FUEL COWVPOSI TI ON CONTAI NI NG | RON AND MANGANESE TO
REDUCE SPARK PLUG FOULI NG DESCRI PTI ON OF THE

DI SCLOSURE Field of the Disclosure [0001] The present
di sclosure relates to the use of a
manganese-contai ning conpound to inprove spark plug
performance and reduce the conductivity of deposits
in the presence of an iron-containing conpound in a
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[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] What is 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 resulting 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. |

[0005] in addition is provided herein a fuel composition comprising




met hyl cycl opent adi enyl manganese tricarbonyl. [0006]
Addi ti onal objects and advantages of the disclosure
will be set forth in part in the description which
foll ows, and/or can be | earned by practice of the

di scl osure. The objects and advant ages of the

di sclosure will be realized and attained by neans of
the el ements and conbinations particularly pointed out
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aspect, the fuel Gan conprise an iron- contai ning
claimconpound such as but not limted to ferrocene, wherein

a manganese- contai ning conpound can be provided to
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conpounds include, but are not |limted to,  alcohols, 2
DESCRIPTION OF THE EMBODIMENTS

[0008] The present disclosure is directed to extending the life of a spark plug
-and reducing conductivity of combustion generated deposits by the use of
combinations of organometallic compounds in fuels. In particular, the fuel can
comprise at least two organometallic compounds, wherein each of the at least two
organometallic compounds is different. In an aspect, the fuel can comprise an iron-
containing compound such as but not limited to ferrocene, wherein a manganese-
containing compound can be provided to the fuel. In a further aspect, the manganese-
containing compound is or comprises methylcyclopentadienyl manganese tricarbonyl
(MMT®).

[0009] Non-limiting examples of organometallic compounds include those
having an organo grbup and at least one metallic ion or atom. In an aspect, organo

groups in the organometallic compounds include, but are not limited to, alcohols,



al dehydes, ketones, esters, anhydrides, sulfonates,
phosphonat es, chel ates, phenates, crown ethers,
-napht henat es, carboxylic acids, am des, acetyl
acetonates, and m xtures thereof. [0010]
Organonetal lic iron conmpounds, such as ferrocene, are
known, for exanple, for octane enhancenent (U.S. Pat.
No. 4,139,349, the disclosure of which is hereby
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ferrocene can be present in a fuel conposition in any
thereoflesired or effective anount. In an aspect, the fuel
can be treated with fromabout 2 ng iron /liter of
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Manganese- cont ai ni ng organonetal | i ¢ conmpounds can
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conpounds Such conpounds are taught, for exanple, in
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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 fricarbonyl, manganocene, and many other monomanganese
organometallics that exist in the literature. There are also binuclear metallics such as
manganese heptoxide (Mn,07), manganese decacarbonyl (Mny(CO)4p), etc. An
example of a trinuclear manganese cluster is manganese |l citrate, (Mn3(CsHs07)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 Bl, the disclosures of
whi ch are hereby incorporated by reference in their
entirety. [0014] Suitable manganese tricarbonyl
conmpounds whi ch can be used include, but are not
limted to, cyclopentadi enyl manganese tricarbonyl,
nmet hyl cycl opent adi enyl nmanganese tri carbonyl ,
dinethylcyclopentadienyl nanganese tricarbonyl
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pent anet hyl cycl opent adi enyl nanganese tricarbonyl,
“ﬂem@Fﬁyngﬁﬁﬁﬂ@ﬂyadlenyI manganese tri carbonyl,

di et hyl cycl opent adi enyl | nmanganese trlcarbonyl

pmaﬂil cytablremengaessd trigamhgaresunpeunsisryely can be used include,

i sopropyl cycl opent adi enyl nanganese tri carbonyl,
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manganesesfigarhpnyl, Eﬁfb‘béWWP'@?@P@E@Wbmaéﬁweﬁﬁaﬁﬁ@ﬁml
tricarbonyl, etc. [0015] Preparation of such conmpounds

octylcyelopertediebgcmangareseltiicarbanylr dod dayloyclopanisidisnylmenganese
Pat. No. 2,818,417, the disclosure of which is

tricarbongb efloidratibgicyelopentadienyl smiangatesectrigarbonyl, 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
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ethylcyclopentadienyl manganese tricarbonyl, 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.




