COVPOSI TI ON, METHOD AND USE The present invention
relates to an additive conposition for fuel, a fuel
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conposition. In particular, the present invention
relates to an additive con‘posi{i on which may be used
to achi eve inproved fuel econony and to permt heavi er
and/or dirtier fue o l'ighter
and/ or cl eaner fue‘}—émg Lus i se, all
downst ream products becone nore expensive - for
e
egﬁe %eIEPﬁIVEEt%n J%@ér (bﬁan {f oﬁﬁ&dgﬂ%ﬁ fepfae%%hfu‘éi &ﬁnposmon
f aed sneih@snemda ueaspeﬁsudeatdoamosltasrs tirh glaﬂszulaeftheeunemnt invention
! ! I n I

Rﬁé%é % alx{]léﬁhﬁive -It_:%ﬁ'nlpoglyxg %r{ijcg'n &ago?ééﬁl%?gé b%c?\ﬁe‘?/g lﬁ{%roved fuel
" eccprtqrw and wwmﬁmeam@qmrmenfgelse@be asedin place of lighter and/or

EI on during transportation, blending or
storage “dirtier", we nmean that the less highly
refined fuel s contain a higher concentration of
uRst 50 : r d h Ca
(25| GUE ARABIES LSRR GobAE LIBbRe Bl Yiponsive - for
t Rxample fiwal farhesting epgiveestatians agidw@glglew esdpeniatihehipsiel .
Further, it is believed that such conponents or
conpounds | ead to deleterious carbon formation on _
c Merri Sighbynrefinech@r flightarhfugls areimore axpeaiydiani less bighly refined or
f Li%avieﬂ’l fﬁ@ltsorTheCIQ{?@f“t%f]H ‘P@b@r@srf%@djfo‘?f bc"l‘ﬂég%ré thore viscous
eat recovery many commer ci al Jraul

saed tand te harrf dittiec.odhey areamerg) mnqof@raep@fatlph er sedigentation during
ORShsHort it S@y0 LB highly refined

grg exaﬁg?ﬁ%"éndlr!g‘;o eésigrlagg %& Elﬁtﬁa‘f’ Jfa frﬁatﬂ't ighly refine
stﬂﬂﬁ ¢anain arfigher songeniretignosf qnﬁf@bkecqompoapreis@t icwgp@wms than more
ofwlghwere?lhé@ fudi8er 8LEH &ofn Sr‘i td Sr Qfo#‘r?da gd tf?ﬂ&e the, formation of

I'ne he

econom c driver to nove ess re but

a8ediment eoslydar withiasthe rfu@lt i Fyntar, aﬂo@\k@lieveﬁwth@t sugh components or
Sebrﬂp&ﬂ%rs%vﬁ ?) délé’térlcﬁ?‘s%&t foﬁﬁéﬂ?)ﬂt ntégnﬁfl.@ﬂ&w géjéﬂlﬁd Her alia, to

down-ti nme engl nes and ‘associ at &
e derqsitiontondpel I@E@tah @Qm@flst%cﬁnd (redused efficirnay injwaste heat recovery.
Mor eover many shi ps cannot have visi bl e snoke exhaust
streans. This woul d be unacceptabl e on cruise ships, _
aldnanyycommeraial b@é@m%ﬁct%th%rﬁyl eost/israomaien part of thegtofahoperating

Cesult I B8 cale WhEdHimaRIdP ShiPBiMg, 48C&kample, it is estimated that the fuel cost

sometimes amounts to 70% of the total operating cost of the ship.

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 equipment
are cleaned of soot (i.e. carbon) deposits. Moreover many ships cannot have visible
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
particular problem when ships buy fuel on the spot market, and the purchased fuel is



Bl ended fuels - for exanple conventional diesel and
bi o-di esel, and different grades of conventional fuel
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This is a particular problemwhen ships buy fuel on
the spot market, and the purchased fuel isadded to
fuel remaining in its fuel store. The result may be

pr.qbl i unpi n nd/ or .combustion, |t ul d be . .
e T el cehhind dn MRHumt 0" i &t By BB RifiSs in pumping
r addioesomibustivrer comes such problens. It is an object of :
enbodi nents of the invention to provide an additive
conposi tion which provides benefits in the utilisation

olt waidd bbalesingbla tv ihaee antadditive compssitisn MbicharedlicesSir atercomes
400‘%f If)l is an object of enbodi nents of the invention

t 3YBHRVPEE®an additive conposi tion which provides

benefits in the utilisation of fuel having a viscosity

oft rmeoiad o oS fydne iBlenf s glriigsaf 2ali< Fbrpostion
c ampbgirovides lemetits ip renatilisateontod fval bavihgialviscosityewhistes asriow as 1
acg{' ét%t,bon in which a lighter fuel would previously

have been used; with reduction or avoi dance of adverse
consequences whi ch m ght otherw se have been expected,;

in . t] ' . Clei . oid o) - -
.03, bR MBI B0 oo BRSeCkn g gompesivn
c shiwbrproldgessthenedits inrtinl otilisetidraefSteldravingregvisdasity svhioh is as high as
obj o) odi ments of the invention to inprove the

?g F?tt{}“g?@fuel whi ch may ot herwi se suffer from
stability problens, for exanpl e phase separation, o

;
o R pAEet s SSLAENG  IRROKA ABioyfiel TRAUINE compositon
emhishi peemits actieavies fueivtertiei used: io a situatios in tdided ilightey fuel would
ph_lbe%iJugﬁl hatv? ﬁ%‘ﬁ &éetde W(MT rgaﬂaﬁﬂﬁtciro&oi&(a%e %}(aalﬁ?érg? k&Snsequences
irproving 1ts ow ptopertres. It 1s an object o
embisi might ethefwisenkavenhaemt éxprcted; inmartputar with reduidtiearoy avoidance
7k Bcblilut oL gl 1R 3 phQ o SR Scbbhton andir
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.

It ié an object of embodiments of the invention to improve the delivery of a fuel to the

site of combustion, 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.



The additive conposition of the present invention
contains a netal conpound (as |ater defined), which
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known fromthe literature. Ferrocene and its

manuf acture were described for,the first tine in

Nat ure 168 (1951), Page 1039. %I nce then, ferrocene
tives as we as c

R RIPEENEL BN o B aPS 1 T BV DG B BE[2e. Gemrocene and it

NefERLRIdture leed tisscribed) for the rst/fifle Wﬂatuk&ﬂ% 6!@61)7%ge W839. Since
2,898 360 and US 3, 437 634. In addI tion to rrancy her
Cmﬁ?ou ggc rﬁ 1@ @EQV%'é{ﬁ%sa? Vel 3§, ccorresponding manufacturmg

ﬁécbyédg@pemadeemme E%mgf ﬁlﬁmérfopﬁipéie_hlﬁ eeg:ildJS %_\hT_69I828 US 2 834
S 28 B D 8 BRI A bi ages conpl ere combusti

tEe heating oil. In US 4 383933000?1%63533?3 Ioggsgf

ATL PR 18 vy HbEnomiRUNds ¢ PR B gif dbigRermes femocene

f mltmﬁdﬁtad%yl rDorSOasmeosErlglet émﬂltdﬁeeﬁed)nrgéu&i opﬁmlsé&mmtﬂstlon of
c n e Cco on chanber

BERR. OEP Ty rorbfhises s iatn , Do GRRt comPlate ofibuston of the
c bedhtirgtoilon surfaces. Subsequently, a | ower dosage of
ferrocene, 10 to 15 ppm nmintains this catalytic iron

oxi de coating. At the sanme tine it was found that with

t heElS 47689 #1205 a tivoedtageoprovegst foo sonditidningea digselimotar iS described.

is, difficult .t ancroncoo
< efSalnb tonBL At sh ot 30gh, SEFHE, S fhRBer A5 pprg. in the
sdiestlifoeicaaremges esrabh ye;msﬁsl in th eomtidstionwhambeparsd lso deposit a
ontalns an_o

(oo 51 SRR el S PR MRS s S BESRR. o tower
1565afge]oftfera@dmle 1het 1n apmxm?gweairgmgf c?talytg:ol::dn Z)ﬂdé codhibfo At the
et Ul ke ount Wi ke BT SREmg e dfversy o oo
°/éL Akrit Bdifficelbtdadd digahicddi dompesnddsuxn aaamgcmdmrf?els in solid
nmb
R BB Sl ds BB e 055051t emches ¢ hat
an addi tive which contains canphor and napht hal ene
?@E%grgﬁigg |c mﬁgatn% %fgtﬂgﬁafe_steﬂt %v&*ﬂ%hfdoﬁ{air{su&l brg%nl%' c%%eplound (as

later defined), which may be camphor.

DE 30 31 158 A1 teaches that a mixture consisting of 70 to 85% of water by volume
and 0.1 to 1% of camphor can be added 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 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 5 116 390, a disadvantage of using camphor is that

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



In the art, canphor has been used in fuel to provide a
reduction in either fuel consunption or hazardous
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soot. Rather, as discussed in US 5 116 390, a
di sadvant age of using canphor js that additional soot
formation is noted on burning fuel that contains

O o St 5p il e, el P o crmeher 1 asolne i

qeaffitieht qasantmes' todneasse theeffettveaddare r@ﬁﬁg&ﬁﬁhé@asﬂmetﬁlso results

the es [ reduct

offt BRURIST G 6Pt SLgBHA 0 4 FEshe BN npfegos i he Hlantiy of
quabnﬁrnéq'cm‘bomnéad’mgetb spatbexhaustgadices. t o sooty exhaust
particles. It is also known that conbustion catal ysts

can lead to the production of ash, see for exanple US

6 1t94 8ls® Aowmnthat, comstlistio eatalybtsadanrieatltoethe godddotionaf asin see for

%ﬁﬂbﬁ%ﬁ# 8@%@ gzgﬁtr a’%,e ack&yt D& gbr%?éclseggo? 1iorrallwsé{]lbn Ir_nl'ay lead to an

Regesaseahitha fommationesfeagrarH.i Jwigbiutrt, 8. Richter, AtNtiuei Egebnisse zur

A5 SAR S OM O SERELEY GG sy 198

I%gemmhﬂmnadonC@hhrkqmlterm mittl0 A2ditiverd, FUERS, 1p8@e 2nd International

i S A S Sk AR gl v o

| of hémvyaelutysdiessl £ngmes @tovidest dneinerebsatiepeakdd thie emissions caused by

¢ HEA R frahibn@lslidd e Siidie’ 1573 000 O5es @

ferrocene and canphor that reduces t he har nf ul

e itive.co | esent .
 ROCTo7BTo oiBaR O Sty FREaR Malalbi pliobi BERlce, feracene
aspth aarmpn@shatmedudes éthe harrriflailmlqsmmosal s have been

made. For exanple: US 5073248 describes the use of
secondary al kanesul phoni ¢ aci ds as

agpeatidibveechrspositonrog thegeresent invieetianosnptsng a stabilisem

further contain: 1. alkyl phenol fornal dehyde resins,

2. oxal kyl ated am nes, 3. wax-dispersing agents.

EFo dispeseasdbaltaned isa fueb varioeis pfopsaals hevenbe@smade. For example:
asphal tene di spersants. The sarcosinate stabiliser can

be conbi ned with al kyl phenol fornal dehyde resins,

oXpabkAa248 aetgsantiasctbe usedofsagicphrtany alkaoésilphabizoaelds 88 asphaltene-

gg%ﬁédstﬁgiageﬂg Yhe c%Fr[p%Eﬁ]Sﬁs e fgﬂﬁ(é(rl éoﬁtaﬂwc' délkﬁﬁhenol formaldehyde

ersan
resins, 2. oxalkylated amines, 3. wax-dispersing agents.

EP0946679A describes the use of sarcosinates as asphaltene dispersants. The
sarcosinate stabiliser can be combined with alkylphenol formaldehyde resins,
oxyalkylated amines, and sulphonic acid.

WO09904138 describes the use of ether carboxylic acids as asphaltene dispersants in
crude oils.

US5494607 describes the use of alkyl substituted phenol-polyethylenepolyamine-
formaldehyde resins as asphaltene dispersants.



crude oils. US5494607 describes the use of al kyl
substi tuted phenol - pol yet hyl enepol yam nef or nal dehyde

WO e®sn0s4285 asphal t ene di spersants. US 6270653 deST/GBR@8/000101
a nmethod of controlling asphaltene precipitation in a
fluid, and covers chemcals with a functional group
capabl e of interacting with asphaltenes and an al kyl

SR Eb S ik ftbed 4 meBh of EonyRing 5RARNS Srciniabr Mo fuid, and

cab\lznm chémitals With @Mcﬁ@mgtoubhﬁpablestIiﬁtenabwlslvitloasphaltenes and

OVId s_an | (o40)

RADEEEP Sisndne StdRong solyith sBres ok hem s prefsrebly an
carqmamd;,ro@ arhig aosiain mam)carbd: atenmzal ci um conpound, a
cerium conpound and m xtures thereof; (ii) an organic
conpound sel ected froma bicyclic nonoterpene, a

su’osh'etaspedt khec prdsent invastiodr penides agtarEditieen composition for a fuel

0,@?5' ene carbonate and m xtures thereof; and (iii) a
F% '$'%r. A stabiliser herein may sui tabl y be

s¢) eahetdl Eoropowand sesquited fremeardirerpeorapound, @ manganese compound, a

R B T T e

10 bl(leranemtgémebompmmdmelented fnbmta bioyclic @ldmetermgmnb$ub£tltmled bicyclic

! OEBeTrdieC lahintad® kel P8 BB B e 2R

f (il a stebifigesi t i on conpri sing an additive conposition of
the present invention and a fuel. Suitably the fuel is
a hydrocarbon fuel. It my be a petroleumor distilled

f Aei;tabilisernwyeibena/ éluitablysbsé seltaetddffranmnadi mdabltenmdiispmrsant a wax

15 %tgvgi%‘é { gecold fre%[gp PrOVES, ; dﬁugﬂ@bg?%aétblofueq %ta%dbty inhibitor

C76L a(beraledtfoel separalipn llBT!b.ltc(rbl Ortiees sageats| wigjoin ¢yyomete cstabllity of the

(gj),Jntgtlrbg}e %o%)gcl'q L or fromm xtures thereof (where

appr may be a so-called recovered
fuel or biofuel, for exanple biodiesel. The fuel may

be, g el ﬂgb&ghb%ré’ée%[‘ﬁwéﬁno%e&%(nﬁ&é %nfuglr com%osmon comprising an

sedr ment at urirng transportation or

20 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 distillate oil and heavy fuel oil;

and including GTL (gas-to-liquid), CTL (coal-to-liquid), BTL (biomass-to-liquid), and

OTL (oil sands-to-liquid); or from mixtures thereof (where appropriate).

25
The fuel may be a so-called recovered fuel or biofuel, for example biodiesel.
The fuel may be a fuel which is prone to separation or sedimentation during
transportation or storage.

30

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

compatible.

The fuel may be a fuel which is prone be instability as a result of oxidation.
35



The fuel may be a bl ended fuel in which the conponents
in the blend are not wholly conpatible. The fuel may
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oxi dation. The fuel may be a fuel which is prone to
freezing, wholly or partially, under anbient
condi tions. The fuel rmy be a ?uel whi ch buns "dirty".

e (4 SR 1) 5T £ ROLLPY BR8N ynaRrpambient

C edfkitnsON systen1(here|nafter "coking") and/or has an
exhaust which is visibly snoky. As noted above the

fuel may be a biofuel. It is comonly known that

birpé aedl snayrise & mhawnﬂwl Burf® rdirtyo X iByathiswed shedn shattd prodsces carbon
conmpar ed to g %rol based éor diﬁtilleda fuel.s,.t The busti

i AR SOBIRUSHIN £ HIF (5AdSStoFarb 9T, HERAFHED 9 &UTERTTR ST 1BE cgmbustion
obwstérA I(ﬁerémaﬁat“tdblaﬁg?m\ndmrt Iefsi l exhawstiwhidhl ie visibly $raoky. o

fuel as conpared to petrol eum based fuels. The

exposure of a biofuel or a biofuel/distilled blend to

aik riotety gisove thafaelsmaxbdai biofuebf Ittlheofntminly leravrl theatl biofuels are
to, i nsﬁ abi fuel

 RlefRRl bt Kl SR S slinprrdd oyRgIER! bbSed for aities
Crelx0XVhe Mmhant thseandlity isrdtfieuted eaathe aunaanckiof slefific (unsaturated)

RS bR PSS 1 Bl BB o e e
f aycpdsuteadifl awlgoig:egasraajabfueMdulstmeb btehd ¢d air (dkygem)oranbesbxidation of the
uc ilize .enz ol

P Ffcard ool 5 dFsTat e S o B8 s L formation of

oa@amls,rmd?ydeahieeodes chrgexylulz lcidé laed $l,(zjrtr?n deam?n Iproducts of these
uel s _pr nt_ resu in_detrinmenta

P B BieuP ptH B8 PP riPe oxarml o 51 udge
for natl on). Moreover prolonged storage of biofuels and
B8 B B SR ab R h B AR B e, s
( microlnli arbanisrysl poddyte and otlizd @hzypngs dorcexaetld ligases) in their normal
CHUPERE 700 B e B, SRS Bl v pevoeem
bfuemjmésem edssithing rip aletramentdl abaogesi in the dulki o:mnwctsltlont(far example

T orting data which indicates that the
Q@ g%*so?'fné (grﬁ the fuel to formoxidation products is

enhanced in certain fuel blends.
Moreover prolonged storage of biofuels and their blends at elevated temperature
causes produces an increase in rates of other degradation processes (microbial,
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 fuel to form oxidation products is enhanced in certain fuel blends.

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

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



The invention is applicable, particularly but not
exclusively to blends of 70-98% wt/wt petrol eum
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greatly increase the instability of bul k biofuel and
bi of uel / petrol eum fuel bl ends,,especially of bulk
di esel and bi odi esel / petrol eum di esel bl ends. The

degr adat j on oroducts of = ox such recjpi,tat

O RHE GAune Tioaries o° aageals el dsposia el G 4Bu P isuseauent

depg@ifé t GandyeC h Than insedditt @xidEsTe @f ediich efagls Ngredamedtcern to fuel

The jnstabilit oxfi ation of sucg I{ﬁﬁjels are of concern
Bpadts f

t 8"FYEF ST B HEfHan Fﬂﬁ?’& 8P¥Sand i nf or med

fuel users. In a further aspect the present invention

o SRR B 0 BRRAR Y o o

pbwp&um inh® cbmelstivangBREnt With anoghaust, BEMpfising provetid] the fuel
ound sel ected froman iron conpound, a manganese

08 BRRIUPN PMBNISK%um conpound, a ceri um conpound, and

mixaunetal edrapamd; se(]edtéd &am@rgmsﬂ Compdsmﬂuladnsmgamtsedompound, a

froma bicyclic nonote ene cgst It ut b| cycl iC

mSAGHEY 55 ”“ﬂuaaﬁ%’ﬁ’c“éﬁ p?i‘l“&p?” WB‘“HS? fe” and
m(lb)tau ro@rﬁdﬁmrmﬁuhd (slelelcbedc’lro&t albldycls:e'nonm’rderée \s)Jbaitlﬂtadé bicyclic

ustin QNpo

BipnBRAte. pfdutileng. Wan(ErBrapebofnne Trfrabedd
f (i#)l a stabifisesj didon burnt in a conbustion system of (i)

| .conpound sel ected froman iron conpound, a
mg'wegaaﬁ‘gge conpound, a cal ci um conpound, a cerium
c angb oomblustiag thenfuet congsositioar eof ; (ii) an organic
conmpound sel ected from a bicyclic nonoterpene,
substituted bicyclic nonoterpene, adamantane,
pirop furthee asmdbmeapresandhwehﬁdimpmsidehmeem‘e;, iraa ue] composition burnt
stabilj for one. or nore of the foll ow ng purposes

- "}aea‘ﬂmﬁ é'bBrsy?)?'@v%fntl ng coking on surfaces in the

c ¢jreusetabeomspymingngelected from an iron compound, a manganese compound, a

calcium compound, a cerium compound, and mixtures thereof;

(if) an organic compound selected from a bicyclic monoterpene, substituted bicyclic

monoterpene, adamantane, propylene carbonate and mixtures thereof; and

(iii) a stabiliser;

for one or more of the following purposes

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

- reducing or preventing visible smokiness of the exhaust gases;

- rendering the fuel suitable 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 fuel (for example reducing the amount of

uncombusted hydrocarbons in the exhaust and/or reducing the amount 6f particulates

in the exhaust and/or reducing the amount of carbon monoxide in the exhaust and/or

minimising ignition delay);

- improving the flow properties of the fuel.

