FUEL COMPOSITION CONTAINING IRON AND MANGANESE TO
REDUCE SPARK PLUG FOULING DESCRIPTION OF THE
DISCLOSURE Field of the Disclosure [0001] The present disclosure
relates to the use of a manganese-containing compound to improve spark
plug performance and reduce the conductivity of deposits in the presence
of an iron-containing compound in a fuel being combusted. Background of
the Disclosure [0002] The use of ferrocene compounds in fuels is known.
However, the iron containing deposits formed from ferrocene can form a

conducEECOMPESITEQN SR TA N UNGIBOK AND) MANGANE]FEfailure.

[0003] What is needed is a fuel compaosition wherein the life of the spark
plug is extended, fORRERPIE SABRFIdIGROME on the spark
plug are reduced and/or the conductivity of the spark plug deposits are
reduced thereby resulting in a reduction of spark plug misfires.
SUMMARY OF THEHYSRIFPIHRGH I Disagessdanee with the
disclosure, there is provided herein a method of reducing the conductivity
Field aftdeduistiagarmed from the combustion of a fuel comprising an
iron-containing compound, said method comprising adding a

n@PRHneteedyraRittisdesH(rates thdhalse of a manganese-containing

compound to improve spark plug performance and reduce the conductivity of deposits in the

presence of an iron-containing compound in a fuel being combusted.

Background of the Disclosure

[0002] The use of ferrocene compounds in fuels is known. However, the iron
containing deposits formed from ferrocene can form a conductive coating on the sparkplug
surfaces leading to sparkplug failure.

[0003] Whatis needed is a fuel composition wherein the life of the spark plug is
extended, for example, because deposits formed on the spark plug are reduced and/or the
conductivity of the spark plug deposits are reduced thereby resulfing in a reduction of spark

plug misfires.

SUMMARY OF THE DISCLOSURE

[0004] In accordance with the disclosure, there is provided herein a method of
reducing the conductivity of deposits formed from the combustion of a fuel comprising an
iron-containing compound, said method comprising adding a manganese-containing

compound to the fuel.



[0004a] According to a first aspect, there is provided a method of reducing
the conductivity of deposits formed from the combustion of a fuel
comprising ferrocene, said method comprising adding a
manganese-containing compound to the fuel. [0005] In addition is
provided herein a fuel composition comprising la a fuel, ferrocene, in an
amount up to about 35 mg iron/liter of fuel, and methylcyclopentadienyl
NGO SREIeRE 25 QD958 ACHRIIRGIS ARRLAMEARIRES rdBBER $the
provided a fuel composition comprising (a) a fuel, (b) ferrocene, in an

condustviouot dgpieiaforhad frag itenddebostuelofathe(tomprising ferrocene, said
methylcyclopentadienyl manganese tricarbonyl, wherein the conductivity

methodfogepwisity radditgng frany soesbusiigalivhgaidripeiucd togbsifien. is reduced
as compared to a fuel composition devoid of (c). [0005b] According to a
thieLaE ptradaitianils provided kefl aystd wocarapiiomgomensituel, (b)
ferrocene, in an amount of from about 1 to about 35 milligrams of iron per
liter of fuel, (c) methylcyclopentadienyl manganese tricarbonyl, and (d) a
combustion system able to combust said fuel, wherein the conductivity of
deposits resulting from combustion of said fuel
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composition is reduced as compared to a fuel composition devoid of (c).
[0005c] According to a fourth aspect, there is provided a method of
extending the life of a spark plug in an engine combusting a fuel
comprising ferrocene, said method comprising adding a
manganese-containing compound to the fuel. [0005d] According to a fifth
aspect, there is provided a method of reducing engine misfire in an

a fuel ERGFBEFRMBUSFTIAc aUMElS MddsNgsiaisaEeRRicsAIffIsetBad comprising
adding a manganese-containing compound to the fuel. 2 [0005¢]

methygcmebntatieadixtbragpest thezepinplovided a method of reducing spark
plug fouling in an engine combusting a fuel comprising ferrocene, said
nie@esalconerding taaserpadeangeihtrracsnpahvidgariysb anahposition
fuel. [0005f] According to a seventh aspect, there is provided a method of

compigHhi@ncing the octane rating (Research Octane Number) of a fuel
comprg%n fadding to the fuel (a) a manganese-containing compound to
delive pagté’%G milligrams of manganese per liter of fuel, and (b) a

fetocegeg SElNer R ORI 81198 Rersh el el nstaby the

resulti esearc mber inCrease equal to'or

greater{ihagifyitJABPShAdANANAL ROIES AR AgAYILages of the

disclosure will'be set forth in part in‘the description which follows, and/or

candreitearoedrel eiaeliee ipbatdistosrteriRecahinasoanst ashvantages
of the disclosure will be realized and attained by means of the elements
compasit o edatiet apacticpiady fpoined curhpoditapieenited ¢iims.

[0005b] According to a third aspect, there is provided a fuel system comprising :

(a) a fuel,

(b) ferrocene, in an amount of from about 1 to about 35 milligrams of iron per liter
of fuel,

(c) methylcyclopentadienyl manganese tricarbonyl, and

(d) a combustion system able to combust said fuel,

wherein the conductivity of deposits resulting from combustion of said fuel
composition is reduced as compared to a fuel composition devoid of (c).

[0005c] According to a fourth aspect, there is provided a method of extending the
fife of a spark plug in an engine combusting a fuel comprising ferrocene, said method
comprising adding a manganese-containing compound 1o the fuel.

[0005d] According to a fifth aspect, there is provided a method of reducing engine
misfire in an engine combusting a fuel comprising ferrocene, said method comprising adding a

manganese-containing compound {o the fuel.



