METHOD OF ENHANCI NG THE OPERATI ON OF A DI ESEL FUEL COVBUSTI ON AFTER
TREATMENT SYSTEM Field of the Invention The present invention relates to

_the.use of a fuel additive for protecting and inproving operation of
"conbustion exhaust after treatnent systens. The additive contains one or

for e manganese-conpounds. The additive can be introduced into a conbustion
chanber as part of the fuel, or it may be injected alone or with the fuel
into the conbustion exhaust. The additive will then enhance the operation
of after treatnent systens including, for exanple, those that incorporate
catal yzed and continuously regenerating technol ogy diesel particulate
filters. Descriptioh of the Prior Art It is well known in the autonobile

i ndustry, or c{gst ry where hydrocarbonaceous fuel s are burned,
to.reduce tai 3@%’55&{ N&W THE QEESAIIGY GEihPIESELOLYEL r at egi es.
For exanple, the nost WW&W&%TRW%E § THEEMons from spark
ignition engines is by careful control of the air-fuel ratio and ignition
timng. Retardl ng ignition timng fromthe best efficiency. setting
reduces ons, while excessive retard of ignition increases
t he out put of CO and HC. Increasing engi ne speed reduces HC em ssions, but
NOX emi ssi ondlienpresast invaritidroaglatdsntor tha@sistgola dhelnddditive for protecting

and improving operation of combustion exhaust after treatment systems. The

additive contains one or more manganese compounds. The additive can be

introduced into a combustion chamber as part of the fuel, or it may be injected

alone or with the fuel into the combustion exhaust. The additive will then

enhance the operation of after treatment systems including, for example, those

that incorporate catalyzed and continuously regenerating technology diesel

particulate filters.

Description of the Prior Art

It is well known in the automobile industry, or any industry where
ﬁydrocarbonaceous 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 NOx 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

)



s,

1 tenperature tends to reduce HC em ssions, but this results in an increase
in NOx emssions. It is also known that treating the effluent streamfrom
a conbustion process by exhaust after treatnment can | ower em ssions. The
effluent contains a w de variety of chem cal species and conpounds, sone
of which may be converted by a catal yst into other conpounds or species.

- For example, it is known to provide exhaust after treatnent using a

- three-way catalyst and a lean NO trap. Qther catalytic and non -catal ytic
met hods are al so known. Thermal reactors are noncatal ytic devices which
rely on honogeneous bulk gas reactions to oxidize CO and HC. However, in
thermal reactors, NOX is largely unaffected. Reactions are enhanced by

i ncr easi FIPRRIRAHER tendipka srdnce Hééi}@l.ssb?ylsa huddhiésetessdispiressiinoraaseiin or
retarded timng) or by increasing exhaust conbustibles (rich m xtures).

Typi cal | YOxtc8pis8siomsur es of 1500 OF (800 OC) or nore are required for peak
efficiency. Usually, the engine is run rich to give 1 percent CO and air
is injected ilht®aldoekegwndbet taempgaihe effloeat strene freet daformbagiioas t he
required setting dramatically reduces fuel efficiency. Catalytic systens
are capaptoses$ byedieiusg a@r tasatwalrt s Xiat hidgids®. e effftieriQWeMIns 2

reduci ng environnment for NO treatnent is required which necessitates a

richer taaidekenietabl yhemidea GpeeRgidiRl 8bfpbudls! 868 ofAvhiMPr P8 be
converted by a catalyst into other compounds or species. For example, it is
known to provide exhaust after treatment using a tﬁree—way catalyst and a lean
NOx trap. Other catalytic and non-catalytic methods are also known.

Thermal reactors are noncatalytic devices which rely on homogeneous
bulk gas reactions to oxidize CO and HC. However, in thermal reactors, NOy is
largely unaffected. Reactions are enhanced by increasing exhaust temperature
(e.g. by a reduced compression ratio or retarded timing) or bj( increasing
exhaust combustibles (rich mixtures). Typically, temperatures of 1500 °F (800
°C) or more are required for peak efficiency. Usually, the engine is run rich to

‘ give 1 percent CO and air is injected into the exhaust. Thermal reactors are
seldom used, as the required setting dramatically reduces fuel efficiency.

Catalytic systems are capable of reducing NOx as well as oxidizing CO
and HC. However, a reducing environment for NOy treatment is required which
necessitates a richer than chemically correct engine air-fuel ratio. A two-bed

converter may be used in which air is injected into the second stage to oxidize

CO and HC. While efficient, this procedure results in lower fuel economy.



converter may be used in which air is injected into the second stage to
oxidize CO and HC. Wile efficient, this procedure results in | ower fuel
econony. 2 Single stage, three way catalysts (TWC s) are wi dely used' . but
they require extrenely precise' fuel control to be effective. Only in the
¢lose proximty of the stoichionetric ratio is the efficiency high for al
three pollutants, excursions to either side of stoichionetric can cause

i ncreases in hydrocarbon and carbon nmonoxi de or NOx em ssions. Such TWC
systens can enploy, for exanple, either a zirconia or titanium oxide
exhaust oxygen sensor or other type of exhaust sensor and a feedback
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employ, for example, either a zirconia or titanium oxide exhaust oxygen sensor
or other type of exhaust sensor and a feedback electronic controls system to
maintain the required air-fuel ratio near stoichiometri;:.

Catalyst support beds may be pellet or honeycomb (e.g. monolithic).
Suitable reducing materials include ruthenium and rhodium, while oxidizing
materials inclﬁde cerium, platinum and palladium.

Diesel systems raise a different set of challenges for emissions control,
Strategies for reducing particulate and HC include opﬁmiziné fuel injection and
air motion, effective fuel atomization at varying loads, coﬁtrol of timing of fuel
injection, minimization of parasitic losses in combustion chambers, low sac
volume or valve cover orifice nozzles for direct injection, reducing Iubrication oil
contributions, and rapid engine warm-up.

In terms of after treatment, it is known that diesel engines generally burn
lean and the exhaust will therefore usually contain excess oxygen. Thus, NOx
reduction with conventional three-way catalysts is not feasible. NOx is removed

from diesel exhaust by either selective catalytic reduction, the use of lean NOx



In terms of after treatnent, it is known that diesel engines generally bum
‘I ean and the exhaust will therefore, usually contain excess oxygen. Thus,
'NOx reduction with conventional three-way catalysts is not feasible, NOx
is renoved from diesel exhaust by either selective catalytic reduction,
the use of lean NOx 3 catal ysts such as those conprised of zeolitic

catal ysts or using netals such as iridium or catalyzed thernal
deconposition of NOinto 02 and N2. Diesel particulate traps such as

catal yzed diesel particulate filters (C DPFs) and continuously ,
regenerating technol ogy diesel particulate filters (CRT- DPFs) have been
devel oped which enploy ceramic or netal filters. Thermal and catalytic

regener attalystasudhias thdke b P bBleotiiie! @falyNeyoP %@Fﬂé: HALR phpngdards

currently under review nmay necessitate such traps. Fue conposition,
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and catalytic regeneration can burn out the material stored. New particulate

standards currently under review may necessitate such traps. Fuel

composition, including sulfur and aromatic content, and the burning of

lubricant can contribute to iricreased particulate emissions. Catalysts have

been developed for diesels which are very effective in oxidizing the organic

portion of the particulate,

Improved fuel economy can be obtained by using a lean-burn gasoline
engine, for example, a direct injection gasoline engine, however currently NOx
cannot be reduced effectively from oxidizing exhaust using a typical three-way
catalyst because the high levels of oxygen suppress the necessary reducig
reactions, Without a NOx adsorber or léan NOx trap (LNT), the superior fuel
economy of the lean-burn gasoline engine cannot be exploited. The function of
the LNT is to scavenge the NOy from the exhaust, retaining it for reduction at
some later time. Periodically, the LNT must be regenerated by reducing the
NOx. This can be accomplished by operating the engine under rich air-fuel

ratios for the purpose of purging the trap. This change in operating conditions



reactions. Wthout a NOx adsorber or lean NOx trap (LNT), the superior fuel
econony of the | ean-burn gasoline engi ne cannot be exploited. The function
of ‘the LNT is to scavenge the NO fromthe exhaust, retaining it for
reduction at sone later time. Periodically, the LNT nust be regenerated by
reducing the NOx. This can be acconplished by operating the engi ne under
rich air-fuel ratios for the purpose of purging the trap. This change in
operating conditions 4 can adversely effect fuel econony as well as
driveability. These LNT's may al so be placed on diesel engines, which also
operate in a lean air-fuel node. As in the |ean-burn gasoline engines, the
exhaust & péverselypeifecsfueheiameany ssmetll asxirtiezbility alide s ENEfOm@y HsH ot
conduci ve to the reducing reactions necessary to renmove NO. It is an

obj ect die pleedrasditsel enginespwhich ahjorapeeatdin stlearae-nafifheienay jand
durability of the LNT and to prolong the useful life of the LNT before

r egener ghedeansurecgssdine endines, tel dxHaauortoah tNQs éfjéﬁ%l%%g}s g highly

vul nerabl e to deactivation by sulfur (see, for eXanple, yon et al.,
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Condi ti ons, SAE Paper No. 982%07 (1998); and P. CElat§'yt w%% Emé(:rpll%%l ca %pi cs
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pp. 2:15- 218.) and other products res 1ng om fué 0
L ubri can GeRsy Al &radifity St At LSS & pfdiSng the useful life of the LNT

before regeneration is necessary.

It is well known that NOx adsorbers are highly vulnerable to deactivation
by sulfur (see, for example, M. Guyon et al., Impact of Sulfur on NOx Trap
Catalyst Activity-Study of the IRegeneration Conditions, SAE Paper No. 982607
(1998); and P. Eastwood, Critical Topics in Exhaust Gas Aftertreatment,
Research Studies Press Ltd. (2000) pp.215-218.) and other products resulting
from fuel combustion and normal lubricant consumption. It is an object of the
present invention to provide fuel or lubricant compositions capable of reducing
tl.le adverse impact of sulfur, and other exhaust byproducts, on the emissions
system including NOx adsorbers and LNTs.

Performance fuels for varied applications and engine requirements are .
known for controlling combustion chamber and intake valve deposits, cleaning
port fuel injectors and carburetors, protecting against wear and oxidation,
improving lubricity and emissions performance, and ensuring storage stability

and cold weather flow. Fuel detergents, dispersants, corrosion inhibitors,



present invention to provide fuel or lubricant conpositions capabl e of
‘reducing the adverse inpact of sulfur, and other exhaust byproducts, on
the em ssions systemincluding NO , adsorbers and LNTs. Perfornmance fuels
for varied applications and engine requirenents are known for controlling
conbusti on chanber and intake val ve deposits, cleaning port fuel injectors
and carburetors, protecting against wear and oxidation, inproving

| ubricity and em ssions performance, and ensuring storage stability and
cold weather flow. Fuel detergents, dispersants, corrosion inhibitors, 5

stabilizers, oxidation preventers, and performance additives are known to

i ncreas eStaégﬁzFé%l%ﬂﬁ?‘B% Aresenisrs fad perforgansmadslitives amenigaseseoconpounds,
for exanple nethylcyclopentadi enyl manganese tricarbonyl (MVI(r)),

avai | abliacreasm dasinable pappertisi efifuels. Ri chnond, Virginia, are known for use
in gasoline as both em ssions-reducing agents and as anti knock agent (see,

e.g. U S Patyganom@aliciiangahkes eompganiss éorcanpnphds have been used to
| ower deposit formation in fuel induction systens (U. S. Patents 5,551, 957

and 5, 618¢tii¢ycloppatakiptnigambhisSne Ratreirbdnfll MMIA®), andldile BdiaUShySY St ens
(U.S. Patents 4,175,927; 4,266,946; 4,317,657, and 4, 390345).

