METHOD OF OXI DI ZI NG SOOT AND REDUCI NG SOOT  ACCUMULATI ON IN A DI ESEL FUEL
-COMBUSTI ON AFTER TREATMENT SYSTEM Field of the Invention The present
invention relates to the use of a fuel additive for protecting and

i nprovi ng operation of conbustion exhaust after treatnent systens. The
.additive contains one or nore manganese conpounds. The additive can be
introduced into a conbustion chanber as part of the fuel, or it nay be
injected alone or with the fuel into the conbustion exhaust. The additive
wi |l then enhance the operation of after treatnent systens including, for
exanpl e, those that incorporate catalyzed and continuously regenerating
technol ogy diesel particulate filters. Description of the Prior Art It is
wel I known in theMETEOIDOROXIDIZING SEOTAND IREDTOINGHEE

hydr ocar bonaceous fAaRCEMUEAPIORNEH, A MBSEIUFEHIACOMBPESTOIONS "Okest ack)

em ssi ons by using vari ous FEEIRSATVENTESRYPESs the nost common net hod
for reducing em ssions fromspark ignition engines is by careful control of

the air-fuel ratio and ignition timng. Retarding ignition timng fromthe
best  effjetd 6PAYe BRlRg reduces HC and NO,, enissions, while excessive
retard of rtgnitron rncreases the output of CO and HC. |ncreasing engine

~speed reducespy,, present invention relates to the use of a fuel additive for protecting
and improving operation of combustion exhaust after treatiment 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 kniown in the automobile industry, or any industry where
hyd_rocarbonaceous 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-fue] ratio and ignition timing. Retarding ignition ﬁming 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 NO enissions increase with |load. Increasing cool ant
‘tenperature tends to reduce HC em ssions, but this results in an increase
in. NO, emssions. It is also known that treating the effluent streamfrom
a conbustion process by exhaust after treatnment can | ower em ssions. The
‘ef fluent contains a wide variety of chem cal species and conpounds, sone
of which may be converted by a catalyst into other conpounds or species.
For exanple, it is known to provide exhaust after treatnent using a
three-way catalyst and a lean NO trap. O her catalytic and non-catal ytic
met hods are al so known. Thermal reactors are noncatal ytic devices which
rely on honbgeneous bulk gas reactions to oxidize CO and HC. However, in
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Typical ly, tenperatures o C) or noré are require
efficienﬁ)b eUs%a%I s the engine is run rich to give 1 percent CO and air
is injected iNts ¥He exhaust. Thermal reactors are sel domused, as the
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a wide variety of chemical species and compounds, some of which may be
converted by a catalyst into other compounds or species. For example, it is
known to provide exhaust after treatment using a three-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, NOx is
largely unaffected. Reactions are enhanced by increasing exhaust temperature
(e.g. by a reduced compression ratio or retarded timing) or by increasing
exﬁaust 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 NOx treatment is required which

necessitates a richer than chemically correct engine air-fuel ratio. A two-bed



necessitates a richer than chemcally correct engine air-fuel ratio. A
two- bed 2 converter may be used in which air is injected into the second
.Sstage to oxidize Co and HC. Wiile efficient, this procedure results in

| ower fuel econony. Single stage, three way catalysts (TWC s) are wi dely
used, but they require extrenely precise fuel control to be effective. Only
inthe close proximty of the stoichionetric ratio is the efficiency high
for all three pollutants, excursions to either side of stoichiometric can
cause increases in hydrocarbon and carbon nonoxide or NOx enissions. Such
TWC systamsectn maynbedisedf ior whicinpirds iejectrst irdo zhe senpad stagd twmexidiacoxi de
exhaust oxygen sensor or other type of exhaust sensor and a feedback

el ect r onCO© aohH®| Wisijes efficicrd, thaiproagduteresudiguinrlewrenilnelf ensinomay.i o near
stoichionetric. Catalyst support beds nay be pellet or honeyconb (e.g.
nmonol i t hi c). Sifgiet sthke, thedeciaygcataiyats 6 Cle) dradadelyt wead, bmitarihetyr hodi um
whil e-oxidizing materials include cerium platinumand palladium Diesel

syst ens gegise éxtbehbB girRciseicDtostial tebgescéive eMirdgiwnke chuder ol .
Strategies for reducing particulate and HC include optim zing fuel
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control of timng of fuel injection, mnimzation of parasitic |osses in
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jection, reducing lubrication oil
hydrocarbon and carbon monoxide or NOx emissions. Such TWC systems can
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 stoichiometric.