[0007] It is to be understood that both the foregoing general description
and the following detailed description are exemplary and explanatory only
and are not restrictive of the disclosure, as claimed. DESCRIPTION OF
THE EMBODIMENTS [0008] The present disclosure is directed to
extending the life of a spark plug and reducing conductivity of combustion
feiEekctraepigttotR EN RRPBEC SReIMatRIRY Bl daribAskRAIREUCng spark
compounds in fuels, In particular, the fuel can comprise at least two o
Plug FRHEHOARENAER SRTPBIHNS, et SATRRlig NG A ¥ M asRiAvSthod comprising
organometallic comﬁounds is diff ren‘fj [
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uel. In urther aspect, the manganese-containing compound |
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on-limiting examples of organometallic compounds include those

mangaR4BGALRIEGREAFRMPRRNRAIRAShORe ID okl deks OF MaAYAReaB per liter of
aspect, organo groups in the organometallic compounds include, but are

fuel, andtinaited dosmdcohddty@bupl te BFdeijketones ieatees, iestyrdrides,
sulfonates, phosphonates, chelates, phenates, crown ethers,
fuel, wimpthehatesytarhbigllitzacids e asaiddsDaeaty| Mostmratese asrlanieiicesr
thereof. [0010] Organometallic iron compounds, such as ferrocene, are
greateqr{bamSfor
[0006] Additional objects and advantagas of the disclosure wili be set forth in part
in the description which follows, and/or can be learnad by practice of the disclosure. The
objects and advantages of the disciosure will be realized and attained by means of the
elements and combinations particularly poinied out in the appended ciaims.

[0007] ltis fo be understood that both the foregoing general dascription and the

foliowing detailed description are exemplary and explanatory only and are nof restrictive of

the disclosure, as claimed.

DESCRIPTION OF THE EMBODIMENTS

[0008] The present disciosure is directed io extending the life of a spark piug and
reducing conductivity of combustion generated depaosits by the use of combinations of
organometallic compounds in fuels. in particular, the fus! can comprise at isast two
organometaliic compounds, wherein each of the at least two organometallic compounds is
different. in an aspect, the fusl can comprise an iron-containing compound such as but not

limited to ferrocene, wherein a2 manganease-containing compound can be provided fo the
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example, for octane enhancement (U.S. Pat. No. 4,139,349, the
disclosure of which is hereby incorporated by reference in its entirety).
Ferrocene Fe(C5H5)2 comprises two cyclopentadienyl rings bound on
opposite sides of a central iron atom and forming an organometallic
sandwich compound. [0011] The ferrocene can be present in a fuel
composition in any desired or effective amount. In an aspect, the fuel can

fuel. IRSaUFGRHRH MR I OREaRGHE e KR EiIGHaUdHRIIRNRO W 3B dan /liter

of fuel, for example from about 5 mg/liter to about 25 mg/liter, and as a
methyloyhepenamong! st A dngbi aamut 20 mg/l [0012] The fuel
composition can comprise an organometallic compound that is different
friOO0RIr rdbemémitiraneaapentstoé wrgmooretiitic@apyeusdreduibaiase having
manganese-containing compound. In the case of a manganese-containing
an orgah gertant efdeass aensrialligionontsenc doapesnesttiveganclgasups in the
methylcyclopentadienyl manganese tricarbonyl, manganocene, and many
organgRia HoRIRRANISRdIE Vg Ry b ATELBMEHRE &iSIGRRAS literature. There
are also binuclear metallics such as manganese heptoxide (Mn207),
manganese decacarbonyl (Mn2(CQO)10), etc. An example of a trinuclear
manganese cluster is manganese Il citrate, (Mn3(C6H507)2). [0013]
Manganese-containing organometallic compounds can include, for
example, manganese tricarbonyl compounds. Such compounds are
taught, for example, in U.S. Pat. Nos. 4,568,357; 4,674,447, 5,113,803,
5,599,357; 5,944,858 and 3 European Patent No. 466 512 B1, the
disclosures of which are hereby incorporated by
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reference in their entirety. [0014] Suitable manganese tricarbonyl
compounds which can be used include, but are not limited to,
cyclopentadienyl manganese tricarbonyl, methylcyclopentadienyl
manganese tricarbonyl, dimethylcyclopentadienyl manganese tricarbonyl,
trimethylcyclopentadienyl manganese tricarbonyl,
tetramethylcyclopentadienyl manganese tricarbonyl,

ntamethylcyclopentadienyl manganese tricarbonyl
e SRy e TR TRy eh iy phenates

crown SMEIE HRSRLR iﬁ\aﬁ@gg’llﬁy&%grg?rﬁ!%%v,lnéﬁgpﬂ%@g%ng{%gf%%@y}nixtures

isopropylcyclopenta nganese trica
thereolet-butylcyclopentadienyl manganese tricarbonyl, octylcyclopentadienyl
manganese tricarbonyl, dodecylcyclopentadienyl manganese tricarbonyl,

UAREIASYSARERIRCIROY CHANLRNRRE Hica BATKbriRdeRY I NARGSNESRor

tricarbonyl, and the like, including mixtures of two or more such

exameMBPHBEM Ui haMeamiie G Putlonsniadihg1aRganesBsure of which is

tricarbonyls which are liquid at room temperature such as

herebynabdisyRIeRe BladirmyhaRRoRS epEIEIGRr DeRYtoRIRY FXE DReNtasiaises two

manganese tricarbonyl, liquid mixtures of cyclopentadienyl manganese

cyclopiéisaitienyl Bngsneilicysloppatatienytseingaraseiioaraanyl ambdonemg an
of methylcyclopentadienyl manganese tricarbonyl, and

organethylalic epeniaidie ephmpanganese tricarbonyl, etc. [0015] Preparation of
such compounds is described in the literature, for example, U.S. Pat. No.
4@1813 1 Ththiedissiosura robe icks eninoar fos teehimereition insaeptieatyed or
effective amount. In an aspect, the fuel can be treated with from about 2 mg iron /liter
of fuel to about 35 mg iron Jliter of fuel, for example from about 5 mg/liter to about 25
mg/liter, and as a further example from about 10 mg/l to about 20 mg/l
[0012] The fuel composition can comprise an organometallic compound that is
different from ferrocene. In an aspect, the organometallic compound can be a
manganese-containing compound. In the case of a manganese-containing compound,
there are numerous monoatomic compounds that include methylcyclopentadienyl
manganese tricarbonyl, manganocene, and many other monomanganese
organometallics that exist in the literature. There are also binuclear metallics such as
manganese heptoxide (Mn,O7), manganese decacarbonyl (Mnx{CO)q), etc. An
example of a trinuclear manganese cluster is manganese |l citrate, (Mn3(CgHs07)2).
[0013] Manganese-containing organometallic compounds can include, for

example, manganese tricarbonyl compounds. Such compounds are taught, for

example, in U.S. Pat. Nos. 4,568,357, 4,674,447, 5,113,803, 5,599,357; 5,944,858 and



