1 COMPOSITION The present invention relates to an additive composition for fuel, a fuel composition,
and methods and uses of such compositions. In particular, the present invention relates to
compositions which may be used to reduce soot content and ash content of an exhaust of a
combustion system for fuel. The invention also relates to an essentially hydrocarbon mixture (HC
mixture) which burns so as to produce very little soot; particularly heating oil and a corresponding
additive concentrate. 10Ferrocene and its derivatives are known from the literature. Ferrocene and its
GQMBPESHAOW 951), Page 1039. Since then, ferrocene
and its derivatives as well as corresponding manufacturing procedures have been the object of
numerous pateats.cdht ihSehii®Prédld 16 Zh8aiTV8, ddbpb8a8 36N el HRd 48mMmERdich dndddition
to many other CoMPOUNEs, BE 34.18,048 ”%Qﬁ?osnfs‘?rfﬁaceaﬁzéﬂlc clepeniadisnyl o) Asaeesgible
additive in order 1 optimise combustion ‘cwjheatlng oil. This opﬁrhlse combustion encourages
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the diesel fuel can r ve carbon osits in the combuystion ¢ er and also gdeposit a layer o
catalyto ron AU R LAGH SRS R I R SaIEeHEE THGRe. 10 to
15 ppm, maiataigsciiespnalitio addityriderceatiage. At the same time it was found that with these
measures, fuel consumption is lower by up to 5 %. As it is difficult to add organic iron compounds such
as ferrocene to fuels in solid form, concentrated solutions are generally used. 30 DE 30 31 158 Al
teached that ZeHRGENE HMLiEnJIBHYASYESS 598 ok REr B TbIfie RFBE 1o FRP6PRaNAKbr Ban be
added to heatiaguiddinmmedietety before ot Stistntiidd i3 1INGTUBO 4 68a(CteEd thibgel ditive s Sidnieh
among other, ntaj p [ busti it ef In ' ipes. 2
S 3 925 03 e B b
added to a ghaifeP$g8l the bisst RicrsraABRARR - AR89 B2RpHS H 83D E8M kied BPRiel to
provide a rediggtigndnsithesfusiab consumption or hazardous emissions. However, camphor is not
known t}% 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 additive. Similarly, US 3
925 031 teadResafditione &F camphoratiefasetmeayrisicieit qddntiflies &fthcramsesthdarfsenge

octane rating @it{eR sanabingAlseorsHisdnppsspuc inupld Oppayaestion aifiFiR_CK SR8 Btion of

correspondirﬁ; iqcreaselPthe yantity of unbyrned carbon, leading to sooty exhau t,(RarHcI S.
neatng oil. This optimised combustion encourages compiete combustion of the heating

oil.
20
in US 4 389 220, a two stage process for conditioning a diesel motor is described.
According to this patent, an initial high dosage of ferrocene, 20 to 30 ppm, in the diesel
fuel can remove carbon deposits in the combustion chamber and also deposit a layer of
catalytic iron oxide on the combustion surdaces. Subsequently, a lower dosage of
25  ferrocene, 10 fo 15 ppm, maintains this catalytic iron oxide coating. At the same time it
was found that with these measures, fust consumption is lower by up 10 § %. As it is
difficult to add organic iron compounds such as ferrocene to fuels in solid form,

concentrated solutions are generally used.

30 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.
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It is also known that combustion catalysts can lead to the production of ash, see for example US 6 948
926. Thus, additives which reduce soot formation may lead to an 15 increase in the formation of ash.
H. Jungbluth, B. Richter, "Neue Ergebnisse zur Regeneration von Dieselpartikelfiltern mit Additiven”,
Mineral6ltechnik, July 1998; Regeneration von Partikelfiltern mit Additiven, FUELS 1999, 2nd
International Colloquium, 20-21.01.1999, page 489-495, shows how using such additives in the fuel of
heavy duty diesel engines provides an increased peak in the emissions caused by the 20ash derived

from combudfion S AdrAGes Rt ProrEitvaivtlisbepataing sahcndewnidtiatans anwehogen
peroxide, festpganeaans camrhey Ahpisinsiuces (e dmisl SnaissipesiRE Be present invention

alleviates the problems of the prior art. In one aspect the present invention provides an additive
composition for a fuel comprising: (i) a metal compound selected from an iron compound, a
manganeseltoihpoaiid carsoieichas deemouset] drcdueintaomnpdimdzamaduikires tieéheoffaeid (i) an
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adamantane, propylene carbonate and mixtures thereof; wherein the additive composition comprises

d h
at least 100% bf e YrGURESIMpoany (e §?R=a%¢fﬁ@?‘§§ﬁ%@?tﬁ§ PR ramRNNiol FdVides a

fuel compositiditicoshposirigrantaniditivertenpositinimg fibkthaesentdmestioprance dnehdditiadurther
e FURRRIy VYD P C B LTI AR SORP P AL AL ERMROINES locted
from an iron cqmpound, a manganese compoun , a calcium C:OITI ound, a cer!um CcO pqun , and
mixtures theFeSCrgRPanin RiftetEnfissint wiingtel envasslinirsndretdipéna setietioreatbicyclic

monotespengratiastiantemsepepRiene aarbonsiging thonbssses ther@ainafdr uliilradyekasipcted from
biofuel, diegggm%g{g%gu?g,e%gti%c%mépisddle distillate oil and 10heavy fuel oil. In a further aspect the

il
present inventionprovides a me for cOmbustion of a fuel composition in a combustion system with

an exhaust, comprising providing the fuel composition comprising: 15 (i) a metal compound selected
from an ironicRMPIRAcRTABIBBRIRSVARHE SR CRICIRLAUMPRUPMDRGRIVEE GaMPYINFand
mixtures theer%)r}ci.ple US 6 948 926. Thus, additives which reduce soot formation may lead fo an
15 increase in the formation of ash. H. Jungbluth, B. Richter, "Neue Frgebnisse zur
Regeneration von Dieselpartikelfiltern mit Additiven”, Mineraidltechnik, July 1998;
Regeneration von Partikelfitern mit Additiven, FUELS 1999, 2nd International
Colloguium, 20-21.01.1999, page 489-485, shows how using such additives in the fuel of
heavy duty diesel engines provides an increased peak in the emissions caused by the

20  ash derived from combustion of the additive.

CN 1597873 discloses a fuel which inciudes methanol, hydrogen peroxide, ferrocene
and camphor that reduces the harmful emissions.

25 The present invention alleviates the problems of the prior art.

In one aspect the present invention provides an additive composition for a fuel
comprising:
() a metal compound selected from an iron compound, a manganese compound, a
30 calcium compound, a cerium compound and mixiures thereof; and
(i) an organic compound selecied from a bicyclic monoterpene, substituted bicyclic
monoterpene, adamantane, propylene carbonate and mixtures thereof;
wherein the additive composition comprises at least 100 ppm of the organic compound
(ii).
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(if) an organic compound selected from a bicyclic monoterpene, substituted bicyclic monoterpene,
adamantane, propylene carbonate and mixtures thereof; and (Hi) a fuel; and 20combusting the same
such that soot content and ash content of the exhaust is reduced. In one aspect, the task of the
invention is to provide a hydrocarbon mixture which contains an organic iron compound in combination
with a further component which leads to a consideral#te reduction in soot. That is the combination of

the iron compound and 25 the further corgggnent_produces a greater reduction in the amount of soot
compared to'fhat GHEER 88nethreaRBSHIATKP BT PRYIABS hdUS! LRBRIBIEN FABRASNSE R rved if

the same quagditvefdhadusihes epmponsehisnvaediaiong 4 hug, the quantity of the iron compound
used in the mixture may be reduced to a level where, if the iron compound were used on its own, its
catalytic effect in respect of soot reduction would be minimal. 30This task is fulfilled by means of a
hydrocarbonitriddéibsnarirepritupesH dyeotoh ongrs AdhalipnRIslionc:arppiaiteirocene and at

least 1 ppm garapketAddfhourUsidcia kM) Ehthemrtdhalonedal £onPRHREsSs iR AgITacene,
can improve combustion in a combuystion system and reduce carbon %eposits leading to a reduction in
35the amourt. %‘8&&%‘%‘%%?08%%ﬁ?H%“é%ﬁH{P%ﬁr?é‘%ﬁ?ﬁH&Fbﬁ’%Vs? m. However, the 4 quantity of

iron compoufitl myuiresnio prodpeend nsetededtéosd dctiivy ticsontraltoeads tolksiiivieeddedimmount
of ash being {pymaed, ihCOREAREREBN SBRLUANIS,SMEMAT FAMIRROIHARBPLPRPdUCe ash, but are

known to increase the amount of soot observed. The present invention surprisingly shows that
compositiond BofniRingerR pe ipfirburigsh'smaliguiimiibeatiter bz dirtliaizedfadyanic
compound, sushasueaniphor, can provide good reductions in soot whilst only producing low amounts
of ash. Surprisingly, such a composition provides significantly better soot reduction than is observed if
the same amount of metal compound is used in the absence of the organic compound. 10 Aspects of

the invention'aré BethfsdarPa Hisperrisdiciaverionersp deRtaumatipd Srhesmbtatidn i) is
selected fron@RPERNIEE NTHGUBHNB BRI IVERSCUMA LI hXxANME LIBNONBRRLIRELIGRS i W Gosnpound,
and mixturescghr%{)%g}‘ﬁ&r%@%%gihébe metal compound (i) is selected from an iron compound,
15 (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

monoierpene, adamantane, propylene carbonate and mixtures thereof; and

(iii} a fuel; and

20 combusting the same such that soot content and ash confent of the exhaust is reduced.

In one aspect, the task of the invention is to provide a hydrocarbon mixture which
contains an organic iron compound in combination with a further component which leads
to a considerable reduction in soot. That is the combination of the iron compound and
25  the further component produces a greater reduction in the amount of soot compared to
that observed if the same quantity of iron compound is used alone, or to that observed if
the same quantity of the further component is used alone. Thus, the quantity of the iron
compound used in the mixture may be reduced to a level where, if the iron compound.
were used on its own, its catalytic effect in respect of soot reduction would be minimal,
30 This task is fulfilled by means of a hydrocarbon mixiure which produces litile soof on
combustion with at least 0.1 ppm ferrocene and at least 1 ppm camphor added.

Thus, it is known in the art that metal compounds, such as ferrocene, can improve
combustion in a combustion system and reduce carbon deposits leading to a reduction in
35 the amount of soot observed in the exhaust of the combustion system. However, the



methylcyclopentadienyl manganese tricarbonyl, manganese(ll) 2-ethylhexanoate, 20manganese
naphthenate, calcium 2-ethylhexanoate, calcium napthenate, calcium sulfonate, cerium(lil)
2-ethylhexanoate, cerium sulfonate, and mixture thereof. It is important that the metal compound (i)
for use in the invention are fuel soluble or dispersible and preferably fuel stable. The precise nature of
the metal containing 25compounds is less important. Manganese compound Preferably the
manganese compound is selected from a manganese carbonyl 30compound, manganeseg%g
2-ethylhexar@aetin ahifancsanaphthemieehRinmiine Suriepate TREUSNS HeRiABYERRI type

of manganesg earheivhsampabagsaitiisgeddmadeatdance wihthis iohemiosarapaprige, such as
organomanganese polycarbonyl compo ngs 35For best results, usg should he ma %}E

cyclopentadigﬁmpﬁgh an %ep%gg%aonﬁ', %io?ﬁ%o%]r? r@)#‘t)h‘é1 g/epdesedgls:%r?b"%%ufh B%n ?qﬁa. orys?d'
2,828,417 anthg, 12ES51. Tivestine carppsingidesbbwachinesnissirriiiascyempeitigienyMeiganese

tricarboryl, ”,&%‘iﬂ%ﬁ@dﬁ@ﬁ?@%ﬁ&l%ﬁﬂﬁé’ﬂ%ﬁé@%%&le?%%ﬁ'@%@d%@ﬁﬂgaﬁ@ﬁ@s
tricarbonyl, dimethylcyclopentadienyl manganese tricarbonyl, trimethylcyclopentadienyl 5 manganese
tricarbonyl , ﬁ%ﬁ?f&?fcl%’%ﬁf%‘@lﬁgﬁ% ‘Q@ﬁri%a?ﬂ%ﬂ%f@@&%ﬁ@éﬁﬁ%&%ﬁﬁﬁ%ﬁ ese
tricarbonyl, bStyieysigentadieny| coangaitese priceidzsnylgpiéintyity defientadid nydwetinga fese is
tricarbonyl, hexylevelopantadicny! manarBesttdcationins tiimethy eyclapsiiadisndnagdapese
tricarbonyl, dimethyloctylcyclopentadienylmanganesetricarbonyl,dodecylcyclopentadienyl
1Omanganes"é0fﬂ€8H§@nyl, indenyl manganese tricarbonyl, and like compounds in which the
cyclopegntadienyl moiety contains up to about 18 carbon atoms. In one aspect, the manganese
compound is an organ anese . f omanganese compound is
cyclopentadié%}ﬁer%ggnoé)a{pnggrg' Hgg%%%;%% gﬁgt(?c'i'}llg‘%%ﬁé%ra%d%qrﬁe in the practice of this invention
is methylcyclopentadienyl manganese tricarbonyl. Methods for the synthesis of cyclopentadienyl
manganese tigaspesyisaigivell 20 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.
15  The metal compound (i) is selected from an iron compound, 8 manganese compound, &

calcium compound, a cerium compound, and mixtures thereof.