O ganoneéiporgtibh @F Ri€RHM) A8 ittt re Skl a5eise iRESsHNMMEs F3 el | for
oct ane enhancenent
emissions-reducing agents and as antiknock agent (see, e.g. U.S. Patent
2,818,4 1?’ ). These manganese compounds have been used to lower deposit
formation in fuel induction systems (U.S. Patents 5,551,957 and 5,679,116),
sparkplugs (U.S. Patent 4,674,447) and in exhaust systems (U.S. Patents
4,175,927, 4,266,946; 4,317;657, and 4,390345). Organometallic iron
compounds, such as ferrocene, are known as well for octane enhancement
(U.S. Patent 4,139,349).

Organometallics for example compounds of Ce, Pt, Mn or Fe among
others have been added to fuel to enhance the ability of particulate traps to
rggenerate or to directly reduce the emissions of particulate from diesel or
compression ignition type engines or other combustion systems. These
additives function through the action of the metal particies that are the

product of additive breakdown on the particulate matter during combustion or

in the exhaust or particulate trap.



(U S. Patent 4,139,349). Organonetallics for exanple conmpounds of Ce, Pt,
Mh ' or Fe anbng others have been added to fuel to enhance the ability of
particulate traps to regenerate or to directly reduce the em ssions of
particulate fromdi esel or conpression ignition type engines or other
conmbustion systens. These additives function through the action of the
metal particles that are the product of additive breakdown on the
particul ate matter during conmbustion or in the exhaust or particulate
trap. 6 Summary of the Invention Accordingly, it is an object of the
present invention to overcone the Ilimtations and drawbacks of the
foregoing systens and nethods to provide nethods for using a conposition
to protect and inprove the operation of conbustion exhaust after treatnent
syst ens Summae ofthedhv@itiona net hod of enhancing the operation of an

em ssion after treatnent systemin a diesel fuel conbustion system

i ncl udes supAbyémiingly, 6 @sel objéet of GRPbredctd iaveGSh th \etdipbe 'r'thg&' udes a
manganese conpound to a diesel fuel conmbustion system The conbustion

syst em GETRitiGes aAd@adBaed ofthe f@f@%ﬁ%é&%&gﬁ’s af@ éﬂ%‘éﬂ%ﬁgﬁ%{oggfger ating

technol ogy diesel particulate filter. Is then co n the
combust LA LI RBHSSRIRN kE P15t %nd improve the operation of

combustion exhaust after treatment systems.

In one embodiment, a method of enhancing the operation of an emission
after treatment system in a diesel fuel combustion system includes supialying a
diesel fuel comprising an additive that includes a manganese compound to a
diesel fuel combustion systeﬁ- The combustion system comprises a catalyzed
or, alternatively, continuously regenerating technology diesel particulate filter.
The fuel is then combusted in the combustion chamber to produce at least one
byproduct comprising the manganese compound. The mangéinese is in an
effective amount to complex with the at least one combustion byproduct. The
manganese compound or manganese ion may be an inorganic metal compound
or an organometallic compound. The inorganic metal compound can be
selected from the group consisting of fluorides, chlorides, bromides, iodides,
oxides, nitrates, sulfates, phosphates, carbonates, hydrides, hydroxides,
nitrides, and mixtures thereof. The organometallic compound is selected from
the group consisting of alcohols, aldehydes, ketones, esters, anhydrides,

sulfonates, phosphonates, chelates, phenates, crown ethers, carboxylic acids,



byproduct conprising the nanganese conpound. The nmanganese is in an
effective anount to conplex with the at | east one conbustion byproduct. The
manganese conpound or nanganese ion may be an inorganic nmetal conpound or
an organonetal lic conpound. The inorganic netal conpound can be selected
fromthe group consisting of fluorides, chlorides, bromdes, iodides,

oxi des, nitrates, sulfates, phosphates, carbonates, hydrides, hydroxides,
nitrides, and mxtures thereof. The organonetal lic conmpound is sel ected
from the group consisting of alcohols, aldehydes, ketones, esters,

anhydri des, sulfonates, phosphonates, chel ates, phenates, crown ethers,
carboxylic acids, 7 am des, acetyl acetonates, and m xtures thereof. A

pr ef er r ednidegaacetpt atdtotaten mpeLid:th e SRNGADES & PRIIEMEEGLEREAIAMMRNY |
tricarbonyl. In a still further enbodi nent, a nmethod of enhancing the

oper at i @BnGioldid iLHicsHa@REe dhételIdycRHTRATIsYS 188 IHb 1 di esel fuel
conbustion system conprises supplying a dieSel fuel To a diesel fuel
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particulate filter or a continuously regenerating techno
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produce at |east one combustion SinTaf au:

Stream SHEENREk LAl AR e R A g e T Sotmbustion ™
system may comprise a catalyzed diesel particulate filter or a continuously
regenerating technology diesel particulate filter. The fuel is combusted in a
combustion system to produce at least one combustion byproduct in an |
exhaust stream. An additive comprising a manganese compound is injected
into the exhaust stream. The manganese compound complexes with at least
one combustion byproduct. The manganese compound which can be an
inorganic or organometallic compound is supplied in an effective amount to
complex with the at least one combustion byproduct. The inorganic metal
compound or organometallic compound may be as noted earlier herein.

In a still further embodiment, an emissions control system for the after
treatment of a diesel fuel combustion pfocess exhaust stream comprises an
exhaust passageway. The exhaust passageway allows for passage of an
exhaust stream containing exhaust byproducts from the combustion of a diesel
fuel comprising a manganese compound. This system also includes a

catalyzed or continuously regenerating technology diesel particulate filter

located within the exhaust passageway and adapted to contact the exhaust



one conbustion byproduct. The manganese conpound whi ch can be an inorganic
or organonetallic conpound is supplied in an effective anobunt to conpl ex
with the at | east one conbustion byproduct. The inorganic nmetal conpound
or organonetal lic conmpound nmay be as noted earlier herein. In a stil

further enbodi ment, an em ssions control systemfor the after treatnent of
a di esel fuel conbustion process exhaust stream conprises an exhaust
passageway. The exhaust passageway all ows for passage of an exhaust stream
cont ai ni ng exhaust byproducts fromthe conbustion of a diesel fuel

conpr i simm@nmm@m&%@@aﬂ%oﬂﬁhé%éx%gg%%%% 34}%%95?1@@;%“ al yzed or

continuously regenerating technol ogy diese cu | ocat ed
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passage of an exhaust
stream contains exhaust byproducts from the combustion of a diesel fuel. A
catalyzed or continuously regenerating technology diesel particulate filter is
located within the exhaust passageway and is adapted to contact the exhaust
stream. The exhaust stream has an additive introduced into it, the additive
comprising a manganese compound which complexes with at least one of the
exhaust byproducts. The alternatives of possible manganese compounds
include those noted herein. |
In a still further embodiment, a method of enhancing the operation of an
emission after treatment system in a combustion system includes supplying a
fuel comprising an additive that includes a manganese compound to a fuel
combustion system. The fuel is then combusted in the combustion chamber to
produce at least one byproduct comprising the manganese compound. The

manganese is in an effective amount to complex with the at least one

combustion byproduct.



ocated within the exhaust passageway and is adapted to contact the exhaust
.stream The exhaust stream has an additive introduced into it, the additive
conpri sing a manganese conpound whi ch-conpl exes with at | east one of the
exhaust byproducts. The alternatives of possible nmanganese conpounds

i'ncl ude those noted herein. In a still further enbodi nent, a nmethod of
enhancing the operation of an emssion after treatnent systemin a
conmbusti on systemincludes supplying a fuel conprising an additive that

i ncl udes a manganese conpound to a fuel conbustion system The fuel is
then conbusted in the conbustion chanber to produce at |east one byproduct

conprising the afraﬂmaﬁﬂﬁﬁrWﬁ%ntTEQnemmméng&héfb;ﬁﬁ'éﬁ§ﬁ'o\f%rfim)unt
to conplex with the at | east one conbustion byproduct. 9 I'n a stil
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after treatnment systemin a conbustion system conprises supplyi
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produce at |east one co tion bypr Pn an exhaus ream
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manganese "conmpouna conpl exes eas one CO u duct .

additive comprising a manganese compound is injected into the exhaust
stream. The manganese compound complexes with at least one combustion by

product.

Detailed Description

The additives used in the methods and systems of the present invention
are inorganic or organometallic manganese containing compounds soluble in
fuels. This fuel is then combusted in a combustion system that includes an
after treatment system. It protects the after treatment systerh from harmful
combustion byproducts that could otherwise neutralize fheir effectiveness. The
manganese in the additive also promotes the oxidation of carbon particulate
matter. Upon introduction into the exhaust stream, the manganese comes into
contact with the carbon fraction of the particulate, accelerates carbon oxidation
reactions, and aids in after treatment system regeneration. The manganese
compound also reduces the rate of soot accumulation. The exhaust system

may also contain other after treatment systems.
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Det ai |l ed Description The additives used in the nethods and systens of the
present invention are inorganic or organonetallic manganese contai ni ng
conmpounds soluble in fuels. This fuel is then conmbusted in a conbustion
systemthat includes an after treatnent system It protects the after
treatment systemfrom harnful conbustion byproducts that coul d ot herw se
neutralize their effectiveness. The manganese in the additive also
pronotes the oxidation of carbon particulate matter. Upon introduction
into the exhaust stream the nanganese cones into contact with the carbon
fraction of the particul ate, accel erates carbon oxidation reactions, and
aids in after treatnment systemregeneration. The manganese conpound al so
reduces the Fhedvskosgdongceonsiiael cymbusidon shatesns dyat may brnefdlfseamcont ai n
other after treatnent systenms. 10 The hydrocarbonaceous fuel conbustion
syst ens theRresanyt ipgartipn inckide alheopbestion éngines toat buch ddelsal By combust i on
engi nes that burn fuels. By "conbustion systent herein is neant any and
al | i nt é&corabuatidneytséema hercionbustannateendes] imechalnesd eetginags, turbi ne
engi nes, boilers, incinerators, evaporative burners, stationary burners
and t he cbitmistivnctieviass,anabhiiespengimesyiutine anghites¢ Oailesd @flcihdri®irs, Fuel s