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

Diesel systems raise a different set of challenges for emissions control.
Strategies for reducing particulate and HC include optimizing fuel injection and
gir motion, effective fuel atomization at varying loads, control 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 bumn

lean and the exhaust will therefore usually contain excess oxygen. Thus, NOx



contributions, and rapid engine warmup. In terns of after treatnment, it is
known t hat diesel engines generally bum |ean and the exhaust w |
therefore usually contain excess oxygen. Thus, NO, 3 reduction with
conventional three-way catalysts is not feasible. NOx is renmoved from

di esel exhaust by either selective catalytic reduction, the use of |ean NOx
catal ysts such as those conprised of zeolitic catalysts or using netals
such as iridium or catalyzed thermal deconposition of NOinto 02 and N2.
Di esel particulate traps such as catalyzed 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.
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particul ate standards currently under review nmay necessitate such traps.
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gasol i ne engi rie, carren can er ced“effectively from
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DPFs) and continuously regenerating technology diesel particulate filters (CRT-
DPFs) have been developed which employ ceramic or metal filters. Thermal
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 increased 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 reducing
reactions. Without a NOx adsorber or lean 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 NOx from the exhaust, retaining it for reduction at



cat al yst because the high level s of oxygen suppress the necessary reducing
reactions. Wthout a NO adsorber or lean NO,, 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 NOx fromthe exhaust, retaining it
for reduction at 4 sone later tine. Periodically, the LNT nust be
regenerated by reducing the NO 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 can adversely effect fuel econony as
wel |l as driveability. These LNT's may also be placed on diesel engines,
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: he lean-burn gasoline engines, the exhaust of both types of engines is net

oxidizing and therefore is not conducive to the reducing reactions necessary to
remove NOx. It is an object of the present invention to improve the storage
efficiency and durability of the LNT and to prolong 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 NO, Trap
Catalyst Activity-Study of the Regeneration Conditions, SAE P'.aper No. 982607
(1998); and P. Eastwood, Critical Topics in Exhaust Gas Afterfreatment,
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
the adverse impact of sulfur, and other exhaust byproducts, on the emissions
system including NOx adsorbers and LNTs.

Performance fuels for varied applications and ehgine requirements are

known for controlling combustion chamber and intake valve deposits, cleaning



fromfuel conmbustion and normal [ubricant consunption. It is an object of
the present ftivention to provide fuel or |ubricant conpositions capable
of reducing the adverse inpact of sulfur, and other exhaust byproducts, on
the em ssions systemincluding NOx adsorbers and LNTs Perfornmance fuels
for varied applications and engine requirenents are known for controlling
‘conbusti on chanber and intake val ve deposits, cleaning 5 port fuel
injectors and carburetors, protecting agai nst wear and oxi dati on,
inmproving lubricity and em ssions performance, and ensuring storage
stability and cold weather flow Fuel detergents, dispersants, corrosion
inhibitors, stabilizers, oxidation preventers, and perfornmance additives
are known to increase desirable properties of fuels. Organonetallic
manganese conpounds, for exanple nethylcycl opentadi enyl manganese

tri car boR9Tt uwMirupytors pad easbareiosm RYHGFIngaeposhricsh 3o wFicatigns,
Virginia, are known for use in gasoline as both em ssions-reducing agents
and as atmpravoeg haganity eadecmissgonupgiopaeane, ard gngurng storpgesdahidityanese
conpounds have been used to |lower deposit formation in fuel induction
syst ens 4t SoldPweetisr 8065 Fef detengehis tsnadpnts, spardspdmu gshibitcss, Pat ent
4,674,447) and in exhaust systens (U. S. Patents 4,175,927, 4,266, 946;

4, 317, 655tabalictrd, @8da4bh. préevgairosedad pecformance additives are known to

increase desirable properties of fuels.

