FUEL COWPOSI TI ON DESCRI PTION OF THE DI SCLOSURE Fi el d
of the Disclosure [0001] The present disclosure
relates to fuel conpositions conprising

organonetal | i c conpounds and net hyl cycl opent adi enyl
manganese tricarbonyl conpounds. These conpounds can
be bl ended at synergistic ratios that optim ze octane
performance of a fuel. The synergistic ratios can be
determ ned by neasuri ngFUEReCQMPOSITION i c transition
poi nt tenperature. Background of the Disclosure [0002]
A need exists to deliver conbustion inprovers to fuels
in an efficient and cost effective manner. Conbustion
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BARRISHAPH thdPRQIRLR 1 SUMMARY OF THE DI SCLOSURE

[0002] A need exists to deliver combustion improvers to fuels in an efficient and

qual ity

cost effective manner. Combustion improvers can vary widely incost, physical
properties, handling and safety require‘men.ts, quality or purity, and efficacy. Thus, for
-certain applications, customers of combustion improvers destre foi fmprove that is,
reduce their costs and, if possible, decrease the amount of combustion improvers
[0003] Fuels andfuel blends that utilize combustion improvers have included

diesel fuel, gasoline, biodiesel, coal and other hydrocarbonaceous mater.ials. 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.



[0005] In accordance with the disclosure, there is

di scl osed a nethod for conbusting a secondary
organonetal i ¢ conmpound in an engi ne conprising; (a)
conmbi ni ng a secondary organonetal Iic conmpound and

nmet hyl cycl opent adi enyl nmanganese tricarbonyl, (Db)

i ntroduci ng the conbination from(a) into a fuel, and
(c) causing the fuel from(b) to be conmbusted in the
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rati os of conpounds in these m xtures are bel ow that
syRsTgighy blend campripiag wedlideydapeptadianyl manganeseitieadeanyl and an

organometallic compound.

[0008] In a further aspect there is disclosed a eutectic mlxture compr;smg
methylcyclopentadienyl manganese tncarbonyl and an organometallic compound.
: [0009] Further, there'is disclosed a blend of combustion i improvers useful for
- optimizing octane respthé of a fuel comprising mixtures of two or more materials
. selected from the group consisting 6f organometallic cyclomatic manganese
'_ tricarbonyls, MMT/CMT, MMT/R-Mn(CO)s where R is an aryl- or alkyl-radical species,
nixed metat organometamcs.pf Mn/Fe, Mn/Ce, Mn/Pt, Mn/Platinum-group metals,
' MnfCu, Fe/Ce, Fe/Platinum-group métais, Fe/Cu, Mo/Pb, Fe/fb, Ce/Pb, and
~ Pb/Platinum-group metals, where the optimum ratios of compounds in these-rri‘ixtures

are below that of any of the individual component in the mixture.



2 [0010] Additional objects and advantages of the
di scl osure will be set forth in part in the
description which follows, and/or can be |earned by
practice of the disclosure. The objects and

advant ages of the disclosure will be realized and
attai ned by neans of the elenents and conbi nati ons
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chanl9813h Figure 41§ a 9raninilestrating pyidation sumbesrgesponse curves on
conposi tions conprising various blends of
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tricarbonyl and cyclopentadienyl manganese tricarbonyl.

[0014] Figure 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 tricarbonyl and Mna(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 Mnz(CO)q.



3 [0017] Figure 5 is a graph illustrating the freezing
and pre-eutectic transition points for conpositions
conprising various bl ends of nethylcycl opent adi enyl
manganese tricarbonyl and cycl opent adi enyl manganese
tricarbonyl. DESCRI PTI ON OF THE EMBCODI MENTS [ 0018] The
present disclosure is directed to fuel conpositions
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[0019] A “primary” organometallic compound is the main additive cémpound
and a “secondary” organometallic compound is the additional organometallic
component providing the enhanced performance of the additive.
| [0020] There is also disclosed a methdd for combusting a secondary
organometallic.compound in an engine comprising; {a)-combining a-secondary
organometallic compound and methylcyclopentadienyl manganese tricarbonyt, (b)
introduging 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



4 the expectation, know edge or intent to thereby
facilitate the eventual conbustion of the fue
cont ai ni ng both the organonetallic (such as CMI) and
the MMI. [0021] The fuel conpositions disclosed herein
can conprise a secondary organonetallic conpound ata
treat rate ranging fromabout 1 to about 40 ny
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exanpl e about 75:25. In an aspect, the blend rati o can
ofifemg dvin/lifemof fuel ciMT 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
ofganometallic compound, wherein the organometallic compound is not MMT. The
blends can be in a ratip of about 95 MMT:5 organometallic com_pound 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.



