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UNLEADED MMT FUEL COMPOSITIONS

. -
-

BACKGROUND OF THE INVENTION

‘Field of the Invgntion

This invention relates to fuel compositions for jet,
turbine, dieéél,' and other éémbustion systems. More
partiéularly, it relates to organomaﬁganese fuel
combinations, ﬁéchanical and/or chemical means capable of

improving combustion, and/or  reducing combustion

temperatures, whereby thermal efficiency and hézardous

emissions are improved.

Description of the Prior Art

The incorporation of various = organo-manganese

compounds as anti-knock agents (é.g.lmethchyclopéndienyl

manganese tricarbonyl -MMT, et al.) in hydrocarbon'fueis is
known. - See U.S..'Paténts 2,818,417; 2,839,552; and
3,127,351 (incorporated -herein by reference). Organo-

manganese's use in heavier fuels such as coal, diesel and

Jet aviation fuels is also known and believed to help

'reduce smoke and solid particulate emissions. See U.S.

Patents # 3,927,992; 4,240,802; 4,207,078; 4,240,801.
Despite .organo-manganese's anti-knock and other

benefits, its use in hydrocarbon fuels produces another set

- 0of environmental and practical problems. Namely, organo-

ménganese.compounds when combusted in hydroqarbop fuels

generate harmful heavy manganese oxides (Mn,O, and Mn,0;),

which in turn coat engine .parts, combustion systems,

turbineé, exhaust surfaces;, emission/exhaust catalysts,

AP/PI96/00863
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étc., causing for example, early faEigue,' failure, -

excéssive wear, particulate emissions of metals, lohg tgrm
hydrocarbon emission degradation, énd thé like. .See U.s.
Patents 3,585,012; 3,442,631; 3,718,444; and my EPO Patent
# 0235280.

For example, deposition of manganese oxide on jet

"engines, turbines, and the like, has long been a major

obstacle t5 manganése's use. Due to the severity of these

depésits; various methods were developed just to remove the

oxides from jet engines. See U.S. Patent 3,556;846;
3,442,631; 3,526,545; 3;506,488. Unfortunately, due ﬁo the
magnitude of this disability, manganese hsage ﬁés been
virtualiy halted in sﬁch épplications. |

It 1is also knowﬁ. that sﬁcﬁ depcéits create a
diffusional barrier on catalyst surfaces, which degrades
catalytic efficiehcy.'ASéév Williamson, Gandhi, Weaver,
"Effects of Fuel Additive MMT on Contaminant Retention and
Catalyst Performénce," SAE Paper 82;193, 19882.- | e

Thus, there.'waé ah extensive effort by “Ethyl
Corporation throughéut the 1970's éﬁd'1980's to find a
solution to this probiem. Their effort included employing

various oxygenated compounds in combination with

organomanganese. See for example U.S. Patents Re. 29,488;

3,950,145; 3,948,618; 4,028,065; 4,052,171; 4,141,693; .

4,191,536; 4,317,657; 4,175,927; 4,082,517; 3,958,955;

3,926,581; and 3,926,580. However, there has was no

successful commercialization of any technology solving this

fundamental problem, despite overwhelming need.

56/00863
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Thus, those skilled .in the art have known for some
time that organo—manganese, even at very loﬁ levels, causes
the failure of U.S. regulated exhaust eﬁission control
systems, and that its wuse at any level is iegally
prohibited in unleaded gasolines within the U.sS.. |

Even so, Ethyl Corporation's last failed effort to

obtain an E.P.A. Waiver for MMT under § 211 (f) of the

Clean Air Act was for a very modest manganese concentration

of 1/32 gr (denied Januafy 8, 19%92).

All  its prior .efforts, including at manganesé
concentrations rangiﬁgffrom 1/64 to 1/8 gr, have resulted
in failure. See generally Environmental Proteétion Agency
RE Denial of Applicaticns for MMT Waiver, federal Register,
Vol 43, No. 181, Monday September 18, 1978, and Ethyl

Corporation; Denial of Application for Fuel Waiver; Summéry

of Decision, Federal Register, Vol. 46, No. 230, Tuesday,

Dec. 1, 1981.