suitable for use in the operation of conbustion systens of the present

i nventi etapiiehivdenttrRes| stati®hary ®urh#f and the like which can combust or in
which can be combusted a fuel. Fuels suitable for use in the operation of
combustion systems of the present invention include diesel fuel, jet fuel,
kerosene, synthetic fuels, such as Fischer-Tropsch fuels, liquid petroleum gas;
fuels derived from coal, natural gas, propane, butane, unleaded motor and |
aviation gasolines, and so-called reformulated gasolines which typically contain
both hydrocarbons of the gasoline boiling range and fuel-soluble oxygenated
blending agents, such as alcohols, ethers and other suitable qugen—contajning
organic compounds. Oxygenates suitable for use in the present invc;ntion
include methanol, ethanol, isopropanol, t-butanol, mixed C; to Cs alcohols,
methyl tertiary butyl ether, tertiary amyl methyl ether, ethyl tertiary butyl ethe;'
and mixed ethers. Oxygenates, when used, will normally be present in the
base fuel in an amount below about 25% by volume, and preferably in an
amount that provides an oxygen content in the overall fuel in the range of
about 0.5 to about 5 percent by volume. Other fuels that are useful in the

methods and devices of the present invention are gasoline, bunker fuel, coal

dust, crude oil, refinery "bottoms" and by-products, crude oil extracts,
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kerosene, synthetic fuels, such as Fischer-Tropsch fuels, liquid petrol eum
gas; fuels derived fromcoal, natural gas, propane, butane, unleaded notor
and aviation gasolines, and so-called reformul ated gasol i nes which
typically contain both hydrocarbons of the gasoline boiling range and

fuel -sol ubl e oxygenated bl ending agents, such as al cohols, ethers and

ot her suitabl e oxygen-containing -organi c conpounds. Oxygenates suitable
for use in the present invention include nethanol, ethanol, isopropanol,
t-butanol, mxed Cl to Cs alcohols, nethyl tertiary butyl ether, tertiary
anyl methyl ether, ethyl tertiary butyl ether and m xed ethers.
Oxygenat es, when used, will normally be present in the base fuel in an
amount BEIZ9FHRY &tasz%%yoywd\mmwgsamd prasfter wbb¢ chapaandasayudust hat

provi des an oxygen content in the overall fuel in the range of about 0.5
t 0 aboutagsicpérzehvasye oolkillage, Pialstics famel sthiehatrganie wasteldnd fortbe  net hods
and devices of the present invention are gasoline, bunker fuel, coal dust,
crude oigroduefs, mexdyriiiotres théreafdaiy epnddiosiss, crude oi l extracts, 11
hazar dous wastes, yard trinmm ngs and waste, wood chi ps and saw dust,

agri cul tsuspensipsisant dishtaiens fhasbi Rwanér, alddiol 0608 Mastee and/ or by-
products, and m xtures thereof, and enul sions, suspensions, and di spersi ons

t her eof fivAd¥aESr “diadd] Fh6F h@birDlBbaBfbhb & meéJMEﬁIs Blecidll £36h cheel "

herein is neant one or nore fuels selected fromthe
group consisting of diesel fuel, biodiesel, biodiesel-derived fuel, synthetic diesel
and mixtures thereof and other products meeting the definitions of ASTM
D975. It is preferred that the sulfur content of the diesel fuel be less than 100
ppm, and especially preferred that the sulfur content be less than 30 ppm.
Fuels having relatively high sulfur content, while within the scope of the
present invention, are currently impractical for use with catalytically enhanced
after treatment systems.

Conventional combustion systems useful with the present invention will
typically include some degree of emission control or after treatment system. In
all cases of combustion, the emission treatment may include a catalytic system
to reduce harmful emissions. Of course, other emission treatment systems are
well known. Unfortunately, many of such emission systems have a tendency to
lose their effectiveness over time due to poisoning or degradation of emission
treatment System components.

The present invention contemplates providing a manganese compound to

an additive, to a fuel composition or, alternatively, directly into the exhaust
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group consisting of diesel fuel, biodiesel, biodiesel-derived fuel,
.synthetic diesel and m xtures thereof and other products neeting the
definitions of ASTM D975. It is preferred that the sul fur content of the
di esel fuel be less than 100 ppm and especially preferred that the sul fur
content be |less than 30 ppm Fuels having relatively high sulfur content,
while within the scope of the present invention, are currently inpractical
for use with catalytically enhanced after treatnent systens. Conventiona
conmbustion systens useful with the present invention will typically

i ncl ude sonme degree of em ssion control or after treatnent system In all
cases of conbustion, the em ssion treatnment may include a catalytic system
to reduEEHRGH MMBHPEeN gave repulig em BichesmbniEengrotesgtwinstebsy st ens
are well known. Unfortunately, nmany of such em ssion systens have a

t endendfpctaperption afttbiercnefstmnt ireetieest systent tompduentsowflbbsoni ng or
degradation of em ssion treatnent system conponents. The present invention
cont enplignifcaptiywidiaged. Mrgaedingcoppitinibn discRizeaddibhbeieliRrf ahee!
conposition or, alternatively, directly into the exhaust 12 stream or

conbustdoonbizaitipn espdritingidy WHeh A6 BRUSHQAUDWARES SoluMIEBBY o hBEe
operation of the em ssion treatnent system conponents w il be

Zin g“i ficoarbiningRiaanerd. Us crRRRd iApp1RABbhosAANS! 6/ 836X kIS de! T very
7, 2002.

The preferred metal herein includes elemental and ionic manganese,
precursors thereof, and mixtures of metal compounds inchiding manganese.
These manganese compounds may be either inorganic or organic. Also
effective in the present invention is the generation, liberation or production in
situ of manganese or manganese ions.

Preferred inorganic metallic compounds in an embodiment 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 in the present invention and may, in certain fuels
and combustion applications, not present unacceptable additional sulfur and
phosphorus combustion byproducts. Preferred organometallic compounds in
an embodiment of the present invention include alcohols, aldehydes, ketones,

esters, anhydrides, sulfonates, phosphonates, chelates, phenates, crown

ethers, carboxylic acids, amides, acetyl acetonates, and mixtures thereof.
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conbi nati on opportunities when using an aqueous, water sol uble, manganese
containing additive. U S. Patent Application Serial No. 10/ 165,462, filed
June 7, 2002. The preferred netal herein includes elenental and ionic
manganese, ' precursors thereof, and m xtures of nmetal conpounds i ncluding
manganese. These manganese conpounds may be either inorganic or organic.
Also effective in the present invention is the generation, |iberation or
production in situ of manganese or nanganese ions. Preferred inorganic
metal lic conpounds in an enbodi nent of the present invention can include
by exanple and without limtation fluorides, chlorides, brom des, iodides,
oxi des, nitrates, sulfates, phosphates, nitrides, hydrides, hydroxides,
car bonat es d m_xtures. thereof. Manganese sul fates and_  phosphates will be

operative i n“¥PREPHB PRI BRIRBBRC SN BOREyINgPIEaneastaliFetompeiwads
conbustion applications, not present unacceptable additional sulfur and
phos phoRIFTEHEBHSET SACHTRIHA sempoumds ePrel corgemuris atd tanigtdnfsounds in  an
enbodi ment of the present invention include al cohols, aldehydes, ketones,
est er s, cxathpl; iiddsS PageritoNase4,568n33hvbodtedt7;,chal 318033, HHeAASS, crown
et hers, carboxylic acids, am des, acetyl acetonates, and m xtures thereof.
13 Esped;%id, §5p mefceEnedpemm FatmagdNe.ofbi@barigl .or ganonet al 1 i ¢ conpounds
Suitable manganese tricarbonyl compounds which can be used in the
practice of this invention include cyclopentadienyl manganese tricarbonyl,
methylcyclopentadienyl manganese tricarbonyl., dimethylcyclopentadienyl
manganese tricarbonyl, trimethylcyclopentadienyl manganese tricarbonyl,
tetramethylcyclopentadienyl rﬁanganese tricarbonyl,
pentamethylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl
manganese tricarbonyl, diethylcyclopentadienyl manganese tricarbonyl,
propyicyclopentadienyl 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 compounds. Preferred are the cyclopentadienyl manganese tricarbonyls
which are liquid at room temperature such as methylcyclopentadienyl
manganese tricarbonyl, ethylcyclopentadienyl mangénese tricarbonyl, liquid

mixtures of cyclopentadienyl manganese tricarbonyl and

methylcyclopentadienyl manganese tricarbonyl, mixtures of
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are manganese tri carbonyl conpounds. Such compounds 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 Patent No. 466 512 Bl. Suitabl e manganese
tricarbonyl conmpounds which can be used in the practice of this invention
i nclude cycl opent adi enyl nmanganese tricarbonyl, nethylcycl opentadienyl
manganese tricarbonyl dinethyl cycl opentadi enyl nanganese tricarbonyl,
trinmet hyl cycl opent adi enyl manganese tri carbonyl,

t et ramet hyl cycl opent adi enyl nmanganese tri carbonyl,

pent anet hyl cycl opent adi enyl manganese tricarbonyl, ethyl cycl opent adi enyl
manganese tri carbonyl, diethyl cycl opentadi enyl manganese tri carbonyl,

pr opy! cyetlagenclageetadiempnyangseese triarbonyl and sopylepylopyataiienyadi enyl
manganese tricarbonyl, tert-butyl cycl opentadi enyl nmanganese tricarbonyl,
oct yl cymlamgentas teoyibomghganese tri carbonyl, dodecyl cycl opent adi enyl
manganese tri carbonyl, ethyl nethyl cycl opent adi enyl nanganese tri carbonyl,

i ndenyl mangaepacatisnh 68sR6RWomRthddR dddeeibeting! whdl NGrAfrkUEgS of two or
nore such conpounds. Preferred are the cycl opentadi enyl nanganese

tricar hepyhgle, WhscPatngo | 2 84isth £f, tHACIILLIBIREL f Wi igCHT Tporated
cy nt adi enyl

nmet hyl cycl opent adi enyl manganese tricarbonyl,

manganeg&clh ;Igzgtrstqg{tyrle liquid mxtures of cycl opent adi enyI manganese
tricarbonyl and h§¥cyclopentadienyl manganese tricarbonyl, m xtures of

When formulating additives to be used in the methods and systems of
the present invention, the manganese compounds are employed in amounts
sufficient to reduce the impact of poisons, e.g., sulfur, lead, zinc, soot and
phosphorus, on the after treatment systems, reduce the rate of soot
accumulation, reduce the temperature at which the soot oxidizes, and
otherwise generally enhance the operation of after treatment systems
including, for instance, a catalyzed diesel particulate filter, or e_tlternatively, a
continuously regenerating technology diesel particulate filter.