4 [0016] Additional non-limiting examples of manganese-containing
compounds include non-volatile, manganese-containing compounds such
as bis-cyclopentadienyl manganese, bis-methyl cyclopentadienyl
manganese, manganese naphthenate, manganese Il citrate, etc, that are
either water or organic soluble. Further examples include non-volatile,
manganese-containing compounds embedded in polymeric and/or
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refer&gc%iqw?tﬁéﬁ Qﬁw% _ in one embodiment of the methods, comp(_)sitions
and systems of the present disclosure, the manganese- containing
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lower the conductivity 0f combustion-dérived products such as spark plug

but aeRESIiRICRMPAEFHIpLIRRARIS foraRshiage GRaabySHON PkiMElR~IEEntadienyi

with ferrocene alone and othefwise generally extend the life of a spark
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compound can be less than or equal to 36 mg of manganese/liter of fuel,
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example about 1 to about 20 mg of manganese/liter of fuel. [0018]

mand3fataienceaidalsn, masteiuonaheib sédoaiter remieedsn theagsnigkt of

operation of an engine and/or spark plug. The term "reduced” means a
ethyleeclopiortatictng vperpissoftacsybimaml yeliativeltodloe onahiton ofangianitake

system that has an iron containing compound, but does not have a
tricarbuenyyaprepgiceritginigdiomypouaneyanese tricarbonyl, isopropylcyclopentadienyt
manganese iricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyi,
octylcyclopentadienyl manganese tricarbonyl, dodecylcyclopentadienyl manganese
tricarbonyl, ethylmethylcyclopentadienyl manganese tricarbonyl, indenyl manganese
tricarbonyl, and the like, including mixtures of two or more such compounds. One
example is the cyclopentadienyl manganese tricarbonyls which are liquid at room
temperature such as methylcyclopentadienyl manganese tricarbonyl,
ethylcyclopentadienyl manganese tricarbonyi, liquid mixtures of cyclopentadienyl
manganese tricarbonyl and methylcyclopentadienyl manganese tricarbonyl, mixtures of
methylcyclopentadienyl manganese tricarbonyl, and ethylcyclopentadienyl manganese
tricarbonyl, etc.

[0015] Preparation of such compounds is described in the literature, for
example, U.S. Pat. No. 2,818,417, the disclosure of which is incorporated herein in its

entirety.



combusted in combination with an iron containing compound. "Reduced"
operation includes, but is not limited to reduction in the number of
mis-fires, and/or a reduction in the conductivity of the deposits appearing
or produced on the spark plugs. 5 [0019] By "hydrocarbonaceous fuel"
herein is meant hydrocarbonaceous fuels such as, but not limited to, fuel
oils for bunker, marine, utility boilers, furnaces, industrial burners boilers,
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as biobutanol, crops and extracts therefrom, hatural gas, propane,

inclu@ﬁﬂﬁvHI%@ﬁj%d@QF@s@%ﬁ%ﬂﬁﬂﬂ? SGSPIGRI SBRBERRIEH polymeric and/or

reformulated gasolines which typically contain both hydrocarbons of the
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as alcohols, such as methanol, ethanol, propanol, butanol, and ethers

distill afishather rataleraxygen-containing organic compounds. Oxygenates
suitable for use in the fuels of the present disclosure include methanol,

eteanql] nAtiepdoRhulatproaddiolay yiten ok ésbbuiasambudianahi of the
biobutanol, higher carbon number alcohols, mixed alcohols, methyl

methtersiacyrbpbdittiner ateftigntamybhththptetbat, dithidstedjahe botylgthese-

and mixed ethers. Oxygenates, when used, will normally be present
containing compounds are employed in any desired or effective amount sufficient to
lower the conductivity of combustion-derived products such as spark plug deposits
compared to deposits formed from combustion of fuel treated with ferrocene alone and
otherwise generally extend the life of a spark plug  An exemplary treatment rate of the
manganese-containing compound can be less than or equal to 36 mg of
manganese/iiter of fuel, for example less than 25 mg of manganesel/liter of fuel, and as
a further example about 1 to about 20 mg of manganese/liter of fuel.

[0018] Reference is also made throughout of the term "reduced" in the context
of operation of an engine and/or spark piug. The term "reduced" means a reduction in
the operation of a system relative to the operation of a similar system that has an iron
containing compound, but does not have a manganese-containing compound
combusted in combination with an iron containing compound. "Reduced” operation

includes, but is not limited to reduction in the number of mis-fires, and/or a reduction in

the conductivity of the deposits appearing or produced on the spark plugs.



in the reformulated gasoline fuel in an amount below about 25% by
volume, and for example in an amount that provides an oxygen content in
the overall fuel in the range of about 0.5 to about 5 percent by volume.
"Hydrocarbonaceous fuel” or "fuel” herein shall also mean any fuel that
can be combusted in a spark, compression glow plug ignited engine or
other internal combustion engine, 6 [0020] By "combustion system" and
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the combiped .wall/spra ided direct injection line (DIG) engines,. .
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engines outfitted with piezo- injectors with capa multiple pulses
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DIG engines w _ ea_n-NOx cataly_st, s with -CR NOx
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combustion) for NOX control, DIG engines outfitted for flex fuel operation
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liquefied petroleum gas (LPG), and mixtures thereof), conventional and

TropsdvRieedinoid-featetboasghaeresdiaenvadiratidydinrId adyanegdrom
exhaust after-treatment systems capability, with and without

synthibtib @ehasgy 818 siidsBil S U \FURE Changtiilyibhgrisdiag diofuels such as

supercharger/turbocharger, with and without on-board capability to deliver
biobusslditiverfprs eathbustiots ansteffvissioagimipgage prepisayibune withesaded

variable valve timing,
motor and aviation gasolines, and so-called reformulated gasolines which typically
contain both hydrocarbons of the gasoline boiling range and fuel-soluble oxygenated
blending agents, such as alcohols, such as methanol, ethanol, propanol, butanol, and
ethers and other suitable oxygen-containing organic compounds. Oxygenates suitable
for use in the fuels of the present disclosure include methanol, ethanol, n-propanol,
isopropanol, n-butanol, isobutanocl, t-butanol, biobutanol, higher carbon number
alcohols, mixed alcohols, methyl tertiary butyi ether, tertiary amyl methyl ether, ethyl
tertiary butyl ether and mixed ethers. Oxygenates, when used, will normally be present
in the reformulated gasoline fuel in an amount below about 25% by volume, and for
example in an amount that provides an oxygen content in the overall fuel in the range
of about 0.5 to about 5 percent by volume. "Hydrocarbonaceous fuel” or "fuel” herein