5 [0024] In an aspect, MMI has been found to be an
excel l ent solvent for CMI. Thus, the blends of the
present disclosure can be neat. [0025] It is believed,
wi thout being limted to any particul ar theory, that
blends for use in the present fuel conposition can

i ncl ude binary m xtures of organonetallic cyclomatic
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octane performance of a fuel conposition relative to a
comprundin thegnixseposi ti on that does not have a
synergi stic eutectic m xture.
[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 éecondary 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 fuellcomposition felative to a similar fuel composition that does

not have a synergistic eutectic mixture.



6 [0029] The blend can be a eutectic mxture. The term
"eutectic mxture" is given its ordinary neaning and
shoul d be understood to nmean a m xture of two or nore
phases at a conposition that has the | owest nelting

poi nt, and wherein the phases sinultaneously
crystallize fromnolten solution at this tenperature.
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e c[:g()rsk?lc]) n%/tljiiabte manganese tricarbonyl compounds which can be used include,
but are not limited to, cyclopentadienyl manganese tricarbonyl, methylcyclopentadieny!
manganese tricarbonyl, dimethylcyclopentadienyl manganese tricarbonyl,
tfimethylcyclopentadienyl manganese tricarbonyl, tetramethylcyclopentadienyl
rﬁanganese tricarbonyl, pentamethyleyclopentadienyl manganese tricarbonyl,
| ethyfcyclopentédienyl manganese tricarbonyl, diethylcyclopentadienyl manganese
tricarbonyl, propylcyclopentadienyl manganese tricarbonyl, isopropylcyclopentadienyl

manganese tricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyl,

'octylcyclopentadienyl manganese tricarbonyl, dodecylcyclopentadienyl manganese



octyl cycl opent adi enyl manganese tri carbonyl,
dodecyl cycl opent adi enyl manganese 7 tricarbonyl,

et hyl net hyl cycl opent adi enyl manganese tri carbonyl,

i ndenyl manganese tricarbonyl, and the |ike,
including mxtures of two or nore such conmpounds. One
exanpl e is the cycl opent adi enyl nanganese tricarbonyls

tH\EHr {)/hy"l”eq J'h‘ng eiBﬁérF{Q %%ﬁge}ggﬁ yéﬁ'lcg Q//Iaﬁ'ndenyl manganese

cyc openta ricar

s o l%%ﬁﬂ@@fﬁg%ﬁ.%%ﬁ@g%% eafh.on

ﬁ’] t@ﬁé@% C?Arpe%ﬁgﬂalﬁqu( é%rigég%a rné ﬁ'ﬁ'h gén){qu;d at room
t%rhb%%ﬁu@onyifh RN LS Whpounas
e SEREEh el A iR G 08 s SR B Boacions
R PR e e bt geson, i o
Melphey Eqpsnta%?qp&ﬂ@aaaé’ﬂeséﬁ' Eabomhand SpisinaEouadATY iEnganese
bi ent adi enyl manganese, bis- nethyl
b Etf%%gﬁ?cgm enyl manganese, nmanganese napht henat e,
or g3 EpeRpHoT iuchaPBeHRs Biasadbarie, e lferaie, or
not limted to, non-volatile, |ow cluster
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and/or oligoneric organic natrices such as those
epiggled in the heavy residue fromthe col um

distillation of crude MMI. [0034] The discl osed fue
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"hydr ocar bonaceous fuel" herein is neant
nmr@i@'@ttlﬁr bwrelistiensizd (1e? meatal@toras), manganese-containing compounds such
as bis-cyclopentadienyl manganese, bis-methyl cyclopentadienyl manganese,
manganese naphthenate, manganese |l 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



