FUEL COMPOSITION DESCRIPTION OF THE DISCLOSURE Field of
the Disclosure [0001] The present disclosure relates to fuel compositions
comprising organometallic compounds and methylcyclopentadienyl
manganese tricarbonyl compounds. These compounds can be blended at
synergistic ratios that optimize octane performance of a fuel. The
synergistic ratios can be determined by measuring the pre-eutectic
transition point temperature. BagkggquadisbeRisspsure [0002] A need
exists to deliver combustion improvers to fuels in an efficient and cost
effective manner. Combustion improvers can vary widely in-cost, physical
properties, handling and safety requirements, quality or purity, and
efficacy. Thus, for certagﬁmﬁﬁﬁ%w of combustion
improvers desire to improve; ; ﬂé&é@ﬁ#&% possible,
decrease the amount of combustion improvers. [0003] Fuels and'fuel
blERds ¢ gailigezambustion improvers have included diesel fuel,
gasoline, biodiesel, coal and other hydrocarbonaceous materials. The
combusi@Pithplbedrechevedinelesiad eelaisiety tifehconipresitionignitioprising
improvers, octane improver, cetane improvers, smoke reducers, slag
retigesrslalisfomearngeRdmeiievdnrrsradionylapasiganere tiisakony!

0004 Thnedre iia desire to im@rove erformance of the internal
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the pre-eutectic transition point temperature.

Background of the Disclosure

[0002] A need exists to deliver combustion improvers to fuels in an efficient and
cost effective manner. Combustion improvers can vary widely incost, physical
properties, handling and safety requirements, quality or purity, and efficacy. Thus, for
certain applications, customers of combustion improvers desire to improv-es_ that is,
reduce their costs and, if possible, decrease the amount of combustion iﬁ})rovers.

[0003] Fuels and fuel blends that utilize combustion improvers h\ave included
diesel fuel, gasoline, biodiesel, coal and other hydrocarbonaceous materials. The
combustion improvers have included a variety of accelerants, ignition improvers, octane
improver, cetane improvers, smoke reducers, slag reducers, oxidation catalysts,
catalytic converter protectors, and the like.

[0004] There is a desire to improve performance of the internal combustion

engine by incorporation of blends of fuels and/or blends of combustion improvers.



combusting a secondary organometallic compound in an engine
comprising; (a) combining a secondary organometaliic compound and
methylcyclopentadienyl manganese tricarbonyl, (b) introducing the
‘combination from (a) into a fuel; and (c) causing the fuel-from (b) to be
combusted in the engine. [0005a] In a first aspect, there is provided a

method for combustin WM%R%E%@E%M ghint an engine ‘

comprising; (a) comb'r%ﬂg-asemndm'y—crgmrr%ompomd and _

mefRR¥F!sheRIANERLIARAASERSBCHD AR IS NG SRR or
anomet

org allic..compound is not methyl cyclopentadienyl manganese

ls4R)iRNRAURIRAdhREAB RInABNHIaN (AL NiMa Sptpndigeir)(b)

results i a fuel comprising from about 0.5 % to about 20 % by weight of

cott rﬁ@?@%@é@ﬁ%@@@ﬂbﬁmmmmméﬁdeﬂmmbﬂﬂ@mbﬁwhe
methv

. cyclopentadienyl manganese trica'r_bonyl,' and (c) causing the fuel
malfigEhéa} wikamaylh sy éetrivttnngripimeo[00i0&fdn Gnedajtiottiaéue), theddc)

is disclosed a method for enhancing octane number of gasoline

 cadsimypifisifige{doco () itting cpoibetrediciia $haiganese tricarbonyl and

methylcyclopentadienyl manganese tricarbonyl, and (b) adding said

co ﬁg@(ggg%gﬂﬁoa%t gaselinendPORSald e geceREnaRBEbdhREsig an

provi method for enhancing octane number of gasoline comprising 2

R e e
' (a) combining a secondary. organometaliic compound and
B 'methylcyc\onén’cadienyl mangansse tricarbonyl, Wherein the secondary
organnmet'amc ‘c'drlnpou_nd is nbt methyl éydope.ntadienyl manganese' o
tricarbonyl, |
(b) i'ntrodu(;ing the combinationfrom {(a) into a fué’l, wherein (b)
résutts in a fuel comprising from about 0.5 %10 abnut 20 % by wéig-htnf
the éecnndary organometaliic compound reiaﬁve to the total weight of the ° -
methvicyciopentadienyt rnangénese tricarbanyl, and | |
(c) causing thé fuel from (b) to be combusted in tné engine.
[0006] in ‘one embodiment, there is disclosed a methqd .for enhancing octane number
of g‘asoline comprising (a) combining cyclopentadienyl mariganese tricarbonyt énd |
methylcyciopentadienyl manganese tricarbonyl, and (b) adding said combination to the
gasoline.
| [0006a] In a second aspect, there is provided a method for enhancing octane number of

gasoline comprising



(b) adding said combination to the gasoline, wherein (b) results in a
gasoline comprising from about 0.5 % to about 20 % by weight of the
cyclopentadienyl manganese tribarbonyl compound relative to the total
weight of the methvicyclopentadienyl manganese tricarbonyl. [0007]
There is also disclosed a method of optimizing octane performance in a
fuel composition comprising measuring a pre-eutectic transition point
temperature of a synergistic blend comprising methylcyclopentadienyl
manganese tatapbupipiraney alepenjamieme miiigeoassouingb¢bgiGatal In a
third aspect, there is provided a method of optimizing octane performance
TREAeilenrApESiaoN CoRRERERTG HikaSenty aPre-eutectic transition point
temperature of a synergistic blend comprising methylcyclopentadienyl
manganese mbépéﬁ?ﬁ/ﬁéf%cﬁ@QE@&‘&P&V&F@&?@H%IW@WF{EUWP% in a gasoline

‘wherein the f ises f 0.5 % to about 20 % b ight of '
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o se tricarbonyl. [0008] In one embodiment, there is disclosed a
eutectic’ mixture comprising methylcyclopentadienyl manganese
tricarbonyl and an organometaliic compound. [0008a] In a fourth aspect,

therejtnpmvitieetaie wiestilistiutecamiising opétiiylayabepsriadieivhance in a
manganese tricarbonyl anda secondary organometaliic compound,

fuslhereipdsiécsecomgeisingr garewnglicp esripeticdisnsitometivt temperature of a
cyclopentadienyl manganese tricarbonyl. 2a 100091 Further, there is.

syfistpisissbienerarpidsimpmaibylaypepenisadiseslifanganese tricarbonyl and an
organometallic compound. | |

[0007a] In a third aspect, there is provided a

‘method of optimizing octane performance in a fuel c’dmposiﬁbh comprising
measuring a pre-sutectic transifion point tEmpératﬁre of a synergistic blend combrising ’
methylcyciopentadienyl mé’ng‘anese .tricarbonyl anda seconda‘ry organometaliic éompound\
wherein the fuel cdmprises from a'vboutvD.S % to about 20 % by weight of the seconda’ry‘
organometaliic cbmpound relative to the total weig ht of the methylcyclopentadienyl manganese
tricarbonyl, and further wherein the secondary organometaliic compound is not methy

cyclopentadienyl manganese tricarbonyl.
[0008], in one embodiment, there is disclosed a eutectic mixture comprising
methyicyclopentadienyl manganese tricarbonyl and an organometaliic compound.