Preferably, the metal compound (i) is selected from an iron compound,
methylcyclopentadienyl manganese fricarbonyl, manganese(ll) 2-ethylhexanoate,
20 manganese naphthenate, calcium 2-ethylhexanoate, calcium napthenate, calcium

sulfonate, cerium(lll} 2-ethylhexanoate, cerium sulfonate, and mixture thereof.
itis importént that the metal compound (i) for use in the invention are fuel soluble or
dispersible and preferably fuel stable. The precise nature of the metal containing

25 compounds is less important.

Manaanese compound

Preferably the manganese compound is selected from a manganese carbonyl
30 compound, manganese(ll} 2-ethylhexanoate, manganese naphthenate, and mixiures
thereof.

The most desirable general type of manganese carbonyl compounds ufilised In
accordance with this invention comprise crganomanganese polycarbonyl compounds.

35  For best results, use should be made of a cyclopeniadienyl manganese tricarbonyt



Other organomanganese compounds which may be employed include the acyl 25 manganese
tricarbonyls such as methylacetyl cyclopentadienyl manganese tricarbonyl and benzoyl methyl
cyclopentadienyl manganese tricarbonyl, described in U.S. Pat No. 2,959,604, the aryl manganese
pentacarbonyls such as phenyl manganese pentacarbonyl, described in U.S. Pat. 3,007,953; and the
aromatic cyanomanganese dicarbonyls such as mesitylene cyanomanganese dicarbonyl, described in

U.S. Pat. No._30 3,042,693. Likewise, use ca ade of cyclopentadienyl manganese dicarbonyl

compounds 0?0'[538 ?&‘rﬁﬁ%ﬁ%ﬁ?ﬁ?&éﬁ%{r@%‘%#Brmgs%%iul}g‘tﬁu?e ridsatd iRt tioparidiignyi

group having®ito 8 cadrish aforasshandamiscanidmnds soghicseatadialy), amaginesa phaspbing, 502,
FEVe;

tetranycrofLrafbiyierdenSURhAOTRRYIARALC TRIHEHIA U BBR I HERPRlthdth Hlete!

7-Complexesi, Vol. I, Amsterdam, Elsevier, 351967 or Giofdano, _ g , M'S., Inorg.
Chem., 1977 T8 A VRSN ioPsBIRieRYb PR BRREs S difisarrpave sEimetataBiBRg N edaTYSO be
employed if desietnéseferaliticdneomangangep gioyeppentbisishprangangssasenplex. Rsaisrgbly the

ROBYAS) tadienyl ti | and substituted
cyclopentadieny ma%ﬁi’ﬁ"??ﬁ%@gﬁég R AT R e

manganese tiCaFB8AYH arRPSbARIRRMSAIRILN HGIBBPRRang Hiveseomitar funylcytepeinatieny!
substituents campenésetoexacariengne ostMmiRGHGRIKKNEaIRG! PrefRisbindst 2 alkyhgigups. A

combination omplexes may also be used. Preferably the manganese compound
is selected frgﬁ%igéﬁ%ggﬁ%ﬁ%%é@anes@?n ar55Ry! ai"a%[%’é{ uted BRREGHCHPRERAYRBRganese
tricarbofYl. PTEIBEEBREEipRapRAAdBEashipeIgRh BSMibsitatyoidpentdiie nytpanganiesenidsansony
(MMT). Calcivyaispsnpatias PreiRkbriansalcnsampeuarhis.salsgted from calcium

2-ethylhexanoate, calcium napthenate, calcium sulfonate, and mixtures thereof. Preferably the calcium
compound is calcium sulfonate. Other suitable calcium compounds are disclosed in 0B2248068 and
GB2254610 hengrésiiscudte cngrgaies€ snuppuntisamorganomanganese compound.

15 A preferred organomanganese compound is cyclopentadienyl manganese tricarbonyl.

Particularly preferred for use in the practice of this invention is methylcyclopentadienyl
manganese iricarbonyi.

Methods for the synthesis of cyclopentadienyl manganese tricarbonyls are well
20 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. Pai. Nos. 2,868,816, 2,898,354, 2,960,514; and
2,987,529, among others.

Other organomanganese compounds which may be emploved include the acyl
25 manganese tricarbonyls such as methylacsty! cyclopentadienyl manganese tricarbonyl
and benzoyl methyl cyclopentadienyl manganese tricarbonyl, described in U.S. Pat No.
2,859,604; the aryl manganese pentacarbonyls such as phenyl manganese
pentacarbonyl, described in U.S. Pat. 3,007,953 and the aromatic cyanomanganese
dicarbonyis such as mesitylene Cyanomanganese dicarbonyl, described in U.S. Pat. No.
30 3,042,693. likewise, use can be made of cyclopentadienyl manganese dicarbonyl
compounds of the formula RMn(CO),l., where R is a substituted or unsubstituted
cyclopentadienyl group having 5 to 18 carbon atoms, and L is a ligand, such as an olefin,
an aming, a phosphine, SO,, tetrahydrofuran, or the like. Such compounds are referred
to, for example in, Herberhold, M. Metaf n-Complexes, Vol. |, Amsterdam, Elsevier,
35 1967 or Giordano, P.J. and Weighton, M. S_, Inorg. Chem., 1977, 16, 160. Manganese



Preferably the cerium compound is selected from cerium(lll) 2-ethylhexanoate, cerium sulfonate, and
mixtures thereof. 7 Most preferably, the metal compound (i) is an iron compound or a mixture of iron
compounds. 5lron compound Preferably the iron compound is an iron complex selected from
bis-cyclopentadienyl iron; substituted bis-cyclopentadienyl iron; overbased iron soaps, such as iron
tallate and iron octoate; and mixtures thereof. 10 Preferably the iron compound is an iron complex
selected from bis-cyclopentadienyl iron, substituted bis-cyclopentadienyl iron and mixtures thereof.
Preferably tRenterrtennpclingid dnemngrnatedisraestiopeheandaise perswloyatifspires-adamantyl
bis-cyclopentadienyl iron, bis(dicyclopentadienyl-iron) dicarbonyl and mixtures thereof.
Bis(dicyclopentadien L—iron dicarbonyl is also known as cyclopentadienyliron dicarbonyl dimer. In
one aspect, ﬁ%“ﬁrg%lg IROCAREALER REopigx @?@&%ﬁeﬁé)%omg%clopentadienyl 20iron,
adamantyl bis-cyclopentadienyl iron, bis(dicyclopentadienyl-iron)dicarbonyl, iron tallate and iron
octoate sand-mtiRs e eRinGAREES SRS SHE SIHUBRASCYORP SNAERYLIEN R CRIBRIRIRE e

those wherein the substituents can be, for example, one or more C1.30 alkyl groups, preferably C1.20
alkyl 259rouiﬁgﬁbt?@w}é'a@/%HH?S*H?R%C&Rﬂ?@f@ﬁ%ﬂfﬁ%@%\?ﬁ&"ﬂ?@f@i’%y C1-2 alkyl groups. A
combination of such iron complexes may also be used. Suitable alkyl-substituted-dicyclopentadienyl

iron complexgg are.cyalopentadienyl; q may be cyclopentadienyl manganese tricarbonyl and
(methylcyclopentadienyl)iron,cyclopentadienyl(ethyl-cyclopentadienyl)iron,bis-

30(methylcyBtbstintadievsnramasicnsiRacsanpehiEarshy iton BRI BiRipHEaNHER R Ge REadfEny )

iron, and biseid&mmthyhd-®thyley do:pantagiany) drerrdiiess iraRy gropiexes eandieafisepddtby the
processes tarH%Qt in US-A-2680756 Uglgg\-28044068, GB-A-0733129 and GB-A-0763550. Another

S ghese complexes ma be use
volatile iron com% ex IS [ron’péntacarbonyl.
Preferably the manganese compound is selected from cyclopentadienyl manganese

tricarbony! and substituted cyclopentadienyl manganese tricarbonyl.

15
Preferably the manganese compound is methylcyclopentadienyl manganese tricarbony!
(MMT).
Calcium compound

20
Preferably the calcium compound is selected from calcium 2-ethythexanoate, calcium
napthenate, calcium sulfonate, and mixtures thereof.
Preferably the calcium compound is calcium sulfonate.

25
Other suitable calcium compounds are disclosed in GB2248068 and GB2254610 and are
discussed therein.
Cerium compound

30

Preferably the cerium compound is selected from cerium(iil) 2-ethylhexanoate, cerium
sulfonate, and mixtures thereof,

35



8 iron. The co-ordination chemistry relevant to the solubilisation of transition metals, including iron, in
hydrocarbon solvents, e.g. diesel fuel, is well known to those skilled in the art 5(see e.g.
WO-A-87/01720 and WO-A-92/20762). Substituted bis-cyclopentadienyl complex of iron (substituted
ferrocenes) for use in the invention include those in which substitution may be on either or both of the
cyclopentadienyl groups. Suitable substituents include, for example, one or more C1..5 10alkyl groups,
preferably C1.2 alkyl groups. Particularly suitable alkyl-substituted-dicyclopentadienyl iron complexes
(substituted ferrocenes)includecyclopentadienyl(methylcyclopentadienyl)iron,bis-
(methylcyclopestasigamiigniiswriylaoiorentadienyiensBis-tbripdadimethayinreiareatagipnyl) iron
and 2,2-diethylferrocenyl-propane. Other suitable substituents that may be present on the
cyclopentadﬁgﬁ% Mg€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
20hydraxyispproRyhgEeHR. resulting in (a-hydroxyisopropyl) ferrocene. As disclosed in WO-
A-94/09091; (a-hiydroxyisopropyl)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 03/020 F38feFhbig, thesimiabteviridgils 2in rokingrigicacanestiaddoheldstsysidpsiitadidron suhstituted
hydrocarbyl &B%ué&ﬁ%@@c?&ﬁ@&%%@?ﬂﬁ{; %%?H&%Teeodi@ﬂ%‘étﬁé%b%ogé"iréﬁ ‘céﬁ%?eha‘?{g%ﬂ‘eans a
group comprising at least C and H and which may, optionally, comprise one or more suitable
substituentsCHPa BréfsH B URBAMSSRt one carbon atom of the "bridge” hydrocarbyl group is attached
to two ferrocene moieties, hence, bridging the ferrocenes. Further

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

Preferably the iron compound is a substituted bis-cyclopentadienyl iron selected from

15 adamantyl bis-cyclopeniadienyl iron, bis{dicyclopentadienyl-iron) dicarbonyl and mixiures
thereof. Bis(dicyclopentadienyl-iron) dicarbonyl is aiso known as cyclopentadienyiiron
dicarbonyl dimer,

In one aspect, the iron compound is an iron complex selected from bis-cyclopentadienyl
20 iron, adamantyl bis-cyclopentadienyl iron, bis(dicyclopentadienyl-iron)dicarbonyl, iron
taltate and iron octoate; and mixtures thereof.

Other suitable substituted bis-cyclopentadieny! iron complexes are those wherein the
substituenis can be, for exampie, one or more Cig alkyl groups, preferably Cyg alkyl

25 groups, preferably Ci.qo alkyl groups, Cis alkyl groups, preferably Ci.. alkyl groups. A
combination of such iron complexes may also be used.

Suitable  alkyl-substituted-dicyclopentadienyl  iron complexes are cyclopentadienyl-
{methylcyclopentadienyl) iron, cyclopentadienyl(ethyl-cyclopentadienyl)  iron,  bis-
30 (methyleyclopentadienyl) iron,  bis{ethylcyclopentadienyl) iron,  bis-(1,2-dimethyi-
cyclopentadienyl) iron, and bis-(1-methyl-3-ethylcyclo-pentadienyl) iron.  These iron
complexes can be prepared by the processes taught in US-A-2680756, US-A-2804468,
GB-A-0733129 and GB-A-0763550. Another volatiie iron complex is iron pentacarbonyl.