Organometallic manganese compounds, for example
methylcyclopentadienyl manganese tricarbonyl (MMT®}, available from Ethyl
Corporation of Richmond, Virginia, are known for use in gasoline as both
emissions-reducing agents and as antiknock agent (see, e.g. U.S. Patent
2,818,417). 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. lsatent 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
regenerate 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 particles that are the



conpounds, such as ferrocene, are known as well for octane enhancenent
(U.S. Patent 4,139,349). Oganonetallics for exanple conpounds of Ce, Pt,
WMh or Fe anong others have been added to fuel to enhance the ability of
particulate traps to regenerate or to directly reduce the em ssions of
particulate fromdiesel or conpression ignition type engines or other
conbustion systens. These additives function through the action of the
netal particles that are the 6 product of additive breakdown on the
particul ate matter during conmbustion or in the exhaust or particulate trap.
Summary of the Invention Accordingly, it is an object of the present
invention to overcone the Ilimtations and drawbacks of the foregoing

systens anddimRt BedaditseMhRukdewn Bl MRk arulss ﬁgat@elc&ﬁﬁﬁgicfoh%uét?orp Lot ect

and i nprove the operation of conbustion exhaust after treéatnent systens.
In one e "B gﬁk@ Qﬂﬂgncing the operation of an em ssion
after trgggﬁgnt s§§?8n1in8gu%?gsel'fuel conbustion system i ncl udes
supplying a diesel fuel conprising an additive that includes a manganese
conpound to a diesel fuel conbustion system The conbustion system
conprises a catalyzed or, alternatively, continuously regenerating
technol ogy diesel particulate. filter.

Summary of the Invention

Accordingly, it is an object of thf: present invention to overcome the
limitations apd drawbacks of the foregoing systems and methods to provide
methods for using a composition to protect and 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 supplying a
diesel fuel comprising an additive that includes a manganese compound to a
diesel fuel combustion system. 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 rhanganese compound. The manganese 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,



The fuel is then conbusted in the conmbustion chanber to produce at | east
one byproduct conprising the manganese -conpound. The manganese is in an
ef fective anmount to conplex with the at | east one conbustion byproduct. The
manganese conpound or nanganese ion may be an inorganic netal conpound or
.an organonetal | i ¢ compound. The inorganic metal conpound can be selected
fromthe group consisting of fluorides, chlorides, brom des, iodides,

oxi des, nitrates, sulfates, phosphates, carbonates, hydrides, hydroxides, 7
nitrides, and m xtures thereof. The organonetallic conpound is selected
from the group consisting of al cohols, aldehydes, ketones, esters,

anhydri des, sulfonates, phosphonates, chel ates, phenates, crown ethers,
carboxylic acids, am des, acetyl acetonates, and m xtures thereof. A
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In a still further embodiment, a method of enhancing the operation of an
emissions after treatment system in a diesel fuel combustion system comprises
supplying a diesel fuel to a di;sel fuel combustion system. The combustion
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 compdﬁnd is injected
into the exhaust stream. The manganese compound corﬁplexes 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 contl_"ol system for the after

treatment of a diesel fuel combustion process exhaust stream comprises an

exhaust passageway. The exhaust passageway allows for passage of an



into the exhaust stream The nmanganese conpound conpl exes with at | east

one conbustion byproduct. The manganese conpound whi ch can be an inorganic
or organonetallic conmpound is supplied in an effective anbunt to conplex
with the at | east one conbustion byproduct. The inorganic nmetal conpound
or organonetal lic conmpound may be as noted earlier herein. In a stil
further enbodi nent, an em ssions control systemfor the after treatnent of
a diesel fuel conbustion process exhaust stream conprises an exhaust
passageway. The exhaust passageway allows for passage of an 8 exhaust
stream cont ai ni ng exhaust byproducts fromthe conbustion of a diesel fuel
conpri sing a nmanganese conpound. This system also includes a catalyzed or