[0008a] In a fourth aspect, there is provided a

eutectic mixture comprising methyleyclopentadienyl manganeses tricarbonyl
and a secondary organometallic compound, wherein the secondary organometaliic

compound is not methyl cyclopentadienyl manganese tricarbonyl.
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optimizing octane response of a fuel comprising mixtures of two or more
materials selected from the group consisting of organometallic cyclornatic
manganese tricarbonyls, MMT/CMT, MMT/R-Mn(CO)$where R is an aryl-
or alkyl-radical species, mixed metal organometafliicsof Mn/Fe, Mn/Ce,
Mn/F)0R8]PRdirtben; dheup indialisddndGilemed? eofr R/ RaEAWRNES0MR useful for
metals, Fe/Cu, Mn/P.b, Fe/Pb, Ce/Pb, and Pb/Platinum-group metals,
opfingzinthectmiemesprates affchieipmmplssingrabaurstulasoose metewhiakials
of any of the individual component in the mixture. [0009a] In a fifth aspect,
selested Srpravitedratbicrrneisiomtigsnomatalior sydefubformatigeizing
octane response of a fuel comprising mixtures cc: one or more materials
ticRIBERA MM HE Yo MBASTSRS B oheeeTerfcisiie agdioonaliytacical species,
__manganese tricarbonyls, MMT/CMT. MMT/R-Mn(CO)5 where R is an aryl-
S Ry AL TSGR B3 A MAE 6r MBfesim i afiabnmosraie metals,

isti f.mixed I ilics of Mn/Fe, Mn/Ce, Mn/Pt,
B e Y
: , Ce/Pb, and Pb/Plati - Is, wherei .
N T .
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organometallic compound in the mixture. na smfﬁ'aspect, there

iS proyi et for solubilizing cyclopentadienyl manganese

trica?{)ﬁ)gn@%‘i E ﬁ;@&@ﬁ%&hf@@% RI8V'S5RFmethod comprising

combining in;any desREIRRe HRAIAA mang HGaroenY eVl o of 2 fus

cyclopentadienyl manganese triﬂc‘tgfbonyl, and ﬁ%ﬁgﬁﬁ%ﬁﬁgg{%@%@% ’nsf of & fusl
CORRBFE THEWRRIOd results in a fuel comprising from about 0.5 % to

aboub D SonhyrdvgH- Al 4R IEYERPR A S WM RIRNESR, of organometaliic cyclomatic
manganese tricarbonyls, MMT/CMT, MMT/R-Mn(CO)s where R is an aryl- or alkyl-radical |
species; and
one or more materials selected from the group consisting of mixed metal organometaliics
of Mn/Fe, Mn/Ce, Mn/Pt, Mn/Platinum-group metals, Mn/Cu, Fe/Ce, Fe/Platinum-group metals,
Fe/Cu, Mn/Pb, Fe/Pb, Ce/Pb, and Pb/Platinum-group metals,
- wherein a pre-eutectic transition point femperature of the biend.of combustion improvers is

beiow the freezing point temperature of a primary organometaliic compound in the mixture,

[0009Db] In a sixth aspect, there is provided a

method for solubiiizing cyclopentadienyl manganese fricarbonyl in a
hydrocarbonaceous fuel, said method comprising combining in any order
cyclopentadienyl manganese tricarbonyl, methyl cyclopentadieny! manganese
tricarbonyl, and a hydrocarbonaceous fuel , wherein the method resuits in a fuel
comprising from about 0.5 % to about 20 % by weight of the cyclopentadienyl manganese
tricarbonyl compound relative to the total weight of the methyicyclopentadieny manganese

tricarbonyl.
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tricarbonyl compound relative to the total weight of the
methylcyclopentadienyl manganese tricarbonyl 2b [0009c] In a seventh
aspect, there is provided a method for depressing the freezing point of
' thyicyclopentadienyl manganese tricarbonyl comprising combining
[OOQ?,&%@ ﬁ%ﬁﬁ%ﬁ&%ﬁ%mfﬁﬁfg%l‘)%\ﬁﬂa flese tricarbonyl an amount of
cyciopentagigddiangapessiiicaw earifgeRdbinan st ashadieny)

there is provided a method for combusting an organometallic compound'in
Mang g RSO AR RE MR T L) AR wiotiRRatadieny!
marggaRenRiaiisrsompandanst oysthdaiiepeniatigaYLRaRganssf

tricarbonyl, wherein the secondary organometallic compound is not

[00 hml gx%:?%%l%adi§ayltr%§€%%}%%§d etgi%arbonyl, (b) introducing the

combinatiorr'from irito a fuel, wherein'(b) results in a fuel comprising
from about Gz tofabeahBistingrweightohthslireesmngannd in a combustion
organometallic compound relative to the total weight of the methyl ‘
, cycl%s %%8?@?1%%? ganese tricarbonyl, and (c) causing the fuel from (b)
to be comkm)stedinthe zeatwston sysieometaliermtwindmbdistion

me%c&?ﬁg%@a‘ﬁ%%ﬁ%ugﬁ nst%qggigr Ltlta%tr‘faxlrvggrrqu Egé%%%%rgpﬁgrnaces, and
. pect, theere is provided a ‘
orgeonmpeisitio compadenblyismetmrettinytcays| ohefitreibaj ovan @aness
tricafbonyl, | ' o

| (b) introducing the combination from (a) into a fuel, whersin (b) results in a
fuel cbmprising from about 0.5 % to about 20 % by weight of the secondary organometaliic
compdund relative to the total weigvht of the methyl cyciopentadienyi manganese fricarbonyl,
and

(c) causing the fuel from (b) to be combusted in the combustion system;

wherein the combustion system is chosen from utility and industrial burners, boileré,

furnaces, and incinerators.

[0009¢] In a ninth aspect, there is provided a fuel composition made by the method as
defined above.

2¢c



[0010] Additional objects and advantages of the disclosure will be set forth

in part in the description which follows, and/or can be learned by practice

of the disclosure. The objects and advantages of the disclosure will be

realized and attained by means of the elements and combinations

particularly pointed out in the appended claims. [0011] It is to be

understood that both the foregoing general description and the following
detailef0888Lripdditienel ekineisland atyaxpientd the digcdrrlgravitidte set forth in
restrictive of the disclosure, as claimed. [0012] The accompanying

arivingie deserrtienindinh frhevs imagecerishtteanedRyopingice of the disclosure.
ecfi?%;ation, iIIusérate one severalggmbodiment(s) of the disclosure and

tOgRAIPARAHS ALLAga T Ll astprmitbs srrliEpitanst aligined by means of
' RIEE DESCRIPTION OF THE DRAWINGS [0013] Fi 1i
oA e Sl o ded ol e Seheb S

comprigipq M2 iaLsiRNGsaf R o operiadicayl qgﬂgr%?%escrip ion and the

tricarbonyl and cyclopentadienyl manganese tricarbonyl. [0014] Figure 2 is

R I6ARRY HesHiIRNGSERiSaNER: BN A BRSE RISy SHY 8Rcibt restrictive
compositions comprising various blends of methylcyclopentadienyl
pfahgaiimdestrieadsoriginaedl cyclopentadienyl manganese tricarbonyl.

[0015] Figure 3 is a graph illustrating the octane response on

compd§i@das Coeranisimgangiy iiasiipentatiich e amgar@séetiiteabdmdnstitute a
-and Mn2(CO)1o. [0016] Figure 4 is a graph illustrating the change in
BaibiafilHsRRAGEFAEepOHLErdEroBs Gieverah esiraskireontslishibe dissipsure and

blends of methylcyclopentadienyl man?anese tricarbonyl and Mn2(CO)io.

togst1en WHRE SRS P SRDGARFIRE frsepins e Sidis isclgsure.

transition BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 is a graph illustrating oxidation number response curves on
compositions comprising various blends of methylcyclopentadienyl manganese
tricarbonyl and cyclopentadienyl manganese tricarbonyl.

[0014] fFigure 2 is a graph illustrating the change in oxidation number response
curves on compositions comprising various blends of methylcyclopentadienyl
manganese tricarbonyl and cyclopentadienyl manganese tricarbonyl.

[0015] Figure 3 is a graph illustrating the octane response on compositions
comprising methylcyclopentadienyl manganese tricarbonyt and Mny(CO)qo.

