METHOD OF ENHANCI NG THE OPERATI ON OF DI ESEL FUEL COWVBUSI ON SYSTEMS Fi el d of
the I nvention The present invention relates to the use of a fuel
additive for protecting and inproving operation of diesel fuel conbustion
systens. The additive contains one or nore nanganese conpounds. The
additive can be introduced into a conbustion chanber as part of the fuel.
The additive w |l thEHEBHRQRE ENRANCENGITHE QPERAFIGN fuel conbustion

systens by i nprovi ng, OFCDIESEIBIUEL COMBURIOEISYSHFEMBubricant oil life, and
fuel econony. Description of the Prior Art It is well known in the
autonobil e i ndustry, or any industry where hydrocarbonaceous fuels are

bur ned, t Fiekbbicdetiabégigee (or snokestack) em ssions by using various

strategi es. For exanple, the nost conmon nethod for reducing em ssions from
spark ignitionTeegrBestiifvinticearedhidk 16 ot et obh fhbleadiitivd ftel ratio and
ignition timng. Retarding ignition timng fromthe best efficiency setting
reduces HGanebtiNQ £ BopEg WirhEoR%E stV Riel eb@bAstbn isgBichisHn i ncreases
the output of CO and HC. Increasing engine speed reduces HC enissions, but

NO emi ssi Onge hdditiRaSeniihHoh®afmdrb Gheasinige CoORIRMhds e MR ald#ie: tends to
reduce HC emi ssions, but this results in an increase in NO emn ssions.

Di esel sysd#iBe rz&!reca;@dflﬁfd AebriRistioh Hhalhangesark oF ieMigs Ofg control .
Strategies for reducing particulate and HC include optim zing fuel

injection andiiad wilMeldPBnh&fdeadkiotRrdtgl opEREIZAL] QnBlstA Vi Ng | oads,
~control of timng of fuel injection, mnimzation of parasitic |osses in

.COWbUSt'OQﬁ%ﬂﬁﬂQ% % rQMhéﬁ%r%QaﬁﬁﬁaQ&x&@ﬁﬂﬁnﬁ&¥QEbﬂ%éﬁiQﬁhﬁpéﬁhes for
direct injéction, reducing lubrication oil contributions, and rapid engine
war m up. el ec &ﬁ%ﬁ i esel fuel conbustion systens have been and are bei ng
engineereJ‘to |nprove various performance attributes. Sone new types of
technol ogy to be enpl oyed may include one or nore of the foll ow ng:

i nproved turbochargers, fuel injections systems, electronic engine

controls, how fhiGtian . GoaLifgs on engine surfaces, and exhaust gas
recircuIarren*&%pararueee——ﬁg% of these systens in turn result in new
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t ypes of t%%ﬁﬁngglesmpgﬁgﬁpggsresd??slnoﬁ?% i heSt i rlcarlng oils
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manganese- cont ai ni ng ound; .t he nanganese-c ni conpound bei ng
suppl i ed | FFERSLHBTUAT Qgp W?WE“?Ba%ﬁﬁ%F@F%ﬁWﬂ?&ﬁé”a?gpeast one conbusti on
bypr oduct, wherein the diesel fuel conbust.i on system conpri ses an engi ne
oi | and at'MCEERANBERHAESE SPeEHEIIUEHII N GIuSHER BRI tINex BETRIS yel conbust i on
system performance i s enhanced. I n anot her aspect, there is provided
a net hod om%rﬁwat%o%eln@wg eeplpnt %?I%W%Errefteeris RIS system the
met hod conprising: supplying a diesel fuel conprising an additive that

i ncl udes aemmﬁgam@eiégwtrawtwl eBripagase toNQxdressrnsuel conbusti on
chanber in a diesel fuel conbustion system conbusting the fuel in the
conmbusti on chanber to produce at |east ine bypr oduct conprising the
manganese- cont ai ni ng conpound; the nmanganese-contai ni ng conpound bei ng
supplied in an anbunt effective to conplex with the at | east one conbustion
byproduct; wherein the diesel fuel conbustion system conprises one or nore
of the follow ng conponents: exhaust gas recircul ati on systens, either hot
or cool ed; variable-scroll turbochargers/variable geonetry turbochargers;
common-rail fuel injection systens; hydraulically-activated

el ectronically-controlled unit injectors; turbocharged and after cool ed
conbustion air systens; el evat ed mean fueI |nject|on pressure and |nject|on

conbustlon air, fuel and exhaust; varlable valve actuatlon systens
honogenous charge conpression ignition systens; and |ow friction coatings
on engi ne surfaces, whereby the diesel fuel conbustion system performance
i s enhanced. Detailed Description The additives used in the nethods
descri bed herein are inorganic or organonetal lic manganese-contai ni ng
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"A met hod of enhancing the operation of a diesel fuel conbustion system
conpri ses supplying a diesel fuel conprising an additive that includes a
manganese- cont ai ni ng conpound to a diesel fuel conbustion chanber in a
di esel fuel conbustion system conbusting the fuel in the conbustion
chanber to produce at |east one byproduct conprising the
manganese- cont ai ni ng conpound, the manganese-cont ai ni ng conpound bei ng