shall also mean any fuel that can be combusted in a spark, compression glow plug

ignited engine or other internal combustion engine,



gasoline fueled homogeneous charge compression ignition (HCCI)
engines, Diesel HCCI engines, gasoline HCCI - electric hybrid engines,
diesel HCCI - electric hybrid engines, diesel-electric hybrid vehicle,
gasoline-electric hybrid vehicle, a two-stroke engine, diesel fuel engines,
automotive diesel engines, gasoline fuel engines, stationary generators,
gasoline and diesel HCCI, supercharged, turbocharged, gasoline and
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Alternatively, at least two organometallic compounds can be provided to

DIG dhRiseipliansaysieoxang opteedugh 43042 1 raatheD N en®Eengines
the present disclosure is provided a method of enhancing the octane
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(a) a manganese-containing compound to deliver up to 36 milligrams of
combustion) for NOx control, DIG engines outfitted for flex fuel operation (i.e. gasoline,

ethanol, methanol, biofuels, synthetic fuels, natural gas, liquefied petroleum gas (LPG),
and mixtures thereof), conventional and advanced port-fueled gasoline engines, with
and without advanced exhaust after-treatment systems capability, with and without
turbochargers, with and without superchargers, with combined
supercharger/turbocharger, with and without on-board capability to deliver additive for
combustion and emissions improvements, with and without variable valve timing,
gasoline fueled homogeneous charge compression ignition (HCCl) engines, Diesel
HCCI engines, gasoline HCCI - electric hybrid engines, diesel HCCI — electric hybrid
engines, diesel-electric hybrid vehicle, gasoline-electric hybrid vehicle, a two-stroke
engine, diesel fuel engines, automotive diesel engines, gasoline fuel engines,
stationary generators, gasoline and diesel HCCI, supercharged, turbocharged, gasoline
and diese! direct injection engines, engines capably of variable valve timing, leanbum
engines, engines capable of inactivating cylinders or any other internal combustion

engine, and the like. The hydrocarbonaceous fuel combustion systems that may



manganese per liter of fuel, and (b) an iron-containing compound to
deliver up to 35 milligrams of iron per liter of fuel, whereby the resulting
fuel has an Research Octane Number equal to or greater than 6.0, and in
another embodiment the RON is greater than 7, and in yet another it is
greater than 8.0. [0023] There is also presented by the present disclosure
a fuel system comprising a fuel, ferrocene, in an amount of from about 1
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fu%.eL0024 It is to be lgng]erg%ocpg"thakt the reactg&é% ang com onent
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systen eln s, also mean |nnemai com R devices, machines,
referfed to by~ chemical hname ahywhere in the Specification of claims
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exist prior to coming into contact with 8 another substance reterred to by

hydroﬁgﬁfaﬁﬁéé@@?ﬂ chemical type (e.g., base fuel, solvent, etc.). It matters
not what chemica"changes, transformations and/or reactions, if any, take
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changeés, transformations and/or reactions are the natural result of

hydroBARRIRSEsLSREAITIEM ISR GBS 2NN TRMRANBALRI0SRBEE A AREN S,

conditions called for pursuant to this disclosure. Thus the reactants and
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performing a desired chemical reaction (such as formation of the
combasisRapsiaii aaaropevntedr inifornaingry desised: 600 9RrEIHOMEsHER as

an additive concentrate or additized fuel blend). It will also be
compounds can be provided to the combustion system and/or the fuel.

[0022] In another embodiment of the present disclosure is provided a method
of enhancing the octane rating (Octane Research Number) of a fuel comprising adding
to the fuel (a) 2a manganese-containing compound to deliver up to 36 milligrams of
manganese per liter of fuel, and (b) an iron-containing compound to deliver up to 35
milligrams of iron per liter of fuel, whereby the resulting fuel has an Research Octane
Number equal to or greater than 6.0, and in another embodiment the RON is greater
than 7, and in yet another it is greater than 8.0.

[0023] There is also presented by the present disclosure a fuel system
comprising a fuel, ferrocene, in an amount of from about 1 to about 35 milligrams of
iron per liter of fuel, methylcyclopentadieny! manganese fricarbonyl, and a combustion
system able to combust said fuel.

[0024] It is to be understood that the reactants and components referred to by

chemical name anywhere in the specification or claims hereof, whether referred to in

the singular or plural, are identified as they exist prior to coming into contact with



recognized that the additive components can be added or blended into or
with the base fuels individually per se and/or as components used in
forming preformed additive combinations and/or sub-combinations.
Accordingly, even though the claims hereinafter may refer to substances,
components and/or ingredients in the present tense ("comprises”, "is",
etc.), the reference is to the substance, components or ingredient as it
existed at the time just before it vyasgfirst blended or mixed with one or
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engine. The engines operated so that the spark plug achieved
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cycling was repeated 50 times for a total of 50 hours of operation. The
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composition, the deposits were scrapped off the spark plugs and sent
composition (such as an additive concentrate or additized fuel blend). it will alsc be
recognized that the additive components can be added or blended into or with the base
fuels individually per se and/or as components used in forming preformed additive
combinations and/or sub-combinations. Accordingly, even though the claims
hereinafter may refer to substances, components and/or ingredients in the present
tense ("comprises”, "is", etc.), the reference is to the substance, components or
ingredient as it existed at the time just before it was first blended or mixed with one or
more other substances, components and/or ingredients in accordance with the present
disclosure. The fact that the substance, components or ingredient may have lost its
original identity through a chemical reaction or transformation during the course of such

biending or mixing operations or immediately thereafter is thus wholly immaterial for an

accurate understanding and appreciation of this disclosure and the claims thereof.



to SouthWest Research Institute (San Antonio Texas, USA) for
conductivity characterizations [0026] The conductivity measurements
were made on a single-sided interdigitated electrode (4.37 cm2) and the
complex permittivity measured at 30 C and 330 C over an AC frequency
span ranging from about 10 to about 30k Hz. The total conductivity which
might include both electrical and ionic was derived for each frequency