35 Suitable iron complexes are bis-cyclopentadienyt iron and/or bis-(methyicyclo-pentadienyl}



30 ferrocene moieties may be attached via further "bridge" hydrocarbyl groups. A typical unsubstituted
or substituted hydrocarbyl group is an unsubstituted or substituted hydrocarbon group. Here the term
"hydrocarbon” means any one of an alkylene group, an alkenylene group, an alkynylene group, which
groups may be linear, branched or cyclic, or an aryl group. For example, the unsubstituted or
substituted hydrocarbon 35group may be an alkylene§ branched alkylene or cycloalkylene group. The
term 9 hydrocarbon also includes those groups but wherein they have been optionally substituted. If
the hydrocalBdh is a branched structure having substituent(s) thereon, then the substitution may be on
either the hydrocarbon backbone or on the branch; alternatively the substitutions may be on the
hydrocarbonﬁ%::kbon and on.the branch. A e itute j ‘BN group
is an unsubsti &3'8@%%%&38%\%‘%Fl%eg\fﬁ%g g@ﬁ?@ﬁé@%\g cﬁafr oﬁ%?ﬁn%%%iﬁg%@%e

linkage. Moreqmelefasigcarbemsabsiisieadr sigsalhiel Fywrickpsr deoliese dEdstibRAsd or

substituted a@ggée@_%'gwgpmgy}@gﬁgrgng iy dOcaphmyetpms in the alkylene linkage, for example,
having at least 2 carbon atoms in the alkylene linkage or having one carbon 10 atom in the alkylene

linkage. If the hydrocarbyl group comprises more than one C then those carbons need not necessarily
be linked to Eatisitithed. Fiocedapspiedirigasimpeobihooatbdratingy termiesesidoa ssrabldElement

o group. Thigs, JigAYHOGROM BLUR MIEABIBIIRIAER aiRBls. siighlekiRierarasts wil e
apparent to those skilled in the art and include, for instance, sulphur, nitrogen and oxygen, f(elr
example, oxﬁ@ﬁ%@t@ﬁﬁéyiﬁéﬁﬂﬁneﬁimé%%rﬁﬂ’éﬂ&%ﬁ@ﬁ%%y 5?&5")66@9[? RS ?H\O/reentldﬁ, to the
extent that theirgl grevivsselehielinm_stakegBupk. complexes include, for example, iron
pentacarbonyl, di-iron nonacarbonyl, (1,3-butadiene)-iron tricarbonyl, and (cyclopentadienyl)-iron
dicarbonyl dimer. Salts such as di-tetralin iron tetraphenylborate 20(Fe(010H12)2(B(C6F1@g)2 may
also be emplBpitulfyefafiiabierop! EdrapRskIdIerlREIRP N iadRIY diSPe MRIARIFSFSr oS HRLEET of
ferrocene, equiygientgrantitipsueieother grganiatsarRen(reohyidscisbioitatierd) solulitenin hydrisearbon
mixtures can be ysed in respegt of the iron content. Thi lies to. all me nd d iptjons
which foIIow.(ﬁﬁ%tﬁlﬂ%ﬁ‘épﬂP Ell%ﬁfiﬁ "Toh hasBroven %%@%‘ﬁ%ﬁﬁﬁ?yﬁg%#{aﬁg Feﬂr&)%(:@ne d%?’i‘\:/g%%es can
be used: 2t ledisoathyhndnsardadis ity boermndraA-dieihefaencanverrap@®@®mpounds where, starting
from a basic ferrocene molecule, further substituents are found on one or both of the cyclopentadienyl

rings. 30 Examples could be ethylferrocene, butylferrocen ,aceéylferrqcenetaéw - include
2,2-bisethylferHOEERFBFaRE E‘rﬁﬂji%u%?;@ﬂfc/gﬁﬁéﬁ?gﬁig 0408 | S PRI S Hags dagues:
example, in DEFCRAIKYD §OGENGRE E32 OBBRENID iantraionpEesutens itobiinkenil e §idcirRasty!
preferred iro%p&rﬂgpgg&o&t ;%Q@gqﬂ F&é(%qgn@%@éﬂ@blg g}gﬁg{,@@l%@@; ranegiwbysefubiorms

as PLUTOcenRTm and as solutions, SatacenRTM both by Innospec Deutscz}sm Gimblg.. 5 iron
compoufftis FHYSREYIFPREP Y SREITR FeRiitng L ReSRIMEI TR W@iﬁ&cﬁpgr ¥ {BETER IS mpatible
and stable. Sals4mandie iesketithassoprapiiienectnad v Dvershatedpdatigeféausample, overbased
soaps including iron stearate, iron oleate and iron naphthenate may be used. Methods for the
preparation of metal soaps are described in The Kirk-Othmer Encyclopaedia of Chemical Technology,

4th Ed, Vol. 16egragmasdinkgan iy Bridefis, ey Pes 1easId stdienieraetnt, 'BYstiGhal, rafiable

carboxylates t@qmssHtshardnmeitipnrnsiodeibe sses alietViti 30T R clis) suchuisbieribridge”

tis(2-ethyinexappatel BORBR ok b8 L ARINRIRIER 9" (ERLHINAI ks feig's 4hd
prepared-asi gp ecﬁng

“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” hydrocarbyi

group is attached to two ferrocene moieties, hence, bridging the ferrocenes. Further

30 ferrocene moieties may be attached via further "bridge” hydrocarbyl groups. A typicat

unsubstituted or substituted hydrocarbyl group is an unsubstituted or substituted

hydrocarbon group. Here the term “hydrocarbon” means any one of an alkylene group,

an alkenylene group, an alkynylene group, which groups may be linear, branched or

cyclic, or an aryl group. For example, the unsubstituted or substituted hydrocarbon

35 group may be an alkylene, branched alkylene or cycloalkylene group. The term



15 reference may also be used in the invention provided these are adequately fuel compatible and
stable. Examples include complexes with -diketonates, such as tetramethylheptanedionate. [ron
complexes of the following chelating ligands are also suitable for use in the 20invention: 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 containirg compound, e.g. the product of the reaction of
two equivalents of (tetrapropenyl)phenol, two of formaldehyde and one of ethylenediamine, 25e
hydroxyaromiayidresdnes, sieth iigslyistibate ryiugaichididekiarain Tiese haarg biespre pariéahbiy

reaction of mé%%@ﬁ@té*&ﬂ%@%%h&é?@éﬁaw%mm%%ﬁym“ﬁévﬁﬁf%mﬁ%f%%}ese
prepared by condensation reactions between a e%des or ketones g()'e%;%(. (tert-butyl)sa |(3/?Ialdehyde)

ald

and amines (&' dBRIHNEIHH). Ra%tRsdSRtERHANE ST Dh RRIIRGERYIRe e (half
equivalent) irafdacetiBhf o debylitaiioes sabsiduadiphaydiscstch de@dsoistitudanh Shgubnaticials, for
example 2-d -3- quinelie -N- lamino- yl ol;. substit J ols, such
as those%vhgﬁﬁ%%gb%ue%#@ﬁ&égﬁ % n% %ﬁ&%@%éﬂg%&gpn le.%%Zyb%ggi igj':})grﬁsﬁ
hydrocarbyl grérasityiethallodreedirpeemhavingnat sl usstbes pirsnéidhenaliafenealinkangs Mg
beneficially beréfsthprysuhstitutetsuithetl by diaearoyb@reunscerBolowiplky! %m'bﬁﬂdgéd%'tc acid
esters, in parjj uccinic acid esters such.as those prepared by reactign of,.an anhydride (e.g.
dodecenyl su%%%?‘c&g% fg(r%%}evﬁ{ﬁug sﬁﬁ&f@ge@%%gﬁg%t@ Ca%?b a go%%é%fa.%'r?e HWSHS r]g yggﬁ,‘ (g)frigcylated
amines. The SARIHPYiETars deByt2veaibay citameshibdbavelkikeominkagmoe BRilled tmeheason

Howeveyy padigeianyis afidehslaigssuerhns sienasied ?fé@ﬁ%@ﬁb&a&éékwé%ﬁt%ee ghscinates,
such as dodecenyl succinic anhxdgde, with an amlrl(e, such as N,N'-dimethyl ethylene diamine or

methyl-2-me T TABERRZE 20 M ORI, VB EAE YRR e IR A BT YR armine,
such as doddbglaarireswithyadreditBadngata rsuidebis e ssethoasmgihyinethtier yladeodarcgsgsuphere a

primary aming.4s 3athif Ve fiaRGrRUSERE R AWM B Qiete AL LL IR ihiride:

hydroxamic acids, such as that prepared from the reaction of hydroxylamine with 150leic acid,

art and include, for instance, sulphur, nitrogen and oxygen, for example, oxygen.
15
Other organometallic complexes of iron may also be used in the invention, to the extent
that these are fuel soluble and stable. Such complexes include, for example, iron
pentacarbonyl,  didron  nonacarbonyl,  (1,3-butadiene)-iron  tricarbonyl, and
{cyclopentadienyl}-iron dicarbonyl dimer. Salts such as di-tefralin iron tetraphenylborate
20 (Fe(CipH12)2(B{CeHs)s)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

25 soluble in hydrocarbon mixtures can be used in respect of the iron content. This applies
io all statements and descriptions which follow. Dicyclopentadienyl iron has proven to be
particularly suitable. Ferrocene derivatives can be used at least in pari instead of
ferrocene. Ferrocene derivatives are compounds where, starting from a basic ferrocens
molecule, further substituents are found on one or both of the cyclopentadieny! rings.

30  Examples could be ethylferrocene, butylferrocene, acetyiferrocene and 2,2-bis-
ethylferrocenylpropane. Geminal bisferrocenylalkanes are also suitable, as described, for
example, in DE 201 10 995 and DE 102 08 326.

As a resuit of a combination of their solubiiity, stability, high iron content and, above all,
35  volatility, the substituted ferrocenes are preferred iron compounds for use in the



linked phenols, such as those prepared from condensation of alkylated phenols with formaldehyde.
Where a 2:1 phenol:formaldehyde ratio is used the linking group is CH2. Where a 1:1 ratio is
employed, the linking group is CH200H2; alkylated, substituted pyridines, such as
2-carboxy-4-dodecylpyridine; 200 borated acylated amines. These may be prepared by reaction of a
succinic acylating agent, such as poly(isobutylene)saigcinic acid, with an amine, such as
tetraethylenepentamine. This procedure is then followed by boronation with a boron gxide, boron
halide or bokorsatigeid, Gemesenceltall SinflaraRediohs WRIFPRESHHorGRERRY eg[]lt%ﬁstl%ea rmation

of phosphoreisrreaidinn G amsried amisesl@falsomiebledastoravidingsaridikotebE frendchelate for
use in the invention; role gerivatives, in which an le is substituted at the 2-position by
OH, NH2, I\ﬁﬁi&',ﬁeﬁ.?%%ﬁ’%r C%B?ﬁ\.é@armgaﬁ)aeﬁyﬁsﬁ?éﬁ!e%%‘iﬁg Egérivatives include

2-carboxy-t-butylpyrroles; sulphonic acids, such as those of the formula R1S03H, where R1 is a

C10 to abou5R3ARYAEBEAHMOBIRPInaI fdanyibassanesidpanifoacidrborgamars dialtiter
complexes of iron, such as ferrocene, S@Jtute f(?

grocene . iron n'phglseenar%e, 'rgg SIS i atgs,
stoichiometri® GPoTEFlhERBAFBIF 8P sTER! Boxy Rt o SlipRdnate): iron picrat , Iron cglﬂagoxy ate and
iron -diketonaterbaseplestess, arandroiSeAcy26EBI0s@iteintiios teiniRpESMPBINIe st WX in the

invention i”%l%ﬂexiggﬁﬁﬁé{ée formua MERIX nbiRBERINM iscaR iEparaatianoR itthe sesjsueref an

organic compount ‘In 5 which R is an organic group contajning an active hydrogen at

replaceable B5s@Paseidl Nh&nGHaERRe t BWBEPQ?@N ok 8“&6%% ?ﬁg é?gﬁyR;qghls g}ﬂé‘ nis 0 or
a positixe iniggepindiatiogithevieyniger Sbandsiigand Waleﬁd@h@n@ﬁiﬁam?e W@Wiifﬂfﬁe metal
cation; and | speles ARabis 26185 2 hellis s OQEIRGAamRoNi, Hagrpeaanic
compound (I?fls LEIEEtEd Trom & bicyclic monoterpene, substituted bicyclic monoterpene, adamantane,
propylene carboirige=aiayigueneate ¢i86B3Bfrbferably, the organic compound (i) is selected from a

bicyclic monoterpene, substituted bicyclic monoterpene and mixtures thereof. Suitable substituted

bicyclic monoterpenes are tho herein the substituents, can be, fo L=l Xolg o
- s N3 SHHEd

alcohyde, KelCALEEARTe e oD (P AL PR g o brEBFe e

15 reference may also be used in the invention provided these are adequately fuel

compatible and stable. Examples include complexes with p-diketonates, such as

tetramethylheptanedionate.

iron complexes of the following chelating ligands are also suitable for use in the
20  Iinvention:

« aromatic Mannich bases such as those prepared by reaction of an amine with an
aldehyde or ketone followed by nucleophilic atiack on an active hydrogen containing
compound, e.g. the product of the reaction of two equivalents of
(tetrapropenyl)phenol, two of formaidehyde and one of ethylenediamine,

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

e Schiff bases such as those prepared by condensation reactions between aldehydes
or ketones (e.g. (tert-butyl)-salicylaldehyde) and amines (e.g. dodecylamine). A
tetradentate ligand may be prepared using ethylenediamine (half equivalent) in place

30 of dodecylamine;

e substituted phenols, such as 2-substituted-8-quinolinols, for example 2-dodecenyi-8-
guinolinot or 2-N-dodecenylamino-methylphenol;

« substituted phenols, such as those wherein the substituent is NR; or SR in which R is
a long chain (e.g. 20-30 C atoms) hydrocarbyt group. In the case of both o- and B-

35 substituted phenols, the aromatic rings may beneficially be further substituted with



Preferably, the organic compound (ii) is a bicyclic monoterpene or substituted bicyclic monoterpene
selected from camphor, camphene, isobornyl acetate, dipropyleneglycolisobornyl ether and mixtures
thereof. 25In one aspect, the organic compound (H) is selected from camphor, camphene, isobornyl
acetate, dipropyleneglycol-isobornyl ether, adamantane, propylene carbonate and mixtures thereof.
Preferably, the organic compound (ii) is camphor. Camphor has the systematic name
301,7,7-trimethylbicyclo[2.2.1]heptan-2-one. Camphor has the following structure: 13 Additive
composition 5 Irﬁ‘!ﬁf@%%ﬁcﬂﬁ%spl%ger‘ﬁw&%w@@‘éﬁﬁdes an additive composition for a fuel

comprising: ) acE1BEX/Ae BPAUAH:sS|asBarTQNARBUERMIECSIROLSE A SNANYANASSLAPPAEAth R
calcium compound, a cerjum comgﬁgggé and mixtureﬁs thereof; and %%l; an orﬁgi%comgoun

selected from a BREAAE RhERSERY, Bt FRRF BTN SHE LR B QS BIBEhe
carbonate and mhaoralsahel&of. withthyepeayisoiihat the composition is substantially free of methanol.