4 [0016] Additional non-limting exanpl es of
manganese- cont ai ni ng conpounds i nclude non-vol atil e,
manganese- cont ai ni ng conpounds such as

bi s- cycl opent adi enyl nanganese, bi s-net hyl

cycl opent adi enyl manganese, manganese napht henate,
manganese 11 citrate, etc, that are either water or
organi c soluble. Further exanples include

anese cont i ni.ng conmpounds, enbedded
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di scl osure, the manganese- contai ni ng conpounds are
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to lower the conductivity of conbustion-derived
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operation of an engine and/or spark plug. The t
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systemrelative to the operation of a simlar system

lower theacongustivity ofreambustinnadeanivad predystaisiech asispatk giughdeposits
have a nmanganese-cont ai ni ng conmpound conbusted in

' compamtibrdzepbsits formbd &mm combuastidrecfruaigreeg aithderrocene alone and

"Reduced" operation includes, but is not limted to

| othen{ngg %ﬂe?gy :eﬁtdrﬂ&hé Wfeosf a Qgﬁarmmud | Pesexenslag tréatment rate of the
manganese-containing compound can be less than or equal to 36 mg of
manganese/liter of fuel, for example less than 25 mg of manganese/liter of fuel, and as
a further example about 1 to about 20 mg of manganese/liter of fuel.
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of operation of an enginé and/or spark plug. 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 producéd on the spark plugs.




the conductivity of the deposits appearing or produced
on the spark plugs. 5 [0019] By "hydrocar bonaceous
fuel” herein is meant hydrocarbonaceous fuels such
as, but not limted to, fuel oils for bunker, marine,
utility boilers, furnaces, industrial burners

boil ers, and waste oils and liquid chem cals for

i ncinerator start-up and/or combusti on bal anci ng,
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such as.Hull 80t lagadise e ofis fordinkar. marines ulilly boleTso raasas,industrial
fuels, synthetic fuels, such as Fischer- Tropsch '
burnefsboiters, anguvaste eils and livigachemioals fordesinerator starupcid/or
fuels derived from synthetic crude, tar sands, oil
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bi obut anol, crops and extracts therefrom natural gas,
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gasol i nes, and so-call ed ref or nul at ed gasollnes whi ch
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contaigt ogin bydrmgg:@natoéme gasmingdedingwange aod fugisplubie oxygenated
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In a spark, conpression glow plug

isopropanol, n-butanol, isobutanol, t-butanol, bicbutanol, higher carbon number
alcohols, mixed alcohols, methyl tertiary butyl 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,




i gnited engine or other internal conbustion engine, 6
[ 0020] By "conbustion systent and "apparatus” herein
is nmeant, for exanple and not by limtation herein

At ki nson cycl e engines, rotary engi nes, spray gui ded,
wal |  guided, and the conbi ned wall/spray gui ded
direct injection gasoline (DIG engines, turbocharged
DI G engi nes, supercharged DI G engi nes, honpbgeneous

C tiop DG .engines,, ho enequs/,strat.ified, DI G
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Wi th capability of multiple fuel pul ses per inject i_gn,
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_trap, DIGengines with a | ean-NOx catalyst, D G _
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exhaust diesel fuel after-injection (post conbustion)

turbotlwargsiDP Camigiras, sp¢bchaged d¥Coendings, ddnfogentdascémbistion DIG
operation (i.e. gasoline, ethanol, nethanol,

engines OiidiRbgenetiiRlsetified DiGlepginee! DIGkngines outfitledfvitttpiezo-
petrol eum gas (LPG, and m xtures thereof),
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engi nes, wt and w t hout advanced exhaust
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combifan dor YO aBHEl PP e Gy LR Bk el preflin G e. gasoline,
honbgeneous charge conpression ignition f(HCCI)

_.ethangh gneiBanol ppightals, syoibetie fisplnaaturghgas. ligee igchpetroleum gas (LPG),
el ectric hybrid engines, diesel HCCl - electric hybrid

and ngnigrerciheranfr senventional and Agyariced\poniueted gasoline engines, with
gasol i ne-electric hybrid vehicle, a two-stroke

and withgubadvaticed exhaust aflenyreatrsentaytsiemet capabdity weth and without
engi nes, gasoline fuel engines, stationary

turbogengest @ith andadtHou superehaligess withcmbisewer char ged,

turbocharged, gasoline and diesel direct injection
supe@@%ﬁ%ﬁ%rbmrﬁé’? wiRRRR! Witttfut BAHoaRE Bayadit§ té HEkvad 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
engine, diesel fuel engines, automotive diesel engines, gasoline fuel engines,
stationary generators, gasoline and diesel HCCI, supercharged, turbocharged, gasoline
and diesel direct injection engines, engines capably of variable valve timing, leanburn

engines, engines capable of inactivating cylinders or any other internal combustion