supplied in an-apputteaid BakEverii®h P8Rl 8K cWallBnkbS f@t chfdsibngne conbustion
byproduct, wherein the diesel fuel conmbustion sySstem conprises an engine

oil and at . | east, 3% mas oot .l oadin er.eby. i I .__conbustion
oyst om BaPHsnaea e es T e h e B R AR T BB B LB B Ve
that may benefit fromthe present_invention include all copbusti on engines
t hat bu%ﬁ%@]dif%‘éqmlfll?é?%?lw@tmge@%’ﬁ EAAIFRQR ﬁti@f}%foaé%y and al |
internal and external conbustion devices, machines, engines, turbine

engi nes gcohordlerfsimingiafdnat oyjsctiew aponatizesidn of grag asgicalosenany bur ners and
the li ke which can conbust or in which can be conbusted a diesel fuel. In

one exaBherustien dirRsabetdlgbwcoibUsIrAR 1YSdI0MNdRa bigveaibANH fg Oi |
formul ated to accommopdate at | east 3% nmass, soot |oading. (Heavy-duty
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oil is fornulated to acconmpdate at | east about 5% nass, soot | oading.

Di esel /™M dHrbusti on systens are being engineered to incorporate one or
more new conponents which may result in the accumul ati on of new, high mass
| evel s of sodiew chdsaldfuich cengiumtidubysteans dyavei been Znd arenwbeigigponent s may
‘alkso demand increased engi ne wear, |ubricant performance. These diesel fuel
cconbust i-oRisyEamCRAPeRRNTSribNs Iptdtorthtihcaretiibhtds. nEbetk hew tyipes
foll ow ng:” exhaust gas recircul ation systens, either hot or cool ed;
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el evat ed HERNCH (L Pﬁﬁ@ﬁ% Sn B DA IO Y BIGTRE FIERUPR S CBRYMI ng capabl e
systems; el ectronic engine control systens for conbustion air, fuel and
exhaust condrélablaw jakciienaeeaizgoansainasuiaetsyenvl sxgAupyEasonpr essi on
ignition systens; and low friction coatings (e.g., carbon-based and PTFE)
on engi recsutiat®s apfheranevexoManeof shéar sostesed i tatn coshlishi newsyst ens
each contribute in their own unique way to the efficiencies and performance

of |t he uefiahln sy $EEMreRRAALAnd RARROLS iHCal biaGIf EaBhhShdraRe. Ty

i nclude’i ncreased so oading in the engine lubricant 0il and increased
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consi sting of diesel fuel, hiodiesel, biodiesel-derived fuel, synthetic

di esel , coreRaptippdpyriashict PIaMPn Bhigdergars 1erregsed isoet 88 €7&nErol , and
Ayxtures thereof and ot her products neeting the definitions of ASTM D975.
I'n one exBnplrepthdrewsnttusa teade-eft inofhd¢ msedifdSER fysbmmold thddedieesk t han
about 100 ppm and in a further exanple, the sulfur content would be | ess
than abQysi30 18BMcants canThe eiBt&leddics Bhos edrd1gtioby hidtlvdestel enental and
i oni ¢ manganese, precursors thereof, and m xtures Of metal conpounds

includin nganese. .JThese -C I 0 ] e either
inorganf%“ggngr3§§F3¢§RF§6ﬁgE€%§$ﬁ%§%?gﬂ%ﬁggég%%@%??%ﬁ?gﬁfgggggion or
production in situ_of manganese or _ nenganese ions. | norgani c
nanganeé@béﬁﬁﬁﬁﬁhpﬂﬁ}E%%ﬁéﬂﬁﬁﬁf%ﬂyfﬁghﬁﬁé§éﬁTm?%9ention can include by
exanple and without limtation fluorides, chlorides, brom des, iodides,

oxi des, nitrates, sulfates, phosphates, nitrides, hydrides, hydroxides,
carbonates and m xtures thereof. Manganese sul fates and phosphates will be
operative and may, in certain fuels and conbustion applications, not
present unacceptabl e additional sulfur and phosphorus conbustion
byproducts. Organonetallic conpounds include manganese conpounds with

al cohol s, al dehydes, ketones, esters, anhydrides, sulfonates, phosphonates,
chel ates, phenates, crown ethers, naphthanates, carboxylic acids, am des,
acetyl acetonates, and m xtures thereof as part of the |igand systens.

