METHOD OF ENHANCI NG THE OPERATI ON OF DI ESEL FUEL COVBUSI ON SYSTEMS Fi el d
of the Invention 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 nmanganese conpounds. The
additive can be introduced into a conbustion chanber as part of the fuel.
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can be introduced into a combustion chamber as part of the fuel. The

additive will then enhance the operation of diesel fuel combustion
systems by improving, for example, wear inhibition, lubricant oil life, and

fuel economy.

Description of the Prior Art

It is well known in the automobile industry, or any industry where
hydrocarbonaceous fuels are burned, to reduce tailpipe (or smokestack)
emissions by using various strategies. For example, the most common
method for reducing emissions from spark ignition engines is by careful
control of the air-fuel ratio and ignition timing. Retarding ignition timing
from the best efficiency setting reduces HC and NOy emissions, while
excessive retard of ignition increases the output of CO and HC.
Increasing engine speed reduces HC emissions, but NOx emissions
increase with load. Increasing coolant temperature tends to reduce HC

emissions, but this results in an increase in NOx emissions.



control. Strategies for reducing particulate and HC include optim zing

fuel injection and air notion, effective fuel atom zation at varying | oads,
control of timng of fuel injection, mnimzation of parasitic losses in
conmbusti on chanbers, |ow sac volune or valve cover orifice nozzles for
direct injection, reducing lubrication oil contributions, and rapid engi ne

war mup. New diese] fuel conbustjon syste haye beep and, are being
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i mpr oved comtide hakrgeegics fereredugingtpantisdyts and HElisctudmoptiemging
controls, low friction coatings on engine surfaces, and exhaust gas
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performance requirements and trade-offs in the overall engine operation.
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used in the nethods described herein are inorganic or organonetallic
manganesevanontwap.ni ng conpounds sol uble in fuels.
New diesel fuel combustion systems have been and are being
engineered to improve various performance attributes. Some new types
of technology to be employed may include one or more of the following:
improved turbochargers, fuel injections systems, electronic engine
controls, low friction coatings on engine surfaces, and exhaust gas
recirculation apparatuses. Many of these systems in turn result in new
performance requirements and trade-offs in the overall engine operation.
For example, exhaust gas recirculation (EGR) systems result in increased
combustion byproduct blowby which means increased soot in engine
oils. In other words, a trade-off in the use of EGR systems is that diesel
engine lubricants can be expected to have a relatively higher soot

content. Other types of technologies likewise result in diesel engine

lubricating oils having relatively high soot content.



This fuel is then conbusted in a diesel fuel conmbustion systemto produce
conbusti on byproducts including the manganese conpound. A nethod of
enhancing the operation of a diesel fuel conbustion system conprises
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 fuyel conhustion system conbusting the fuel in the conbustion
chanber iﬁﬂﬁﬂﬁgﬁgﬁﬂﬁlﬁﬂgﬁst one byproduct conprising the
manganese- cont ai ni ng conpound, the nmanganese-contai ni ng conpound bei ng
suppl i ed i n aTheradditiedfs gsedva the coehplods desdrilbdrk hatreireast inpeganic
conbustion byproduct, wherein the diesel fuel conbustion system conprises
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burners and the |I|ike which can conbust or in which can be conbusted a
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engine oil 3 fornulated to accommbdate at | east 3% nass, soot | oading.
(Heavy- deygterangimprises Supmiyimiged eldeded foekbtotipeisiRy aﬁ-ﬁddm’x&l thtevent wear
in the presence of at |east 3% mass, soot |oading.) In another exanple,
the includes 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 fucl 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



engine oil is formulated to acconmodate at | east about 5% nmass, soot

| oadi ng. Diesel fuel conbustion systens are being engineered to

i ncorporate one or nore new conponents which may result in the

accunul ati on of new, high nmass |levels of soot |oading in engine
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val ve actuation systens; honbgenous charge conpression i gnition systens;
and | ow flrajﬁcgi i on coatings (e.g., carbon- based and PTFE) on engine
sur f aces ‘4 ¥8ew conponents for diesel fuel conbustion systens each
contribute in their own unique way to the efficiencies and performance of 4
the overal | sy3ices) ugd pombustadsystemsarel hding dngineetedi to use may i ncl ude
i ncreased soot loading in the engine lubricant oil and increased | ubricant
per f or naineompdriate espant more argr kemERicr tRNdhihnegnpadnin the