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




engi nes, engi nes capable of inactivating cylinders or
any other internal conbustion engine, and the |iKke.
The hydrocarbonaceous fuel conmbustion systens that may
7 benefit fromthe present disclosure include al

engi nes that burn fuel. By "conbustion systeni herein
is also neant any and all internal conbustion devices,
machi nes, engines and the Iike whi ch can conbust or

in which can be conbusted hydr ocar bonaceous_ f
benefit ﬁgqlltpqmewptgﬁyic&ure fs @yy:p% gpghﬁug BY 'combustlon
conprise the hydrocarbonaceous fuel In an aspect, if

systernhereineis alempeastany and gl énternal Rembystioredevieas, machines,
anmount of the manganese-contai ni ng conpound can be

engings and thedlikeowhibk caoaoinisist oninsylsiclke raabe/mmbusted ael .
Alternatively, at |east two organonetallic conpounds

hydrocsrboscgouevueled to the conbustion system and/or the
fuel . [0022] In another enbodinent of the present
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or greater than 6.0, and in anot her enbodl ment the RON
compquindg cagt ke provisigd to th%ﬁ@“Pst sytmneed/arithe fuekr eat er

than 8.0. [0023] There is also presented by the

10622 ansties smhedimentaf thy prasent dislosurs ingrovidesd method

ferrocene, in an anmount of fromabout 1 to about 35
~ of enhantihpdnaostaok rating (Ogtane Rasearabf Nfimber) of a fuel comprising adding

nmet hyl cycl opent adi enyl manganese tri carbonyl, and a
to the G 0sisd h2ihgakysé-eontabliy tompouitligl deivedup teB6 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, methylcyclopentadienyl manganese tricarbonyl, 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 singul'ar or plural, are identified as they exist prior to coming into contact with




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

conponents referred to by chem cal nane anywhere in

the specification or clains hereof, whether referred

toin the singular or plural, are identified as they

exi st prior to comng into contact with 8 anot her

substance referred to by chem cal nanme or chem cal

type (e.g., base fuel, solvent, etc.). It matters not

what chem cal changes, transfor matj ons and/ or

anothepgidhstane rqfqrrecbe q;l’ga@ncm RRIBe Ok Chﬁ@lqaéy@pt(p@, base fuel,

m xture or solution or reaction nediumas such ) )
solventhatsge § mattea spbwhat shemicahehanges caansfomiationg andéor reactions, if

natural result of bringing the specified reactants
any, takal place dotheoesalting intigtetder seintiem ot reactiom diddium sascaiched

for pursuant to this disclosure. Thus the reactants

changeRdiraestomnativrs aidéor réadtidrig #ré tAs naturglrediile bf Briigind the
brought together either in perform ng a desired

speciffdtbréizetintd 83&bt é’&npél%fﬂg t@éetﬁé}r l!iﬂﬁér% %ndlf‘tﬁhs cal!ed for

organonetal | i ¢ compound) or formng a desired

pursuﬁ QEi's di #?béﬂ?é‘ gﬁﬁgp@f}??&&ihﬁ éﬁg rﬁ%%@e ﬁégtlf ied as
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compesitiei (Ush asiAn agribe cwwyﬁmrsa%@aslrfuewe@@) gyl ajsg be
the present tense ("conprises", "is", etc.), the

_recognigee thaidlee additive componertsaande @dﬂﬁgbwdmieedeﬁ into or with the base
ingredient as it existed at the tinme just before it

fuels individhialyg pebseadd/dr as compedenist usedrie farmingrpreforhdut additive
subst ances, conponents and/or ingredients in

combingtersianyer yid-bombmaloes Mdcordinglg! &8ai ®ioughend alaimg hat
t he substance, conponents or ingredient may have | ost

hereinafter nf2fy r8fd?db shisitBhddsy cbﬁfp%H@HtsaaerTﬁﬁhﬁr@dldrﬁélﬂt'h@rbr@éent

transformation during the course of such blending or

tense %%Wlseﬁﬁ;it@‘é'e‘?@f tﬁé réfgm?'@e% & el ARIsBHECLoPohdMS 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

