeRPR TR RS RS SIRICHSSrasapRRbg ek sRRIpatte 46¢ Shrse having more
ethiydoricaittamsatosa esgatiath tlpsatkaingie acitd andstesad@uamn 12 to 18 carbon

20 ethydgnically unsaturated carboxylic ester with a polar group in the ester,

25

and (C) an ethylenically unsaturated carboxylic amide, wherein at least
one of said structural units contains at least one 20 pendant ring group.
Al&yitabiediydibrhpierigankilin ginyiou paipaeriscfon tneel rseasiitaltie pidyanssnts are

byhcesasterfigatign. Alkyl methacrylates and alkylphenyl methacrylates
are suitable, for example C6-C22 alkyl methacrylates and C6-C22

alkylphenyl methacrylates. Two examples of the structural unit are
p-nonylphenyl meth&crylate and ip-dodecylphenyl methacrylate.

—bo—Cirton—S -
1
(vi) CO,R Q
wherein each R is independently selected from H and CHa; each R' is an alkyl,

atkenyl, aryl, alkyiaryl or arylalky! group having 2 to 30, preferably 4 to 22 carbon
atoms; and each Q is selected from CO,M and CONHR? wherein M may be H, a



25 Suitable asphaltene dispersants may include polymers comprising

di-(C1-4alkyl) amino (C1-4alkyl) (meth)acrylate units. By the notation

(meth)acrylate here and elsewhere in this specification we include
wWoethhaosgste and acrylate. 25 Suitable asphaltene dispersaptg ayoos/ooo1o1

include esters of a C6-C33 fatty acid, preferably of a C10-C22 fatty acid.

The fatty acid may be saturated (for exagmple lauric, stearic) or

unsaturated (for example oleic). 5 Suitable esters may comprise

cogipapinds fgnedibydhe eaciianefiafist ﬁmemdrharw%@tt%yt hydroxyl

pre ligs com
to B%E?E%raia tob%d&pgrgé%%égf%gra ly'1 Bﬂ?ﬁsﬁ% groups: )D%penggg 8P merein
on'tte'd8mipaRi ﬁf?s‘%téYeH@@‘grﬁf%fF RO Atre ArRriasiadreca el thapotymer has
therefsgicommpgserekandsar maiybixyl prtups GORXeREE0GIC, groups, or an
5 excess of neither. The first 10 compound preferably contains 4 to 36
arbon referably 8 to 24 carbon atoms. The second compound

o ST BT SRS S GORAL Ao r RENERe (6 B eUREr,for vse
Tr@ mtmayd!ﬁme@eaﬁﬁpt@!udeIth@eeampamuleat&ﬁdaamatataiyzed reaction of a
menoriaaaietdPMisieate h&%%%ﬂ%&fb@!ﬁ%@%rﬂéudﬂd%%oﬁ? B0 24

sorblE)an c? ound fore IsE)g%?]uatnole o tristearate, for example.

S ST B %xaﬁﬁb@r@a?aﬁa?ﬁrﬁ%%ra@énd a

Espemally pre Steffed e s
10 suepivethyismstap rATITTOIepieseatel SurhiedomudecreNGith &6iddrhithmwhere n is an

tripleate. Dheresiers may; b@rﬁik%ﬂat@@hm e?ﬁﬁrﬁplﬁo‘féh%ﬂ@a@d a&@;phenon to

haI ene. dISp r ants de Iyet lene glyco
L#B@b FE@ Peg |ncr?ude$ei ers #(r)]f ed L{I/ther’)((i:e NP3 ﬂf}/ i %%%phe”m to

haf\‘?fﬁba@%yﬂ@ Frensmaagu 2! e &e?rtﬁwefﬁﬁ«ﬁwmmaawﬁw cvAtadsimeiecular
to €igityéroen @xice wle RBbuiletieasphaltene dispersants include
Iecithin and lecithin derivatives, for example soya lecithin. Suitable

sphaltene dispersants include succinimides and succinic anhydride

Wﬁ‘i\ﬁéé%ﬂ%&ﬁ%ﬁ*aﬂ@ﬂﬁiﬁégwﬂ? (R)- 483 o IRBALANR §Bgrsants include
ormosmbf/fsabetatmeﬂ alkyl group, preferably having 1 to 50 carbon atoms.
Most preferably R is a polyisobutyl chain. Suitable asphaltene
dispersants | % de poly(alkylene oxides), notably polyethylene 5oxide,
polyp \Sﬁy e'0Xide and poly(ethylene oxide/propylene oxide),preferably
20 ethylene oxide/propylene oxide block copolymers. Suitable asphaltene

d'ﬁ@@?éﬂﬁé%ﬂd@ RNeBYiferRy BF XPIeieHe dRBRANISARTRTINEWSey clic ring,

com f formula (x
era@:fj enved P (b%nzene naphthalene or anthracene and R is and aliphatic

15

chain preferably and alkyl group having 10 to 25, preferably 12 to 20 carbon atoms.

25  Suitable asphaltene dispersants may include condensation products of fatty acids
having from 12 fo 24 carbon atoms and polyamines of the general formuia HoN-
[((CHy)-NH]n-R' in which R" is hydrogen, a methyl, ethyl, hydroxyethyl or a -(CHy)-
NH-R? group, R? is hydrogen, a methyl, ethyl or hydroxyethyl group, and n is a
number between 1 and 4, and m stands for numbers from 1 to 6.

30
Suitable asphaltene dispersants may include alkoxylated fatty amines and alkoxylated
fatty alcohols. Preferred examples of these include alkoxylated (especially

ethoxytated) fatty alcohols having from 8 to 22 carbon atoms and from 10 to 60 mol of

alkoxide per mole of fatty alcohol and ethoxylated alkylamines having alkyl radicals of

35 from 12 to 22 carbon atoms and from 10 to 30 mo! of ethylene oxide per mole of

afkylamine.



wherein m is at least 1; wherein n is at least 1; wherein the or each R', R2
and R3 are independently selected from hydrogen, alkyl groups, aromatic
groups and 15 heterocycles, or may be OH, hydrocarbyl groups,

vouyhyelsscaibyl groups, -CN, -NO2, - SO3H, -S02H, -COOH p808%3¢hs/v00101
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-NH2, -NHR®6, -SO2NH2, -SO2, -NI-1R6, CONH2, CONHR7, SH and
halogens; wherein each of R4, Rs, R6 apd R7 is independently selected
from hydrocarbyl groups. The term "hydrocarbyl" as used herein means

anpandiel A8phidarodRpBRME LIS FHKRBY! GFOLRLERVACYE carbony

group, which groups 20 be linear, branched or cyclic, or an aryl

or A, SR SaiLe WG e G5 dhateai et 10
hataBreatefpionally substituted. If the hydrocarbyl is a branched

structure having substituent(s) thereon, then the substitution may be on

either the hydroca(}e,yl backbone or on the branch; alternatively the
substitutions may ke on the hydrocarbyl backbone and on the branch. 25

In one péeferred agpect m isgreater than 1. In one preferred aspect, m is

1 to 50, suth. to 510 30, or 10 to 20. In a preferred aspect, mis 11

to 4 WO 2098/084255PCT/GB2008/000101 27 Where n is greater than

1, the "linker" group Cr,H2n may be branched. Preferably Rl is not
hygraen-wRreferabi Risan-mlyreundaying akleast kﬁg&%{i‘eﬁ;@ S, NR*
preferably at least’5, qr 6, or ¢, of 8, or § cgrbons atoms. Preférably RI'is

an &I AGE M WaSify T fo86: Brddn BroMsaiidfe i AiRpenssstams hysiregen or
30019e28, funidnel Foums; o atoews! e lof SerRinRretdrRédeamBd dinsatstuted

RItg a Redetal!y dldr Br&ugnalied @rouRmielasahis f&rifel-AlkHl O iRMRarbony!
a C7-C1 alkyl group,

preferably a C5-C,2 alkyl group, preferabl )

o Slal Y, SR EEP R ol SRS ST AR 635 NI R psrreres

cePraRN|Sr &faptisnal naivoitn ere soRtidpatiyp selstitbtpch WAL - GSRraltyy g, araikyl,

Dr@t@&é%ﬂyoﬂc(}%%Q?QMH-QCIIF@:E!?U@?r@@&%@%&%uﬁgﬂﬁwﬁg Iéd£§t one of

Z[@? gr%eﬁ(?},tfotf’né )é%a?faléggo% % tgs/?a %fz«%rg ua[ﬂdyp [‘.}er ﬁé?era/aﬁyﬁ: group,r%rc])(r:e %referably a
-Cz alkyl or heteroalkyl group, more preferably a Cy-Cy, alkyl or heteroalky! group,

and most preferably, a C,5-C,; alkyl group. Preferably, the alkyl or heteroalkyi groups
are unsubstituted.

Suitable asphaltene dispersants may include the reaction product of an imine and an
organic acid. Examples of preferred such asphaltene dispersants are salts of
carboxylic, phosphonic or sulfonic acid, especially one having only a single acidic
group. Preferably the sait has a polar group located two to ten chemical bonds from
either a carbonyi carbon of a carboxylate group, a phosphorus atom of a phosphonate
group or a sulfur atom of a sulfonate group; or a nitrogen atom of a protonated imine
group. The polar group is preferably selected from hydroxy, oxime, nitro, ester, amide
or alky! amide.

Suitable asphaltene dispersants may include the reaction product of an amine and an
organic acid. Examples of preferred asphaltene dispersants are salts a carboxylic,
phosphonic or sulfonic acid. Preferably the salt has a polar group located two to eight
chemical bonds from either a carbonyl carbon of a carboxylate group, a phosphorus
atom of a phosphonate group or a sulfur atom of a sulfonate group; or a nitrogen atom
of a protonated amine group. The polar group is preferably selected from hydroxyl and



90 In one aspect, Rl is a straight chain alkyl group. In one preferred
aspect Rl is para substituted relative to the OH group. 25In one preferred
aspect the CnH2n group is ortho substituted relative to the OH group.

WerafesaBly I is para substituted relative to the OH group angdires€zth8 000101
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group(s) are ortho substituted relative to the OH group. 30Preferably R2 is
hydrogen. Preferably R3 is hydrogen. Psgferably R2 and R3 are both
hydrogen. In embodiments in which R2 is not a hydrogen, R2 is preferably
ancaptienally substituted linear or branched alkyl group. In embodiments in
which R3 is not hydrogen, R3 is preferably an optionally substituted linear

or branched alkyl group. 28 cyclic, or an aryl group. The term hydrocarbyl

alst IROGd ESAPRI G rAiRpS PR HERYIHREG  SAEBeENCEpRbITaTRpulas () or a
substitertediclfsléreyelsbcarbyl is a branched structure having

substituent(s) thereon, then the substitution may be on either the

hydrocarbyl backboge or on the branch; alternatively the substitutions may

be on the hydrocafyl 5 backbone and on the branch. In such

embodiments, prefgrably R2 and/or R3 is an alkyl group independently
selecte®frqm a 0 grauBQspéferably a C1-C40 group, preferably a
C1-030 groupNpreferabty a C1-C25 group, preferably a C1-C,5 group. A
typical example of R2 of R3 is a tertiary alkyl group, such as a tertiary

bugyj group. IiR4 preferfed aspect each of R2 and R3 is present as a
substituent (rather than hydrogen), such that ring A is fully substituted. In

a preferred aspect the phenolic resin is a substituted phenolic resin. More
prifsmiVRhis Shefeiialkukm raingrBaene RS ioderententyantydropemor Ci-Cq
aml;f&m Rfdemwmg%WL@grQWaWG%eaa}%nﬂIii@rr_e@mg%)ﬂo@?stbgsln,lwgerem
pr [ n alde ving 1-22, preferably 1-
ca%bgﬁhgnﬁgéé#{é%%&p%é %@h?g? gh%c%e’.'lzlél/”\ agkggferred aspect the

phenolic resin is a C9-C24 phenolic resin. 25More preferably the phenol

relkyisribeosddectipogphitticisphsli@naRs phepabsastibitkorglsietysepaifies) may
t-bity ey ?&%ﬁﬂaﬂ@%‘éfﬂ%&%‘ﬂ 92k Gee bl 8@%%‘{0%@0” atoms,

for example formaldehyde. ylated phenolic resins (ethoxylated
and/or propoxylated) are available. Their 30use is not excluded, but it is
ndiyirafler maphatenc eibpersesislitshaiebde nmobibaimed uomgising structural units

NQRTAKE L FhBRSARIS (RS are at least one of (A) at least one ethylenically

unsaturated alcohol, carboxylic acid or ester, (B) an ethylenically unsaturated

carboxylic ester with a polar group in the ester, and (C) an ethyfenically unsaturated
carboxylic amide, wherein at least one of said structural units contains at ieast one
pendant ring group. Alternatively, the pendant ring group may be introduced info the
polymer by transesterification. Alkyl methacrylates and alkyipheny! methacrylates are
suitable, for exampie Cg-Cyp alkyl methacrylates and CgCs  alkylphenyl
methacrylates. Two examples of the structural unit are p-nonylphenyl methacrylate
and p-dodecylphenyl methacrylate.