Recently, automotive manufacturers have rzised renewed
concerns fégarding .-manganese's . propenéity to form
deleterious oxides, that even at very low concentrations of

1/32 gram manganese, new onboard catalyst diagnostic

' systems known as "OBD-11l catalyst efficiency monitors" are

impaired due oxide deposition on catalyst wash coat
surfaces. See Hurley, Hansen, Guttridge, Gandhi, Hammerle,
and Matép, "The Effect on Emissions and Emission Component
Durabiiity by fhe Fuel Additiﬁé ‘Methylcyclopentadienyl
Maﬁganesg Tricarbonyl‘ (MMT) ," SAE Paper . 912437, 1991;

Hurley et al, "Characterization of Automotive Catalysts

96/00863
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Exposed to the Fuel Additive MMT," SAL Paper 890582, 19897
Hubbard el al, "Effect of MMT on the OBD-II Catalyst

Monitor,"™ SAE Paper 932855, 1993.

Thus, those skilled in the art, continuing to.

recognize MMT's long legel and environmental prohibitions,
have generally abandoned the notion that manganese will
ever be included in regulated unleaded éasolineS"and
emission systeme. |

_Even Ethyl borporation (the sole manufaoturet of MMT)
for want of a real solution to6 abate offconttol adverse
oiides, appears resigned to accebt if anfapnroval'is_ever
to be granted, it - will be for only 'Qery modest
ebncentrations (e.g. up to 1/32 gr mn), and that'catalyst

coating even in these "small concentrations" is still a

given. See Ethyl s last § 211 (f) Walver ‘Application and

her EPO Applications 92302679 3; 91306359.0, 91306360.8;
and 92307609.5. (filed concurrently with the Waiver
effort). |

The use of a broad class of fuel soluble carbonates is
disclosed in the art. See U.s. Patent 2,331, 386”(issued in

1839 prior to the present manganese oxide concern). This

patent dlscloses a wide range of alkyl, homologous alkyl .

aryl, and amide carbonated esters for use 1n oil furnaces
and internal combustion engines.

Subsequent carbonate disclosure is"found in the art
and generally in the context of fuels'ot.combositions that
are metal/manoanese free. For example, U.S. Patents #

4,891,049, 4,904,279 and 5,004,480 disclose metal free

P/P/36/0086 3
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alkyl carbonates in middle distillate fuels ¥or compression

ignition, diesel, and jet engines.

U.S. Patent 4,600,408 (issued in 1986) discloses an

alkyl phenyl carbongte~ as én anti-knock ‘agent. This
referénce, noting the aforementioned organo-manganese oxide
problem, likewise discloses the composition must be organo-
manganese free. |

Since those skilled in the art have 1long since

abandoned . hopes of solving organo—ménganeSe's fundamental

oxide disability, and given that manganese is only legal in

U.S." leaded gasolines, practitioners have been disinclined

to separate MMT. from lead additive usage. See for example,

Eurdpean Patent Application 91306278.2 related to

"Unsymmetrical dialkyl carbonate fuel additives," which
apparently recognizes this reality by disclosing tetraethyl

lead, tetramethyl lead and cyclopentadienyl tricarbonyl

‘manganeée together in the same context, absent suggestion

of emﬁloying them independently of each other.

Summary of Invention-

Applicanf has discovered a new class of high eneréy
cool combustion compositions and processes.

The essence of Applicant's inveﬁtion resides in the
discovery of the sourcé of heavy metal oxidation problem,
namely the means to prevent heavy oxide generation during
metallic combustion. \ |

Applicant has .discoveréd the ‘operating mechanism

causing fuels containing  metallics, . including

APIPI96 /00863
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organomanganese compounds to generate adverse heavy

'particulate/coating Mn oxides during combustion, which is

namely caused by a less than ideal combustion process
wherein combustion burning velocities and temperatures are
not optimum.