h p 1adl f iy it ' I 10
By the term subsiantially Hipe.0 @ﬁ&@%h@:{;@;ﬁﬁﬁé@& %\%%@%ﬁ&ﬁ%@?%ﬁéﬂ SR {pan

wt %, preferably less than 5 wt %, preferab an 2 wt ess than 1 wt %, preferably
less than 0.5 wtB8SSreiemi) [BSsatartiovCKRoP I HIdRRYI168Y MRt B3 RtIDPSERAMPARY Riss than
0.01 wt % methagedtion b aheigraspeaiidbespreseansdnrnrtionpuvddesnan additive aamhagition for a
fuel 20comprising;. (i | c o lected, from.an iron compound, a.mangan pound, a
calcium compouvrgig:I a% rc?egrﬁr% éo%%r%%lﬁkr%:j?\gﬁ(ﬁ ﬁnn%(?nyggkwg?ggf;dg%@%)Oarnr%?aﬁjﬁ%:g@gﬁ{w%@g@seIected
from a bicyclic R8R&88t8ene, substituted bicyclic monoterpene, adamantane, propylene carbonate and

mixturegtheteohApwidLide praviseanaldheeoamprapinads sybaiantiallydres-ofdxlife 02 @esohsl.
dodecylamine, with an «,p-unsaturated sster, such as methylmethacrylate. In cases
where a primary amine is used, this may be subsequently acylated, such as with
oleic acid or oleyl chioride;
« hydroxamic acids, such as that prepared from the reaction of hydroxylamine with

15 oleic acid,

¢ [inked phenols, such as those prepared from condensation of alkylated phenols with
formaldehyde. Where a 2:1 phenol:formaidehyde ratio is used the linking group is
CH,. Where a 1:1 ratio is employed, the linking group is CH,OCH;;

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

20 e Dborated 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 foliowed 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,

25 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 include
2-carboxy-t-butylpyrroles; '

¢ sulphonic acids, such as those of the formula R'SO4H, where R' is a Cqp to about Cgp

30 hydrocarbyl group, e.g. dodecylbenzene sulphonic acid;

e organometallic compiexes of iron, such as ferrocene, subsiituted ferrocenes, iron
naphthenate, iron succinates, stoichiometric or over-based iron soaps (carboxylate or
suiphonate), iron picrate, iron carboxylate and iron -diketonate complexes.

35  Suitable iron picrates for use in the invention include those described in US-A-4,370,147



As used herein, the term "Cl to 05 alcohol" means a straight chain or branched alcohol containing
between 1 and 5 carbon atoms, such as methanol, ethanol, propanol, butanol and pentanol. An
example of a suitable branched alcohol is tertiary butanol. 30 14 preferably less than 1 w t%,
preferably less than 0.5 wt %, preferably less than 0.1 wt %, preferably less than 0.05 wt %, preferably
less than 0.01 wt % ClI to C5 alcohol compounds. 5Ina further aspect, the present invention provides
an additive composition for a fuel comprising; (i) a metal compound selected from an iron compound,
a manganesanddddpbuhdba, 8a%ium compound, a cerium compound, and mixtures thereof; and (i)
an organic compound selected from a bicyclic monoterpene, substituted bicyclic tomonoterpene,
adamantane, propylene carbgnate and mixtures thereof: with the proviso,that the ition.is
cubstantially (S OTAGATEITOR 9 THE eI L el e B ANy SN it iEe
composition ER)prsewhessithah isawivs préterdBljsidss theidB i % predsialsigneostian it %,
preferably 19/ags,thaj %w&@aﬂ@&aﬁelxaﬁmﬁaw%ma@hpaﬁtsé%béyd@.sﬁ thanasbié Yy preferably

less than 0.05 wt %, preterably less than 0.01 wt % alcohol. In a further aspect theé)reserbt invention
?ﬁi{?ﬁi

|
provides an AMIRWY 8BFBHEHISH 19r30 e Fedm Pridiny 25N A R PUBrhn SR LIZcf2 & fforh &n iron
compound, aBthgainessscanipating, thecaltiter esndpoontiyanderiotecotas oty endativetiessithereof;

and (i) an orggpi, compauad SeIggled raya Bicvelis mena'eraRpe, sbsiuisdbicyclic monoterpene,

adamantane, propylene carbonate and mixtures thereof; with theproviso that the composition is
substantially free hydrogen peroxide. 25

10 Organic compound {ii)

The organic compound (i) is selected from a bicyclic monoterpene, substituted bicyclic
monoterpene, adamantane, propyiene carbonate and mixtures thereof.

15 Preferably, the organic compound (i) is seilected from a bicyclic monoterpene,
substituted bicyclic monoterpene and mixiures thereof.

Suitable substituted bicyclic monoterpenes are those wherein the substituents can be, for
example, one or more of aldehyde, ketone, alcohol, acetate and ether functional groups.

20 '
Preferably, the organic compound (ii) is a bicyclic monoterpene or substituted bicyclic
monoterpene selected from camphor, camphene, isobornyl acetate, dipropyteneglycol-
isobornyt ether and mixtures thereof.

25  In one aspect, the organic compound (il) is selected from camphor, camphene, isobornyl
acetate, dipropyleneglycol-isobomyl ether, adamantane, propylene carbonate and

mixtures thersof.

Preferably, the organic compound (i} is camphor, Camphor has the systematic name
30 1,7, 7-trimethyibicyciof2.2.1]heptan-2-one. Camphor has the following structure:



By the term "substantially free of hydrogen peroxide" is meant that the composition comprises less
than 10 wt %, preferably less than 5 wt %, preferably less than 2 wt %, preferably less than 1 wt A,
preferably less than 0.5 wt %, preferably less than 0.1 wt %, preferably less than 0.05 wt %, preferably
less than 0.01 wt % of hydrogen peroxide. 30 In a preferred aspect, the metal compound (i) is
bis-cyclopentadienyi iron and the organic compound (i) is camphor. Preferably the additive
composition further comprises a solvent. 15 It is convenient for the additive composition to be added
as a solution of the active components in a solggt. It is F@?erable for such solutions to exhibit a high
concentration of the active components in the solvent, tdeal solvents are those in which all the active
ingredients dissolve equally well and which forrﬂ}b@ sqiution which is stable 5over prolonged storage
periods, and also under cold conditions. Prefera sQlvent is selected from an aromatic
compound, a paraffin compound and mixtures the&reo ed herein, the term "paraffin compound"
includes both straight chain and branched chain compouh . The branched chain compounds are also
known 10as iso-paraffins. Preferably the additive composition for a fuel comprises the metal
compound or compounds (i) in an amount sufficient to provide less than 30,000 ppm of the metal;
preferably less than 15,000 ppm; preferably less than 6,000 ppm. 15 Preferably the additive
composition faidéiteetaonmaiiges the metal compound or compounds (i) in an amount sufficient to
provide grom 3 ppm to 30,000 ppm of the metal; preferably from 15 ppm to 15,000 ppm; preferably
from 60 ppm to 6,000 ppm. 20Preferably the additive composition for a fuel comprises less than
90,000 ppm BF tAeem@tarebnipup@Inrhreieriing 1esviAgR £35 08drElh; preReabRndss thalvais, 000
ppm. Prefesablyritiagadditive composition for a fuel comprises from 10 ppm to 90,000 ppm of the
metal compound (i); preferably from 50 t0 45,000 ppm: preferably from 200 ppm 25to 18,000
oo refera R G o el Rl SO S bt 100 e o e e <

compound (ijalshete eEbhpaindastso0p e prefetatsiphmisiyes Demeppranpreferably at

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

monoterpene, adamantane, propylene carbonate and mixiures thereof;
with the proviso that the composition is substantially free of methanol.

By the term “substantially free of methano!” is meant that the composition comprises less

15 than 10 wt %, preferably less than 5 wt %, preferably less than 2 wi %, preferably less
than 1 wt %, preferably less than 0.5 wt %, preferably less than 0.1 wt %, preferably less
than 0.05 wt %, preferably less than 0.01 wt % methanol.

in another aspect, the present invention provides an additive composition for a fuel
20 comprising:
{iy a metal compound selecied from an iron compound, a manganese compound, a
calcium compound, a cerium compound, and mixtures thereof; and
(if} an organic compound selected from a bicyclic monoterpene, substituted bicyclic
monoterpene, adamantane, propvlens carbonate and mixiures thereof;
25 with the proviso that the composition is substantially free of C1 to C5 alcohol.

As used herein, the term “C1 to C5 alcohol” means a straight chain or branched aicohol
containing between 1 and 5 carbon atoms, such as methanol, ethanol, propanol, butanol
and pentanol. An example of a suitable branched alcohol is teriiary butanol.

30
By the ierm “substantially free of C1 to C5 alcohol” is meant that the composition

comprises less than 10 wt %, preferably less than 5 wi %, preferably less than 2 wt %,



least 2,000 ppm; preferably at least 10,000 ppm; preferably at least 50,000 ppm; 30preferably at least
80,000 ppm; preferably at least 100,000 ppm. Preferably the additive composition for a fuel comprises
from 100 ppm to 700,000 ppm of the organic compound (ii); preferably from 500 ppm to about 350,000
ppm; preferably from about 2,000 ppm to about 140,000 ppm; preferably from about 50,000 ppm to
about 35130,000 ppm; preferably from about 80,000ipm to about 120,000 ppm. 16 The fuel additives
according to the invention may be added as part of a package to the fuel prior to combustion. This may
be done at apTgieragly leandrriel supyREaFR SIS &ﬂ@%%d@ﬁ&?@%?ﬁﬁmﬂ%ﬁ ?e%(ﬁ'al) or
may be add eYé@a‘blglO}%w fayice. frasaoviatprbividbipesamipasiornsysies, O exadplesaiotboard
the vehicle. If a dosing device is used it may dose the additives either to the fuel or even separately
direct into th&% Wﬂﬂgﬁon chamber or inlet system. The fuel additives may be added to the fuel in the
combustion systems' fuel tank by the user, a so-called 'aftermarket’ treatment. 10Preferably the
additive compositignis, a,3plitiod Re-adritinesRBIPGRERadS tr additien tamduatioRush amaslditive
might be dosed at any stage in the fuel supply chain prior to combustion of the fuel. The fuel additives
of the mventﬁﬂ{"ﬁ’f@r}g‘e dosed to the fuel at any stage in the fuel supply chain. Preferably, each
additive is adijed tneiaé foeimiose tectketethdine orrcombustiopsysiem, mathiatbesfsonporige 8ystem
for the engin g 3 COmAHIAN SYsiaimh AhBds inena distihulohctenniaglor atany other stage in the

fuel supply c ain, including aftermarket use, The additive may be added to the fuel at the reflnery or at
the distributiél taRARERN HSIBPRBI Vsl eBieraliBmva &Wﬁﬁ'ﬁaﬁlﬂ?‘fgeim%ﬁﬁe8%3%“3%5'8 Y&i%n
laftermarker g tkaaipaent, dhenvaliume Cr:frsp!ﬂ@rm usedwitbmsusixtasetotipemadfie a non-viscous

solution, suitghie or 4se, & dispenser boile oLX11nqs Rafk T shanis e used should be

readily fuel sOitib compatible, RC |ng With respect to boiling point range, and preferably will
have flash points in excess of 62C for ease of storage. 25In one aspect, the additive composition for a

fuel is an ad(h@Vﬁ@@@&@ngﬁgt&mwp%@rbf%ﬂ@l aidﬂf@iﬂ&@lmm&i&wmmwmtmﬁmdmel is

selecte fror) aspline clesel mare 301ek feaiog IS IRHIAe AP RILEh LA

15  less than 1w t%, preferably less than 0.5 wt %, preferably less than 0.1 wi %, preferably
less than 0.05 wt %, preferably less than 0.01 wt % aicohol.

in a further aspect the present invention provides an additive composition for a fuel
comprising:

20 (i) a metal compound selected from an iron compound, a manganese compound, a
calcium compound, a cerium compound, and mixtures thereof; and
(i} an organic compound selected from a bicyclic monoterpene, substituted bicyclic
monoterpene, adamantane, propylene carbonate and mixtures thereof;
with the proviso that the composition is substantially free hydrogen peroxide.

25

By the term “substantially free of hydrogen peroxide” is meant that the composition
comprises iess than 10 wt %, preferably less than 5 wt %, preferably less than 2 wt %,
preferably less than 1 wt %, preferably less than 0.5 wt %, preferably less than 0.1 wi %,
preferably less than 0.05 wt %, preferably iess than 0.01 wt % of hydrogen peroxide.

30

in a preferred aspect, the metal compound (i) is bis-cyclopentadienyl iron and the organic
compound (il) is camphor.

Preferably the additive composition further comprises a solvent.
35



renewable or bio-derived components and commonly termed bio-fuel, e.g. bio diesel. In another
aspect, preferably the fuel is selected from biofuel, diesel, marine fuel, heating oil, middle distillate oll
and heavy fuel oil. 17 In another aspect, preferably the fuel is selected from diesel, marine fuel,
heating oil, middle distillate oil and heavy fuel oil In one aspect, the fuel is gasoline. 5 In one aspect
the fuel is a fuel for spark ignition engines such as gasoline. Preferably the fuel is a fuel for a high
compression spontaneous ignition engine. 10Preferably the fuel is diesel. The diesel may be biodiesel,
low sulphur #ieset¥ngnirr-Tswihs pRdiivesenIasitiner hepaddethasul soHiame’ it GChviker

fuel. 15In angtheicaspestithe fughishieatingivilpfersexamples kaiesensiufsaienablyaiighthegging oil.
Preferably, the light heating il is HEL Heizol extra lejchtflussig according to.DIN 51603, Part 1. In a
further aspedoTENAITE & TS NRATTE DI 0 AT IS hasted TR 218 HSSr gl n
another aspedt thaeafiigbiingragitnoisatisenivaigialpredt vy whith Uiyl sstigipo vnskig elaseuel

COMPOSKION gyer prolonged storage periods, and also under cold conditions.