Suitable asphaltene dispersants may include polymers comprising di-{C1-4alkyl)
amino (C1-4alkyl) (methjacrylate units. By the notation (meth)acrylate here and
elsewhere in this specification we include methacrylate and acrylate.

Suitable asphaltene dispersants may include copolymers of C12-24 alkyl
(meth)acrylate and di-(C1-4alkyl) amino (C1-4alky!) (meth)acrylate.



Fuel antioxidants as stabiliser (iii) WO
2008/084251PCT/GB20081000101 29 Compounds suitable for use herein
as stabiliser (iii) include antioxidants used in fuel environments.

WAeRbaRAs suitable for use as stabilisers in the present inveatiarsaneide: 01
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phenolic 5antioxidants, sulphurized phenolic antioxidants and aromatic

amine antioxidants. Preferred phenolic antioxidants are hydrocarbon

soluble phenolic antioxidants and especially those in which at least one
ormnjtpbjsiﬁepmftﬂne pheaadaatblockadctidtattaastiaxaianisfingl udel (hpserably

Of SPURIRCAGEiY bt OFfd k321 ANG T3 LEILR SIS L AHIETEMNS Sbaric) or
are eac aI [, aryl, alk Iaryl arylalkyl, hydroxyalkyl, hydrox ary
hyHFB%W?T HARBIS ARyl groups, or 15 heteroatomic alkyl, aryl,

alkylaryl, arylalkyl, hydroxyalkyl, hydroxyaryl, hydroxyalkylaryl,
hygmmrx@!elﬁxwgs;Lb%ﬁquﬂgéaéemgoﬂmg%éwy%@@@é&ﬂﬁﬂ@%}@h@éﬁmoum

at least one of 12 rovide stearic hindrance. R' and/or R2 are

prERYEB I R EnBiTIeGP R dd | YRGHRE! PR RIS EPRFRIILTag Pound having
préferFolyreferary bidiGenmbaytrederabithylish@mgtiony! groups. Depending on the

6- Eﬁfrhbéﬂﬁbg detisnatnyiohere. rgl‘dm'@Eﬂmqg@émlﬁﬁﬁ%@gyl@mmpme
2-tert-butyl hen l, 2-ethyl-6- met%aze enol 2,6-di-tert- bu

,gx& ter d{yf §is s‘I':)r ehot r{?e%yl‘fgne%lg ?3r ‘&?Jf‘ﬁhe%f" first
4, 8CTRIHERIEBIa Y @maﬁeﬁﬁo@t%mﬂmnﬂwﬁ@z@fgréwﬁiétn@marbon atoms.

(6 Ttet-susiythe! SRR B GrelR MK UEAGIAE SLEH @nilexisaBtsneaHPies My 1 to 5
us@aﬁ‘b@éﬁ'&% useful as stabilisers are sulfides having a general formula
R4--S--R5 and phosphine compounds having a general formula PR6R7R8
where Fr, R5, R6, R2, and R6 are the same or different and are each

alRyle apgheadkyleny|, farylakarhpny dinxiyatkys, hyooxiatyl, lyslearyalindasgtearate,

hy, I tomi I
AL SR A s o

BRGNS Ay PR SFPTBNSH gﬁ?BEE’@B’nPéﬁfﬁ{@?%ﬁEfgjéﬂfbﬁan

susiergrfoxpggemple sorbitan monoesters such as sorbitan monooleate, and sorbitol
triesters such as sorbitan trioleate. The esters may be alkoxylated, for example
ethoxylated.

Suitable asphaltene dispersants may include polyethylene glycol fatty acid esters.
Examples include esters formed by the reaction of fatty acids having 6 to 30,

preferably 8 to 24 carbon atoms with alcohols containing 1 to 20 ethylene oxide units.

Suitable asphaltene dispersants include lecithin and lecithin derivatives, for example
soya lecithin.

Suitable asphaltene dispersants include succinimides and succinic anhydride
derivatives of general formula shown in (X):

R R

P o N



Additionally the compounds mentioned below as biofuel instability
inhibitors may be 5Suseful as fuel antioxidants. Cold flow improvers as
stabiliser (iii) Compounds suitable for use herein as stabiliser (iii) include

VWEbMBARAMIprovers. ID A cold flow improver may act in a fudiCegpsieisoeiot
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fuel which may freeze under ambient conditions (for example diesel), to
maintain flow conditions under conditiorzs which otherwise would cause
freezing occur, and the fuel to become unusable. 15Cold flow improvers
usehdrais KRabikserstiontlly probsttedvakyiarenp|utefecibblymersyof to 50 carbon
alkgpes anskupetiinas BSIptyiRinlmeiasrylate polymers,
polyoxyalkylene esters, ethers, ester/ethers and mixtures thereof.
Examples of copolymers of alkenes and unsaturated esters include
ettfuéakieasniaitena idpestentsopolytnepsiyiikdene cosidethosettalyinglyihylene
adghtiey) tadupisRkedHam siaylgpg i’ aJOMYAene oxide) preferably
-CF%Iﬁz-g xl%%; Whegg 5('; Je[%geﬁ(ents fp/drogen or methyl; R2 represents
cS , Wheram 12 represeen et %cfﬁ?/ S’r%p having from 1 to 9 carbon
atoms which is straight chain or, if 25 it contains 3 or more carbon atoms,
grfmm,aypﬁ@éﬁ@wﬁ&@@ﬂﬁdwﬂﬁm&ééﬁar%@fﬁﬁﬂﬁ{?hbmdsins

r r .. Jhese may comprise a copolymer o
etﬁ@(ﬁe%g %’lﬁ:sgﬁn(eat %ﬁ%ﬁﬁ/@fsaturated ester, or derivatives thereof. An
example is a copolymer of ethylene with an ester of a saturated alcohol
and an uprsatygated carboxylic acid, but preferably the ester is one of an
unsatura e;aut:)t&ol 30 with a saturated carboxylic acid. An ethylene-vinyl

y

ester copol s advanta geous; an ethylene-vinyl acetate,

ethyleneivinyl @onate, bthylene-vinyl hexanoate, or ethylene-vinyl

octanoat ﬁ?é \&'Bréferred. Preferably, the copolymer contains from
vinyl estér, more preferably from 10 to 35 wt % vinyl

ester. A mixture 6f two or rhore such copolymers, for example as

de&gribe in US Patent Nal. 31 3,961,916 may be used. The number

average molecular weight of the copolymer, as measured by vapour

phase osmometry, is advantageously 1,000 to 10,000, preferably 1,000 to

5,008 r¢indmgiyed s topbiyaren isa EentdinvnsitsintrivetddaomRidBitamnbR® are

COMRIMRMRIRIYC - SeRIRPONVERET HEIFaRAY MakAT JOIGRET BRWEEE Bfoups and
exgrpéalew ere 5theba(ilﬂl}| ngl comonomer is isob tgle e or
SRIERES P B2l B8P ety S MiESAIBN, BreRorChY: ~NO=
cofftatb meRHor BPPihsEeRPRGatisHz oryRiy d@BdiEand 0., -NHR®, CONH,,
f?@tﬂﬂiﬁﬁaﬁﬁnaﬁkﬂ e nRHeNSAt LRI e RerEONTlyaar 0 @VRdbpendently
d'@%{ee&&? EP&H?R d%rl%%u}ra‘t,gdpest%g ?&%MWyedrr' Egr[i: aa@ﬂlze’d herein means any
ethylene-vinyl hexanoate and eﬁhylene-vmyl Getanodte copoefymers may
bePRRafeThalkys HRKp: @y alkaTybaiosR. & plkeaharoim et ARy copeRyBich groups
Exanyples idfeatkybranetbiacryigtsiqoly raaranyseiiouas coid flewn mpdaeisyl aiso
inG ngjsti 10 10 0
ARG A SRR BIN DA Ry A0 el M iihes, i e
me%’%‘faé% dfsnﬂ)rgranched sfruciure having substituent(s) thereon, then the

substitution may be on either the hydrocarbyl backbone or on the branch; alternatively

the substitutions may be on the hydrocarbyl backbone and on the branch.

in one preferred aspect m is greater than 1. In one preferred aspect, m is 1 to 50,
such as 1 to 40, 5to 30, or 10 fo 20. In a preferred aspect, mis 11 to 15.

n may be any suitable integer. For example n may be from 1to0 10 suchas 110 8, 1to
50r1,2or3. Preferablynis 1.



15 ethylenically unsaturated dicarboxylic acids or their anhydrides, the
copolymer having been extensively reacted with one or more primary or
secondary amines to give the monoamide or amide/ammonium salt of the
Vaczsggiigiacid. The copolymers preferably contain from 10s©r8&ms2008/000101
preferably 40 to 95, and most preferably 60 to 90, mol% of the one or
more alkyl (meth)acrylates and from 5 tg,90, preferably 5 to 60, 20 and
most preferably 10 to 40, mol% of the one or more ethylenically
un¥dterated dreatbotdiciacds pkeankysisies- ] iesg kel @EpdRrsof the alkyl
(meth)acrylates are said to contain from 1 to 26, preferably 4 to 22, and
og Eﬁeferabjy 8 to 18, carbon atoms. The alkyl groups are preferably
stralgIapsiRe ! SREAREEhed. However, up to 20%w of cyclic and/or
branched alkyl components may be present. Examples of 25 particularly
5 Prefrigdmlied Lylas
(m th)acr %te %o%’ecy gﬁ%@%ﬁ%gﬁﬁ tqetér)ﬁgééﬁt% )a%rra%eﬁ ag?% 5 or
%e (HFRRANB AR n-octadecy! (meth)acrylate and mixtures
of these Examples of ethylenically unsaturated dicarboxylic acids are said
t bemetﬁ FCig] alE RO ik, giyr
thel 9‘3 |de h well Oa?s.gi %l?n?gr?g ggmﬁeﬁ%‘qﬁﬁ%r@%w%g% 30, or
pre érreé onam’p?eg oﬁg@/& Rﬁmsesters ethers, ester/ethers or
10 mixtures thereof useful as cold flow improvers include those containing at

|ea5em @@@m@&@%emrmag aliodraraiips 23 RAlYCRIKY,
o&of[ &ecular We % Ot%z 00% 395&§kylenqe) Qﬂapo salﬁ é\“érabiya

olyoxya R c,% con nlng“fro‘ﬁ"laiKY %r%lé?bBF?f&lr ¥ adori,@lky! group,
arﬁf@@fﬂ% Hfefts Ak EiBanore pCeraituads sikivhbieupr use herein
as stabiliser (Hi) inblude wax anti-settling agents. 5A wax anti-settling
a f lly:a fuel h|c freeze under ambient
. cgﬁc%%}ﬁg{ fo ?%%(gdmg%b?e%%e l%tlg mal 1'ae\,|¥n vygoééf %6%@’ KAgEguP. preferably a
co?fd|§6h§%h96ﬁ“&ﬁ§ﬁﬁﬁ5@%&%&@§é‘ﬂ@é%ﬁg to occur, and the fuel to
become unusable.  Wax anti-settling agents useful as stabilisers in the
pr [ e| a dr|d ef in
e e LA ey e o
’fﬁﬁ; ‘fﬁ’é reaction of maleic anhydride with an a-olefin. Generally
20 such copolymer additives preferably contain substantially equimolar
am%gg;gaate1q@§gygdgpkecﬁgﬂ I@ l*@ pl5 The operative starting
a-olefin is a mixture of individual a- oIeflnsLhavmg a range of carbon
numbers. The starting a-olefin composition used to prepare the maleic
akhpas ety espetyRids additaubsiftohes inativian thesoa lpaapa
minimum a-olefin concentration by weight with a carbon number within the
25 ?n%e from rreéjggze % % t Co. The addltlvegenerall contalns blends
R R AR RETBR Fehniinis grifiasthrinRg sclative dp thafRld oroup.
starting a-olefin may have a minor component portion which is outside the

alpose B oY) etwakuegmaétﬂ@eelﬁh&m@é%:ﬁeftmf&?@@ glef 'Fh&QP@%‘E%fJ&p(s} are
hé}‘tﬁoasﬂﬂ LRvsLage *3@" %H’ir Welght in the range of about i
y

about 5,000 as measure vapgr plpessure osmometry. Also suitable are
wax anti-settling additives comprising an imide produced by the reaction