By effectively increasing the burning velocity of the
fuel, while ideally" reducingv combustion temperatures,
Applicant not only controls or avoids,the~generati§n of

adverse metallic oxides, but liberates the capacity of non-

lead metallics to become principles in a new clean Yhigh .

energy source" class of propeliants/fuels and combustion

process.

In essence Applicant has discovered a combustion

- process that comprises certain chemical structure/sub- .

structure and/or -mechanical structure/sub-structure that
simultaneously 1) increases burning velocity, 2) sustains
a high release rate of what might be known as free enerqgy,,

at 3) reduced combustion temperatures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure . 1. Combustion Température Differences,
compares differences ‘in combustion tempefatures of
differing fuel compositions measured via exhaust gas
temperatures ét different engine loads.

.Figuré 2. Combustion Témperaturas and Hydrocarbon
Emissions, compares combustion témpe;ature differences and
their relationship teo the generation of hydrdcarbpns

emissions.

Fd
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Figure 3. .Combustion Temperatures and NOX Emissions,

compares combustion temperature differences and théir

relationship to the generation of NOx emissions.
Figure 4. Indicated Burning Velocity, éompares the
burning velocity 6f different fuels under differing loadé.
Figure 5. Buraning Velocity and HC Emiésions, compares
burning velocity to the generation of HC emissions.

Figure 6. Burning Velocity and NOx Emissions,

compares burning velocity to the genefation of NOx

gmissibns.

Figure 7. =~ Technical Enleanment, shows warm
driveability and combusfion improvements of g§§oline dué to
maiptaining minimum distillation temperatures for fuel

containing oxygenated compounds. o o

DETAILED DESCRIPTION OF INVENTION
Applicant's discovery 1is discovery of the source of
the heavy metallic oxide problem and its attendant
solution, e.g increased burning yelocity and/or reducing
combustion temperatures, which is in essence the invention.
Applicant has. discovered methods and compositions that
accelerate and imprové combustion to a more optimum étate,
while simultaneously reducing cémbustion temperatures and

extending _combustion'interval.

Applicant has further discovered, under these impréved,

combustion conditions, the metallic, itself, most

unexpectedly becomes an integrél and powerful agent in the

combustion process, unexpectedly improving ' combustion

.ﬁ‘u“'llp/ 96/008 63
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thermai efficiencies,:fuel economy, nefvavailable work;
power generation, thrust, and the' 1like, while
simultaneously reducing hazardous polluﬁants.

In the context of this»invention, Applicant generally
refers to thermal efficiency, hereihafter, in both its
chemi;al and mechanical context, e.g. the effiéiency of the
cheﬁical.reactioh and the amount .of useful work generated
in tﬁe system, e.g. free energy.'. .

Applicant has found in virtually evgry case, thermal

efficiency, particularly as measured as a function of net

useful work generated by the system is increased. Often

vefy substantiélly. Simdltanéouslyh due'to the cool nature
of the combustion temperatures, combustion systems 'will
enjoy éxtended useful life, and.ease of operation, as heévy
oxides are not formed.

For example, Appliééht's'has'unexpectedly discovered
therﬁal efficiency over existing fuels and combustion
systems to be on the order of 2.0% to 20%. And, depending
upon the circumstances (e.g. combustion systems, fuel
cdﬁfigurétions)'average improvemeqts can range from 2.C% to
5.0%, 5.0% to 10.0% q?ﬂhigﬁer, with modest improvements
ranging from 0;05% to 1.0% ‘to 2.0%. . Exceptional
improvements will range from 10%, 25% to-40%, 30% to 80%,
or more.

Additionally, Applicant ultimately expects additional
improvements on the order of‘S% to 25%,.or‘more,.due to

modifications of combustion and fuel injection systems

96 /0086 3
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designed to optimize the unigue combustion features of.

Applicant's invention.

Applicant expects significant combustion and’ energy
conversion imbrovements at altitude in the case of aviation
jet systens, éviation gasoline _engines. Similar
improvements are contemplatéd for a wide range of
applications, e.gl diesel, gasoline, fuel  oils, gas oil
turbines,  etc.