EXA flg he measured loss factor E (imaginary component of the permittivity
). The conductivity value was then corrected for the effective contact

Examﬁ{ alof e _sample on the electrode. [0027] Generally the low frequency

Basur ach the DC conductivity of a material while the high

i U T T
Fe/;iteggggﬂl;‘fggé/ fﬁﬁ@‘%ﬁéq %%F{gmrﬁgg%’ég@sg%sﬁ P8R d3% rﬁS %3/%%9 of fuel
as ferrocene) were formulated and combusted in a Honda generator, 3.5HP / 2kW
engine. The engines operated so that the spark plug achieved temperatures of 152° C
for 20 minutes and 166° C for 40 minutes. This cycling was repeated 50 times for a
total of 50 hours of operation. The engines used Pennzoil 10W-30 engine oil. After
testing each fuel composition, the deposits were scrapped off the spark plugs and sent
to SouthWest Research Institute (San Antonio Texas, USA) for conductivity
characterizations

[0026] The conductivity measurements were made on a single-sided
interdigitated electrode (4.37 cm?) and the complex permittivity measured at 30° C and
330° C over an AC frequency span ranging from about 10 to about 30k Hz. The total
conductivity which might include both electrical and ionic was derived for each
frequency from the measured loss factor E (imaginary component of the permittivity
vector). The conductivity value was then corrected for the effective contact area of the
sample on the electrode.

[0027] Generally the low frequency measurements approach the DC
conductivity of a material while the high frequency measurement approaches the ionic

conductivity.

10



Fe/Mn 15/20 30 300 12 Fe/Mn 15/20 330 3000 74 [0029] The deposits'
conductivities differed between the fuel compositions tested. The order of
deposit conductivity was, Fe > Mn/Fe > Mn. The iron-containing fuel
resulted in deposits with the greatest conductivity, more than two orders of
magnitude greater than those observed when manganese-containing fuel
was used. The conductivity of the deposits obtained from the fuel

c ining.both mgnganese and i as about an order of magnitude
Ieigsb%%ng{ %ﬂéﬂﬁg’d?rﬁ ‘ﬁgérb?oﬁrbt% fbntaining compound alone. The
results showed that a fuel composiiti%Qec,Pmprising an iron-containing and

a manganese-containing compoung reduced the conductivity of the spark
plug deposits compared to a fuel composition comprising iron-containing

compound alone. Example;2 - ' est [0030] In this part
Mathicles ac[dfrlmmatebﬂl‘niIe(i";;%?a1 Q%ggg ine ﬁt&ﬂﬂmttwmferrg%% g M)é’
1al

%d gasoline cop ining both ferggcene and MMT. (})@ [0031] Ini yg he
yehicles operateg on regular uniggded gasoline § ed with ferr e
flane. If an ignitign problem wasygbserved the velligles were rebuiltiand
pperated on gasgline containinggeth MMT(r) anddgirocene until either (a)

FigRiHon 11 relajgghgroblems wergpgencountered, oggh) the vehicles 45

Fasggmulated afdeast double theyapileage withouggpggnition-relateg4
problem.

[0029] The deposits’ conductivities differed between the fuel compositions
tested. The order of deposit conductivity was, Fe > Mn/Fe > Mn. The iron-containing
fuel resulted in deposits with the greatest conductivity, more than two orders of
magnitude greater than those ocbserved when manganese-containing fuel was used.
The conductivity of the deposits obtained from the fuel containing both manganese and
iron was about an order of magnitude less than that obtained from use of iron-
containing compound alone. The results showed that a fuel composition comprising an
iron-containing and a manganese-containing compound reduced the conductivity of the
spark plug deposits compared to a fuel composition comprising iron-containing
compound alone.

Example 2 — Engine Test

[0030] In this part of the study, vehicles accumulated mileage on gasoline
additized with ferrocene alone and gasoline containing both ferrocene and MMT®,

[0031] Initially, the vehicles operated on regular unieaded gasoline blended
with ferrocene alone. If an ignition problem was observed the vehicles were rebuilt and

operated on gasoline containing both MMT® and ferrocene until either (a) ignition-
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[0032] Each engine (2001 Lexus GS300 - 3.0 liter, 1-6 cylinder, 24 valve;
and 2004 VW Jetta - 2.0 liter, 1-4 cylinder, 8 valves) was rebuilt at the
beginning of the test. The intake valves and combustion chambers were
cleaned and new spark plugs were installed. The oil was changed after
each test and at the vehicle manufacturer (OEM) recommended oll
change intervals during the test. [0033] The vehicles accumulated mileage

d ixed drivi | M d Cycle: 10% City, 20% b ,
relate B TR S el S TR RS aUble the
i additiaqed ith.a U.S. EF;ABL Cl Yel of gasoline detergent). The vehicles'
mileage WIRHLA BTN TIANSH QARSI v woed to contify any encine

"ol Ean AR @RISR AR g campRnent MAMDRID, Yl and

spa mistire, a malfunction indicator minate

2004875297 %'.%rﬂ%% the c?/ﬁXSERfS‘K‘/%;%%mg‘s JJCI)% eﬁ?%‘;‘ ﬁﬁ?ﬁ%@“@ﬁﬁ (jﬂe}rthe test.

able 2 where 00 is‘an industry standard c

The MBS S0IRCHH BN RLR0A hamndusin:stardaid sadeiar V\%}IIJL ggtjiggs were

misfire. 12 Table 2 Vehicle Additive(s) Treat Rate(S) Mileage

instalfQP I HRXYR IG50CRA520MAL R 3063t RROD Bk Snanufacturer (OEM)
ferrocene/MMT(r) 10mg/lI Fe+ 10mg/IMn 10,000 None 2004 Jetta

recorfiHO%688 SPBMhGeiid8 A8 B3RhgaP@4elatta ferrocene/MMT(r) 10mg/l
Fe+ 20,009 None