Manganese compounds are believed to bind with poisons in the exhaust
stream to prevent those poisons from binding or depositing on an after
treatment system such as the catalytic surface of the diesel particulate filter.
See, e.g., A. J. Nelson, J. L. Ferreira, J. G. Reynolds, J. W. Roos and S. D.
Schwab, "X-Ray Absorption Characterization of Diesel Exhaust Particulates,"
Applications of Synchrotron Radiation Techniques to Materials Science V,
Materials Research Society Conference Proceedings, No. 590, 63 (2000). For

Instance, manganese sulfates and phosphates may be formed and are trapped
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14 net hyl cycl opent adi enyl nanganese tricarbonyl and et hyl cycl opent adi enyl
manganese tricarbonyl, etc. Preparation of such conpounds is described in
the literature, for exanple, U S Pat. No. 2,818,417, the disclosure of
which is incorporated hereininits entirety. , Wien fornulating additives
to be used in the nethods and systens of the present invention, the
manganese conpounds are enployed in amunts sufficient to reduce the

i npact of poisons, e.g., sulfur, lead,” zinc, soot and phosphorus, on the
after treatnment systens, reduce the rate of soot accunul ation, reduce the
tenperature at which the soot oxidizes, and otherw se generally enhance

t he oper?bhon g{t af{rﬁr treatnent systens i ncludi ngq, for instance, a
cat al yz&4H ehat Preumanganest shlfatss and ehesphatasydo aot éenm mugase y

regenerating t_chnology diesel particulate filter. Manganese, conpounds are
bel i evedVF PP M HEINP siRseralytic sikes Exadilter. This sagahamipmeisent t hose

poi sons from bi nding or depositing on an after treatnment system such as

t he cat@isprigglshed fom etheradditivesbuphmsi platiaven f Platgnum Seapoands,dd. J.
Nel son, J. L. Ferreira, J. G Reynolds, J.'W Roos and S. D. Schwab,

" X- Ray npsbepdicntthavset@niplakivith pbidinssalichEad suiatdRaahd gloapdates.
Applications of Synchrotron Radi ati on Techniques to Materials Science V,
Instead, it is hypothesized in the literature that platinum compounds in an

additive act to replace or substitute as the catalyst on the surface of the filter.
It is basic chemical differences such as those described herein that distinguish
manganese from other metals like platinum. In formulating additives for use in
the present invention, therefore, it is important that effective amounts of
manganese be employed, and further that any other metal compounds that can
be additionally incorporated must not have any negative effects on the
manganese mechanisms.

The amount or concentration of the additive may be selected based on
the concentration of sulfur in the diesel fuel. A preferred treatment rate of the
manganese compound can be in excess of 100 mg of manganese/liter, more
preferably up to about 50mg/liter, and most preferably about 1 to about
30mg/liter.

The term “after treatment system” is used throughout this application to
mean any system, device, method, or combination thereof that acts on the

exhaust stream or emissjons resulting from the combustion of a diesel fuel.

“After treatment systems” include all types of diesel particulate filters - -
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Mat eri al s Research Society Conference Proceedi ngs, No. 590, 63 (2000). For

I nst ance, manganese sul fates and phosphates may be forned and are trapped
15 within a filter. These manganese sul fates and phosphates do not forma

gl aze over or otherwise tie up catalytic sites in a filter. This nechanism
I's distinguished fromother additives such as platinum Plati num conpounds
do not bond or otherw se conplex with poisons such as sul fates and

phosphates. Instead, it is hypothesized in the literature that platinum
conmpounds in an additive act to replace or substitute as the catalyst on
the surface of the filter. It is basic chem cal differences such as those

descri bedtsyresi and hacadilyzedglsasNOptrganase chtadpse) belecheimllpst! | ke
platinum In fornulating additives for use in the present invention,

t her ef oreduction sysiwpes, tSDy trdysd, diéded okideRicBaRLFst8f mUTBBEANRS LsfiSsors,
enpl oyed, and further that any other nmetal conpounds that can be

addi ti on bOTSHBPtahPErdtuTt sBAtoRAVACRPYeRBPaLLN o E86L 5 On the
'nanganes?gn?chani srﬁg. Tﬁer am)ur?t o? congegter ation ofbt hé additive may be

sel ect egabasadtoBenidie, spReethaldausl nitlildts didh LORdbessh fflyd

preferred treatnent rate of the nanganese conmpound can bé in

g?e]?fer W%ﬁl@?ﬁ“gﬁ%%ﬂ‘gﬁ%ﬁ | |e¥ up to about 50ng/liter, and nost

There are multiple types of diesel particulate filters (DPFs).
Conventional, uncatalyzed DPFs are a well-known technology that has been
used for many years. In operation, combustion byproducts such as
particulates and soot are trapped and then oxidized, or “burned off”.
“Catalyzed diesel particulate ﬁllters” (C-DPFs) are filters incorporating a catalyst
on or within the filter substrate that are adapted to reduce the oxidation
temperature of the combustion byproducts captured in the filter. C-DPFs
currently include cordierite or silicon carbide monolithic type filters. A
“continuously regenerating technology diesel particulate filter” (CRT-DPF} is a
system where the catalyst is a separate, flow-through substrate that precedes
the diesel particulate filter in the exhaust passageway.

Diesel fuels, when combusted in e-‘ngines operating under the diesel
cycle, emit unburned soot particles into the exhaust gas stream. Because the
oxidation temperature of soot is in excess of 500°C, it is desirable to employ

catalysts either within or preceding the filters to lower the soot oxidation

temperature. A catalyst that is part of the filter substrate, i.e., a catalyzed
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The term"after treatnent system is used throughout this application to
mean any system device, nethod, or conbination thereof that acts on the
exhaust stream or em ssions resulting fromthe conbustion of a diesel fuel.
"After treatnent systens” include all types of diesel particulate filters -
16 catal yzed and uncatal yzed, |l ean NO, traps and catal ysts, select catalyst
reduction systens, SO traps, diesel oxidation catalysts, nufflers, NOx
sensors, oxygen sensors, tenperature sensors, backpressure sensors, soot
or particulate sensors, state of the exhaust nonitors and sensors, and any
other types of related systens and net hods. There are multiple types of

di esel gt patiahbatd fiftef, or( ORFSY, reuprsaii eghahst gk ZEHetddes, are a
wel | - known technol ogy that has been used for nany years. |n operation,

combust 398 Q¥PHOGUE LS igitEie Flter RRELAGHEBHE R F296n & end bARRGHHAGM then
oxi di zed, or "burned off". "Catalyzed diesel particulate filters”™ (C- DPFs)

are 111 BESSmSRHAOIGH! TGnf, 6Lk She 0B ARl BARLUIPULd bty aubaLrate

that are a to reduce t oxl'dati on tenperature e Co ion

Dy pr 00UGh S AL YAE] b SRR B oS PRER O UE LSRbLY e Sde Sor dhr it e or

siliconcar € nono type ers. co nuous rregen

ERHEITRIE I LT R ICANI O ML AR
“a continuously regener’ating technology diesel particulate filter, soot oxidation
temperature is reduced because the catalyst oxidizes NO in the exhaust gas to
NQO2. The increased level of NO2 promotes an increased level of soot oxidation
within the filter.

The terms “complex” or “complexing” are intended herein to describe the
combination of or reaction by the manganese containing compound with the
combustipn byproduct(s) such as poisons, soot and other ﬁarticulates. 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 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 an emissions after treatment system. The term “enhanced”

means an improvement in the operation of an after treatment system relative to
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| the diesel particulate filter in the exhaust passageway. D esel fuels,
when conbusted in engi nes operating under the diesel cycle, emt unburned
soot particles into the exhaust gas stream Because the oxidation
tenperature of soot is in excess of 500°'C, it is desirable to enpl oy
.catal ysts either wwthin or preceding the filters to |ower the soot

oxi dation tenperature. A catalyst that is part of the filter substrate,
i.e., a catalyzed 17 diesel particulate filter, or CDPF, requires an
exhaust tenperature between 325 and 400C to initiate filter regeneration.
Regeneration is the oxidation of accunulated soot. In this system the

: t | at the.catal ytic si ithin the filt bst r at d
The. cori PRI # SHBURAPLTE BradtiRendh iR s e e BFoT B cat al yst

| ower the tenperature required for regeneration. In contj nuousl.y
r egenefATPHEIEERHYESHY oFf e vigr SIS DF PR anEdd ARCERTOn
tenperature is reduced because the catal yst oxidizes NOin the exhaust gas
to NOmclofes, el sareidimiied) top redugtiosy %‘élfégnﬁ‘ﬁc'ﬁi ofcpeteosg et of soot
oxidation wthin the filter. The ternms "conplex" or "conplexing" are
i nt endentismor$s gontrod eysienperedvetiongnttheaeito af spotorcouensiatom, wnd he
manganese contai ni ng conpound with the conbustion byproduct(s) such as
poi sonsgdisadn anthotdepegzeare ablwdtiels thdlseot is oxidized in the filter.
When the emissions system contains a component which is poisonable
by combustion byproducts (such as those containing sulfur, phosphorus, lead,
zinc or soot), for instance, a barium-containing lean NOx trap, the present
invention provides novel methods for providing a substance which competes
with the active site (e.g., barium) in the lean-burning exhaust. As long as the
manganese containing compound of the additive will compete with the metal of
the catalyst system for complexing with the potential emissions system poisons
(e.g., sulfur) the manganese may be suitable for use as scavenging agents.
Further, the manganese scavengers of the present invention can reduce the
detrimental impact of other poisons such as sulfur, phosphorus, lead, zing, or
soot on emissions control systems of the lean burn combustion systems in one
embodiment of the present invention.
In this invention, when the manganese containing, fuel-borne catalyst
was used in combination with the CRT-DPF, there was an unanticipated

benefit. There is a lower soot accumulation rate within the CRT-DPF and the

regeneration temperature is reduced below the regeneration temperature
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conbi nation includes covalent or ionic reactions or any other binding of
the netal conmpound with the conbustion byproduct. Further, the term
"conbustion byproduct” includes, but is not limted to, particul ates, soot,
unburned soot, unconbusted hydrocarbons, partially-conbusted hydrocarbons,
.conbust ed hydrocarbons, oxides of nitrogen, and any other gas, vapor,
particle or conpound that results fromthe conbustion of a fuel. Reference
is al so made t hroughout of the term "enhanced" in the context of operation
of an em ssions after treatnment system The term "enhanced” neans an

i nprovenent in the operation of an after treatnent systemrelative to 18
the operation of a simlar stem that does not have a manganese conpound
conbusolkestrued iwifle cithgr dhe 61t1 poinsecafalysame FRYUGAlANE. " Enhanced"

operation includes, but is not limted to, reduction in the inpact of

poi sons on the eni ssi ons control system reduction in the rate of soot
accunul ation, and reduction in the tenperature at which the soot is

oxi di zBdajmplé e filter. Wien the em ssions system contains a conponent

whi ch i s poisonable by conbustion byproducts (such as those containing

sul fur, phospéatdfivds@ashful BefinGre 99@4nombaillit NShapaaesachfditifigcont ai ni ng
lean NOx trap, the present invention provides novel methods for providing

a substanesunalsCddIGERNG! @i%pei’!fbf?: 1?1“9:*16@6:1'[ fée FhtenbBashesch@Fdnidiesithet he
| ean- burni ng exhaust. As long as th

oxidation of carbon particulate matter. The exhaust gas after treatment device
is a continuously regenerating technology diesel particulate filter (CRT-DPF).
Upon intrpduction of the fuel into the combustion chamber or exhaust stream,
the manganese is released and.combines or complexes with the carbon fraction
of the particulate matter, accelerating the oxidation reactions that take place
prior to and during accumulation within the CRT-DPF. The measure of soot
loading within a filter is the increase in exhaust gas backpressgre (EGBP}. A
comparison of EGBP profiles during base and additized fuel soot loading tests
are shown in Figures 1 and 2. Figure 1 displays the initial soot accumulation
profile prior to catalyst light-off, and shows that use of the additized fuel leads
to an immediate benefit of reduced EGBP. The continuation of this benefit
through 10 hours is displayed in Figure 2. The soot accumulation rate for base
fuel, as measured by EGBP increase, is 0.06 kPa per hour. When additized
fuel is tested, the rate is reduced by a factor of three to 0.02 kPa per hour.
More details regarding this testing described herein is contained in SAE Paper