limted to, diesel fuel, jet fuel, alcohols, ethers,
kerosene, |ow sulfur fuels, synthetic fuels, such as
Fi scher-Tropsch fuels, bionass to |iquids (BTL) fuels,
coal to liquids 8 (CTL) fuels, gas to |iquids (GTL)
fuels, liquid petrol eumgas, fuels derived fromcoal,
genetically engi neered biofuels and crops and extracts
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fug] in angrppywnt belpyy akeut 25% by valymenand fenexamplalin poametnt that
furnace and burner fuel oils, coal (dust or slurry),
previdge apiaxygereeemientyin theoevesasfuekindhe jange of about 0.% foahwut 5
oil extracts, hazardous wastes, yard trimm ngs and
pelasttdy wobage.c HilyssocaiblonapaodsiBiel" ardiviet! inetaim ahall ates mean waste or
fodder, silage, plastics and other organic waste
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fuel” herein is nmeant one or nore fuels selected from
(dusteorgationy), 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 m.ixtﬁres
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.



consi sting of diesel fuel, biodiesel,

bi odi esel -derived fuel, synthetic diesel and m xtures
thereof. In an aspect, the hydrocarbonaceous fuel is
substantially sulfur-free, by which is neant a sul fur
content not to exceed on average about 30 ppm of the

fuel. 9 [0035] The disclosed fuel conpositions can be
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board NOx additive (i.e. urea) dosing into the exhaust
opegaticneleetranids, arsiier qjN@su:atalyst. 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 stich as oxidation cata!ysf, particulate trap (PT), catalyzed PT, NO, trap, on-

board NOx additive (i.e. urea) dosing into the exhaust to remove NO,, and plasma
reactors to remove NOx. On the fuel delivery side commoh 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
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reactors to renove NOx. On the fuel delivery side
comon rail wth piezo-activated injectors with

i njection rate-shaping software can be used.

U tra-high pressure fuel injection (from 1800 Bar al
the way to 2,500 Bar), EGR, variable geonetry 10

t ur bochar gi ng, gasol i ne honbgeneous charge conpression

R ORa e Eﬁ‘eﬁ B sH R T fogy pnd diese

di esel -
I_F&séﬁse%dﬁﬁg g%né{mu ol CI-ESW% %p c @Bh& (nteﬁlélgﬁea% ﬁ§¥r§ 58" used.

syst ﬁfBS'if eyﬁecl%ﬁgzglitg}qgattﬂént H‘% l!ISOB nblho?urg (Ell'ltttf‘llﬁ gpplication to

act s on the ex tream r em sSi
t { t ment
a‘*{%fh{%sfeﬁﬁé% Ot peddeiointat Srepat hrtinis pi e Sihaus
I L .
kS Bl R el o @iﬁ%ﬁ@b%&@ée@w&{?@l Léi?é’r%@a,tment
éstﬁ%sr @0’@%%3&%%" 358! BTt Bl Seahvedt 8 Ucatalyzed, loan
NERaRs PR st ageet s i aUctRA SYeiRts: SO« iner. ‘Efﬁ’wa oxidation
p ?{‘é rel ated systens and nethods. [0038
2R vagpawer% O RS BABE LA STE o STRE S SeEORMracpressure
be corrb ned al{%l ntroduced into a fuel, and causing
SEHROTS: &é’P PPBUCLYRBEIIUS Stafeh hemipHe., mpmtysoandpensors, and
di scl osed blend can al so he conbusted in other
a%@&'@hﬁ?‘%&&f?'aﬁd syieyes ape mathersoheri ¢ conbusti on used

inutility and industrial burners, boilers, furnaces,
and [OR3$h&m an gerect the sanpmetatiic empadanttoe MAE qambe
- gas to liquid fuels (#5 fuel oil and heavier), to
C@Bbliﬂ@d ANe frodueed into afusd and qausing dherulel to bsotdrobusterd iesn
etc). [0040] In another aspect, there is disclosed a
- engiRgod for solubilizing cyclopentadienyl manganese
tricar bonx_ i n a hydrocarbonaceous fuel, by conbining
i n. [0039] The disc!osed 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
| éyclopentadienyi manganese tricarbonyl in a hydrocarbonaceous fuel, by combining in
any order cyclopentadienyl manganese tricarbonyl, methyl cyclopentadienyl manganese

o tﬁcarbonyl, 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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any order cycl opentadi enyl nmanganese tricarbonyl,