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



- reducing or preventing visible snokiness of the
exhaust gases; - rendering the fuel suitable for use
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it would not be suitable); - inproving the stability
of the fuel during storage andé or transportation; -
i nproving the conbustion efficliency of the fuel (for

exa ler t he anoun C

P e, S35 A%, dvairat oo SeaPBr SPatuc, Higse HEPuERE, prefered
Ofeatlﬁéi bmbibas of tsdsite thxibaantibn.and/ or reduci ng the
amount of carbon nonoxi de in the exhaust and/or
mninmsing ignition delay); - inproving the flow
prt0$)ﬁfdnidetﬁat06erfehts dfupé mvbhtldrSmESDlaﬁdrntah\aily soaadub@mmﬁ ibbeound at

nventi on ar rom nent nd | ow e

° BotBaus Bt G5 08 e PR ek e o So§e if Sperating at
OpRIaldri thgn @Zmlcbr@éﬂgf tran E9800f Gtﬁ maximum télasradiepowér. Those
its nmaxinmu el.i verabl.e power. Those r resent
pfe@ff%%eptare?%ﬁdtrﬁ%tgreafof mstinss o yregQidee BreriR.
i nventi on. is found that benefits of the i nventi on

al ter atlvel or addi tionall dat
o iipehrtiod wisive e BRI sapben, BHRUSH, BRI & carbon
enmtem we refpencablengenedl ogrtmat Whlchhaay oigrwise bgr edlledrsoot. In the

maxi mu Those

| B B8l ahged bRy FalseTPERAT RO [oosCor the

invention. In this speC|f|cat|on when vve refer to

gﬂi‘ég\n\p \R% r bo s]c g%enﬁicgﬁgh{o Q P}%’%p (o] sg%m Sgg%/ refer to any parts

othighvdre cdlrbetlycpdrt efdthe dining aqmlhmentasecmés éudhanjedtorgaaesburners,

f%{,(g%gggax)ﬁﬁ ?%??do°5¢’”g{6n %rﬁ ok?et xﬁgy%{ |nm<5 \Aia%"egf Reat recovery

t eqaipyepicartdsexhbustiduatirey. di rect I y part of the burning

equi pnent, such as fuel injectors and burners, and

parts which are downstreamof it, such as rotors,

t Ur dnenasplecth trestasih efathe irsveoticer iy teeprovidemrfuelaothpositian swhich provides
] e f .t LN [ LS ¢

58k, O SR REF bRl ey HEYSE VAR et et

c ongeneealt but(which ¢ffery partidular ad\)anmeh'erheiaw flefs ametior blended fuels,

i ch d.w r I
o i S Pl el b Bl S e i o
apases; ibl iepdadihg wembystion performance In achieving the beneflts of the
invention fuels previously regarded as unusable in a given combustion context are

rendered usable.
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,

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.



in maintaining stability, suppressing sooting of
conbustion surfaces and/or in exhaust gases, in
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benefits of the invention fuels previously regarded as
unusabl e in a given conbustion,context are rendered
usabl e. Further aspects of the invention are defined

be] ow, and in the appended clains. Metal conpound (i)

T&{?—ﬂéﬂi@e—‘é’&%ﬂi" d (i) is selected froman iron

conmpound, a manganese conpound, a cal ci um conpound, a

cerium conpound, and m xtures thereof. It is jpportant

¢ RERoi2bffer SangahERs Aempeych dhel desant i Selerash P mianganese

f usbosyIcoipeund, rilarkjaaese O) 2-andhgxanbste abigdnese naphthenate, and

StHﬁlgl e. The%fpreci se nature of the netal containing

cOPYERYE Y | ess i nport ant. Manganese conpound

Preferably a nanganese conmpound, when present, is

selected fro manganese carbonyl co und, manganese.. .

(TPS 558, AgATRLR RBAS! DRBn0aMBBEH S5 THEAY coMEgnas Uised in

mMazdandBretwity thfinvehtion eompristesrhamdmangaaass polydaypenydEompounds.
nganese rbonyl c ounds utilised in accordance ..

o B Bos e if, 3¢ SbAdd TR ASE ob A B REMgdRBd aRaGHhESe ticarbony

poebryipauraosfythe appe dasutibed frolU. D eB4t. Nes.u2, B38,4UB and 8p187¢8351. Thus

ent adi enyl ane§e.t ri carbon

C oo SR YL CBGRThcar FRGreaedieqyl Figpdahese ticarbony.
2 n&ﬂ'&]c&glﬁpwﬂddian)ﬁl 2 haﬁt@érae_s'éh tricaroaylc ae“lh)b@/tcm_péatagfensllu oianganese
c nds as c ope i enyl. nganese_tricarbonyl ,, .
nﬁﬁ%%w'u open?‘iﬁﬁe@&yaﬂ%ﬁ%‘#{%ﬁ tg ri camﬂ%‘?%ﬂe,se Y tricarbonyl,
etrimydtioylojicinpentadidngnyanganega trécaebdnyl, peodylzgyibpentadienyl manganese
RSy P P T RARREGS G virciopetadens
prapyanmssel opéeithembngny | peatyyolepentadiecdr bonnyhganese tricarbonyl,
BBl B bE A BR . eP el o280l B PRhycrcopentadeny
perangamasel opieatbadylenygimetaylgaylepentadanplonylanganese tricarbonyl,
h ' I i I .

AR OPEDAEE g A PES g B gy vearvon, an
diikeetdwpanids lic whichibe cadopeniddienghpaiebseortaine ap boahdyt 18 carbon

atoms.

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

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

manganese tricarbonyl.

Methods for the synthesis of cyclopentadienyl manganese tricarbonyls are well
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; 2,898,354, 2,960,514; and
2,987,529, among others.

Other organomanganese compounds which may be employed include the acyl
manganese tricarbonyls such as methylacetyl cyclopentadienyl manganese
tricarbonyl and benzoyl methyl cyclopentadienyl manganese tricarbonyl, described in



dodecyl cycl opent adi enyl manganese tri carbonyl, indenyl
manganese tricarbonyl, and |ike conpounds in which the

waeymBopest adi enyl noiety contains up to about HAGI/GRe®8/000101

atons. In one aspect, the manganese conpound is an

or ganonmanganese conpound. A pkgferred or ganonmanganese
conpound i s cycl opent adi enyl nganese tricarbonyl.

P ul Iy preferred for use in the prac of this
SN L 2RBiehe oe A firmoanse paRGaRLoas such"a8 pheny

tmmaﬁw&ybentb@irbm tHescribbe .ﬁyotshesats $007,953; and the aromatic

cyclopentadlenyl nganese tricarbonyls are wel

CHRNEAGa 5% T hrg 6y Shel 5 SHSUTIBNe caaRgmANGqpse dicarbonyl,

addsdribea i 0.9)Pat. Nea3,045193. Likkhises lde aarb8 mbadé oswclopentaduenyl

not ed above, at 68, 816;
5 2Mmasgasase. dacﬁté%vwm@s@ndssar?ﬁg tomrl. RYHEPIL. where R s a
Qﬁgllﬁﬁlmﬁ@dlgﬁmﬁstﬂ%ﬁ@yﬂdﬁem&m@'ﬁyl gRypraviegrs temobarbon atoms, and
¢lude the a na nese tricar S .
(P BB 20,1 B R AR e n A ROTRLE: E-c s Bypruran. or the
ankke. bwyéorﬁwmuk aayqbféﬂeattadrcﬁrwanfmqane@@erhold M., Metal n-
tricarbonyl, descr 959, 604;
rmanVis b e bhayss 1565 ar Birdite b g Wakten 1. 5.
10 pwmrgcaheﬁnyhgﬂdeqs@rne@d MangasesePpbntadarBOrfyl Odifer q@Fnanganese
aromat j ¢ cyanomanganese, di car bonyl s such as
n@%ﬁcﬂm E?%ﬁ'@ﬂl?ﬁg?ﬂ%?é@@ diigeskednyl , described in
U S. Pat. No. 3,042,693. Likew se, use can be nade of
cycl opent adi en nganese di car bon co ounds of the
C BoialRR b reoperoe SBPEN S S MAnGAoSe COTPEH or
unsubsti t ut ed cyclopentadlenyl group having 5 to 18
car bon at ,,and L is a I as an ol efin,
15 aBreleianl R stanienese soppoutst Rt (P CBpoRAUeR gihganese
StrdarsuPpPadsUbstiited E:ﬁﬂ(ﬁfehfédlehﬂ marigan€sctfibar®ohyl.,
Her berhold, M, Metal it- Conplexes, Vol. Il
Anst erdam El sevier, 1967 or G ordano, P.J. and
V‘&'hghh@rﬁgark‘be S‘comdonﬁd gnayCibentyclop@ritadiedfd, mahanese tricarbonyl and
3L RSB BingidEE s SBiH SRS g substuents can be
20 Prefexampleyordier m&mqw@l §rRUPS Yiéferably Y RIGYRGOEFs. A combination
cogﬁigx. Preferably the nagﬁzp sedconpound is selected
f PbTHCBRANGRRREAMBIRYES e Sizh peuse
Preferably the manganese compound is selected from cyclopentadienyl manganese
tricarbonyl and substituted cyclopentadienyl manganese tricarbonyl.
25
Preferably the manganese compound is methylcyclopentadienyl manganese tricarbonyl
(MMT).
Calcium compound
30
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 calcium
soaps); and mixtures thereof.
35

Preferably the calcium compound is calcium sulfonate.



tricarbonyl and substituted cycl opentadi enyl nmanganese
tricarbonyl. The nmanganese conpound may be
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cycl opent adi enyl manganese tricarbonyl wherein the
substituents can be, for exanq one or nore Cl1-5
aIkyI groups, preferably Ci1-2 élkyl groups. A

nbi nat i on of . such rran anes 0
C Olte SBlaE i rmP s dim SaCou cop A B0eS pag 254610 and
f adisouskedetaigi enyl manganese tricarbonyl and
substituted cycl opent adi enyl nanganese tri carbonyl .
Preferably the nanganese conpound is
mekhyh&palpopadt adi enyl manganese tri carbonyl (MMVIT).
Cal ci um conpound Preferably a cal ci um conpound, when
present, is selected from cal cium 2- et hyl hexanoat e,
CHPéféﬂamyraaﬁrﬁ]lﬁﬂ@dr@pomdl Whempresdrtiosaleeted froad carlwm (I11) 2-

Iat |nclu ng_.cal ci.um sga i ncl udin :

Bl Psiertare, chiive su{pbOSHES souyTB et 0ales phERd seyum soaps
al’mtlumrvgt ruaru&SI denaresdaps Bne besrblided defiamcstlaps)) and atiyiones thereof:
is calciumsulfonate. & her suitable cal ci um conpounds
are disclosed in (B2248068 and GB2254610 and are
dirss gsmeduricher ei n. Ceri um conpound Preferably a cerium
conpound, when present, is selected fromcerium (I111)
2- et hyl hexanoate, cerium sul phonates, cerium
c Ihbrexyaybe proyided lasthgigirerecarmpound ais snétalddonttiongd (i wr aahixture of
cerium soarfds and overbased cerium soaps); and m xtures
t (&Y &YPPOYNSN conpound There may be provided a single
i ron conpound as netal conpound (i), or a mxture of
i Lon ¢ unds. Prefera on .co
oPERaRBIRRE S combi, HEpd alesee b Do K pIEx selfkidh rom bis-
bbyx:tqmn(mmnyamre rsybstittltecm bisaytisperttadieny! iron; lron carboxylates

cycl opent ad ron. iron carboxylate
(e REF ROty Sclioind PRRparstnG0art sLehef o agiggnd iron

suctbaw,a, andonixtuegd theeofind i ron

Preferably the iron compound is an iron complex selected from bis-cyclopentadienyl
iron, substituted bis-cyclopentadienyl iron and mixtures thereof.

Preferably the iron compound is a substituted bis-cyclopentadienyl iron selected from
adamantyl bis-cyclopentadienyl iron, bis(dicyclopentadienyl-iron) dicarbonyl and
mixtures thereof. Bis(dicyclopentadienyl-iron) dicarbonyl is also known as

cyclopentadienyliron dicarbonyl dimer.

In one aspect, the iron compound is an iron complex selected from bis-
cyclopentadienyl iron, adamantyl bis-cyclopentadienyl iron, bis(dicyclopentadienyl-

iron)dicarbonyl, iron tallate and iron octoate; and mixtures thereof.

Other suitable substituted bis-cyclopentadienyl iron complexes are those wherein the
substituents can be, for example, one or more C,_3, alkyl groups, preferably Ci.5o alkyl
groups, preferably C,.40 alkyl groups, Ci.5 alkyl groups, preferably C,, alkyl groups. A

combination of such iron complexes may also be used.



octoate); and m xtures thereof. Preferably the iron
conpound is an iron conplex selected from
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bi s- cycl opent adi enyl iron and m xtures thereof.
Preferably the iron conmpound i,§ a substituted

bi s- cyclopentadienyl iron selééted from adamant yl
bi_s-c cIogentadlen

bPSRHEyR! %ﬁ%'%%ﬂylrc'qneaﬁﬂleaylcgplp,oﬁgmm% @S, ¢ GHclopentadienyl-
t'(*ﬁétﬂﬁ“JVC'@bﬁt@dieﬁwf' aBAN! |®@Wadi'ehﬂ(‘é)hyﬂbyfbﬂ:rpbﬁt@wenylﬁ ron,  bis-

al so. known as .c opent a [ iron d|

i ehdospeaRdehyiL Moo B HBUREaPenasienon ek mbes 2-dimethy

Z ey@@aeatlédfehﬂ{nu?hs avel ﬁwmgiyﬁméihylbywperﬂﬁﬂéﬁmt Isr‘dlm These iron
| S-C (0] adl en I ron |1 S (0)

PO AR he RPAIEY Y Brngesers Rl o aicuh 2aper 56, UK bsossss

NMGB-AHORS3 120eiha TB-AQ7885505 Ahbthsr Iakilefni dobipRt is iron pentacarbonyl.
bi s-cycl opent adi enyl iron conpl exes are those wherein

the substituents can be, for exanple, one or nore

Csuitdbleal o nipides RE€l Bisabtivpdpiaddhyial itonl @i pis-(methylcyclo-
preferably Cl1-10 al kyl groups, Cl1-5 al kyl groups,
pP%‘FtE‘?'%TM');)mCl 2 al kyl groups. A conbination of such

i ron conpl exes may aI SO0 be used. Suitabl e

Z:IEg 892)?(@3%{8%12; Frg rgl {z'%ﬁﬁ?/ g)fgﬁjgﬁlg lo;'\(c)ﬁ rr;)or? p&%ls including

cyom, dpammdarﬁaw b(aleéﬂityl e.gy diespiefnelami v%llyldnbwhrto thoski skilled in the art

t

bl e RS A AR S Wi Sarenin, . (1

2 d|nEthyIcycIopentadlenyI) |ron and
b t h I di ) i . Th N

POt PRt FaBaPEe B Gt Blioeen el fygyee in the
I mvelstiof- %&ﬂESﬁmoséJSnAwﬂﬁﬂ%lﬁ)%tltuﬁ& Am@?ﬁb%la@ either or both of the
SRR o SL5k S b PSR Bl 8or more 1.
b akylayrelpsp preferdble 104 ), alkybgroapsd/ or
bi s- (et hyl cycl opent adi enyl ) iron. The co-ordi nation

chem stry relevant to the solubilisation of transition
nﬁ’baicelarl}'l rsoitahié rafkyi-substituted-digybliopeatdd@myk inbrv edinplexes gsubstituted

esel IS own to t skille he a .
(e *\ehBad o SRR G PGBy S npslaciehy) e R, bis
S(rbemylt:ydiméntﬁdwrwycl ojpamt adble-m@thylcynlqyieebadcdnyi) r oniron, bis-(1,2-
Iub tléuf?ed f sl;negﬁ %g{ L{ﬁele rnc | n\éentl on
AimeDCveipBERtafishyl Feih 3ug g i ifesRogy Pb°é’ O ei t her
or both of t he
Other suitable substituents that may be present on the cyclopentadienyl rings include
cycloalkyl groups such as cyclopentyl, aryl groups such as tolylphenyl, and acetyl
groups, such as present in diacetyl ferrocene. A particularly useful substituent is the
hydroxyisopropyl group, resulting in (a-hydroxyisopropy!) ferrocene. As disclosed in
WO-A-94/09091, (a-hydroxyisopropyl)ferrocene is a room temperature liquid.