No. 2002-01-2728, “The Role That Methylcyclopentodienyl Manganese
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manganese cont ai ni ng conpound of the additive will conpete with the netal

of the catalyst systemfor conplexing with the potential em ssions system
poi sons (e.g., sulfur) the nanganese may be suitable for use as scavenging
agents. Further, the manganese scavengers of the present invention can

reduce the etri | i ct. of other poisgns such as sul fur, phosphorus,
| oad. 21 Tircardprst BRI C LS hinBtrelow St e st e is o
conmbustion systenms in one enbodinment of the present jnvention. In this

i nventi oﬁ%{eSﬁ%Eﬁrtﬂ%aﬁﬁaﬁﬁgﬁﬁés@hé@hﬂ%mﬁor@?rarte@ INepeinid Eaeatyey- was used in
conbi nation with the CRT-DPF, there was an unanticipated benefit. There is
a | ower soot Brchase fuelomeddnethis examplhwasrm DiFadad stHéar disgehlvedt i on
tenperature is reduced bel ow the regeneration tenperature 19 observed with
ei t her tdigaing] floom®Phallipal yidtis fueldiad BRIl sulfdrdaptleofl3 Phen.addiet i ves
useful herein are organonetal lic, manganese containing conpounds sol uble
or di speaddibive war greddtd boehat Teadditiyeddse]l had it agMhglitepxiTdat | on of
carbon particulate matter. The exhaust gas after treatnent device is a
cont i nucaddiyive egedewas MIgT ol QBypdtiaGinal. particulate filter (CRT-DPF).
Upon introduction of the fuel into the conmbusti on chanber or exhaust
stream the nmanganese is rel eased and. conbines or conplexes with the
carbon fraction

CRT-DPF LOADING DURING FIRST 12 MINUTES
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Figure 1.
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of the particulate matter, accelerating the oxidation reactions that take
pl ace prior to and during accunulation within the CRT-DPF. The- neasure of
soot loading within a filter is the increase in exhaust gas backpi-essure
(EGBP). A conmparison of EGBP profiles during base and additized fuel soot

| oading tests are shown in Figures | and 2. Figure | displays the initial
soot accunulation profile prior to catalyst light-off, and shows that use
of the additized fuel leads to an immedi ate benefit of reduced EGBP. The
continuation of this benefit through 10 hours is displayed in Figure 2.
The soot accunul ation rate for base fuel, as neasured by EGBP increase, is
0. 06 kPa per hour . VMen addltlzed fuel is tested, the rate is reduced by a
fact or of ree. to 0. P Wore detaits 1egarding this testing
descri bec heré?ﬁrPgFEBﬂFﬁﬂﬁ@@’FﬁD§ﬁ§Gﬁyﬁ'F1°W@PR§002 Q1-2728, "The Rol e
That Met hylcyalsopentodienyl Manganese-.20 Tricarbonyl ((MMI) Can Play in

| nprovi ng Low Tefrperature Performance of Diesel Partijculate Filters" which
is incorrora;é& Nereim im its entirety. The base fuel {used in this exanple
was an ul|trasl omsulfur diesel fuel obtainedf nijl 1'i ps. This fuel had
a nom nal| suffur Ieveq&mﬁambqammom h M. ve—was) prqgvided so that the
addi ti zed f ugl®%pd—20 g7 | ter~~The —addit) Ve usgdi{vas MMT(r) (Ethyl

Cor por at ijon)ws 4GRI- DPF L | NG DURI NG _FI RST 42 —MMNUTES
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Figure 2

After filters are loaded with soot, it is useful to examine the temperature
where regeneration (the burning-off of accumulated soot) will occur. Figure 3
shows the results of regeneration tests when base fuels and additized fuels are
burned. With unadditized fuel, filter regeneration was not observed at
temperatures exceeding 380°C. With additized fuel, regeneration begins when
exhaust temperature exceeds approximately 280°C. The accumulated carbon

within the filter combusts, leading to complete filter regeneration. Notably,
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once the soot is burned off, the engine backpressure remains below that
amount of backpressure seen with the unadditized fuel. In other words, not
only does the soot burn off at a lower temperature with the additized fuel, the

backpressure remains lower than with unadditized fuel as shown in Figure 3.

CRT-DFF REGENERATION TEST
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Figure 3.
Example 2

The exhaust gas after treatment device is a catalyzed diesel particulate

filter (C-DPF). Upon introduction of the additized fuel into the combustion
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After filters are |loaded with soot, it is useful to examne the tenperature
where regeneration (the burning-off of accumul ated soot) will occur. Figure
3 shows the results of regeneration tests when base fuels and additized
fuel s ar rned. With unadditized fuel, filter regeneratjon was t
obser ved %aarrgﬁglhﬁlé P }élt]ﬁ\;gtsSté%réle%ﬁ PEEFESHT ﬁegaﬁ?‘f g‘?gochﬂbﬁr’fesr‘@’&E&g‘Fat i on
begi ns whe h ustﬁ} erature exceeds approxi mately 280C. The .
accunul %3083%(% n ﬁTr‘TnP Ratfiatg mattdopbS et RIRHOBGHSCHPBST | | t er
regeneration. Notably, 22 once the soot is hurned off, the engine
backpr ed&at d2ke paGisPHer nanddvringaeanrstiation pptissiiecCJRRR- edausse
unaddi ti zed fuel. In other words, not only does the soot burn off at a
| over t eifgaiede of coak aecwhulatipn i loadrfangd the seot traghkines satdysenmatas | over
than with unadditized fuel as shown in Figure 3. -0.5

the regeneration temperature is reduced relative to what would be expected

with the C-DPF and unadditized fuel.

Example 3

In the applications described in Examples 1 and 2, the manganese used
will form stable metal complexes including manganese phosphates. A portion
of the manganese released into the combustion chamber or exhaust interacts
with lubricant-derived phosphorus to form the stable metal phosphates as
solid particulate and this reduces or prevents phosphorus deposition on the
catalyst metal employed in the CRT-DPF, or the C-DPF. The use of these

- manganese containing fuel additives will protect the catalyst from deterioration

resulting from phosphorus poisoning.

Example 4
In the applications described in Examples 1 and 2, the manganese

additive used is one that will also form stable metal sulfates. The CRT-DPF or
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N NNV v v CRT-DPF REGENERATI ON TEST Base Fuel Regener ati on occurring at
-280C. LOLOV; r) It aNhhIL) V)V aav~-~vVvvVvmu u) avyv Percent
Throttle Figure 3. 400 350 300 250 WMMI Fuel 200 150 Lg N N '-

C-DPF is followed by a lean-NOx storage device that is sensitive to sulfur
poisoning. A portion of the metal released into the combustion chamber or
exhaust interacts with either fuel or lubricant-derived sulfur to form stable
manganese sulfates, thereby scavenging the SO2 and S0O3 and reducing or

preventing deposition of sulfur species on the lean-NOx storage device.

Example 5

The manganese containing additives of the present invention enhance
operation of an after treatment system by reducing the sintering of combustion
byproduct metal on the surface of the DPF. The sintering of combustion
byproduct metals may cover and render ineffective catalyst sites on the.surface
of the catalyzed DPF. “Sintering” is the fusion of combustion byproduct
particles on the filter surfaces as a result of the heat in that filter. The
manganese containing additive reduces the amount of sintering on the fiiter
surfaces, as compared to the amount of sintering when unadditized fuel is
burned, and therefore increases the effective life of the filter. It also makes the
filter easier to clean because of the reduced sintering of the byproducts to the

walls of the filter.
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Q7 U L1 LO47 1) NWUn Exanple 22 The exhaust gas after treatnent
device is a catalyzed diesel particulate filter (CDPF). Upon introduction
of the additized fuel into the conbustion 23 chanber or exhaust stream the
manganese i s rel eased and conbines with the carbon fraction of the

particulmén%ger, accel erating the oxidation reactions that take place
prior to an uring accunul ati on vm'thi n the C-DPF. Because the rate of

soot accumul afyon,| 'rngtahgwl’:oﬁ{bq ﬁ@e %?Eﬁ% g?aﬁnft%@éﬁltéég%%%ce the

regeneratlon tenperature I's red |ve € expected

AR ¥t SN TR R T %Eggzazc A T
conpl oo nEL UL 0 RORRERt WCERR 8, S portLon A Lhe mongpness
| ubri Ca%inggrx;n\{ﬁ%o htg)sgtl o ggp}oodljc%r% tghesuﬁ}ua}'be!u(f to%{ahgpc?lfspggitd?ez glsi
- forms stable manganese compounds that are then trapped as and with the ash

in the filter. Surprisingly, it has been discovered that this literal inérease in

ash does not increase backpressure. Further, by using a manganese

containing additive, the DPF will need to be cleaned less often and the ash can

be more completely removed when it is cleaned.

It is to be understood that the reactants and components referred to by
chemical name anywhere in the specification or claims hereof, whether referred
to in the singular or plural, are identified as they exist prior to coming into
contact with another substance referred to by chemical name or chemical type
(e.g., base fuel, solvent, etc.). It matters not what chemical changes,
transformations and/or reactions, if any, take place in the resulting mixture or
solution or reaction medium as such changes, 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 reaction {such as

formation of the organometallic compound) or in forming a desired composition
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solid particulate and this reduces or prevents phosphorus deposition on the
catal yst netal enployed in the CRT-DPF, or the C- DPF_ The use of these
manganese containing fuel additives will protect the catal yst from
deterioration resulting from phosphorus poi soning. Exanple 4 In the

appl i cat(g@wla@ecﬁpahéﬁﬁfé ébr@e?maalt@%rlla@@ﬁz&j fﬁémmgg@f%%g Fa@@@'gjti ve used is

one that will also formstable netal sulfates. The or 24 C-DPF is
f ol] owedebye izt #3Ha e SLARARSAIAY! ' I [ swith
poisoning- %\Sortl%n 0 ?ﬁe et a Bé%%&%?%%l#% gagﬁé&gﬁg%%ééﬁg%(%kgﬁgEr or
exhaust . nter 'Qﬁ el ther fuel or,lubricant-derived, sulfur.to form
ctanl o HanEeRabEeR B e S o TG PRE IS R T educi ng
or preven igﬁﬁﬂe ition of sulfur eci es on.the | ean-NOx storage device.
Excanpl o BTG A GRS OBt M T U SEOBI O RHOBS 0 QERETROBAEER
enhance ogehakio of an after treatnent system by reducing the sintering
of conbBPPER ¢ BYQ?EH% THBEHET St HECk iR PUBRIagCEEnePIBPRRCARA (9%r | ng Of
combustion hyproduct netals nmay cover and ander i neffective catal yst
si tes odngHeEligwistigckdic present tengea( gompriops, iS5 Atk ithe refsremee fsulsi Gie of
conbustion byproduct particles on the filter surfaces as a result of the
heat i n sithstaf¢d,teompdiments or ingredient as it existed at the time just before it was

first blennded or mixed with one or more other substances, components and/or

ingredients in accordance with the present disclosure. The fact that the

substance, components or ingredient may have lost its original identity through

a chemical reaction or transformation during the course of such blending or

mixing operations or immediately thereafter is thus wholly immaterial for an

accurate understanding and appreciation of this disclosure and the claims

thereof.