nmet hyl cycl opent adi enyl nmanganese tricarbonyl, and a
hydr ocar bonaceous fuel. Thus, the CMI can be

di ssol ved, dispersed, nelted or otherw se m xed into
or conbined with the MMI under conditions of tine,
tenperature and pressure sufficient to solubilize the

atted 2ot e AT ChALL MY 1o 4 i 309LASTS A3RS LoiubitBton of
5 6VBl L3Rt 2tad aseterEof TR ereRat GOl e tBEa  hfigoan be
*f?'f}g? St BHa b s ianall R ey fodelinagpous, et sty as dieselor
b SH 106 SHaBP et Ry caprt Py iiSneio colgys hAesied

benefit, end of prinm n econdary, organonetal lic

Seﬁ'ﬁ@éﬁffﬂfs bﬁ@&ﬁﬂ%ﬂﬁﬁé}?@sﬁz Pfél"gt"?f)ﬂ@ﬁ’y cppdaryorganametallic

' C/%004% A further as&ect of the present disclosure is
meoHrdsseattke blended et bigp@ddedirthgdveli nadvertent or

not, of CMI resulting in or fromthe production of
mvrr. [084dh A W?EWCEP@HP PERsEnt digelogure dssthetpresence or occurrence,
i mpurities (cyclopentadi ene dinmer or nononer) in_ the
V‘ihgﬁﬁ’rﬂiaé'w%?"tr%ﬂﬁ of (M TofesHiting incererame g predugtion afiMMT. Such
. and sone of this inpurity can then associate with a
PrAgeH em Bight acein agi a resyll 96 isepusities (ayelopaytadiens dimer dranenomer) in
CMI. As an exanple, there can be by this process
thearam lyaf@ﬁaHnﬁm;gy@opqntadi%@ayswbtoghake IBMIT, iand tsheeNithis impurity
The resulting m x of MMI and CMI has the CMI
canthebi dsseeigte) with amanyhiicsavtemalith sutse@udnt carbdpglation to form
readily mxed with a fuel. [0042] One benefit of this
Cohihotis e pxampleatheo: ean baby tius pracessieasilyranamattritlof 2514 by weight
as much of the lower cost CMI as desired in a fuel
- Chidintthe M T The riebdiitindNonixlet MMTeanidCMTdfakaioé CMT sdlabifiter in the
~or its conbustion is noted, nor is the engine
My, evieedby thefGMT edn bp084dly niked with a fbel. under st ood t hat
the reactants and conponents referred to by
[0042] One benefit of this embodiment is a potential cost reduction by utilizing

:a-ls 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 chemicél name or chemical type (e.qg., 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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chem cal nane anywhere in the specification or clains
hereof, whether referred to in the singular or
plural, are identified as they exist prior to coni ng
into contact with another substance referred to by

chem cal nanme or chem cal type (e.g., base fuel,
solvent, etc.). It matters not what chem cal changes,

iR fiomd Asr RARE a'i@&%tria%]ﬂa% rebditt 8 Win Ig Iﬁﬁe sBéch?e%

Int resulting mxture or So on or r

r@E&EH@a%ﬁ!o?léénl{)éﬁéﬁgfdgxreﬂf&r eé%{lﬁg géﬁ%r{rlc%‘n% Sailgélfc{gg)ursuant to this

reactions ar

e&ég&% gqlwus rtﬁealcéta 0&?]‘;40%&?%%% ;{}S Ege%{.iﬁ?ogaesz Irl]ISI[edu en(flse {o be

trons Ca

bk M AR EITERS0 e omns
SRR SPOAD BT PO G e
b R

P RBHE oS AL o RGRFAS R or o

and/ or,_as onents used in formng preforned
aﬁ%ﬁrﬁwamesﬁ%ﬁﬁ Lo iRdomTIng Srefamied adifyersambyions and/or sub-
Ac ordlng even t hou the clains herei nafter may
CP'@'?’E‘P'“%S ﬁdm'yegven 3&%#&% QIW@naﬂqsgawe&ntg sppstances,
t he present tense rises", "is", etc.), the
cPRIPRREHE andl/er mefq%ﬁ% : iibe present epre Crempesast, s ete. ), the
ingredient as it existed at the tinme just before it
: refeine? iSsip thy evleRteNce; CoMReRENIS eringiediest aneuistckabthe time just
- subst ances, conponents and/or ingredients in
“befios it wan dest ilangled j9s npraskwith onk oo pther stibstanaes, cohmionents
. the substance, conponents or ingredient may have | ost
‘apd/er haragianis in apsardange with sagybresentatientisss. Thedattitoat the
transformati on during the course of such bl ending or
syhstaneg, copeenrantoosingrediemhadiy ek yost e oegihaldderitity thnoigyh a
wholly inmmaterial for an accurate understandi ng and
cigmicalgeattioorordfansformsatib redurogthe carde bheuat émding or mixing