I n one exanpl e, manganese-contai ning organonetal | i ¢ conpounds are manganese
tricarbonyl compounds. Such conpounds are taught, for exanple, in US Patent
Nos. 4,568, 357; 4,674,447; 5,113,803; 5,599, 357; 5,944,858 and European

Pat ent No. 466 512 BL. Sui t abl e nanganese tricarbonyl conpounds which
can be used include cycl opentadi enyl nmanganese tri carbonyl,

met hyl cycl opent adi enyl manganese tricarbonyl, di nmethyl cycl opent adi enyl



conpounds. One exanpl e includes the cycl opent adi enyl manganese tri carbonyls
which are liquid at roomtenperature such as nethyl cycl opent adi enyl
manganese tricarbonyl, ethylcycl opentadi enyl manganese tricarbonyl, |iquid
m xtures of cycl opentadi enyl nmanganese tricarbonyl and

met hyl cycl opent adi enyl manganese tricarbonyl, m xtures of
nethylcyglopentadienyl manganese tri carbonyl and et hyl cycl opent adi enyl
manganes &Y rbonyl, etc. Preparation of such conpounds is
described in tdhend hdpSEaitdfeSis ptd¥id@%PABINGd oFehanbRk thd\BperdiBlt Adidsel t he
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friction coatings on engine surfaces, whereby the diesel fuel combustion system

performance is enhanced.
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" Fornmed fromfuel with MMI' +6% Soot +6% Soot Formed from fuel with MV
Foi ined fromfuel without MI Goup Il Base

Detailed Description

The additives used in the methods described herein are inorganic
or organometallic manganese-containing compounds soluble in fuels.
This fuel is then combusted in a diesel fuel combustion system to
produce combustion byproducts including the manganese compound.

A method of enhancing the operation of a diesel fuel combustion
systemn comprises supplying a diesel fuel comprising an additive that
ncludes a manganese-containing compound to a diesel fuel combustion
chamber in a diesel fuel combustion system, combusting the fuel in the
combustion chamber to produce at least one byproduct comprising the
manganese-containing compound, the manganese-containing compound
being supplied in an amount effective to complex with the at least one
combustion byproduct, wherein the diesel fuel combustion system
-comprises an engine oil and at least 3% mass, soot loading, whereby the
diesel fuel combustion system performance is enhanced.

The diesel fuel combustion systems that may benefit from the

"

present invention include all combustion engines that burn diesel fuels.
By “combustion system” herein is meant any and all internal and
external combustion devices, machines, engines, turbine engines,
boilers, incinerators, evaporative burners, stationary burners and the
like which can combust or in which can be combusted a diesel fuel. In

one example, the diesel fuel combustion system requires an engine oil



41 69 3 33 Ol + zZDDP +/- 15 + L- 8 +/- 2 +/- 3 Goup |l Base Ql
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formulated to accommodate at least 3% mass, soot loading. (Heavy-duty
engine oils formulated to meet the API CH-4 must prevent wear in the
presence of at least 3% mass, soot loading.) In another example, the
engine. oil is formulated to accommodate at least about 5% mass, soot
loading.

Diesel fuel combustion systems are being engineekred to
incorporate one or more new components which may result in the
accumulation of new, high mass levels of soot loading in engine
lubricating cils. The new components may also demand increased
engine wear, lubricant performance. These diesel fuel combustion
system components include, but are not limited to, the following:
exhaust gas recirculation systems, either hot or cooled; variable-scroll
turbochargers/variable geometry turbochargers; common-rail fuel
injection systems; hydraulically-activated electronically-controlled unit
injectors; turbocharged and after cooled combustion air systems;
elevated mean fuel injection pressure and injection rate shaping capable
systems; electronic engine control systems for combustion air, fuel and
exhaust; variable valve actuation systems; homogenous charge
compression ignition systems; and low friction coatings (e.g., carbon-
based and PTFE} on engine surfaces.

The new components for diesel fuel combustion systems each

contribute in their own unique way to the efficiencies and performance of

+ Low
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the overall system. Several tradeoffs resulting from their use may
include increased soot loading in the engine lubricant oil and increased
lubricant performance with respect to engine wear (and new component
wear).

By “diesel fuel” herei_n is meant one or more fuels selected from the
group consisting of diesel fﬁel, biodiesel, biodiesel-derived fuel, synthetic
diesel, diesel fuel treated with oxygenates for particulate control, and
mixtures thereof and other products meeting the definitions of ASTM
D975. In one example, the sulfur content of the diesel fuel would be less
than about 100 ppm, and in a further example, the sulfur content would
be less than about 30 ppm.

The metal disclosed herein includes elemental and ionic
manganese, precursors thercof, and mixtures of metal compounds
including manganese. These manganese-containing compounds may be
either inorganic or organic. Also effective is the generation, liberation or
production in situ of manganese or manganese ions.

Inorganic manganese-containing compounds of the present
invention can include by example and without limitation fluorides,
chlorides, bromides, iodides, oxides, nitrates, sulfates, phosphates,
nitrides, hydrides, hydroxides, carbonates and mixtures thereof.
Manganese sulfates and phosphates will be operative and may, in certain

fuels and combustion applications, not present unacceptable additional
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sulfur and phosphorus combustion byproducts. Organometallic
compounds include manganese compounds with alcohols, aldehydes,
ketones, esters, anhydrides, sulfonates, phosphonates, chelates,
phenates, crown ethers, naphthanates, carboxylic acids, amides, acetyl
acetonates, and mixtures thereof as part of the ligand systems.

In one example, manganese-containing organometallic compounds
are manganese tricarbonyl compounds. Such compounds are taught, for
example, in US Patent Nos, 4,568,357; 4,674,447, 5,113,803; 5,599,357,
5,944,858 and European Patent No. 466 512 B1.