At numerous places throughout this specification, reference has been

made to a number of U.S. Patents, published foreign patent applications and

published technical papers. All such cited documents are expressly

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

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

27

,,,,,,,,,,,,,,



manganese contai ning additive reduces the amount of sintering on the filter
surfaces, as conpared to the anmount of sintering when unadditized fuel is
burned, and therefore increases the effective life of the filter. It also
makes the filter easier to clean because of the reduced sintering of the
bypr oducpesentechberaimbbsvef Ratteer, mitizgris idtenidednipl iee 6ovidied iangaReserth
containing additives of the present invention enhance operation of an

af ter trieatheatsusiygtaanhy aadcleas@tlivalenas thdiebt fetinitteBadBmabiél of law,
nevert hel ess reducing rate of backpressure increase. The nanganese bi nds

Wi th conbust imiteRydY QSKICHSE irfefld to Hididltc 2T PROBRBANSo AN ARS toaRd forms
st abl e manganese conpounds that are then trapped as and with the ash in
the T11 tERLLSURL kS kRO EXtertlalAdiBRRBAGHSAMERNEHS U1 dlB LI Y o | N ease
in ash does not increase bacKpressure. Further, by using a nanganese

cont ai ni iefqk : E_w [l to | eaned. | ess. _often an he ash
can be %%?%ﬂggﬁ%¥§?3#3ﬁsg%8€§%ﬁ&%§%ﬁﬂPn?ggg ég§§893¥¥m? tq eﬁgﬁﬁﬁgéﬁgtood
t hat the %%%]F%nﬂ§ %n§F§$ onent re&ﬁrr d to by chem cal name anywhere in
the speciteaPlom Sy e YAUYHERRr referred to in the singul ar or

plural, are identified as they exist prior to coning into contact with
anot her substance referred to by chem cal nane or chem cal type
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(e.g., base fuel, solvent, etc.). It matters not what chem cal changes,
transformati ons and/or reactions, if any, take place in the resulting

m xture or solution or reaction nediumas such changes, transformations
and/or reactions are the natural result of bringing the specified

react antwrsgr{9icLammpongnt s toget her under the conditions called for
pursuant to thiS drscrosure. Thus the reactants and conponents are

identified as ' %@m&{'&?e%ﬁag n r&#%ﬂl‘%ﬁgﬁt& §386nd th@f’ E’Jqu%&lgeplg a

desired chenical reaction (suc I on o e or ganomne

conpoun sitiaon such as an additive
concent % tsgé%lrl?l ;ggg{gl ze %I%%g %rg%%ﬁ ™ wr TP ﬁngé recogni zed that the
addi tive conpone ts caa. lg ed _or _.bl ended 'Q mnth t he base fuels
i ndi vi dual | y &P ?@gaéh j5E RSl Compoienean additve ﬁpﬁléldeﬁraewese
additive conblnatloné Eﬂ or su -copbi nations.. Accordingly, even though
the cl ai RIREFBA T f}* li%l%hﬁﬁéfttsm é’éhefc? %ﬂFéﬂh‘%‘i@Fbﬂsﬁem
ingredients in the present tense ("conpri ses” is etc.), the reference
is to tHOMBLIESS aredalyesddierchpartisulangfidigrent as it existed at the tine
just before it was first blended or m xed with one or nore other
subst ances, oompwnsiing thadudrin thegosdbestisn isysteoe oo gandeceit keashener esent
di scl osure. The fact that the subst ance, conponents or ingredient nay have
Iost'it§anb@bm&bohdnhﬁhgyhbhnmngﬂnesm(ﬁhnpbuaﬂ,reaction or transfornation
during the course of such blending or

the manganese compound being supplied in an amount effective to

complex with the at least one combustion byproduct,
whereby the operation of the emissions after treatment system is

~ enhanced.

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

diesel fuel.

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

than 30 ppm of sulfur.

4. The method described in claim 1, wherein the manganese compound

is an inorganic manganese compound.
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m xi ng operations or imediately thereafter is thus wholly immuaterial for
an accurate understanding and appreciation of this disclosure and the
claims thereof. At numerous places throughout this specification,
reference has been nmade to a nunber of U S. Patents, published foreign
pat ent 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 susceptib]e to considerable
variation invt %FE&BP@ esCHRER P 1A e V‘ﬁ'&f’r‘é’@bﬂl’f‘gﬁ’d’égﬁﬁcp@iaﬁﬂap§3%0t
intended to limt, and should not be construed as |limting, the invention
to the FRPHRQIRGES sxdspisd Fppatheogouprcondsing of fINeridicaapblosideRat her, what
is intended to be covered is as set forth in the ensuing clains and the
equi val dspmidperiedidese pridesenitastes, sulfates, phosphatdeanetridss, dodsidest i nt end
to dedi cate any disclosed enbodinents to the public, and to the extent any
di scl osdydrosidescarbonatesrarad trexttiesrihermf. not literally fall within the
scope of the clainms, they are considered to be part of the invention under
the doctrine of equivalents. 28 WHAT IS CLAIMED IS: 1. A nethod of
enhanci ng the operation of an em ssions after treatnent

6. The method described in claim 1, wherein the manganese 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, carboxylic acids, amides, acetyl acetonates and mixtures thereof.

8. The method described in claim 1, wherein the manganese compound

comprises about 1 to about 30 mgMn/liter of the fuel.

9. The method described in claim 6, wherein the organometallic

compound comprises methylcyclopentadienyl manganese tricarbonyl.
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systemin a diesel fuel conbustion system conprising: supplying a diesel
fuel conprising an additive that includes a nanganese conpound to a diesel
fuel conbustion system wherein the conbustion system conprises a

catal yzed diesel particulate filter, conbusting the fuel in the conbustion

systemto pr O{t?:lig@h@tnéét%%ﬁtdeos%ﬁ%)egyig)rcggﬁﬁtl, G {risig?eqrr}ar}le PR SORgound. o

a,
COI'TpOUﬂd, . manganese conpoun erng-'supplired 1 n arr a

to conple i t he .at J.east one combusti on hyproduct, whereby the

oper at i on %;gé’%%@ et StEF éﬂlioﬁﬁgegmﬁpea‘iyﬁi e@?&%ﬁ FRANEAT SR dEFarBonsy o

met hod des%ilbe‘g in cldgi m.1, wherein the diesel fuel is selected fromthe

group comSHYFFRHOBFRAHNEIBrNERRGRE Hidrbonye dinpsthylgutloramtrdisiyhet i ¢

di esel fuel. 3. The nethod described in claim]l, wherein the diesel fuel

cont ai nSTPEEENEFE IS P, Jrimaehibpigyclopentadicnyt mangadssethearbensdl ai m 1,

wherei n the manganese conpound is an inorgani c manganese conpound. 29 S

The net hs8raresdyivsdppantafienm manganest irichebdmdr gani ¢ nanganese conpound

is selected fromthe group consisting of fluorides, chlorides,
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, cthylmefhylcyclopentadienyl 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.

12. The method described in claim 1, wherein the combustion system

further comprises a lean-NOx storage device,
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brom des, iodides, oxides, nitrates, sulfates, phosphates, nitrides,

hydri des, hydroxi des carbonates and m xtures thereof. 6. The nethod
described in claim1l1l, wherein the nanganese conpound is an organonetallic
conmpound. 7. The nethod described in claim®6, wherein the organonetallic

conpound is seglegted, fr th r.oup.consi sting.of al cohol s, . al dehydes
ket ones, esteﬁ%,%dﬁﬁ93%?gég?ﬁ§%?P§ﬁgFé§¥”%ﬁ%%%ﬁ8ﬁd?8§§"§ﬁ%?%?%g?aéﬁgﬂﬁtes,
crown ethers, carboxylic acids, am des, acetyl. L acetonates and m xtures
thereof.S%#cﬁﬁﬁl%Eﬁﬁ%%fﬂ@§§¥?§%ﬁu?%SX?@PHFQ,Fﬁﬁ%?%in t he manganese conpound
conpri ses about % to about 30 mgMWh/liter of the fuel. 9. The nethod
descri bed i n IRRHNE 2 (el fvehovanpigasareediitive thahpacindes gnpemgagese
met hyl cycl opent adi enyl nanganese tricarbonyl. 30 10. The nethod descri bed
in cl ai faMpeRBAdOR gitschiin) snadeidinmargiem, ivhereire thedombustionesysstinow ng
group: cycl opent adi enyl nmanganese tricarbonyl, nethyl cycl opentadi enyl
manganeseemnpiisas boryitinae sy rggeanarhtipertaduneogy digwmhgangsealate fittarbonyl ,
trimet hyl cycl opent adi enyl nmanganese tri carbonyl,
t et r anet hyl cyainebestiagitkayhclnnndgenesabtistiicashsteyh to produce at least one
pent anet hyl cycl opent adi enyl manganese tricarbonyl, ethyl cycl opentadi enyl
manganeskyprodeat komrisizahbythangd enendadbenyd, manganese tri car bonyl,
the manganese compound being supplied in an amount effective to
complex with the at least one combustion byproduct,

whereby the operation of the emissions after treatment system is

enhanced.
14. The method described in claim 13, wherein the diesel fuel is selected
from the group consisting of biodiesel, biodiesel - derived fuel, and synthetic

diesel fuel.

15. The method described in claim 13, wherein the diesel fuel contains

less than 30 ppm of sulfur.

16. The method described in claim 13, wherein the manganese

compound is an inorganic manganese compound.
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propyl cycl opent adi enyl nmanganese tricarbonyl, isopropylcycl opentadi enyl
manganese tricarbonyl, tert-butylcycl opentadi enyl manganese tri carbonyl,
octyl cycl opent adi enyl manganese tri carbonyl, dodecyl cycl opent adi enyl
manganese tricarbonyl, ethynethyl cycl opentadi enyl nmanganese tricarbonyl,

i ndenyl manganeseryd hﬁ%ﬁ@@'&%kcriﬁ&ﬁ g}j Bgaéhi kg, \évg Péiﬂq{hgﬁ%%é‘&rﬂr qﬁaﬁ%ﬁﬁ% or

nore such conpounds. 11. The net scrib Inc erei

conbusti gy rﬂfj}ﬁcée&e%t%d%?é}%%%ckrfo{lgr’@otn%gstggégp ﬂé Pxﬁ'eé t %@%gifc)ifes,

particul ates, soot, unburned sootS NConbu rocar

partial | y- st.ed. hydr ocar bons., co sted_, hydrocarbans, anpd .oxi des of
nitrogen¥W§§ﬁE é8%5¥%b8X%§§tP}5¥ﬁsiﬁu @ﬁFnP&?%%H@FérﬂﬂFﬁ@sc HEUSEPon
system f urt.her. coqg%%§es a Iegn-P«) storage. device. 31 13. A nethod of
enhanci nGVERZIGGRr AEPORALTS and apdurssiibieaFeler treat ment systemin a di esel
fuel conbustion system conprising: supplying a diesel fuel conprising an
additive that includes a nmanganese conpound to a diesel fuel conbustion
system wherein the conbustion system conprises a continuously
regener ati ng t8chiiy Byfhell eserriped tn cldiat €31 wheeein thenipasigangse he fuel in
t he conbustion systemto produce at | east one byproduct conprising the
manganes eowppuuhi, an organometallic compound.