[0016] Figure 4 is a graph illustrating the change in oxidation number response
curves on compositions comprising various blends of methylcyclopentadienyl

manganese tricarbonyl and Mny(CO)1o.



points for compositions comprising various blends of

methylcyclopentadienyl manganese tricarbonyl and cyclopentadienyl
manganese tricarbonyl. DESCRIPTION OF THE EMBODIMENTS [0018]

The present disclosure is directed to fuel compositions comprising from

about 0.5 to about 20% by weight of a secondary organometallic

compound relative to the total weight of a primary organometallic

compouf@ i lhérginaiaseaiadhiusigdingritetéitie dogpad petisutectic transition
“methyl cyclopentadienyl manganese tricarbonyl (MMT). In an aspect, the
sBeHRIEN SO RATHBRARTIIIRNGURTIeHR Blends sfgantivieyslmpentadienyl

manganese-containing compound, such as cyclopentadienyl manganese
ORGP A P OF KR E R R OR A AR BBRTHEE MY It has

been found that fuel compositions comprising MMT and a secondary

organometallic compogjik MR EIB NS SRR ERB SsiRNaatallic
compound is not MMT, exhibit several types of unexpected synergy.

[0019] foqaeharye pregserdrdaicbinice mptinaatbis tthuat aonasditivds comprising from
compound and a "secondary" organometallic compound is the additional
abanbetalib ot 2o erweidhiding seeoadhnnewampenietaliincenapebied relative to
additive. [OO@C@)}J There is also disclosed a method for combusting a

dbedatplyetsifaianremary coompemrialiarerrptebomisizindh¢econdary
combining a secondary organometallic compound an

i and )
ASADREE Sameri Bl e e bsRsiEdis W rBaneans tdricarbonyl (MMT).

ombination from (a) into a fuel, and. causing the fuel from (b) to be .
o e R e e PR el st
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facilifate the eventual'’combustion of the fuél containing

e meialice{terbasifdd Ehartshedidise MMT. It has been found that fuel

compositions comprising MMT and a secondary organometallic compound, wherein the
secondary organometallic compound is not MMT, exhibit several types of unexpected
synergy.

[0019] A “primary” organometallic compound is the main additive compound
and a “secondary” organometallic compound is the additional organometallic
component providing the enhanced performance of the additive.

[0020] There is also disclosed a method for combusting a secondary
organometallic.compound in an engine comprising; (a)-combining a secondary
organometallic compound and methylcyclopentadienyl manganese tricarbonyl, (b)
introducing the combination from (a) into a fuel, and {(c) causing the fuel from (b) to be

combusted in the engine. The term “causing” as used herein is understood to include



[0021] The fuel compositions disclosed herein can comprise a secondary
organometallic compound at a treat rate ranging from about 1 to about 40

mg metal/liter of fuel, whereas from about | to about 20 wt% of the metal

is CMT and others. [0022] Where MMT is the primary organometallic
component, and CMT the secondary, the combined MMT/CMT can be

present in the disclosed fuel compositions at a treat rate of about 1 to

HiserEs afipv npulesida arr ileakiniprishyfpalitiie e erpoiyepoompustion of the

MN/liter of fuel, and as a further example from about 4 to about 8 m

Rl R8I D Ao TR A S RS MR e Ml b & mg
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RaneRsalicicompessdDANShREANGAN RILEN YR HICLRIDRP I ERPYand
measuring the pre-eutectic transition temperature as discussed below.

Haeex3] In an aspect, the fuel compositions can comprise a blend of MMT

and an organometallic compound, wherein the organometallic compound

is not [aNZR] ThéhendelddiS Tcarttoe prirnagtiorgdmboetdie btiviipénent, and CMT the
organometallic compound by weight or by volume, for example about
gpanday.dffecaesbsechiiM oot g8n be ipEseividdbe wisgloss! aelicasrwositions

further example about 75:25. In an aspect, the blend ratio can be 90

Fifnrepd € ! 8902k iarBRUSGRY MIiHR Bidnsaramplsdem about 2 to
e B A e B MR o
l\%%tglre&qﬁel. In an aspect, the MMT is present at a treat rate of 8 mg Mn/liter of fuel.
In particular, an increase of about 50% in octane number can be achieved at a treat rate
of 8 mg Mn/liter of fuel of MMT as compared to the use of MMT alone. One of ordinary
skill in the art would readily be able to determine the treat rates of other primary
organometallic compounds and secondary organometallic compounds by measuring the
pre-eutectic transition temperature as discussed below.

[0023] In an aspect, the fuel compositions can comprise a blend of MMT and an
organometallic compound, wherein the organometallic compound is not MMT. The
blends can be in a ratio of about 95 MMT:5 organometallic compound by weight or by
volume, for example about 90:10, as a further example about 85:15, including about

80:20, and as a further example about 75:25. In an aspect, the blend ratio can be 90

MMT:10 CMT.



for use in the present fuel composition can include binary mixtures of
organometallic cyclomatic manganese tricarbonyls, MMT/CMT, MMT/
R-Mn(CO)5 where R can he aryl- or alkyl-radical species; mixed metal
organometallics where the mixed metal components are selected from

Mn/Fe, Mn/Ce, Mn/Pt, Mn/Platinum-group metals, Mn/Cu, Fe/Ce,
Fe/Platinum-group metals, Fe/Cu, Mn/Pb, Fe/Pb, Ce/Pb, Pb/Platinum-

group [9e24ls, leten mspeetndiV bhdshigieorforddrtoftmianedxnetiaint solvent for CMT.
combinations. The pre- eutectic transition point temperature of the

bputatfia Piansts of doenpresrutdiselassiee sabrgastbelow the freezing

point tFm rature of the primary organometallic compound in the mixture.
[0026] ?r?g% bR beliRed. Wiionbiend mdschie SryRRmcHa dDRangidhst blends
in a_fuel composition comprising. measurin e-eutectic transition point | .
e e e e RS o S e etati

SRR ARG AR HREHEOARO R PR ;@ﬁg@ﬁ@ﬁnﬁ&é@m be aryl-

enhanced octane performal

oPBIKYIIZHRNE RS e NRTREUNASHP REIRGHETAREINA SR MRderaieed
as making the synergism of the fuel composition as effective a possible.

¢oRRBhehe teensérsthian et MhIReMreCiNVINGRN JRITABREQHE§Te ) imig!s,
octane performance of a fuel composition relative to a similar fuel

Mofapobiitie thardbéisunvyheye ractgise fcgéGio Bl Reiftbr«CSPOOPBYPlatinum-
The blend can be a eutectic mixture. The term "eutectic mixture" is given
greundneirs neiarng teToaand Mishaidsesbetiniakaeaimbmbieaiansn The pre-

or more phases at a composition that has the lowest melting point, and
SHIRSGATANS AR S dampeiRtg e S SRIEM SRR AteRBaRKREs At thrse

r . . .
ntw%g] rgsq:[su %Iow the freezing point temperature of the primary organometallic

compound in the mixture.

[0026] In an aspect, there is disclosed a method of optimizing synergism in a
fuel composition comprising measuring a pre-eutectic transition point temperature of a
blend comprising MMT and a secondary organometallic compound. The pre-eutectic
transition point temperature has been shown to correlate with enhanced octane
performance.

[0027] The term “optimizing” as used herein has its ordinary meaning and is
understood as making the synergism of the fuel composition as effective a possible.

[0028] The term “enhanced” as used herein means an improvement in the
octane performance of a fuel composition relative to a similar fuel composition that does

not have a synergistic eutectic mixture.