[0033] The vehicles accumulated mileage under a mixed driving cycle (BMW
Road Cycle: 10% City, 20% Suburban, 70% Highway) on regular unleaded gasoline
(regular unleaded gasoline additized with a U.S. EPA LAC level of gasoline detergent).
The vehicles’ on-board diagnostic (“OBD”) systerms were used to identify any engine
misfire. When the OBD system detected a component malfunction, such as spark piug
misfire, a malfunction indicator light (MiL) illuminated on the dashboard alerting the
driver of the problem. The results are shown in Table 2 where PO300 is an industry
standard code for multiple cylinder misfire detected, and PO304 is an industry standard

code for cylinder 4 misfire.
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10mg/IMn *P0300 Random/Multiple Cylinder Misfire Detected *P0304
Cylinder 4 Misfire [0034] The vehicles operating on the fuel containing
ferrocene alone set a misfire-related MIL light within 10,000 miles of
operation. The vehicles operated on the combination of the two fuel
additives ran for at least twice the mileage that they operated on with
ferrocene alone without an MIL illumination. In fact, the mileage tests for
the combination of iron + mangani_s%adgjitives were terminated (at 10,000
and 20,009 miles) without eviden &'5Ftailure or misfire [0035] At

ie-nlaceac-throiahaol

1t-+ e h Pl
IIUIIICIULID PIQ\JCD LIIIUUUIIUU! I.IIIO QIJC\;'III\;C[I.I\JI ICICICI I\JU IICl Ueen maue

Vebigleumber ohdlc&!w{e)nts pwwiﬁdt&if‘e) n pdvieagpplicatiodabde”

puuubneu techmicat papers. Altsuchcited dgcuments-areex l(:‘bbiy

200ihkssisratied infiiPRRBahis disctOsu@d BS if fully set.fiéh herein. [GEE56)0

Forthe pUrposes of This specifiqayipgytel-appended claims, yniess
004 thertseli Fﬁ%ﬁ@ﬂeéﬁ'|'\r“1p )ers;gwmng quantfiéddPercentagdidie

qL:roportlons angd other numerical values usep in the specification and
2 are to BEMRRRNEt00d) as 20819 Ffodified in ¥ffHstances byftHa04

bolit” Accordj nlesgingicated 19 th f ical
2005 TRt e ML lowtoemsitacicaton 2 iHathea 15 Nalfee

are approximations that can vary depending upon the desired properties
*P (0380 Ramidtmb/ktalbisin e indtrdfiséise Middestadure. At the very least, and not
*P0O364 Gnlimidend Mdisfire

[0034] The vehicles operating on the fuel containing ferrocene alone set a
misfire-related MIL light within 10,000 miles of operation. The vehicles operated on the
combination of the two fuel additives ran for at least twice the mileage that they
operated on with ferrocene alone without an MIL. illumination. in fact, the mileage tests
for the combination of iron + manganese additives were terminated (at 10,000 and
20,009 miles) without evidence of failure or misfire.

(00351 At numerous places throughout this specification, reference has been
made to a number of U.S. patents, published foreign patent applications and published
technical papers. All such cited documents are expressly incorporated in full into this
disclosure as if fully set forth herein.

[0036] For the purposes of this specification and appended claims, unless
otherwise indicated, all numbers expressing quantities, percentages or proportions, and
other numerical values used in the specification and claims, are to be understood as
being modified in all instances by the term “about.” Accordingly, unless indicated to the

contrary, the numerical parameters set forth in the following specification and attached
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limit the application of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be construed in light of
the number of reported significant digits and by applying ordinary
rounding techniques. [0037] It is noted that, as used in this specification
and the appended claims, the singular forms "a,” "an,"” and "the," include
plural referents unless expressly and unequivocally limited to one

lai referent. Thuséa{or e plehrefere ce to,’'an antioxjdant” .includes one or
claims At RSP A Rah e DL RIS BB e rsliag eipRiles Sougn
to be JHRIYBAISHETIRO G iRRKed (R AR non-imiting. suehdnat ecilglion,

s in‘a’ listis not to the exclusion of other Tike items that can be

it Y SEIMIEEY GEESin e e oS, OO Py

éﬁﬂims, each
e to considerable variation in its practice. erefore the

numemraq%%a?@%%i%ﬂ%&@tse%%waateeﬁi plpuid ?a%‘&?ei’%?‘jé%’cﬁ‘i’ed

as li Ing, the invention to the particular exemplifications presente

signiiBSFEERE U RAUBENHISLIAIRLEFSEHARE ERYRIGHdS, o set forth i the

ensuing claims and thé equivalents thereof permitted as a matter of law.

(06897 1 pPicasidoga nelinenditoRgdipatarraYicissinpakt ehheime aigims,

to the public, and to the extent any disclosed modifications or alterations

the sifigRYaRRSAHRradly falh WA the Saanedef BNa &lalnsciNeYATSseOnaIAeIs thd

be part of the invention under the doctrine of equivalents. 14 CLAIMS:
unegquivocally limited to one referent. Thus, for example, reference to "an antioxidant”
includes one or more different antioxidants. As used herein, the term “include” and its
grammatical variants are intended 1o be non-limiting, such that recitation of items in a
list is not to the exclusion of other like items that can be substituted or added to the
listed items.

[0038] This invention is susceptible to considerable variation in its practice.
Therefore the foregoing description is not intended to limit, and should not be construed
as limiting, the invention to the patticular exemplifications presented hereinabove.
Rather, what is intended to be covered is as set forth in the ensuing claims and the
equivalents thereof permitted as a matter of law.

[0039] Applicant does not intend to dedicate any disclosed embodiments to the
public, and to the extent any disclosed modifications or alterations may not literaliy fall
within the scope of the claims, they are considered to be part of the invention under the

doctrine of equivalents.
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1. A method of reducing the conductivity of deposits formed from the
combustion of a fuel comprising ferrocene, said method comprising
adding a manganese-containing compound to the fuel. 2. The method of
claim 1, wherein the manganese-containing compound comprises
cyclopentadienyl manganese tricarbonyl. 3. The method of claim 1,
wherein the manganese-containing compound comprises methyl
cyclopentadienyl manganese tricarbonyl. 4. The method of claim 1,
i'wéierein the manganese-containing compound is chosen from the group

o SN AR R BN B G AT RS 58 eny

come R s R R SRR SRR o

manggegéaem:e% %E?{r? lopentadienyl  mangapese tricarbonyl,

[
cyclopenta |enr3}]pr%gﬂganese tricarbonyl, diethylcyclopentadienyl

T‘E‘”%Q‘?ﬁ%tf{!)%a&%'ﬂéﬁw{owwr%@ﬂ%tﬁ% @%é%%%?&%ﬂc&%%ﬂnd

isopropylcyclopentadienyl manganese tricarlson

compRSE4@ 8BEH{3§?§§%WF{£%WWL octylcyclopentadienyl

manganese trica yl, dodecylcyclopentadienyl manganese tricarbonyl,

eqyimeiiyignstoaeaiarieny nRRGANASS THFRAKN. At dRdRg ¥ompound

manganese tricarbonyl, and mixtures thereof. 15 5. The method of any

compASesahiisprserslieaal@ieng warRIRSE i isonyl.