Preferably the solvent is selected from an aromatic compound, a paraffin compound and

mixtures thereof. As used herein, the term “paraffin compound” includes both straight

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

Preferably the additive composition for a fuel comprises the metal compound or
compounds (i} in an amount sufficient to provide less than 30,000 ppm of the metal;
preferably less than 15,000 ppm; preferably less than 6,000 ppm.

15 '
Preferably the additive composition for a fuel comprises the metal compound or
compounds (i} in an amount sufficient to provide from 3 ppm to 30,000 ppm of the metal;
preferably from 15 ppm fo 15,000 ppm; preferably from 60 ppm to 6,000 ppm.

20  Preferably the additive composition for a fuel comprises less than 90,000 ppm of the
metal compound (i); preferably less than 45,000 ppm; preferably less than 18,000 ppm.

Preferably the additive composition for a fuel comprises from 10 ppm to 90,000 ppm of
the metal compound (i); preferably from 50 ppm to 45,000 ppm; preferably from 200 ppm
25  to 18,000 ppm.

Preferably the additive composition for a fuel comprises at least 100 ppm of the organic

compound (ii); preferably at least 500 ppm; preferably at least 1,000 ppm,; preferably at

least 2,000 ppm; preferably at least 10,000 ppm; preferably at least 50,000 ppm;
30 preferably at ieast 80,000 ppm; preferably at least 100,000 ppm.

Preferably the additive composition for a fuel comprises from 100 ppm to 700,000 ppm of

the organic compound (i}, preferably from 500 ppm to about 350,000 ppm; preferably

from about 2,000 ppm to about 140,000 ppm; preferably from about 50,000 ppm to about
35 130,000 ppm; preferabiy from about 80,000 ppm {o about 120,000 ppm.



Preferably the fuel composition comprises at least 0.1 ppm of the metal compound (i). 30Preferably
the fuel composition comprises 9 ppm or less of the metal compound (O; preferably 8 ppm or less of
the metal compound (i). Preferably the fuel composition comprises the metal compound (i) in from
about 0.1 ppm to about 9 ppm. 18 Preferably the fuel composition comprises the metal compound (i)
in from about 0.5 ppm to about 8 ppm. If, for exampletsthe metal compound (i) is ferrocene, then 0.1
ppm of ferrocene is an 5 amount sufficient to provide 0.03 ppm of the metal (iron). Thus, if the fuel
composition comprises a metal compound (i) in an amount sufficient to provide 0.03 ppm of the metal,

it would be pregeniingnifrid valestmg ey mhéoddnppm:ahiesacrrnrel &Y elatadiy thecluglecniposition

comprises the metal compouynd (i) in an.amount sufficient 10 to provide at least 0. f metal.
Preferably thfz‘?rEQP%eréJ ﬁﬁl%%ség%pﬁgg’s e r&gtaf)ggn?pc?ﬂwds %} & ?n%?n%jl%t%géyg{%ﬂz‘f@g ppm or
less of the mexamPirefetdbly tineug| codigidsitiom dernphigle Srhvayidal adtagolnd (Hasinsh @Yi6aint to

provide 2.40 poryorlessief the MerakbsrieiaRkntheugheqeROs BB Aemisenishe meialergpound
() in an amount sufficient to provide from 0. 3§pm to 2.70 p%m of the metal. Pre%e%ziﬁ%r? IS’L?fueI
[ )

composition BEHSHSLSHR hiBey CoRIOGRAAFNFRSHIRD I IS fHE Pt B PHSTRR 8? i to
2.40 ppm of the paetalErefetabhpthefisktopspesiticihe juaasdiivesppay beleddest thanerfmhic

compound (i PIBIFIARNCAL ARG {6SSERIERS BRI 0 PPD alfeP o nihiRiakbeifie el composition

comprises at least 1 ppm of the organic compound (i).  Preferably the fuel composition comprises the
organic compound (ii) in from about 1 ppm to about 70 ppm; preferably from about 10 ppm to about 60
ppm; preferablyfsamiaaoubadiive ppmoissaibaus 20spRibrn JHukddtiaspeotptutieiscomuatition is
provided by diluti n dﬁitive concentrate, composition resent 'qv pg\g | gﬂ 8§u 11'for o
Preferably, tgg eraa%tllgt;)ef@tl)fSsjdc |tﬁ/%%dg#é\é%m§?t§t§6?n%%%selﬁ{%r} é))lf‘?;l:]seqla%efr%em %: ’i%o tég‘i.pl g OE,? re?erably
from 1:500 tcombustion of the fuel. The fuel additives of the invention may be dosed fo the fuel at
any stage in the fus! supply chain. Preferably, each additive is added to the fuel close to
the engine or combustion system, within the fuel storage system for the engine or
15 combustion system at the refinery, distribution terminal or at any other stage in the fuel
supply chain, including aftermarket use. The additive may be added 1o the fuel at the

refinery or at the disiribution terminal.

Where, however, the additive combination is intended to be added as an 'aftermarkel’

20  treatment, the volume of solvent used will be such as to provide a non-viscous solution,
suitable for use in a dispenser botlle or syringe pack. The solvents o be used should be
readily fuel soluble and compatible, including with respect to boiling point range, and
preferably will have flash points in excess of 82°C for ease of storage.

25  In one aspect, the additive composition for a fuel is an additive concentrate composition.

Fuel

In one aspect of the present invention, the fuel is selected from gasoline, diesel, marine
30 fuel, heating oil, middie distillate oil, ,heavy fuel oil and including such fuels containing

renewable or bio-derived components and commonly termed bio-fuel, e.g. bio diesel.

In another aspect, preferably the fuel is selected from biofuel, diesel, marine fuel, heating
oil, middie distillate oil and heavy fuel oil.
35



301:8,000; preferably from 1:1,000 to 1:5,000; preferably from 1:1,500 to 1:3000. In a further aspect,
the fuel composition is substantially free of methanol. In a further aspect, the fuel composition is
substantially free of Cl to 05 alcohol. 19 In a further aspect, the fuel composition is substantially free of
alcohol. In a further aspect, the composition is substantially free of hydrogen peroxide. 5The meaning
of the term "substantially free of" is as defined above in relation to additive composition. In a preferred

aspect, the metal compound (i) is bis-cyclopentadienyl iron and the organic compound (ii) is camphor.
10 Applicatiol#Baiier agnqsts psederaltvyihse iuskisisaieatad diesrcdieagpliication tirlabeahia ofte

aspect, the appligrti@istinea b sirsebivelilg another aspect, the application area is marine fuels. In
another aspect, the application area is heating oil. 20 In another aspect, the application area is middle

distillate oil. In another aspect, the application area is heavy fuel oil 25In another aspect, the
application afe®iethepasichefagbis obdidisel particulate filters.

5
In one aspect the fuel is a fuel for spark ignition engines such as gasoline.

Preferably the fuel is a fuel for a high compression spontaneous ignition engine.

10 Preferably the fuel is diesel. The diesel may be biodiesel, low sulphur diesel and ultra-
low sulphur diesel,

in another aspect, the fuel is marine fuel or bunker fuel.

15 In another aspect, the fuel is heating ofi, for example, kerosene. Preferably a light
heating oil. Preferably, the light heating oil is HEL: Heizd! exira leichtfliissig according to
DIN 51603, Part 1. "

In a further aspect, the fuel is a middie distillate oil.

20
in a further aspect, the fuel is a heavy fuel oil.
In another aspect, the fuel is a hydrocarbon mixture, preferably, a liquid hydrocarbon
mixture.

25

Fuel composition

Preferably the fuel composition comprises at least 0.1 ppm of the metal compound (i).

30 Preferably the fuel composition comprises 9 ppm or less of the metal compound (i};
preferably 8 ppm or less of the metal compound ().

Preferably the fuel composition comprises the metal compound (i) in from about 0.1 ppm
to about 9 ppm.
35



In another aspect, the application area is the reduction of soot content and ash content of an exhaust
of a combustion system. 30In another aspect, the application area is the improvement of combustion
efficiency of a combustion system. In another aspect, the application area is the improvement of fuel
economy of a combustion system. 20 Hydrocarbon mixture In one aspect, the present invention
provides a hydrocarbon mixture which produces little bot on combustion with at least 0.1 ppm
ferrocene and at least 1 ppm camphor added. 5 In this aspect by camphor is meant a group of
compounds corEEaRlY Siibish RARGSERM CATBNGEFIERIBRIRNERiBRMYHE &%fé%”&éﬁ?ﬁ%&%ﬁﬁm
phenzene, origraleg slgemydes or monoterpenic ketones, for example phenzione,
1,7,7-trimethylbicyclo(2.2.1Theptan-2-one is preferred. 10Good results can be achieved with a
hydrocarbon mixture with 7 ppm ferrocene and 40 ppm camphor. In order to generate as little ash as
possible duridf EsnsBasRn, this BekH e rewnthihite REaac. e fértGURROpreVIERRthig @es not

adversely altefrfaaropifasadicing alfec of himmixuenpRleiemed feriecenrCRRECBIFPIRNIGACefore
does not exceed 9 Ppm, but iigreferakr)‘lg/ S)TH)m or less The concentrat'ﬁjg f camphor Shgalt“d also
dl .

not exceed 76PPA %ﬁ?daigﬁg Pemﬂ?lé %WB?%E\SF%’?M%%{R?"&%% :%’f)f(?rr?umeowg ppm.
Preferably thét majidityegirtsettydmtarhomdeod ataingd in GHerdpydidartsopertxture are petroleum
derived. However, the hydrocarbon mixtures can also contain other natural or renewable materials,
such as, for example, raﬁgseed oil methyl ester. Particularly suitable hydrocarbon mixtures consist of

middle distillafé& 8RR ARIERRREN IR FOER BiPRHITTIEE! SRIPHMERII Bl AN AES UreSHECAZin
component oftdlipseidilatdndxithEmpng: aithinrmeaitic Heeféeatintheifsalithrpastitickadyiowisasdosity.
The precise specificat A is.aj j t- ' cts
can be seen pﬁée?%%@%%%ﬂ%‘pﬁ%%aéﬁ? E&‘g@%\f’gﬁ? %%H?ﬁé%ﬂgg gﬁﬁggﬂ%ﬁ'eﬁ%%%?ﬁ;@ssig

according to BRI Sa6O3siBem ComeHaa bR MEBAEREBNY SN 38 HENENE BRI A RBMIe heat.

For this purpasestherarenbtsmt pringsinedial ieinissadivitiedheassition afain ddwepadvanipges of
the present Zéln amount sufficient to provide from 0.03 ppm to 2.70 ppm of the metal. Preferably the
15 fuel composition comprises the metal compound (f) in an amount sufficient {o provide

from 0.15 ppm 1o 2.40 ppm of the metal.

Preferably the fuel composition comprises 70 ppm or less of the organic compound {if);
preferably 60 ppm or less; preferably 50 ppm or less.

20
Preferably the fuel composition comprises at ieast 1 ppm of the organic compound (ii).

Preferably the fuel composition comprises the organic compound (i) in from about 1 ppm
to about 70 ppm; preferably from about 10 ppm fo about 60 ppm; preferably from about
25 20 ppm to about 50 ppm. '

In a further aspect, the fuel composition is provided by diluting an additive concentrate

composition of the present invention in the fuel. Preferably, the ratio of additive

concentrate composition fo fuel is from 1. 100 to 1:10,000; preferably from 1:500 to
30 1:8,000; preferably from 1:1,000 to 1:5,000; preferably from 1:1,500 to 1:3000.

tn a further aspect, the fuel composition is substantially free of methanol.

in a further aspect, the fuel composition is substantially free of C1 to C5 alcohol.
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invention become particularly clear in such applications, as the present application produces less
visible smoke, and less measurable soot. A further object of the invention is an additive concentrate for
manufacture of a 5 hydrocarbon mixture with additive as described herein in numbered paragraph (1),
with a content of 0.1-25 ppm ferrocene or, in relation to iron, an equivalent volume of another organic
iron component which can dissolve in hydrocarbon, akpng with 1 to 80 ppm camphor. 10The
advantages of such an additive concentrate are quite clear. With the help of the concentrate,
hydrocarborihixtiiteeriaspeiétinofuel diovperitopde selrientielin fhre tvhakioinmed into hydrocarbon
mixtures according to the invention, by adding a corresponding quantity of the concentrate to the

hydrocarbor})mbﬁu % a%%%ref%abcléﬁixinﬁ it so that it is homogeneous. It would also be possible to
add correspShgi Lbr{ B S ST R R GBI BB S 2kaN ERUFiR RRERIFG: However, it would
not only be necessary to ensure correct relation of the concentrate to the hydrocarbon mixture, but

also thescorregy, fﬁ@éﬂﬂ&&ﬁ%@%“‘%ﬂ%ﬁ%? ﬁB%JBP%%E&&%S %Bﬁx‘r@% %@ﬁ[&ﬁ%é&%ﬁr@@p'er

and more customer-friendly to offer an additive which already contains tferrocene and camphor in the
correct relatf@iBSHEBnother. Preferably the 20relation by weight of ferrocene to camphor is 7:40 in
the additive concentrate. Further Additives The additive concentrate and/or the fuel may further

comprise furher adlfives, Sush 9523 psrlammancesonh

Ahanging.addities. A nonimidng st of such
further additives includes corrosion inhibitors, fust | |%>|§ors, g M RAID: 68! ARb-Axidants Sent oils,
anti-static agemeCHPELibistERIIM elgents, ashless dispersants and detergents. Ratio 30 In one aspect,
preferafuly the ratio of metal compound (i) (measured in ppm) to organic compound (ii) (measured in

ppm) is from,9: 9 t%%%%%a%z In a further aspect, preferably the ratio of metal provided by the metal
compound (é%é‘i‘ezsmeo[m"ppm) to organic compound (ii) (measured in ppm) is from 27:10 to 3:7000.