30 Opmaﬂw(ﬁﬁ'ﬂwfﬁmﬁ@‘fﬁmﬁmrm@ﬁ%?ﬁ%ﬂr?@@ﬁﬂ%@”%%ﬁd?d&redbom
[ e olar amounts of maleic ride an
ﬁf%he@p%ﬁ%ﬁe@%%fm |§%ﬁ?ﬂl§lﬁ c@r%}posﬁ?oﬂgt%nthg? g Fiegbly an
aBBURNAYY RPRILHHGE AnpRlaridey 3ehpdcalssigraup-adaliemboriareotsaniwhich R® is
advantdgeeus Bt aperiesbicaohigivadiyvhaningsal Wbaﬁ@jﬂ&éﬁn&ﬁg@%kyl group.
amlne The imide preferably has a number average molecular weight in

30 range of about 1,000 to about 8,000 as measured by vapor
35 fs é"’o RraRy” as used herein means any one of an alkyl group, an alkenyl

group an alkenyl group, an acyl group, which groups may be linear, branched or



Suitable stabilisers include additives of formula: WO 2008/084251
PCT/GB2008/000101 33 CF-12 CHCH wherein R has at least 60% by
weight of a hydrocarbon substituent from about 20 to about 40 carbons,

WanWess4e5M about 2 to about 8. Preferably R has at least 78&aiys2no8/000101
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weight of a hydrocarbon substituent from about 20 to about 40 carbons,
and most preferably R has at least 80%gigy weight of a hydrocarbon
substituent from about 20 to about 40 carbons. In a preferred embodiment

R hadiatdeast=60 Yrdnp wetghieoh ajdrd aaaimsodntistissanbydifreupathamwherein
num@m@@g@egmp%antglg’%&@gm% mMPRe hpa%f@mlyléta!%ahai?&@ R¥ucture

ht, and most preferably at least 80% by weight. The 10resulting

Y@%ﬁ#ﬁ&?ﬁ&@% (31 B SR ErErsRe s wrbg}a&mesz@eewe@méwdmarbw
Wé:gtithnrm erandesdirabdutali@ostieiabbe S50 iassdeterenadtiy Mapocarbyl
Preasidke-RSIRAMSIRG kispseful are stabilisers of formula: wherein R
has at least 60% by weight of a hydrocarbon substituent from about 20 to
about 40 carbons, R' has at least 80% by weight of a hydrocarbon
sulﬂsmwémemq’dmeats,tcpn@atabboﬁé andiar iR trdamanbeliyil ascaboind8pendently

Preé%r@bwf%ma@ @t @gsgrze;% w%wtaoéﬁdﬂxdgﬁwq&@é%ﬁwwtd [0"Boup,
bou 20 0a 40 car on§ agpl referably R has at least 80% by

wél reh?raP it ﬁ Pbo%bsﬁi)e ﬁueﬁfa frdm ’ét%'ou‘f%o to about 40 carbons. In

a preferred embodlment R has at least 60% by weight of a hydrocarbon
SuRsiiianexdithpR @R AFOs RAMBaEARIY QIO Brdd [Qudh 88 HRGarBIS)! group.
25preferably at least 70% by weight, and most preferably at least 80% by

weight.
In 2 preferred aspect each of R? and R® is present as a substituent (rather than

hydrogeny), such that ring A is fully substituted.

in a preferred aspect the phenoclic resin is a substituted phenolic resin. More
preferably the phenolic resin is the reaction product of substituted phenol and an
aldehyde.

More preferably the phenolic resin is the reaction product of substituted phenol and an
aldehyde having 1-22, preferably 1-7 carbon atoms, for example formaldehyde,

In a preferred aspect the phenolic resin is a C¢-Cyy phenolic resin.

More preferably the phenol resin is the reaction product of Ce-C,s phenol and
formaldehyde, or of t-butyl phenol and an aldehyde having 1-22, preferably 1-7,
carbon atoms, for example formaldehyde.

Alkoxylated phenclic resins (ethoxylated and/or propoxylated) are available. Their
use is not excluded, but it is not preferred, as excelient results have been obtained

using non-aikoxylated phenolic resins.

ruel antioxidants as stabiliser (i)

Fuel instability may be promoted by oxidation of components of, or within, the fuel.
This is a significant issue in the context of biofuels,



Typically, R" has at least 90 % by weight of a hydrocarbon substituent
from 16 to 18 34 carbons. The above additive, described as an imide, has
a number average molecular weight as determined by vapor pressure

Vogosmsasin the range of about 1,000 to about 8,000. SFurthef;cgze0s/000101

compounds alleged to be useful as wax anti-settling agents and/or as cold

flow inhibitors are described in EP-A-743972 and EP-A-743974, and the
contents of these specifications are incorporated herein by reference.
Biafuelgoshabikiytinibiseissansiahilisasikilisl? GoMRAHELHHUIARIR (Red in fuel
usgmv%g‘l g',ﬁ]stablllser (iii) include biofuel instability inhibitors. These
function mainly to disperse polymers or high molecular weight compounds
either found in the biofuels as the bi-product of oxidation or thermal
brefakileivantd sorisxdbisiwe list oleiesisirasavhickearaserlisahladge phenoic

5 Deg&\‘&.&'&é%ﬁmﬂ&@d%ﬁ&%‘g@gﬂ%‘?ﬁn L ethylene, “dnagé%t%f%%gms

esters; vinyl alcohols, vinyl ethers and their ester Wit organlc acl
propylene, ethylene, isobutylene adducts with unsaturated carboxyllc
ackrefstash pleenudite igntinifanta deeasyds) ainchth @i asridshendridetioxidants and

deé‘é@é&i’éﬁr @1%@@'9} @ﬁﬂ% ARLIBELBIFR BB%I Eq{%ﬂﬂé\?%é\(u%ﬁs blocked. Su1tabie

nations ese monomers

tyrenes; an mers made from com
ozgﬁ gﬁ tﬂ{gcﬂ'ﬁ% ﬁ?ﬁ?ﬁm@%ﬁtloned above as fuel antioxidants may

10 pe useful as biofuel instability inhibitors. Blended fuel or separation
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inhibitors as gtgbiliser (iif) 25Compounds suitable for use herein as
stabiliser () in¢lude blended fuel separation inhibitors. A blended fuel
sepd atlon inHibitor herﬁm acts to malntaln two or more fuels ina

may comnt
whatever fs-available at the Iocallty ata favourable price. Lack of

2008/084251PCT/G82008/000101 35 Many compounds as blended fuel
separation inhibitors include compounds described above as stabilisers of
otMetypR,, R AeeRharbeheseatedhdiftarent and are each alkyl, aryl, alkylaryl,

arylalky!, hydroxyalkyl, hydroxyaryl, hydroxyalkylaryl, hydroxyarylalkyl groups, or
heteroatomic  alkyl, aryl, alkylaryl, arylaliyl, hydroxyalkyl,  hydroxyaryl,
hydroxyalkylaryl, hydroxyarylalkyl groups containing nitrogen, sulfur, or oxygen and
where at least one of R' and R? provide stearic hindrance. R' and/or R? are preferably
isobutyl or tertiary butyl groups. The hindered phenol is preferably either 2,6-di-tert-
butyi-4-methylphenol or 8-tert-butyl-2, 4-dimethylphenol. Further preferred examples
include 2-tert-butylphencl, 2-ethyl-6-methylphenol, 2 6-di-teri-butyl-phenol, 2 6-di-tert-
butyl-4-methylphenol, 2,2"-methylene-bis-4,6di-tert-butyl-phenol, 4,4'-methylene-bis
(2,6-di-tert-butyl-phenol) and 2 2'-propylidene-bis (6-tert-butyl-4-methylphenol).
Mixtures of such antioxidants can also be used.

Also useful as stabilisers are sulfides having a general formula R*-S--R® and
phosphine compounds having a general formula PR°R'R® where R, R®, R®, R7, and
R® are the same or different and are each alkyl, aryl, alkylaryl, arylalkyt, hydroxyalkyl,
hydroxyaryl, hydroxyalkylaryl, hydroxyarylalkyl groups, or heteroatomic alky!l, aryl,



A further possible class of useful compounds in achieving the benefits of

the present 5 invention is fuel detergents, well known to the skilled

person. Detergents could themselves be used as component (iii) or could
Wik 206g0B#35addition to another stabiliser. Additive compositiopdtv@szeos/eesioet

preferred aspect, in the additive composition the metal compound (i) is

biscyclopentadienyl iron, the organic cogapound (ii) is camphor and the

stabiliser (iii) is the reaction product of a C8.24 alkyl-substituted phenol

andmwehmkﬂrefnrakayymwreammﬁqmuq&ﬁﬁ@@ﬁ%@s hydroxyaryialkyl
al%ﬁﬂ?ﬁﬂ%ﬁﬂq #ﬁ_p éiprg\rl%%%de Preferably the additive
|

composition Is a qur tive compasition may further comprise a
diluent. It is convenient for the additive composition to be added as a
sohgtititpoéithéhactivepaOndsmpstients inewlikie blofids ipsefprmblaiBreMChay be

5 soliians e xhikiLadysR concentration of the active components in the

diluent. The diluent to be used should be readily fuel soluble and
compatlble mcludrng wrth respect to boiling point range, and preferably
iCoighisny iff sofrasstakitiess (@i 62C for ease of storage. Ideal diluents
are those in WhICh aII the actlve ingredients dissolve equally well and
which 25far. tion which is stable gver prolonged storage periods,
arr% B *°"J"f$(?i’H S dRen g sas | g&’dﬁﬁ%"@o‘?ﬂ'ﬂ&ﬁﬂdﬁ‘%%f@

naer (6]0)

10 form (or components thereof when provided separately) is not excluded,
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in Ahecr G‘Eﬁﬂﬁrﬁﬂb@ﬁé‘@ma@oaﬁtm‘ﬁ?f[@d @%&i@%@?ggow&cmé@%e under
th ii rses

pr%rfﬂ?r)rglﬁ %%HHR p@%{)ﬁs %XS{% pre er%ﬁI "%WOT BY 2 'F':)? ’Bpéfé'%cfﬁﬁmns
pd?’@"{')%ﬂ"@ﬁ)w ﬁ&ﬂge(ﬁ)eq;re@eqmy anptthe b@aresine rstesaiity

20 to 100 parts (i), WO 2008/084251PCT/G82008/000101 36 preferably

353@:?90%%1@(&9%&31‘&! tgs Psg ] § 141 refe 5 3% copoiymers
ab yp ) ?o

!
(i) preferably 30 to 150 parts (I prefer ar S ?
of "alkenes and unsaturated esters alkyimethacrylate polymers polyoxyaiky[ene

esters, ethers, ester/ethers and mixtures thereof.

Examples of copolymers of alkenes and unsaturated esters include ethylene-

20 unsaturated ester copolymers. Favoured are those having, in addition to units derived

25

30

from ethylene, units of the formula
-CR'R%-CHR®-

wherein R' represents hydrogen or methyl; R? represents COOR®, wherein R*
represents an alkyl group having from 1 to 8 carbon atoms which is straight chain or, if
it contains 3 or more carbon atoms, branched, or R? represents OOCR®, wherein R®
represents R* or H; and R® represents H or COOR®. These may comprise a
copolymer of ethyiene with an ethylenically unsaturated ester, or derivatives thereof.
An example is a copolymer of ethylene with an ester of a saturated alcohol and an
unsaturated carboxylic acid, but preferably the ester is one of an unsaturated aicohol
with a saturated carboxylic acid. An ethylene-vinyl ester copolymer is advantageous;
an ethylene-vinyl acetate, ethylene-vinyl propionate, ethylene-vinyl hexanoate, or
ethylene-vinyl octanoate copolymer is preferred. Preferably, the copolymer contains
from & to 40wt% of the vinyl ester, more preferably from 10 to 35 wi % vinyl ester. A
mixture of two or more such copolymers, for example as described in US Patent No.