[0030] The organometallic compound, both primary and secondary, for

use in the disclosed fuel composition can include any compound

comprising an organo group and at least one metal atom, such as a
manganese atom. Exemplary organo groups include, but are not limited

to, alcohols, aldehydes, ketones, esters, anhydrides, sulfonates,
phosphonates, chelates, phenates, crown ethers, naphthenates,
carboX{@i2 Y citise binitbsan ety ecednatestumad ztieres thaesdic mixture” is given
Manganese-containing organometallic compounds can include, for
bxaranhiRerjHne sadrRevioRe WatapioRd o S1ran comipsbilings tive or more
taught, for example, in U.S. Pat. Nos. 4,568,357; 4,674,447; 5,113,803,
BNE5gS;812 swgé@fammﬁaﬁé%#?wa%ém%wwrﬁﬁrﬁmﬁéem the phases

, dlscl%sures fwhl(%h”arethere ﬁ'¥ cor (frated |r entlre . [0031]
e eer(l)”luar?@arr)(esae ‘%r?ca ?%'?n% ?1%% rP%ea $&d include,

but ar db@b ”W?éjé SoRSmHAds W&Hﬁﬂbggﬁ\eﬁcﬁﬁéﬁﬁ%gg%g&yefor use in

methy cyclopentadie manganese tricarbonyl nyl

RS BEANARRY mea&wés&wm%ﬁ?ﬂﬁ&ﬂ@@%@e@%mﬂwﬂsﬁgﬁa%{%%o group

tetramethylcyclopentadienyl manganese tricarbonyl,

asntansindogaiasaniadienylichanganessgliicadammh. Exemplary organo groups
ethylcyclopentadienyl manganese tricarbonyl, diethylcyciopentadienyl
inundgarisdartricalrboviteld poopldoliole paidtdidey| ketmgsn estetacanbgdyites,
isopropylcyclopentadienyl manganese tricarbonyl,

selopatgfeyhepeiradieny Fheiaiganeenaiesrisopyn ebsieyeinhéreadienytarboxylic

manganese tricarbonyl, dodecylcyclopentadienyl manganese 7

isRe Ry ARRIGRRIBRMAdIBMIUhafRe %assaﬁ%wwrng
éﬁ%anes tricarbon I and thewé éncludl ixtures of twa or o
STl SATRIHETS GR IG5 ok bl RGP RESFGIAR
té'% Qﬂy%sé%ﬁ@ﬁhﬂﬂ%%%%%% SLANSSUSS, Pat. Nos. 4,568,357;
y cyclopentadienyl manganese rlbar onyI
4,674,447, 5,113,803; 5,599,357, 5,944,858 and European Patent No. 466 512 B1, the
disclosures of which are hereby incorporated in their entirety.

[0031] 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, tetramethylcyclopentadieny!
manganese tricarbonyl, pentamethylcyclopentadienyl manganese tricarbonyl,
ethylcyclopentadienyl manganese tricarbonyl, diethyicyclopentadienyl manganese
tricarbonyl, propylcyclopentadienyl manganese tricarbonyl, isopropylcyclopentadienyl

manganese tricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyi,

octylcyclopentadienyl manganese tricarbonyl, dodecylcyclopentadienyl manganese



ethylcyclopentadienyl manganese tricarbonyl, liquid mixtures of
cyclopentadienyl manganese tricarbonyl and methylcyclopentadienyl
manganese tricarbonyl, mixtures of methylcyclopentadienyl manganese
tricarbonyl and ethylcyclopentadienyl manganese tricarbonyl, etc. [0032]
Preparation of such compounds is described in the literature, for
example, U.S. Pat. No. 2,818,417, the disclosure of which is incorporated
hecaihanytsetyliretthyiogd8pstdadieniingagmedestidtarbonyl, indenyl manganese
manganese-containing compounds include non-volatile, low cluster size
ticaraeryl. abthtenikagaskding srrdinrryad dwpeumiyssohh @ompounds. One
bis-cyclopentadienyl manganese, bis-methyl cyclopentadienyl
rpRifeSdh R RRER IRy hiRReRBe ARRigarRY it Whisteaeadiowid i eom
ither water or grganic o’ubIF Furth re>Lam les include, but are not

(RS BT TR BriR et HiEoRs irdis g8 RERRNESMIHGAB b unds

%mg Q%Qémeﬁlgﬂﬁﬁ%f ﬂg%(\%rsg';gegfa@ggx nf@%%ﬁ.ﬁ?&&%@% §gé;9’f%ﬂ§;§_a%%8ny;

found’in the heavy residué trom the colu ation of cru

1093¢hda% dirdassil faGARRPRYIB AN 56 AAKRERIRABBRG  Hiixtures of

fuel. By "hydrocarbonaceous fuel” herein is meant hydrocarbonaceous

fuethysopticpmadienyl inite@iesdigralfisplyiahblethplephobe iafisyl manganese

kerosene, low sulfur fuels, synthetic fuels, such as Fischer-Tropsch fuels,
bicanbasyto diguids (BTI-} fuels, coal to liquids 8 (CTL) fuels, gas to liquids
(GTL) fuels, liquid petroleum gas, fuels derived from coal, genetically
engind®@Rbidtrreratiarced sycineoaxmmttdslie defsoribatkiuthe digsrature, for
propane, butane, unleaded motor and aviation gasolines, and so-called

FERINRAGREE JRb N2 Ritfich! K haisetssidin Powhisdronarsprratstiherein in its

gasol@ne boiling range and fuel-soluble
ntirety.

[0033] Non-limiting examples of manganese-containing compounds include
non-volatile, low cluster size (1-3 metal atoms) 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, but are not limited to, non-volatile, low cluster
manganese-containing compounds embedded in polymeric and/or oligomeric organic
matrices such as those found in the heavy residue from the column distillation of crude
MMT.

[0034] The disclosed fuel composition can comprise a hydrocarbonaceous fuel.
By "hydrocarbonaceous fuel" herein is meant hydrocarbonaceous fuels such as, but not
limited to, diesel fuel, jet fuel, alcohols, ethers, kerosene, low sulfur fuels, synthetic

fuels, such as Fischer-Tropsch fuels, biomass to liquids (BTL) fuels, coal to liquids



£

oxygenated blending agents, such as alcohols, ethers and other suitable
oxygen- containing organic compounds, fuels with mixtures of different
volatility oxygenates to modulate the volatility of the bulk fuel. Oxygenates
suitable for use in the fuels of the present disclosure include methanol,
ethanol, isopropanol, t-butanol, mixed alcohols, methyl tertiary butyl
ether, tertiary amyl methyl ether, ethyl tertiary butyl ether and mixed
€idrsieley gendeluidettise dueld] inndabyrolewregest fiethderived from coal,
reformulated gasoline fuel in an amount below about 25% by volume, and

asnstisaivensanesntRiRf PSR RRRIoRS 3 SmaisdRtelom. il e eap. propane,

fuel in the ran eofab ut 0.5 to about 5 ercent by volume

{6 LS OO AR 02R BesaliNenaAd Sp ol folempted ggsolines
S PSR s o

marlne nac

Byyasaéba&k %nmﬂa'aé%% QU RMEY ) B OISR BRLCNRS ﬁ!@q)xygen—

by-products, crude oil'extracts, hazardous wastes, yard trimmings and

VEHERRING QFGBRIB AN Sa €1 YabISURGLIHIRIr N AT EIHOLHE loRIAGE oxygenates to -

plastics and other organic waste and/or by-products, and mixtures

thedetftcathe eotalititrns tise spdfnBiensOangahiarsy siatbib &seabdniniierfuels of the

alcohol, or other carrier fluids. By "diesel fuel" herein is meant one or

prieserftidisciedoctdadtsie nefhproolp etusibtingpod piesd| tthetabiddiexel] alcohols,

biodiesel-derived fuel, synthetic diesel and mixtures thereof. In an aspect,

W@Wd%wabbh%ém fiestiarsapsttmesiy! stiver-sdy! tstanidrutyd eHeerand mixed

a sulfur content not to exceed on average about 30 ppm of the fuel. 9

098] ol R Baﬁﬂ?p&gmwg@&% Be ResRBRisR i el @grigd gasoline
h as a spar nitio en ression. ignition en ine, for

e 38 AR AR P B reee R Bran Aaygt
Rﬁ‘@@gHt é?el}‘z&g\@mwm@g%rg?ﬁ}g]W&@’?&ﬁ&sowggo% (5) 8% about 5

agnostlc ( D™) monitoring. To improve
percent by volume. "Hydrocarbonaceous fuel" or "fuel" herein shall also mean waste or

used engine or motor oils which may or may not contain molybdenum, gasoline, bunker
fuel oil, marine fuel oil, utility and industrial boiler, furnace and burner fuel oils, coal
(dust or slurry), crude oil, refinery "bottoms" and by-products, crude oil extracts,
hazardous wastes, yard trimmings and waste, wood chips and saw dust, agricultural
waste, fodder, silage, plastics and other organic waste and/or by-products, and mixtures
thereof, and emulsions, suspensions, and dispersions thereof in water, alcohol, or other
carrier fluids. By "diesel fuel" herein is meant one or more fuels selected from the group
consisting of diesel fuel, biodiesel, biodiesel-derived fuel, synthetic diesel and mixtures
thereof. In an aspect, the hydrocarbonaceous fuel is substantially sulfur-free, by which

is meant a sulfur content not to exceed on éverage about 30 ppm of the fuel.