4. The method of claim 1, wherein the manganese-containing compound is
chosen from the group consisting of cyclopentadienyl manganese tricarbonyl,
methylcyclopentadienyl manganese tricarbonyl, dimethylcyclopentadienyl manganese
tricarbonyl, trimethylcyclopentadienyl manganese tricarbonyl,
tetramethylcyclopentadienyl manganese tricarbonyl, pentamethylcyclopentadienyl
manganese fricarbonyl, ethylcyclopentadienyl manganese tricarbonyl,
diethylcyclopentadienyl manganese tricarbonyl, propyleyclopentadienyl manganese
tricarbonyl, isopropylcyclopentadienyt manganese tricarbonyl, teri-
butylcyclopentadienyl manganese tricarbonyl, octylcyclopentadienyl manganese
tricarbonyi, dodecylcyclopentadienyl manganese tricarbonyi,
ethylmethylcyclopentadienyl manganese tricarbonyl, and indenyl manganese

tricarbonyl!, and mixtures thereof.
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treated with about 1 to about 36 milligrams of a manganese-containing
compound per liter of fuel. 6. A fuel composition comprising (a) a fuel, (b)
ferrocene, in an amount up to about 35 mgq iron/liter of fuel, and (c)
methylcyclopentadienyl manganese tricarbonyl, wherein the conductivity
of deposits resulting from combustion of said fuel composition is reduced
as compared to a fuel composition devoid of (c). 7. The composition of
claim 6,Tivheneihdoeofumhysomd yd thegrbmmzatiaqusdine clibeexinfloefhetis
oils for bunker, marine, utility boilers, furnaces, industrial burners boilers,

treatedndiivabeutol|scamiobli 10 chiligriaals 66 rinthrgates startriming/opmpound per
combustion balancing, synthetic fuels such as gas to liquids (GTL),

liter ofgie@hass to liquids (BTL), coal to liquids (CTL), oil shale derived fuels,
diesel fuel, biodiesel, biodiesel-derived fuel, biobutanol, alcohols, ethers,
|6 Sufiie! RERposiiRRaRTTRBENGIscher-Tropsch fuels, liquid petroleum
gas, fuels derived from coal, genetically engineered biofuels and crops
and ex&b@®itherefrom, natural gas, propane, butane, unleaded motor
and aviation gasolines, reformulated gasolines which contain both
hydroéBthSHOBEA%e Iy 2E0AMO Wl Ry P-ARRUARE 6 EIVIBR 6% genanrd
blendin% agents and, gasoline. 8. The composition of claims 6 or 7,

whereif tRIEHARREO R EMEMATHARGSRALeAPRBYbony ! is present in
the compagsition in an amount ranging from less than or equal to_36, f
R ARG Y G R POTBEHORG 2R) CHE B B3R Ve
comp(\{avsﬁ iéﬁlpstpe% L%gg Caesngc;r% 5?95.8 %'Q ﬁjrelal composition devoid of (¢).

7. The composition of claim 6, wherein the fuel is a hydrocarbonaceous fuel chosen
from fuel oils for bunker, marine, utility boilers, furnaces, industrial burners boilers, and waste
oils and liguid chemicals for incinerator start-up andior combustion balancing, synthetic fuels
such as gas to liquids (GTL), biomass to liguids {BTL), coal to liquids (CTL), oil shale derived
fuels, diesel fuel, biodiesel, biodiesel-derived fuel, biocbutanol, alcohols, ethers, low suifur fuels,
synthetic fuels, Fischer-Tropsch fuels, liquid petroleum gas, fuels derived from coal, genetically
engineered biofuels and crops and extracts therefrom, natural gas, propane, butane, unleaded
motor and aviation gasolines, reformulated gasolines which contain both hydrocarbons of the
gasoline boiling range and fuel-soluble oxygenated blending agents and, gasoline.

8. The composition of claims 6 or 7, wherein the methylcyclopentadienyl manganese
tricarbonyl is present in the composition in an amount ranging from less than or equal to 36 mg
of manganese/liter of fuel.

9. The composition of any one of claims 6 to 8, wherein the ferrocene is present in an
amount ranging from about 5 mg/liter to about 25 mg/iiter.

10. A fuel system comprising :
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amount ranging from about 5 mg/liter to about 25 mg/liter. 10. A fuel
system comprising : 16 (a) a fuel, (b) ferrocene, in an amount of from
about 1 to about 35 milligrams of iron per liter of fuel , (c)
methylcyclopentadienyl manganese tricarbonyl, and (d) a combustion
system able to combust said fuel, wherein the conductivity of deposits
resulting from combustion of said fuel composition is reduced as
compaiesifieia fuel composition devoid of (c). 11. The fuel system of claim
10, wherein fuel system is present in an apparatus chosen from any
Atkin§ah ystecangines, avryt ehtiine abopkdyteakiud 3w ailigriens chinenther liter
combined,_ wall/spray guided direct injection gasoline (DIG) engines,
turbocha?GE8'DIG engines, supercharged DIG engines, homogeneous

combusti ' . ous/stratified , DIG engines, DIG
engin@ ﬁ%ﬁ@%ﬁ%&%@%ﬁﬁg’%}? &%&%ﬁ%‘ggﬁy %rf%multiple fuel pulses
per injectipg G RNoNes WithiE GRoRHaseRginasWith a lean-NOX trap,
DIG engines with a lean-NOx catalyst, DIG engines with SN-CR NOx
ednrirh DiGenmgiciedwithiepdmtssedidsel fueh aftebuaniectids{jubiie! composition
combustion) for NOx control, DIG engines outfitted for flex fuel operation
is redugpd agsPRca AebICRRIMATHIOBidRYeId ok {Mthetic fuels, natural gas,
Ii(giuegei petroleum gas. (LPG), and mixtures thereof), conventional and
vahg b