conti nuously regenerati t echnol o di esel rtigulate.filter . | Qcated
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manganese conpounds incl ude those noted ‘g}er?i n. In still fum her
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fuel conbustion process exhaust streamincludes an exhaust passageway. The
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byproducts fromthe conbustion of a diesel fuel. A )
stream. The exhaust stream comprises 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, an emission control system for the after
treatment of a diesel fuel combustion process exhaust stream includes an
. exhaust passageway. The exhaust passageway for the 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 te contact the exhaust
stream. The exhaust stream has an additive introduced into it, the additive
cbmprising 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



catal yzed or continuously regenerating technol ogy 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 conprising a manganese conpound whi ch conpl exes with at | east one
of the exhaust byproducts. The alternatives of possible manganese
conpounds include those noted herein. In a still further enbodinent, a

met hod of enhancing the operation of an em ssion after treatnment systemin
a conbustion system i ncludes 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 9 produce at | east one
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effective anount to conplex wth the at ['east oné conbustion byproduct. In
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em ssions after treatnent systemin a. co stion system conprises supplying

a fuel to a g'{i tem The fuel is conbusted in a conbustion system
to prodd%gngﬁgﬁggs gﬁ%ﬁ%%nbustion byproduct in an exhaust stream An
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emissions after treatment system in a combustion system comprises supplying
a fuel to a combustion system. 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 comipound 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 system from harmful
combustion byproducts that could otherwise neutralize their 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

10



product. Detailed Description The -additives used in the nmethods and
systens of. the present invention are inorganic or organonetallic
manganese cont ai ni ng conpounds soluble in fuels. This fuel is then
conmbusted in a conbustion systemthat includes an after treatnment system
It protects the after treatnment systemfrom harnful conbustion byproducts
‘that could otherwi se neutralize their effectiveness. The nanganese in the
additive al so pronotes the oxidation of carbon particulate natter. Upon

i ntroduction into the exhaust stream the nmanganese conmes into contact
with the carbon fraction of the particul ate, accel erates carbon oxidation
10 reactions, and aids in after treatnent systemregeneration. The
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the Opert%%ip?‘résgglt invention include all combustion engines that burn fuels. By
“combustion system” herein is meant any and all internal and external
combustion devices, machines, engines, turbine engines, boilers, incinerators,
evaporative burners, stationary burmers 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 gé;s, 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 oxygen-containing
organic compounds. Oxygenates suitable for use in the present invention
include methanol, ethanol, isopropanol, t-butanol, mixed C; to Cs alcohols,
methyl tertiary butyl ether, tertiary amyl methyl ether, ethyl tertiary butyl ether
- 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
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conbustion systens of the present invention include diesel fuel, jet fuel,
ker osene, 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 refornul 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 organic conmpounds. Oxygenates suitable
for use in the present invention include nethanol, ethanol, isopropanol,
t-butanol, mxed Cl to C5 alcohols, nethyl tertiary butyl ether, tertiary
anyl nmethyl ether, ethyl tertiary butyl ether and m xed ethers.