Where the additive combination is intended to be added as an 'aftermarket

treatment, the volume of diluent used will be such as to provide a

non-viscous liquid, suitable for use in a dispenser bottle or syringe pack.
wiDRxsfesatsty the diluent is selected from an aromatic compoegGR2608/006161

hydrocarbon compound and mixtures thereof. Generally the diluent may

be a crude oil distillation product selecteg from kerosene, cracked gas oil,

vacuum gas oil, long residue, short residue, heavy naptha, light gas oll,

mh%. e siil; bf@mgasx@ti)hwg@ Mﬁ@@é%ﬁ@cgigrsﬁb@ﬁd @Eﬁ@ﬁ%ﬁlczmer, as

t lHuent may be a "paraffin compound;, m u

bo?ﬁ%gt%g?i’g%-tggﬁa n uarrf)j-' '?glr?c e C%%lﬁscagr\ﬁap%g%%%ﬁyh\g%raﬁ%t@g%%ﬂ% erably

corhPeRiiRIs R0 sgasiiedinthes FeBpirasiman opmtsar 4Bily e At dipmsagditional

vacotmngasrsjlelg. anerpsieecdeaspeniibedilipghis pdightryasWahgfs where
5 Oll 4Ry IBGdEHE AAiNRRMUR @%u‘ﬁ}léﬁ%'%{y&%%arﬂw‘ 88.“‘%%% E‘%Of';'s fIASon oy be

from a vacuum distillation tower, which will typica e?1ave a boi ngyrange

of 38630 IEARRYIHTEE{PEr Ak SABRIITEIEoRIpBheFREIESHRTfication, or by

exoluldelgs(s antre-¢slerifidator, @F/ i) etiiilgnefipfiiratco@ser opdipne(i)d give a

anghBAHIN éﬁ(ﬁ&ﬁﬁq&”%ﬂ@&tﬁﬁf&ﬁ RREPTUERIG Ml IS VISREaREiNaLiny lene-viny!
components (i), (ii) and (iii) will be added as an additive composition or
TR P RO Ry T S R e i s way, ..
10 adifamag et weae-vddigeetaemppditiosrare quite clear. Fuels to which no

additive has been added can be transformed into fuel compositions

according to the inventiqn, by adding a correspondin tity .of the .
PR e S 8 IR R o) Ak ARG luce
SoQPRAIMSTRFABYENIS0GE. 18 \ie (B8 astibefpersilsie mremldlisdrrspaiasimy alkyl
gmwn@@fmmflmtsﬁ),lc@gl)ampd&H&rfaeaaaa@lxst@oﬂr?@ S eF one or more
5 it nly be necessar ensure the cancentrations, .
P of gggﬁ%f\ﬁg%ﬂ%}\ﬁg#%ﬁﬁ%S%',%’;%é@}?eac ' r%%“t%r‘?’%ﬁﬁ“&qﬂd?\%g‘88|°°p° ymer having
coRFSBratREs¥EbhEaFBthefth e 2ODBIaIRAP OTASEPUEE/GOTNEH ta Bive the

Thecefeamidds sinapieferadnmoaiencusinneerthieirivaiier aacdridv@opotymers
COpRERRARN-BIIGR AR ﬁoé‘éémfﬁ}gbﬁ}%"%”ﬁé“%ﬁ% I rsel rﬁ{ﬁ&% 90,
to one another. Fuel 5 In one aspect of the present invention, tﬁe fue! is

pr&teFau¥ ©e1eeRartmerenRiyl EPRitdarsdaiesiang irmrgde R orefgmRbbifde 60,
20 manderfod, drefiekenfutl, tesidualdiielphéatingeoiby midd esthigiiiedalipiLlassturated
A o e thiie: Tate ‘
A O R

(biomass-to-li )
m&e%f’ﬂ&ae'l‘éfa%a 2 B1THERY il tPu it A BRIBRIRaP M &R IR carbon atoms.
conive ratkin drdiwsehen drbfedibiyedfraight-disiiiet] fnel unbredahih. dHditferentup to
disighed fsrebyHevawsiitiaHshal RIS iR 0RIRIHAGL @S RAAIMIEAmpies of
Inaf rthe[ asrggct ct}heI fL‘ lis m|dfj|te distillate oil or a heavy fuel which'is
25 m gﬁnlé;ular y preferred alky e(Ametf%ac:ry ates are listed as n-octyl (methjacryiate, n-decyl
{meth)acrylate, n-dodecy! (meth)acrylate, n-tetradecyl (meth)acrylate, n-hexadecyl
(methjacrylate and n-octadecy! {meth)acrylate and mixiures of these. Examples of
ethylenically unsaturated dicarboxylic acids are said to be maleic acid,
tetrahydrophthalic acid, citraconic acid and itaconic acid and their anhydrides as weli

30 as fumaric acid. Maieic anhydride is preferred.

Examples of polyoxyalkylene esters, ethers, ester/ethers or mixtures thereof useful as

cold flow improvers include those containing at least two Cqg to Cy linear saturated

alkyl groups and a polyoxyalkylene glycol of molecular weight 200 to 2,000, the
35 alkylene group of said polyoxyatkylene glycol containing from 1 to 4 carbon atoms.



15fuel, bunker fuel or heating oil. The fuel may be gas oil or heating oll,
including recycled light heating oil. Marine fuel may be marine diesel fuel,
marine distillate fuel or marine gas oil. Preferably the fuel is a liquid having

wa igeasitysof at least 1 cSt, preferably at least 10 cSt, prefereblycaieasvoiol

10

15

20

25

30

80 cSt, preferably at least 100 cSt, preferably at least 120 cSt. In some
embodiments useful as marine fuels theyyiscosity may be at least 360 cSt,
preferably 450 cSt, at 40C. Preferably the fuel is a liquid having a viscosity
of vuipntadPeeS] dderie 806taGilispreigrably up to 700 cSt, preferably at up
to 600 cSt, preferably up to 560 cSt, preferably up to 520 cSt, at 40C.

30For the purposes of this definitions of viscosity in this specification the

referainee idpabiaien ssplts v AR stadiseId i nabdsyay #yitpriting agents.
procedure of ISO 3104 : 1994. Fuel composition 35 WO

20@%69?%%&%@& éGag%QP?%(QPQ&Oﬂx g%ﬁqe@?@‘xl téefﬂg g‘l{ﬁ%ag freeze under

preferabty at leas ppm, preferably at least pm, prefe t least
?‘?‘é‘i’é&%&'ﬁl;ﬁfﬂ‘i@ﬁ@% Aipeiitidh @Bmﬁ%@@ﬂ%@ﬁ'ﬁﬁ? c‘)’F‘ﬁS‘ésC?ﬂdmoﬂs
the/immdtaticowipe wodiS Gausedterably ®Oppant thsspgrefeeably OtLpasie.
or Iess preferably 100 ppm or less, preferably 50 ppm or less.
erabl the fuel com 05|t on comprises the metal compound (i), in an
PRI ESBTE IRt RSaSPB BTBT Fer SRERLIMPEIAPABIg e certain
Ieaﬁmﬁ!ﬁrﬁf@mﬁbﬁmﬂﬁﬁl@aﬁf@ ppralymesterably at least 6 ppm.
Preferably the fuel composition comprises the metal compound (i) in an

amgunt to pro |de3 0 orI ss of the metal, prefera 40 or

Ies.s8 u'tr%“ebIg-:-ra T\fego %glpp eSS ?pre(fep fa f“%‘o égr&\’?ﬁ?lé@ %Fgfép EB?)}'% by the
p’ﬁ?@tﬁ%s@‘ Wﬂéﬁe@éﬁ?@ﬁéew@tﬁn@@aﬂé&?ﬁﬁo@wf{iﬂ% f@#?@cé@@fm‘@m gdditives

PrsTeRk-deryareran safsemRIp s ikhcoentdadumdide mbri ARrparRadbHis-olefin,

mefal %%fagnﬂﬂsg%gm & Lf&!&? 98%139 3 SRS e?tau-??e?;lac fg&%si ) fsage of

in an amount su tto I’OVI m of the m wou

in %ﬁt{?&uW@?ﬁ%mﬂ%tﬁ@@@pﬁrﬁ'%ﬁ‘ﬁe?ﬂﬁ%@??ét‘qﬁréfé?ﬂbfy tREGRFER the maleic
compyritierolasim poisaigras esigitilepiitef e sfgaRuscatmyetiadniitimum a-olefin
Pf@éﬁ&%hh’aﬁsﬁeﬁ?tv?e%?"wﬁﬁe&eE%P&X%lﬁ%éﬁxﬁmg’ @f{{)&rﬁé@yﬁmesé&ﬁ Co to

ppm, preferably at least 12 ppm. 25Preferabl osition
co?ﬁB\’fs%S" 60 ﬁamtigf: @ggefﬁi%go&aigﬁ@% ﬁag,ﬂieﬁns having carbon numbers

within this range. The operative starting a-olefin may have a minor component portion

which is outside the above carbon number range. The maleic anhydride o-olefin
copolymers have a number average molecular weight in the range of about 1,000 to
about 5,000 as measured by vapor pressure osmometry. Also suitable are wax anti-
settling additives comprising an imide produced by the reaction of an alky! amine,
maleic anhydride and a-olefin. Generally the imide is produced from substantially
equimolar amounts of maleic anhydride and a-olefin. The operative a-olefin is simiiar
in composition to that described above for the maleic anhydride olefin copolymer
additive. Particularly advantageous properties are obtained when the alkyl amine is
tallow amine. The imide preferably has a number average molecular weight in the
range of about 1,000 to about 8,000 as measured by vapor pressure osmometry.

Suitable stabilisers include additives of formula:



(ii); preferably 200 ppm or less, preferably 100 ppm or less; preferably 50
ppm or less, preferably 25 ppm or less. Preferably the fuel composition
contains at least 0.1 ppm of the stabiliser (iii), 30preferably at least 1 ppm,
wpoetessibdyal least 5 ppm, preferably at least 10 ppm, preferap&%ége@mm
15 ppm, preferably at least 18 ppm, preferably at least 20 ppm.
Preferably the fuel composition contains. 1000 ppm or less of the stabiliser
preferably 320 ppm or less, preferably 160 ppm or less, preferably 80 ppm
or lesg, 35preferably 40 ppm or less. WO
2008/ 84251 CT/682008/00010 39 In accordance with the present
the S prowd a fuel omposmon comprising a fuel
comp S|t|8n compr ing a uel ci}alnlng (i) 3 to 1000 ppm (preferably 5

to 40 preferabl 0 to 20Q ppm, preferably 15 to 100 ppm, preferably 20
to 50 jppm) ab elected from an iron compound, 5 a
manganese compoun@ a caI(:lu cdbmpound, a cerium compound, and
mixtures thereof; (ii) 1 to 600 ppm (preferably 3 to 200 ppm, preferably 5

B R R NN

organic compound se
biRae ﬁ%ﬁ@’@ﬁ%r@da@ isframateupopyiboe Bafiefestblg Ranesratttas 0% by

5 thaveightanfca (myﬁﬂ;m&oe@omﬁrﬁg{t@%& fore. é!ﬂol@)g@ @a%Qoﬂe”bnd most
r ra 0 refera
PreferaiiR I’%&gpigﬁﬁ%gﬁ%ﬁ el agﬁ Xhehst eémﬁgctm)aﬁhout 20 to

ppm) of a Stabiliser. T on o a omp
th@F0Ht E0nTAERSSN ' PriveipiEets amsherimenh Ritne atieastt@dthey weight of

re$ydoibzebonnspbsEtniyitH) watbt) atded{calge thanreatsate) éﬁ?goﬂg more
an:\’r@@@b‘ té?ﬁ&Qé@ﬁWQW%ﬁﬂmgﬂ@w%\f\{p}ggra@a c}cfet\lon Eé és § ¥a glght The

10 the fu? L ether naturally or as a result epara
ad SRS thA ARG AR TR FeCIRID FPRAURSA DR @ auRBge ﬁwawwmfecular
diffeight piposndeoérample.0R0 to abost Piatjcal aétatinRs BEWENE pressure
thespmgentsation of a component present is substantially equal to the
treat rate and the definitions given above for amounts of components (i),
(if) and (iii) in the fuel composition may be regarded as the amounts added
to R fiRsFulrase istaflisesstad farratda: 25 In this specification the amounts

15 which are stated for components are always by weight. According to the
invention thngomponents preferably the additive composition, may

I %4

wherein R has at least 60% by weight of a hydrocarbon substituent from about 20 to
about 40 carbons, R’ has at least 80% by weight of a hydrocarbon substituent from 16
20 1o 18 carbons, and n is from about 1 to about 8. Preferably R has at least 70% by
weight of a hydrocarbon substituent from about 20 to about 40 carbons, and most
preferably R has at least 80% by weight of a hydrocarbon substituent from about 20 o
about 40 carbons. In a preferred embodiment R has at least 60% by weight of a
hydrocarbon substituent with a carbon number range from 22 to 38 carbons, more
25 preferably at least 70% by weight, and most preferably at least 80% by weight.
Typically, R" has at least 90 % by weight of a hydrocarbon substituent from 16 to 18

N
1 n
R



30 be added to the fuel prior to or at the point of combustion. The addition
may be made at any stage in the fuel supply chain (for example, at the
refinery or distribution terminal) or may be via a dosing device associated

waithiagiesezimbustion system, for example, on-board the vehiglerifgcagioe01
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device is used the addition may be either to the fuel or even separately
direct into the combustion chamber or injgt system. 35Addition to the fuel
may be in the combustion system's fuel tank by the user a so- called

‘afiesmperkethisemisne aldiNe) dOSNSHZSAR (mide BAABI0RBEAAAfhge molecutar
Preferably t rity of the hydrocarbons caontained. in the h ocarho
e O 8 e e 000 t
als?PesEfiAtther natural or renewable materials, such as, for example,
rapeseed oil methyl ester. Biofuels may be used. 5 Further Additives The

adﬂﬁW&F%ﬂﬁ%&ﬁﬁﬁg anekior the é'ﬂsgtgyewr\;u%%rtlves Xﬁr? ﬁlgr?trs a d!ur as cold

additives, such as performance-enhanci miting list o
SR B R e BEoTORRI SR T oA mbﬁ%e,mwhmot%e P

inHister speofivatiom| sraintatatisted) batsindyesfarticeing agents and
detergents Combustion system 15 Preferably the combustion system is
sels _bur oL engine and furnace Preferably the combustion

L Gicediec et $urnace. Preferably the
combustion system IS an engine, preferably a ship's engine. Preferably

20tharpRging IS @SRRI PSSR ngana%ngtas.ﬁgéesst)ewm% %%ts&t%nstabamy
Theﬁgfltlveﬁomé)?slt&n aIIowa the f eIs of relat |ve g VISCOSI
rs

propenS|ty Ak soé’pénr?a’fey|n?r rlts&p(g?featﬁ) gé‘nfpf’(& H’ﬁt weight
"difSMpRENISUSTerefrung H’Gﬁqh@ftj@'én@ﬁn@%mf@ddc@)ﬂimaﬁon or thermal
eqbigRepiand am&xmﬁttgasasawt@m@suﬁﬁdrﬁufé:%gﬂé%teseﬁﬁgtrorm this
15 PERRliRAAGs SRRARILEH NSNS L UL ARS MRy MSIESROR., viny
maintenance of suit
ethers and their ester with organic acids; propyliene, ethylene, isobutylene adducts

with unsaturated carboxylic acids (such as maleic and fumaric acids) and their amide
or imide derivatives; acrylic acids and their amide or esters derivatives; polystyrenes;
and polymers made from combinations of these monomers. Additionally the
compounds mentioned above as fuel antioxidants may be useful as biofuel instability
inhibitors.