LRI R GEE e BHGIRELCATHATIHG RIFRG0Y AavarRagaatus chosen
from a:%?‘ﬂ%%oﬁfk%ﬂ%ﬁ%%@ @QW %}?‘g%%%agb':% éw%‘eé,’\ga‘%'&?détd, and the combined

wall/spray guided direct injection gasoline {DIG) engines, turbocharged DIG engines,
supercharged DIG engines, homogeneous combustion DIG engines, homogeneous/stratified
DiG engines, DIG engines outfitted with piezo-injectors with capability of multiple fuel pulses
per injection, DIG engines with EGR, DIG engines with a lean-NOx trap, DIG engines with a
lean-NOx catalyst, DIG engines with SN-CR NOx control, DIG engines with exhaust diesel fuel
after-injection (post combustion) for NOx control, DIG engines outfitted for flex fuel operation
(i.e. gasoline, ethanol, methanol, biofuels, synthetic fuels, natural gas, liquefied petroleum gas
(L.PG), and mixtures thereof}, conventional and advanced port-fueled gasoline engines, with
and without advanced exhaust after-treatment systems capability, with and without
turbochargers, with and without superchargers, with combined supercharger/turbocharger, with
and without on-board capability to deliver additive for combustion and emissions
improvements, with and without variable valve timing, gasoline fueled homogeneous charge
compression ignition (HCCI} engines, Diesel HCCI engines, gasoline HCCI — electric hybrid
engines, diesel HCCI - electric hybrid engines, diesel-electric hybrid vehicle, gasoline-electric

hybrid vehicle, a two-stroke
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turbochargers, with and without superchargers, with combined
supercharger/turbocharger, with and without on-board capability to deliver
additive for combustion and emissions improvements, with and without
variable valve timing, gasoline fueled homogeneous charge compression
ignition (HCCI) engines, Diesel HCCI engines, gasoline HCCI - electric
hybrid engines, diesel HCCI - electric hybrid engines, diesel-electric
enginhybrig setielebgasoine-etectristioybuicitee biciBo ety bistneke, Wasteginenerators,
any and all burners or combustion units, stationary burners, waste
dieselgiridranoess, diesel fuel bogings, didsoldtiealighebsnginemansoithestiel
engines, gasoline fuel burners, gasoline fuel engines, power plant
burnegrargasedirs &gl andinrgisinterel alent @aeenalasninystod aéitersial and
machines, engines, turbine engines, jet engines, boilers, incinerators,
exterpa) GRS YU ARIsER JBARIEM aNgjRes IS biag rRdiNE Ssiatiengifyes. boilers,
. burners, and devices that can combust or in which can be combusted the
InCINeTaipreoeaROFaHY 8 RMENRTST BlaFHR IRV EICL SYRlENSiPRs ecfbUAbANary
system is spark ignited or compression ignited. 13. The fuel system of

burneg, A 19YCes Nt SR PeRIE S RbITSHAICE) SaEhb R S8 B PYRIGAI fuel-
ignition. 14. The fuel system of any one of claims 10 to 13, wherein the
At g

BERXSHRBHGT Magane<y dibtbsiGISpId semaH A MGIRTbE

kfronka(gout 1 to abqut 36 milligrams of manganese per liter of fuel. 15. A
SPATK TN %?%W&ﬁ%%égﬁée f a spark plug in an engine combusting a

13. The fuel system of claims 10 or 11, wherein said combustion system has a
glow plug ignition.

14. The fuel system of any one of claims 10 to 13, wherein the
methylcyclopentadienyl manganese tricarbonyl is present in an amount of from about 1
to about 36 milligrams of manganese per liter of fuel.

15. A method of extending the life of a spark plug in an engine combusting a
fuel comprising ferrocene, said method comprising adding a manganese-containing
compound to the fuel.

16. A method of reducing engine misfire in an engine combusting a fuel
comprising ferrocene, said method comprising adding a manganese-containing
compound {o the fuel.

17. A fnethod of reducing spark plug fouling in an engine combusting a fuel
comprising ferrocene, said method comprising adding a manganese-containing

compound to the fuel.

18



fuel comprising ferrocene, said method comprising adding a
manganese-containing compound to the fuel. 16. A method of reducing
engine misfire in an engine combusting a fuel comprising ferrocene, said
method comprising adding a manganese-containing compound to the
fuel. 17. A method of reducing spark plug fouling in an engine combusting
a fuel comprising ferrocene, said method comprising adding a

MANYERRIREOH RIS HUNRB WAL her g H&s &8rh DeiBed Rlimber) of a

enhancing the octane rating (Research Octane Number) of a fuel

fuel cEPRYREISH ARAM S i Rdvel(a) mdngasasesRRMNiggiBerepaRRHdSiver up
deliver up to 36 milligrams of manganese per liter of fuel, and (b) a

to 36 fEiNgeaNe & deliveantstopsd redligrame ahdqp)refditecenduel datasely to 35
the resulting fuel has a Research Octane Number increase equal to or

milligrgragtst itbarperQitdQofTineImetibochyf tblaireslBinghierdindb e Resdtingfudtiane
has a Research Octane Number increase equal to or greater than 7.0.

Numb20 ifdrease thqubdfciaigrdSiewttereifi.the resulting fuel has a Research
Octane Number increase equal to or greater than 8.0. 19 FUEL
COMPBESHTeONCD NFNB @ hRENK AeDadaNgAndt Bes aGaEpYCRctane
SPARK PLUG FOULING

Number increase equal to or greater than 7.0.

20. The method of claim 18, wherein the resulting fuel has a Research Octane

Number increase equal to or greater than 8.0.
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ABSTRACT OF THE DISCLOSURE There is disclosed a method of
reducing the conductivity of deposits formed from the combustion of a
fuel comprising an iron-containing compound, said method comprising
adding a manganese-containing compound to the fuel. 20

FUEL COMPOSITION CONTAINING IRON AND MANGANESE
TO REDUCE SPARK PLUG FOULING

ABSTRACT OF THE DISCLOSURE

There is disclosed a method of reducing the conductivity of deposits
formed from the combustion of a fuel comprising an iron-containing compound,

said method comprising adding a manganese-containing compound to the fuel.

20