accumulation of new, high mass levels of soot loading in engine

lubricating oils. The new components may also demand increased

engine wear, lubricant performance. These diesel fuel combustion

systermn 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



wear). By "diesel fuel" herein is nmeant one or nore fuels selected fromt
group consisting of diesel fuel, biodiesel, biodiesel-derived fuel,
synthetic diesel, diesel fuel treated with oxygenates for particul ate

control, and mxtures thereof and other products neeting the definitions

of ASTM D975. In one exanple, the sulfur content of the diesel fuel woul
be less than about 100 ppm anpd in a further exanple, the sul fur content
woul d  b&he @é@r%lﬁéﬁS%euté)%@rﬁlpFﬁadméfSr@tS&ﬂﬂag&crrastél&lrhw%inaay ncl udes

el enental and ionic manganese, precursors thereof, and m xtures of netal
conpoundsncludel imdiregsethsgahbselinglinghenengjandubrivamt aiihand inongmedds may

either inorganic or organic. Also effective is the generation, |iberation
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manganese- cont ai ni ng conpounds of the present invention can 1nclude by
exanpl e gpd i thout limtation fluorides, chlorides, brom des, iodides,
oxi des, nitrates, sulfates, phosphates, nitrides, hydrides, hydroxides,
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present unacceptable additional 5 sulfur and phosphorus conbustion
by pr oduc gsouprcgasestinaof idiesel dipb riagdigset| bigdieashgtorived whpsimidhetia t h
al cohol s, al dehydes, ketones, esters, anhydrides, sulfonates,
phosphondiess], disskhbed, 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 thereof, 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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phenates, crown ethers, naphthanates, carboxylic acids, am des, acetyl
acetonates, and m xtures thereof as part of the ligand systens. In one
exanpl e, manganese-contai ni ng organonetal | i ¢ conpounds are nanganese
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
Eur opean Patent No. 466 512 Bi._ Suitable manganese tricarbgnyl conpounds
whi ch cafUbdinard phasahare s GrnBPsHeRIPEMpdURRg e ommei@dliGony | |

met hyl cycl opent adi enyl nmanganese tricarbonyl, dinethylcycl opentadi enyl
manganes eompaéwadd inglude mamgamese yarinopennddiverniz alpeinglsn eddehiydeasar bonyl |
t et ranet hyl cycl opent adi enyl nanganese tri carbonyl,

pent amet ikekeied, i) dretyd rides) 0aNEsEa feks] @hb@?ﬁbhate@,tdhélété@s[, opent adi enyl
manganese tricarbonyl, diethylcycl opentadieny manganese tricarbonyl,
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I ndenyl manganese tricarbonyl, and the Iike, including m xtures of two or
nore such 6 céRPEIMERAMOlR BRAZHNESEmONisinger sapormgeliagpmpaundmnganese
tricarbonyls which are liquid at roomtenperature such as
met hyl cyalreprahganesy tticargrgariesenpoundsbdyth cenlyduyds apenhaghenfpl
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,
pentamethylcyclopentadienyl 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



manganese tricarbonyl, [liquid m xtures of cyclopentadi enyl manganese
tricarbonyl and nethyl cycl opentadi enyl manganese tricarbonyl, m xtures of
met hyl cycl opent adi enyl manganese tricarbonyl and ethyl cycl opent adi enyl
manganese tricarbonyl, etc. Preparation of such compounds is described in
the literature, for exanple, U S Pat. No. 2,818,417, the disclosure of
which is incorporated herein in jts entirety. Wen fornulatlng addi tives
to be usSEMBPYRES &N EZamRle dpehulas thsffcycﬂepﬁn&céﬁm HASIZANSSE t he
manganese- cont ai ni ng conpounds are enployed in anmounts sufficient to
enhance theadpsrdsiwnichf ax Bguid Atebonctarbpstatoresystieas | i ke t hose