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

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




accur ate understandi ng and appreciation of this

di scl osure and the clains thereof. 9 EXAMPLES Exanple

1 - Conductivity [0025] Three sanple fuel conpositions

(20 mg Mn/liter of fuel as MMI(err); 15 ng Fel/liter

of fuel as ferrocene; 20 ng Mi/liter of fuel as mr

and 15 ng Fe/liter of fuel as ferrocene) were

formul ated and conbusted in a Honda generator, 3.5HP /

2kW_ engi ne. The engi nes operated so that the spark
EXA;ME:E& achi eved tenperatures of 1520 C for 20 m nutes

and 1660 C for 40 m nutes. This cycling was repeated
- Exampe 1+ fendustivity t ot al of 50 hours of operation. The

engi nes used Pennzoil 1 OM30 engine oil. After

[0025] nfhreacianiple fud coppeisttioos (20 g Meflitsiof sualesdMMT®; 15 mg

scrapped off the spark plugs and sent to Sout hWest
FelliterRéSedlrasifelrosénd; 20em@ Mamlitdnbbliiebad 8MAFS aklbAb rhg Felliter of fuel

conductivity characterizations [0026] The

as ferrGEEMEY Yekd FdrhulBRas wha BBRIbRISYRY if d"ﬁgﬁdé’ﬁeﬁen‘étd’rgﬁ SHP dady
interdigitated el ectrode (4.37 cn? and t he conpl ex

enginelgem@ dridindd éi‘Et%?!UéoeﬂjlaPﬁ oﬁ% ﬁgﬁgdacgﬁt)ge at%}n e gz?\%zo C

requency s an rangi ng

0 C t
or 20 IR oL MR B ek foge o a
m t he rreas red_loss factor onen
total of S BEPRRELPG: 196 Sheligr PedRRanan AR P09 r\?acr*'u gt
was then corrected for the effective contact ar ea
testingeqeh fug|mempositionnbhedenosite were poiapped effiae spark Riugs ﬁ'@)‘\*f\ﬁe”t
frequency neasurenents approach the DC conductivity
- to SoutbiVest iiesearchl InaitlitexSameAmiogie Texagubbdy ferecanduictiviyt
approaches the ionic 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 ionib

conductivity..
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10 [ 00281 The results are shown in Table 1. Table 1.
Tenperature Conductivity Metal [ng netal/1] OC
Frequency Hz pmho/cm Fe 15 30 300 131 Fe 15 330 3000
790 M 20 30 300 1 W 20 330 3000 6 Fe/wn 15/20 30
300 12 Fe/ Mn 15/20 330 3000 74 [0029] The deposits'
conductivities differed between the fuel conpositions
tested. The order of deposit conductivity was, Fe >
/Fe > Mh. The iron-coptaining fuel resulted in
g@ﬂggl t EhefesHits gee §'i‘@’5§’i‘&?a@8ﬁductivi ty, nore than two
orders of nmagnitude greater than those observed when
manganese- cont ai ni ng fuelTa&tused. The conductivity
of the deposits obtained fromthe fuel containing both
manganese and iron was about an order of magnitude
Ml s than tha(t! m?t aTemperatureuse. of i rons, coranduatiyity
Efpound™ B¥é@ he resects sho aqvﬁﬁ?yglzfuelpmholcm
E@npositiontgonprising g0 iron-contapni ng and at31
panganese- cqpt ai ni ng caggound r educggpd he conductayity
f the spaplk plug depoghts conparecgpho a fuel 1
MAMPOSI ti onpgonpri si ng 44ppn- cont ai nghgy conpound g
e Exagbbp 2 - Enoigg Test 3 12
Fe/Mn 16/20 330 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

-fuél 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 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 conducitivity 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 vehicleé operated on regular unleaded 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-

11




[0030] In this part of the study, vehicles accunul ated
m | eage on gasoline additized with ferrocene al one
and gasol i ne containing both ferrocene and MMI(err).
10031] Initially, the vehicles operated on regul ar

unl eaded gasoline blended with ferrocene alone. If an
i gnition problemwas observed the vehicles were
rebuilt and operated on gasoline containing bot h

err) and ferrocen til i gni ti

relategrable SR eBURer, S\ heske E@?e %Jmtﬂ%tﬁe aflegt fouble the
accunul ated at |east double the nileage wthout an

mileaggmiithpghan niticsadelateh perblen0032] Each engi ne (2001
Lexus GS300 - 3.0 liter, 1-6 cylinder, 24 valve; and
2[0®82)\ViEdeh engine 22@01 ILQ)@IS,GS;%QD edll Iitdlerl,—ﬁ eyl'wuleuﬁ)vam and
rebuilt at the beginning of the test. The intake

2004 Y&V Jetia aad) kiteryitdsdylinderc Baabes$ wae rebuilt @b tiectbegiching of the test.
spark plugs were installed. The oil was changed after