Biended fuel or separation inhibitors as stabiliser i)

Compounds suitable for use herein as stabiiiser (iii) include blended fuel separation
inhibitors.

A blended fuel separation inhibitor herein acts to maintain two or more fuels in a
dispersed or blended form. Loss of uniformity and mobility of fuel may also occur
when there is phase separation within such a fuel. Fuel blends may commonly in-
tank be made when ships dock and may source whatever fuel is available at the
locality at a favourable price. Lack of stability may occur, for example, when two or
more different distilled fuels are blended, or when a biofuel is blended with a distilled
fuel.



properties for efficient delivery and combustion; reduction of soot content
and ash content of an exhaust of a combustion system; reduction in
maintenance down-times, longer operational periods between downtimes;
wW3b zmpsysment of combustion efficiency of a combustion systes0os/000101
improvement of fuel economy of a combustion system; WO
2008/084251PCT/GB2008/000101 41 afyjlity to select a fuel previously
thought unsuitable per se or previously thought unsuitable to blend with a
fua\harlf;eaamadh@stfue|ma?5?@m&tk@$#§ﬁqwb}%%\%{%@ %Q]{JJ@E@XQHQ:,%%QQ dBoribed
market at a_diven tim n this specification preferre ures of any
as%é(‘(%t}earg B%%@?Féé ?ggiﬁ%g’% ’ﬁ?%ﬁweeer 51506%&?8%?23@%5‘?1% particular
situation or context makes that impossible. The invention will now be

furtheiees pobaBic YRl XABRNGH A RISIGREEP HIESOIMMENG the present

5 errilrpvog]itrjggnttss.f&e Ié@t iIIunﬁtratioH f the invthio%i;I Marine fuel test (ship
The Tollowing composiiis e emprsy& thea Ll drespRrioggpggnts could
mdfRmSeiMeRe g HEEe ikl conHites (s aidditiie Do weedal aBtigdadio another
wasabkted marine fuel of 15 viscosity 140 ¢St (measured at 40C by the
procedure of ISO 3104 : 1994). Previously the vessel ran on marine fuel of
60 cSt (measured at 40C by the procedure of ISO 3104 :1994). The 140
CS%QQ@P{-%\EQ%&%{E%ing more viscous than the 60 cSt, contained more

16 impurities, and had an increased tendency to separate or sediment in

19K -8R DSB8 GRS L USHIL IR G 7P ASHBSRREIS is bis
20 in the engine and downstream, especially in heat recovery ea’mpm t,
|ea?éiﬁ1f§°?8*§§ﬁ8weﬁié?@r%9%'§§@§wrG' (S FRRRABUANEBPcHRbHIEN (iil) is the
whigitinayraisodpeaCas sikglsubstiaiest phdreiranenm -aabigdentppeferably the
CORGRABIAPRIEL R 410 QUIRITQGEURIOI BRINAINA FUFhaacHaHRrhor -
added at a concentration of 15 ppm of camphor, in the mariné tuel
(provided in a hydrocarbon solvent) Stabiliser, namely the ester reaction
protRfetabhatc edRlitivekgtptresiicarisl é0imualdeThaleddiiddedrapasition may further
cogsaphcalionaiRkad ppm of the ester in the marine fuel (provided in a
30hydrocarbon solvent). The vessel was a mixed passenger/cargo ship of
gross tonnage 6090 tonnes. It had two Mitsubishi Mon 18V 40/54 main
enbiiEOrVgRIE e radddive spsanrsition initreaadded as a solution of the active

20 components in a diuent. it is preferable for such solutions to exhibit a high
concentration of the active components in the diluent. The diluent to be used should
be readily fuel soluble and compatible, including with respect to boiling point range,
and preferably will have a flash point in excess of 62°C for ease of storage. |deal
dituents are those in which all the active ingredients dissolve equally well and which

25 form a solution which is stable over prolonged storage periods, and also under cold
conditions.

However an additive composition is solid form {or components thereof, when provided
separately) is not excluded, in the present invention.

30
A preferred additive composition containing the three components (i), (i) and ({iii)
comprises:
3-1000 parts (i), preferably 10 to 500 parts (i), preferably 50 to 200 parts (i), preferably
100 parts (i}

35 to

3 to 600 parts (ii), preferably 10 to 200 parts (i}, preferably 20 to 100 parts (i),



tendency to smoke. Rated speed was 20,000 Ps1430 rpm. Average fuel
consumption 35was about 825 litres 380 ¢St marine fuel/hour per engine.
The vessel had three Daihatsu 6PSHTc-26D auxiliary engines. Rated
Ve aeegsT65 Ps/720 rpm. WO 2008/084251PCT/GB2008G0d 8 dndk200101
Average fuel consumption was 100 litres/hour per auxiliary engine. The
vessel was selected because at the endsgf the trial it was due to be
layered over and dry-docked. 5 The compositions were added to the fuel
tarkefethisycabcol dtepammnEiints each time the ship was refuelled with 140
cSt fuel. The pagyre of the trial - a real-life sea trial rather than a laboratory
test - meant that 10 "scientific" data on soot content, ash content etc. was
not dBtARTER. ReASHE o trEfe bl ffeePiBinedrdikerraissrioBthis réaRiiparts (iil);
of arafekirly Sl itagt 8ixpatn(his at sea have "real-life” value.  The 140 ¢St
5 fuel, not being designated for the task undertaken was cheaper than the

1560 cSt éuel. It was observed that the additives allowed the 140 cSt fuel
to be TISeASAATSYEFIBRIARIRT Sddienstanio s cditders PRegigppaatdrptment
reftreviusoétab il deind verkiovitl betdechesst torseyideatiannafeddos liquid, suitable for
pr@g@mﬁ/gm@@pg&ggi@@k@@&@bg@ ash 20formation. No detrimental
effects were noted during the period of the trial to any engine parts, fuel
injectors, turbochargers or heat recovery equipment. 25Furthermore the

10 exRenfatellicdbadiluarti gy shjesiedr fianfaet; witbnitcokcbemgines in thedrocarbon

shiprpeghtoeRaanialae hadse faghwardiRveneeaFeRRIeishs Jealstiiation
ex ﬁ% I%En tt&’eerQn %Str {1‘f}lsjelli Wo%gkglc}/e SO ie smoklrlgﬁ?lﬁwas observed

th ttlﬁe RS MS R s 308 'sHASRY D ERLLL HeReHES s, short
146385 3v R aRtb adigtilessgivaadiessasa oity eavaugsisthiwreyio 60, g8soline,
fueliesal laighhyixopse ssdvreoresult. We 30 consider that with modern engines

a clear exhaust could be obtained. Furthermore the 140 cSt fuel has a

higher ener?y rating than the 60 cSt fuel and so
he dilueni may be a “paraffin compound”, which may include both straight chain and

15

branched chain compounds. The branched chain compounds are also known as iso-
paraffins.

20 Preferably the diluent is a vacuum gas oil. In one preferred aspect the diluent is a light
vacuum gas oil. By the term "light vacuum gas oil" it is typically meant a gasoil fraction
from a vacuum distillation tower, which will typically have a boiling range of 350-
630°C.

25 Although separate addition of components is not excluded (e, (i) + (i) + (iii); or (M)
+ (iif); or ()/(iii) + (if); or (/i) + (i)) and may in some circumstances be convenient, it
is envisaged that components (i), (i) and (iii) will be added as an additive composition
or package containing each of the components, i.e. (Wi,

30 The advantages of an additive composition are quite clear. Fuels to which no additive
has been added can be transformed into fuel compositions according to the invention,
by adding a corresponding quantity of the additive composition to the hydrocarbon
mixture and preferably mixing it so that it is homogeneous. It would also be passible fo
add corresponding amounts of components (i), (i) and (iii) separately to the mixture.

35 However, it would not only be necessary to ensure the concentrations of each in the
fuel, but also the correct relation of the individual components to one another,



led to a 10% reduction in average fuel consumption, from 825 to 750 litres
per hour per main engine. This represents a large cost saving additional to
the saving per 35tonne in fuel purchase costs. WO

V200@084251PCT/GB2008/000101 43 We regard these resuiis ¥ehons/ono101
surprising. It was expected that there would be some negative effects, to

set against the positive economic benefi{-that this cheaper, heavier fuel
could be used. 5Second illustration of the invention - Heating fuel tests

Teshemmng:mma&mﬂob@iwsﬁﬁéa?ﬁ%% Mi%ggﬁéﬂﬂﬁg%ﬁwesm
Ye 1996 Heat outqut: a ) Oll burner

B R e R RSB o e o i anoiner
(nozzle):Danfoss Typ H, 0.50 US gallons per hour (1.87 kg/h), 60H H is
theFirdex angle/spraying index, hollow cone Smoke tester Brigon Smoke

5 Tester. 15For the trial, the burner pump was set to single‘-line mode, which
obviates return of oil to the containers and therefore heating by the burner

pulR S ASRETAAGER SrRSSHL IRveDtine: thfvsirePreierakiniesiectasy/from the fuel is
swatlbites dheen bioHiet-dieyey ajuscima) edisielyuis), lbaRkerl g, RAEREE fuel, heating

e inale-li ircuit is it epsur, a
T S SR RS o
e S T iR a0 AL 0l i SRSt e thedhighreay be a
10 BaBharbktie'sHot poatpianc dvellmated bifradaciasf(fisuabinspeciioenantal diesel

m%ﬁﬁ%ﬂi@é&)Wﬂhaad%imEH‘lﬂu@bﬁﬁ)@émﬁ}ﬁcﬁﬁéﬁﬁpagtw&'ﬁ’mp Yowever this list
-efny l;ggime t,A 25Th$e§teel hot water boiler was brought up to operating
p |

temperat e Wit 1ves io8iMon-imiting.

In a further aspect, the fuel is a middie distillate oil or a heavy fuel which is marine
15 fuel, bunker fuel or heating oil.

The fuel may be gas oil or heating oil, including recycled light heating oil.

Marine fuel may be marine diesel fuel, marine distillate fuel or marine gas oil.

20
Preferably the fuel is a liquid having a viscosity of at least 1 cSt, preferably at least 10
cSt, preferably at least 80 cSt, preferably at least 100 ¢St, preferably at least 120 ¢St
In some embodiments useful as marine fuels the viscosity may be at least 360 cSt,
preferably 450 cSt, at 40°C.

25

Preferably the fuel is a liquid having a viscosity of up to 1000 ¢8t, up to 800 cSt,
preferably up to 700 cSt, preferably at up to 600 cSt, preferably up to 560 cSt,
preferably up to 520 cSt, at 40°C.

30 For the purposes of this definitions of viscosity in this specification the reference
temperature is 40°C and viscosity is as measured by the procedure of ISO 3104 :

1994, '

Fuel composition

35
Preferably the fuel composition comprises at least 3 ppm of the metal compound (i),



without additives and without any biofuel. A smoke spot number of
approximately 3 was set by throttling the air feed to the burner.  The
duration of the trial was approximately 0.75 hours, and then the smoke

wapedisfsansnber was measured. Then, heating oils containingeyrRighiesosio1
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rapeseed oil, were tested using this burner in order to measure the effect
of the biofuel component. WO 2008/084251PCT/GB2008/000101 44 The
soot number was measured by evacuation (extraction suction with a

manertsoke estes Pondefererkpigrialaas volupie thraeebe Mesnads ppm,
Th'%qg%rb@aaq Vé’ﬁéwged optically (by comparison) after the
m . The'so

asurement B humber average value is a result of 10 individual
measurements. 5 Test % Biofuel component Bacharach Soot No.
Indredsatiny SeotfuddcbipostibntcdApristd 0000vEim: 39%4R 64 Be metal compound

(i), preferably 400 ppm or less, preferably 200 ppm or less, preferably 100 ppm or
-less, preferably 50 ppm or less.