descri bed herein. The anobunt or concentration of the additive may be
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t he manganese conpound can be in excess of 100 ng of manganese/ liter, up
to about oboagfhylewslopantadicnyl mangaessl teicasbanyband about 30ng/liter. The
additive disclosed herein results in reduced total mass of soot produced.
Addi t i onathylcytlopeneadichlyd neaidganese trivadhesylf bg.qual ity of the
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,



soot particles, at least with respect to the soot particles' effect on

di esel engine lubricating oils. Manganese-contai ning additives reduce the
proportion of elenmental carbon (EC) relative to the soluble organic
fraction (SOF). This ratio of ECto SOF is believed to affect the hardness
of soot particles, thereby affecting filmstrength. Reducing the proportion
of EC to SOQF, appears to inprove the quality of lubricant | oaded with the
soot. Thénékieehs expmplsiabaune toial0Wn30mig/lidefat i on of boundary fil ns

and thus on the ability of soot-laden |ubricant to prevent wear has been
descri bed i n $he &0diziveidia7iededDearieim resulik in"refivca] Rotalpiniass drsooért i es

of Polynmers in the Presence of Abrasive Contam nants"). In this paper the
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The results were as follows: 8 Table 1: Effect of Soot on Boundary Film
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Soot +6% Soot
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 heen
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:
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Mol ecul ar +/ - 4+/ - 4+/ - 3+/ -5 Wei ght Functionalized defin Copolyner (3) 111 |
. These fluids were exam ned since the additives in these fluids are those
that form boundary filnms (see 2003-01-2793). The higher the test result
the better the ability of the fluid to forma boundary filmin

Table I: Effect of Soot on Boundary Film Formation Properties of

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 II Base 41 09 3 33
Oil + ZDDP +/- 15 +/-8 +/-2 +/-3
Group II Base
01l + Low 37 71 21 55
Molecular +/-5 +/-2 +/-5 +/-4
Weight
Functionalized
Olefin
Copolymer (2}
Group Il Base
Qil + High 42 75 37 79
Molecular +/-4 +/-4 +/-3 +/-5
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

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:




the pres

6, 107,257 In a second conparative test,

ence of soot.

2. See US Patent 5,075,383 3. See US Pat ent

anounts of soot but varying treat
were tested in the HFRR The soot

The results were as follows: 9 Table I1:

| ubricating oils containing equal

rates of nmanganese-containing additive

load in the test sanples was 6%
Ef fect of Soot fornmed by fuels

Mass.

containing different anounts of WMh on Bound Film Fornmation Properties of
Lubricants 1 Lubricant+ 6% Soot +6% Soot +6% Soot +6% Soot For medFor nmed
fronmFormed fronfFormed from from fuel fuel fuel fuel
wi t hout cdiatbde bi: dgféemitadi Snatdoomted oy figelsMit1 tainidg differemt Mndidttsnof Mh L

Low30626

G oup || MiasedBo3@Ar@Hilm FiibRdfied Prop2iieSof Lulidamsl} | Base O |
D68 LMpresdtar +/ + 6b6/Sdbt/ [ 488 Sholel phirdsgrsddtonal 1 zed, Shef 1 1]
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 II Base 4 39 39 42
0il + ZDDP +/-2 +/- 2 +/-5 +/- 10
Group Il Base
Oil + 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
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Copol ymer (2) Goup Il Base Ol + H ghl12715968 Mol ecul ar+/-4+/-3+/-3+/- 1
Wei ght Functionalized Aefin Cool er 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, 38 3. See, US Patent 6,107,257 As can be seen in the tables, the
film thi Oeheserikchapge’led (higher) in every case when the MV additive
was used. Accordingly, the operation of diesel fuel conbustion engines
using the fueﬂ‘l’@d&ﬁrmw‘é:dmpleéMn“cemplﬁxing”mrinttmetidﬂmcﬂmptd on, | ower
friction (enhanced wear inhibition), and enhanced lubricant oil life