Oxygenat es i |
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products, and m xtures thereof, and emrul si ons, suspensions and di sper si ons
t her eof agmondtwel waistonplillage, Blegbes @ad gthier organic waste and/or by-

products, and mixtures thereof, and emulsions,

suspensions, and dispersions thereof in water, alcohol, or other carrier

fluids, By “diesel fuel” herein is meant one or more fuels selected from the

group consisting of diesel fuel, biodiesel, biodicsel-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 coritent, while within the scope of the

present invention, are currently impractical for use with catalytically enhanced

a_:fter 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 in_clude a catalytic system
to reduce harmful emissions. Of course, other emission treatinent systems are

well known. Unfortunately, many of such emission systems have a tendency to
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fluids. By "diesel fuel"” herein is nmeant one or nore fuels selected from
the group consisting of diesel fuel, biodiesel, biodiesel-derived fuel,
synthetic diesel and m xtures thereof and other products neeting the
definitions of ASTM DO75. It is preferred that the sulfur 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 treatnment systens. Conventiona
conmbustion systens useful wth the present invention will typically

i ncl ude PReEhEieFIRELIGENENE Sairaimeahia ti paisoafigor tegatdation ofysheasionn al |
cases of conbustion, the emission treatnent may include a catalytic system

t o reducgchghshtbyRBhbeb@ponefts.course, other emnission treatnment systens
are well known. Unfortunately, nmany of such em ssion systens have a

tendency to 12,d gaehiehie®ideebhinphsePPRIvillira tittrdcdReicoaibign®to
degradati on of em ssion treatnent system conmponents. The present invention

cont enpl 4t e REAY itdi e d MESE of QARG veDy, AfecBdinkb ¥Re ckBaist uel

conposi tion or, élternatlve , directly into the exhaust stream or

ot e AL RTINS BREDS phpsg ekt
the operation of the emission treatment system components will be
significantly enhanced. A copending application discloses various delivery and
combination opportunities when using an aqueous, water soluble, manganese
containing additive. U.S. Patent Application Serial No. 10/165,462, filed June

7, 2002. |
Thé preferred metal herein includes elemental and ionic manganese,

precursors thereof, and mixtures of metal compounds including 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 ﬂlereof. 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
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significantly enhanced. A copendi ng application discloses various delivery
and conbi nation opportunities when using an aqueous, water sol ubl e,
manganese containing additive. U S. Patent Application Serial No. 10/
165,462, filed June 7, 2002. The preferred netal herein includes el enental
.and ioni c manganese, precursors thereof, and m xtures of netal conpounds

i ncl udi ng manganese. These nmanganese conpounds may be either inorganic or
organic. Also effective in the present invention is the generation,

| i beration or production in situ of nmanganese or nmanganese ions. Preferred
inorganic nmetallic conpounds in an enbodi nent of the present invention can
i ncl ude by exanple and without limtation fluorides, chlorides, bromdes,

i odi des, ~oxides, nitrates, sulfates, hos hates nltrldes hydrldes

hydr oxi BE9SPREFBY FarbIsiion Rymiodusts-t Resl érﬁe %ﬁaaﬁ@éﬂ@morrap@@n@ﬁm
phosphates will be operative in the present invention and may, in certain
fuel s andcbabiseibal Hpppresent dnventing: inphade plcahvds cdgehiles, adonéonal
sul fur and 13 phosphorus combusti on byproducts. Preferred organonetallic
conpoundsters, anhydridosli swiftnages pleogphegerits, chalatespphenstasderaboohol s,

al dehydes, ketones, esters, anhydrides, sulfonates, phosphonates,

chel at esthqise natlessylicranuts, ednedes, acatyb axytonatesials] ndartules, thaostfy |
acetonates, and m xtures thereof.

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

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,
tetrarnethylcyclopentadienyl manganese tricarbonyl,
pentamethylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl
ﬁmgmese 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 tricarboriyl, and the like, including mixtures of two or more

14



Especially preferred nmanganese contai ning organonetal |l i c conpounds acre
manganese tri carbonyl conpounds. Such conpounds are taught, for exanple,
in US Patent Nos. 4,568,357; 4,674,447; 5,113,803; 5,599, 357; 5,944,858
and European Patent No. 466 512 131. Suitabl e nmanganese tri carbonyl
-conpounds whi ch can be used in the practice of this invention include
cycl opent adi enyl nmanganese tricarbonyl, nethylcycl opentadi enyl nanganese
tricarbonyl, dinethylcyclopentadienyl nmanganese tricarbonyl,
tr|nethylcyclopentadienyl manganese tricarbonyl,