Suitable manganese tricarbonyl compounds which can be used
include cyclopentadienyl manganese tricarbonyl, methylcyclopentadienyl
manganese tricarbonyl, dimethylcyclopentadienyl manganese
tricarbonyl, trimethylcyclopentadienyl manganese tricarbonyl,
tetramethylcyclopentadienyl manganese tricarbonyl,
pentamethylecyclopentadienyl manganese tricarbonyl,
ethylcyclopentadienyl manganese tricarbonyl, diethylcyclopentadienyl
manganese tricarbonyl, propylcyclopentadienyl manganese tricarbonyl,
isopropylcyclopentadienyl manganese tricarbonyl, tert-
butylcyclopentadienyl manganese tricarbonyl, octylcyclopentadienyl
manganese tricarbonyl, dodecylcyclopentadienyl manganese tricarbonyl,
ethylmethylcyclopentadienyl manganese tricarbonyl, indenyl manganese

tricarbonyl, and the like, including mixtures of two or more such
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compounds. One example includes the cyclopentadienyl manganese
tricarbonyls which are liquid at room temperature such as
methylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl
manganese tricarbonyl, hiquid mixturf:s of cyclopentadienyl manganese
tricarbonyl and methylcyclopentadienyl manganese tricarbonyl, mixtures
of methylcyclopentadienyl manganese tricarbonyl and
ethylcyclopentadienyl manganese tricarbonyl, etc.

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

When formulating additives to be used in the methods and systems
of the present invention, the manganese-containing compounds are
employed in amounts sufficient to enhance the operation of diesel fuel
combustion systems like those described herein. The amount or
concentration of the additive may be selected based on the specific
components incorporated into the particular combustion system and
how those components affect, for instance, the amount of soot that the
components cause to be loaded into the lubricating oil used in the
operation of the combustion system. The amount or concentration of
the additive may also be selected based on the concentration of sulfur in
the diesel fuel. Exemplary treatment rates of the manganese compound

can be in excess of 100 mg of manganese/liter, up to about 50mg/liter,
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and in one example about 5 to about 30mg/ liter.

The additive disclosed herein results in reduced total mass of soot
produced. Additionally, however, the additive improves the quality of the
soot particles, at least with respect to the soot particles’ effect on diesel
engine lubricating oils. Manganese-containing additives reduce the
proportion of elemental cafbon (EC) relative to the soluble organic
fraction {SOF). This ratio of EC to SOF is believed to affect the hardness
of soot particles, thereby affecting film strength. Reducing the proportion
of EC to SOF appears to improve the quality of lubricant loaded with the
soot. The effects of soot properties on the formation of boundary films
and thus on the ability of soot-laden lubricant to prevent wear has been
described in SAE 2002-01-2793 (Devlin et al, “ Film Formation Properties
of Polymers in the Presence of Abrasive Contaminants”). In this paper
the wear in heavy-duty diesel engines is correlated to the formation of
boundary layer films, whose presence is detected using a High Frequency
Reciprocating Rig (HFRR]}.

The additive described herein improves soot particle quality as

evidenced by the measure of boundary-layer film thickness in a first

-comparative study. Lubricating oils containing different amounts of soot

generated with and without the manganese-containing additive (MMT)
were tested in the HFRR. The treat rate of manganese-containing

additive in these tests was 10 mg-Mn/liter. The results were as follows:



1. These fluids were exam ned since the additives in these fluids are those
that form boundary filns (see 2003-01-2793). The higher the test result the
better the ability of the fluid to forma boundary filmin the presence of
soot. 2. See US Patent 5,075,383 3. See US Patent 6,107, 257 In a
second conparative test, lubricating oils containing equal ambunts of soot
but varying treat rates of manganese-containing additive were tested in the
HFRR. The soot load in the test sanples was 6% mass. The results were as
follows: Table Il: Effect of Soot forned by fuels containing different
anounts of Mi _on Boundary Film Formatjon Properties of Lubricants 1

Lubri caablelgobieslop! Perher Brendepe i diggeaifi Rrencsies okor med from f uel

Lubricants (1)

Lubricant + 3% Soot +3% Soot +6% Soot +6% Soot
Formed | Formed from | Formed from | Formed from
from fuel fuel with fuel without fuel with
without MMT MMT MMT
MMT
Group Il Base 41 69 3 33
Oil + ZDbDP +/-15 +/-8 + [~ 2 +/-3
Group II Base
0Oil + Low 37 71 21 55
Molecular +/-5 +/-2 +/-5 +/-4
_ Weight
) Functionalized
Olefin
Copolymer (2]
- Group 1l Base
Oil + High 42 75 37 79
Molecular +/-4 +/-4 +/-3 +/-5
Weight
Functionalized
Clefin
Copolymer (3) |

1.

These fluids were examined since the additives in these fluids are

those that form boundary films (see 2003-01-2793). The higher the

test result the better the ability of the fluid to form a boundary film in
the presence of soot.