( ext endedekeriptthef cdrhbindiibb ef we eBadiibn diattge fandditedeadoraisignp! ex” or

"conpl exi ng" are intended herein to describe the conbination of or
reacti on oy Adien FWER RS R or?PL&tBh W product(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
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conmpound with the conmbustion byproduct(s) such as poi sons, soot and ot her
particul ates. The conbi nation includes covalent or ionic reactions or any
ot her binding of the netal conpound with the conbustion byproduct.
Further, the term "conbustion byproduct” includes, but is not limted to,
particul ates, soot, unburned soot, unconbusted hydrocarbons,

partial | y;: conbust ed hydrocarbons, conbusted _ hydrocarbons, oxides of
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systens. The term "enhanced" neans an i nprovenent in the operation of the
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name anym%ngﬂ;hteh%)es%g%q FEREAIR a&dq/d&raqo pﬂ]%?%ftsﬁ {’:Og e Heder é‘P‘ér red to
i n the singul ar ora_ﬁl ural, are identified as they exist prior to comng
i nto concabditpns caligdder PysYanhdie this disclepurs- bjhus thaegpetantsand or
chem cal type (e.g., base fuel, solvent, etc.). It matters not what
chem cal cohgmyeststaznsicatiied asnmngaediontsrtwaot booaght togather eithies ipl ace in
the resulting m xture or solution or reaction nmedium as

performing a desired chemical reaction (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 immaterial for an
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such changes, transformations and/or reactions are the natural result of
bringing the specified reactants and/ or conponents together under the
conditions called for pursuant to this disclosure. Thus the reactants and
conponents are identified as ingredients to be brought together either in
perform ng a desired chem cal reaction (such as formation of the
organonetallic conpound) or in formng a desired conposition (such as an
addi t i ve 8c6HER vaderyandiag and appreragtion i dhis disclpsyre,and the recogni zed
that the additive conponents can be added or blended into or with the base
fuel s i ndlainuushéneofer se and/ or as conponents used in forming preforned
addi ti ve conbi nati ons and/ or sub-conbi nati ons. Accordingly, even though

the claims hengimafdeeousilaéed SirdibIRRSHAD pecikaniel) qeidrenas Haey

ingredients in the present tense ("conprises®, "is", etc.), the reference
istoth , I pl di : i X1 S t the tine
| st “ber SrElipegRas, 2 FRERRPERL D S paR SR EHiiRa forBitpdlt

subst ances, ,conmponents and/ or J edients in agccordance with the present
i 5ol oo uAPPHFRECREARS bt T aHE L SRty kD AU Tof ted HtREHS rmy have
lost its original identity through a chemcal reaction or transformation
during t lhee eapresslpfingorporateddn Aglldnteithisndisclygmarrgtaoduly senfedthat el y
thereafter is thus wholly immaterial for an 12 accurate understandi ng and
appr eci atiepaimnf this disclosure and the clains thereof. At numerous places
t hroughout this specification, reference has
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.
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been made to a nunber of U S. Patents, published foreign patent
applications and published technical papers. Al such cited docunents are
expressly incorporated in full into this disclosure as if fully set forth
herein. This invention is susceptible to considerable variationin its
practice. Therefore the foregoing descriptionis not intended to limt, and

shoul d n trued as limting, the invention to the particul ar
exenpl i fm&wzherei nabove. Rather, what is intended to be
covered is as set forth in the ensuing clainms and the equival ents thereof
permtted as d.nmAtmethed of awhafpphg thetopdoatonalf 4 diesetifiel dedi cate any

di scl osed enbodi nents to the public, and to the extent any discl osed

nodi f i catcogisustion|syeterhi eiie memvdemipristhal |y fall within the scope of
the clains, they are considered to be part of the invention under the