. thereof .
- * 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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EXAMPLES [0044] Cctane responses of the various
gasol ine bl ends were determ ned on the ASTM CFR test

engi ne. The research octane nunber (RON) of each fuel
was determ ned using the ASTM D2699 net hod and the

not or octane nunber MON) by the 13 ASTM D2700 net hod
At each nmanganese treat rate shown in Figures 1 -

Advav begbo n@lt: ISAMECR nbér?g%lﬁggéﬁge?tyrafeh&lo%%%% (Ii 4 the fuel

base fuel uel conpositions con

b@n@@%r@t)rag:p&éﬁ b9 tﬁ LiRa @Ry t?a%é’ﬁ?é{l \ﬁ@aﬁ?ogpp%mogg&glatammg

were teste ane response

R, oA CCFMMW Bt esipa for
oSERP Tessifieq biTReRlF NiBhaed apSaRR iR aEred rewgness el
FILER 154 B sl e 1ol egneSinaging Eirs) boes B

5y i in Spile bfneac PRI SMBieo WBPHERR bioass 3iatenapanganese
ﬁ@!‘@%mﬁ%? RS S ssiateS st aplane pBatds 0 thao paroase fuel. A

a. 56% ?nhanc nt of octane response

s pliva ARNG YRGS 6% AP RRRIDNY CPRnGRaHE10% CMT in

ne m was al so evident at 4 and 16
‘Q%ﬁ\@ﬁlq[!@&% tr@%@ﬁ at g@d}qgmpbtrq:qtg@,qeég 83ng M/ig fuel. innr?articular, this
i val ent blends with M2(COio instead of CMI did
bigRe 9V, A PEIAEE AUMBEr Bhangseord exlafiverte AP fonMMST elene. Thisis a
‘ wn in F| ures 1 and 2. This indicated that octane
5@2@@%?%? oh Artane xefnenee avernthat of Adialcnel atd mgmdnf., This
or nore conpositions, and not organonetallic and

OGIARS ERSRPRSBMEEESMiWRsAlsG atentat MMNUMENEB)b. [ 0046]
Wt h reﬁard to Figure 5, the neat MMI/ CMI bl ends were
subj[@@4%]d VYith regard to F;gures 3 and 4, equivalent blends with Mnx{CQ)yo instead

of CMT did not exhibit similar octane synergism as the blends shown in Figures 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
-MMTIan(CO)10.

[0046] With regard to Figure 5, the neat MMT/CMT blends were subjected to
cbo’ling 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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cooling and warm ng cycles to determ ne both freezing
points and pre-eutectic transition point

. tenperatures. Such neasurenents may be carried out in
a DSC i nstrunent equi pped with high precision
cool i ng, heating and tenperature neasurenent
capabilities. It was found that CMI inparted a

alloiEbEhP e S GRIGE 30 M B BARERER IO e Hiehgfpoint o T
FRRG] et REoB kG s ¥ "?i%é%ﬁ*&a%‘%‘h SR Efensonis an
=iy 25 By b Pind Snbaink ot S5 febbe Y1 Poiesgpiated vt
oSRB hr fe fpﬂ&ﬁﬁgqmgﬁﬁtlﬁﬁwr*t&%“%t T

oSt h Matkat e R heris BRgPURf ke e e pre-eutecti
wpRHR o at?tgr?w?m B G Mt PG Bt dhe MABTICMT ratio