performance, fuel economy and emissions, advanced spark ignition

engines may be equipped with the following: direct injection gasoline

(DIG), variable valve timing (VVT), external exhaust gas recirculation

(EGR), internal EGR, turbocharging, variably geometry turbocharging,
supercharging, turbocharging/supercharging, multi-hole injectors, cylinder
deactivation, and high compression ratio. The DIG engines may have any

of the BB indibaifligdpsay-fuehficraprsiions fAvalbgreeustedlindsr engine, such
fuel/air charge aerodynamics, More advanced DIG engines in the pipeline

A PRPBEIHIGIP "CRafIe Qi BATRIRSRIPA JERERTEBENS A oS SsaraRig gy anced spark
and.with 'ezo-in,jectors.ca able of reci§E mtgti- Ising of the f elti'nto t

A SerpiGsion e sndneE s A S afadvged Sxhatst ater

) iLincl ) . )

B e VA A B4R BRe a8 e

6HRsAcaIQ¥eMIhBR Y eR dNcaassilnge; elesiic &y REdRIBHRISAS: ASHRA may be

or compression ignition engines, there will be advanced emissions after

s@appenisticthasolisiiagodicataiipictia teideiadrap @, NatatbmdyzgdeRining (WT),
NO, trap, on- board NO, additive (i.e. urea) dosing into the exhaust to

extaona SiDauahdasiasnirautazmdsSGR y entermaNEBEROnrthefiaedidgliveariably

side common rail with piezo-activated injectors with injection rate-shaping
genmely BHRIsESHD, SHRLIThH PRg Juredchargieisitre (florroignorRii-hdle

the way to 2,500 Bar), EGR, variable geometry 10 turbochargpin&, gasoline
RisHoG Bt sy Rlinpr R dHIB SR Eseien alie- diBedPIAergines may have

Gasaline- and diesel-HCCI in electrjc hyhrid vehicl Ia%{(?)rms can alsq be
T AP YR I BARI oSS BRI oeTai
%"a‘iﬁﬁ@%&@%ﬁ}& 6 SR Y 5 MR iﬂftﬁgﬁ‘@lé]ﬁ'eovr&ih@é%?fa high
atacts on the exhaust stream or emissions resulting from the
&Qﬂﬂ?é'éé‘ieﬂ Rt irssLRAph e IRE SrPalNGharged and with piezo-injectors capable
of precise multi-pulsing of the fuel into the cylinder during an injection event. Exhaust
after treatment improvements will include a regeneratable NO, trap with appropriate
operation electronics and/or a NOx catalyst. The advanced DIG engines described
above will be use in gasoline-electric hybrid platforms.

[0036] For compression ignition engines, there will be advanced emissions after
treatment such as oxidation catalyst, particulate trap (PT), catalyzed PT, NO, trap, on-
board NOy additive (i.e. urea) dosing into the exhaust to remove NOy, and plasma
reactors to remove NOx. On the fuel delivery side common rail with piezo-activated

injectors with injection rate-shaping software can be used. Ultra-high pressure fuel

injection {from 1800 Bar all the way to 2,500 Bar), EGR, variable geometry

10



systems" include all types of diesel particulate filters--catalyzed and

uncatalyzed, lean NOz traps and catalysts, select catalyst reduction

systems, SO, traps, diesel oxidation catalysts, mufflers, NO, sensors,

oxXygen sensors, temperature sensors, backpressure sensors, soot or
particulate sensors, state of the exhaust monitors and sensors, and any

other types of related systems and methods. [0038] In an aspect, the
tudzonharginticgesniipeurmimay tieo Ud M gENdoenmesHiinag ratishi(ifOduCand diesel
into a fuel, and causing the fuel to be combusted in an engine. [0039] The
HisChbsEtppiing-ciid slssPd- e ibusteetiic bihedsiehisiepstformsscanasleo be used.
of atmosgheric combustion used in utility and industrial burners, boilers,
furnact®03Zhd hgirtmGiteriRalmept sYisieBa s biserbraushrifhininanalication to
liquid fuels (#5 fuel oil and heavier), to salid fuels (coals, wood chips,

A B SRR e s TR el et oot R agbag s aust
gﬂ@'@ﬂ%‘%ﬁ%@@”%%g@@%&ﬂ%@ %B)ﬂﬂﬂ’g‘{i‘&?ﬂf ged%'sceqr u%?.yl Rﬁa‘ef treatment

hydrocarbonaceou combining in any order cyclopentadieny

gg@f&ﬁ@ﬂﬁ@ﬂd@éhwésmm&@w&é?@&nﬁgﬁ@f&ﬁ@%&@?@éefxnt&i%%%ﬁked, lean

and a hydrocarbonaceous fuel. Thus, the CMT can be dissolved,

Niopetgedanm ebedyeinhasisarmpaddatemsrcoyshingd sahithssMiEEel oxidation
under conditions of time, temperature and pressure sufficient to solubilize
tataiysiisl OMMars INGlicsdddiel Toxygét seatbey, sapeetatheeMdAEsaNb2ekpressure
added to the CMT to achieve similar solubilization of the CMT. In yet

SRIHNE: Hepber priicualesensics siexfitthe @Xiaustanvmtareandeensors, and
added simultaneo%%/qor sequentially to the hydrocarbonaceous fuel, such

QY fthey ypesRidmiriad aystrrasanhreetisgsr conditions sufficient to

achie desired solubilization. For maximum benefit, blend of rimar%
and s\@é %]arn %gﬁeﬁ? t ﬁzcorganometa lic compound and the MMT can be

combined and introduced into a fuel, and causing the fuel to be combusted in an
engine.

[0039] The disclosed blend can also be combusted in other systems, such as
those of atmospheric combustion used in utility and industrial burners, boilers, furnaces,
and incinerators. These systems can burn from natural gas to liquid fuels (#5 fuel oil and
heavier), to solid fuels (coals, wood chips, burnable solid wastes, etc).

[0040] In another aspect, there is disclosed a method for solubilizing
cyclopentadienyl manganese tricarbony! in a hydrocarbonaceous fuel, by combining in
any order cyclopentadienyl manganese tricarbonyl, methyl cyclopentadienyl manganese
tricarbonyl, and a hydrocarbonaceous fuel. Thus, the CMT can be dissolved, dispersed,
melted or otherwise mixed into or combined with the MMT under conditions of time,

temperature and pressure sufficient to solubilize the solid CMT in the liquid MMT. In
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compounds can be blended first then added to the fuel. [0041] A further

aspect of the present disclosure is the presence or occurrence, whether
inadvertent or not, of CMT resulting in or from the production of MMT.