Applicant's combustion - methods, fuel chemistry,
combustors, fuel iﬁjection system, air breathing and
emission system are critical structure to the practice of
this invention.

Applicant has found unexpected synergism and multiple
§dvanta§e that will . become evident in emplofing this
invention, as will become more fully described below. |

Thus, novel design,fmethod,.and/or.operation of an
engine, a combustor, combustion system,  injection, air-
breéthing and/or emission systems, enhancing thé combustion
object of Applicanﬁ's invention are express embodiments.

The simultaneous. operation of one or more said
systems, or the independent employment of a single system,
or  component or sub—compénent of said system, is
contemplated in the practice éf this invention. Further, it
is an embodiment such structure - may ‘be employed
independently of Applicant's enhanced combustion fuels,
which are independently capable of achieving “enhanced

burning velocity and/or reduced combustion temperatures.

96/00863
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However, the coupling of the systems achieves synergism, -

which could not otherwise be achieved.

The invention fundamentally resides in increasing 1)
burning velocity by a) increasing laminar burning velocity
(ECS chemical ahd/or distillation modificatiqn means), b)
incfeasing turbulent velocity (chemical and/or mechanical
means), 2) reducing combustion temperature (chemical or

mechanical means), in combination with a metallic component

‘based fuel.

Thus, applicant's  invention incorporates multiple
interrelating chemical and mechanical elements, all vital
to the practice of the invention.

It is an embodiment of this invention to employ any

number- of non-lead metallics (cyclomatic manganese

compounds however are initially preferred), as a component
of Applicant's fuel cdmpééition,

However, ﬁetailicAuse is not required, as will become
evident below. Thus, in the disclosure below it is
expressly contemplated discloéure of a metal may be_read in
the alternative.

It is contemplated that‘compounds/components and/or
chemical and/or mechanical, processes, ﬁethods and means,
inéluding combinatiqns and subcombinations-tﬁéreof, which
increase combustion bﬁrning velocity be ehployed. It is
preferred that, while not fequired, that combusfion
temperatures be-simultaneously reduced. |

In the practice of the invention, should an oxygenated

compound be employed, maximizing oxygen i; a desire. Oxygen

AP/P/96/00863
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contents may. range from 0.0001 teo 80.0% by weight..

Individual fuel composition and combustion systems dictate.
However, beneficial results do not tend to occur ‘until
1.0%, 1.5%, 2.0% or more oxygen is included. More preferred

concentrations are 2.0% or more. However, smaller

concentrations are acceptable in co-fuel applications. A

desirable range is from 0.001 to 30.0% oxygen by weight.
Additional weight concentrations of oxygen include 0.001 to

15.0%., 0.5% to 1.5%, 0.3% to 2.7%, 2.0% to 3.7%, 0.2% to

. 0.9%, 1.0% to 4%, 2.0% to 8.0%, 1.8% to 128%, 2.0% to 10.0%,

3.0%, 5.0% to 40%, 2.0% to 53%

‘It is  anticipated in ~néat fuel and rocket

applications, oxygen concentrations will be significant. In
initial co-+fuel applications (see below) concentrations
will be more modest. However, it is an object to include

significant concentrations’ of oxygen in Applicant's fuels,

especially reactive oxygen, which can qﬁickly and

aggressively react with the metallic.
In the practice of this ' invention, acceptable
increases in the rate of the fuel's burning velocity over

an unadjusted fuel or combustion system will range from

1.0% to appréximately'soo%, or more. Velocity increases of

0.2%, 0.5%, 1.0%, 2.0%, 3.5%, 5% to 10.0%, 7.0% to 15.%,

9.0% to 25%, 5.0% to 20%, 12% to 30%, 15% to 40%, 20% to

- 50% are desirable. More desireable increases range from 5%

to 60%, 10% to 80%, 20% to 100%, 30% to 150%. Other
increases are from about ,106% to 200%, 100%  to 300%.

Increases of 200% to 400%, 300% to 600%, 400% to 800%, 500%

AP/P/96/00863
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to 900% are also contémplated and desireagle. Increases of
300%, Vor more, are highly desireable, especially in
Applicant's'advance fuel and combustion systems. Increases
outside these ranges are contemplated and desireable.