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
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



cycl opent adi enyl groups. Suitable substituents
i nclude, for exanple, one or nore Cl-5 al kyl groups,

w@e@Besabl y Cl-2 al kyl groups. Particul arly suP¢cEGB2008/000101

10

15

20

25

30

35

al kyl - substi t ut ed-di cycl opent adi enyl iron conpl exes
(substituted ferrocenes) inclgg
cyclopentadlenyl(nethylcyclop tadi enyl) iron, bis-

(et hyl cycl opent adi en

bPEuPdS ﬁépc&g@ tg 5\@%{%{[&@% mo:qtl‘eénher;g,es brcqglr;_g the ferrocenes. Further

dfé?@fc@b{é mofdtied artyasd étfa\éhéd Vi GirtiER doridge” hydrocarbyl groups. A typical

di et hyl ferrocen ropane, Ot her suit L
SHB&QS{IW@% er §Hg§tltlﬁé9 I‘@grorgpg)gb,gfoqpn ISy g unsu stituted or substituted
CMy‘draéél?Bbra@ltr&m{ | He'rélme k@l uﬁardﬁﬁﬁﬂoﬁ?h?@dnsghﬁr@ui&‘ie 8fiah alkylene
C open grou ch as to enyl ,
o Slisiiens 6ouRg 2y SEUMENEn GRS AP SEIPS JBAG be linear,
Abmehéd Bt aydiiy, @tsa{ dhy! groupt ll‘v'di@i(bn'ipfe tthe unsubstituted or substituted

\B/%{gfg | sopr rgag ougrépkglgaﬁébraﬂghegl alkylgng gr cycloalkylene group.
\mné\ t8rhh Qﬂ@%art(o?h- bl%dhﬁ%ludéso BHaBY §rblips ot asteeréin mey afive been

SoTeh custi e O o ShEC RV RCahen o, axbrapie Hcture having

% emuﬁdﬂs)altﬁegéw otien i tIheV‘Qlthﬂtfuﬂd@ 3h8y ed oM\eithat Qﬂémrocarbon
us, a Sul e I N ryocenes rm
ReSkete 3L b ik frandhh cltEava toe BB ASTS Totes o 4achydrocarbon
t BacRboHE BB thetieshadl A Lmbéfénréwna@b_ﬂsmdntemcar fQstitgtealLyidrocarbon
B A R OB SRSl B S0 2R caror
Sdiohalim ahe Lduejfnerieﬁmnage | Moge mrgémbryedhierm@dbméd agresubstituted
tomo the ' roca rou ) .
P BRarRb? Bt P up et en SRl RS eTerb i naygng from 1 to
t he cé&ioh(m@ﬁe?w thElaIKymé l"hmgefp&ﬁluaampieehhﬁSg gBleabte?2 carbon atoms
at t VI a ur ro
D SikyHd hide S haghs S8 <A SRR el akyBTe diaps. f the
| Sycﬂﬂcarbﬂubfdupt odraprisas gmtétthimtwié m/(ﬂhie‘malnmn cgibong.need not
ark.bon nmeans an

He th .m "hyd

ARGy be dtked BrraRf RS ERESTERIE, StiFPL i e saroons may be

glitkega, viavl‘si sﬁitajpteabpglemiaybr igeodpt nétatns the aydivedrbyt gowpl may contain
Q r_exa e uns I

Ol f6Hs, StiBis asthrrAaMB i e gPpereRt Rothkbd sl the art and

bineludbcfdr mistante, reaipbiur, oitcdgea lakiy loeygengfop epamplecoxygem

hydr ocar bon al so i ncl udes those groups but wherein

t hey have been optionally substituted. If the
h ey carg draometallia complexbe df dbn usdy alohae/ used in the invention, to the

g% %H théf ph%%S ah%,ﬂlre[)acgygsf? nsta%brllee Hc Stcc';r%%ltexeosnmnPXe,bf%r example,
iron pentacarbonyl, di-iron nonacarbonyl, (1,3-butadiene)-iron tricarbonyl, and
(cyclopentadienyl)-iron  dicarbonyl dimer. Salts such as di-tetralin iron
tetraphenylborate (Fe(C1oH12)2(B(CeHs)4)2) may also be employed.

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 follow. Dicyclopentadienyl 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



backbone or on the branch; alternatively the
substitutions may be on the hydrocarbon backbone and

woQrooslee428t anch. A preferred unsubstituted or PCT/GB2008/000101
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substituted hydrocarbon group is an unsubstituted or
substituted al kyl ene group having at |east one carbon
atomin the alkylene | i nkage. NMore preferably, the
unsubstituted or s bstitute drocarb roup

RSB JETPRREa eSS SAPURYS e GBS ARG Dot of the

fbmdentamérql Caihgon Bkamples N cobid aﬂ)é<y|e&WﬁeﬂrocEdf1@ge,bufyﬁérrocene

havi n 2 carbon ato
SRSV IooP T RS 2 267 FLV o GHUPERA B B Fferpgenyiakanes are
aklsy|saigblé,| dskdageribdd fdr kgakiplel 0 GH 2y 1@ 098 and DEPTO2S8S326.
nore than one C then those carbons need not
necessarily be linked to each other. For exanple, at

| A@Set resib ob b doltbireatibh @N Sheiregoluddlity, istd(ﬁlﬂy \High Rors goiitaht #nd, above

nent.. or t he hydroc
colasitte ¢ St Rgprinn YeIRRErSY dpd 8T opRe BT use in the
apwam&m; Ferrjbdsug@atsekl |k|aﬁde9pﬁchlgﬁpwférrédn¢k;n BéMmpoind b tthis basis.
stance, .su ur, nitrogen and o w1 Or €, rRTM
SRS BUAHF UG R 1y % 2551 S5E0 T L g™ and as
akelatidrs, Batden T bbtd bynkeospeobimited. t he extent that
these are fuel soluble and stable. Such conpl exes

i nclude, for exanple, iron pentacarbonyl, di-iron
nGhaGr@hbm’ndounééf& et iadhe irekntiononedd hmafebmraliron-aamon bonds in

' | _di h

(BB} P8R At B0 s SO bl ek B8 vt o

enpérbya@lﬂi. Phuys; ébresxaertpleé, raverbasep keapsi mgﬁ?gg ;moema(riateeiron oleate
Q iro
o 55 eRPARAHlp Fohed LFR,; MelBHF 35462 plePRFAEE H mpfalsoaps are
Wdesdnibad én §<hleubHeOthmdnthogdapMm of €hemizal Techriobogyséth Ed, Vol
;?,51{32;3@%? goﬁﬁ d\’\}j]e c%ﬂ% rnl@gah §ﬁ|rt]§|bic1=, |%€,cl'|n8r§1e{r% %lrl neutral, iron
Dic_arjooiéyf)qiteaifcadjsemy the mwe‘ntlba?wq\t/lgdg\tzg rs]bg:ltmljis gzerg;mtjg?ggs, such as
{ , rroce Y

fﬁbﬁrs{z‘%lem &3 SPe%f{ggsgc%n Ferrocene derivatives
are conpounds where, starting from abasic ferrocene
8P S et e SeHR STl Bond g Bet Blesipe, g n the
eplrecefiag rrefﬁmlmfee niayt al$d be usexienelhe memtgdnfmowdedamesalaob adequately
2.2-0i s- : :
o 61 STl P REREC BB RN FaPces it tietopatps. suoh as

f tatramedimyiiieptanediddite?201 10 995 and DE 102 08 326.

Iron 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

(tetrapropenyl)phenol, 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;

o Schiff bases such as those prepared by condensation reactions between

aldehydes or ketones (e.g. (tert-butyl)-salicylaldehyde) and amines (e.g.



As a result of a conbination of their solubility,
stability, high iron content and, above all,

woeloansd2sty, the substituted ferrocenes are predEGBe@Ss/000101
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i ron conpounds for use in the invention. Ferrocene
itself is an especially preferred i ron conpound on
this basis. Ferrocene of SU|ta8Ie purity is sold in a

range of useful forns as R(t and as _—
o1 HaCBRUSM RS b SPRCER Bl 9P A S SRS e Sthlppeciamine

| I ONhaIP BREVAIER) r‘ncmadéscffdbaedyraemh@venti on need not
feature iron-carb bonds in _order to

oS IE0 Fan G aich A5SbBtigg hatinalBal. [t sxamplg,2-gadeceny

neutg glin@hoPyrel-RasRidcerbiitsino-hidthyiprmpl, e, over based
soaps including iron stearate, iron oleate and iron

naphiurelitdied Rhgpolsesusbas thres whersin the suhglitysd fNRe PbﬁR in which
of netal |y %r%&dﬁﬁgﬁ bbﬁgmbf‘h)i @ca'ﬂbfl? og‘[:ghrrﬁ"the case of both a-

Encycl opaedi a of em cal Technol ogy,
8: 4@4144135 substitutedi pbgndis, Sthes arong®. ricus trady deneficially be further

t f
" LTRSS it nyRlacafif brdlios, 'SR ARIGARE? | D7 o
S pe dagmxybaiadid astersr onpartmsz(r}uetrhrylahebmtmarse% as those prepared by
195 I f . ) )
e PR 4, op A ORAEE S BBl Ut pyrce) win @ singl
pr e casphiviatgnt eifarrdn@lmlteag tilethyldme glwel); i n t he i nventi on

D B ARa el i e Shnirdd oy R el e iooun o

suchhese slaltadarr&hér;ahhet-pnvmvedlparta;urarly lusefol cloatqtes aesthose prepared

e R SoE AR R0 SRR g Rl suconi
t hosanhpdrideqveith dry amdree; tsuoim asf N Afrdamatimed efiyléneadiamine or methyl-2-

al derﬂ%tﬂgla nokt?en%St foll omed by nucl eophilic attack on
an acti ydrogen Contalnlng conmpound, e.g. the

p® ocangsiho-atids héorr exrhplenthose tpmpaee:wrbyareanﬂim of an amine, such as

ct i BREAR B A ) sk G S e, o< TRy BEstnacyiate.

( polgaseotibeny pimagl dnsifié &l wbed| this. ma)bs subiseudrtly acylated, such as

pr epa r eac of (pol yi sobut enyl ) phenol

forn‘ﬂ"b@ﬂ?@@'deﬂﬁd’q@&" 'amine; Schiff bases such as

t RO drsxanid 8€ldH)ysueh Rdanstairestited Graat the Readtieh \WE Bdroxylamine with
oleic acid,

¢ linked phenols, such as those prepared from condensation of alkylated 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;

e 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;

e 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



al dehydes or ketones (e.g.
(tert-butyl)-salicyl al dehyde) and am nes

wQeoogoseedecyl anine). A tetradentate |igand mayPO®EGB2008/000101
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prepared using ethyl enedi am ne (half equivalent) in
pl ace of dodecyl am ne; substH tuted phenols, such as
2-substi t ut ed- 8- quinolinols 18 exanpl e 2-dodecenyl -

8- qui nol i nol or 2-N-dodecenyl am no- et hyl phenol ;

subsbelbdr %&aiﬂ?éYT&'PEtV'pwE'ﬁs’as t hose wherein the

SUbSédldHéﬂl&t adids, NGeh Q5 13 6F thBife U™ RSSO,H,0Nre R 8 a C, to Ceo
ﬂi 20- 30 C at ons) %Rrocarbyl ugolroup I'n the case of

bot ygroczrky! S‘ZOUBU%St AedrcylpeprriteuPhopiscitt onat i ¢ ri ngs

myy &Sé‘rﬂmé’chlﬁé WmBI%xééJBF |FB‘H sﬁé}bﬁé 'férFHc@He Wi bBtituted ferrocenes, iron

hydrocar byl groups, e.g. |ower kyl groups;

car Hippfithenatee; ioBssyEENates p%tia'@hlemﬁmc RfccP¥erdagrd giron soaps

est gearbokiktedsr Em&%aﬂi ERen briXe, ir8RGatxyRie aRd |ron -d|ketonate

anhydride (e.g. dod ecenyl succini c anhydride) wt

si nfORRESval ent of an al cohol (e.g. triet hyI ene

glycol); acylated am nes. These may be prepared by a

variety of nethods well known to those skilled in the

aPtitally, (loPepicraies farcusenin (e dwention: icudecthoge daspirgd in US-A-
PueRnerad B USAMY 26963y al kenyl substituted

succi nates, such as dodecenyl succinic anhydride, wth

an am ne, such as N, N -di net hyl ethyl ene di am ne or

MejtthetliroA=coRBirtivg ééﬁwﬁ&n’égﬁ%b% theaim/éiﬁoﬁ%cﬂiﬁje these of the formula
exanpl e those prepared reaction of an ani ne,

sSuc
aM(Bierlcyhersim M Sandron Al oribrandect aBorganic Safappund RH i

a&mmﬁtmw éf%rbaﬁbb?&!p%onid‘hﬁ@é@éct%&fy@ro@eﬁ ratcsmme@mcewe by the
is used his ma subsequent | y aCﬁ| ated, _such_as

Wil 8 nd Sigga o 26 Cog Poic6 dbm 1t IRETGRR & 2 pug;nis 0 or a

Sﬁ@i]tl\iéﬁnfelgéi inBice®y the nLmbet 6fhfbn6€l¢§“ahd @fbl&dules forming a dative bond
élro Iamne with oleic acid, nked pheno] s, such

13 effionednd k 5 ERﬁﬁ’t?érF@B?‘P'% Hf B‘Ft'"éll‘%&ﬁ Lgwig base.
phenol s mnth al dehydes preferably having 1-22,
preferably 1-7, carbgn atons, for exanple
f fr com ted, substituted pyridines, such
as 2-carboxy-4-dodecyl pyridine;, &

Preferably, the metal compound (i) is selected from one or more iron compounds,
methyicyclopentadienyl manganese tricarbonyl, manganese(ll) 2-ethylhexanoate,

manganese naphthenate, calcium 2-ethylhexanoate, calcium napthenate, calcium
sulfonate, cerium(lll) 2-ethylhexanoate, cerium sulfonate, and mixtures thereof.

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

Organic compound (ii)

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

bicyclic monoterpene, adamantane, propylene carbonate and mixtures thereof.

Preferably, the organic compound (ii) is selected from a bicyclic monoterpene,

substituted bicyclic monoterpene and mixtures thereof.

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



borat ed acyl ated am nes. These may be prepared by
reaction of a succinic acylating agent, such as

w@elogpseebut yl ene) succinic acid, with an anm nePCEGBR08S00101
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tetraet hyl enepentam ne. This procedure is then

foll owed by boronation wth algoron oxi de, boron

hal i de or boronic acid, am de or ester. Si m' I ar

reactions with hosphor us acids result in

ffﬂrrﬁaﬁmeﬁ eﬂemﬁd@gﬁ&fﬁ shyee. diefineg akiewata@qaatsrﬁnﬁ*e%thef functional
,%g suitable for providing an oil-soluble iron
el ate for use in the invention; pyrrole derivatives

| n which an al kylated pyrrole is substituted at the

2 pRestiably Othedrgddit cHBourlHR ISG@&cl@Hoﬂbteﬁéﬁbl‘ér substituted bicyclic

Particularly suitabl eb(? yrrol e derivativesincl ude
2MoRPISEEpe: - elsPtssl r  508s; camahhonFRMBRENEs, S9PAMYL  acetate,

tB@ﬁfby@ﬁe@l?&)lfﬁbﬁmyﬂetﬂémwﬁﬁ@ifheBbfl s a C8to Cbo
hydrocar byl group, 'e.g. dodecyl benzene sul phoni c aci d;
organonetal I i c conpl exes of iron, such as ferrocene,

Sbohé tdsheet, ftes fdiﬁ% s;omlpborﬁu ro@pi@t sease fron Q;amphor camphene,
SUCCI nates, stolc

ric ver - based i r a
(EaPorBRy | S4etiie, . SEIMIERARNSO PG el e, AJATATIANE,  propylene
C aarbomate ahe naxtdrdsithereofdi ket onat e conpl exes. Sui tabl e
iron picrates for use in the invention include those
described in US-A- 4,370, 147 and US- A-4, 265, 639. O her

l Pﬂiﬂer@@l&t t&bl’drml@éﬁmuﬁdf(u)f@&ar‘dﬁﬁ)rl Cahipdot hwthéls%tematlc hame

T e orolR2 herfi ¢ 60 dhamBhor e P ipting SruSture:

conpound RH in which Ris an organic group contai ning
an active hydrogen atom H repl aceghl e by the netal M
and attached to an O, S, Me\N or @eaton1in the group
R xis 2o0r 3; nis 0 or a psgftive integer

i ndi cating the nunber of or/\ i gand nol ecul es
formng a dative bond with tal cation; and L is
a species capable of actin W s base. Preferred
nmetal conpound (i) Preferably, t nmet al conpound (i)
is selected fromone or nore iron*-tonpounds,

nmet hyl cycl opent adi enyl manganese tri carbonyl,

meemaees@i! | ) 2- et hyl hexanoate,

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 stabiliser (iii) include asphaltene dispersants.

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 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. Asphaltene dispersants are commonly



manganese napht henate, cal ci um 2-et hyl hexanoat e,
cal ci um napt henate, cal cium sulfonate, ceriun(ll1)

wQ@2@Blgd2bexanoat e, cerium sul fonate, and m xt UPE@BGB2008/000101
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thereof. A preferred netal conpound (i) is an iron
conpound, especially ferrocenz Organi ¢ conmpound (ii)
The organi c conpound (ii) is élected fron1a bicyclic
nonot er pene, substituted bicyclic nonoterp

abelieyad Shiorms $eNq lawer Aavmbihg@sPBAteNES. Mu%&enﬂ e pegfomatic and

Pé@‘ B5@RIoYly F3RsOT BaphditeRO THRYERchntd 'aBpéa? t%einﬁﬁﬁtetﬂeffbﬁﬂétlon of
bIC%C|IC nonot er pene, substituted

Shsieh R i belaver cbpL et Gl ostaining alkelispersed

bb%néﬁeﬂermwm@r@?hafeﬁeg hes ﬁ\oY@ﬁﬂl?'cﬁmbhﬁed ultimately to*carbon
substituents can exanpl e, ~one or of

nor e
ap@é'ﬁwE?th%etﬁéfhéOOBPE%WéTbO“a'B@E'%C@ afr@MPOAEREs (') and (i) assist in

f uaﬁéwﬁw akcemému eréan RombaSR YHowd\Rr QHISWE hawaqne@l?, to explain
(ii) is_a bicyclic nonoterpene or substituted blfg%}

C
nifiesefiternd t@ee'ﬂé%'tt@a Ve 3 BelrRonee by dRgRshe fBe iNveR rﬁiﬁ‘?s on the
afRdiRg that SbMpeMdsestaaimift® iy, |(§)O§Q{ (ﬂb}'wo?li eéortiflation to provide the
m xtures thereof. In one aspe ani ¢ co L#o‘

( Penyefits referresttoeabaveoify eadnw'r%rtheefahﬁh@n%e efl&t?@&f’irﬁ?ﬁr uels can be
aGSdchih Situstions APKEIRMErFGAS haveOhrevibidly Bédtthought necessary.
adamant ane, propyl ene carbonate and m xtures thereof.

Preferably, the organic conpound (ii) is canphor.
Caliedbi abgialtbhée drpeisan®tfof usd@fethe present invention include alkoxylated

t ﬁgyz%ﬁlﬁ%%”ﬁaggé\f%g lmoe e20f Sgl%&yﬁ?gc@po%gnq{;}}easTﬁggpe sulpltronlc acids;
Sb@b'shlpﬁ@rﬁlcldizlo?h%afébglrlﬁfés\/\/gth@h cafdoxylicOadi@é; NbHvsphériteacid esters;
ue an

uni form-t f n
USRS T CTRAT G A S
smpdphtnt:e vfr@:jlc U§e|yh@fsel ran@s smtislntdteosebhe(nol I bolyémylud@ polyamlne
en IS ers cause
FPgl e BRAS B Al FomBRUnS ERGRMUEY 260 31d Jorpts: imines,
aai‘nw%b z»huerwrwwrmmnaeﬁamém@es@rs seefihin@nt akrigdives thereof; and
wthint al tene di sgersant herein acts

ol G suESn AP AH SHopRAm

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 example, 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 including a hydrophobic functionality and a
hydrophilic functionality.