The iftaké vhIe8s and ‘éor’ﬁbubﬁ@"l ¥iedthisére ware Waiiad £1d févwiebbark plugs were

recommended oil change intervals during the test.

instal rgl()aﬂ?go-ll_cy Cér’ Eﬁ‘%ng\e/:?/{lvsa g%ﬁt %ﬂd rlﬂct) It/lféz‘:fi’e.er;/:l’alBgﬁéntﬁfeu‘)ih?‘é?'(ﬂoEl\/l)

reconpHERER oif e‘%gfh%p‘v{;%%)&}lﬁﬁ%{“%g 2600 with a0 EPA
o308 ey %3%'6193'?*”%%9‘9?9@%% nge Fﬁn&%@écﬁw%cycle BMW

i denti f any en msfir When the OBD sy sg )
Road §gicles 1180 emw FQrchi%way% eeﬁe%a%waﬁﬁ &l ggsoline
m sfire, arralfunctlonlndlcator

(regular Lnleaded gasalinetarislitiresiwithna &8 5PA| Lr»PgC {GW@I O%Basnbﬁe getergent).

the problem The results are shown in Table 2 where
The vEebRE3' os-baard didgsostic (‘GBRNdystEreoderd osedvd iteplifg any engine
cylinder msfire detected, and P0304 is an industry
misfiré! §iskar the OBD&syb®@m dylectedies cdmposéntrmalfubictidaduehZs spark plug
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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Vehicle Additive(s) Treat Rate(S) M| eage ML Code*
2001 Lexus ferrocene 20ng/1 Fe 3,075 PO300 10ny/l Fe+
2001 Lexus ferrocene/ MMIO 10, 000 None 1Orgllvh 2004
Jetta ferrocene 20ng/| Fe 9,487 P0304 2004 Jetta
ferrocene/ MMTO 10ngy/ 1 Fe+ 20,009 None 10ng/I Mh *P0300
Randonmi Mul ti ple Cylinder Msfire Detected *P0304
Cylinder 4 Msfire [0034] The vehicl es operating on

t he fuel containing ferro]c%]e al one set a
msfire-related ML |ight $§'€Kin 10, 000 niles of

oper ation. The vehicles operat ed_on_the conmhination

veliclehe [ WoahiHRivepsidi t|i TRt Rae(S)| atmhieagd t\M aBiLt O8de*

m| eagei t hat_t _hpy oper.at ed._on with ferrocene.al.ane

200MLERGIt | an fMbeddd um|nabpRpy B flact .3 hhe m |\:agP0300

tests or _the conmhination~f 1ran + manganes

174

Itd VP neiat HimghFet0,/000 20,009
200%72%@% mﬁrﬁéﬁe@@‘ﬂg@ﬂcewmwmn urle o;’e‘r@gfi re. [CN%})EI

2008 JeBerc NeBOBE, | Toae ot ber BFo0) o | pat BACYS

i b G I

expressly i1ncorporated 1n full rnto this disclosure

*Posdx‘ﬁRéﬁdérH}MMtiaftc;ftiﬁaém&%@b@teoﬁegag%1 For the purposes

*po3dA {élfHQ%rﬁﬁ\ﬁi%fei cation and appended cl ai ms, unl ess
ot% rw se |nc5| cated, all nunbers expressing

quantities, percentages or proportions, and other

MR e VahidES pBRGHing ot e S8 TontaiNAG KRR Aot SBra

‘misfire-related MIL light within 10,000 miles of operation. The vehicles operated onthe

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.

[0035] 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 indicéted, all numbers expressing quantities, percentages or proportions, and
other numerical values used in the specification and claims, are to be understood as
being Vmodifi_ed 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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being nodified in all instances by the term "about."
Accordingly, unless indicated to the contrary, the
nunerical paraneters set forth in the foll ow ng
specification and attached 13 clains are
approxi mati ons that can vary dependi ng upon the
desired properties sought to be obtained by the
present disclosure. At the very |least, and not as an
. attenpt to .limt the application of the doctrine of
claims s APRRAPIEtions ihat can yE SAPATKING RGN e desiigd properties sought
nunerical paranmeter should at | east be construed in
to be ohigined by the profanb disclosure pdt heaerglegst and 9t agiegi atiempt to
~_and by applying ordinary rounding techniques. [0037]
limit thet anmicaﬂare@y thaaloctrine efssmivatents tathepwopeiof the dainesm@ach
the appended clains, the singular forns "a," "an,"
numericatl patamestér simtid aé lgastibalconstfuedeintlightiofl the hwentjer ef sdported
and wunequivocally limted to one referent. Thus, for
signifi€a @it andahessigiag lopdinafy reahbipyiteetigues. ncl udes one
or nore different antioxidants. As used herein, the
(60377 1§ huRl' thal Gisi st d iF 1R EBbEItionHPRESpRERded claims,
intended to be non-limting, such that recitation of
B . LSt L S0k - . ¢ .
the sﬁlg{ugdﬁ ik %, dnt andtha "ﬁcﬂfi%ﬁ'”%?%féﬁéﬁggﬂlteﬁgwﬁfeg%@?%