doctrine of ey : \pFIéT %%@B 13 enhanci ng
t he operati on%(?;o@fg{ge%gﬂé{éde %é())rraﬁ)ustll n ségfhe&n‘{e ﬁ@%ﬁﬂ%@g 8orrpri si ng:
supplying_ a diesel fuel. conprisin n addj ti that jncludes a )
rranganesgr-'%’a%‘f‘%?%‘?'ﬁﬁn oo HHIRP‘%“%F%& Ieisﬁﬁuecld?%ﬁ PF‘Eﬂnéa%ﬁﬂFBPﬁr B a
di esel fuel 6 conbustion system conbusting the fuel in the conbustion
chanber @odissebing combagien syséemyproduct conpri sing t he

manganese- cont ai ni ng conpound;
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.
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t he manganese-cont ai ni ng conpound being supplied in an anmount effective to
conplex with the at | east one conbustion byproduct, wherein the diesel fuel
conmbusti on system conprises an engine oil and at |east 3% nmass, soot

| oadi ng; whereby the diesel fuel conbustion system perfornmance is

enhanced. 2. The nethod described in claim11, wherein the diesel fuel is
sel ected fron1th rou si stjng.of djesel fuel bi odi esel bi odi esel -
derived fuel, ﬁhg ﬂﬂyfgeﬁﬁ%bﬁg1?6%?”“&ﬂd”h?§?ﬂﬁ@§IFﬁEﬁ@BFSC3 The

met hod descrlped in cla|n1l, wherein the diesel fuel contains |ess than
about 30 copiriringnentpeund4s An ey ganith othnangseheampausidai m 1, wherein the
manganese contai ni ng conpound i s an inorgani c manganese conpound. 5. The
nmet hod described in claim4, wherein the inorganic mnanganese conpound is
selected fromthe group consisting of fluorides, chlorides, brom des,

i odi des, oxides, TREhafRsd desdfiBt&dn cwﬂﬁmh%ﬁéreln%terlheg%mgtwd“ des,

hydr oxi des carbonates and m xtures thereof. 6. The neth escribed in
claim1l, in the man ese €0 ni ng, conpound i s _an organonetallic
claim 1 oAREELILS hE BNREe S EOL AL Sos BRI | oB 9RDRTELEL
corrpoundcéi selected fromthe group, consisting of alcohols, al dehydes

@

ket ones ddes, ramirlgsydedides) pyilase itrpkes prdfatessph oRBhatess

nitrides, hydrides, hydroxides, carbonates and mixtures thereof.

6. The method described in claim 1, wherein the manganese-

containing compound is an organometallic compound.

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

acetonates and mixtures thereof.

8. The method described in claim 1, wherein the manganese-
containing compound comprises about 5 to about 30 mgMn/liter of the

fuel.

9. The method described in claim 6, wherein the organometallic
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phenates, crown ethers, naphthenates, carboxylic acids, am des, acetyl
acetonates and m xtures thereof. 8. The nmethod described in claim1,
wherei n t he manganese- contai ni ng conmpound conpri ses about 5 to about 30
ngWn/liter of the fuel. 9. The nmethod described in claim®6, wherein the
organonetal lic 15 conmpound conpri ses net hyl cycl opent adi enyl nmanganese
tricarbonyl. 10. The nethod described in ¢laim1l, wherein the manganese-
cont ai ni FGTRRABE APRETISED st tyle PP HERSRY RGeSt STicaEy M Ppent adi eny!
manganese tricarbonyl, nethylcycl opentadi enyl nmanganese tricarbonyl,

di et hyl cycl opent adi enyl nmanganese tricarbonyl, trinethylcycl opentadienyl
manganese tricarbonyl, tetranethylcycl opentadi enyl manganese tricarbonyl,

pent amet hyl cydop®htadetivd desogbedsa dlaigar,bohytein thenbaygahepent adi enyl
manganese tricarbonyl, diethylcyclopentadi enyl nanganese tricarbonyl,

Pr opy! oy elo@RaiAgietbo MAAIENERELA FARNMollowiRRBAKL 0V ol opent ad eny

manganese tricar!l tert- butylcycl opentadieny anese tri car bonyl,
manganes S PRN B TRRRgR e FyF R ein sy BNGORARIGaRESE & i car bony!
ey g amaesm tEcarbony, dime dylydopentadieny) mangamose. - o O 11O "
tricarbonyl, trimethylcyclopentadienyl manganese tricarbonyl,
tetramethylcyclopentadienyl manganese tricarbonyl,
pentamethylcyclopentadienyl manganese tricarbonyl,
ethylcyclopentadienyl manganese tricarbonyl, diethylcyclopentadienyl
manganese tricarbonyl, propylcyclopentadienyl manganese tricarbonyl,
1sopropylcyclopentadienyl 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

compounds.