Utimately the aimis to prevent asphaltenes from
causi ng fl ow probl ens, or separation, or

waQeelisessht i on, from coking surfaces or form nBCT&BRIE/000101
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aggregates which are visible as "snoke" in exhaust
gases. Asphal tene dispersantslgre commonl ybel i eved to
forma steric |ayer around the”asphal tenes, which tend

tg be aromatic and are commpn|y resjns. phal t ene
aSuhS aliogragn Bl s RPHRe hoReof BFAME Gn of

asphal tene-rich sludge. It is believed that when fue
containi ng wel |l -di spersed asphaltenes is burnt, the
asphalA-er@SHSCEQRre-Hpl | y conbusted, ultimtely

to' carbon di okxi de, rather than soot and carbon
nmonoxi del. Congonents ({) and (ii) assist in achieving
efkel | ent, clean combustion. However whilst we have a
theory to explain the benefits of the invention, we
arﬁ not.bounp b thﬁgr%. The invention relies on the
fl""aferfb'star?df'e%#ﬁ?m 8%f fornula (i), (ii) and (iii)
wahkreimwbhermii &t A bas steugture a)iehéme iz e has structdrer(bedhen n is 3,
tq .abaoye,. in particular the valuabl e henefit that

o ERa Oy ch 3o whEn Binh SRR I her o 1 gnter

fuel s have previously been thought necessary. Suitable
asphal tene di spersants for use in the present
i nvention include al koxylated fatty am nes or
derivatives Rhereof; al koxyl ated pol yam nes; al karf@H2an—
sul phghi c aci¥s; aryl sul phonic acidg; sar cosi nat £s;
eRherN car boxyl Nc—aci dsR—pNosg@ldd id esterB—N
carbo%ylic agf ds and deri¢atives t heneof ;
al kyl phenol - al dehyde resins; hydrophiliclipophilidCHln—
vinylic polyners; alkyl substituted pheno
pol yet hyl ene paql,yam ne fornmal dghyde resins; al kyl ary
n&%unds; alkgaylated aninesqgnd al cohol s; imnes; k)
am des; zwitterionic conpounds; fatty acid esters;
lecithin. derjvafive X derivat |
SRR E G % e AR AR P % 2, 3 or 4
apEierhblg reoms; spisrasmurhiserffom Gde 120, praferabiesemt 10 to 80; and R' may

BLFLE Ry B, T e SR AR ) gped ancmy

atrdvieckand pol ar functional groups selected from for
exanpl e, sul phonic acid groups, phosphonic acid

groups, carboxylic acid groups, am nes, am des,

i Suttiade salphohiol axidaddridives for USenqro asptalteme [dispersgnts include alkyl

ASABRYHE ST S sdbforld 3808 bl SRAbABSacHs, 41 cerivatives
p teyedflfox gxamigle thmise, of famblar(it e gr oups, i mne or

VNIV N

(i) RSO;X

wherein X is hydrogen or an alkali metal ion; and R is an optionally substituted, linear
or branched, alkyl group having 2 to 40 carbon atoms, preferably 5 to 30 carbon
atoms; or an optionally substituted aryl group having up to 30 carbon atoms. Preferred
aryl groups are those based on napthalene or especially, benzene.

In preferred embodiments R is an alkyl ary! 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



am de groups. Suitable conpounds are polyneric or
ol i goneri c conpounds. Most suitable are polyneric or

w@badogosesi ¢ conpounds i ncl udi ng a hydrophobi ¢ PCT/GB2008/000101

10

15

20

25

30

functionality and a hydrophilic functionality. Suitable
al koxyl ated fatty am nes incI e those of formula (i):
vmere nis anlrnegerfronrlt 4, wherein when n is
A has structure %% is 2, A has structure
(H)S“b%ﬁlétﬁdﬁm' goiety, mn Qr%f?’PB'ét%He (c) and when n is 4,
A has structure (d) (a) (b) (© (d) and mherern R |s
a C6 to C22 al ky referably a g Fyé
2Alsp greferred, agg éPS qpary aHans; SH!F”?‘%“Caaﬁ' o whitR R ohs 8 to 22,
1%%ferﬁ V\szﬂrtabb)bafﬂoﬂfﬁtérﬂsto 80; and R1 may be H, CH3 or
bot h, the oxyal kyl ene noi eties may be
arranged randomy or in blocks. Suitable sul phonic
aPréfedled Isuaioswaﬁzsffar us6 &1sagsphalidl Hiepersslits NetE@Présent invention
|nclude al k S honi ¢ acids, aryl sul phonic acids,
alnaHdedhqse dWBH%ﬁW acids, and derivatives thereof,
for exanple those of formula (ii): (ii) RSOG3X wherein
X is hydr 8en or an alkali metal ion; and Ris an
optional | yysubstituted, |inear or branched, alkyl
group havifjg 2 to 40 carbon atons, preferably 5 to 30
carbon at ;or optionally substituted aryl group
havi n@'yuDp to car bopogpns. Preferred aryl groups
are those basqd on napt hal ene or especially, benzene.
I'n_preferred odinents Ris an al kyl aryl suphonic
aild in which™is RIAr1 wherein RL is an al kyl group
having 12 to 32, especially 12 to 24 carbon atonms and
Arl is adi substituted aryl noiet [

S refe
CVberSin g e RegbarientuEgndad JoRiRUARAIY LBGHEd alkl groups
a@h@Ag Mo \80icafbon dems SPreferdly RPIse] €F &Ly, alkyl bPalkényl and R? is H,

car bon atons. Preferred sarc:05| nates for use as
hifl.chuitd, 180RUbA 05 8 G150 Gr2 @KL pr esent i nvent i on

|ncI ude those of formula (iii):

Suitable ether carboxylic acids for use as asphaltene dispersants in the present
invention include compounds in which an optionally substituted hydrocarbyl moiety is
linked to a carboxylic acid residue by one or more alkoxy groups. Examples of
preferred ether carboxylic compounds include compounds of formula (iv):

(iv) RO(CH,CHR'0),(CH,CHR?0),CH,COOH

wherein R is C, to C;, preferably C6 to C22, preferably C9 to C18 alkyl or alkenyl, or
C2 to C30, preferably C6 to C20 alkylaryl; R1 and R2 are independently H or CH3,
preferably H; and x and y are independently 0 to 30, preferably O 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 alkylaryl alcohols. Preferred

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



Wierein R1 and R2 are independently selected from
optionally substituted al kyl groups having 1 to 30

w@ea00bosu2at ons. Preferably RL is a C7 to C2i al kg1/G8r008/000101
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al kenyl and R2 is H, nethyl, butyl, isobutyl or a Cl1
to C22 al kyl. Suitable ether gﬁrboxyllc acids for use
as asphal tene dispersants in the present invention

i ncl ude compounds in ch an optionally substituted
hydr ocar byl noi ety ismﬂtnked to a carboxylic acid
resi due by one or nDrel | koxy, groups. Exanpl es of
preferred ether chexyPi+e@Bnpounds include conpounds
of formula (iv): (iv) CH 2CHR 10 x( CH2CHR
2CIyC}QCII}imT rein RigRr¥2 to C30, preferably C6 to
C22, preferab 5 C to C18 al kyl or alkenyl, or C2 to
C3O preferably C6 to C20 alkylaryl; R 1 and R2 are

| HEEBE Ao C ot 4P P aonststin 435 S stertdhfp. a cto
t gy, mafenablya:zand:zyalkmybgmoupemca,toa@g ﬂaferw|¢cetcam8)a|ky|ary| group

BL R AR QRS herb Se PR R SrSBCLES BB HT e € o can

dpesf¢rably aa@gtot €4, @tkybgroupreBateed;.f preferabiy O, é@ Chi atkengf group, or a

SECTEREL i 5150 0L B, LA ATt o

pb[ﬂqzx’abllymctoeaﬂ thozs peaferablp dloud e td he ; anwést salectechfiom a C, to Cy,

R FTHD S R PR B o

CKQC@I, kneffergblp @ to £1LRkyaryIGBOup op(GH.EHRIDY,RS2 whereR2is H or CH,,
P, 5 LS CELIo .« o o

Cp&ferpblgf(brtatﬂ:zly altenRgrosp, lr aaC{tb €, Mraply &Fecodhb plksl alkylaryl

C

iR, 5 0oy 3 e 88 A ol rom 11

C18. d?rlegdrredl MWIa{nyut@tlwapts wingh presentaare thbegbaseﬁdr ombenzene or

f f b

| oo T o Sy RSB FAEDY SR finer an

Coreferalyly hage RO to @@ caspecnadlyoz tbd8Cathonmteher ably C2 to

C22 al kenyl group, a C6 to C30, preferably C6 to C18

al kylaryl group or (CH2CHR50 nR6, where R5 is H or
CBBitable carboxylic acids for use as asphaltene dispersants are those having more

than 4 carbon atoms, especially those having 8 to 22 and in particular 12 to 18 carbon
atoms.

Suitable hydrophilic-lipophilic vinylic polymers for use as asphaltene dispersants are
those of formula (vi):

Lo
—(—CHZ—(IB);n-éCHZ—ClHn—
vi) COR' Q

wherein each R is independently selected from H and CHs; each R' is an alkyl,
alkenyl, aryl, alkylaryl or arylalkyl 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



preferably H R6 is H a Cl to C30, preferably a Cl to
C22 alkyl group, a C2 to C30 , preferably C to C22

w@bdosngd2sgroup, or a C6 to C30, preferably C6 pEI/GB8008/000101
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al kyl al kylaryl group, and mis an integer from1l to
30, preferably 1 to 20, nore Q?eferably from1 to 10.
Preferred al kyl aryl substituents when present are

t hose based on benzene or napht hal ene and al kyl an

L BIRURy I SIoGTBUS Tt BETH o En e HBAS Sanpn ierof athyt, hydroxy
pb&fpgelr@bl(smlg@rldao:},@i %ﬁd aalﬁl;h le%i@_e—gd:a%mymgmccr —J(GHQ)%E(FOOM wherein
ato it C (yli.c acids for use as t ene

Sk D io B e Brabng F1sosd fant 15 ShiRed e ssheleotieR It dhd fdymer has
ea peightblerabd afoteduiy waighBof etweeraBOb0i and@sooooul ar 12

to 18 carbon atons. Suitable hydrophilic-Iipophilic

vinylic polyners for use as asphaltene di spersants are

t BlcmabléJélkf/lcﬂuwiitateﬁ\/dh)ehthﬂ:yeﬂhWErféqmlyaR\ihé formarieaydterdsing for use
sel ect

f H d.CHS3: h RL | kyl | k |,

2Py Peprtegt ARpereans Jredn RO GRBasTRIITRERE (aled feacton of a
pl‘nlfbﬁestitﬂi%lit%ate@ alkyIghenobhday an Rglmﬂmﬁubﬂ.tﬂua?/lcbn@ng@ from about 4 to 24
sel ected from and .| erein e

25775 Sfores. W RN RUBRIE gy BE sy O-Prafet Al aroup and 2
C pblyethylehy golpamineatprgbentsy dy theyfornmuia piyN(CH, CHBH),H where n is an
SEQTE ol SSED 42 L3 o AT Qc (R o suens
apdyeth%ISnmlyaniie@ewfl fre:lnlesnemb wﬁhanmaéb rhdle mﬁbynferalldyamenol to

[ s i.ght . t n 5000 an

SisiBaBhf TATE P Y462 Bl hei® hauhb A et RS faolecular
pakightiofifeont aboo|1cHotd aboetd0n300f or use as asphal t ene

di spersants include those prepared by the base

catal yzed reaction of a nonosubstituted al kyl phenol
h8uvitatde anbstitityd asanstici cangpuiunde fdraisei asgadphatiershdisperdarts include

24 carpon at , which al kyl substituent may be a
Iﬁ\?@%PP%Fmglﬁgﬁ@hed al kyl group and a pol yet hyl ene

pol yam ne represented by the formula HZN(CH2 CH2NH) nH
wherg..n i n integer of froml to 5; and
forr@f)deh)?/"@? in a nole ratio of al kyl phenol to

pol yet hyl enepol yanmi ne of from5:1 to 3:1, and a nole

: glhgr%?oﬂ; issglllr |r1§§ ﬁﬁé) k%{\%l?c fo‘?&]ﬁé ig %H%%ﬁor?gllgfs[xeéntﬁﬂgg lé%rb%égtlic ring,
2, g a’'wei ght "aver age nol ecul ar
weiefgrablp fdefivexhfratmobenzén€ Otaphthatene udr £2¢hra€he and R is and aliphatic

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

Suitable asphaltene dispersants may include condensation products of fatty acids
having from 12 to 24 carbon atoms and polyamines of the general formula H,N-
[(CH2),-NH]-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.

Suitable asphaltene dispersants may include alkoxylated fatty amines and alkoxylated
fatty alcohols. Preferred examples of these include alkoxylated (especially
ethoxylated) 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
from 12 to 22 carbon atoms and from 10 to 30 mol of ethylene oxide per mole of
alkylamine.



Sui tabl e substituted aromati c conpounds for use as
asphal tene di spersants include those of fornmula (vii):

w@ 2008p8¢45( R)n wherein n is from1 to the val enegr/GB2048/000101
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X is an optionally substituted carbocyclic ring,
preferably derived from benzegs, napht hal ene or
anthracene and Ris and aliphatic chain preferabl y and

alk group having 10 to 25, preferabl

%‘%ﬂ'ﬁa@%ﬂ'ﬁ‘é“e@ul %B?FS@“%M tiafledey;| 5‘)5@' fq?ay' orcarbonyl
I B@Atu@lmg 5@ oPd rAuRAVED SvHdh hallel at 1884tdS phefeiaby at least 10
fron112 to 24 carbon atonms and pol yam nes of the
gEFEPRPIONMY nul a H2N- [ (CH2) n-NH m R i n whi ch Rl is
hydrogen, a nethyl, ethyl, hydroxyethyl or - (CH2) n-
NH R2 group, is hydrogen, a net hyl, ethyl or
hydr oxyet hyl oup, and n is a nunber between 1 and 4,
and n1stands r nunbers from1 to 6. Suitable
asphaRt ne disker santR? may i nclude al koxyl ated fatty

es an | koxypgdted fatty al cohols. Preferred
exa | es of these include al koxyl ated (especially
ethoxylated) fatty alcohols having from8 to 22 carbon

?g@t@@l {%f@%&lg»cwna% ? I\ﬁ(iﬁ?%‘é Qdaseﬂﬁrzﬁﬂk/@rog%n 0, S, NR*

et hox | am nes havi n

r amS@@IsgntoW Srn®. 1 NR’; f& BaﬂooR aﬁ@ﬁs 'mﬁem‘j%ﬁy ar hxsirogen or
39@3}% fBﬁcti%EQI 4r8ﬁ;ﬁse%2g%§ ef%@f of®PbEYOR! R2 R3 R*and R® js saubstltuted

am ne. tene di spersants may 1 ncl
i Y ﬁteleastmr@qumﬁwp twertoden plsiyicaldsndairamile caraepyintiiocarbonyl
0 \Y
Br Ingggtélaﬁogﬁc'g'rr éﬁe%‘?bﬁpg%grﬁi& hlyﬁr%%fl §1d %o‘?&@'ia%%& Preferred
dpfgan@t fupetignahgropps are aptiondty %msntytedbaléﬂt hetgrqalkyl, aryl, aralkyl,
hHQl’éRﬂ:%\ic & he&ro%ﬂc-%rkyl %roﬁﬁa n%d%ml%dlrﬁént'\lgﬁleast one of
Yndlependent Ly are hydr ogen’ or
oﬂ'@a@fﬂ%ﬂlﬁ EHﬁ@t"PMQTOL@IS P& Qmé'kzﬂtoﬂf@éﬁi?a'bﬂ@f%fp morgrpreferably a
7-0%33Ikﬁ40r @\@fér&ﬁky}l YroupbRiord HFe?é}agy aa(tl b%aagﬁryl Gf‘ﬁetQRJaﬁ@I group,

gro ten chém cal bonds fromthe nyl

t ﬁn@mﬁb@rﬁfﬂraw 3 ﬁusr@z@élwb@mup P'?f@f%?b'bdhﬁélka'r°@FQ§%IS§"<V| groups
ahie dhsdpstiktbgand hydroxyl am no. Preferred organic

functional groups are optionally substituted al kyl,

het er oal kyl, aryl, aral kyl, heterocyclic or

hSh&‘éHP&)é%Haﬁeﬁé Kl‘éber%n% Ray ihBlude HeSe8ERRhreaiRe & BR thine and an

at | east one of
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 salt has a polar group located two to ten 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 imine
group. The polar group is preferably selected from hydroxy, oxime, nitro, ester, amide
or alkyl 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



the organic functional groups is a C2-C22 al kyl or
het er oal kyl group, nore preferably a C7-C22 al kyl or

woetmsneeskyl group, nore preferably a C9-C22 aP&yiGB2608/000101

10

15

20

25

30

het er oal kyl group, and nost preferably, a Cl5-C22

al kyl group. Preferably, the Lkyl or heteroal kyl
groups are unsubstituted. SU|t§bIe asphal tene

di spersants may include the reaction product of an
iﬁﬂﬁ@-and an organi c acid. Exanples of preferred such
asphal tene di spersants are salts of carboxylic
phosphoni ¢ or sul fonic acid, es C|aI a

D RRAHS Srspaerise FiSPEgRE ey Prebas sampaLRs ool orides 40 or a
peliterigiogalt theggdfed two to ten chemi cal bonds from

ei ther a carbonyl carbon of a carboxylate group, a
phosphorus at om of a phosphonate group or a sul fur
atom of a sul fgmate group; or a nitrogen atom of a
protonated i mae group. The polar group is preferably
sel ect qd fromdydroxy, oxime, nitro, ester, amde or
aIkyIF%ﬁLge tab al tene dispersants may

i nclude thN reactyon product of an anine and an
organi c acid. Exanples of preferred asphaltene
d}?persant 4are sgPts a carboxylic, phosphonic or
sulfonic acid. Preferably the salt has a polar group
Iocated two to eight chem cal bonds fromeither a

at et :%'T;’ h &3%188 ﬁi;]orll()c{ll‘?'orcaz?éIt?&ﬁxl}(i MERY QPB?nQ%nH%QFe?MJyEen or C,-C,4

of & sul
Sa'“")%“%hmm CarConaliylt Cofenarylatiui, of - -GHRIEBRIGRAOH, wherein
ﬁbgﬁ%%mpF;[gge,dgg W%r Cﬁr aﬁr ably sel ected
from hydr oxy al t ene

di spersants may i ncl ude conpounds of formulas (ix) or

a el ani -

aﬁ&y\ﬁ)’lehgr&écﬁrinhlpﬁ?/f@lltgzésgﬁél tesm@? ﬁogplﬁ%m&g h%f?’laltenes) may
oplsgbe@sed lak psphaitene dishersantgeds de{sm@tzmau&'émm@? 022

arylal kyl, or -CH(R 5)CH(R6) COOH, wherein R5 and R6

i ndependently are hydrogen or Cl-C4 al kyl. Al kyl ene

oRuideblp laspipditene dispeinsantss maydaclyde appalwperoedrRprgindsisgctural units

aﬁ@h@dt ﬁ"gﬁsphoﬂ@ﬁ‘n @sl %ﬂlcﬁeaégsﬁdlﬁgﬁsgrgé;gg F\?%? least one ethylenicall

di spersants, eSCH
aygpsaivnatade amobpler@amwhwld €| egler, a(aaoalynethylenlca"y unsaturated

C REMbyic Wte? WithC Wbt gHItblis the ester, and (C) an ethylenically unsaturated
carboxylic amide, wherein at least one of said structural units contains at least one
pendant ring group. Alternatively, the pendant ring group may be introduced into the
polymer by transesterification. Alkyl methacrylates and alkylphenyl methacrylates are
suitable, for example Cs-Cy; alkyl methacrylates and Cs-C,; 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) (meth)acrylate 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 (C1-4alkyl) (meth)acrylate.



derived from nononers which are at | east one of (A at
| east one ethylenically unsaturated al cohol,

w@ 2008084251 ¢ acid or ester, (B) an ethyl eni cal | pCT/GB2008/000101
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unsaturated carboxylic ester with a polar group in the
ester, and (C) an ethyl enicall ¥ unsatur at ed carboxylic
am de, wherein at |east one of2 said structural units

| east one endant

Agtng:‘égﬁ%'tgne fjﬁeeﬁéﬂ JARY lniCng %g@gi)oﬁgf'sﬁés fatty acid, preferably

| Bt 4 QolHC L dattynddid.t Mige Rdty \WERIrmAY bé batORksd @6r dxafpld RQric, stearic) or
I at es arBd al kyl phenyl nethacryl ates are

Al kyl t hac
SHP%/‘%‘HP ,dr}?% EXARRIEAIRCIcs- 22 al kyl net hacryl ates and
C6- C22 al kyl phenyl nethacryl ates. Two exanpl es of the

o Sl P RapY cABbEr.FyiaBas SimedydRe aclt ofe rst compound

dhs\p@g" mh Sprmyablmlwd%ciacfhrydraﬁa gewn@ranalangacond compound having

1- no (Cl-4al th | ate_uni ts.
B 1 e PIRRTAN U Gt PP i P QYERRA B U o PEPT TS on the
t Borapaupriei delenvtéd @nd Reil Relhtiv@ecamBldtaakey leste raamd therefore comprise
ersants ma

acrylate. Suitable asphaltene dis L ncl ude .