Preferably the fuel composition comprises the metal compound (i) in an amount
sufficient to provide at least 0.1 ppm of the metal, preferably at least 2 ppm, preferably
at least 3 ppm, preferably at least 6 ppm.

Preferably the fuel composition comprises the metal compound (i) in an amount to
provide 350 ppm or less of the metal, preferably 140 ppm or less, preferably 60 ppm
or less, preferably 30 ppm or less, preferably 15 ppm or less.

if, for example, the metal compound (i) is ferrocene, then 30 ppm of ferrocene is an
amount sufficient to provide about 10 ppm of the metal (iron). Thus, if the fuel
composition comprises a metal compound (i) in an amount sufficient to provide 10
ppm of the metal, it would be present in an equivalent amount to 30 ppm of ferrocene.

Preferably the fuel composition comprises at least 1 ppm of the organic compound (i),
preferably at least 3 ppm; preferably at ieast 5 ppm, preferably at least 8 ppm,
preferably at least 12 ppm.

Preferably the fuel composition comprises 600 ppm or less of the organic compound
(ii); preferably 200 ppm or less, preferably 100 ppm or less; preferably 50 ppm or less,
preferably 25 ppm or less.

Preferably the fuel composition contains at least 0.1 ppm of the stabiliser iy,
preferably at least 1 ppm, preferably at ieast 5 ppm, preferably at least 10 ppm,
preferably at least 15 ppm, preferably at ieast 18 ppm, preferably at least 20 ppm.

Preferably the fuel composition contains 1000 ppm or less of the stabiliser (i),
preferably 320 ppm or less, preferably 160 ppm or less, preferably 80 ppm or less,
preferably 40 ppm or iess.



15% wiliwt 4.71 1.44 Second illustration -embodiment B In_this
embodiment, the effect of additives on a fuel containing a biofuel
component was determined. Using the same equipment and protocol as

Weennadsihistration, 10embodiment A", the initial smoke spotprumheiifdeo
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a heating oil without additives but containing 5% biofuel (rapeseed oil _
methyl ester) was set to approximately 3y altering the burner to the point
where measurable smoke is produced. Then the same fuel was test.ed
i 02000 iren oA 16 A B e o el = i) Bmpesiion
itive. it el. 15 itive combination of a
Zgg@é{%gﬁwad%%%ﬁré%%gsggi}\gfgrﬁtc\?vrﬂ%rhsmgfﬁ' g’cﬂ%loengqa 1'¥e above addition
rat® AV RBTLIRSRIRgbhC Ve 4B perfetly 10 Re2fbcerrs: DrSipphindAto 100
CmnwhprembmeSmbﬁj&ﬁralﬂ@as@?%m?d @eqs?aglﬁ/ﬂzﬁg a3fw7lﬁ&ﬁyéom pound,
nd.dj lami methacrylate Stabiliser 2:37 ppm .

e e D 8 Bl SR rmocures
3:1PE%h wiw - 2,6-ditertiary-butyl-4-methyl phenol 45 Additive B

(if) 1 to 600 ppm (preferably 3 to 200 ppm, preferably 5 to 100 ppm; preferably 8 to 50

ppm, preferably 12 to 25 ppm) of an organic compound selected from a bicydciic
monoterpene, substituted bicyclic monoterpene, adamantane, propylene carbonate
and mixtures thereof; and

iy 0.1 to 1000 ppm (preferably 1 (or 5, or 10) to 320 ppm, preferably 15 to 160 ppm,
preferably 18 to 80 ppm, preferably 20 to 40 ppm) of a stabiliser.

The concentration of a component (i), (i) and (iii) in the fuel composition in principle is
the sum of the amount of the respective components (i), (i) or (iii) added (called the
treat rate) and of any amount of corresponding component which was already present
in the fuel, whether naturally or as a result of separate addition. Separate addition
may have been made as part of an additive package made for a different purpose, for
example.

in most practical situations, however, the concentration of a componhent present is
substantially equal to the treat rate and the definitions given above for amounts of
components (i), (ii} and (iif) in the fuel composition may be regarded as the amounis
added to the fuel; that is, to the treat rate.

In this specification the amounts which are stated for components are always by
weight.

According to the invention the components, preferably the additive composition, may
be added to the fuel prior o or at the point of combustion. The addition may be made
at any stage in the fuel supply chain (for example, at the refinery or distribution
terminal) or may be via a dosing device associated with the combustion system, for
example, on-board the vehicle. If a dosing device is used the addition may be either
to the fuel or even separately direct into the combustion chamber or inlet system.
Addition to the fuel may be in the combustion system’s fuel tank by the user; a so-
calied ‘aftermarket' treatment.



A combination of additives added in hydrocarbon solvent which when

added at the above addition rate delivers the following active components:

5 Ferrocene: 0.5 ppm w/w Camphor: 40 ppm w/w Stabiliser 120 ppm w/w
wOamgshpsier of lauryl methacrylate and dimethylaminoethybuetbacnysateriol

Stabiliser 2:37 ppm w/w - a mixture of mono-, di- and tri-tertiary-butyl

phenols 10Stabiliser 3:17 ppm wiw - 2, Gglitertiary-butyl-4-methyl phenol

Stabiliser 4:118 ppm w/w - Cold flow improver Ethylene vinyl acetate

copoifaradityStabitisfrity. 22 thepydrodavbpestsambted ol ¢fnhydisiaranhydxigdes are

COPONKREH Bl NEwaILING: 285 A BEh %M&&%&B%%@Iﬁgﬁ%mm{

Bacharach Soot No. Decrease in 'Soot No 4 5% wtiwt
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or renewable materials, such as, for example, rapeseed o;l methyl ester. Biofueis
may be used.

Further Additives

The additive concentrate and/or the fuel may further comprise further additives, such
as performance-enhancing additives. A non-limiting list of such further additives
inciudes corrosion inhibitors, rust inhibitors, gum inhibitors, solvent oils, anti-static
agents, dyes, anti-icing agents and detergents.

Combustion system

Preferably the combustion system is selected from a burner, engine and furnace.
Preferably the combustion system is selected from a burner and a furnace.

Preferably the combustion system is an engine, preferably a ship’s engine. Preferably
the engine is a compression ignition engine (diesel engine).

Benefiis

The additive composition allows the fuels, of relatively high viscosity and with a
propensity to separate in transportation or storage and to bumn “dirty” previously
{leading to coking of engine parts and exhaust equipment and smoky exhaust gases),
to be used successfully.

Specific benefits include:

stabilisation of the fuel, even a blended fuel, including maintenance of suitable
properties for efficient delivery and combustion;

reduction of soot content and ash content of an exhaust of a combustion system;
reduction in maintenance down-times, longer operational periods between down-
times;

improvement of combustion efficiency of a combustion system;

improvement of fuel economy of a combustion system:



2.85-55% wt/wt A 2.08 0.77 6 5% wt/wt B 2.05 0.80 Third illustration of
the invention - marine fuel tests Test Equipment: 20 Engine Typ.el:
Caterpillar 6 M20 (formerly MAN) 46 Technical Data Test Conditions:

W t9essestasts, the engine was run at a constant speed of 10@@ rars 160860101
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various load 5 conditions between 0 kW and 850 kW. Fuels:

41

ability to select a fuel previously thought unsuitable per se, or previously thought
unsuitable to blend with a fue! already in the fuel tank;
ability to use whatever fuel is available on the market at a given time.

In this specification preferred features of any aspect are preferred features of all other
aspects unless that the particular situation or context makes that impossible.

The invention will now be further described, by way of example, with reference to the
following embodiments.

First illustration of the invention — Marine fuel test (ship)

The following compositions were employed in a ship for a period of six months under
confidential conditions, as additives to the fuel. The fuel was blended marine fuel of
viscosity 140 ¢St (measured at 40°C by the procedure of ISO 3104 : 1994).
Previously the vessel ran on marine fuel of 60 ¢St (measured at 40°C by the
procedure of 1ISO 3104 : 1994). The 140 ¢St fuel, as well as being more viscous than
the 60 ¢St, contained more impurities, and had an increased fendency to separate or
sediment in storage, and form soot combustion, which it may leave as coke deposits
in the engine and downstream, especially in heat recovery equipment, leading to
serious efficiency fosses therein or breakdown thereof: and which may also appear as
smoky exhaust.

Ferrocene — added at a concentration of 30 ppm of ferrocene, in the marine fuel
Camphor ~ added at a concentration of 15 ppm of camphor, in the marine fuel
(provided in a hydrocarbon solvent)

Stabiliser, namely the ester reaction product of a Cag.s alkylphenol and formaldehyde
— added at a concentration of 25 ppm of the ester in the marine fuel (provided in a
hydrocarbon solvent).

The vessel was a mixed passenger/cargo ship of gross tonnage 6080 tonnes. it had
two Mitsubishi Mon 18V 40/54 main engines, each more than 30 years old and with a
tendency to smoke. Rated speed was 20,000 Ps/430 rpm. Average fuel consumption
was about 825 fitres 380 ¢St marine fuellhour per engine. The vessel had three
Daihatsu 8PSHTc-26D auxiiary engines. Rated speed was 765 Ps/720 rpm.



Analysis of fuels Characteristic Fuel 1 Fuel 2 Calculated Carbon
Aromaticity Index (CCAI) 821 856 Density at 15C [kg/ms] 942,6 992,1

Density at 50C [kg/ms] 919,2 967,3 Viscosity at 40C [mm2/s] 83,6 276,4

Wiso@sipas60C [mm2/s] 52,7 146,7 Pourpoint 1C] -20 -15  per/ar2008/000161
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Average fuel consumption was 100 litresthour per auxiliary engine.

The vessel was selected because at the end of the trial it was due to be layered over
and dry-docked.

The compositions were added to the fuel tank in the calculated amounts each time the
ship was refuelied with 140 ¢St fuel.

The nature of the trial - a real-life sea trial rather than a iaboratory test — meant that
“scientific” data on soot content, ash content etc. was not obtained. On the other
hand the empirical observations of the results of a trial involving six-months at sea
have “real-life” value.

The 140 cSt fuel, not being designated for the task undertaken was cheaper than the
80 cSt fuel.

it was observed that the additives allowed the 140 ¢St fuel to be used without
problem, in place of the 60 ¢St fuel. They appeared to render it suitably fluid without
settlement or separation, and to prevent/suppress undesirable soot and ash
formation.

No detrimental effects were noted during the period of the trial to any engine parts,
fuel injectors, turbochargers or heat recovery equipment.

Furthermore the exhaust gases were relatively clear. In fact, with the old engines in
the ship used for the trial no marine fuel would even give a completely clear exhaust,
Even the 60 cSt fuel would give some smoking. it was observed that the 140 ¢St fuel
without additives gave a smoky exhaust but that the 140 cSt fuel with the additives
gave a less smoky exhaust than the 60 ¢St fuel — a highly impressive result. We
consider that with modern engines a clear exhaust could be obtained.

Furthermore the 140 cSt fuel has a higher energy rating than the 60 ¢St fuel and so
led to a 10% reduction in average fuel consumption, from 825 to 750 litres per hour
per main engine. This represents a large cost saving additional to the saving per

tonne in fuel purchase costs.



Ash Content [% mm] 0,042 0,040 Flashpoint 79 92 C - mm% 83,77 85,00
Fi- mm% 11,19 10,41 Sulphur mm% 0,82 47 Fuel 1:"Clean" test fuel
blend prepared by diluting a 580 cSt blending stock with marine diesel fuel

wo giveoadfisel with a CCAI value of 821 and a viscosity of appreximatabiseio:
cSt at 40C Fuel 2:"Dirty" test fuel blend prepared by diluting the same
580 cSt Sblending stock with light cycle gjl to give a fuel with a CCAl value
of 856 and a viscosity of approximately 275 cSt at 40C

We regard these results very surprising. It was expected that there would be some
negative effects, to set against the positive economic benefit that this cheaper,
heavier fuel could be used.

5  Second illustration of the invention - Heating fuel tests

Test equipment:

Steel heating boiler:  Ruhr Brenner, Model B 4T/14021kW, Year of Manufacture 1896

Heat output: Set at 20 kW
10 Gil burner: Ruhr Brenner, Model RH-4, 12-45 kKW, Year of Manufacture 1596
Jet (nozzie): Danfoss Typ H, 0.50 US gallons per hour (1.87 kg/h), 60°H

°H is the index anglefspraying index, hollow cone
Smoke tester Brigon Smoke Tester.