Differing chemical means will also influence differing

burning velocity increases, and fuel application. It is an

express object of this invention to optimize burning
velOcities in 1light of the fuel chemistry, combuétioﬁ
systems, fuel ' injection and air breathing. systems;
operating cﬁnditions,:desired thermal efficiency; and cost.

Burning velocity increases - and/or  combustion

temperatures reductions will wvary depending upon the

modifications . to fuel -compositions,. combustion and
mechanical systems. -

It is expressiy éontemplated thaf compression rétios:
compression pressures, combustion pressures, combustion
Chamber design, temperature of unburned gas compositiénéz
equivalence ratios, ignition timing, residual gas

fractions, fuel injection pressures and timing, air

breathiﬁg systems,_air ihput temperaturés, exhaust systems,

exhaust = catalysts, ‘heat exchange method/systens,

lubrication systems, coqlanﬁ systems, - and/or related
meﬁhoas. and/or - devices, including' combinations. and/or
sﬁbcombinationé théreof; will be modified to beneficially
take advantage of, enhance, or othérﬁise»make possible the

improvements 'in burning velocities ‘and/or reduction in

‘combustion temperatures.

AP/P/96/00863
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It is anticipated that knock sensor tééhnology may be .

employed in higher compression spark ignited engines,
operating oniéasoline, as necessary to control spark timiﬁg
to avoid knock. Thus, it is contemplated that Applicant's
preferred higher' compression ratio engines will
simultaneous employ knack sensor technoiogy.

It is contemplated thét many épplicatioﬁs of the
invention will not be fully appreciated‘ until : certain

thresholds of operation are achieved. For example, and as

"will be set forth in more detail below, the benefits of

improved fuel economies may not fully appeaf}ﬁntii-the

engine is operated under moderate to moderately héavy load
cdnditions. Furﬁhermore; absent other adjusfménts
mechanical modification, e.g. redu;tions in MBT spark
advances for gasolines, etc., ‘the full benéfitz of the
invention éan not be enjoyed.

Increases in the pre-ignition or post-ignition partial
pressufe of the vaporized fraction is particularly
effective in influencing improvements in burhihg~velocity.
Thus, the 'chéracter of the pre—ignition/ppst—ignition
vaporized fraction and those vfeatures related to the
diffusion of heat and active reaction centers .in unburned

gases, and the like, are determinative and are intended to

.be optimized as an object of this invention.

It ié an objeCt‘of Applicant's invention that the
diffusion of pre/post ignition pre-combustion gases operate
to increase the momentum/viscosity of .the unburngd gas to

as close as possible to the viscosity of the burﬁéd*gas,_in

AP/F/96700863
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order to reduce.the visgous drag between the burned and the
unburned gases. It is in the elimination of this draqg,
which the principal objecﬁ of increases in burning velocity
are achieved.

Thus, evaporation or inject;on‘or compression of the
unburnéd‘ fuel vapor fraction, in a such a manner, 'to
increase its partial (vapor) pressure as gaseous mixture,
prior to its combustion ié desireable and contemplated.

further, compounds/compbnents and/qr’mechénical ana/or
other means.that increase the temperature, Velocify of tﬁe
gaseous ' mixture within the combustion - chamber ‘post
ignition/pre-combustion are'brefer:éd. i

. In the vapor state, fuel_dénsity differences of a

given fuel do not necessarily directly , influence

improvements of burning velocity. In other words; burning

. velocity improvements of Applicant's invention do not

appear necessarily sgnsiﬁive to fuel type, once vaporized
and/or once injected into the éhamber/combustor in,the
manner and in the desired particle sizes contemplated by
this invention. |

Thﬁs, cbmpositional changes in the vapor fraction, due
to  changes in paftiél.vaporization does not, in itself,
necessarily produce measurable effect. |

The rate of flame propagation relative to unburned

gas, in practical fuel-air-residual gas nixtures is a.

fundamental parameter that directly influences the
invention's beneficial objects. Thus, maximizing the

elementary reactions that take place in”thé‘fi?he and

AP/PI96/00863
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adapting the mass and thermal diffusivitf of the various.

gaseous species compfising the composition of enhanced
combustion (see below); to yield increased combustion
burning velocity, ié an express embodiment of this
invention.