Csﬁyﬁs§:}}1¥p@x§fgra[és gne qq§§|actd||fegrmjg% r%;laé}%xcgﬁ% o% neither.” The first

?borﬁﬁHun@éﬂrF&féblyamMné £1o %E&I}bbh atoms, preferably 8 to 24 carbon atoms.
ac ate.Suita ate ersants ma

(H5d RS babBo s bl Ss BNl B RETE 30, Pty 1 o 5

C&&b@iatofnaity acid. The fatty acid may be saturated

(for exanple lauric, stearic) or unsaturated (for

exanple oleic). Suitable esters may conpri se conpounds

f Thereebtérg tiay, rfeacdxamplegf inglutier st mnoqﬂeatepl diraaféteg rloriostearate,

referably 1 to 3 acid functi S a
SHeBREEoRBotitra of o, B, T each Pl B3s bl cppmpun. for
peﬁrepsle,bhwldjeate o thigtbataty| foy rexample. DEppedallygprefertedeare sorbitan

Wg s sel ct e?) and the L reI tive gm)unts tlhe orbitol
oSTiEr e’iaﬁle" S PEPLR SIRNPPEESSHDRS FYQTAL [oNgPl5tiss 287
emesm aucldlas gprbitgms trioteratean Tvecestersomay diet hikoxylated, for example

Igt Hpound preferably contains 4 to 36 carbon

eferably 8 to 24 carbon atons. The second
conpound preferably contains 1 to 8 carbon atons,

[ I carbon at o .

€ 35¥neieh SRt i, W SPEHhERS Ry i paa ester.
dEsarepleatl_Bcludm resteasi rfatneedd by dthe anelaalicm obfattyi acideehavirge6 to 30,
O];:)re‘?ergﬁ)r/ %' ts 39 &HRA rﬂs wﬂﬁ 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

() O N



exanple, a trioleate or tristearate, for exanple.
Especially preferred are sorbitan esters, for exanple

WG 200Bi8eR1 nonoest ers such as sorbitan nonool eap@T/GBRES/000101
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sorbitol triesters such as sorbitan trioleate. The
esters may be al koxyl at ed, for exanpl e et hoxyl at ed.
Sui t abl e asphal tene di sper santg may i ncl ude

polyeth ene fatt aci d esters es

PRI RSty SPHoBa e sk Y ER ool SR, b5y da 50 carbon
hatenitg Most Qe?é?ablPRﬂéﬁfp@MSbbatytéhaﬁfﬂ carbon atons wth

al cohols containing 1 to 20 ethyl ene oxide units.

Sui t abl e asphal tene di spersants include |ecithin and

DTET %sﬁl@dﬂeﬁ@tdls&ﬁsanfs)fncﬁ&éfﬁbiﬂalﬁyﬂyrﬂe bﬁdést)hhﬁtably polyethylene

2R BEIAT BV ERR BF S APAE YRS o IGRIFISPHER oP I greferably

S bfnyienk oxidé)profdylenetuxidei blodR dopolmerpt i onal |y

substituted al kyl group, preferably having 1 to 50

carbon atons. Most preferably Ris a polyisobutyl

c Saitable Ssybﬁaubh@diaﬁa’eadatg aeRiddiphprolRassins.i Padfertkel phenolic resins

cﬁ%alk ne qﬁideﬁg% qptably pol yet hyl ene oxi de,

p8H’édSo @U@ pol y( et hyl ene oxi de/ propyl ene

OX|de) preferably ethyl ene oxide/propyl ene oxi de bl ock

copol yners. Suitable asphal tene di spersants include

phenol {c resins. Preferred phenolic resins include
conmpounpds of fornula (xi): wherein mis at |east 1;

wher ei n g/ at least 1, wherein the or each Rl, R2
and R3|dqre fﬁve end ntly selected from hydrogen, alkyl
gr oups rona | ups and heterocycles, or may be
OH, hyj}p/ groups, oxyhydr ocar byl groups, -CN,

- NO2, RSQBH,R1-SOZH -COOH, -COOR4, -NH2, -NHR5,

- SO2NHR, -SO2, -NHRG, CONH2, CONHR7, SH and hal ogens;
Wy ei m each of R4, “FB, R6 and R7 is independently
sel ected from hydrocarbyl groups. The term
"hydrocarbyl" as used herein nmeans any one of an al

gibarein axis &t leaal/1; whesrip N iaat lgpstch wheggin the, oraech &)l Rband R’ are

9 RidBenddntf N SGEQERS fRY dheabikyPr ABGHREd 2ASm&C! dr6ups  and

or aE aryl )Qgroup The t e%ﬁ/dro ?I Sﬁ G‘f? d P
heterocycles, or may be OH, hydrocarbyl groups, oxyhydrocarbyl groups, -CN, -NO,, -
SO;H, -SO,H, -COOH, -COOR?, -NH,;, -NHR® -SO,NH,, -SO; -NHR® CONH,,
CONHR’, SH and halogens; wherein each of R*, R, R® and R’ is independently

selected from hydrocarbyl groups. The term “hydrocarbyl” 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 cyclic, or an aryl group. The term hydrocarbyl also
includes those groups but wherein they have been optionally substituted. If the
hydrocarbyl is a branched structure 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 to 20. In a preferred aspect, mis 11 to 15.

n may be any suitable integer. For example n may be from 1to 10 suchas 1to 8, 1 to
50r1, 2 or 3. Preferably n is 1.



i ncl udes those groups but wherein they have been
optionally substituted. If the hydrocarbyl is a

woresoRedl st ruct ure havi ng substituent(s) ther POVGBREIBO00101
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the substitution may be on either the hydrocar byl
backbone or on the branch; algernatlvely t he
substltutlons may be on the hydr ocar byl backbone and

e br anc In o referred pect m reater
atenn ¥ G1eg s thanah o DR EGRER CRRTEnER s Bt e as
1 to 40, 5 to 30,~or 10 to 20. In a preferred aspect,
is 11 tg .1 be any suitable integer. For
gkaeﬁ‘ﬁqaélyrfgrfﬁ{)owdf‘?%ﬁl to 10 such as 1 to0 8, 1to 5
or 1, 2 or 3. Preferably nis 1.\Were n is greater
than 1, the "linker" grou, n ranc
o IR e ARGt aYDg Sh ca: DEuPaR AR PErply at least 5, or
abkyrl 7, oF 6ugr hearborgs atbmseast 1 carbon atom preferably
at least 5, or 6, or 7, or 8, or 9 carbons atons.
Preferably R1L is an al kyl group having up to 80 carbon

aPﬁerfsrabnyrle‘f leraatﬂnyyl gmapmawg uprto XD, caplvordétomsy piderably up to 50, or
2% or, 24 QE or In certain preferred
S

'o(?i|3r9eﬂ'i R ARPS a C5-C20 al kyl group,
preferably a C5-Cl15 aI kyI group, preferably a C6-Cl2

i P RS ies R o 3B GrErerRigoup. eepferaby 2
LT STt e o b e Sy o
PRI 85t ta RuP e 8By LERoR etk 1 one
aspect, Rl is a branched al kyI group, preferably a

acﬁrbcge 2 ng rred £ kqordérﬁgﬂ Rre eré@? e(%% &b 2 gl}(w g(S%LéD pre“?erably a

pCeJ—(e{araﬁdl gmppcpreiaiablysa ﬁ:aa@zmudylsgnotmlt ed relative to
the OH group. In one preferred aspect the CnH2n group

is ortho substituted relative to the OH group.
Ptrecbmaraaskmleyt Rl is s braacbedsalkbyg igrdup; préferablptiGag drandhled aBi group, for
IQ?@ M]e CnH2n group(s) are ortho substituted
F|’ve e the oH group. Preferably R2 is hydrogen.
Preferably R3 is hydrogen. Preferably R2 and R3 are

bR fhe aspect, R is a straight chain alkyl group.
In one preferred aspect R' is para substituted relative to the OH group.
In one preferred aspect the C,Ha,, group is ortho substituted relative to the OH group.

Preferably R' is para substituted relative to the OH group and the C,H,, group(s) are
ortho substituted relative to the OH group.

Preferably R%is hydrogen. Preferably R® is hydrogen. Preferably R? and R® are both
hydrogen. In embodiments in which R? is not a hydrogen, R? is preferably an
optionally substituted linear or branched alkyl group. In embodiments in which R® is
not hydrogen, R® is preferably an optionally substituted linear or branched alkyl group.

The term “hydrocarbyl” 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



hydrogen. In enbodinents in which R2 is not a
hydrogen, R2 is preferably an optionally substituted

wo povemas426r br anched al kyl group. I n enbodi nent BCT/GB2008/000101

10

15

20

25

30

35

which R3 is not hydrogen, R3 is preferably an
optionally substituted |inear Qr branched al kyl group.
The tern1 "hydr ocar byl " as use& herei n neans any one of
an grou an_al kenyl 0 an._a rou
g&ag\ﬁaryl pléq] %Wb@ng’ %E/)[ ql%gpllug é}qé% lf[))S bup wherein
orrrengav@ bé¥n aftiondly sgbAtied. Themeehyarbofaibpqardowanahé@ structure
B es_those grou

rein . the ave
Byt Syt eliea then i RuSHiiiP SXpER S STGe the hydrocarbyl
bbackpbrél of bh ted bifa@chtaalienthtigelp e subshtulisns magbewn, thé gdrocarbyl

the substitutio be on either the hydrocar byl
bEEQ%BH%aﬁéoﬁﬁ’qﬂ anch; alternatively the
substltutlons may be on the hydrocarbyl backbone and
In su h enmbodi referahly R2 .
st REHREIE S| BT g (HEISh Rty SIRW| 2P dndependently

f éélfm:tad @bncs(tzmga Lg@oum rpeéfera@tyl ¥ C3-G% Grotp, preferpbly a C4-Cso group,
erer

ny erabl a Cl-C2 group,
"eﬂf%r?@ ’@fr‘l’:'_f’Sp Ely aé"fé}ﬁlg&% “exanpl e of R2 or
R3 is a tertlary al kyl group, such as a tertiary butyl
of

gr.qQup. er g aspect each

o Adica! araBaT REor RO ey RER rfen SR TG bivhorove.
that ring Ais fuIIy substltuted In a preferred

aspect the henollc resip | substltuted

B rPreleped BPaRepan! §° R Prspatrh & SAEfGeht ratner than
r apdrbger), suohdnattringfA isdliytsubstitetddphenol and an

al dehyde. More preferably the phenolic resin is the

reacti on product of substituted phenol and an al dehyde
haviangrefer?e aspedtethebplyeriblid reambrsnaasmhsntutéd)rphemlmprasm More

formal dehyde, In.a preferred ect t ph C, [esS]

| <685 8 bRl e el TepRE gl oot ARl and an
r eklehydes the reaction product of C9-C2 phenol and

for mal dehyde, or of t-butyl phenol and an al dehyde

having 1-22, preferably 1-7, carbon atons, for exanple

f Glon@pretédryioly thefpHemolid esseds mwleabticm preduch sf gubistitatedl peadl and an

oAl 2 el T R g e
results have been obtaine

in a preferred aspect the phenolic resin is a C¢-C,4 phenolic resin.

More preferably the phenol resin is the reaction product of Cg-C,4 phenol and
formaldehyde, or of t-butyl phenol and an aldehyde having 1-22, preferably 1-7,

carbon atoms, for example formaldehyde.
Alkoxylated phenolic resins (ethoxylated and/or propoxylated) are available. Their
use is not excluded, but it is not preferred, as excellent results have been obtained

using non-alkoxylated phenolic resins.

Fuel antioxidants as stabiliser (iii)

Fuel instability may be promoted by oxidation of components of, or within, the fuel.

This is a significant issue in the context of biofuels.



usi ng non- al koxyl ated phenolic resins. Fuel
antioxidants as stabiliser (iii) Fuel instability may

weoopogizet ed by oxi dati on of conponents of, orP@i/GBRIVS/000101
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the fuel. This is a significant issue in the context

of bi of uel s. Conpounds suitablg for use herein as

stabiliser (iii) include anti %i dants used in fue
environnents. Antioxidants suitable for use

sCapPrpeds suitahle; i uRs Bereit 2y Sobifissrdif) ff\?lﬂdScPé‘“BH%%? pged in fuel
aBhlinhieatd s, sul phuri zed phenolic antioxi dants and
aromati ¢ am ne antioxidants. Preferred phenolic
anti oxi dants are hydrocarbon sol ubl e phenolic
anhhmgﬂw&@tamifoemeCésaétéunsrermhbrprwérﬂ h\\iéhtldare&ﬁ:tude phenolic
one. or it t he henol I S, bl ocked.  Suit

0S| t|
o Ao, RO hyize aBendls aoloroans Al domAle AR RgTants.

and R3 are the sanme or different and are each al kyl,

h%%&ffla lﬁr?oz{ ﬁntloHéa& %%Ngé%%& e OE%P&% pﬂ%gcglgxgn%)}x/ildénts and
Eeg;ﬁcwy mi?sle u&thh}jdw ,at fgagt ?n@ﬁﬂﬂ?jd ﬁcssytiolnkcﬁlrtryé pllméndl is blocked. Suitable
roxya , roxyar ~hydroxyal kyl aryl,
BQ%%QHKQP% og¢ Bﬁfgﬁx%m ai ning nitrogen, sulfur,
or oxygen and where at |east one of Rl and R2 provide
stearic hindrance. RL and/or R2 are preferably
i sobut yl tertiary butyl groups. The hindered phenol

is preferbly ei ther 2,6- dl-tertbutyl 4- et hyl phenol
G Furt her preferred

2 6-di-tert- but yl - phenol ,

- phenol ,

nethy ene- bIS (2 6- d|-tert butyl phenol ) and

4- et hyl phenol ).

letures & such ant|OX|dants can also be used. Also

useful as stabilisers are sulfides having a genera

fornula RA~S-R 5 and phosphi ne conpounds having a

gwhereaR'.f R rﬁmﬁaRivmssam&spedmrerR@ndme eReh ailed aegl, alkylaryl,

S, Mt 5 STyl e,
h?@ltle&@ﬁmlkyl a B r o%tawl,al W'ak‘}v'oupby r@pyalkyl hydroxyaryl
&gg}ﬁag@@rﬁ f &%J(yarﬂéllf({/ g’i‘BLEﬁQ d@d’rﬁélmlnér tlr@déﬁylsulfur or oxygen and

ydr a roxya
hy’b?@@éﬂﬁﬂt anﬁy?/ R @&:Bspf@uﬁﬁéﬁﬂﬂﬁ @'Wﬁ’r@f}c@gén ang/or Rare preferably

OfsoBdityP&i kertiary butyl groups. The hindered phenol is preferably either 2,6-di-tert-
butyl-4-methylphenol or 6-tert-butyl-2,4-dimethylphenol. Further preferred examples
include 2-tert-butylphenol, 2-ethyl-6-methylphenol, 2,6-di-tert-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®, R’, and
R® are the same or different and are each alkyl, aryl, alkylaryl, arylalkyl, hydroxyalkyl,
hydroxyaryl, hydroxyalkylaryl, hydroxyarylalkyl groups, or heteroatomic alkyl, aryl,



Addi tionally the conpounds nentioned bel ow as bi of uel
instability inhibitors may be useful as fuel

waeiososd2dant s. Cold flow i nprovers as stabil i SBET/GBRO0B/000101
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Conpounds suitable for use herein as stabiliser (iii)
i nclude cold flow inprovers. ? cold flow inprover may
act in a fuel, especially a f gl whi ch may freeze
under anbi ent condjtiops (for exanple dies

fHan 2 RSOV | hefse RGeS Rk Rydroyarylalky

OfFoRpYCERaintigl rtrsgRinS Sulfuf & dikyyenoccur, and the fuel to
becone unusable. Cold flow inprovers useful as
stabilisers in the present invention include

c apaitionEy Ihé@ ompl@itRsmanttbned below as embfes irtstability inhibitors may be
al kyl net a‘cr | a%e $ol ynmers, pol yoxyal kyl ene esters,
eb$rdyias fuehadiiondants.s and mi xtures thereof. Exanples of

copol ymers of al kenes and unsaturated esters include

et.hyl eneunsat urat ed _ester. copol yners. Favoured are
Galtondimagyers & Sanfiserdi

t 9 ers 25 88838 dM t 0 units derived from
ethylene, units of the fornmula - CRLR2- CHR3- wherein Rl
represents hydrqgen qr nethy] .. R2 represent 4
WfBirep s B 2 e hestlt 27 Biabiigs IE RREDE RoR s prqvsre.