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

ﬁ:ﬂé:gﬁéﬁﬁ#ﬁ¥clo ﬁﬁ%gdeQ%Fﬁagﬁg g;gﬁ rlcarglle &L ethélcgclopentadlenyl

propyl cycl o entﬁdlenyl manganese trlcarbﬁnyl |sopropyICéghopentadlenyl

manganesSECH a5 B at soont tempgTatyies shehtatmetyyicrelrganeskenyli car bonyl
octyl cycl opent adi enyl . manganese tri carbgnyl, dodecylc cloggntadlenyl
nmanganedBangapeshtiarboryh rthechglopgatasieny awe%éw avhdigadbonyl |

i ndenyl manganese tricarbonyl, and the like, including mxtures of two or
nmore 14 @H@Hr%%@cﬂk@@enmdﬁréﬁmwm&eﬁél@bmﬂm@du enyl manganese
tricarbonyls which are liquid at roomtenperature such as

met hyl cyoedpéepdoparpdienyd nyangse:ser ircarboamyl, mistimesofcl opent adi enyl
manganese tricarbonyl, liquid
methylcyclopentadienyl manganese tricarbonyl and ethylcyclopentadienyl
manganese tricarbonyl, etc.

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

When formulating additives to be used in the methods and systems of
the prcseht invention, the manganese compounds are employed in amounts
sufficient to reduce the impact of poisons, e.g., éulfur, lead, zinc, soot and
phosphorus, on the after treatment systems, reduce the fate 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 alternatively, 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.
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m xtures of cycl opentadi enyl nmanganese tricarbonyl and

nmet hyl cycl opent adi enyl manganese tricarbonyl, m xtures of

met hyl cycl opent adi enyl manganese tricarbonyl and et hyl cycl opent adi enyl
_manganese tricarbonyl, etc. Preparation of such compounds is described in
the literature, for exanple, U S Pat. No. 2,818,417, the disclosure of
which is incorporated hereininits entirety. Wien fornmul ating additives
to be used in the methods and systens of the present invention, the
manganese conpounds are enployed in anpbunts sufficient to reduce the

| npact of poisons, e.g., sulfur, lead, zinc, soot and phosphorus, on the
after treatnent systens, reduce the rate of soot accunul ation, reduce the

t enper atSsegeat, MhilCRelsba, J0Dt Fexieiiiaz g5 G.aenobd 4)eF. WsRoge ae¥das) . enhance
the operation of after treatnent systens including, for instance, a

cat al yzegthk£5eK-Ray Wheetatien idHdratterRatiaht @TDRbEVMELNau s PEARLIlAMRYUS| Y
regenerating technol ogy diesel particulate filter. Manganese conpounds are

bel i eVe%fﬁﬂithBﬁs%f@}rﬁﬂﬁ&Bﬁ Ak RenePtRnSduestd PRI AsREQYRE vt hose
poi sons from bi nding or depositing on an affer treatnment system such as

the cat el Web@aehtadibs EbaRELNLBAPHCUhAI, No. 580, 6372008). Fof-+ A J-
Nel son, J. L, Ferreira, J. Q% Reyno]ilds, J. W %oos and’S. D.
instance, manganese sulfates and phosphates may be formed and are trapped
~ within a filter. These manganese sulfates and phosphates do not form a glaze
over or otherwise tie up catalytic sites in a filter. This mechanism is
distinguished from other additives such as platinum. Platinum compounds do
not bond or otherwise complex with poisons such as sulfates and phosphates.
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.
itis bagic chemical differences such as those described hereiz} that distinguish
manganese from other metals like platinum. In formulating additives for use in
the present invention, therefore, it is important that effective aimounts of
manganese be employed, and further f.hat 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
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Schwab, "X-Ray Absorption Characterization of D esel Exhaust Particul ates,