As noted, it is an object to increase turbulent

burnihg velocity, which is both a function of thermodynamic

and turbulent parameters. Turbulence is related to engine -

design, combustion chamber design, fuel injection operation
and engine operating parameters, such.as equivaience ratio
and spark timing. |

It is an express embodiment of‘ this invention to
incfeasg turbulent burning_velocity by increasing iaminar
burning velocity, as increaseé_in laminar are compounded in
turbulent velocities.

It is an embodiment to increase ‘laminar burning
velocity by médifying thermodynamic factors, including but
not liﬁited to improving the thérmal, diffusion, fuel cﬁain

branch characteristics of the fuel's composition

~ enhancement chemistry, modifying distiliation‘temperature,

modifying ECS. chemistry (see below); modifying fuel

equivalency ratios, modifying spark advance, reducing .

inﬁected fuel particle sizing, modifying injectiop angles,
pressures, compression pressures, and improving air-
breathing'capability, and the like.

| It iéb an embodiment to 'increase turbulence by
modifications in shape and'desigh of combustion System,

combustor, combustion chamber and/or also from the velocity

AP/P/96 /00863
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and/or direction of the gases flowing into the combustion .

chamber, before, during, and after combustion, e.g. pre-

- combustion chambers.

Those ﬁeans that operate to increase combustion
pressures and/or'compressibn pressure are also desiréable.
In the case of a spark ignited ipternalféombustion
engine, flame veloci£y- is also proportional to intake

velocity. However excessive intake ~velocities can

materially reduce the weight of the fuel and air charge

taken into the cylinder. To obtain high turbulence without
high intake velocities, éombuStion chamber designs, which
produce turbulence near the ené of the compréssion stroke
are desirable. Turbulent pre—-combustion thambérs, advanced
fuel-air mixing systems and other meané are'preferred.

However, -it is an embodiment of this invention to
employ high intake‘ velobﬁtiés to increase turbulence,
because ECS chemistryA is able to materially offset
reductions 1in charge weight, Thus, turbo-charging and
super-charging are express embodiments and are preferred.

It is expressly contemplated that combustion systems,
which have a lower relative octane nuﬁber -requiremenﬁs
(ONR), or which require lower compression ratio's, or which
permit the use of a higher compression ratio on f#els of a
given octane number, be employed. |

Chemical and/or mechanical meaﬁs, ~including for

example, exhaust oxygen sensing systems (including EGO

.sensors) that adjust fuel-air equivalency 'ratios, which

AP/P?/96/00863
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-

enhance the burning velocity object of this invention, are.

desirable and contemplated.

As will be evident that many chemical and mechanical
means, and variations . exist, which when combined ana
utilized in accord Qith.Applicant invention,'accomplish the

objects of this invention.

BOILING TEMPERATURE REDUCTION AﬁD MODIFICATION PRACTICE
Additional means of reducing combustion temperatures
and improving burning velocities are contemplated. One such

means is by reducing the end boiling point of the

composition. Applicant has discovered that by reducing or -

eliminating higher boiling point hydrocarbons from the
fuel; the fuei's averace latent heat of vaporization is
increased absent loss of work potential. Applicanf. has
unexpectedly discovered that fuel economy impfovements..

It is Applicant'sn intent +that reduction and/or
modification of hydrocarbon co-fuel's T—éo, T-50, or T-10
distillation be modifying underlying hydrocarboﬁs streams,
or tailoring. .

Thus, by reducing boiling temperatures, e.g. end

boiling and T-90  temperatures, in. combination with

Applicant's inveﬁtion, cémbustion tepperatureé and/or

burning velocity is improved. 4
.Wide boiling fuels benefit from end boiling, T-%0

boiling and T-50. reductions iﬁéludingAgasolinés, gas o0il

turbine fuels, fuel oils, diesel fuels, and automotive

AP/P/96/00863
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gasolines. Limited application applies to Earrower boiling
fuels.