9 carbon atonms which is straight chain or, if it
nor e car.bon ns, br

t ai 3 t hed R2
r Bovd SR smiraes o ahteiion fecly Expecill .ol wien hay figeze under
Rambrpt esretit }w\s:dfdblrexm@ ti%s'ﬁbeﬁﬁrtnﬁmltfaimﬂﬂwrc:oaeitims under conditions
r e ene W th an e ni c
CRBE Ewe wEl cAtE rting Beuf AP R T ERlo Begame upuspile
is a copolyner of ethylene with an ester of a
t ed al coho nsat urat e r. box

t [ d t ed | i id,

bGP o pnlpyaye tirefles SPROIISSTS b g preset ibgtion, glyde copolymers
abﬁ:@lh«ehesvi aﬁd’d {amsa?mteﬁ adters)r bl&ydyie'trms@dz'tfi. polymers, polyoxyalkylene

t ene-Vvi nyl ester copol yner is.advantageous; an
R R e N R Sy
et hyl ene-vinyl hexanoate, or ethylene-vinyl octanoate
BRI of 3PATE’, Sl ke T whghoried PR gluce ethytene-
puesaturateldyesteramopdPmiecs. Favouredane thyse lesiirgy, in Addifiodt torunits derived

h | , f I

el e R SHET SiPBR, Y 5081, 036 oy be used. The

nunber average nol ecul ar wei ght of the copol yner, as
-CR'R%-CHR?-

wherein R’ represents hydrogen or methyl; R? represents COOR®* wherein R*
represents an alkyl group having from 1 to 9 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 ethylene 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 alcohol
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 5 to 40wt% of the vinyl ester, more preferably from 10 to 35 wt % vinyl ester. A
mixture of two or more such copolymers, for example as described in US Patent No.



nmeasur ed by vapour phase osnonetry, is advantageously
1,000 to 10,000, preferably 1,000 to 5,000. If

wale®snedsi t he copol yner may contain units deriRenGBe@s000101
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addi ti onal conononers, e.g. a terpolyner, tetrapolyner
or a higher polyner, f or exangle where the additional
conononer is isobutylene or §obuty|ene The

copol yners ng be made b dlrect pol ner|zat|on

C uaﬂ thhg EAYerage Mm uaélw t of thefcopolymer as

hyrcéraehaéalb? v@ﬁ&ﬂ&m@éb%bﬁabﬁ@tus aawanm‘geauslyeﬂ mmbw 0,000, preferably
unsat ur at ed efster co mer tocﬂql ve a differe

et BPPdRe O dt desitedd h?s QRIS %ﬁ?“ta'ﬁdf“'téﬁﬁmé%fmm additional
ebbmbﬁdﬂﬁer‘él 8yl a iﬁ@qsawmat Qet?é’bﬂ)lym’iéﬂdr QMHighér l’pb|ymé¢tfaﬂ@)ain€3ple where

e 1 n IS

o P HothonamPaiciseRIYRYRe Seebdifines The GepRymers may be

_(Eﬁ%idb) B¢ rditedt SoB@ierizBlich Wsedomondmees) o ol OmangEBtepfi&ttion, or by
|Bclude copolyner§ consisting of 1
0]

5 | % of one .
Yorglvels angp-estarpations ofgan gfispe Hﬁﬁﬂaﬁ?‘iﬂ SHHELCIROMTET to give a
C];hffetéhtt C%ﬁmhbylungétaram@? aéﬁctarogcc%otymégo Forl %x@ﬁp@neemmene -vinyl
re e aturate i.car box C ac
¢ Rerarca oo FRent i BBLTIR e POP R b rade T Rl way, e
e&bm StRYI¥nd-Giagitaedtaté tépolymgeror nore primary or
secondary ami nes to give the nonoam de or

am de/ anmoni um salt of the dicarboxylic acid. The
C Eramprer sf ﬁlkyﬂf(eﬁeilb)layrymltpaiyme‘ri @efliD asocdkb flow improvers include

f b f bl

P esRos eogintie,o s I PP RE P o fiofk aliSL A viates,or kv
5ntemha&6jlat9$ afittr ebl 1o B4 alk)ﬂCbha&fsdamﬂ)St Spteebermbiby ol @né cor more

B R0 B8y SRR O er rvr
t beembidphsu(/mtréémd witoas oarnﬁors @rlmatponmaﬂaryfamneslto give the
Bl byttt 1050 e BRI copomrs
sgoraerg:alty whwér;w&dmgﬂutwmgmefler(ww 401mmeﬁezr}d mpstt mrg%@dw 60 to 90,

cl.I,C an or [ a en e

0 Msthri a8 of ot L FEe BladYlats BRORER, 15 By frerably 5 to 60,
( emad hr)m rpyéfetably 40 do [40s hedl%asf theomiey br (mued lejratanjdally @nsaturated

{cgﬁééy g{ﬁ s%q%gnﬁy%p%% eacil%ﬁ ﬁo&%%&yaﬁk IYm&h)a{crylates are said

( tetdntain frphat o 26) prefembtyatiecd, a(nmitds) prefeyalsly 8 tand, carbon atoms.
of t I en

TS IR efepet G2 alB AT <Geiof o, &t SRtyafenes, Hquever. wp to

ackb%w of cyclic and/or branched alkyl components may be present. Examples of
particularly preferred alkyl (meth)acrylates are listed as n-octyl (meth)acrylate, n-decyl
(meth)acrylate, n-dodecy! (meth)acrylate, n-tetradecyl (meth)acrylate, n-hexadecyl
(meth)acrylate and n-octadecyl (meth)acrylate and mixtures 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 well
as fumaric acid. Maleic anhydride is preferred.

Examples of polyoxyalkylene esters, ethers, ester/ethers or mixtures thereof useful as
cold flow improvers include those containing at least two Cq, to C; linear saturated
alkyl groups and a polyoxyalkylene glycol of molecular weight 200 to 2,000, the

alkylene group of said polyoxyalkylene glycol containing from 1 to 4 carbon atoms.



tetrahydrophthalic acid, citraconic acid and itaconic
acid and their anhydrides as well as fumaric acid.

waokdogiog2anhydride is preferred. Exanpl es of PCT/GB2008/000101
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pol yoxyal kyl ene esters, ethers, ester/ethers or

m xtures thereof useful as cog flow i nprovers include

those containing at least two"G 0 to C30 |inear

saturated al kyl nd a pol yoxyal kyl ene gl ycol of
ti-5ettling agentsasstabiliser §iy ¢ he al kyl ene group of

sald polyoxyalkylene glycol containing from1l to 4

rbonaorrs antl-settlln agents as st abi
PF)W ARl %’LHSFAW%“ PBFtag%'é T E‘Pﬁ’dﬁg"aé‘taﬁﬂusleﬁ@'@rage“ts-

(|||) i nclude wax anti-settling agents. A wax

anti-settling agent may act | a fuel es eci

P Boraxmitiretil Sedmal deiiR e thl Penerals ATEIGAE aychreeze under

eé@ﬁl@nﬁc&h@t&ﬁb)(forteaampiertiu@éen fd manmdeIo@nantnuﬁuierﬁder conditions
ons. whi ch ot herwi se woul d ca

oyy [ght Ifgﬁmlslepp@ usg ge%e%fpeoqmﬁggg?rge_ reezbecgme unusable.

anti-settling agents useful as stabllisers in the

Ry cns U ot e e eBhagte oMl o Sing Al cortan

opelimides afDnplERy artgdiide olefin dfﬁnolyar&r@repared by the
reaction of nmaleic anhydride with an a-ol efin.
General ly such copol yner additives preferably contain

suSe‘taud In@élély amyurmi &Ileflaanﬁne)f adﬂiﬂlmscmylhtyéirprekmred by the

t
mseelin e of el PR G0 B FREThaong ol Pu gopFimer additives
c arelﬁ@ably lwbermsubEtmutnallyaequmglaaamloerﬁts rof o Anhydrideusnelda-olefin.
o f opBREs SRS ol S A RS of el Seti Faving @ range of
aea)’beih [ muhmMQefﬁhe adtarting by-olefin gdimpuwisitibn auseair Itmrprenmbethe maleic
n.t

g RGPy L SHETTer P dnisBugt P af b My o-oemm
Caor’mentratwlbby sveight Iwith & Iwﬂnonang&ermmlmpm edrigeefrom about Cy to

oRBR'CE Rie S Bl ieing hiaRts G ABRAFE haRE Fan numbers
nwitbm ¢hiamdmydr iTHe operativd starting mﬁd)lgfmamay haweea aninermdoerponent portion
n_the ran

g l.ecyl ar abqut
HRIGRER: 8o drd ohis e gl BRO, Zhe dpael dnrbfse aoken
osaspmméry haté 9mumnbdraivémgarrmolemtaram&ugtﬁem the ragge of about 1 000 to
|t| m de produce
SR A R otES o P Besniy e PTGl Al R oS e ant-
Geetﬂlnglddﬁltlvbe comipdsing |anpinidi peodluted by Shé séaation adflan alkyl 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 similar
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:



equi nol ar anounts of mal ei c anhydri de and a-ol efin.
The operative a-olefinis simlar in conposition to

wo bas/oglescr i bed above for the mal ei ¢ anhydri deP©i/eBrw8/000101
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copol ynmer additive. Particularly advantageous
properties are obtai ned when t?e al kyl amne is tallow
am ne. The imde preferably has a nunber aver age

mol ecul ar wei ght in the range of about 1,000 to about
8, 0p0 as Measured by vapdr pressure osnonetry.

Sui fabl e tablllsers i ncljude additives of

f o F% pps—at il east 60% by wei ght of a

hydf o rbon sybsti t\uent f[rom about 20 to about 40

car pons, and is fkomahout 2 to about 8. Preferably
R has at @ 709 i[ght of a hydrocarbon
substituent fror@about 20 mo about 40 carbons, and
nost preferably R has at |east 80% by wei ght of a

hydr ocar bon substituent from about 20 to about 40
CahBeitR Has A lgustBov Bdweightosti aT'ﬁy‘Hrod%rﬂsmrSsmistliLeaStrorﬁ&%Dut 20 to

b e S SRS Bl P ot oo

| aaRyht Eﬂ%l’(wrmrlgiht sub&ﬁidlem)ﬁcbm rieliepald abaiit 4@ aatboBE%nd most

bg?%er?ﬁ%% %ée?ﬁi H‘bgé’ ge?lé a r@ig é%%frb'gﬁ %Hﬁ?_tgl:lﬁ%ft }‘rﬁmt about 20 to

r abnge 40 carbond. |k, é)@fbfé@ecﬂbﬁmbdlﬁle@f)@, has atl¢dast Bb%edy lwelght of a

oV UGV 4 KeroR TRaef e, Bymaa G Garogrs. more
hydferably 2o teasti BO% byasigh, ranmmdmlptefar&blyoataéwBO%by weight. The

Ieas 80% wei ght of a
RPBRR B anal R oeR e 8 aopuBhe asrges, molecuar
i weilghbim tabcvamgeloit abaaibd 100080 aBoetf £0@0) ag detdrasneat by essitr pressure
70% b% wei ght of a hydrocarbon substituent from about
%ut 40 carbons, and nost preferably R has at
Ieast 80% by wei ght of a hydrocarbon substituent from

o AR b R S B0, by et gt of a

hydr ocar bon substituent with a carbon nunber range
from?22 te 38 carbons, nore preferably at |east 70% by
wei ght, a nost preferally at | east 80% by wei ght.
Typ caIIy thas at leagt 90 % by weight of a
hydt-6diertfe G om 16 to 18carbons. The
aboye addltlv descri bed as an imde, has a nunber
avel age nol tght |as determ ned by vapor

in

range of about 1,000 to

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
to 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 to
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
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



about 8, 000. Further conpounds alleged to be useful as
wax anti-settling agents and/or as cold flow

wo nlosogeer s are described in EP-A-743972 and PCT/GB2008/000101
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EP- A- 743974, and the contents of these specifications
are incorporated herein by refgrence. Biof uel
instability inhibitors as stabili ser (iii) Corrpounds
sui tabl e for use herein as stabiliser él i {"T"I ncl ud

bicafbgas. Theaboue pAdiljve. YRpEIbed A anihideehag A BHMBRM A ‘T‘ﬂeym°'ecu'ar

t Quefjht RErdeterMMednNBY Sapstr diésblrd BSREMERY inVBieOfahge of about 1,000 to
conmpounds either found in the biofuels as the

biePPHSRL of oxidation or thermal breakdown. A non
exclusive list of chemstries which are appl icable to

performthis functio clude ol yner et hyl ene

P FurGrretarng Aeasl 1o b ussi B o it seling, podith drgor as cold

amdwt|hﬂbutor§steeaewrlb8d @ BRIA-Z4307204nd PP-@ARYA39T74, and the contents of

et h%l ene, azobut Iene addléﬁ)t@s .\th h .unsat ur at ed
thess,spprificatiense e('%‘i&fﬂmé? D QY SierePrar i ¢ aci ds)

and their amde or imde derivatives; acrylic acids

and .their 9L est LS derJvatlves pol yst yr enes;

ar S RREPEONS BRI {8t i ons of these nononers.
Add|t| onal |y the conpounds menti oned above as fuel

FIL R I
Stiribitorss €T he(sel ﬂu)wctﬁwmmmﬂ?zo sdisgendd fpofyﬂfersJSJe High endle@sar weight

tabi | i bl ended
" GABPuR.eiter buid b e b Bl 85 b6 il aieh o SRARtgn, o thermal
a(bt'éaktwwmiﬂ\ Miodi éxclusive dist bDtitenhisteibs whithaarei sypticabdel to perform this
PR iR poREr g Elene i uBRLarBr. sy fnyionots. viny
\?\/n @¢Hersel r?.ﬁdIEtIhelr Estet mitth&nd@nlmyildeo\i\m;]m?bye [ ét?ﬁenke ,bsobuhdene adducts
en shi our ce what ever, f uel
o p P EainBiiie BRie U % MR AIHRYRF Ak angpeir amide
gfofr ?‘tnab idetivative® yacodic weids fand tﬁeaaarplde orvdstans ahsmanr/esrmowstyrenes,
i_ffer or en

bR G e L Tiatae Bom ARG o aters, dfongiiige. ° Adaiionaly the

Cc coppouwtts rasntioineddedve as fuet aptioxitants may be hisefoil as biofuel instability

[ ril%bl,llt%(ras conmpounds descri bed

Blended fuel or separation inhibitors as stabiliser (iii)

Compounds suitable for use herein as stabiliser (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.



above as stabilisers of other type, and need not be

repeated here. A further possible class of useful
wa@eovposH2ds i n achi eving the benefits of the preESEGB2008/000101

invention is fuel detergents, well known to the

skill ed person. Detergents coul.d thensel ves be used as

conponent (iii) or could be u &d in addltlon to

anot her stabiliser. itive composition

a

pMenk cPBROLRTseRS b'em?dt el separatied @W%@PW% fOmRgunds described
nrab@ue SOSTIINERTs Of dthérdydy, 9AY abePRGtRGepsted he@n, the
organi ¢ conpound (ii) is canphor and the stabiliser
(ii1) is the reaction product of a C8-24

ak‘?ﬁhhé%glbwlé‘é% d&fh}%@ﬁh c&ﬂgo@ﬂs‘?fl\ Q@r"ﬂwl %trfér S‘élfe'flﬁsbdf){he present

t he reaction product of an - | - substituted
5 pﬁ@ﬁ@tponawdfqebrdﬁtﬁrmo\@e" bﬁ@'ﬂrert%hs;/ shlied RN y Petergents could
C HERRARIVES WL iuSed ds! Qdihﬁ’one-rﬁh?u)aGFl'cBbMebe?QJEEQShtédlﬂloﬂth another
further conprise a diluent. I's convenient for th
adl@Plisefe conposition to be added as a sol ution of the
active conponents in a diluent. It is preferable for
such solutions to exhibit a high concentration of the
abdditive empESHtion: s in the diluent. The diluent to be
10 used should be readily fuel soluble and conpatible
including with respect to boiling POI nt range, an
prrbﬁemsfﬂrvdmnecr]avéh%\ additive, Cﬁmpﬁﬁ' o, ths Mpatal %mw@d (i) is bis-
a@*clcﬁiéﬁf%d%yﬁr‘oﬁrtﬂ@%rgdnﬂ?@mdﬂiuhd‘ @l iScahshdr Bﬁé @né QaW‘Be‘ﬁ ki) is the

he active 1ngredjents ssol ve equal
wiRasHon gradust ebhp 8}20ﬁ'kWﬁUEﬁt'tPf§dth§BP'ea'&/éP aﬂ%\w%g&ruferab'v the
S teACASE pRALEIRA BN GYDFalRYI-SabStRAEd phéHollaf@ftiinbideRyde.
However an additive conposition is solid form (or
15 conponents thereof, when provided separately) is not
epfferden thé Rdtinee Eérﬂﬁ@i’ﬂon' i \Garuldo NMThePadditlecddnisbsition may further
addi ti ve conp03|t|on containing the three conponents
( P9MPrisE 3 diiedt (i i i) conprises: 3-1000 parts (i),
preferably 10 to 500 parts (i), preferably 50 to 200

rts (i), preferabl 100 par
pﬁ is corgve)nlenff) for the adanve com osnttlon { ge added as a solution of the active

20 components in a diluent. 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. Ideal

diluents 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 (ii), preferably 20 to 100 parts (ii),



to 3 to 600 parts (ii), preferably 10 to 200 parts
(ii), preferably 20 to 100 parts (ii),preferably 35 to

wG@Qogsas42s1 (ii) and to 1 to 10000 parts (iii), PCT/GB2008/000101
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preferably 15 - 300 parts (iii), preferably 30 to 150
parts (iii); preferably 50 to %20 parts (iii). Were
the additive conbination is |r17' ended to be added as an
"aftermarket' treatpent, the volune of diluent used

wPrafergg! §§é1’i79§aft6('ﬁrOV| de a non-viscous |iquid,
sui tabl e gedtouse in a di spenser bottl e or syringe

00D eea i ereferabpt S s e o bineeral 1t 0ot )

tbfgf@;amy 56e0@pabhits tifle di l uent nmay be a crude oil
distillation product selected from kerosene, cracked
gas oil, vacuumgas oil, long residue, short residue,

h_V\lﬂ'\eye ﬂ%mcfdi&webiogibin@aﬁ |sdhil§ndéﬂétﬂ>i Benadgied agidn, ‘aﬁmgm%ey?&atment,
oil, LRe i es m xtur.es thereof .
it it Bt e B8 2R F e Rhon Yok T Suitable for
I D& Ihaediepdrnsesbottie ghsyrimgaipactand br anched chain

compounds. The branched chai n conpounds are al so known

as isoparaffins. Preferably the diluent is a vacuum
g&ﬁeferiably the ﬂn@erprsf eéléetéd afsgre can tdnemalid wemipoursd, aa hydrocarbon

mp?n‘!n c{n (/ngﬁ?%rgf |tr§Fr an ergr%liéﬁ% pllqe%ggﬁy uum 2 0|I distillation
vp:zmiluml sblexdted frami kinodedapcrackedai g3 oif, k/écmm’pgaabil yodlgakasldaue short
4RO S o AhaeS 0. MRPU AR oS e o §ycle o, gasoine,
( dieseHandirmixuresathereof.iii); or (i)/(iii) + (ii); or
(ii)/(iii) + (i)) and may in some circunstances be
convenient, it is envisaged that conponents (i), (ii)
aftle @iluent mvyl be & &pamaltie dompoar” adktich mag iraludedsath istraigbirchain and

ngaﬁ% %r?qulrtm %éampcrﬁéde ag@gﬂ%rg@céwgd 58%%%5{51’8%?%@8 also known as iso-

cpm;mtfmstl on are quite clear. Fuels to which no

addi ti ve has been added can be transfornmed into fuel
conpositions according to the invention, by adding a

Cc Brefermplyribe diduent s vaopuof gashml. bdahietpreferred mppexit theodilueot is a light

t Uscd%d&é’scé\[ %9Qhe 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.