Such presence might occur as a result of impurities (cyclopentadiene

dimer or monomer) in the raw material methylcyclopentadiene used to

make MMT, and some of this impurity can then associate with a

AADHRASHSHD MHEWINMIUESE Beaiiderr ROt 1@ tiRkeaMilnif$ ubilization of
example, there can be by this process easily an amount of 1.5 % by

weegDiV TG NI viat theoltibt Tasplee trefSiiiki pgesextafidd M3 uaa dKeNEMTasndh IMT can be
GMT solubilized in the MMT, whereby the GMT can be readily mixed with

afded oo by ruafiasiugidiain botlimbydiccarbormtadcoltabductias diesel or
by utilizing as much of the lower cost GMT as desired in a fuel additized
WRRAUNG TuRldfetrintapial usdet condieneierBicient inaniisun terdrsised

nor is.the engine adversely affected £0043 It is to be understood that the .
ReluBilRSR] EoHTBBNEY Brnelh bPRY SRR ARfhResAYAAR e datsEnetalic

SERIATRN.9) Has IRl petherjelgusatpy the singular or plural,

are identifi as they exist prior to coming Into COH?&C'[ with another

SUbStamﬁjf%rﬁﬁtF%Pé(m?%Q BrE&eRk ﬁﬁ%m.k‘iﬂ]etw;&s%?gesgﬂég & ecurrence,

solvent, . It matters not what chemical changes, tra rmations

WHHPereRadante it M JElE ONACREUINY RSHIRTIREWR QL SRIHUSMMT. Such

reaction medium as such changes, 12 transformations and/or reactions
predivecaahigat resuit of briegingdhimppetdicdythassamigdiand/@mer or monomer) in
components together under the conditions called for pursuant to this
thedlasuratatalsnathybyclapentaticoernpedh énteaire Miifad asme of this impurity
ingredients to be brought together either in performing a desired chemical
FEAdheR esseriatenithaipnogamese danbwittaubssspoteriponytation to form

formin%a desired composition (such as an additive
CMT. As an example, there can be by this process easily an amount of 1.5 % by weight

CMT in the MMT. The resulting mix of MMT and CMT has the CMT solubilized in the
MMT, whereby the CMT can be readily mixed with a fuel. -

[0042] One benefit of this embodiment is a potential cost reduction by utilizing
as much of the lower cost CMT as desired in a fuel additized with MMT. No detrimental
effect on the fuel or its combustion is noted, nor is the engine adversely affected.

[0043] 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 another
substance referred to by chemical name or chemical type (e.g., base fuel, solvent, etc.).
It matters not what chemical changes, transformations and/or reactions, if any, take

place in the resulting mixture or solution or reaction medium as such changes,
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concentrate or additized fuel blend). It will also 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
thanefeihatiansantianpenreinrsah e diivralgesulisfdtingimgttimepgritied
before it was first blended or mixed with one or more other substances,

deRTiBME R sRPRRyeRestnacearga e conditinep redediainyasiael to this

'I('jhe act that the  substance, components or ingre_dientm y have lost its
i 5

PR Ferl Y PSSR R AR SO TR S ARG IR RS HNATRAIg Hiseto be
| ; . . . diatel fer i _
t%?#s{%v?ht%tfﬂégﬁbep gﬂ%P?&%@Wéﬁnﬁ% %?%Hgg Scf%rlnmcrg re'gl tgc}/nt seurc aatse ¥o|§fnatlon of

immaterial an acc naerstanding and appreciation 0

s GigalsnERARIHIRHaas PR fhn g AMBiR éQ%ﬁ@sQ&ﬁﬁgch as an additive

responses of the various gasoline blends were determined on

ASIddnGiteshaating fleererap RRICARIEHUBESY RN & tRa i fuRle

was determined using the ASTM D2699 method and the motor octane
sampendvi N b pehadiid G Hiéia2dattonatidih. the each fnargaderrRIAIBaber se

rate shown in Figures 1 - 4 the fuel blends were bracketed by the

andadiszc maseots. usad|isdanpidtviesocmediadaive Mo O vatibtenatsdédr sub-
about 0.5 to about 20% by weight CMT in MMT were tested for octane
ROEpIRERSEtardingba Ve y st olaims befeinafishgmyasteripegsibstances,
Fig#res 1 and 2 summarjze the resultant octane changes. Figure 1 shows

R R B e ARG NG UM S5 SRB (RS hCRIRPARSRIT ISlefiS Jathe
gﬁgg%@%&?ﬁ%ﬁi% S‘grﬁgéa“ﬁ%%‘g%%&#%aetﬁtsﬂg %‘AS ré -;se?{? g%sittg%s eC azﬂ ?he 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.

EXAMPLES
[0044] Octane responses of the various gasoline blends were determined on
the ASTM-CFR test engine. The research octane number (RON) of each fuel was

determined using the ASTM D2699 method and the motor octane number MON) by the
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surprising octane synergism was found with the blend comprising about
10% CMT in 90% MMT in fuels treated at the normal treat rate of 8 mg
Mn/L fuel. In particular, this blend gave an octane number change of 1.4
relative to 0.9 for MMT alone. This is a 56% enhancement of octane
response over that of MMT alone at 8 mg Mn/L. This octane response
synergism was also evident at 4 and 16 mg Mn/L. [0045] With regard to

At D2 20ire gy Aleahitiendayuite MA@ iddnsiaath Pigatdd did4 the fuel
not exhibit similar octane synergism as the blends shown in Figures 1 and
bleTaiswesidareckeiad byttreuatititicd ealjuekhitdddypositions containing
organometallic binary, or more compositions, and not organometallic and
M&&éﬁ%ﬁ%é%ﬁf@f&?%ﬁ tesahent ARRe b @ightGOAE M Teveneltested for
Figure 5, the neat MMT/CMT blends were subjected to cooling and

QA DR a%%}ﬂﬁiH@'%%ﬁﬁqr%%%vfa%#Hg)aﬁaiﬂeaéméeaenese levels.

iti inf t t .S t [ ti
ERSGHEY 0 MEBGR S RESSETIAR 1 B e .

IRIPRRAGHES m%&aﬁﬁmﬁmbgﬁeﬁm@iswewmm%’m%g#;g%“%g@e%gamse

freezing point depression or suppression with a minimum o

t32wi/ (T rindVIMigule AnsBRRES RS BaNEWENLE ABIAYRLOE M base fuel. A
that was added to MMT without changing the freezing point of MMT (1.45

S)rprisrig oothte byriromiWas fobeaeiitioe BliadreszipasiyHoout 10% CMT in

depression is an ability to better control the shipping conditions and

2040 deMAd Tt bstls destethmdheitiorthaliigtivtETongcolg Binvirdueshelntpattitilar, this

eutectic transition point of the MMT/CMT blend, roughly tracked the

blenthgaxmanyrsiansausuhes chenes el tHaelativaute &g foradtioalpuint This is a
ure minimum more accurately predicted the MMT/CMT ratio with

S P BCEMET R RSB GSRAI SuaT N MM plpre ai 8 mg MniL. This

octane response synergism was also evident at 4 and 16 mg Mn/L.

[0045] With regard to Figures 3 and 4, equivalent blends with Mn,(CO);q instead
of CMT did not exhibit similar octane synergism as the blends shown in F igures 1 and 2.
This indicated that octane synergism is only exhibited by organometallic binary, or more
compositions, and not organometallic and inorganic compositions, such as
MMT/Mny(CO)1o.

[0046] With regard to Figure 5, the neat MMT/CMT blends were subjected to
cooling and warming cycles to determine both freezing points and pre-eutectic transition
point temperatures. Such measurements may be carried out in a DSC instrument
equipped with high precision cooling, heating and temperature measurement
capabilities. It was found that CMT imparted a freezing point depression or suppression

with a minimum of -3.9 °C at 13.2 wt % CMT in MMT. In an aspect, the maximum
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[0047] 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. [0048] For the purposes of this specification and appended claims,

unless otherwise indicated, all numbers expressing quantities,
parcentaf €4/01 thed parsieddedrid MMEwithmd tbaingihgetb el fedingreoint of MMT
specification and claims, are to be understood as being modified in all
{(istancosp fleendrio badl. witecdirgsfitdiaesthipdiegzingtpaRbdepression is an

contrary, the numerical parameters set forth in the following specification

abilit i ordar eRIHR tie sippEdraRdtieth ANt dues Hiss BpgAted with

e desi ropertjes sought obtajned by the present disclosur,
{H%vvg%/@%ﬂn o(gdn%qwro e t%.m pet8u| rr(fltf(il? ansmgn ar%omE oﬁﬁg RMVﬁ‘IéRAT

St, a as an a he applicdtion o

g%&sa%éoo‘éiﬁr% Qpﬁepgs ig?ﬁ H@é@ﬁ‘e@%o%%‘?,rm pre-eutectic

Ql%%"\%&grﬁ
parameter should at least be construéd in light of the number of reported

sianficans slidite mperiRAPRIMRSLATHIRAYAQURSHEY nebRiGdaRe[MPINS ratio

noted that, as used in this specification and the appended claims, the
wittguainfarmectan@respatthétae artisidom pltya e iammamless expressly

and 15 unequivocally limited to one referent. Thus, for example, reference

to "an [dGYidaimumaciudedaes througlfedifthiespedifioxigantsfaisnesdabs been
herein, the term "include" and its grammatical variants are intended to be
medsitaigrymbenahiSepatanp sripdshedhfaraign ipatentgnplicatienssand srublished

other like items that can be substituted or added to the listed items.