19. The method described in claim 18, wherein the organometallic
compound is selected from the group consisting of alcohols, aldehydes,
ketones, esters, anhydrides, sulfonates, phosphonates, chelates, phenates,

crown ethers, carboxylic acids, amides, acetyl acetonates and mixtures thereof.

20. The method described in claim 13, wherein the manganese

compound comprises about 1 to about 30 mgMn/liter of the fuel.

21. The method described in claim 18, wherein the organometallic

compound comprises methylcyclopentadienyl manganese tricarbonyl.
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t he manganese conpound being supplied in an anount effective to conplex
with the at | east one conbustion byproduct, whereby the operation of the

em ssions after treatnent systemis enhanced. 14. The nmethod described in
claim 13, wherein the diesel fuel is selected fromthe group consisting of
bi odi esel, bi 08i eThk metherd dextribee in dathn Sy tteiren tih aselganesk. 15. The
met hod described in claim 13, wherein the diesel fuel contains |less than 30

ppm of sgbipounkbis ddlectetatdradhdasiswhadgions| &pdibdehtadi@BiRahpendRNganese
conmpound i s an inorgani c manganese conpound. 32 17. The nethod described in

cl ai m 16 ¢riphi@ictiyh, mRehy18pE18B0h faIBRAANEREan EQRAUIH AT, Sel ected from the
group consisting of fluorides, chlorides, bromdes, 10dides, oxides,

B L
rengenes SIS A SNOTRIAUL So BTN oo PR BB >
group CO%%in é%@%ﬁ@yﬁ%ﬁé’ﬁ‘%ﬁénﬁ'nqgﬂggﬁgs’e 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 compounds.

23. The method described in claim 13, 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.

24. The method described in claim 13, wherein the combustion system

further comprises a lean-NOx storage device.
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ket ones, esters, anhydrides, sulfonates, phosphonates, chel ates, phenates,
crown et hers, carboxylic acids, am des, acetyl acetonates and m xtures

t hereof. 20. The net hod described in claim 13, wherein the manganese
conmpound cong%ises about 1 to about 30 mgMWMh/liter of the fuel. 21. The

met hod descr i ped % frethad of eshanpinesihe enrsabpryaiareemissient aftpb tiratesmsr i ses
met hyl cycl opent adi enyl manganese tricarbonyl. 33 22. The nethod descri bed
in ci ai nfgemepdipsal fachepgheten systgmogamurisingl ected from the fol | owi ng
group: cycl opent adi enyl manganese tricarbonyl, nethyl cycl opentadi enyl
manganese tri@applymg a di¢sed Tndlyiocy diasgbfud dioerytstimn gesiesewheraiartheny| |,
trimet hyl cycl opent adi enyl manganese tricarbonyl,

t et r anet byinbyckiopesitséeinerorhprimeg anesalyted dirsebpytticulate filter,
pent anet hyl cycl opent adi enyl manganese tricarbonyl, ethyl cycl opentadi enyl

manganese trieanbasiihg tedtibyicittd opabtisdbetyktdMRgPregact bi RN |
propyl cycl opent adi enyl manganese tricarbonyl, isopropylcyclopentadi enyl

manganesgornbiuGaibBoirodiRE in Ul Xk QRRBLAdI enyl manganese tri carbonyl,
octyl cycl opent adi enyl manganese tri carbonyl’, dodecyl cycl opent adi enyl

mdeny! - mangardee 1 A B Y e LB A RO AR SR G 0 o
more  sughy, COIPQYOLS;
complexing the manganese compound with the at least one combustion
byproduct;
the manganese compound being supplied in an amount effective to

complex with the at least one combustion byproduct;

whereby the operation of the after treatment system is enhanced.
26. The method described in claim 25, wherein the diesel fuel is selected

from the group consisting of biodiesel, biodiesel - derived fuel, and synthetic

diesel fuel.

27. The method described in claim 25, wherein the diesel fuel contains

less than 30 ppm of sulfur.
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A

23. The nethod described in claim13, wherein the conbustion byproduct is
sel ected fromthe group consisting of -particul ates, soot, unburned soot,
unconmbust ed hydrocarbons, partially-conbusted hydrocarbons, conbusted

hydr ocar bons, and oxi des of nitrogen. 24. The nethod described in claim 13,

wherein the cpebUHei@BiIsyEHE b IR iRIRWEESiA theaaMNn&deor age devi ce.
34 25. A nethod of enhancing the operation of an em ssions after treatnent

system i gopal@siels di'florgQARUSLINGANSYSE Qi sing: supplying a diesel
fuel to a diesel fuel conbustion system wherein the conbustion system

conprises a catalyzed diesel particulate filter, conbusting the fuel in
the conbustion systemto produce at |east one conbustion byproduct in an

exhaust streasy ilSaiing: gocaddld LY eLEamE ] 9h0%.4 (HBNgANeSS. sonpeynd nto

t he exhaust ream conpl exi ng € nanganegse conpound w east
one conbustion_ Jbyprodyct; the, manganese c ou bei.n l.Lied in an
orount | oFTERRrpg IR e hEE ORE oot SoaSR PBHC Sy pr oduct
wher eby ghe 0 era&;on of the after treatnent, s sten1is,eghanced“

romides, 1odides, oxides, nitrates, sulfates, phosphates, nitrides, hydrides,

hydroxides, carbonates and mixtures thereof.

30. The method described in claim 25, wherein the manganese

compound is an organometallic compound.

31. The method described in claim 30, wherein the organometallic
compound is selected from the group consisting of alcohols, aldehydes,
ketones, esters, anhydrides, sulfonates, phosphonates, chelates, phenates,

crown ethers, carboxylic acids, amides, acetyl acetonates and mixtures thereof.

32. The method described in claim 25, wherein the manganese

compound comprises about 1 to about 30 mgMn/liter of the fuel.

33. The method described in claim 30, wherein the organometallic

compound comprises methylcyclopentadienyl manganese tricarbonyl.
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26. The nethod described in claim?25, wherein the diesel fuel is selected
fromthe group consisting of biodiesel, biodiesel - derived fuel, and
synthetic diesel fuel. 27. The nethod described in claim25, wherein the
di esel fuel contains |ess than 30 ppm of sulfur 35 28. The nethod

descri bed | n o4 aRBeHiPHELibOEiTERIANES S REFRYAY ohn @Ml ddaor gani C

manganese conpound. 29. The method descri ed erein the

0 nsistin

1 vor deso BRIBRSSGIAAERIRA (b8 PR ol ?a’c*l‘oep&{t%é{’ S Wartedide”

h hat des roxides, carb s and m xtures
ltohgfgo? Ei(ba:@)?hgi qg?ﬁj(}ag gé%?qtﬁgbc%ﬂn&%arﬁéf’g OlP 'Ejhe magggnese I

d,i tII und 3 escribed in claim
0. " whor dime AN aegw'l%e%? 36 g aFcorbd BOREY FBriopRe e on
i st f al h I al. dehydes ketones esters, anhydri des,

glcj)lnfs :)ﬁa!t g%nogfi‘l?&aé‘%ﬁﬁg c%é%laéflégl yietrdoradadienyi spgneanfsedricesbeady| i c
aci ds, am des, acetyl acetonates and mixtures thereof. 32. The nethod
descri beBeRtrrasivieEopasradiany] pranganesariciserbompoatiylamiepéntediatdut 1 to

about 30 mgWh/liter of the fuel.
manganese tricarbonyl, diethylcyclopentadienyl manganese tricarbonyl,

propylcyclopentadienyl manganese tricarbonyl, isopropylcyclopentadienyl
manganese tricarbonyl, tert-butylcyclopentadieny! manganese tricarbonyl,
octylcyclopentadienyl manganese tricarbonyl, dodecylecyclopentadienyl
manganese tricarbonyl, ethylmethylcyclopentadienyl manganese tricarbonyl,
indenyl manganese tricarbonyl, and the like, including mixtures of two or more

such compounds.

35. The method described in claim 25, 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.

36. The method described in claim 25, wherein the combustion system

further comprises a lean-NOx storage device.
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33. The nethod described in claim30, wherein the organonetallic conpound
conpri ses net hyl cycl opent adi enyl manganese tricarbonyl. 36 34. The net hod
described in claim?25, wherein the manganese conpound is selected fromthe
foll ow ng group: cycl opentadi enyl nmanganese tricarbonyl,

met hyl cycl opentadj e.trij.carbonyl %di net hyl cycl gpent adi eny|
manganese tri gZ'r g%ﬁ@‘?/t;&w% r me@lt I?"ny C(I:y%hbep%‘frz%\o%’n Tn ﬁgﬁéﬁﬂﬁé§é&%ﬁ TR RN |
tetranet . opent adi enyl nganese tricarbony),
pgnt anet Eé%%%%%e@&eggi @ﬁyFO%&ﬁgﬁ%ﬁ WW%@E: et hyl cycl opegt ad: enyl
manganese tricarbonyl, diethylcyclopentadi enyl nmanganese tricarbonyl,
pr ogyl cycl opeﬁ?ﬁﬂﬁ’éﬁ%lﬁ (ﬁ'ﬁ?ﬁ}gﬁégé ?Idi?‘?ﬁfll Beshyaombustien systeye Mdpsaimtheny|
manganese tricarbonyl, tert-butyl cycl opentadi enyl nanganese tricarbonyl,

i ' ly r tiog ¢k olpeatogy idiesd]
oct yI cyclBPEMSkATeRYticHarpRiaRESES Ariondimummysly regiterytiog i
manganese tricarbonyl, ethyl nmethyl cycl opentadi enyl manganese tricarbonyl,
i ndenyl Rafgaaese filtercar bonyl, and the like, including nmixtures of two or

nore such conpounds. 35. The nethod described in claim?25, wherein the

conmbustion bypmbisting thesfelebot ik tomimishiengsyatamoonsiostucBhitQéast one
particul ates, soot, unburned soot, unconbusted hydrocarbons,

parti al | youdnistitretypwdhoe ai bonsxhaeanissied hydrocarbons, and oxi des of
ni t rogen.

injecting an additive comprising a manganese compound into the

exhaust stream;

complexing the manganese compound with the at least one combustion
byproduct;

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

whereby the operation of the after treatment system is enhanced.

38. The method described in claim 37, wherein the diesel fuel is selected

from the group consisting of biodiesel, biodiesel - derived fuel, and synthetic

diesel fuel.