2. See US Patent 5,075,383
3. See US Patent 6,107,257

In a second comparative test, lubricating oils containing equal
amounts of soot but varying treat rates of manganese-containing additive

were tested in the HFRR. The soot load in the test samples was 6%

mass. The results were as follows:



Soot Forned from fuel

containing 3 ng-M/L +6% Soot Formed from fuel containing 10 ng-M/L +6%

containing 20 ng-Mh/L Goup Il Base 4 39 39

Table II: Effect of Soot formed by fuels containing different amounts of
Mn on Boundary Film Formation Properties of Lubricants (1)

Lubricant + 6% Soot +6% Soot +6% Soot +6% Soot
Formed | Formed from | Formed from { Formed from
from fuel fuel fuel fuel
without containing containing containing
MMT 3 mg-Mn/L | 10 mg-Mn/L | 20 mg-Mn/L
Group Il Base 4 39 39 42
Oil + ZDDP +/-2 +/-2 +/-5 +/-10
Group II Base
0il + Low 30 62 60 68
Molecular +/-1 +/-8 +/-2 +/-1
Weight
Functionalized
Olefin
Copolymer (2)
Group II Base
Oil + High 12 71 59 68
Molecular +/- 4 +/-3 +/-3 +/-1
Weight
Functionalized
Olefin
Copolymer {3)

1. These fluids were examined since the additives in these fluids are
those that form boundary films (see 2003-01-2793). The higher the
test result the better the ability of the fluid to form a boundary film in
the presence of soot. :

2. See US Patent 5,075,383

3. See US Patent 6,107,257

As can be seen in the tables, the film thickness was improved

(higher) in every case when the MMT additive was used. Accordingly, the

operation of diesel fuel combustion engines using the fuel additive is

enhanced with lower fuel consumption, lower friction (enhanced wear

inhibition), and enhanced lubricant oil life (extended length of time

10




42 Ol + ZDDP +/- 2 +/- 2 +/- 5 +/- 10 Group || Base Ol + Low 30 62 60
68

between oil changes).

The terms “complex” or “complexing” are intended herein to
describe the combination of or reaction by the manganese containing
compound with the combustion byproduct(s) such as poisons, soot and
other particulates. The combination includes covalent or ionic reactions
or any other binding of the metal compound with the combustion
byproduct. Further, the term “combustion byproduct” includes, but is
not limited to, particulates, soot, unburned soot, uncombusted
hydrocarbons, partially-combusted hydrocarbons, combusted
hydrocarbons, oxides of nitrogen and sulfur, and any other gas, vapor,
particle or compound that results from the combustion of a fuel.

Reference is also made throughout of the term “enhanced” in the
context of operation of diesel fuel combustion systems. The term
“enhanced” means an improvement in the operation of the diesel fuel
combustion system relative to the operation of a similar system that does
not have a manganese compound combusted in it. “Enhanced”
operation includes, but is not limited to, increased diesel engine
lubricating oil life, and reduced engine wear and fuel consumption.

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

11



Mol ecular +/- 1 +/- 8 +/- 2 +/- 1 Wi ght Functi onal i zed Aefin

u

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, transformations and/or reactions are the natural result of
bringing the specified reactants and/or components together under the
conditions called for pursuant to this disclosure. Thus the reactants and
components are identified as ingredients to be brought together either in
performing a desired chemical réaction (such as formation of the
organometallic compound) or in forming a desired composition (such as
an additive 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 to the substance, components or ingredient as it existed at
the time just before it was first blended or mixed with one or more other
substances, components and/or ingredients in accordance with the
present disclosure. The fact that the substance, components or
ingredient may have lost its original identity through a chemical reaction
or transformation during the course of such blending or mixing

operations or immediately thereafter is thus wholly imnmaterial for an

12
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accurate understanding and appreciation of this disclosure and the
claims thereof.

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 inéorporated in full into this disclosure as if fully set forth
herein.

This invention is susceptible to considerable variation in its
practice. Therefore the foregoing description is not intended to limit, and
should not be construed as limiting, the invention to the 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.

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.

13
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WHAT IS CLAIMED IS:

1. A method of enhancing the operation of a diesel fuel
combustion system, the method comprising:

supplying a diesel fuel comprising an additive that includes an
inorganic manganese compound to a diesel fuel combustion chamber in
a diesel fuel combustion system,;

combusting the fuel in the combustion chamber to produce at least
one byproduct comprising the manganese-containing compound;

the manganese-containing compound being supplied in an amount
effective to complex with the at least one combustion byproduct,

wherein the diesel fuel combustion system comprises an engine oil
and at least 3% mass, soot loading;

whereby the diesel fuel combustion system performance is

enhanced.

2. The method described in claim 1, wherein the diesel fuel is
selected from the group consisting of diesel fuel, biodiesel, biodiesel -

derived fuel, and synthetic diesel fuel, and mixtures thereof.

3. The method described in claim 1, wherein the diesel fuel

contains less than about 30 ppm of sulfur.