Bt IARRTR AT SRR A dRRIERSDASHBRPTRIRG n full into this
(g%ag t'ceﬁ%fgngrfléﬁf;% F%‘:f 8%%%%?'9 description is not intended to limit, and

[0048] 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 attachedk
claims are approximations that can vary depending upon the desired properties sought
to be obtained by the present disclosure. At the very least, and not as an attempf to
limit the application of the doctrine of equivalents to the scope of the claims, eaéh
numerical parameter shouid at least be construed in light of the number of reported
significant digits and by applying ordinary roundingtechniques.

[0049] lItis noted that, as used in this specification and the appended claims, the

singular forms “a," "an," and “the," include plural referents unless expressly and
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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.

[0051] 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 claims, they are considered to
tecgateddhelimitedtiorobadefcteat dDRLYEoplergHipRe rferdAcd/ AR Antioxidant
CLAIMED IS: 1. A method for combusting an organometallic compound in

@ edepriercconmpoisi nijffdesnt amibridandss et o ndadyhamgan dhectadiic “inciude” and its
compound and methylcyclopentadienyl manganese tricarbonyl, wherein
#henyeednakirgrianiaathiienied dempp naa-finitgn et thatiegrilatianaiytems in a
manganese tricarbonyl, %E)) introducing the combination from (a) into a

igkis Mpfdrthesrdusiataheiheiditoligmsitgtram b sub it acaraddadts the
%, by weight of the secondary organometallic compound relative to the

qa%%g" 'F@] t of the methvicyclopentadienyl manganese tricarbonyl, and (c)
causl dgﬁguﬁkﬂ‘?mé%ﬂ Besﬁlgl@,léﬂ #8‘?0'%6'3& gg{g@véréfi}snfﬁs E?sorgrg&ice.
claim 1, wherein the engine is chosen from a spark ignition engine, and

AACUAO AR roRay ki R RPN G Wtk inRdhudi U rRtaliaethSlEY  be construed

after treatment systems with OBD monitoring. 3. The method of claim 1,
FeprgingheengisatisrclvapepHABLRERIIREERINions 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.

[0051] 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 claims, they are considered to be part of the invention under the

doctrine of equivalents.
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ignition engine with and without catalyzed exhaust after treatment systems
with OBD monitoring.. 4. The method of claim 1, wherein the
methylcyclopentadienyl manganese tricarbonyl is present in the fuel
composition at a treat rate ranging from about 1 to about 20 mg Mn/L 5.
WieamethodahiEmnel, wherein the methylcyclopentadienyl manganese
tricarbonyl is present in the fuel composition at a treat rate ranging from
about 2 to abbmet®digrvembuEtitg@megmnbofattlimcbmpbereiithe engine
secondary organometallic-compound and methylcyclopentadienyl

ARy SH&Se tricarbonyl are combined in a ratio of about 5 to about 95.
respectively. ? 7. The. method of claim 1, wherein the secondary

organometalliR SIRBEIN2 S5GIRRARY RAG0pRIREN e A9MRaMRAkARS e

ICAl mbined in a ratiq of about 10,to about 90, respectively.
e B e R e o sratin
SREARRHOLIS A RAABIERS FRAGH RMLBLRIRGIAlR Fampound. 9. The
method of cllaim , whelrein the mﬁang%?ﬁgse-cont l|n|nggjt::a((yr%%;eound is
fixelepaytadienyl manganese tricarbonyl. 10. The method of claim 1.
wherein the secondary organometallic compound is selected from the
group consis{is)drafoditoeidyheyciensniadie fvhmangaseseell waEsAYb)
trimethylcyclopentadienyl manganese tricarbonyl, tetra
nerstks/lo\cfopesnadiasip fremginoes 6. fritarbabylt 20 % by weight of
gentamethylcyclopentadienyl manganese tricarbonyl,

th§RepEIRpY REaHBeIEtAkia Ganwsene calaibmip the total weight of the

methvicyclopentadienyl manganese tricarbonyl, and

(c) causing the fuel from (b) to be combusted in the engine.

2. The method of claim 1, wherein the engine is chosen from a spark ignition
engine, and an advanced spark ignition engine with and without catalyzed exhaust after
treatment systems with OBD monitoring.

3. The method of claim 1, wherein the engine is chosen from a compression
ignition engine with and without catalyzed exhaust after treatment systems with OBD
monitoring..

4. The method of claim 1, wherein the methylcyclopentadienyl manganese
tricarbonyl is present in the fuel composition at a treat rate ranging from about 1 to about
20 mg Mn/L

5. The method of claim 1, wherein the methyicyclopentadienyl manganese
tricarbonyl is present in the fuel composition at a treat rate ranging from about 2 to about
16 mg Mn/L.

6. The method of claim 1, wherein the secondary organometallic-compound
and methyicyclopentadienyl manganese tricarbonyl are combined in a ratio of about 5 to

about 95, respectively.
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diethylcyclopentadienyl manganese tricarbonyl, propylcyclopentadienyl
manganese tricarbonyl, isopropylcyciopentadienyl manganese
tricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyl,
octylcyclopentadienyl manganese tricarbonyl, dodecylcyclopentadienyl
manganese tricarbonyl, ethylmethyicyclopentadienyl manganese
tricarbgnyl, indenyl mangganese tricarbonyl, and the like, including

mixturds of W& dPRtBPE ShAREBmpYisIRIM e rsaropRRIS ermRIRetAtic compound

octane number of gasoline comprising .(a) combining cyclopentadienyl

S o Ao R 5 ORGP PGB e rato of about 10 to
' dding said combination to the gasoline, wherein (b)

érgggfﬂ%sg’ggtoﬁ% " comprising from about 0.5 % to about 20 % by

weightgof the-gyclppaniadieaidimangasss HENLAN £9BRAMHEAY ompound

to the total weight of the methvicyclopentadienyl manganese™ tricarbonyl.

i$& haaryanetcont-nMREBHiKhesinmipedepBange in a fuel composition
comprising measuring a pre-eutectic transition point temperature of a

synerdistic blenel methpdsinglaneyleysiepetiadiengamangesnasming compound is
tricarbonyl and a secondary organometallic compound, wherein the fuel
Ssiapastasivomh mBosrREsLFinarkionyt 20 % by weight of the secondary

organometallic compound relative to the total weight of the .
methy&dop@?ﬁéﬂ?gm RiSREhEswhaiely Bnsecanda0reronndmeeticrompound

. d llic com di t methyl lopentadienyl
B e e

re-eutectic transition point temperature correlates Wiﬁh enhanced octane
trR:aerE)orWd H?mehﬁ clo?entadlegéﬁ) mangﬁ{ber?a réoﬁ%

per nce. 14. A eutectic mixture c chclopentadienyl

tdRARGANRSR SRRy manganese tricarbonyl, pentamethyicyclopentadienyl

manganese tricarbonyl, ethylcyclopentadienyl manganese tricarbonyl,
diethyicyclopentadienyl manganese tricarbonyl, propylcyclopentadienyl manganese
tricarbonyl, isopropyicyciopentadienyl manganese tricarbonyl, tert-butylcyclopentadienyl
manganese tricarbonyl, octylcyclopentadieny! manganese tricarbonyl,
dodecylcyciopentadienyl manganese tricarbonyl, ethyimethylicyclopentadienyl
manganese tricarbonyl, indenyl manganese tricarbonyl, and the like, including mixtures
of two or more such compounds.
11. A method for enhancing octane number of gasoiine comprising