| F Applications of Synchrotron Radi ati on Techniques to Materials Science
V, . Materials Research Soci ety Conference Proceedi ngs, No. 590, 63 (2000).
For instance, nmanganese sul fates and phosphates may be formed and are
trapped wthin a filter. These manganese sul fates and phosphates do not
forma glaze over or otherwise tie up catalytic sites in a filter. This
mechani smis distinguished fromother additives such as platinum Platinum
conpounds do not bond or otherw se conplex with poisons such as sulfates
and phosphates. Instead, it is hypothesized in the literature that

pl ati num coppounds i.n an qﬂﬁ%tive act .to replace. or substitute as the
cat al yst R{ﬁ@ﬁﬁ&ﬂ?ﬁ&@}oﬁt gf e opnd posy lgregqgibgy %ﬁ‘é‘ﬁ}i i&P ghottter ences
such as those described herein that distinguish manganese from other
metal s | i3¥P8( B num In fornulating additives for use in the present
invention, therefore, it is inportant that effective anpbunts of nanganese
be enpl oyed, dk¢ teom falterttreatment sishem” pptiard dbrpeshmiy thiseapplinatioe to
additionally incorporated nust not have any negative effects on the
manganes anpae Ry syissemTHevirapurethod, eneembination therfeof Heataaktistonvtharay be
sel ected based on the concentration of sulfur in the diesel fuel. A
pr ef er r edxbipeat sbetm ar entfsibhe resaliggnfem tonpouwbtistian diex diesekfirds of 100
ng of manganese/ liter, nore 16

“After treatment systems” include all types of diesel particulate filters - -

catalyzed and uncatalyzed, lean NOx traps and catalysts, select catalyst

reduction systems, SOx traps, diesel oxidation catalysts, mufflers, NOx sensors,

oxygen sensors, temperature sensors, backpressure sensors, soot or

particulate sensors, state of the exhaust monitors and sensors, and any other

types of related systems and methods.

There are multiple types of diesel particulate filters (DPFs).

Conventional, uncatalyzed DPFs are a well-known teéhnology 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 filters” (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
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preferably up to about 50ng/liter, and nost preferably about | to about
30ny/liter. The term"after treatnent systent is used throughout this
application to nean any system device, nethod, or conbination thereof
that acts on the exhaust streamor em ssions resulting fromthe conbustion
-of a diesel fuel. "'After treatnent systens" include all types of diesel
particulate filters - - catal yzed and uncatal yzed, | ean NO traps and

catal ysts, select catalyst reduction systens,'SO, traps, diesel oxidation
catal ysts, mufflers, NOXx sensors, oxygen sensors, tenperature sensors,
backpressure sensors, soot or particulate sensors, state of the exhaust
noni tors and sensors, and any other types of related systens and net hods.

There ar | tiple,.t S diesel particulate filters (DPFs).
Convent i ﬁgﬁ?&ﬂﬁﬁﬁpﬁﬁgggéﬁ =9 é”%mﬁgfpgﬁﬁ%%ﬁ;%%chnology that has been
used for many years._ in operation pnbusti on bypr.oduct ch,.as
par ti cul at es Difeeldysts rhen F%fﬁbé‘&teéﬁﬁl Fﬂ%’ﬁle&ﬂp&% gé’dg Bt Gr%ﬁ'? G5t £ .
"Catal yzed diesel particulate filters"” l(zl'gq DPFs) are filters j ncorg%ati ng a
cat al ystcycls egpit wintimed oot iperbicles dBER g exhdatt F%SUEaR e PSR HIEE t he
oxidation tenperature of the combustion byproducts; captured in. the
filter. ogidren temperainirg of septitfeinceresss of PO0E, & isidesirabls B 8B RIBhol i t hi ¢
type filters. A "continuously regenerating technol ogy diesel particulate
filter" cafRfsBPEthéswithin or preceding the filters to lower the soot oxidation
temperature. A catalyst that is part of the filter substrate, i.e., a catalyzed
- diesel particulate filter, or C-DPF, requires an exhaust temperature between
325 and 400°C to initiate filter regeneration. Regeneration is the oxidation of
accumulated soot. In this system, the soot accumulates on the catalytic sites
| within the filter substrate and the combination of temperature, pressure and
the presence of the catalyst lower the temperature required for regeneration. In
a continuously regenerating technology diesel particulate filter, soot oxidation
temperature is reduced because the catalyst oxidizes NO in the exhaust gas to
NO,. 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
combustion byproduct(s) such as poisons, soot and other particulates. The