Although separate addition of components is not excluded (i.e. (i) + (ii) + (iii); or (i)/(ii)
+ (iii); or (i)/(iii) + (ii); or (ii)/(iii) + (i)) and may in some circumstances be convenient, it
is envisaged that components (i), (ii) and (iii) will be added as an additive composition

or package containing each of the components, i.e. (i)/(ii)/(iii).

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 possible to
add corresponding amounts of components (i), (ii) and (iii) separately to the mixture.
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.
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(iii) separately to the m xture. However, it would not
only be necessary to ensure t@g concentrations of each
in the fuel but also the correct relation of the

[} tq? . onents to one angt he The efore }

S AL dig SYBPET @8 TB9E, CUSIamtdNS o (o pHeg, A Aditive Sompositon
addichiarea®otanesing ihercowponéntair the dyrréctnelatisistotdme another.
conponents in the correct relation to one another.

Fuel In one aspect of the present invention, the fuel

| sugireferably selected fromthe fuel is selected from

bi o-fuel, diesel, gasoline, marine fuel, bunker fuel,
residual fuel, heating oil, mddle distillate oil and
haasye hspict of the pagsdnt mekntibinn gheGlkl |é qwéfetfaolyl setpcted) froThe fuel is

(coalto- |iquid), BT i omass-.t o- ui nd L .

( SFPete ! S 0ol pieRe) da9nes T ik sl psidha) uel, heating

eo'g.miladlseiistltbdltelmmaﬁdabam mellobwvamdwg\aluglngfcarai (dabas-liquid), CTL (coal-

exampl ventional . se i, odi

ISt (PP B e B @) SRERubiidPeRe fup! may be 2

Hoivedefuelteng.sa bethIeLmﬁ fuel eriveed WitH @ blouel (a‘gaethblamnventlonal diesel

nonslimting. In rther ect,..the fuel s a .

i PloSigbel o et i ke BTG i giatlise &1 ppymeer tis s

f offluelsisitoker rehareled @s nbadititing. 0|I The fuel may be gas

oil or heating oil, including recycled |ight heating

oil. Marine fuel may be marine diesel fuel, marine

dirsa ifnhdtmar@sbemj therfueteis ianmidgles disiillate Bit ef artadabvy fudhevhiaels marine
VI scosity of at least 1 cSt

pugflé)?’g@?r)fu%{tor%g%&g %o cst, preferably at | east 530

cSt, preferably at least 100 cSt, preferably at | east

e G gk e 3Ry RO B B OB Moo OB 513

cSt at 400C. Preferably the fuel is a liquid having a
Vh/%fﬁg %m%g( b%Qnér er as%ll @% aimaxlﬂetd?st@%g flgeg%)f m%};ug% § Ellz

up to 560 cSt, preferably up to 520 cSt, a{ 400C. For
tB?ef@%B@QﬁgﬁJe?I | uTc‘qt qujl rié(/ 8&‘71 tlegﬁolséézfoef&férgﬂ(]y 3t least 10

ecl ere fure™i's
v ::Stc pesfenably sat msms&r pefdrgbly late Iqasbﬁﬁﬁm&tepr@feramaelkédt 120 cSt.
" In some embodiments useful as marine fuels the viscosity may be at least 360 cSt,

preferably 450 cSt, at 40°C.

Preferably the fuel is a liquid having a viscosity of up to 1000 cSt, 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.

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

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



1994. Fuel conposition Preferably the fuel conposition
conprises at |east 3 ppmof the netal conpound

w@ egogpsferably at |least 5 ppm preferably at PereB20(8/000101
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ppm preferably at |east 15 ppm preferably at | east
20 ppm Preferably the fuel c rgposntl on conprises 1000
ppm or less of the netal conpound (|) pref erably 400

By A el pprepedteabl S0ET o RO el TRB el ety o

tbaafémswacmpom ppran conprises the netal conpound (i)
in an anount sufficient to provide at |east 0.1 ppm of

the netal, preferably at |least 2 ppm preferably at
I G’?@‘éraBlypthmfuélrdbﬁﬁbélhbry cOnpliseast006 qmrrbr fesefot tiabngtdl lBémpound

fuel c si.flon _conprises t ound

i e rAE: SO0 PBT Boress or Bl 2P0 0emo BRe hrgtesgoly T00 ppm or
plesk afraterablyl 80 pprortgss| ess, preferably 60 ppm or |ess,
preferably 30 ppmor less, preferably 15 ppmor | ess.

If, for exanple, the nmetal conpound (i) is ferrocene,

t PesfedBlypihien falel fcompositare compasesatieunnietas Lu‘ofﬂpbi.lad!lt(l)tm an amount

i.de .about 10 of the taI
P S e8Pt deat BB P rent SR fetal b bk AT st 4 fpribeterably
aableast Iphrh preferdbly at ledsdBippen. LO ppm of the nmetal, it
woul d be present in an equival ent amount to 30 ppm of
ferrocene. Preferably the fuel conposition conprises
aPréfeably thep‘peh mfmptdsmonrc@aminse$m€pmetw c(nin'p):und () in an amount to

oPEH RO of Bt e Fle B BhRul4p Bim o RSH. sy oo pem
Poeless, giréfgrabhe3d prah oc sy geeferably t5oppn oskess.600 ppm or
| ess of the organic conpound (ii); preferably 200 ppm

or less, preferably 100 ppmor |ess; preferably 50 ppm
off, foemampleetm mbtay c@rhpoymh @ris fasxen®rtber 3alppm bheerrocene is an

¢ BioufiC TR R oGRS T BT Be BB R PPhus, if the fuel

plcemﬁosaﬂtﬂryccahprhm&! ety mompopued &) dbby amodnt asfficiedt tmppnovide 10

péﬁ{nepr e er £ {/v?oatﬁé Pég e{%gé@d %E %q&(/gghtyan%urlt ?oa% pﬂ'l% of ferrocene.

Preferably the fuel composition comprises at least 1 ppm of the organic compound (ii),
preferably at least 3 ppm; preferably at least 5 ppm, preferably at least 8 ppm,
preferably at [east 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 (iii),
preferably at least 1 ppm, preferably at least 5 ppm, preferably at least 10 ppm,
preferably at least 15 ppm, preferably at least 18 ppm, preferably at least 20 ppm.

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



Preferably the fuel conposition contains 1000 ppm or
| ess of the stabiliser (iii), preferably 320 ppm or

wo eas/0842s5ef er abl y 160 ppm or | ess, preferably BOT/GBRO08000101
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l.ess, preferably 40 ppmor l|less.ln accordance with the
present invention there is pr gided a fuel conposition
conprising a fuel conposition“Conprising a fue

TN RO LT RO J—
pb@ﬁ@risaw ¥ fudDcrapdEhidPsBimppiking aﬁ&él&bni@ﬁfﬁy&)und sel ected
cBhplsneRd 8ot Grelar o4 Pracro i arot e Rusipably B to 100

( pbmh, PretePalfiP o RPBD ppEbes atekal cambourdOskiayed frireindroatdoynpound,

5 to 100 m preferably 8 to 50 m preferably 12 to .
28 TRRPNGHS SHMBPGhi & U HPOEATEP LB L BtcerUR Gfapund. and fixtures

bineyedfi ¢ nonot er pene, substituted bicyclic

R 5 BB B GAPOREK S 0B PRy BUGER RSBk poR Hrererabl s o 50
( ppraf eretéiaply 11X @6 25, ppm) w)antdrgaﬁ@ compbud ekleciell fyomSa bicyclic
BoBERPBE. SO Ml o BB TS A& hoitont Barbonate
Caﬁﬂnm’)mbs(ﬁe)eof(érid) and (i i i) in the fuel conposi tion

- BoBLL Rt ety Jor 4107 O0Rfho . eieptpc 15 foo 190 ppm.

t prefdralsintl 8 ta 8@ ppmn fdrefdraloin R0 a0 ppmpdf astabidsgyondi ng

conmponent whi ch was al ready present in the fuel,

whet her naturally or as a result of separate addition.

Sthe caricentatibnt efencommorieav@, tikand (Tiﬁ)dlethesfuplacrdrnp[afsltlan in principle is

d|t|ve ckae differe ose
5 it S PR B 3F i tedboctuf chhBpitts BRI i Sffied (caled the
ctneateaﬂey ahd ofharf amowﬂmpomeeﬂpopdlags eorhporens whishavdsi aéﬂela;ly present
rea te an ef|n| |on i v "
2BoDs 09 WiReh AT ek R LT o Spbateld SR | SPpgrate poation
t may fhaed beermpmase tas partrafign dditieg) package ardelier adtfan!ns purpose, for
added to the fuel; that is, to the treat rate. In this

sﬁ)éacf?’??catl on the ampunts which are stated for
conponents are always by weight.

In most practical situations, however, the concentration of a component present is
substantially equal to the treat rate and the definitions given above for amounts of
components (i), (i) and (iii) in the fuel composition may be regarded as the amounts
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 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 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-

called 'aftermarket’ treatment.



According to the invention the conponents, preferably
the additive conposition, nmay be added to the fue
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may be nmade at any stage in the fuel supply chain (for
exanple, at the refinery or digtribution termnal) or
may be via a dosing device associated with the

T PREE bl MA LD 18 hyEERSBaBe selarRa i iy Sl Caltndpcure ar

t petrdleurh ldelfive&f mmnes ﬁ'malnyiir@daybd]ﬁ mixtires namalbh eontain other natural
conbust i ber or, inl st em Addi n tp . th .
¢ AL rerarBR. ARl OBt ol SRTHE Larectod o toafiy ffpr Bituets

thfayu:earseda socal l ed "afternmar ket

treatnment. Preferably the majority of the hydrocarbons
contained in the hydrocarbon m xture are petrol eum
dEeuithe@dAdditbeever, the hydrocarbon m xtures can al so

contain other natural or renewable materials, such as,

for exanple, rapeseed oil nethyl ester. Biofuels may

b&he additivd-oorideatratackhidiar \tiess fukh ma&duﬁtha’r\oempdm: émhenbdditives, such

/0 he fuel [ u

agg qerfe?mgncgu quaﬂ@x% e:ﬂ'}bﬁ p% n C/g'@hﬁgnﬁté %[léta(g‘:js%ch furtherAaddltlves
nowhidesidormsgioh i istibitdrs,sush |rﬁuh1tbl’aergmdmmbltoes sohehtidids anti-static
cQ | i nhi itors, guminhibitors,
SO é%/ng%t&gs’l Js}.'lrﬁ 'Qhé ggg’%*% ﬁ@ﬁgﬂetﬂ%nps dyes anti-icing
agents and detergents. Conbustl on system Preferably
t S systemis selected froma burner,
eﬁg.’@%ﬂ’f": %?quace Preferably the conbustion syst em
is selected froma burner and a furnace. Preferably
t :

L R RBRR KaRoIRh SR € EAG m PGS BRlike Bnd fumace
ignition engine (diesel engine). Benefi ts The additive

CROsh tf?é‘c@%ia&’%ﬁﬁ ‘s@ﬁe%‘i‘?kéeg% IrBr%l ag%ﬂarﬁgn{ %nc{%@npnace.

Vi SCOSI
transportation or storage and to burn "dirty”

pbﬁéguspﬁj't?(e &&rﬁ tigg rs]gﬁer‘ﬁ‘? hﬁ‘gn f?&lﬁ? %@gme Preferably

s U@(,Qnggfajs lay:,ompression ignition englne (dlesel englne)

Benefits

The additive composition allows the fuels, of relatively high viscosity and with a
propensity to separate in transportation or storage and to burn “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;



Specific benefits include: stabilisation of the fuel,
even a bl ended fuel, including naintenance of suitable
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reducti on of soot content and ash content of an
exhaust of a conbustion systeny reduction in
mai nt enance down-tines, |onger operational periods

bet ween d times; inproyvenent of conbustion )
o APIY 1GnES)oera JU8) cirBYIGt MougEl RUEBEatte iy RIPViPYRY though
eqAs\atalpledd biend BB fUEDAIre3) ¢ incthe Al tanky to sel ect a

fuel previous t hought .unpsui tabl e r,se, or

BB SFs Wialsgnieln atainaRion P marfRlat ASMeR Ay el

already in the fuel tank; ability to use whatever fuel

[ vai | ahl e on the rket af a given tine. In_this

o i Smetfie o eaet Bentyies ot rosSRpECLals SEE faatuSs of al other

paspets atledtabithe paniculal sitvatibresr AmPSC ks thas Bngdsaible.

the particular situation or context nakes that

i npossi ble. The invention will now be further

dahelinvieation Will neay be furthsadgdceibed\ibylwayedfasxampie, tadthtrbference to the

fﬁc{}ll oW g%néergoodi nments. First illustration of the

i IRIGWINISTNROdBPi e fuel test (ship) The fol | owi ng

conpositions were enployed in a ship for a period of

six mpnt hs under . confidential conditions, as additives
gSirgion INVEQLo apne WELIgSY e fuel of

viscosity 140 cSt (neasured at 400C by the procedure

O e e RT3l Ao ot ncer
pronfeidntia cohditiGits, 3 ditivaOthe fidle ThéGuelWad blehdedamarine fuel of
"Sbkofty, D) RSB 351120, S kel R OBPEOR . o0
sepafaisly tre seskeheat dm nedrioe gel, o Bd ¢Sir (measated at 40°C by the
cABRHAbE R o8 1bed™ g G T el A ARl YS6ous than
ethe @hest, contemed mgpre impwities Umndefdd an imnepsédEneency to separate or
BR84SR 50T B YA, Y 53 cove cesoss
c onthenengibe amdodovdGirppm ebpdaially dodreat recoveheequpmeast, leading to

f gg#ious efficiency losses 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 C,.54 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 6090 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 rpom. Average fuel consumption
was about 825 litres 380 ¢St marine fuel’/hour per engine. The vessel had three
Daihatsu 6PSHTc-26D auxiliary engines. Rated speed was 765 Ps/720 rpm.



Canphor - added at a concentration of 15 ppm of
canphor, in the marine fuel (provided in a hydrocarbon

W@ b0s®B4251 St abi | i ser, nanmely the ester reacti oOPCGBALWS1000101

10

15

20

25

30

35

of a C20-24 al kyl phenol and formal dehyde - added at a
concentration of 25 ppm of thﬁzester in the marine
fuel (provided in a hydrocarbon solvent). The vesse

s a m xed passenger/cargo ship of gross taonnage 6090
t BRerag 11 o0 WS 0B ERe MW o1 ST SaSTR ©
engi nes, each nore than 30 years old and with a
tepdency, to snoke. Rated speed 20,000 Ps/ 430 rpm
nJEF T55521 Yar SEBREH HSCH AT SIte Snbal hadia i was g didyered over
mand B6-ddekéd.hour per engine. The vessel had three
Dai hat su 6PSHTc- 26D auxiliary engi nes. Rated speed was
765 Ps/ 720 rpm Average fuel consunption was 100
| The esmpesitiorigarera adtiéd fr tie futy tamk in theealtakit®l amants each time the

ect ed [ t d of the trial it d t
B SRR B0t e Compos ¢ o “ver o
added to the fuel tank in the cal cul ated anbunts each
tl t ' fuelled wth,14 St fuel,. Th
I et BB 8, p Fedkie Sa el et Than 3 0Tt B - meant that
t Fenientifid” aduta @hosoot tcestent, ashasvhtenhate. ‘Wasi mottdbtaingd. d @rathe other
© R e FRRR dsBRBHERT PERe Bhdis, I3 Ml BRI, 8% Tonf at sea

r aavd ‘realdife” ®aluei al i nvol vi ng si x-nonths at sea have

"real -life" value. The 140 cSt fuel, not being

desi gnated for the task undertaken was cheaper than

t Mae GAD ¢St fuel) elot béihg Wasignditee foraie tdskiuntiértalkaddvdsi sheaper than the
ahbogﬁp fhe 140 cSt fuel to be used w thout problem

[ |8 ¢& of the 60 cSt fuel. They appeared to render

it suitably fluid without settlenent or separation,

and to prevent/suppress, undesirabl e t d,ash )

PRWAT BREVRD R PR SRR BB R T ks bl 38 e, ysed without
t peobfeen,iim@lact of tree 60 c&l futb Erey appgared tpaertder itfsugably fluid without
| OLGEHENS or t SLROGHAT 9815 197 L 1GaTyESRYE" InRIMLATEMGt 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 cSt fuel
without additives gave a smoky exhaust but that the 140 ¢St 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 ¢St fuel has a higher energy rating than the 60 cSt 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.



Furt hernore the exhaust gases were relatively clear.
In fact, with the old engines in the ship used for the
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cl ear exhaust. Even the 60 cSt fuel would give sone
snoking. It was observed that 4ghe 140 cSt fuel w thout
addi tives gave a snoky exhaust " but that the 140 cSt

with the adltlves | ess snpk
t HE gatcliners afsults yom P et 43, 93orEd 4iat (hetg woulk Be some
caegdndereﬁémt tol $f JPRMHRE Nhe RLIeS etoAbARr béndfilbit this cheaper,
uI d e obt gi ned. Furthernore the 140 cSt fuel has a
\é‘?{é’%@ bFé{sFﬂg than the 60 cSt fuel and so |ed
to a 10% reduction in average fuel consunption, from

825 to ./5 itr er hour ngi ne. Thi s

- Spauiiifidralion e Peattn bt po BRIEEOD. "% o T he
savi ng per tonne in fuel purchase costs.W regard
these results very surprising. It was expected that
t Mestequipoient:be sone negative effects, to set against

the positive econom c benefit that th| s cheaper,

hSteel eatingdloilerou| RutldBrermsa, M) BT/ 140215WV: Xeroef Manufagture 1996
[ p,ggﬂgdt&g Heat| Jt9ehkwni ests Test equi pnent: Steel
heating boile Ruhr Brenner, Mdel B 4T/ 14021kW Year
oPilbHMEract urBUﬂF@JSHWaModﬁlﬁih& 12345 k3t Year efiManyfacture 1996

b hr Bre g\/pq,qq 0
y‘%tuﬁgzgtléfrje 1996n[get (nozzl'e s?agss Wou’?(?laé7 %JIT}S oH
gdll isghe inslex an@lalsp(aymgsvdqe@hﬂ @@sH OH i s the index

aBoRE B ErTYBn IShlke TR | ow cone Snoke tester Brigon
Snoke Tester.” For the trial, the burner punp was set

to single-line node, which obV|ates return of oil to

t B6r the ‘Fr‘ia?' thé Bﬁrn@P?uﬁﬂBWagfs@f ) sli}?g‘?é lirfImBdfe, WHicHSBWiKés return of ol

e change fromone test fuel to another was
D P eu g bererae Soaing e BeeE puTAl v
' “I“H@@h%%' £k Bnd (@0 ueb dnBhePWaS §Ehlem@ﬁtcﬁfngto‘08r a three-way

three-way valve and the single-line circuit is’it

eMalve BrMediatelyiin Fopt o dhe brae BepaseLf thatbeae-way alvg andtge

r %it;ldui‘ﬁé cirbuit I8 ® dPsBbitg nﬁ:%ﬂ@@ctmé’&s%%men@ Baui <R3y Hduife
sool measurenents were pul
residues in the pipeline cannot occur. The respective soot measurements were pulled

through a Bacharach soot pump and evaluated by means of visual inspection and

measurement with a soot number test device.