with timum oc se at around
wh SREBHEAE R TRROEGR #1guTA OAdoCH e ML s
throua ? this specification, reference has been
- maddOP471a At pHIBEFOUSTPIages thrﬁaswtéhls sognificatian reterencgrhas been
pat ent applications and published technical papers.
magde ta g aymet el fo eatepkn sublisbed forpigaralent ﬁ@elroag%& 2l pyblished
. full into this disclosure as if fully set forth ) ]
tepbnieal Pappro A pueibeitaddoqymeptssars ecxpreﬁﬁ%/fsnmatadd@fu"aﬁto this
and appended cl ai ns, unless otherw se indicated, all
dipclegire asdhfpivesss forth thGﬁlnt ities, percentages or
proportions, and other nunerical val ues used in the
spec[OMQiaFDbfﬂ?emClSIeaiOﬁﬁliS snesificetioneanthapnesided ¢laimss, unless
being nodified in all instances by the term "about."
- othemdsalindighied, athhewbeisredprssing quantities, percantages or prioportions, and
nunmerical paraneters set forth in the foll ow ng
othgraimérial valnesausbdain s brtification amd elaiensg ppr twbamarderstsod as
that can vary dependi ng upon the desired properties
- bedmunlotlified in all instances by the term “about.” Accordingly, unless indicated to the

contrary, thé numerical parameters set forth in the following specification and attached
claims are approximations that can vary depending upon the desired properties -soug‘ﬁt
to‘be obtained by the present disclosure. At the very least, and not as an ,attempf fo
limit the application of the doctrine of equivalents to the scope of the claims, -eat;:h
numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding-techniques.

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

singular forms "a," "an," and "the," include plural referents unless expressly and
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to be obtained by the present di scl osure. At the very

| east, and not as an attenpt to |imt the application

of the doctrine of equivalents to the scope of the

claims, each nunerical paraneter should at |east be

construed in |light of the nunber of reported

significant digits and by applying ordinary roundi ng

h (ﬁ .téé) 4 | S . w I 1 H n

ShESIBNSnsh Ol el YALE ol o cf38ied O 4f ghciaan

. - T iy " "oin | ural, referents., .

WSO8 o oA an bt LU LU e YA anas
] f. e rence,.tp "an, .. . .

SEFHREER) orFASord e AT e RAGH" G GtgBfraton oftems i

: | Qx] .y rein e term"ipclude" an

AL L S A N

. =ljmting, such that recitation of itenms in a |ist

"$§@H%bglo t he exclusion of other like itens that can

be i tuted or. added to.th listed itens, [.0050]
Thi SHPRL TGRS SiasePifie 1 eonsbledsle MatRton n 1S plactioe
~varjation in its practice.  Therefore the foregoin
Tl ot douia oS ot IS i anclisuiindide construed
bﬁpﬁonskrued .as I#Jﬁtig@ the invention to the
ag, lpiling, the invertion 19 the artichlzs expropifirationsiesenias fetinabove.
_ aﬁther, what i s intended to be covered is as set forth
Rather. pehat f0tenged iabersovaned tsras sed frrthinitae easyingelaists and the
ermtted as a matter of |aw._[0051] Applicant does
: e‘ﬂﬁ‘f"’“?’ﬁ% Biceeqf pegpitied 6@ materffdaw.osed enbodi ments to
the public, and to the extent any discl osed ,
nod i[9'5)%1dt Appkcapt degs ratanteathtp dedicate ny diseloaed gmbatiiments to the
W thin the scope of the clains, they are considered to
publicanditodihe extent anvedisclesed medificatioss odelterations may not literally fall

equivalents. 16 WHAT | S CLAIMED | S:
within the scope of the claims, they are considered to be part of the invention under-the

doctrine of equivalents.
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1. A nethod for conbusting an organonetal lic conpound
in an engine conprising; (a) conbining a secondary
organonetal I i c compound and nethyl cycl opent adi enyl
manganese tricarbonyl, (b) introducing the conbination
from(a) into a fuel, and (c) causing the fuel from
(b) to be conbusted in the engine. 2. The nethod of
claim1, wherein the engine is chosen froma spark

WHARIE @) Aipe® @e, and an advanced spark ignition
engine wth and w thout catal yzed exhaust after

tr eay MeNt A ;EthRIRr BorhbustRb Mg arhétdiic Bomp&end R idAWhgine
of claim1l, wherein the engine is chosen froma

cBRIPASIR§SI on ignition engine with and w thout
catal yzed exhaust after treatnment systens with OBD

moni t or i NGy corftbinihdS i%‘bbﬂgﬂz%ﬁgé%io%é&lﬂc gﬁrf@gé]l.)ﬁ/'idrblﬁghe

nmet hyl cycl opent adi"en anese tric

' [ Ll at a treat rate
o g L O o Mt 5. The

met hod of ofin@ibucng WaoRighddaf Ut ( hfi ol aeIp! eny!