(a) combining cyclopentadieny! manganese tricarbonyl and
methylcyciopentadieny! manganese tricarbonyl, and

(b) adding said combination to the gasoline, wherein (b) results in a gasoline
comprising from about 0.5 % to about 20 % by weight of the cyclopentadieny! manganese
tricarbonyl compound relative to the total weight of the methvicyclopentadienyl manganese

tricarbonyl.
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and a secondary organometallic compound, wherein the secondary
organometallic compound is not methyl cyclopentadienyl manganese
tricarbonyl. 15. The mixture of claim 14, wherein the mixture is a binary
mixture and further wherein the secondary organometallic compound is
1Zyclopartigien)optinngngestaticoefonylaris: l'ﬁf’aafueib(d:um;?’slﬁl_ah‘riixﬂprising
; | j i i .. The mixtur claim ‘
e oy e e e ol R R e iR

methylcygiRpgaiasiriymargans R iR zembahe serbnaepigariopetdtidieayipound,
wherein thea8 MG e3P l?g%[&g%rv %ﬁ)@i&%ﬁﬂ%’rﬁg@ gebc%%%grsy

respectively. 19. The mixture of claim e secondary
organomealic FAMBRHNE IR e ik HeiEi Y hspeetarierineiagienysmanganess
tricarbonlf i eAORANEAMSRMIHEE EbACEH) @ AR A B AR s E‘SFR%‘EHMG'V-

20, A blend of combustion improvers useful for optimizing octane

cyclopentadiany| JARg RSEINERMPMing mixtures of: one or more materials selected

13romThe GabPdcSTENAHINROLPETB ROME G GpMmBlitsitiANganese
tricarbonyls, MMT/CMT, MMT/R-Mn(CO)5 where R is an aryl- or
temperat%rlﬁﬁglréﬂ%gf ‘Q{Sﬁ&% aNGRE GTEABP RISTATMaRSRals selected from the group

14consistngcfonisedreneinlpigagoneeialtigsioptMadray MAKREaM8 P carbonyl
/Platinum- roy%metals Mn Cu},‘gFe/Ce, Fe/Platinum-group metals.

and a seqiiary KaaBEMElhs Compokng WHsrois b SREQSIRAIY FHAARRGRbRein o
compoungiie-eiteetityteyosifientadiemtyieneperatese dictvdagnd of combustion

15MPro¥ers i “Pee!a‘?"c"léﬁﬁ |

organometallic com ouég?ﬁ’%%epﬁﬁ%iﬁew grga]tsugeb?gaarf%%%% and further
wherein the secondary organometaliic compound is cyclopentadienyl manganese
tricarbonyl.

16.  The mixture of claim 14, wherein the mixture is a trinary mixture.

17. The mixture of claim 14, wherein the mixture is synergistic.

18. The mixture of claim 14, wherein the secondary organometaliic compound and
methylcyclopentadienyl manganese fricarbonyl are combined in a ratio of about 5 to about 85,
respectively.

19. The mixture of claim 14, wherein the secondary organometallic compound and
methylcyclopentadienyl manganese tricarbonyl are combined in a ratio of about 10 to about 90,
respectively.

20. A blend of combustion improvers useful for optimizing octane response of a fuel
comprising mixtures of: |

one or more materials selected from the group consisting of organometallic cyclomatic
manganese tricarbonyls, MMT/CMT, MMT/R-Mn(CO)s where R is an aryl- or alkyl-radical
species; and

one or more materials selected from the group consisting of mixed metal organometallics
of Mn/Fe, Mn/Ce, Mn/Pt, Mn/Platinum-group metals, Mn/Cu, Fe/Ce, Fe/Platinum-group metals,
Fe/Cu, Mn/Pb, Fe/Pb, Ce/Pb, and Pb/Platinum-group metals,

wherein a pre-eutectic transition point temperature of the blend of combustion improvers is

below the freezing point temperature of a primary organometallic compound in the mixture.
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21. A method for solubilizing cyclopentadienyl manganese tricarbonyl in a
hydrocarbonaceous fuel, said method comprising combining in any order
cyclopentadienyl manganese tricarbonyl, methyl cyclopentadienyl
manganese tricarbonyl, and a hydrocarbonaceous fuel , wherein the

methogh resulsristisoi - eebilising dyerdhaheidiéhd YadARPRYL 2%ty in a
ri/é\ggtirﬁht E(ﬁ‘the cyclopentadienyl manganese tricarbonyl compound relative

SAOTAIES e SIRTRAE SIRPHS NG FOMRANRAL8RY RIE&Fhony!.
@2iopkatatithyicraingaitas2 trivdreoin, ﬂ%@tﬁyc@@mﬁléﬁ!ti@mhmwe
tricarbonyl is added to the methyl cyclopentadienyl manganese
R £ TR B AREBr 3a: TSGR R v resits n e
sothigicgdiopeatadidhy naraiaue 26 %icprxion i tedsditpéhadienyl manganese

ienyl nese, tricarhonyl. 24. The method of clajm 21,

R R TSR magaree
tapatbpeyitadienyl manganese tricarbonyl are added in any order to the

fuel. 25, A ing, th ¥4 intof . .
ek ol e R R T

tﬁﬁﬁﬁhﬁ@’h‘fﬁéﬁﬁ*ﬂ@?é%ﬁ@rﬂa@i@ﬁWQﬁﬁﬁgtﬁ@%@Mﬂmbenwamambuml_of
cyclopgntadigny | ieaRIeRESS Hisqr W?@f_!ai3%&5@%9&%&8&89@5}859ﬂ%§{bane3e

organometallic compound in a combustion system comprising; (a
THeRRARIN P 28ROIILIG Breanenriany cormganngedigarbonyl.
methyjayclogeatadigg m@%@@%ﬁgﬁfﬁﬁﬁthyﬁiaéiﬂgrﬁgﬁ%ﬂgﬂWanganese

_rganometallic compound is not methyl cyclopentadienyl manganese

fﬁ‘? LB R ATIE YO MBNSASAS SRR MG Redeq ersinqisier to the
foesults in a

25. A method for depressing the freezing point of methyicyclopentadienyl
manganese tricarbonyl comprising combining with the methylcyciopentadienyi
manganese tricarbonyl an amount of cyclopentadienyl manganese tricarbony!.

26. A method for combusting an organometaliic compound in a combustion

system comprising; '

(a) combining a secondary organometallic compound and
methylcyclopentadienyl manganese tricarbonyl, wherein the secondary
organometallic compound is not methyl cyclopentadienyl manganese
tricarbonyl,

(b) introducing the combination from (a) into a fuel, wherein (b) results in a
fuel comprising from about 0.5 % to about 20 % by weight of the secondary organometaliic
compound relative to the total weight of the methyl cyclopentadienyl manganese tricarbonyl,
and

(c) causing the fuel from (b) to be combusted in the combustion system:
wherein the combustion system is chosen from utility and industrial burners, boilers,
furnaces, and incinerators.

27. A fuel composition made by the method of claim 21.
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fuel comprising from about 0.5 % to about 20 % by weight of the
secondary organometallic compound relative to the total weight of the
methyl cyclopentadienyl manganese tricarbonyl, and (c) causing the fuel
from (b) to be combusted in the combustion system; wherein the
combustion system is chgsgn fgppldingfgd industrial burners, boilers,
furnaces, and incinerators. 27. A fuel composition made by the method of
claim 21. 20 FUEL COMPOSITION ABSTRACT OF THE DISCLOSURE
There is disclosed a m JaRRorganometallic

comp ndin a in |nclud|n (a) comblnlngasecondary

organ %rﬁalﬁ@@&l%%%ﬁﬁdﬂsmﬁf@fhgﬁgmaﬁtaawqﬂahgmé@éneta'"c

tr| arbon mtroducm ec b|n tion from (a) into a fuel, an

R A e BB R RIRAE FReLB R SRR compouna

JWFﬁ%thyicyclopentadlenyl manganese tricarbonyl, (b) introducing the combination

from (a) into a fuel, and (c) causing the fuel from (b) to be combusted in the engine.

(No suitable figure)
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