11. The method described in claim 1, wherein the combustion
byproduct is selected from the group consisting of particulates, soot,
unburned soot, uncombusted hydrocarbons, partially-combusted

hydrocarbons, combusted hydrocarbons, and oxides of nitrogen and
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11. The method described in claim1, wherein the conbustion byproduct is
sel ected fromthe group consisting of particulates, soot, unburned soot,
unconmbust ed hydrocarbons, partially-conbusted hydrocarbons, conbusted
hydr ocar bons, and oxi des of nitrogen and 16 sul fur. 12. The net hod
described in claiml, wherein the diesel fuel conbustion system conprises

one or q of the follow ng conponents: exhaust gas recircul ati on systens,
ei t her T-cool ed; variable- scroll turbochargers/ variable geonetry
tur bochar gers; common-rail fuel injection systens; hydraulically-activated

el ectronically-controlled unit injectors; turbocharged and after cool ed
conbustion air systens; elevated nean fuel injection pressure and injection
rate shaping capable systens; electronic engine control systems for

conbustion air,2.f gek metho®deavsbedardlaghel V@héf&lﬁqmadlheén /M3t ens;
hormgenous char ge conpr ession i gnl tion syst ems and OW friction coati ngs

on en9! Do HELAGR Syt GoBHARY A% HERRGERIC AL bortbiheh g e |,
b event vear  FRNBYFASTERIE RN DoUarSeoithss OGOl baugos
categorized by API CH 4 engine tests. 17

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 on engine

surfaces.

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

formulated to accommodate at least 3% mass, soot loading.
14. 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 API CH-4 engine tests.

17



15. A method as described in claim1, wherein the engine oil has at |east
6% mass, soot |oading. 16. A nethod as described in claiml, wherein the
operation of the diesel fuel conbustion systemis enhanced as conpared to
the operation of the sane systemw thout the additive that includes a
manganese cont ai ni ng conpound. 17. A nethod of enhancing the operation of a
di esel fuel caonbustiogn system ¢the nethod conprising: supplying a diesel
fuel conprisi Ay aft BEHhed a8 qmﬂb%lfhﬁ@éﬂhl’%ﬁé@ﬁ’e e il Agsconpound
to a diesel fuel conbustion chanber in a diesel fuel conbustion system
conbust i g ledst 6Yemaiss, shet kembugt i on chanber to produce at |east one
byproduct conprising the nanganese-contai ni ng conpound; the
manganese- cont ai ni ng conpound bei ng supplied in an amount effective to
conplex with the at | east one conbustion byproduct; wherein the diesel fuel

nbust | ; .of « t | 1 ¢ .
combustion SYSEeMAGRRRIARSS ArHed T Baiff 11 REctald B BRcratmonpete:

exhaust gas recirculation systens, elt ot or coo

turbochargers/. vari able geonetry turbpochargers; common-rajl fuel . injection
yst e, heu Pl ComEy Rty SEeteln &f EBRRBRFOES SOBBRIROIP dhe tratign
injectors; turbocharged and after cooled conbustion air systens; elevated
mean f uelof ithf serme gy pieas stithouhthe additive thatinclydapiangasgaalsise-

containing compound.

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

supplying a diesel fuel comprising an additive that includes 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 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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systens; electronic engine control systenms for conbustion air, fuel and
exhaust; variabl e val ve actuati on systens; honbgenous charge conpression
ignition systenms; and low friction coatings on engine surfaces. whereby
t he di esel fuel combustion system performance is enhanced. 19

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.

whereby the diesel fuel combustion system performance is

enhanced.
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