14



Aefin Copol yner (3) 1. These fluids were exam ned since the
additives in these fluids are those that form boundary filns (see
2003-01-2793). The higher the test result the better the ability of the
fluid to forma boundary filmin the presence of soot. 2. See US Patent
5, 075, 383

4. The method described in claim 1, wherein the inorganic
manganese compound is selected from the group consisting of fluorides,
chlorides, bromides, iodides, oxides, nitrates, sulfates, phosphates,

nitrides, hydrides, hydroxides, carbonates and mixtures thereof.

5. The method described in claim 1, wherein the inorganic

manganese compound is an organometallic compound.

6. The method described in claim 5, wherein the organometallic
~compound is selected from the group consisting of alcohols, aldehydes,
ketones, esters, anhydrides, sulfonates, phosphonates, chelates,
phenates, crown ethers, naphthenates, carboxylic acids, amides, acetyl

acetonates and mixtures thereof.
7. The method described in claim 1, wherein the inorganic
manganese compound comprises about 5 to about 30 mgMn/liter of the

fuel.

8. The method described in claim 5, wherein the organometallic

15



3. See US Patent 6,107, 257 As can be seen in the tables, the film

t hi ckness was i nproved (higher) in every case when the MMI additive was
used. Accordingly, the operation of diesel fuel conbustion engines using
the fuel additive is enhanced with | ower fuel consunption, |lower friction
(enhanced wear inhibition), and enhanced lubricant oil |ife (extended

| ength of tine between oil changes). ~ The terns "conpl ex" or

" conpl ex¢orgboring compnited metleyiayelopdasadiche] rhangandshbticarPwivlor reaction
by the manganese contai ni ng conpound with the conbusti on byproduct(s) such
as poi sons, soot and other particul ates. The conbi nati on includes coval ent
or ionic reactions or any other binding of the netal conpound with the

COMbUS i 0N bYGI A e FUAIRridiCind el SONMISLIOBbYREAAMGL" | nCl udes,

but is not Iim , particulates, soot, unburned soot,” unconbusted

hydr ocar bons artially-cqgnbuste ydrocarb caonbust ed hydr ocar bons,
oxi des olfn%ﬂ%{%f%&&?%’ﬁaggﬁaﬁars,et‘%%ﬁgéﬁ of?jr’ieefoqgjé@?gv%fﬁ}&g‘ particle or
conmpound that results fromthe conbustion of a fuel. . Reference is

al so nadevdppengfieny omangancsetricerhanrbdnetlrylerelopsatasicrg! operation of
di esel fuel conmbustion systens. The term "enhanced" neans an inprovenent in
t he operatdrparehetthieadbesel, dinedthgvhlgtdromdsyisylemangdaateisee to t he
operation of a simlar systemthat does not have a manganese conpound
combust eﬁ‘i(’:eﬂﬂﬂohyl,"@ﬁﬂ@ﬂ‘?f@" cRRRHALHRA Y REAHERSesdulichshdigl, limted to,

i ncreased di esel ‘engi ne ugrlcatlng oil" life, and reduced engi ne wear and
fuel con tion. Lt 1S . that the reactants and
conponenf%E%@F§?¥%§C¥%K%§égﬁgﬁ$2%%8%%ﬁ§§%ﬁ§§%§¥% I'h the specification or
claims hereof, whether referred to in the singular or plural, are

i dent i f | BENEETEHEJCEKPRENFREISAYE B1aRFATPS HIGIQMYAct with anot her
substance referred to by chem cal nane or chem cal type (e.g., base fuel
sol vent , edtydcyclopentrtieaybnraotgantese fctwmboabfl,(xﬁi&n@e]sycmmagiﬂmﬁi ons
and/or reactions, if any, take place in the resulting m xture or sol ution

or react pohditiseras bk, Chapgesicld pemside iRl it anrdearideeBehins are
the natural Ttesult of bringing the specified reactants and/ or conponents

t oget her: LIl : 1&H%ﬂt _this disclosure. Thus
t he reacggﬁggﬁgﬁ S%%%%%%gkﬁgﬁéﬁghgggﬁ%fg?gﬁgas |h8%gdients to be brought
together_either. in perform ng a desired chem cal, reaction uch, as
PR S R S A PSR R e R AR
conposition (such as an additive concentrate or additized fuel blend). It
wi |l al sonangarmsegmicasboniht dodeculdiriopea tadigyon enesgeansd &rigatderinds

bl ended into or with the base fuels individually per se and/or as
conponentshygedhivyctspama dpfeflanaegdaaddt tricarioonyl, iatiennsmanganese
andsub- conbi nati ons. Accordingly, even though the clains hereinafter may
refer to H&ﬁf e ; 4 ' ' sent tense
("conpriggs ,(ﬁﬁg“?ngﬁ%g??aﬁQE%P§?%§£%%%H?§%S%Q$%20§3%%?§%%%€ conponents or
ingredient as it.existed at the tine just before it was first bl ended or

mi xed wi CRTBIEHS ore ot her subst ances, conponents and/or ingredients in
accordance with the present disclosure. The fact that the substance,
conmponents or ingredient may have lost its original identity through a
chem cal reaction or transformation during the course of such bl ending or