st Nat’ can’ be ' Subet i or a

it - [ 00 This inyvention is susceptible to, . "
ancausEERim e o telerellThis e! Sy deiéiie lian antiagant
. foregoi ng d ription is not intepnded to ljmt, and, )
includesh oy a DS Serettantinddantzs A9 e fr‘@,e'”t:ﬁ@ tempeinciie” @pd its

the particular exemplifications presented herei nabove.
. grammgicaeyariaptagre igtandedia e nap-lisaitingiaictdhatregiation offitemsin a
~_in the ensuing clains and the equivalents thereof
list is ned torthe extlugiormohetheelikeitethathat[cat e sulystilutedor adideskto the

not intend to dedicate any disclosed enbodi nents to

listed itdmes. public, and to the extent any discl osed
nodi fications or alterations may not literally fall

[0038]n ThRanesittif iofsubtsptibledioBonsidepabla varisRssindsy srectice.

be part of the invention under the
Therefore the foregoing description is not intended to limit, and should not be construed
as limiting, the invention to the particular 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 literally fall

within the scope of the cléims, they are considered to be part of the invention under the

doctrine of equivalents.

14



doctrine of equivalents. 14 WHAT IS CLAIMED IS: 1 A
nmet hod of reducing the conductivity of deposits forned
fromthe conbustion of a fuel conprising an

i ron-contai ni ng conpound, said nethod conprising
addi ng a manganese-cont ai ni ng conpound to the fuel. 2.
The nmethod of claim 1, wherein the iron conpound
conprises ferrocene. 3. The nethod of clains 1 or 2,
wher ei n t he manganese-contai ning conpound conpri ses

c .enyl manganese tricarbonyl. -4. The nethod

VVHpﬂC B S r 2, wherein the manganese-cont ai ni ng
compound conpr.i ses .net.hyl cycl.ope di e nmanganese
T e aRGuRS BTNy e RS PR o MpRRE TR

t he nganese-cont ai nj n conpound i s chosen fromthe |
combuygfigey g?é‘ i QM a'%&?@ﬁ"&ﬁ@?@ﬂr;ﬁ@ﬂ éﬂmPOHﬁﬁg%H‘ég@thgg comprising
_ tricarbonyl, nethylcyclopentadi enyl nmanganese
adding 2 mandgpa§e-coaiaiiag gpmpetiap nihedielhyl  nanganese
tricarbonyl, trimethylcyclo pentad ienyl manganese
2 i calbenyéthod tof tlaimelt, hlecsin ity ot adingpoyhd wangeises éerrocene.
tricarbonyl, pentanethylcycl opentadi enyl rmanganese
3.1 caThemyéthodtolfiglairys N aped) nvadirein the memganess-containing

tricarbonyl, diethylcyclopentadienyl manganese
compdundGRMNRKE cyBibpemitiengl rARssHmde itfditbomgRnganese
tricarbonyl, "i sopropyl cycl opent adi enyl ‘nanganese

Yic a“rg@ﬁ’% tholi &F E{ahﬁé‘ﬁ%r%{ Wh%?%ﬂyﬁ’é’ @%ﬁn@@é‘-&@ﬁ@ﬁﬁng

tricarbonyl, octylcyclopenta anese

T A L e

' ' H Ixfﬁf]‘gg r}%/t%qua g?p.a?nqg r‘?yolr %%%?&ﬁ%ﬁe n'}arnig%%tragg&x}ﬁainarr?gd
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 tricarbonyl, ethylcyclopentadienyl manganese tricarbonyl,
diethylcyclopentadienyl manganese tricarbonyl, propylcyclopentadienyl manganese
tricarbonyl, isopropylcyclopentadienyl manganese tricarbonyl, tert-
butylcyclopentadienyl manganese tricarbonyl, octylcyclopentadienyl manganese
tricarbonyl, dodecylcyciopentadienyl manganese tricarbonyl,
ethylmethylcyclopentadienyl manganese tricarbonyl, and indenyl manganese