For example, in wide boiling petroleum fractions, e.g.
diesel, heavy diesel, gas oil turbine fﬁels,‘wide cut jet
fuels (Jet B, Jé 4), fuel oils, gasolines, etec., reduciné
the fuel's distillation boiling temperatures, gspecially
end point and/or T 90 temperature by 5°F to 20°F, 109F to
30°F, 20°F to 50°F, 25°F to 60°F, 4o°r to 70%F, 50°F to éo“r,
60°F to 90%°F, 70°F to 100°F, 80°F to 120°F, 40°F to 'iso°F, 75°%F
to 175°F, 60°F to 200°F, 70°F to 225°F, 80°F to 250°F, 90°F to
275%, 100°F to éso"r, 110% to 3'oo°1=,’ 120“1—“ to 3209, 140°F
ﬁo 350%F, or ﬁore, is'particularly.effeétive in indreasing
the fuel's inherent latent heat of vaporization, reducing
combustion temperatures, and increasing combustion burning

velocities, etc.

Thus, it is a specific embodiment of this_invention- to

reduce end point and T-90 boiling temperatures of ce-fuels, -

which are used together with ECS fuels and or as stand

alone fuels.

It is also an embodiment to reduce T-50, T-10
temperature in such a manner to improve combustion.
In the practice of this invention end point/T-90

reduction is contemplated with metallic use, absent ECS

compound; whereby reductions in the formation of free

carbon in primary combustor zones, reductions in hazardous
exhaust emissions, reductions or control of manganese

oxides on exhaust catalyst beds, and the like, occur. In
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the case of automotive fuels, this T-90 reduction tends to

reduce VOC, hydrocarbon and/or NOx emissions.

Qﬁite unexpectedly, Applicant has discovered that when:

reducing gasoline t-30 temperatures to less than 270°F, a
material combustioﬁ advantage bccurs'in combination with
minor amounts of Mn. Applicant has discovered;that fuel
economy and/or mileage unexpectedly improved, even though

higher heating value components had been eliminated in the

.T-90 reduction.

Obviously, this effect is sensitive to the fuel and
the components that.are eliminated and those that remain

after T-90 reduction.

Example 1

| A method of increaéing the fuel economy of a vehicle
operating on conﬁention’ or reformulated gasoline
comprising: Reducing the boiling temperature of gasoline
such that ité boilingvtemperaturé at T-90 fraction is no
greater than 270°F; mixing MMT into the composition up to
1/32 gr mn/gal; combusting.said composition. in a gasoline
pbwered vehicle; whereby fuel economy is improved by 0.5%

O more..

Example 2
The method of‘vexample 1, wherein fuel economy is
improved over the clear fuel not having reduced T-90

temperatures and same fuel containing MMT.

AP/P/96/00863
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Preferred boiling point practice reduction includes
the elimination of higher boiling p01nt alkanes aromatic
hydrocarbons, cyclanes, alkenes are preferred.
Similar reductions and/or control of T 50 temperatures

are also desireable, so long as technical enleanment or

~ warm driveability is not impaired.

Applicant notes, mid range boiling point control is
perticularly important in fuel application where oxygenetes
are employed, especially in carburetor systems. |

In the practice of this invehtion; said boiling point
modification/eontfol - enhances combustlon "and/or the
burning veloc1ty features of the fuel.

When an oxygenated compound is employed in excess of

0.5% by weight oxygen content in the fuel, especially for

operation in current engines, mid-range temperatures should

be from about 160°F/170°F/180°F to about 205%F. Mid range
temperatures outside these ranges ~appear te be 1less
effective.

Importently, Applicant has discovered when employing
both T-90 temperature reduction and mid-range temperature
control, the Kn fuel (absent the inclusion of an oxygenate)

achieves maximum combustion advantage, e.g. improved fuel

economy, reduced manganese oxide formation, and/or improved-

warm driveability.
Furthermore, the inclusion of an oxygehate enhances
this beneficial effect. The better the ECS oxygenated

compound the better the benef1c1al result
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Applicant appreciates that automotivé engines and
fuels will be modified in'the future to achieve even better
performance and emission results, accordingly, Applicant
contemblates even lower T-90 and mid-range boiling

temperatures in future applications.