m Xi ng oper at 1 0n§hermicnned idasetpetinardafrmel, whetrdinstivhobinpuistmat eri al for
an accurate understandi ng and appreciation of this disclosure and the
claims t ﬁ?g%ﬂuct is seleedHOBRT BMS g%@? Q}%ntsli‘ét%.'g%@lgiarﬁﬁuﬁat%@e%(f)ﬁ,cat i on,
reference”has been nade to a nunber of U S. Patents, publlshed foreign

pat ent appli cations._.an i i p : Al | ited
docunent n%%%“&?ﬁ%%%sF@“@ﬁ%%?%%fg?iﬁgﬂﬁfﬁﬁbﬁ’?ﬁ?%ggﬁﬁgnﬁﬁgg 5§ure as if
fully set forth herein. This invention  is susceptible to considerable
variatioHyﬁﬁo@%%?ﬁ&ﬁa@??@@%Sﬁﬁ%@¥ﬁ¥9@§fpﬂgsf6?@@89%83 BHOBERAH Y s not
intended to limt, and should not be construed as limting, the invention
to the particular exenplifications presented herei nabove. Rather, what is
intended to be covered is as set forth in the ensuing clains and the
equi val ents thereof permtted as a matter of |aw Appl i cant does not
intend to dedi cate any discl osed enbo?énents to the public, and to the
extent any disclosed nodifications or-alterations may not literally fall
wi thin the scope of the clains, they are considered to be part of the

i nvention under the doctrine of equival ents.



VWHAT IS CLAI MED | S: 1. A nethod of enhancing the operation of a

di esel fuel conbustion system the nethod conpri sing: supplying a

di esel fuel conprising an additive that includes an inorgani c nanganese
conpound to a diesel fuel conbustion chanber in a diesel fuel conbustion
system conbusting the fuel in the conbustion chanber to produce at |east
one byproduct conprising the manganese-contai ni ng conpound; the
manganesgalfont ai ni ng conpound being supplied in an anobunt effective to
conplex with the at | east one conbustion byproduct, wherein the diesel fuel
conbusti on system conprises an engine oil and at |east 3% nmass, soot

| oadi ng; wher eby the diesel fuel conmbustion system perfornmance is

enhanced. 12 e BHNAC ARG LDEdiD 1okt el (HERAELA (e i esel fue

is selected fromthe group consisting of dié fuel, biodiese bi odi esel
- derived fg,el . and st¥nt heti c.di esel ures thereof.

f uel arflg m Xfl i 3.

The met hoYPEESHOTLRF T EPEIRRACS RHePLiTROTHE! dPedRIOViRg CCBIAISHS| ess t han
about 30 ppm of sul fur. ] 4. The nethod described in claim1, wherein
t he i nor gani cehaigsingass reghpaiaipl sysemstather bat oReogiestiyagtyest i ng of
fluorides, chlorides, brom des, iodides, oxides, nitrates, sulfates,
phosphat esoliniurbiodbsrgémsdvadedle ydretirdearbediageat esomntb mirgiluives
t her eof . 5. The nethod described in claim1, wherein the inorganic
Manganesg,; 609 Widtd i s aRyAFSANCARY Blckive t&P BRRYAGhically-controlled unit

injectors; turbocharged and after cooled combustion air systems;

elevated mean fuel injection pressure and injection rate shaping capable

systems; electronic engine control systems for combustion air, fuel and

exhaust, variable valve actuation systems; homogenous charge

compression ignition systems; and low friction coatings on engine

surfaces.

12. A method as described in claim 1, wherein the engine oil is

formulated to accommodate at least 3% mass, soot loading.
13. A method as described in claim 1, wherein the engine oil is

formulated to prevent wear in the presence of at least 3% mass, soot

loading as categorized by APl CH-4 engine tests,
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6. The nethod described in claim5, wherein the organonetal lic conpound is
sel ected fromthe group consisting of alcohols, aldehydes, ketones, esters,
anhydri des, sul fonates, phosphonates, chel ates, phenates, crown ethers,
napht henat es, carboxylic acids, am des, acetyl acetonates and m xtures

t her eof . 7. The method described in claim1, wherein the inorganic
manganese conpound conpri ses about 5 to about 30 ngWn/liter of the fuel. 8.
The net hod deétr ivettthodchsidessribaiéneilaimhle whgrgiondteaghgine @bimpsund

conpri ses nethyl cycl opent adi enyl manganese tri carbonyl. 9. The nethod
descri begk igast st thdss Wirstdbadide i norgani ¢ manganese conpound is sel ected
fromthe follow ng group: cycl opentadi enyl manganese tri carbonyl,

met hyl cycl opent adi enyl manganese tri carbonyl, di nethyl cycl opent adi enyl
manganese tricarbonyl, trimethylcycl opentadi enyl manganese tri carbonyl,
tetramet hyl cycl opent adi enyl nmanganese tricarbonyl,. .