Preferably the ratio of metal provided by the metal compound (i) to organic compound (ii) 5is from 6:10

to 3:1000; prefeyapleeipmad: 58 (RS 10X RIBRRIfpPIRAR R 80; preferably from 3:30 to 3:70.

15 In one aspect, the application area is diesel fuel.
in another aspect, the appii‘caﬁmn area is marine fuels.
In another aspect, the application area is heating oil.
20
in another aspect, the application area is middie distiliate oil.
in another aspect, the application area is heavy fuel oil

25 Inanother aspect, the application area is the regeneration of diesel particulate filters.

In another aspect, the application area is the reduction of soot content and ash content of
an exhaust of a combustion system.

30 It another aspect, the application area is the improvement of combustion efficiency of a
combustion system.

In another aspect, the application area is the improvement of fuel economy of a
combustion system.
35



Methods 10In a further aspect the present invention provides a method for combustion of a fuel
composition in a combustion system,comprising providing a fuel composition comprising: (i) a metal
compound selected from an iron compound, a manganese compound, a calcium compound, a cerium
compound and mixtures thereof; 15(ii) an organic compound selected from a bicyclic monoterpene,
substituted bicyclic monoterpene, adamantane, propylene carbonate and mixtures thereof; and (iii) a
fuel, and combusting the same such that combustion efficiency of the fuel is improved. 20In a further
aspect the p vides for combustion of a fuel composition in a combustion system,
comprising providing a fuel composition comprising: (i) a metal compound selected from an iron

compound, es und,.a calcium compound, a cerium compound and mixtures, thereof;
(i) an organ?é@%gn?p%%ﬁ 8?‘595%(%%%\’5 *é.%?c‘f ic \r’ﬁdo nso%eW erie ?Ee?;.%“sﬂ%ﬁ‘tqépéeb‘?’g’i}%%é’ #1%%80?@}’%8[‘16,
adamantane SproylenEnbasionatitrepidensitre Smefespasng Y atfirsshhdronssisty tddedme

such thay fuel:egpnaspeaipeduehis poyet B fsrshacddreRIssRIUNYSMIeNREVidES a
method of reg%n%r%tine@z%a %agiculaée 30 filte.% located ip\ an exhaust s%stem of a com sﬁon system for
fuel, which c Srlgég ALAE ﬁ?&% BEnHE equcﬁ‘ﬁ'gu 3?33%%%% ’ﬁethgrp%'?ﬁ e\ Rl ¥Pf3\‘°l\/iﬂ§
combustion prodgtespehis frdboem fositiempenmbrsizigng) b hiktdirednyfiseyuibie R éleddmmPameon
compound” adnpo@arase compound, a calcium compound, a cerium compound and mixtures thereof;
23 (ii) an organic compound selected from a bicyclic monoterpene, substituted bicyclic monoterpene,

adamantane, propylene carbonate and mixtures thereof; and
10 Good results can be achieved with a hydrocarbon mixture with 7 ppm ferrocene and 40

ppm camphor.

in order to generate as liffle ash as possible during combustion, it is desirable to
minimise the amount of ferrocene provided this does not adversely alter the soot
15 reducing effect of the mixture.
A preferred ferrocene concentration therefore does not exceed 9 ppm, but is preferably 8
~ppm or less.

The concentration of camphor should also not exceed 70 ppm and is preferably a
20 maximum of 60 ppm, in particular a maximum of 50 ppm.

Preferabiy the majority of the hydrocarbons contained in the hydrocarbon mixture are
petroleum derived. However, the hydrocarbon mixtures can also contain other natural or
renewable materials, such as, for example, rapeseed oil methy! ester.

25
Particularly suitable hydrocarbon mixtures consist of middle distillates, as are
manufactured in crude oil refineries. Such middle disiillates are the main component of
diesel oils and of heating oils, in particular heating oils with particularly low viscosity. The
precise specification of such products is laid down in DIN standards.

30

The soot-reducing effects can be seen particularly clearly in heating oils, especially in so-
called HEL: Heiz0l exfra leichtfliissig according to DIN 51603, Part 1 heating oils.
Heating olls serve, as the name suggests, to provide heat. For this purpose they are
bumnt using special burners and with the addition of air. The advantages of the present



(i) a fuel; and combusting the fuel composition in the combustion system. 5 In a preferred aspect, the
metal compound (i) is bis-cyclopentadienyl iron and the organic compound (ii) is camphor. Combustion
system 10 Preferably the combustion system is selected from a burner, engine and furnace.
Preferably the combustion system is selected from a burner and a furnace. 15Preferably the
combustion system is an engine. Preferably the engiag is a compression ignition engine (diesel
engine). In one aspect, the combustion system is an engine. Preferably the engine is a spark ignition
engine. 20 Uswédntigrfubthamas peatiichamyesdent imventbngplcdésns use diie pre¢drd rmppditatonpound

selected fron&x@a&&@ @QQ@WS%%[‘QR@% PR agpcalcium compound, a cerium

compound and mixtures thereof; and (ii) an organic compound Selected from a bicyclic monoterpene,
substituted bicyclic monoterpene, adamantane, propylene carbonate and mixtures thereof; for
reducing sookcanteat anibashtdhtentadrdinexbasst afidivambostemeystém faafueiclO affurther

aspect, the pres %%%%%&%%E%e%]a%i‘d@c? £ S'J}B’Be“r%mﬁ’r?ﬁﬁk%ﬂ%@#‘%%@rgﬁ'E?ﬁ' [§frgducing
soot content and ash content of an exhaust of a combustion system for tuel.
content of 0.1-25 ppm ferrocene or, in relation to iron, an equivalent volume of another
organic iron component which can dissolve in hydrocarbon, along with 1 to 80 ppm

camphor.

10 The advantages of such an additive concentrate are quite clear. With the help of the
concentrate, hydrocarbon mixiures to which no additive has been added can be
transformed intc hydrocarbon mixiures according to the invention, by adding a
corresponding quantity of the concentrate fo the hydrocarbon mixture and preferably
mixing it so that it is homogenesous. It would also be possible to add corresponding

15 amounts of ferrocene and camphor separately to the mixture. However, it would not only
be necessary o ensure correct relation of the concentrate to the hydrocarbon mixture,
but aiso the correct relation of the individual additive components to one another.
Therefore it is simpler and more customer-friendly to offer an additive which already
contains ferrocene. and camphor in the correct relation to one another. Preferably the

20 relation by weight of ferrocene to camphor is 7:40 in the additive concentrate.

Further Additives

The additive concentrate and/or the fue! may further comprise further additives, such as

25 performance-enhancing additives. A non-limiting iist of such further additives inciudes
corrosion inhibitors, rust inhibitors, gum inhibitors, anti-oxidants, solvent oils, anti-static
agenis, dyes, anti-icing agents, ashiess dispersants and detergents.

Ratio

30

In one aspect, preferably the ratio of metal compound (i) (measured in ppm) to organic
compound (i) (measured in ppm) is from 9:1 o 1:700.

Preferably the ratio of metal compound (i} to organic compound (i) is from 2:1 t01:100;
35 preferably from 1:1 to 1:10; preferably from 1:2 to 1:8,; preferably from 1:3 io 1:7.



In a further aspect, the present invention provides a use of a fuel composition as herein defined for
reducing soot content and ash content of an exhaust of a combustion system for fuel. 5In a further
aspect, the present invention provides a use of: (i) a metal compound selected from an iron
compound, a manganese compound, a calcium compound, a cerium compound and mixtures thereof;
and (ii) an organic compound selected from a bicycliegznonoterpene, substituted bicyclic monoterpene,
adamantane, propylene carbonate and mixtures thereof; 10for improving the combustion efficiency of
a fuel. In a further aspect, the present invention provides a use of an additive composition as herein

defined for imgrovigarBe sambusiienelfisiansyaia biehcialpaliiepRinechdhg BERsesIaVENtion
provides a use of a fuel compasition as herein dewd%lcifor improving the cpmbuso%%n@f{g:lg[)% of a
fuel. In a furtHBIERSHERY, Thehe & RISADIHIORRT SIS EEE8 BRI I APT RIS Borhpoultasretred
from an iron denefpoebiyl fise mrigsiTesEicuMth dy dr20vesiinompompb{inid, @gariareoumpolfit and
mbdures iherof, 3ACi AR, CLORME, HUBRII BBIRCIESTRIBISY Bl PP e RNE 0B URS el
bicyclic monoterpene, adamantane, propylené carbonate and mixtures theréof; for improving the fuel
economy of apé%ﬁ?f@l%ﬁgﬁr%fé?@rﬁ? 3518 a further aspect, the present invention provides a use of an
additive composition as herein defined for improving the fuel economy of a combustion system. In a
further aspec&i _&Eﬁﬁ Oodrsesent invention provides a use of a fuel composition as herein defined for
improving the nomy of a combustion system. 30 In a further aspect, the present invention
provides a use of: (i) a metal compound selected from an iron compound, a manganese compound, a

calcium gompaUACuAIRETLEPLRTROYREENCIMBANERS SRRAEEE anfethodiTANERIARIGHROBTIPAYDE
selected from a blc%f?’gc monoterggfggbggbstltut(algntgjcycllc 35monoterg\(le8.e a%arpantanem gécs)i%léane

carbonate andIRIGYERthElebr: on sys COMPriSing  providing uel - co
comprising:

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

15 (i) an organic compound selected from a bicyclic monoterpens, subsiiiuted bicyclic
monoterpene, adamantane, propylene carbonate and mixtures thereof; and
(&) a fuel; and
combusting the same such that combustion efficiency of the fuel is improved.

20 In a further aspect the present invention provides for combustion of a fuel composition in
a combustion system, comprising providing a fuel composition comprising:
(i} & metal compound selected from an iron compound, a manganese compound, a
calcium compound, a cerium compound and mixtures thereof;
(i) an organic compound selected from a bicyclic monoterpene, substituted bicyclic
25 monoterpene, adamantane, propylene carbonate and mixiures thereof; and
(il a fuel; and
combusting the same such that fuel economy of the fuel is improved.

in a further aspect the present invention provides a method of regenerating a particulate
30 filter located in an exhaust system of a combustion system for fuel, which comprises

contacting carbon-based particulates, present in the particulate filter, with combustion

products of a fuel composition comprising:

(i} a metal compound selected from an iron compound, , a manganese compound, a

calcium compound, a cerium compound and mixtures thereof;



25 for decreasing the regeneration temperature and/or required regeneration frequency of a particulate
filter located in an exhaust system of a combustion system. In a further aspect, the present invention
provides a use of an additive composition as 5herein defined for decreasing the regeneration
temperature and/or required regeneration frequency of a particulate filter located in an exhaust system
of a combustion system. In a further aspect, the pregent invention provides a use of a fuel
composition as herein defined for decreasing the regeneration temperature and/or required
regenerationl OB RIEABI cfenparisliagieriad [Geaed ficamliexmunstienam cthsdbiasusirelisystem.
Soot conteninfdiRBasdin adbreRkaENbRIpRsheE uRlitalivesraRasHiaRIsavakdating ghe completeness of
15 combustio.i, b?eg on the optical absorption of visible light by particles that have been deposited
on a filter. Th ’?3% %%rSEﬁ soot number is part of the required testing procedure for judging the
combustion gaaliysbifigithis s compititrias ectpab8yitnaristatn20A well defined amount of
undiluted flue gas is sucked through a white filter, leaving behind a discoloured spot. The colour of the
spot is compared with a calibrated gray scale reaching from 0 (white) to 9 (black). This number is
assessed eléﬁﬁoﬁﬁfﬁﬁgﬁﬁfﬁqgﬁgdﬂﬁmir%‘?@@fﬁm%%f’%i@iﬂ%yﬁwgwgﬁrﬁ%aﬁﬁﬁmﬁ@?!%he
discolouring ofithesaar(pjesfitenphattributed to the presence of black shoot. 25 Preferably, the fuel
composition provides a 0.5 reduction in the Bacharach soot number compared with the Bacharach
soot number observed with the fuel alone. Preferably, the fuel composition provides a 0.8 reduction in
the Bachara&%@é@ﬁ@&tﬁ@%eferably a 1.0 reduction in the Bacharach soot number; preferably a 1.2
reduction in the Bacharach 30 soot number: preferably a 1.5 reduction in the Bacharach soot number;
preferably a reduction in the Bacharach soat number; preferably a 2.0 reduction in the Bacharach
S0t number e o BT S S8 e R o U RS BT I 26 s than
0.6; preferably, less than 0.5. In one aspect, the soot content is measured by ASTM test method

D-2156. SAshepsrail (Reeferail¥idhes eedaannasiien rEayiklesABranty coniepkef 0.010 wt % or less.
Preferably, the fuel composition provides an ash content of 0.009 wt % or less; 0.008 wt

15 Preferably the combustion sysiem is an engine. Preferably the engine is a compression
ignition engine (diesel engine),

In one aspect, the combustion system is an engine. Preferably the engine is a spark
ignition engine.
20

Use

In a further aspect, the present invention provides a use of:

(i) a metal compound selected from an iron compound, a manganese compound, a
25 caicium compound, a cerium compound and mixtures thereof; and

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

monoterpene, adamantane, propylene carbonate and mixtures thereof;

for reducing soot content and ash content of an exhaust of a combustion system for fuel.