Example 3
A fuel cbmposition wherein the reduction of end
boiling point and/or T-90 temperatures operates'to increase

average latent heat of vaporization.

 Example 4

The example of 3, wherein combustion emissions or fuel
economy of a manganese fuel having reduced T-950

temperatures‘of 270°F, or less, are improved compared same

fuel unadjusted for T-90 temperatqreé.

ExampieAS

. The example of 4, Qherein fuel T-90 temperature is
less than 280°F, more préferably less than 270°F, and MMT is
included in the amount of 1/32 gr. Mn/gal, wherein fuel

economy over same unadjusted fuel is greater than 0.2%.

Example 6
The composition of  example '5, wherein -reduced

emissions include toxic and/or NOx emissions.
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Example 7

The examplé of 5, wherein MMT is contained in a
quality of 1/32 gram mn or less, per gallon, and.wherein
fuel economy is improved by 0.2% (1.0%, 1.5% or more

preferred).

Example 8

The example of 7, where an oxygenated ECS compound is
employed in excess of 0.5% by weight for operation in

current automotive engine, and wherein the gasoline's mid-

range temperature is from 170°F to.approximatély.295°F.

.Exémgle 9

The example of 8, wherein the composition-comprises an
ECS cdmpound. in a .sufficient céncentration to inéréase
average burﬁing velocity'é%'composition by an additional
5.0%, or more, over clear comﬁosition as measﬁred by

laminar bunsen burner.

Exaﬁple 10
. The example of 9, wherein the‘ addition of the ECS
compound .is sufficient to redﬁce average Cémbustion
temperatures by 25°F, as measured under load of at leést 20
indicated horse power (ihb). “
Applicant notes this aspect of his invention (e.qg.
addition of Eés compound ﬁith/of without"metallicj as
applied to gasoline _i§ especially beneficial when T-90

temperatures are egual to or below approximately 300eF,
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2800F, 270¢F, 260°F, apd optionallyuwhen T-50 temperatures
are in-the range of aépréximately 160°F to 205°F or 170¢F
to 265, 180°F to 205°F; or alternative 1600F to 190°F or
160°F to 180°F (particularly in later date applicétions).
The application'of mid-range temperature control ig

generally applicable to all wide boiling fuels.

COMBUSTION TEMPERATURE MODIFICATION
In the ©practice of this invention, preferred

reductions in combustion temperatures range from 10°F to

-SOOOFﬂ.Reductions of 25°F to 50°F, or more, are desireable.

Reductions of 100°F, or more, are desireable. Reductions of

5°F to 15°F, 10°F to 25°F, 15°F to 30°F, 20°F to 40°F, 25°F to

45°F, 30°F to 50°F, 35°F to 60°F, 40°F to 55°F, 45°F to 60°F,
50°F to 65°F, 55°F to 75°F, 65°F to 75°F, 70°i‘ to 95°F, 85°F to
105°F, 100°F to 120°F; 110°F to 140°F, 100°F to 130°F, l_lO"’F
to 150°F, 120°F to 160°F, 150°F to 250°F, 250°F to .450°F, 200°F
to 500°F, 300°F to 600°F, 2.00°F to 800°F, 400°F to 1000°F,
300°F to 900°F, 500°F to 2000°F, 600°F to 2500°F, or more, are
preferred, especially with simultaneous incrééses ‘in
burning velocity.ARedgctions ;utside above ranges are fully
expected, especially as the concentrafion. of £he

Applicant's enhancement combustion compounds (see ‘below)

increase as a percent volume of the fuel composition.

In the case of gasoline,” reduced exhaust temperature'

translates into increased power and/or reductions of
exhaust éatalyst inlet temperatures. It 1is an express

embodiment of this invention that exhaust catalyst inlet
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