bont amet Pyl oy EPogb MO AT RNGBRESE R al BERUTEindiie, PRSFASHLAT 56 eny
manganese tricarbonyl, diethyl cycl opentadi enyl nmanganese tricarbonyl,

pr opy| cy@icspkhitaddicenhlistiangarésa s ¢elaabery Bs GOsBpREYY e fht epentttieny|
manganese tricarbonyl, tertbutyl cycl opentadi enyl manganese tricarbonyl,

oct yl cychogentagicespstemngidnasetHa additbeniat idetiedys eyahogeantaei eny|
manganese tricarbonyl, ethyl nethyl cycl opentadi enyl nmanganese tricarbonyl,

i ndenyl ﬁg@@g ' nyl, and the like, including mxtures of two or
nore suc con%gﬁﬁgéﬁkﬁﬁﬁpP 10. The nmethod described in claim1, wherein the
conbustion byproduct is selected fromthe group consisting of particulates,
soot, unburned soot, unconbusted hydrocarbons, partially-conbusted

hydr ocar bons, conbusted hydrocarbons, and oxi des of nitrogen and sulfur.
11. The net ho#Odes&nstbod pherhansing thieperatiomeo! @i digsel fudl conbusti on
system conpri ses one or nore of the follow ng conponents: exhaust gas
reci r cul adintrussicst spsenei tHeemeatbhbdarorapaketg: vari abl e- scrol |
turbochargers/vari abl e geonetry turbochargers; common-rail fuel injection
systems; hydr gybhRahb ¥ aelsk 8@t @hpelsi 9N head d AR A ihet:dey & i nj ectors;
turbocharged and after cool ed conbustion air systens; el evated nean fuel
injectio re 1 1] ' hapi ; ronic
engi ne. OIS eser e bRt fo 3R PO R Rk h BB LU Ve
actuationégyste honogenous charge conpression ignition systens; and | ow
fricti on®cBas! &§18ﬁ W SYPfdtes. 12. A nethod as described in
claim1l1, wherein the engine oil is fornulated to accommbdate at | east 3%
mass, soot | oeelinfgisting the fudidn hareombuisgedebembyadta pradadami jeasier ei n
the engine oil is fornulated to prevent wear in the presence of at |east 3%

mass, soghe ltgagbAdcasofdieger Rl Alesehtdh@nginecd@posind; 14. A
nmet hod as described in claim1l, mheré?ﬁithe engine oil has at |east 6%

the oper ati oncot e seroTRr RORRI A SRR RIPRAR £ 8 PrlontlT S S
to the operation, of the. sate BYSLSILY HIOW A BS.Add e gt | nol udes a
wherein the diesel fuel combustion system comprises one or more
of the following components:
exhaust gas recirculation systems, either hot or cooled; variable-

scroll turbochargers/variable geometry turbochargers; common-rail fuel

injection systems; hydraulically-activated electronically-controlled unit
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16. A method of enhancing the operation of a diesel fuel conbustion system
the nmet hod conpri sing: supplying a diesel fuel conprising an
additive that includes a nanganese-contai ni ng conpound to a di esel fuel
conmbusti on chanber a di esel fuel conmbustion system conmbusting the
fuel in the conmbustion chanber to produce at |east one byproduct conprising
t he manganese- cont ai ni ng conpound; t he manganese- cont ai ni ng conpound
bei ng suppkteds| hudwdrmrgad efd efkeirvweclal comlestion ir $hsteats;| east one
conmbusti on byproduct; wherein the diesel fuel conbustion system

conpri segjeQAfe@ndme m&fingmiézp ey g SRARANRMGT rate shaﬁiﬂgaé@alﬂés

recircul ati on systens, either hot or cool ed;” vari abl e-scro

t urbocha rall - tr r r ; -~ I al | _ipjection
syst oms: SRR Ear P e RRT o ST E T §E BRI bl (Mt eh iy et or s
turbocharged and after cool ed conbustion aif systens; el evated nean fuel

i nj ect i ofFPRESS HHAE1ANE iy Lef M PRSY SEHAPD h@n&ﬁmvé shatens; el ectronic
engi ne control systenms for conmbustion air, fuel and exhaust; variable val ve
act uat i oposyEEtesEn igonbye mystetbargd lovniessh oratiggstérorngyst ens; and | ow

friction coatings on engine surfaces. wher eby the diesel fuel
conbusti gnrystem performance i s enhanced. METHOD OF ENHANCI NG THE
OPERATI ON OF DI ESEL FUEL COVBUSI ON SYSTEMS ABSTRACT A net hod of

enhanci ng the i i Eﬁﬁh ofelyysl i LB, a conbustion
systen1incIudggﬂgég%ﬁggﬁgéggﬁﬁéfkgn éggltigé&%ﬁgF§¥%%ﬁ%§%%Q% manganese
conpound tpo a diesel fuel conbustion system The fuel is then conbusted in
t he conbﬁ@gﬁﬁﬁe@hanber to produce at |east one byproduct including the
manganese conpound. The nmanganese conpound is supplied in an anount
effective to conplex with the conbustion byproduct. The diesel fuel
conbustion system operation is enhanced by inproving the attributes of

| ubricating oil |oaded with the conbustion byproduct soot particles.
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