Second illustration —embodiment A

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

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.
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fuel. Additive A
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S Qla¥ @Bfermite@ hU¥hg thedstiReliprhdift anl @FRoctl dh tde@Bnd AtiStration,

delivers the follow

0 BbRHMERt & - g sm

ng active conponen

ts: Ferrocene;

C
WWW’ ith 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 litres of fuel.

Additive A

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

above addition rate delivers the following active components:

Ferrocene: 0.5 ppm w/w
Camphor: 40 ppm w/w
Stabiliser 1:

dimethylaminoethylmethacrylate

Stabiliser 2:
Stabiliser 3:

20 ppm w/w - a copolymer of lauryl methacrylate and

37 ppm wiw - a mixture of mono-, di- and tri-tertiary-butyl phenols
17 ppm wiw - 2 6-ditertiary-butyl-4-methyl phenol




Stabiliser 1: 20 ppmw w - a copolyner of [|auryl

nmet hacryl ate and di net hyl am noet hyl nmet hacryl at e
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tri-tertiary-butyl phenols Stabiliser 3: 17 ppmww -

2,6-ditertiary-butyl-4-methyl ghenol Additive B A

conbi nation of additives added™i n hydrocarbon sol vent

vvzi gh v;_\/Een added at the above addition rate delivers

t ' ow ng active conponents: Ferrocene: 0.5 ppm

w w Canphor: 40 ppmw w Stabiliser 1. 20 ppmw w - a

cqpol yner. of ryl thacr | at
v eryTann s adies AERes Py sGiFeenthish waon gided atthe
Wabbve aidiﬂontrareeieﬁf/erﬁmmfolloﬁhg aetivé dofripoheritsi ar y- but yl
5 enols {)%b”ls 3 17 ppmw w -
8"8??"& -4-met hyl phenol Stabiliser 4: 118
pmmnwhw 4@pb|d| vﬁ/lmow i nprover Ethylene vinyl acetate

oPRINET oi A heaae EpBrBRel Sl GBRRENAEEATT, | ng

agent) Third dumdmﬂdmhoahylnfetﬁabqldtavent| on - nmarine

NSRS For 1 ySLAR B istsrpt AaL B et Rl Bk oy phenols

10 t ISextdlisbe3t s, ﬂ‘nppmmywna Svisertiang-batyl-4- methysitpaeholspeed of

S BRASE 11 B S SRS M B L P coponmer
t Sdbilisees: bl ez2lS FF’PBDEAWEG’rpbgt reddted olafin maeR0art$tiride copolymer (a

bl endi ng stock w lesel fuel to give a fuel
with a CCAl Vit 3&65&3 §ﬁ%5a vi scosity of

approxinmately 85 ¢St at 400C Fuel 2: "Dirty" test

fuel bl end {prepar sdphy el | Uddife! N BatAdEcr $Detrtase 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 illustration of the invention — marine fuel tests

Test Equipment:
20 Engine Type: Caterpillar 6 M20 (formerly MAK)
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bl ending stock wth light cycle oil to give a fuel

with a CCAl value of 856 and a viscosity of
wappsosi2ent el y 275 ¢St at 400C Fuel 3: Sane fpel/GBR@s@oo101
as Fuel 2 but containing additive package as descri bed

bel ow. Additive Conposition: Ferrocene - added at a
concentration of 33 ppmof ferrocene, in Fuel 3

hor - added at a concentration of 13 ppm of
cargHel Daft ded |

Fuel 3 (provided in a hydrocarbon sol vent)

(

spersant narrely the ester reagtlon pr chmj of a
[20-24 al k\/thpnnI and formal dehitde - added at a

o

—h

6ngieAtTveei on of 25 ppm of the ebter Direfygiectyn
provided in a hydrocarbon sol vent). Measgysaents: The
ol | om ng nmeasurenents were nmade| Exhaust Em ssjons:
Particul ates (ng of particul ates|per RYbBOICRIRIst -

g{rggem Smartsanpi er and gravi [fetric deggg m nati on
rocarbons (ppmvolune by FID) Oxygen (%

=

@lam@ef [mrelxhaust by paramagneti ¢ anal ysi 290 Car bon

=3,

lIU)(I TV e T extaust—py tRabs tTom)—Hept
é%{k‘ﬁsr(é‘%})“ Y&T@nk Angl e () Exhaust Em%egllfons

)

@bmgeégsﬁ,tnqgt,drrg/ Kg): Power (KW Fuel Ii4gel 2 Fue

fan

3 850 30.0 52.3 469 750 .48 9 5 1 0 45 3 500 31.8 60| 1
s 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
conditions between 0 kW and 850 kW.

Fuels:

Analysis of fuels

Characteristic Fuel 1 Fuel 2
Calculated Carbon Aromaticity Index (CCAI) | 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] 52,7 146,7
Pourpoint [°C] -20 -15
Ash Content [% mm] 0,042 0,040
Flashpoint 79 92
C-mm% 83,77 85,00
H-mm% 11,19 10,41
Sulphur mm% 0,82




250 43.1 72.6 73.8 0 109.4 368.3 159.4 Tot al
Hydr ocar bons (ppm: Power (kW Fuel 1 Fuel 2 Fuel 3

wa@@shepsP5 94 750 124 123 112 500 182 152 138rCHGB2EbE/000101
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174 169 0 401 1400 696 Oxygen (% : 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 24 14 12 14 20 13.86 0

17.02 16. 92 16. 79Car bon Monoxi de wer (k% )
FLem FEF B Foel . SCBS0 teatue plenistsokarhd by giing 4P e Glending

515 158to$|3&v:@ﬁ9a£’n?e8d|8£b5 f&?ﬂo &ve’ﬁﬂ:e‘?@ﬁh ACAINRAR of 821 and a

results indicate that Fuel ives a |lower particulate
| evel VRGP QL APRIOYMARIYED ot &l 6%
e Fuel 2: “Dirty” test fuel blend prepared by diluting the same 580 cSt

blending stock with light cycle oil to give a fuel with a CCAI value of 856 and a
viscosity of approximately 275 ¢St at 40°C
o Fuel 3: Same fuel blend as Fuel 2 but containing additive package as

described below.

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
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:

Exhaust Emissions:
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 absorption)

Heat Release (J/°) vs Crank Angle (°)



power and especially under zero |oad conditions. Also,
Fuel 3 gives nore conpl ete conbustion that Fuel 2,
w@avasiosszsarly at | ow | oad. Heat Rel ease (J/) VBCDGB2608/000101
Angle test Fuel is injected at 14.5 before top dead
centre of the cycle. The heat 4 el ease plotted agai nst
crankshaft angle then gives a asure of Ignition
Del ay. Figure 1 shows this for the |ow | oad condition
( GXhapst ERYs three fuels. The heat rel ease curves
show t hat under these |oad conditions, the "dirty"
Fuel 2 had a sjgnificantly |onger, and undesirable,
i grAticHed Eng |k &hen compared to the "clean", Fuel 1.
Theowstdi ti sed Fuel 3 had an inproved ignition delay
co ed Lo the Fu This_effect woul d be expected
[: uelilgni f i ?é‘ﬁfzunder':g?'&rt up, warmup and | ow
I oaasocondlso ons. CLAGYB 1. An 40gli tive conposition for
a fyel co SI ng: g}rb a msta onpound sel ected from
an 11on cg%:) und, nganese % npound, a cal cium
corﬂnmund F.gerium eonpound agalB m xtures thereof; (ii)
ani ¢, conpound | ect ed m a bicyclic
Ogr pende?’ 10substiggged bi c;}éz?c nonot er pene,
adartant anapo@r opyl e388.3ar bonase4and m xtures thereof;
and (iii) a stabiliser. 2. The additive conposition of
claim1, conprising conmponents (i), (ii) and (iii) in
5 t Wetaf Hydrowvarbgns @patf)i ve anounts by weight: 3-1000 parts
(id; §referably 10 to 500 parts (i), preferably 50 to
Od"b rts (i), preferably 100 parts (i), to 3 to 600
par(ltW) (iiFyelpref er &oky2 10 t oF@DB parts (ii),
eE{ rably 20 to 100 parts (||2 preferably 35 to 70
(i |) Tand to

750 124 123 112
500 182 152 138
250 141 174 169

0 401 1400 696

Oxygen (%):

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 13.86

0 17.02 16.92 16.79



1 to 10000 parts (iii), preferably 15 - 300 parts
(iii), preferably 30 to 150 parts (iii); preferably 50

wo eoog@®r2parts (iii). 3. A fuel conposition conpei/eBa@s/000101
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15

20

an additive conposition of claiml1l or 2, and a fuel.
4. The fuel conposition of clg|m3, wherein the fue
is selected from bio-fuel, diesel, gasoline, narine
fﬁ@l, nker fuel ., heating oil, mddle distillate oi
afr@rioeNQnX(ds1(PBM)::  and i ncl udi ng GTL (gas-to-1iquid),
CTiovgroal -to-1iquid), BTL (biomass-toliquid), and OTL
(oil sand [iqu and i i ng bl ends cont ai ni ng

-t Q- id) . cl yd
onéVbr e é%ﬁ!ﬂ fuel 5.”&52. The Li?és conposition of claim

3 @504, comgyising agal east fy9gm 3 ppmto 1000 ppm of
th t al ound (). 6 . The fuel conposition of

an;e] f cl a‘?ﬁ‘pS 4 g#QS corrp{}i%si ng from1l ppmto 600
pprecof orgss ¢ conpossmd (ii).182 The fuel composition

of of ainms 3 6, co i,sing from0.1 ppmto
10 ppm o&st he st agg‘ln’i ser ?Ti):{%1). 8. A fuel

con@osi ti ogB8cconpri soef a fuel73dnd: (i) 3 to 1000 ppm

of a netal compound sel ected froman iron conmpound, a

manganese conpound, a cal ci um conpound, a cerium

conpound, and m xtures thereof; (ii) 1 to 600 ppm of
cted froma bic

an, organi c .c oun e cli .
BB SRR I FRELASKFL s el PR BB than Fuet 2 at high
agawandraresspeginkypyrden eerododrbetmtitions dAISD xFual 8 givek emaretomplete
and (iii). 0.1 to 10Q0 m_of stabiliser. 9. The fuel
c8ﬂ‘B§5‘éﬁt‘P?‘6*?13@?’6%1;?38?“@&?@8‘”3%"[0 8, which is a liquid
having a viscosity of at least 1 ¢St at 400C. 10. The

fyel 9 os'J},,' an an c| ai| °9t’ which is a |iquid having
a%ﬁ%@%@’ﬁ#—%@—é&%@% at 400C

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 (0 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.



11. The fuel conposition of claim110, which is a
liquid having a viscosity of at |east 360 cSt at 40C.

wa2008MBe5f uel conposition of claim 11, which i BCBEGB2008/000101
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liquid having a viscosity of up to 1000 cSt at 400C.
13. A nethod for conbustion of_,a fuel conposition in a
conbustion systemw th an exhégst conpri si ng

provi ding the fuel conposition corrpri sing: (i) a netal
c d selected froman iron conpound, a nmanganese
conmpound, a cal ci um conmpound, a cerium conpound, and
mxtures t her eof ; I_Qpan or ani ¢ _conpound sel ect ed

f fom AnRdd '(‘f?FemH?ﬁ”\'dR ha el %‘UU&SH’?Q uted bicyclic

mematrﬁétﬂﬁﬁ@np@\ﬂﬂnﬁ@o@aﬁfromr@pw@amswrﬂoraa:hanmse compound, a
m xt ures thereof; gl [ |% a stabiliser, gn%eglv) a fuel;
afBICUBHERTRRQUAG: R REIYT EPMRAAI AT mixtyres ther in a

f gplarcognit doripotinid iserteaf ftdm aablag&malmmtmpeﬁw substltuted bicyclic
sel ected froman iron co oun a anese

2 MORPIS bR BRTBERANS. DrORANG AL s et egd

t iy £6thbiligdri ) an organi ¢ conpound sel ect ed froma

bi cycli ¢ nonot erpene, substituted bicyclic

nonot er pene, adamant ane, propyl ene carbonate and
nmpxt urRs a‘dbmf/@@f)mpaﬂﬁbr{ bfl ¢l3ina1 Séamtprisirgesompadientn@, ¢ and (i) in

f the follown oses: - reducing or
nﬁ'bevfg "l"ﬂ%r%%t!%’ler?é“%wg% %8@3 in the conbustion
system - reducing or prevent| ng vi si bl e snoki ness of
the e a the f b f .
use | i OHR reBlReile preterogy oDl toaheste U fftebies 16 %o parts )
addi t prterablly 100 yladts (IRt be SUI table); - inproving the
stability, of the fuel during storage and/or
transport i on; - inproving the conbustion efficiency

of the tbweb; paﬂsl(ii)ppmﬁéralgyﬂbeo thowans ¢ip epricfeeablp 20t 00 parts (ii),
fuel. preferably 35 to 70 parts (ii),
and to
1 to 10000 parts (iii), preferably 15 — 300 parts (iii), preferably 30 to 150 parts

(iii); preferably 50 to 120 parts (iii).

3. A fuel composition comprising an additive composition of claim 1 or 2, and a

fuel.

4. The fuel composition of claim 3, wherein the fuel is selected from bio-fuel,
diesel, gasoline, marine fuel, 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 OTL (oil sands-to-liquid); and including blends containing one more such
fuels.

5.  The fuel composition of claim 3 or 4, comprising at least from 3 ppm to 1000

ppm of the metal compound (i).

6.  The fuel composition of any of claims 3, 4 or 5, comprising from 1 ppm to 600

ppm of organic compound (ii).



15. The invention of any preceding claim wherein
there is provided as conponent (i) an iron conpl ex

wa@edososedl f r om bi s-cycl opent adi enyl iron; subsect/agBe@s/000101
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bi scycl opent adi enyl iron; overbased iron soaps; and
m xtures thereof. 16. The inv%Qtion of claim 15,
wherein there is provided as conponent (i) ferrocene.

éL %ér 'el'ﬂ_(‘e% Ifu?gy gs&gg%tié){iofs%ﬁp%r Ceg I(S:’]tg)é: %g%lgb?\é\g?r(rg% 81 ppm to 1000
nppratof tHeesgbiler Silijpst | t ut ed bi cyclic nonot er pene

sel ected from canphor, canphene, isobonyl acetate,
di propyl enegl ycol -i sobornyl et her adamant ane,

- pBOPYAdins compbsified eompristhga fuelsres t hereof . 18. The

RESTRA R A LR (N CE ET—
precedi ngangbaésd compbend) 4 alciinglbolipseand,i 8 derium campound, and
cold flow.i é_lgprﬁverf_ 20. The invention of any preceding
claim WHEHESINERE st abiliser (iii) is a wax

ant i set t(if)i ngta @O0t pemlof Hme ofgavzncompowmid aelectededredi rag bicyclic

claim wherein the stabiliser (iii) js a fue
ant i oxi W?erﬁ??e' @Sﬂﬁ‘iﬁéni’fc¥ﬂ&opggﬂ{?r%“8c&AaHE"£?"§r fRropylene
wher ei n cahib®nateadnd mistureq theiepf;iaada bl ended f uel

The invention of any

separ ati.on.inhibjitor. 23.

precedi VY 9r1a'i°n¥%|°$m’8f“eﬁ%r?s{‘%%“sﬂ-abi liser (iii) is a

bi ofuel instability inhibitor. 24. The invention of

apy preceding clai wherein. the stabiliser . (ijl) . . :
5 2 B ek i S L A o7 sBirhars 5 B R W b viscosity
24f atwéeest ¢icSt atw0°St abi liser (iii) is a phenolic resin

of formula (xi): wherein mis at least 1; wherein nis

at least 1; wherein the or each Rl, R2 and R3 are

I mdlep@nelfuel Eompaditent of dlaim Snwhighl isom auid badkyd a gisoogty,of at least 80
a5§@t4'gc groups and heterocycles, or may be OH,

hydrocarbyl groups, oxyhydrocarbyl groups, -CN, -NO2,

SABH, -S2H, -COOH, -COOR4, -NH2, -NHR5, .- SO2NH2,

" 72 TRAVRIRY corttDliffon of claim 10, which is a liquid having a viscosity of at least
360 cSt at 40°C.

12. The fuel composition of claim 11, which is a liquid having a viscosity of up to
1000 cSt at 40°C. '

13. A method for combustion of a 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;

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

(iii) a stabiliser; and

(iv) a fuel;

and combusting the fuel composition.

14. Use, in a fuel combustion system; of



CONHR7, SH and hal ogens; wherein each of R4, R5, R6
and R7 is independently selected from hydrocar byl
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(i) a 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 bicyclic

monoterpene, adamantane, propylene carbonate and mixtures thereof; and

(iii) a stabiliser;

for one or more of the following purposes:

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

- reducing or preventing visible smokiness of the exhaust gases;

- rendering the fuel suitable 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 fuel;

- improving the flow properties of the fuel.

15. The invention of any preceding claim, wherein there is provided as component (i)
an iron complex selected from bis-cyclopentadienyl iron; substituted bis-

cyclopentadienyl iron; overbased iron soaps; and mixtures thereof.

16. The invention of claim 15, wherein there is provided as component (i) ferrocene.
17. The invention of any preceding claim, wherein there is provided as component (ii)
a bicyclic monoterpene or substituted bicyclic monoterpene selected from camphor,
camphene, isobornyl acetate, dipropyleneglycol-isobornyl ether adamantane,

propylene carbonate; and mixtures thereof.

18. The invention of claim 17, wherein there is provided as component (ii) camphor.

19. The invention of any preceding claim, wherein the stabiliser is'(iii) a cold flow

improver.

20. The invention of any preceding claim, wherein the stabiliser (iii) is a wax anti-

settling agent.
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21. The invention of any preceding claim, wherein the stabiliser (iii) is a fuel
antioxidant.

22. The invention of any preceding claim, wherein the stabiliser (iii) is a blended fuel

separation inhibitor.

23. The invention of any preceding claim, wherein the stabiliser (iii) is a biofuel
instability inhibitor.

24. The invention of any preceding claim, wherein the stabiliser (iii) is an asphaltene
dispersant.

25. The invention of claim 24, wherein the stabiliser (iii) is a phenolic resin of formula

(xi):

(CnH2n)

X

RZ R1

(xi) - —-m

wherein m is at least 1; wherein n is at least 1; wherein the or each R', R? and R® are
independently selected from hydrogen, alkyl groups, aromatic groups and
heterocycles, or may be OH, hydrocarbyl groups, oxyhydrocarbyl groups, -CN, -NO, -
SO;H, -SO,H, -COOH, -COOR?*, -NH,, -NHR?®, -SO,NH;, -SO,, -NHR®, CONH,,
CONHR’, SH and halogens; wherein each of R*, R®, R® and R’ is independently
selected from hydrocarbyl groups.