39. The method described in claim 37, wherein the diesel fuel contains

less than 30 ppm of sulfur.
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36. The nethod described in claim25, wherein the conbustion system further
conprises a lean-NO,, storage device. 37 37. A nethod of enhancing the
operation of an em ssions after treatnment systemin a diesel fuel

conbusti on system conprising: supplying a diesel fuel to a diesel fuel

conbustion sysbemheekehsd H@@cnﬁ&m}&' %IdlﬂlnS’? y\%ﬁ@f@lﬁm : n%ﬁ%aﬁes%o ntinuously

regenerating technol ogy diesel particulate filter, ting 'Ejhe fuel in
the conbpsti ngygt&mﬂ& conbustl on byproduct in an
exhaust strlggm I njectl n g%ig]gt%heégggﬁl ?ll%gll ng a manganese conpound into
the exhaust stream conpl eX| ng the nanganese conpound wth the at |east
one conbustion byproduct; the manganese conpound bei ng supplied in an

anount effectj X W.th . the a as{ one conbusti on byproduct;
wher eby t he obf) ratl olf?egki‘n&% SS(érfﬂPféq 1 F?é%ﬁ’twg‘ﬁ F INETHTANE ERATIZANESEhe
met hod descri be | ai \pl,her ei n the, djesel fuel is selected fromthe
group coh¥3¥P eg ?Té, theiggaresomnsistingef faerides| chlaridesynt het i ¢

di esel

f
grormdes iodides, oxides, nitrates, sulfates, phosphates, nitrides, hydrides,

hydroxides, carbonates and mixtures thereof.

42. The method described in claim 37, wherein the manganese

compound is an organometallic compound.

43. The method described in claim 42, wherein the organometallic
compound is selected from the group consisting of alcohols, aldehydes,
ketones, esters, anhydrides, sulfonates, phosphonates, chelates, phenates,

crown ethers, carboxylic acids, amides, acetyl acetonates and mixtures thereof.

44. The method described in claim 37, wherein the manganese

compound comprises about 1 to about 30 mgMn/liter of fuel.

45. The method described in claim 42, wherein the organometallic

compound comprises methylcyclopentadienyl manganese tricarbonyl.
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39. The nethod described in claim37, wherein the diesel fuel contains

| ess than 30 ppm of sul fur. 38 40. The nethod described in claim37,
wherei n the manganese conpound i s an inorgani c nanganese conpound. 41. The
met hod described in claim40, wherein the inorgani c manganese conpound is

sel ect ed f r omitherigs alih6aRRetibad iR cidi8f! dRroit RN LAGRanclr o des,
i odi des, oxides, nitrates, sulfates, phosphates, nitrides, Hy rides,

hydr ox] desmicArRoRat SEcRAG B BRobSt BRhup 42y TE IR0 feseribed i

claim 37, wherein the manganese an’ or
43. The SCII A | ai m 42, wherein the organonetallic conpound
is sel ec?@é ; rorﬂgt %%ltggflg&ggggﬂ%}%?ﬁ BHEAPEThEL@r 8?‘3 hydes, ket ones,
esters, %rilh g,r‘i deslb su] f pnat.es, ghos honat es, chel ates, pheriates, _crown
ethers, CHPEORFYHeRERtAdIeny) HanEaness (icarbapyhsrimetRulryicionamtadienybr eof .
44. The nethod described in claim37, wherein the manganese conpound
conpr i se S HBANCSE WiFanBowl, srasirylcydppertadieny]l menganesatri¢asbonaker i bed
in claim42, wherein the organonetallic conpound conprises
met hy| cy PFBERCHN eY§IPPaatngaead enangengdsolridarbgayl, ethylcyclopentadienyl
manganese tricarbonyl, diethylcyclopentadienyl manganese tricarbonyl,
propyleyclopentadienyl 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 compounds.

47. The method described in claim 37, 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.

48. The method described in claim 37, wherein the combustion system

further comprises a lean-NOx storage device.
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46. The net hod described in claim37, wherein the nanganese conpound is
selected fromthe follow ng group: cycl opentadi enyl manganese tricarbonyl,
met hyl cycl opent adi enyl manganese tricarbonyl, dinmethyl cycl opent adi enyl
manganese tricarbonyl, trinethylcyclopentadi enyl nanganese tricarbonyl,

tetramet hyl cygd opeHAHLERY lentRAGHIEER: bHdCHLRO issi
pent anet hyl cycl opent adi enylenmngg%ggse %é%lgaglpgo% ) eg}tlﬁsylf)g)slc %651?%8?%r%1tyl

nanganesgﬁ,gt@{rpﬁ{ Q¥ T:or@b%‘s@ﬁhcs}é&lt&ﬁe&&%ﬂriﬁi%l manganese tricarbonyl,

propyl cycl opent adi enyl manganese trica yI'="i sopropyl cycl opent adi enyl
manganese tri - buyl cycl opent adi enyl. manganese tri car bonyl ,
octyl cycl open%‘g%@g’% aﬁél%éor%gglsﬁg %%Fﬁ%ﬁ@ © g?]%td‘@(?”&cg%f’c? SiReRfiSEny |
manganese_tricarbonyl., et hy] nef.hyl cycl opent adi enyl nanganese tricarbonyl,
i ndenyl %%%68H€§Q“%¥FB%H%%%§ ?Uﬁﬁﬁygﬁﬁndike, i ncl udi ng ni xtures of two or
nore such conpounds. 47. The nethod described in claim37, wherein the
conbust i on b%?‘ Hatpeitheduekin the somhrsHengmstamdenyodiicagtdeast one
particul ates, soot, unburned soot, uncombusted hydrocarbons,

parti al | Py comprisingcicyoasgancsmbempednty dr ocar bons, and oxi des of

nitrogen. 48. The nethod described in claim37, wherein the conbustion
system furt hdye mamgrnses carmppamd\ngt armieddevit emdht effective to

complex with the at least one combustion byproduct,

whereby the operation of the emissions after treatment system is

enharnced.

50. The method of claim 49, wherein the fuel is selected from the group
consisting of gasoline, bunker fuel, coal dust, crude oil, refinery "bottoms" and
by-products thereof, crude oil extracts, hazardous wastes, yard trimmings and
waste, wood chips and saw dust, agricultural waste or tillage, plastics and
other organic waste and/or by-products, and mixtures thereof, and emulsions,

suspensions, and dispersions thereof in water, alcohol, or other carrier fluids.
51. The method of claim 50, wherein the fuel comprises gasoline.

52. The method of claim 50, wherein the fuel comprises bunker fuel.
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49. A nethod of enhancing the operation of an em ssions after treatnent
systemin a fuel conbustion system conprising: supplying a fuel conprising
an additive that includes a manganese conpound to a fuel conbustion
system conbusting the fuel in the conbustion systemto produce at | east

one byproduct3cdrpr irgithed b eldiBNga eserdaTReyndl céMeriseegaaeagsconpound
being supplied in an anount effective to conplex with the at |east one

conmbusti on byproduct, whereby the operation of the em ssions after
treatment systemis enhanced. 50. The nethod of claim49, wherein the fuel

s selected fEam e GiouP of CRAH SO BcAinGRSTLLNComBIRKELrlEly coal dust,

crude oil, refinery "bottons”™ and by-product's thére crude oOil extracts,
hazar dous wastes, yard trinm ngs and waste, wood chips and saw dust,
agricultural waste or tillage, plastics and other organic waste and/or

by- d , d - f | si [
& spersi ons. a7 Ja1° TG b SR sqoP RPN TR dPLapRpERer aittedsl e

met hod 01;N cl ai m 50, wherein the fuel conprises gasoline. 52. The nethod of
claim50"&Werein the fuel conprises bunker fuel. 41 53. The method of
cl ai m 50, wherein the fuel conprises coal dust

56. The method of claim 50, wherein the fuel comprises hazardous

waste.

S7. The method of claim 50, wherein the fuel comprises organic waste.

58. The method of claim 50, wherein the fuel comprises refinery

bottoms.

59. A method of enhancing the operation of an emissions after treatment
system in a fuel combustion system comprising:

supplying a fuel to a fuel combustion system,

combusting the fuel in the combustion system to produce at least one
combustion byproduct in an exhaust stream;

injecting an additive comprising a manganese compound into the

exhaust stream;
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54. The nethod of claim50, wherein the fuel conprises crude oil. 55. The
net hod of claim50, wherein the fuel conprises agricultural waste. 56. The
met hod of claim50, wherein the fuel conprises hazardous waste. 57. The
met hod of claim50, wherein the fuel conprises organic waste. 58. The

met hod of cl aiompRxingheiehiaridagebeebngiiid #em fef ANRRYt BAk BMbuson A
nmet hod of enhancing the operation of an. em ssions after treatnent system

in a fuehymoedpest i on system conprising: supplying a fuel to a fuel
conmbusti on system conbusting the fuel in the conbustion systemto produce

at | east .one theqphHghhos Q&rﬁggﬁﬂﬁtbéiﬂgﬁglpﬁf]i{%@iﬁtaﬁEérgﬂg]l} Ll ggLing an

additive conprising a nanganese conpo o the st stream 42

conpl exi&gnﬂ]ég( mﬂ%%e&qegmgyggm\#gstﬁo z%glfoidkeie%st one conbustion

bypr oduct; manganese conpoun ng 0™ n an amount effective to
conpl ex w th v%lqgre%gr tlh%aésﬁergﬂgnco qggsatfée?“rlrggt%e%dtuscytstem is enhanced.

60. The method of claim 59, wherein the fuel is selected from the group
consisting of gasoline, bunker fuel, coal dust, crude oil, refinery “bottoms" and
by-products thereof, crude oil extracts, hazardous wastes, yard trimmings and
waste, wood chips and saw dust, agricultural waste or tillage, plastics and
other organic waste and/or by-products, and mixtures thereof, and emulsions,

suspensions, and dispersions thereof in water, alcohol, or other carrier fluids.
©1. The method of claim 60, wherein the fuel comprises gasoline.
62. The method of claim 60, wherein the fuel comprises bunker fuel.
63. The method of claim 60, wherein the fuel comprises coal dust
64. The method of claim 60, wherein the fuel comprises crude oil.

65. The method of claim 60, wherein the fuel comprises agricultural
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whereby the operation of the after treatnent systemis enhanced. 60. The
‘met hod of claim59, wherein the fuel is selected fromthe group consisting
of gasoline, bunker fuel, coal dust, crude oil, refinery "bottons" and

by- products thereof, crude oil extracts, hazardous wastes, yard trimm ngs
and waweetc.wood chi ps and saw dust, agricultural waste or tillage,

pl astics and other organic waste and/or by-products, and m xtures thereof,
and enul sions, suspensions, and dispersions thereof in water, alcohol, or
other carrier fluids. 61. The nmethod of claim 60, wherein the fuel

conpri ses ga@@) The.mbéghod BeclBhies wheehine 691 A8s hAgafdirls conpri ses
bunker fuel. 63. The nethod of claim60, wherein the fuel conprises coal
dust 64gstEhe nmet hod of claim60, wherein the fuel conprises crude oil.

65. The nethod of claim60, wherein the fuel conprises agricultural 43
waste. 66. The nethod of claim 60, wherein the fuel conprises hazardous
waste. 67. The nethod of claim60, wherein the fuel conprises organic

weste- 68, e FRL1ATu0L SFAhoh, WHELSh Bt RS UShSOPE ses el dnery

68. The method of claim 60, wherein the fuel comprises refinery

bottoms.
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