manganese “tricarbonyl 1S prese
about - 16 GEARrD G R ER 6 PRI aR8 Shais: -

ot 11 oy o i PRAPERNT Rk ERiCHBRNGRe s Bisen o a sparc ignion
<R A L RPRrEh Barkiar MR Sngthe i BT inclh grtahe et ater
rSSHRNY Y oS AAAVED HanitritgmPOUNd

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 {0
~ about 20 mg Mn/L.

5. The method of claim 1, wherein the methyicyclopentadienyl manéa‘nese
'fricarbonyl 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 methylcyclopentadienyl manganese tricarbonyl are combined in a ratio of about 5 to

about 95, respectively.
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and met hyl cycl opent adi enyl nmanganese tricarbonyl are
conbined in a ratio of about 10 to about 90,
respectively. 8. The method of claim1, wherein the
secondary organonetallic conpound is a
manganese- cont ai ni ng organonetal | i ¢c conpound. 9. The
met hod of claim6, wherein the nanganese-containing.

compgund ir ﬁeﬁ W@%ﬁc‘f %elﬁrw ﬁgar& ag{opr?erfé/lllc compound

10. The net erei n

consm?ﬁ ?1 %%rﬁ%&%??mﬁhg% %p@%%ébg % %h’é‘g gra%ofaboutm

b GhEa" rr’é%pecﬁ\{ée\{mt hyl cycl opent adi enyI manganese

tricar amat hyl cycl opent adi enyl manganese

L oA A i P oo
AR B DR B
HE e T e

tricarb nt adi enyI nmanganese

CW'P%%FB@%YI marggﬁg%c%// "8? PB¥ent adi eny! manganese

t I t adi

I F&@é@%ﬁaﬁa R T SR —

like mxtures of two or nore such

'ﬁ:%ﬁﬁ%%%%ﬁ Prﬁ‘é’c"ﬁ@ﬂ"@ st digetiuiyclogeniediony mangspesef

ﬁ:&sol [ Ee Corﬂ)“ Si ng conbi ni ng cycl opent adi enyl
&‘%‘(PlS’BﬁS}tﬁd%?ﬂM' maRganEse Jidashrl adi eny|

rranganese tricarbonyl, and (b) adding said conbination
tqtianiaiayigrelanen t?é"envh@amaaneﬁemﬁfbm&fmmmzlpy@ommw

performance in a fuel conposition
manganese tricarbonyl, ethylcyclopentadienyl manganese tricarbonyl,
diethylcyclopentadienyi manganese tricarbonyl, propylcyciopentadienyt manganese
tricarbonyl, isopropylcyclopentadienyl manganese fricarbonyl, tert-butylcyclopentadienyl
manganese tricarbonyl, octylcyclopentadienyl manganese tricarbonyl,
dodecyicyclopentadienyl manganese tricarbonyi, ethylmethylcyclopentadienyl
manganese tricarbonyl, indenyl manganese tricarbonyl, and the like, including mixtures
‘of two or more such compounds.

11. A method for enhancing octane number of gasoline comprising
(a) combining cyclopentadienyl manganese tricarbonyl and

methylcyclopentadienyl manganese tricarbonyl, and

(b) adding said combination to the gasoline.
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conprising nmeasuring a pre-eutectic transition point
tenperature of a synergistic blend conprising

nmet hyl cycl opent adi enyl manganese tricarbonyl and a
secondary organonetallic conpound. 13. The nethod of
claim 12, wherein the pre-eutectic transition point
tenperature correlates with enhanced octane

et hyfoycrasuids.ofed ﬁﬁﬁéhasﬁéeééf?" %eg@{ﬁ%%aqw i

5 T
BRI BRTR IR Rltekfi PR Fointiearigtind of § PferBistc blend
PG Tt bieni o srean o 555 ane n

t he m'ztIEr IS syhergistic. 18. The m xture of claim
ofgAnaiify ‘fﬁ°’1‘ﬂ%“ econdary organonetal lic corrpound and

ggfrg # C'h'lléo ogc%xfm g@o@ ngﬁftggrpg%%{ﬁt?g transntl%n point
i vel 19 Th?| ure of claim 14, vvherel n the
t%'BE%ﬁEC}%&? $ORFlates diitoreanenced ftans erforiace.