30 In a further aspect, the present invention provides a use of an additive composition as
herein defined for reducing soot content and ash content of an exhaust of a combustion

system for fuel.



% or less; 0.007 wt % or less; 0.006 wt % or less; 0.005 wt % or less; 0.004 wt % or less; 100.003 wt
% or less; 0.002 wt % or less; 0.001 wt % or less. Ash content may be measured according to the
standard method DIN EN 6245. The present invention will now be described in further detail in the
following examples. 15 Examples For the trials, 25 litres heating oil was mixed with 0.2 litres of trial
additive in each case. Different recipes were tested. Tiae task during the combustion trials using an
oil-fired hot 20 water boiler fitted with yellow flame burners was to establish whether the recipes had a
soot-reducingreffdotireortfisgutipo secshat imvenipnoNe ves sumeal witbaheosmarilienfrsenesiing oil

was set to apRERKiaaLe hed 28 ISR RUERETa RIS EXblRLSIRke dsRsasses,sThan, the

additives were tested using this burner in order to measure the additive effect. The soot number was
measured bnyf/E{t‘ﬂation (extraction 25 suction with a manual smoke tester of a defined partial gas
volume through a filter pad. This filter pad will be judged optically (by comparison) after the

t j Jbt of 10.individual ts. Test
measuregwengg'gﬁw é%%%ﬁ&%{ﬁ%%ﬁﬂg?&%ﬁg@%g alQS@gfvl ual measurements. Tes

equipment 30Steel heatin B4T/14021kW, Year of Manufacture 1996 Heat
outputSet at 20 RWNSRIL AR RN SRRAER MEHRIRH PR La8IRE e & BIANSFIRSELGPE RO @

35JetDanfoss:diyui corbfduidgal enripedmpsuidtambiginibetitharebiijatide index angle/spraying
index, hoIIow&?nagﬁ %FB%% tgg}g{%&g&) ”ség‘c‘%éﬁ ?‘}Sﬁeg bicyclic monoterpene, substituted bicyclic
monoterpene, adamantane, propylene carbonate and mixtures thereof,

10 for improving the combustion efficiency of a fuel,

in a further aspect, the present invention provides a use of an additive composition as
herein defined for improving the combustion efficiency of a fuel.

15 in a further aspect, the present invention provides a use of a fuel composition as herein
defined for improving the combustion efficiency of a fuel.

In a further aspect, the present invention providges a use of:

(iy a metal compound selected from an iron compound, a manganese compound, a
20 calcium compound, & cerium compound and mixtures thereof; and

(iiy an organic compound selected from a bicyclic monoterpene, substituted bicyclic

monoterpene, adamantane, propylene carbonale and mixiures thereof;

for improving the fuel economy of a combustion system.

25 In a further aspect, the present invention provides a use of an additive composition as
herein defined for improving the fuel economy of a combustion system.

In a further aspect, the present invention provides a use of a fuel composition as herein
defined for improving the fuel economy of a combustion system.

30
in a further aspect, the present invention provides a use of:
(i) a metal compound selected from an iron compound, a manganese compound, a
calcium compound, a cerium compound and mixiures thereof; and
(i) an organic compound selected from a bicyclic mdnoterpene, substifuted bicyciic

35  monoterpene, adamantane, propylene carbonate and mixiures thereof;



For the trial, one container with heating oil containing additive and one container without 5 additive
were placed next to the steel heating boiler. The burner pump was set to single-line mode, which
obviates return of oil to the containers and therefore heating by the burner pump. The change from
additive-free oil to oil with additive was achieved by switching over a 10 three-way valve immediately
in front of the burner. Because of the three-way valve a&nd the single-line circuit is it ensured that
incorrect measurements caused by additive residues in the pipeline cannot occur. The respective soot

measuremenfQ\iEESANIRE i cRgPNarBiRhinRER SSFe RIS e Yirdusaar DptieedrraBEI L 2

inspection anganigasiecrnenbvatrisantaxumpesiestsaxisachivlmmanentation The steel hot water
boiler was brought up to operating temperature with additive-free heating oil. A smoke spot number of

approximately 4 was set by throttling the air feed to the burner. 20 The duration of the trial was
approximately0&7 8iibar ssuegtiibn messniokecssornusiidesasissceisancedlibsultsmpraitiniedlo.

Amount of Feregepnempa dmesahahG aBRBgE BRI R SIan R BageriashiRadkhihdamparative
Ex.1 7 0 0.80_Comparatiye Ex.2 O ) . i
frequency of a particulate filter located in an exhaust system of a combustion system.

In a further aspect, the present invention provides a use of a fuel composition as herain
defined for decreasing the regeneration temperature andfor required regeneration
10 frequency of a particulate filter located in an exhaust system of a combustion system.

Soot content

The Bacharach soot number is a qualiitative measure for evaluating the compieteness of
15 combustion, based on the optical absorption of visible light by particles that have been
deposited on a fiter. The Bacharach soot number is part of the required testing

procedure for judging the combustion quality of oil burners in countries such as
Switzerland.

20 A well defined amount of undiluted fiue gas is sucked through a white filter, leaving
behind a discoloured spot. The colour of the spot is compared with a calibrated gray
scaie reaching from 0 (white) o 9 (black). This number is assessed electronically by
measuring the reflectance of visible light shone on the loaded filter. The discolouring of
the sample filter is attributed to the presence of black shoot.

25
Preferably, the fuel composition provides a 0.5 reduction in the Bacharach soot number
compared with the Bacharach soot number observed with the fuel alone. Preferably, the
fuel composition provides a 0.8 reduction in the Bacharach soot number; preferably a 1.0
reduction in the Bacharach soot number; preferably 2 1.2 reduction in the Bacharach

36 soof number: preferably a 1.5 reduction in the Bacharach soot number; preferably a 1.8
reduction in the Bacharach soot number; preferably a 2.0 reduction in the Bacharach

soot number compared with the Bacharach soot number observed with the fuel alone.

Preferably, the fuel composition provides a Bacharach soot number of less than 1.0;
35 preferably, less than 0.9; preferably, less than 0.8; preferably, less than (.7; preferably,
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less than 0.6; preferably, less than 0.5,
In one aspect, the soot content is measured by ASTM test method D-2156.

Ash content

Freferably, the fuel composition provides an ash content of 0.010 wi % or less.
Preferably, the fuel composition provides an ash content of 0.008 wt % or less; 0.008 wi
% or less; 0.007 wt % or less; 0.006 wt % or less; 0.005 wt % or less; 0.004 wt % or less:
0.003 wt % or less; 0.002 wt % or less; 0.001 wt % or less.

Ash content may be measured according to the standard method DIN EN 6245,
The present invention will now be described in further detall in the following examples.

Examples

For the trials, 25 litres heating oil was mixed with 0.2 litres of trial additive in each case.
Different recipes were tested. The task during the combustion trials using an oil-fired hot
water boiler fitted with yellow flame burners was to establish whether the recipes had a
soot-reducing effect. For this purpose, the initial smoke spot number with the additive-
free heating oll was set to approximately 4 by aliering the burner to where measurable
smoke is produced. Then, the additives were tested using this burner in order to
measure the additive effect. The soot number was measured by evacuation (extraction
suction with 2 manual smoke tester of a defined partial gas volume through a filter pad.
This filter pad will be judged optically (by comparison) after the measurement. The soot
number average value is a resulf of 10 individual measurements.

Test equipment

Steel heating boiler Ruhr Brenner, Model B AT/14021kW,
Year of Manufacture 1998

Heat output Set at 20 kW

Qi burner Ruhr Brenner, Model RH-4, 12-45 kKW,

Year of Manufacture 1996
Jet Danfoss Typ H, 0.50 US gallons per hour (1.87 kg/h), 60°H



40 2.21 6 7 20 0.80 28 Over the entire trial series the additive with 7 ppm ferrocene/40 ppm camphor
yields the best results, namely a reduction of the smoke spot number more than 2 points on the scale,
from smoke spot number 4 to smoke spot number of less than 2. By comparison 5 a concentration of
15 to 20 ppm of ferrocene would be required to obtain a comparable reduction in the smoke spot
number in the absence of any camphor. However, thezformation of ash caused by using 15 to 20 ppm
of ferrocene would be approximately 40 times higher.  Using the same measurement procedure, a
trial was carried Suthgdifiey seglelyrsruioniganic kelapoangs (i) with ferrocene. The results are shown

in table 2 bel®tidkyanype No. MetalCompayadl $p{supadstdrganiccompound (H) / 40.0 ppm
Reduction in Bacharach Soot No. 7

For the trial, one container with heating oil confaining additive and one container without
5  additive were placed next to the steel heating boiler. The burner pump was set to single-

fline mode, which obviates return of oil to the containers and therefore heating by the
burner pump.

The change from additive-free oil to oil with additive was achieved by switching over a

16 three-way valve immediately in front of the burner. Because of the three-way valve and
the single-line circuit is it ensured that incorrect measuremenis caused by additive
residues in the pipeline cannot occur. The respective scot measurements were pulied
through a Bacharach soot pump and evaluated by means of visual inspection and
measurement with a soot number test device.

15
implementation
The steel hot water boiler was brought up to operating temperature with additive-free
heating oil. A smoke spot number of approximately 4 was set by throttling the air feed to
the burner.

20

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

Results:

Example No. Amount of Amount of Camphor | Reduction in
Ferrocene (ppm) {ppm) Bacharach Soot No.

Comparative Ex.1 7 0 0.80
Comparative Ex.2 0 40 0.36
i i 40 0.76
2 3 40 0.80
3 5 40 0.80
4 6 40 1.00
5 7 40 2.21
6 7 20 0.80

25 Table 1



Ferrocene ppm / 0.5 Propylene carbonate 0.30 8 Ferrocene ppm / 0.5 camphene 0.40 9 Ferrocene

ppm / 0.5 isobornylacetate 0.80 10 Ferrocene ppm /

10

15

20

28

Over the entire trial series the additive with 7 ppm ferrocene/40 ppm camphor yields the

best resulis, namely a reduction of the smoke spot number more than 2 points on the

scale, from smoke spot number 4 to smoke spot number of less than 2. By comparison

a concentration of 15 to 20 ppm of ferrocene would be required to obtain a comparable

reduction in the smoke spof number in the absence of any camphor,

However, the

formation of ash caused by using 15 to 20 ppm of ferrocene would be approximately 40

times higher.

Using the same measurement procedure, a frial was carried out using a variety of
organic compounds (i) with ferrocene. The results are shown in table 2 below.

Exampie No. Metal Compound | Organic compound | Reduction in
(i) amount (i} / 40.0 ppm Bacharach Soot No.
7 Ferrocene [/ 0.5 | Propyiene carbonate 0.30
ppm
8 Ferrocene [/ 0.5 | camphene 0.40
ppm
9 Ferrocene / 0.5 | isobhormylaceiate 0.80
ppm
10 Ferrocene [/ 0.5 | adamatane 0.60
ppm
Table 2

These results indicated that a range of organic compounds (ii) could be effective.

Using the same measurement procedure, a trial was carried out using different metal
compounds (i) with camphor. The results are shown in table 3 below.

Example No. Metal Compound (i)Y | Amount of camphor | Reduction in
7.0 ppm (Ppm) Bacharach Soot No.

11 tron tailate 40 0.30

12 Methylcyclopentadienyl 40 0.25

manganese tricarbonyl

Tabie 3




0.5 adamatane 0.60 Table 2 These results indicated that a range of organic compounds (H) could be
effective. 15 Using the same measurement procedure, a trial was carried out using different metal
compounds (i) with camphor. The results are shown in table 3 below. Example No. MetalCompound(0/
7.0 ppm Amount of camphor (PPTI) Reduction in Bacharach Soot No. 11 Iron tallate 40 0.30 12
Methylcyclopentadienyl manganese tricarbonyl 29

Further aspects of the invention are described in the following numbered paragraphs. in
these numbered paragraphs by camphor is meant a group of compounds consisting of
double-ring-form, monoterpenic hydrocarbons such as camphene or phenzene, or

analog aldehydes or monoterpenic ketones, for example phenzione. 1,7,7-
5 trimethylbicyclof2.2. 1lheptan-2-one is preferred.

hH Liguid hydrocarbon mixture (HC mixture) burning so as to produce a low level of
soof, with at least 0.1 ppm ferrocene or an equivalent volume in relation to iron of
another organic iron compound soluble in HC added, along with 10 ppm camphor

10
(2) HC mixture according to paragraph (1) with a content of around 7 ppm ferrocene
and around 40 ppm camphor.

{(3) HC mixture according to one of the previous numbered paragraphs, characterised
15 in that the HC is composed at least mostly of hydrocarbon of mineral origin.

{(4) HC mixture according to one of the previous numbered paragraphs, characterised
in that the HC mixture is a crude oil middie distillate.

20 ()  HC mixture according to one of the previous numbered paragraphs, characterised
in that the HC mixture is heating oil, in particular HEL (exira light heating ofl).

(&) Additive concentrate for manufacture of an HC mixture containing  additive
according to numbered paragraph (1), with a content of 0.1-25 ppm ferrocene or in

25 relation to iron an equivalent volume of another organic iron compound soluble in HC,
and 10 to 80 ppm camphor.

(7} Additive concentrate according to numbered paragraph (8), characterised in that
the ratio by weight of ferrocene to camphor is around 7 to 40,

30
{8} Additive concentrate according to numbered paragraphs (8) or (7), characterised

in that in terms of volume, mainly aromates or iso-paraffins are contained as solvent.