tricarbonyt, and mixtures thereof.
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15 6. The nethod of any one of the preceding clains,
wherein the fuel is treated with about 1 to about 36
mlligrams of a manganese-contai ni ng conmpound per

liter of fuel. 7. A fuel conposition conprising (a) a
fuel, (b) ferrocene, in an anmount up to about 35 ng
iron/liter of fuel, and (G nethylcycl opentadi enyl
manganese tricarbonyl. 8. The conposition of claim7,

ereip the fu is ah ocar bopaceous
fmgom ¢ i il ot S par a0 Siaims. Paseinitas e s
rnaces, industrial burners b0|Iers and waste oils

treatearwth akpitd torpdient 36 iligianmsef a srandanese-sertaiiingermpeund per

conmbustion bal ancing, synthetic fuels such as gas to
liter of fuglii ds (GTL), bionass to liquids (BTL), coal to

liquids (CTL), oil shale derived fuels, diesel fuel,

bT.odi eA &gl compaisitiorlcodgrisingd fuel ,  bi obut anol ,

al cohols, ethers, low sulfur fuels, synthetic fuels,

F|SCQanﬁmgpsch fuels liquid petroleum gas, fuels

derived from coal, genetlcally engi neered bi ofuel s and

Cr 0pgb) &b ﬁﬁéﬁaﬁﬁﬁhﬁ 0;5 Rhbo\RIIY rﬁg idAAiterrdfah& N and

but ane, uni eadéd not or avi ation asol 1 nes,

" ef o1 B Al ARy wma%gaﬁg&s Alcafghfy_hydr ocar bons

of t gas g ra ge an sol ubl e

z.gg s qe%qp%%r}@ ﬁgfnﬁ n;n ’rW er%&ejﬁﬁll is ﬁéhyd'rocargonaceous fuel
l.cycl opent a nese tricarbon i S
Choseg‘?@% fyelois ?cng)%@ @gwe@ Rl Dofersnfiiacesal Uﬁglé\' pafRers
ess than or equal to 36 of manganese/liter of )

, ,boﬂew . wage oith @nd diagidsihemieals foranginerpdorottadiugi ansl/ar qogntgustion
wherein the ferrocene is present in an anount rangi ng
balanging.rsyaibmiic fBelsglich egasdo dieids (SFLdidmass to liquids (BTL), coal to

liquids (CTL), oil shale derived fuels, diesel fuel, biodiesel, biodiesel-derived fuel,
biobutanol, aicohols, ethers, low sulfur fuels, synthetic fuels, Fischer-Tropsch fuels,
fiquid 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.

9. The composition of claims 7 or 8, 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.

10. - The composition of any one of claims 7 to 9, wherein the ferrocene is

present in an amount ranging from about 5 mg/liter to about 25 mg/liter.

11, Afuel system comprising
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11. A fuel systemconprising 16 (a) a fuel, (b)

ferrocene, in an anmount of fromabout 1 to about 35

mlligrams of iron per liter of fuel (c)

nmet hyl cycl opent adi enyl manganese tricarbonyl, and (d)

a conmbustion system able to conbust said fuel. 12. The

fuel systemof claim1l1l, wherein fuel systemis

present in an apparatus chosen from any Atkinson

cycl e engines, rotary engines, spray guided, wall

gui de(é? agﬂ%ﬁ t he conbi ned wal | / spray gui ded direct

injection gasoline (DG engines, turbocharged DI G )

engi rié3 feropriies Ay @mqyneofa%gnnriwut Adasgenegumiligrams of iron

conmbustion DIG engines, honbgeneous/stratified D G

engi nespedit® effyehes outfitted with piezo- injectors

wWith capability of nmultiple fuel pulses per injection,

DI G qeyimetisyleyddpent@dienyDintargyagiese sricarbdnyd dnelan- NOX

trap, DIG engines with a | ean-NOx catal yst, D G

engi r(a? a ¥rhBustiinEystiRX abRNbI@mbusk Saigigéines with

exhaust diesel fuel after-injection (post conbustion)

f ' fei i

opsi at | SE R SEoterm SO NSt b GEIqrRTe oSt Hein
appa %ﬁs{ ﬁo&%&fﬁ@%ﬁfB@r’lgo%:%emgﬁéiﬁéglsro%ﬁi Fgéibgg,egﬂrg)q guided, wall

., _gonveptional. and vance rt-fuele asolin .