15 Forthe trial, the burner pump was set to single-line mode, which obviates retumn of oit
to the containers and therefore heating by the bumer pump.
The change from one test fuel to another was achieved by switching over a three-way
valve immediately in front of the burner. Because of the three-way valve and the
single-line circuit is it ensured that incorrect measurements caused by additive

20  residues in the pipeline cannot occur. The respective soot measurements were pulied
through a Bacharach soot pump and evaluated by means of visual inspection and

measurement with a soot number test device.

Second illustration —embodiment A

25  The steel hot water boiler was brought up to operating temperature with heating oil
without additives and without any biofuel. A smoke spot number of approximately 3
was set by throttling the air feed to the burner,

The duration of the trial was approximately 0.75 hours, and then the smoke spot
30 number was measured.

Then, heating oils containing a biofuel, rapeseed oil, were tested using this burner in
order to measure the effect of the biofuel component.



Fuel 3:Same fuel blend as Fuel 2 but containing additive package as
described below. 10Additive Composition: Ferrocene - added at a
concentration of 33 ppm of ferrocene, in Fuel 3 Camphor - added at a

wioneanisatkan of 13 ppm of camphor, in Fuel 3 (provided in gphygdiasaibanior
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solvent) Dispersant, namely the ester reaction product of a C20-24
alkylphenol and 15 formaldehyde - addeg at a concentration of 25 ppm of
the ester in Fuel 3 (provided in a hydrocarbon solvent). Measurements:

;hef;f@ul@\w' mgm&ea?u@f@%tﬁéﬂwéﬁm?ﬁ&%@%h%ﬁiﬁ%ﬂ% a manual
articylates,.(ma o raculate er OoT exnaust - yusin o
e R e Bt i el 2 Wittt T s e vs
vollfisebortimibpsggen S shtenbermsasasn eyt paraseynetiter average

anedysiss GaEban vl onpidR AR YalERR AR exhaust by IR absorption)
Heat Release (Jr) vs Crank Angle () 48 Exhaust Emissions Particulates

(mg-Lkg): Power (kVV)Fuel 1Fuel 2Fuel 3 850
Test % Biofuel Bacharach Soot No. increase in Scot No
component
1 0% withwi 3.27 s
2 10% wifwi 3.91 0.64
3 15% wifwi 471 1.44

Second illustration —embodiment B

In this embodiment, the effect of additives on a fuel containing a biofuel component
was determined. Using the same equipment and protocol as “second illustration,
embodiment A, the initial smoke spot number with a heating oil without additives but
containing 5% biofuel (rapeseed oil methyl ester) was set to approximately 3 by
altering the burner to the point where measurable smoke is produced.

Then the same fuel was tested containing Additives A and B identified below at
addition rates of 1 litre additive to 2000 fitres of fuel.

Additive A

A combination of additives added in hydrocarbon solvent which when added at the

above addition rate defivers the following active components:

Ferrocene: 0.5 ppm wiw

Camphor: 40 ppm wiw

Stabiiiser 1: 20 ppm wiw - a copolymer of laury! methacrylate and
dimethylaminoethyimethacrylate

Stabiliser 2: 37 ppm wiw - a mixture of mono-, di- and tri-tertiary-butyl phenols

Stabiliser 3: 17 ppm wiw - 2, 6-ditertiary-butyl-4-methyl phenol



30.0 52.3 46.9 750 48.9 51.0 45.3 500 31.8 60.1 63.3 250 43.1 72.6 73.8
0 109.4 368.3 159.4 Total Hydrocarbons (ppm): Power

WO 2008/684251 PCT/GB2008/060101
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Additive B

A combination of additives added in‘hydrocarbon solvent which when added at the
above addition rate delivers the following active components:

5 Ferrocene: 0.5 ppm wiw
Camphor. 40 ppm wiw

Stabiiiser 1: 20 ppm wiw - a copolymer of lauryl methacrylate and
dimethylaminoethyimethacrylate
Stabiliser 2: 37 ppm wiw - a mixture of mono-, di- and tri-tertiary-butyl phenols
10 Stabiliser 3: 17 ppm wiw - 2 6-ditertiary-butyl-4-methyl phenol
Stabiliser 4: 118 ppm w/w - Cold flow improver Ethylene viny! acetate copolymer
Stabiliser 5; 22.5 ppm wiw —post reacted olefin maleic anhydride copolymer (a

wax anti-settling agent)

Test % Biofuel Additive | Bacharach | Decrease in
Component Soot No. Soot No
4 5% wt/wt - 2.85 -
5 5% wt/wt A 2.08 0.77
6 5% wt/wt B 2.05 0.80

15

Third Hlustration of the invention — marine fuel fests

Test Equipment;
20 Engine Type: Caterpillar 6 M20 (formerly MAK)



(kW) Fuel 1 Fuel 2 Fuel 3 850101 95 94 750124 123 112 500182 152 138
250141 174 169 0401 1400 696 Oxygen (%):

WO 2008/684251 PCT/GB2008/000101
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Technical Data

6 M20
Engine Type - Direct Injection
4 Siroke

Turbo Charged
Stroke [mm)] 300
Diameter [mm] 200
Piston displacement [dm?3] 56,4
Compression ratio 14,8
Maximum Power per cylinder [kW) 170
Maximum pressure [MPa] 18
RPM 1000
Start of Injection [° BTDC] 14,5
Piston rod length [mm)] 552

Test Conditions:
In these tests, the engine was run at a constant speed of 1000 rpm under various load
5 conditions between 0 kW and 850 kW,

Fuels:
Analysis of fuels

Characteristic Fuel 1 Fuel 2
Calculated Carbon Aromaticity Index (CCAl) | 821 856
Density at 15°C [kg/m?] 942 6 9921
Density at 50°C [kg/m?) 919,2 967,3
Viscosity at 40°C [mm?/s] 83,6 276,4
Viscosity at 50°C [mm#s] 527 1467
Pourpoint [°C) -20 -15
Ash Content [% mm] 0,042 0.040
Flashpoint 79 92
C-mm% 83,77 85,00
H - mm% 11,18 10,41
Sulphur mm% 0,82




Power

(kW)Fuel 1 Fuel 2 Fuel 3 850 12.74 12.75 12.51 750 13.12 12.83

12.71 500 13.79 13.26 13.25 250 14.12 14.20

WO 2008/084251 PCT/GB2008/000101
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Fuel 1; . “Clean’ test fuel blend prepared by diluting a 580 ¢St blending
stock with marine diesel fuel to give a fuel with a CCAI value of 821 and a
viscosity of approximately 85 ¢St at 40°C

Fuel 2: “Dirty” test fuel blend prepared by diluting the same 580 ¢St
blending stock with light cycle oil to give a fuel with a CCAI value of 856 and &
viscosity of approximately 275 ¢St at 40°C

Fuel 3. Same fuel blend as Fuel 2 but containing additive package as
described below.

10 Additive Composition:

Ferrocene — added at a concentration of 33 ppm of ferrocene, in Fuel 3

Camphor — added at a concentration of 13 ppm of camphor, in Fuel 3

{provided in a hydrocarbon solvent)

Dispersant, namely the ester reaction product of a C20-24 alkylphenol and

15 formaldehyde — added at a concentration of 25 ppm of the ester in Fuel 3 (provided in

a hydrocarbon solvent).

Measurements:

The following measurements were made:

20

Exhaust Emissions;

25

Particulates (mg of particulates per kg of exhaust — using AVL Smartsampler
and gravimetric determination) |

Total Hydrocarbons (ppm volume by FID)

Oxygen (% volume in exhaust by paramagnetic analysis)

Carbon Monoxide (ppm volume in exhaust by IR absorpiion)

Heat Release (J/°) vs Crank Angle (°)



5

13.86 0 17.02 16.92 16.79 49 Carbon Monoxide (ppm): Power (kW)Fuel
1Fuel 2Fuel 3 850 169 134 156 750 245 138 138 500 515 158 132

WO 2008/084251

Exhaust Emissions

Particulates (mg / kg):

Power
(kW)  Fuel 1
850 30.0
750 48.9
500 31.8
250 43.1
0 109.4

Fuel 2
52.3
51.0
80,1
726

368.3

Total Hydrocarbons (ppm):

Power
(kW) Fuel 1
850 101
750 124
500 182
250 141
0 401
Oxygen (%):
Power
(kW) Fuel 1
850  12.74
750 13.12
500 13.79
250 14.12
0 17.02

Fuel 2
95
123
152
174

1400

Fuel 2
12.75
12.83
13.28
14.20
16.92

48

Fuel 3
46.9
453
63.3
73.8
159.4

Fuel 3
94
112
138
169
696

Fuel 3
12.5%
12.71
13.25
13.86
16.79

PCT/GB2068/600101
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250 328 305 331 0530 965 739 These results indicate that Fuel 3 gives

a lower particulate level than Fuel 2 at high S5power and especially under
zero load conditions. Also, Fuel 3 gives more complete combustion that
WRugh@oparticularly at low load. Heat Release (J/) vs Crank Axgteace)d&stooio1
Fuel is injected at 14.5 before top dead centre of the cycle. The heat

release plotted 10against crankshaft angle then gives a measure of

Ignition Delay. Figure 1 shows this for the low load condition (0 kW) for the
threarbselssondbgelippiielease curves show that under these load
conggg‘pé“}s, the "dirty" Fuel 2 had 15a significantly longer, and undesirable,
ignition delay when compared to the "clean”, Fuel 1. The additised Fuel 3

had &M¥improvd fgnition Té#hy compdie’dl o the Fuel 2. 20 This effect
woulgsbe expeicied to be nmaat significatBaunder startup, warmup and low

load %ditiongﬁ
500 515

250 328

0 530

138
158
305
965

138
132
331
738

These results indicate that Fuel 3 gives a lower particulate leve! than Fuel 2 at high

power and especially under zero load conditions. Also, Fuel 3 gives more complete

combustion that Fuel 2, particularly at low load.

Heat Release (J/°) vs Crank Angle (%) test

Fuel is injected at 14.5° before top dead centre of the cycle. The heat release plotted

against crankshaft angle then gives a measure of ignition Delay.

Figure 1 shows this for the low load condition (O kW) for the three fuels.

The heat release curves show that under these load conditions, the “dirty” Fuel 2 had

a significantly longer, and undesirable, ignition delay when compared to the “clean”,

Fuel 1.

The additised Fuel 3 had an improved ignition delay compared to the Fuel 2.

This effect would be expected to be most significant under startup, warmup and low

load conditions.
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50 CLAIMS 1.An additive composition for a hydrocarbon fuel comprising:
(i) a metal compound selected from an iron compound, a manganese
compound, a 5calcium compound, a cerium compound and mixtures
thereof; (ii) an organic compound selected from a bicyclic monoterpene,
substituted bicyclic monoterpene, adarffintane, propylene carbonate and
mixtures thereof; and 10(iii) a stabiliser; wherein (iii) comprises an
GspHiRene dispersant, a cold flow improver, a wax antisettling additive, or
mixtures thereof 2.An additive composition for a hydrocarbon fuel

i RS AR 6 PR AR o TR R Bfhpound and
(hixtoremtherspiulil) sniecshitacompdud setesteddrenrahdeydis compound, a

pngterpene, substituted bicyclic monoterpene, 20adamantane,
propylene carbonate and mixtures thereof; and (Hi) a stabiliser; wherein

¢RMRSEleER MBI PRRAYIE ARGAUEEHBISHRES comprising di(C1-4

@hkuh aordaeitCoraliyhdassidatedo fromethatinylete mitst@feoro/poiestidéd bicyclic
alke unsaturated esters, alkylmethacrylate polymers,

’68 y%%ia%g)%éne esters, ethers, ester/ethers, maleic anhydride olefin

ORI BTV P RASG IS AT TS RM tBerAtlef®@nhydride with an
@ipielipnimiges produced by the reaction of an alkyl amine, maleic

a h}/drid  and a-olefin. 30 : :

wherein (%03 comprises an asphaltene dispersant, a cold flow improver, a wax

antisettiing additive, or mixtures thereof.

2. An additive composition for a hydrocarbon fuel comprising:

(i) @ metal compound selected from an iron compound, a manganese compound, a
calcium

compound, a cerium compound and mixtures thereof,

(i) an organic compound selected from a bicyclic monoterpene, substituted bicyciic
monoierpens,

adamantane, propylene carbonate and mixtures thereof; and

(iii) a stabiliser;

wherein (i) is selected from

phenolic resins,

copolymers comprising di{C1-4 alkyl)Jamino (C1-4alkyl} acrylate or methacryiate units,
copolymers of alkenes and unsaturaied esters, alkylmethacrylate polymers,
polyoxyalkylene esters, ethers, ester/ethers,

maleic anhydride olefin copolymer additives prepared by the reaction of maleic
anhydride with an o-olefin, imides produced by the reaction of an alkyl amine, maieic

anhydride and a-olefin.