rreth cycA entadl enyl nmanganese tricarbonyl are
conb thed AR ’&CV%'F‘F’@“%TCOE}EGEPQI@eth!{lﬁy%ﬁ?ﬁfa yl manganese
respectively. 20. A blend of conbustion inprovers
trigagqavl @Qﬁaaﬁ@qwﬁazd PganrnataliccenpeHa® of a fuel
corrpr|3|n m xtures of two or nore nmaterials selected
fromi%he ﬁmaadttf@ RE¢iaim ey whereiprthe mixteieds pibinary mixture.
cyclomatic manganese tricarbonyls, MM/ CM,
MM/ F8.vh () mixtus f elair 14, vmfsramythe miHurg] iR gtrinamd mbdure.
speci es; mxed netal organonetallics of M/ Fe, M/ Ce,

Vh/ PL7. Mt mixtune of gaiou b4 heseis the/mixbwe iseyr@agistic.
Fe/ Pl ati num group netals, Fe/Cu, M/ Pb, Fel/Pb, Cel/Pb, :
and b/ Pl mixtuwrg pf)@fpim”rﬂ,adllsa.reinghe secondary organometallic compound

and methylcyclopentadienyl manganese tricarbonyl are combined in a ratio of about 5 to
about 95, 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. Ablend of combustion improvers useful for optimizing octane response of
a fuel comprising mixtures of two 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; mixed metal organometallics of Mn/e,
-Mn/Ce, Mn/Pt, Mn/Piatinum-group metals, Mn/Cu, Fe/Ce, Fe/Platinum-group metals,

Fe/Cu, Mn/Pb, Fe/Pb, Ce/Pb, and Pb/Platinum-group metals.
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21. A nethod for solubilizing cycl opentadi enyl
manganese tricarbonyl in a hydrocarbonaceous fuel,
said nmethod conprising conbining in any order

cycl opent adi enyl manganese tricarbonyl, nethyl

cycl opent adi enyl manganese tricarbonyl, and a
hydrocar bonaceous fuel. 22. The method of claim 21,

wher gq Nt ReGN& %p?&hﬂﬂ%iﬁgék?g@él}gﬁﬂgﬁﬁght . ﬁgsrebt%eé’rlboiwﬁ ina

added to the net cyc

h&eh:%g HRAE éous ?el JA8 l’i&ogorﬁér's Aga?qméépg\gﬂgpf f)rgle‘rj1 q d od

cyc open adlen mangan

t b 24. Th
MR R TH o TN
tr and. t ecclo ent adi enyl

tpngg%gp sagdtartllylgg%ﬁg%%cg?‘és Eed iyn agy ordler %/o t he
f uel f t he f t
Ry R ;a@gﬂgﬁ%ﬁ%““ i e
Heommr n ththe cl opent adi enI
waﬁ’é%dxi g Eb h? %ﬁ Clorst %ﬁgﬁﬁréfarl
P R er@&ggswétaﬁcf%“aa&w

r n conmbi ni n secondary organonetallic
tricg %ﬁé agﬁafg ?%@Fr?y?'@%nt%ﬁ'@nylmw}éwngb !
tricarbon i nt roduci ng the conbination from (a)
i nt 0% f Lﬁ-‘e mﬁ'ﬁed cEslan gdi wheremethe mathyleysinpeptadianybmanganese
conbusted in the conbustion system wherein the
tricaramyt anshthe wyelapentadieny seanganese tricartionyl aga@dded in any order to

i ndustrial burners, boilers, furnaces, and
thefueher at ors. 20 :

25. A method for depressing the freezing point of methylcyclopentadienyl
manganese tricarbonyl comprising combining with the methylcyclopentadienyl
manganese tricarbonyl an amount of cyclopentadienyl manganese tricarbonyl.

| 26. A method for combusting an organometallic compound in a combustion
* system comprising;
(a) combining a secondary organometallic compound and
.methyicyclopentadieny! manganese' tricarbonyl,
| (b) introducing the combination from (a) into a fuel, 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.
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