guide ndf ’cqmalglﬂed wa quﬁﬂgggg{;gﬂggjgcgqﬁ%&qhne?DIG) engines,

after-treatnent systens capability, with and w thout
turboghargedt RAP sognesypinerahogd LHELRNGINRS: NORVOgBRQUS GpmRustion DIG

conmbi ned supercharger/turbocharger, with and w thout

—engings- nsaegeneepalisiratiisd PEG g¢agingsr DKeleéngings opditted with piezo-

conmbustion and em ssions inprovenents, with and
injectodstviatiucapedilitabf multiple/fiet putisag per ipgEatibin BIG apdieds with EGR,

honobgeneous charge conpression ignition (HCC)
DIG epiyiriesagith PepeNOxX 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 (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 (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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HCCl engi nes, gasoline HCCl - electric hybrid engines,
di esel HCClI - electric hybrid engines,
di esel -el ectric hybrid vehicle, gasoline-electric
hybrid vehicle, a two-stroke 17 engi ne, any and al
burners or conbustion units, stationary burners, waste
incinerators, diesel fuel burners, diesel fue
engines aut onoti ve di esel engines, gasoline fue
urners, soline fue i nes, ant
9”9'”§eﬂ’é¥ &5, BTy G eoTEbysTor s BaARRTY By s avaste incinerators,
onbusti on devi ces, mnachi nes, engines, turbine
dlesebfﬁgl burgers;, Qtesghfgleh@ggm%@@rgotwq wgsﬁ@r@tr@ssgasohne fuel
evaporative burners, plasnma burner systens, plasma
burness,gassting f@hamginebmqwsajarﬁ@enaawnseany and alt imMemahbod t
or in which can be conbusted the fuel. 13. The fue
extersyl sbausfiore tevicss, haahines? engines surbise edginesiaténgines, boilers,
systemis spark ignited or conpression ignited. 14.

incinet&@rd, Wehpoxsive Bulfers | piadia blirrer s}stendh pla8hia &8l stationary
conbust i on system has a gl ow pl ug ignition. 15. The

bumefryedndsc}@iﬁc@@tﬁét@aw Qbr il Whidh ch Heocpouéfék?ﬂfé fael he

nmet hyl cycl opent adi enyl manganese tricarbonyl

LT U
od of extendln t$e life of a spark plug in an

Spafké?far &fﬁmﬁ%ﬁ'% uel corrpri sing an iron
conmpound, said method conprising addi ng a
gﬁ%@@?wtﬁram FW%&WJ%WSSW% éa'ﬁwéambtﬁon,&ygtem has a
nmet hod of reducing engine msfire in an engine
- glow plgigniiamg a fuel ~ conprising ferrocene, said nethod
conpri sing addi ng a manganese-contai ning conpound to
the Theluel $gstem ofertyosheodf alaichscl hiy BhavHergihdbef oul i ng
in an engi ne conbusting a fue
methylcyclopentadienyl manganese tricarbonyl is present in an amount of from about 1
to about 36 milligrams of manganese per liter of fuel.

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

17. 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.

18. A method of reducing spark plug fouling in an engine combusting a fuel

comprising ferrocene, said method comprising adding a manganese-containing

compound to the fuel.
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conprising ferrocene, said nethod conprising adding a
manganese- cont ai ning conpound to the fuel. 18 19. A
nmet hod of enhancing the octane rating (Research Cctane
Nunber) of a fuel conprising adding to the fuel (a) a
manganese- cont ai ni ng conpound to deliver up to 36
mlligrams of manganese per liter of fuel, and (b) an
i ron- containing conmpound to deliver up to 35
mlligra iron per liter of fuel, whereby the
r aguaﬁmrgga 9k pnhaRcing thesagiane: FatingtReseaigris AN Nogtes) of a
equal to or greater than 6.0. 20. The nmethod of claim
fuel comprigingradding tetheddell(a) agnangsnepersoataivingaerenodrd tondeliver up
Nunber increase equal to or greater than 7.0. 21. The
to 36 maitliben® bf margands®, pertideradfriuelhand @5t irorgednteiningasonapound to
Research Cctane Nunber increase equal to or greater
delivarhgnto@BSmillifPams of iron per liter of fuel, whereby the resulting fuel has a

Research Octane Number increase equal to or greater than 6.0.

20. The method of claim 19, wherein the resulting fuel has a Research Octane
Number increase equal to or greater than 7.0.

21. The method of claim 19, wherein the resulting fuel has a Research Octane

Number increase equal to or greater than 8.0.
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