3.  The additive composition of claim 1 or 2, comprising components (i), (ii} and (iii}

in the following relative amounts by weight:

3-1000 paris (i), preferably 10 to 500 parts (i), preferably 50 to 200 parts (i),
preferably 100 parts (i),

io



3.The additive composition of claim 1 or 2, comprising components (i), (ii)

and (iii) in the following relative amounts by weight: 3-1000 parts

(i), preferably 10 to 500 parts (i), preferably 50 to 200 parts (i),

35preferably 100 parts (i), to 51 3 to 600 parts (ii), preferably 10 to 200

parts (ii), preferably 20 to 100 parts (i), pre&ferably 35 to 70 parts (ii), and

to 1 to 10000 parts (iii), preferably 15 - 300 parts (jii), preferably 30 to 150

parts (i) iHRSke Rafks 50 toresoratipts Qito 20Theaadditlveeaspagsisenoh oo parts (i)

any prwg@;%jglgmowt@eﬁg}&thﬁre is provided as component (i) an iron
complex selectaed from bis-cyclopentaciienyl iron; substituted
bis-cycloperﬁg i@nyl iron; overbased iron soaps; and mixtures thereof. 5.

The addidv&0Eith pasttiofiinf wiaisrabiywherein ' Vi
Compoms%x&é%@f%@%;@-.z?g ad ?f;lvg; compotion ARy AeLdy g o 150 par
as

claim, wherein there Is provi ponent (ii) a bicyclic monoterpene
or substituted bicyclic monoterpene selected from camphor, camphene,

idobbneydddigvateipsepe Re g el-isahar er, adamantane, ,
FH&M@,;@@; onate: and mixtureg;:;EJ {hereof.g%t%% gf&?ﬁ%@@ﬁ%ﬁﬁ%ﬁ%‘* as
claim 6, wherein fﬁe(ec ?S"W%ia3&?9}?%5%%‘%@rﬁ%f?!@@mem’&r&ﬂnesubstituted
RRHEREEsHpesishisrany gtecedingelatawhsieinilie-stapilise is (i) a

cold flow improver. 9. The additive composition of any preceding claim,

\g/h%ein {3%?{ stabiliser (ijii) is a wax anti-settling agent. 10. The additive

compoSitiBH St Y rELening Chlif vikeretiniiestabifisandsl) isadasbonent (i
fgmiostdent. 11. The additive composition of any preceding claim, wherein

the stabiliser (iii) is a blended fuel separation inhibitor. 12. The additive
composition of any preceding claim, wherein the stabiliser (iii) is a biofuel

Fﬁs_t mmgjﬁfﬁiﬂﬁf?fsEO_?BWWé MitWWSiM,Qﬁ/ﬁébé;M%ﬁ@@% provided as
claipo reina B'@@m Iﬁ%d&&}@%ﬁé%ﬁ'&%ﬂ&%& R%g’g]?c monoterpene selected

from camphor, camphens, isobormnyt acetate, dipropylenegiycol»isoborny% ether
adamantane, propylene carbonate; and mixtures thereof.

7. The additive composition of claim 6, wherein there is provided as component
(it) camphor.

8. The additive composition of any preceding claim, wherein the stabiliser is (i) a

cold flow improver.

9. The additive composition of any preceding ciaim, whersin the stabiiiser (i) is a
wax anti-settiing agent.

10.  The additive composition of any preceding claim, wherein the stabiiiser (i) is a
fuel antioxidant,

1. The additive composition of any preceding claim, wherein the stabiiiser (iihis a
biended fuel separation inhibitor

12.  The additive composition of any preceding claim, wherein the stabiliser (i) is a
biofuel instability inhibitor,
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14. The additive composition of claim 13, wherein the stabiliser (ill) is a
phenolic resin of formula (xi): wherein m is at least 1; wherein n is at

least 1; wherein the or each R1, R2 and R3 are 10independently selected

from hydrogen, alkyl groups, aromatic groups and heterocycles, or may be

OH, hydrocarbyl groups, oxyhydrocarbykgroups, -CN, -NO2, - S031-1,

-S02H, -COOH, -000R4, -NH2, -NHR5, -SO2NH2, -SO2, -NNW!, CONH2,
GONFIRE duandldanipnsie: wh ery b RAEAL L W IRRANGE Ldibiiser i is an
IQQ@%Q’ eenéltg seeljseac:rggd from hy_d_rocarbyl groups. 15 15. A fue' .
composition cgmprlsmg an additive composition of any preceding claim,

and a hydrocarbon fuel. 16. The fuel composition of claim 15, wherein

the fuglis seles) i [ oli arine fuel, bunker ,
fuel. heating o %ﬁgb d%@ﬁ%ﬂ%%@n%%ﬁg’ag\%ﬁ e PERlsE IHi,PcRienolic
(E;easé’?tS-%aﬁﬁcT’w?é’ﬂ (coal-to-liquid), BTL (biomass-toliquid), and OTL (oil
sands-to-liquid); and including blends containing one more such fuels.

2517. The fuel composition of.claim 15 or 16. comprising at least from 3
ppm to 1000 ppm of the metgl conipibund (i). 18| The fuel composition of
any of claims 15, 16 or 17, cgmprisingdrom 1 ppm to 600 ppm of organic
compound (ii). 53 19. The fye sition of any of claims 15 to 18,
comprising from 0.1 ppm to p Hg-sfabiliser (ii).  20. The fuel
composition of any of claims I wiﬁ%omprisin a hydrocarbon fuel 5and:
(i) 3 to 1000 ppm of a metal oaggg 1 d selected ffrom an iron compound, a
manganese compound, a calcium combound, a cerium compound, and
mixtures thésigof; (i) 1 ta-600 ppm of an organic compound selected
from a bicyclic 10monoterpene, substituted bicyclic monoterpene,
adamantane, propylene carbonate and mixtures thereof; and (iii) 0.1 to

YOSEREpM 5o Sadifsarhersipn et kerstctnmbesiiotherfarmach GAIMS && R® are
fod2pendecihiseldicies aviRgdogen, alkyl groups, aromatic groups and
heterocycles, or may be OH, hydrocarbyl groups, oxyhydrocarbyl groups, -CN, -NO,, -
SOsH, -8O:H, -COOH, -COOR?, -NH;, -NHR®, -SO,NH,, -S0,, -NHR®, CONH,,
CONHR', SH and haiogens; wherein each of R, R®. R® and R’ is independently
selected from hydrocarbyl groups.

15. A fuel composition comprising an additive composition of any preceding claim,
and a hydrocarbon fuel.

16.  The fuel composition of claim 15, wherein the fuel is seiected from hio-fuel,
diesel, gasoline, marine fuel, bunker fuel, heating oil, middle distillate oil and heavy
fuel off; and including GTL (gas-to-liguid), CTL (coal-to-liguid), BTL (biomass-io-
liquid}, and OTL (oil sands-to-liquid); and including blends containing one more such
fuels.

17.  The fuel composition of claim 15 or 18, comprising at least from 3 ppm to 1000
ppm of the metal compound (i).

18.  The fuel composition of any of claims 15, 16 or 17, comprising from 1 ppm to
600 ppm of organic compound (ii).
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15viscosity of at least 1 cSt at 40C 22. The fuel composition of claim 21,
which is a liquid having a viscosity of at least 80 cSt at 40C. 2023. The
fuel composition of claim 22, which is a liquid having a viscosity of at least
360 cSt at 40C. 24. The fuel composition of claim 23, which is a liquid
having a viscosity of up to 1000 cSt at 49C. 25 25. A method for
combustion of a hydrocarbon fuel composition in a combustion system

weh afrextaustrepospidsieg anpwitingriertsieb cemMRRsEIAMEIBRTIE NG 1o 1000

I ected from an iron compound, a manganese
gm%dﬁ%%ggﬁz% bcjompound, a cerium compound, and mixtures

thereof; 30(H) an organic compound selected from a bicyclic

RINOEIPENE, SeRpdsire BicYRlicomoRMarreng, qgaég%g@é?ig %;%%&L%Egrbon fuel

carbonate and mixtures thereof; (iii) a stabiliser; wherein (iif) compfises an
ggphaltene dispersant, a cold flow improver, a wax antisettling additive, or
mixtures theréof] 80 @\ ahydracashooiirel; suekranthustingitbe Bahpound, a

Composit}ﬁéhgéﬁe%@- /édm%%l%,foé ti%%r%{a‘gur%drgc%[a?ﬁ).lpnfuceolmpound, and

composition in a combustion system with an exhaust, comprising
providing ThE¥§& 866 sition comprising: (i) a metal compound selected

from an it@n ¢omp@md,@mmmﬂe@g?n%pwﬂp@ﬁa!%@&@anﬁﬁgmdaabicycnc
cerium c d mi reof.. 5(V) an organic compoun
selected%&B%thg%ic%%%ﬂgﬁgréeﬁg%ﬂ stitd é)éatgg%@ic BB PropYiene
adamant&R@opRIPAEAenédHhon terant amsttures thereof; (i) a stabiliser;

wherein (iii) is saleatasbipem pheaalisigsins,

21. The fuel composition of any of claims 15 to 20, which is a liquid having a
viscosity of at least 1 ¢St at 40°C.

22.  The fuel composition of claim 21, which is a liguid having a viscosity of at Jeast
80 ¢St at 40°C.

23. The fuel compesition of claim 22, which is a liquid having a viscosity of at least
360 cSt at 40°C.

24.  The fuel composition of claim 23, which is a liquid having a viscosity of up to
1000 cSt at 40°C. |

25. A method for combustion of a hydrocarbon fuel composition in a combustion
system with an exhaust, comprising providing the fuel composition comprising:

(i} @ metal compound selected from an iron compound, a manganese compound, a
calcium compound, a cerium compound, and mixtures thereof;

(i} an organic compound selected from a bicyciic monoterpene, substituted bicyclic
monoterpene, adamantane, propylene carbonate and mixtures thereof;

(iii) a stabiliser; wherein (i} comprises an asphaliene dispersant, a cold fiow improver,
a wax antisettling additive, or mixtures thereof,

and

(iv) a hydrocarbon fuel;

and combusting the fuel composition.
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copolymers comprising di(C1-4 alkyl)amino (C1-4alkyl) acrylate or
methacrylate units, 10copolymers of alkenes and unsaturated esters,
alkylmethacrylate polymers, polyoxyalkylene esters, ethers, ester/gthers,
maleic anhydride olefin copolymer additives prepared by the reaction of
maleic anhydride with an a-olefin, imideg.produced by the reaction of an
alkyl amine, maleic anhydride and a-olefin, 15and (iv) a hydrocarbon fuel,

&t combiasiing the dopleRiPOSHIahydrogdrdriMERIALARSAMCHN, combustion
cé %Wh ?(;Whlch scarrled out with the effect of: 20- reducing or

preventlng |re16hcajHSsUrPacg %WQ%%%W%QE%PH@&%?@MG#@@G&ﬁ@@ﬁsmg
Brefeiei) vrithe wrdoidirstsdofrtive exhenrstgasesntendetingshedsalompound, a

sidtabie E@m&ﬁjﬂat@%sﬁﬂh’i"&éﬂ%é}@%n@ﬂﬁ[}ﬁ% Ihopi the additives it

h bilit ?durlng storage
5 TR AT PSSR TR R RSO ieTREnCy bR hadasicycic
improténgetie ddanemipediesaftbeduvaksdBats Behaskaslaigied:in claim
%ﬁ g@gba,gé/yhgﬁgpélgqmg%?%é i{m) and (Hi) are components of an

additive composition as claimed in any of claims 1 to 14.
phenoEzc resins,

copolymers comprising di(C1-4 alkyllamino (C1-4alkyl) acrylate or methacrylate units,

copolymers of alkenes and unsaturated esters, alkylmethacrylate polymers,
polyoxyalkylene esters, ethers, ester/ethers,

maleic anhydride olefin copolymer additives prepared by the reaction of maleic
anhydride with an a-olefin, imides produced by the reaction of an alkyl amine, maleic
anhydride and a-olefin,

and

(iv) a hydrocarbon fuel;

and combusting the fuel composition,

27. A method as claimed in claim 25 or 26, which is carried out with the effect of:

- reducing or preventing coking on surfaces in the combustion system;

- reducing or preventing visible smokiness of the exhaust gases;

- rendering the fuel suitabie for use in the combustion system (where without the
additives it would not be suitable);

- improving the stability of the fuel during storage and/or transportation:

- improving the combustion efficiency of the fuat:

- improving the flow properties of the fusl.

28. A method as claimed in claim 25, 26 or 27 wherein components (i), (i) and (i)

are components of an additive composition as ciaimed in any of claims 1 to 14.