(9) Use of an additive concentrate according to numbsred paragraphs (6) to {8) for
35 manufacture of an HC mixture containing additive according o numbered paragraph (1).



40 0.25 Table 3 29 Further aspects of the invention are described in the following numbered
paragraphs. In these numbered paragraphs by camphor is meant a group of compounds consisting of
double-ring-form, monoterpenic hydrocarbons such as camphene or phenzene, or analog aldehydes
or monoterpenic ketones, for example phenzione. 1,7,7- 5trimethylbicyclo[2.2.11heptan-2-one is
preferred. (1)Liquid hydrocarbon mixture (HC mixture)burning so as to produce a low level of soot,
with at least 0.1 ppm ferrocene or an equivalent volume in relation to iron of another organic iron
compound soluble in HC added, along with 10 ppm camphor 10 (2) HC mixture according to
paragraph (1qyith 3 contentriArBURdHARE (o0 oRRARANKLATALN 4R RPFreABPRObW(RNEIGmixture
according to one of the previous numbered paragrgghs, characti_gse% 15in that tn[e H%is}rgrc])rgposed at
r

least mostly 8PPlydtiBarbdRESH RihRBILAGIPCIAS 19E AibGaHVEE 45 dhe BFTRE FRelidus
numbered pamagiaphs;gndrainterisechpothat teudiE mixtide dddedrudiongdl middiet distifatd) 20{B)HC
mixture §0005%mgﬁ8;0”e of the previous numbered paragraphs, characterised in that the HC mixture is
heating oil, in particular HEL (extra light heating oil). (6) Additive concentrate for manufacture of an
HC mixture containing additive according to numbered paragraph (1), with a content of 0.1-25 ppm
ferrocene or in 25relation to iron an equivalent volume of another organic iron compound soluble in

HC, and 10 t?xr?opBBeE‘Sa‘%%W hn%ntioned in the above specification are herein incorporated by

reference. Various modifications and variations of the described methods and system of

10 the invention will be apparent to those skilled in the art without departing from the scope

and spirit of the invention. Although the invention has been described in connection with

specific preferred embodiments, it shouid be undersiood that the invention as claimed

should not be unduly limited to such specific embodiments. indeed, various

modifications of the described modes for camrying out the invention which are obvious to

15  those skilled in chemistry or related fields are intended fo be within the scope of the
foliowing claims



(7) Additive concentrate according to numbered paragraph (6), characterised in that the ratio by weight
of ferrocene to camphor is around 7 to 40. 30 (8) Additive concentrate according to numbered
paragraphs (6) or (7), characterised in that in terms of volume, mainly aromates or iso-paraffins are
contained as solvent. (9) Use of an additive concentrate according to numbered paragraphs (6) to (8)
for 35manufacture of an HC mixture containing additapse according to numbered paragraph (1). 30
(20)Liquid hydrocarbon mixture (HC mixture) burning so as to produce a low level of soot, with at
least 0.1 ppm ferrocene or an equivalent volume &k&E#Bn to iron of another organic iron compound
soluble in HC added, along with at least 10 ppm 5camphor. All publications mentioned in the above

speC|f|cat|on,la h%rgz in incor oraﬁlb%{ re er nce. Various modifications and variations of the

described mé&thods an %3?3 P ﬁﬁSH’(’AﬁlPBe apparent to those skilled in the art without

departing frdih %@@tﬂip@m@pﬁm@bﬁi@dﬁ%ﬁtlen indeh cagiptheein e ntiengaas fecearopsenthea in
connection wiiSResiiAgalarEdamARSIMEA TSP bFUIRESIpoat the invention as claimed

should not b@ undli)(}r/r limited to such specific embodiments. Indeed, various modifications of the

described mAHe ST e} Girte0aPHRe iG mhaa%cﬁﬁleﬁoﬁ@f@“fﬁ?ﬁage SRS TR RiSYRYEry or
related fieldsrareiateanedatiatyanithin phepgieoeecafiihedellondnydlaeshdkEL AIMS 1. An additive

COMPositionyjReA#yeh& ABRKISE dompd it MESAH GRBR UL IEI8Ge §ppﬁog? N, a%omé) Ou]pn(gu;'%

manganese(cg)mpound a 5calcium compound, a cerium compound, and mlxtur 3 Rered
i

10

2. An additive composition for a fuel according to clalm 1, which further comprises a
solvent.

3. An additive composition for a fuel according to claim 2, wherein the solvent is
15 selected from an aromatic compound, a paraffin compound and mixtures thereof.

4. An additive composition for a fuel according to any one of the preceding claims,
wherein the additive composition comprises the metal compound (f) in an amount
sufficient to provide from 3 ppm to 30,000 ppm of the metal.

20
5. An additive composition for a fuel according to any one of the preceding claims,
wherein the additive composition comprises from 100 ppm to 700,000 ppm of the organic
compound (if).

25 6. A fuel composition comprising an additive composition according to any one of the
preceding claims and a fuel.

7. A fuel composition according to claim 6, wherein the ratio of additive composition to
fuel is from 1: 100 o 1:10,000.

30
8. A 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 bicyalic monoterpene, substituted bicyclic

35 monoterpene, adamantane, propylene carbonate and mixtures thereof: and



(if) an organic compound selected from a bicyclic monoterpene, substituted bicyclic monoterpene,
adamantane, propylene carbonate and mixtures thereof; wherein the additive composition comprises
at least 100 ppm of the organic compound (ii). 10 2. An additive composition for a fuel according to
claim 1, which further comprises a solvent. 3. An additive composition for a fuel according to claim
2, wherein the solvent is 15selected from an aromatiéZompound, a paraffin compound and mixtures
thereof. 4. An additive composition for a fuel according to any one of the preceding claims, wherein the
additive compbstibiecepiprieedrame Wﬁ‘cgmum?ﬁ?‘?nﬂé%aﬁﬁﬁm é’ﬂﬁmfgﬁﬁ(ﬁi‘ﬁ%@faé)?ra 3 ppm
to 30,000 ppreshikeemsial. 20 5. An additive composition for a fuel according to any one of the
preceding claims, wherein the additive composition comprises from 100 ppm to 700,000 ppm of the
organic compound (ii). 256. A fuel composition comprising an additive composition according to any
one of the précédimgitiaghferarenbrsiion 7oL SHAPROSHAM HE g Ry &1igin IY/SiEAe il tAB ratio of

additive compsiian i fMsidmi pravakilme Aid0RMhodlic?: AvfyRlhegnposition comprising: (i) a metal
compound selected from an iron c(!:o O{Jréd a manganese comgoc%mad, aacrglangec%m og@n% aacerium
compound a G s THERSSY Srgt%fg 6?%}%?&8%88%’ L6 d oM |cyc?|c Fﬁonoterpene,
substituted bieyclicBSmueot et pe nerivitavaptans, pndpylstcesdrsosrite and mixtures thereof; and 32

(i) fuel selprtgg) GRmhiobishodine!s108 fish Neaunl.ivdole sisblatoianatheayubiel ol
9. A method for combustion of a fuel composition in a combustion system with an 5exhaust,

comprising D%WWfl?&W%@tiBWEﬂmﬁﬂﬁawam and mixtures thereof; and

10 (iil) a fuel; and

combusting the same such that soot content and ash content of the exhaust is reduced.

10. The invention of any one of claims 6 to 8, wherein the fuel composition comprises the
metal compound (i) in an amount sufficient fo provide at least 0.03 ppm of the metal.

15
11. The invention of any one of claims 6 to 10, wherein the fuel composition comprises
the meial compound (i) in an amount {0 provide 2.40 ppm or less of the metal.

12. The invention of any one of claims 6 to 11, wherein the fue! composition comprises
26 70 ppm or less of the organic compound (ii).

13. The invention of any one of claims 6 to 12, wherein the fuel composition comprises
at least 1 ppm of the organic compound (ii).

25 14, The invention of any one of claims 6 to 13, wherein the fuel composition comprises
from about 10 ppm to about 60 ppm of the organic compound (ii).

15. Use of:
() a metal compound selected from an iron compound, a manganese compound, a
30  calcium compound, a cerium compound and mixtures thereot; and
{(if) an organic compound selected from a bicvclic monoterpene, substituted bicyclic
monoterpene, adamantane, propylene carbonate and mixitures thereof;
for reducing the soot content and the ash content of an exhaust of a combustion system
for fuel.
35



(i) a metal compound selected from an iron compound, a manganese compound, a calcium
compound, a cerium compound and mixtures thereof; (ii) an organic compound selected from a
bicyclic monoterpene, substituted bicyclic monoterpene, adamantane, propylene carbonate and
mixtures thereof; and 10(lll) a fuel; and combusting the same such that soot content and ash content
of the exhaust is reduced. 10. The invention of any oge of claims 6 to 9, wherein the fuel composition
comprises the metal compound (i) in an amount sufficient to provide at least 0.03 ppm of the metal. 15
11. The invenhfionéraly@stienéiamisos tbe1oranvedirincihisniettaripdsitionetainprisesthie(meal

compound (i3dieadmonRhtPderevidsclidd: RPN Bhessahhe netal. 12. The invention of any one
of claims 6 to 11, wherein the fuel composition comprises 2070 ppm or less of the organic compound

(ii). 13. The invention of any one of claims 6 to 12, wherein the fuel composition comprises at least 1
ppm of the ofdanid:ediveotivn ¢HYS146 Tiheisinetitionof anymnmoficlaimio whpiewhaisinde fuel
COMPOSHioN REAMMSISRHRYIBrARALAH O éBb%’ﬁRHIeéob%Qrg‘y&%ﬁgﬁt%%%“'F O PR el L2 se OF
() a metal cong.}gounol[ selected from an iron compound, a manganese ccympouh(f, a acati%l@l[ﬁ

compound, FEEHTH ESFﬁB und and mixtures thereof; and (ii) an organic compound selected from a

bicyclic monoterpene, substituted bicyclic monoterpene, adamantane, propylene carbonate and
>§haust of a combustion

mixtures theﬁ%Qf'ni@riﬁ@%ﬁéﬂ%%ﬁ%‘?%ﬁﬁ%’&éﬁ!ﬁ% tagiééhﬁﬁggﬁ?%ﬂgﬁg%iﬁqﬁmquap&mund 0

system for fuel. 33 16. The invention of an preceding Cla
is selected f%ﬁ‘%ﬁﬁ%‘ﬁ%ﬁ‘fﬁ&mds and mixtures thereof. 17. The invention of claim 16 wherein the
iron coifipound is an iron complex selected 5from bis-cyclopentadienyl iron, substituted

bis-cyclopenfgdiend ifan. 3 2Wae.aM%16 wherein the iron compound is a substituted bis-

cyclopentadienyl iron  selected  from adamantyl  bis-cyclopentadieny!  iron,
bis(dicyclopentadienyl-iron)dicarbonyie and mixtures thereof,

15 20. The invention of any of the preceding claims, wherein the organic compound (il) is a
bicyclic monoterpene or substituted bicyclic monoterpene selected from camphor,
camphene, isobornyl acetate, dipropyleneglycol-isobornyi ether and mixtures thereof.

21 The invention of any of the preceding claims, wherein the organic compound (it is
20 camphor,

22. The invention of any of claims 1 to 15, wherein the metal compound (i) is bis-
cyclopentadienyl iron and the organic compound (i) is camphor.

25 23. The invention of any of the preceding claims, wherein the ratio of metal compound (i)
to organic compound (if) is from 9:1 to 1:700,

24. The invention of any of the preceding claims, wherein the ratio of metai provided by
the metal compound (i) to organic compound (if) is from 6:10 to 3:1000.
30

25. An additive composition for a fuel as substantially hereinbefore described with
reference to any one of the Examples.

26. A fuel composition as substantially hereinbefore described with reference to any one
35 of the Examples.



mixtures thereof. 18. The invention of any of the preceding claims, wherein the metal compound (i) is
biscyclopentadienyl iron. 10 19. The invention of claim 16 wherein the iron compound is a substituted
biscyclopentadienylironselectedfromadamantylbis-cyclopentadienyliron,
bis(dicyclopentadienyl-iron)dicarbonyle and mixtures thereof. 1520. The invention of any of the
preceding claims, wherein the organic compound (ii) 4 a bicyclic monoterpene or substituted bicyclic
monoterpene selected from camphor, camphene, isobornyl acetate, dipropyleneglycol-isobornyl ether
and mixtures thereof. 21 The invention of any of the preceding claims, wherein the organic

compound (iij4s %%C""%"&hs%ﬁas%én&@% 'ﬂ%?éiﬂ%kafeaBXs%Piﬁz'_%i{“%ii‘n“}%éreW&?fﬁi”éh&_ mietakeompound
@) is blscyclopentad’?enyl Iron an organic compound (i) is camphor. 2523. The invention of any of
the preceding:&#iieswherein the ratio of metal compound (i) to organic compound (ii) is from 9:1 to
1:700. 24. The invention of any of the preceding claims, wherein the ratio of metal provided by the
metal compoupd (i) to,organic_compaound (i) is from 6:10 to 3:1000. 30. 25, additive co ition for
a fuel as’sub arﬁi;ﬂﬁtﬂ%geﬁb%qg?éga éﬁ iééaeb'&ﬁ‘ﬁ e ergﬁ%g%f% awghoﬁegeor??ﬁ%nglxéwpiné 5%%36. A
fuel compositixaragiatibstantially hereinbefore described with reference to any one 350f the Examples.
34 27. Use as substantially hereinbefore described with reference to any one of the Examples. 528. A

method as substantially hereinbefore described with reference to any one of the Examples.