combination includes covalent or ionic reactions or any other binding of the

metal compound with the combustion byproduct. Further, the term
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system where the catalyst is a separate, flowthrough substrate that
precedes 17 the diesel particulate filter in the exhaust passageway. D esel
fuel s, when conbusted in engines operating under the diesel cycle, emt
unburned soot particles into the exhaust gas stream Because the oxidation
.tenperature of soot is in excess of 500C, it is desirable to enploy
catalysts either within or preceding the filters to | ower the soot
oxidation tenperature. A catalyst that is part of the filter substrate,

i.e., a catalyzed diesel particulate filter, or G DPF, requires an exhaust

tenperature between 325 and 400C to initiate filter regeneration.
Regeneration is the oxidation of accumulated soot. In this system the
soot accEamPastiendwyrRg ekt cades, Hutds nafilimpited tpePastiqidatesy5egthat e and
t he conbi nati on of tenperatur pressure and the presence of the catal yst

e
| over t hEnhemsersaots encembusier hyAroegbaae PGl éomEUstst | nuous! y
regenerating technol ogy diesel particulate filter, soot oxidation
t enper athydeo¢arhoggu cenh vsted b drorarbana)l gxides of gitregerN@nd anyietbghgast gas
to NO2. The increased |evel of NO2 pronotes an increased | evel of soot
oxi dat i ompow pduiticld he cénpoemd g teenits ffaunhleeomibustiooophduriechg” are
i ntended herein to describe the conbination of or reaction by the
manganese CoORe&irghogisagporade whirdugient sfoiieustinotenbypicedtit (sg ceutdktas

poi sons, soot and other particul ates. The
of operation of an emissions after treatment system. The term “enhanced”
means an improvement in the operation of an after treatment system relative to
the operation of a similar system that does not have a manganese compound
combusted or injected or otherwise streamed through it. “Enhanced” operation

- includes, but is not limited to, reduction in the impact of poisons on the

emissions control system, reduction in the rate of soot accumulation, and _
reduction in the temperature at which the soot is oxidized in the filter.

When the emissions system co.ntajns a éomponent whi(;h is poisonable
by combustion byproducts (such as those containing sulfur, phosphorus, lead,
zinc or soot), for instance, a barium-containing lean NOy 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 einissions system poisons
(e.g., sulfur) the manganesé may be suitable for use as scavenging agents.

Further, the manganese scavengers of the present invention can reduce the
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conbi nation includes covalent or ionic reactions or any other binding of
the netal conpound with the conbustion byproduct. Further, the term 18
"conbustion byproduct” includes, but is not limted to, particul ates, soot,
“unbur ned 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 treatnment systemrelative to the

operat | bindheal Fhbak SUSHEMbIA-15% Ot ep Ao RARRCIEE OTROUA

conbust or 1 nject othefw se streaned thro anc

poi sons Bt PRt ERfns Wnt 8 Aaps JrLFE st HfH b Sadh S0P RFbal
accunul ation e tenperature at which the soot is

. aenc{ fJ"_glducti ontj nt

oxi di ze(fniﬂﬁoqlﬁérf i TteF PRORER Y& B s si ons system cont ai ns a comnmponent
whi ch is poisonable by conbustion byproducts ésuch s ,t.hose caont ai ni ng
sul fur, phosgﬁ 13 jQvendgh, whepdhegnagggpyse £ep ﬁl?fﬁga?m‘&%l,‘b%me catalyst
bariumcontaining lean NOx trap, the present invention provides novel
met hods W% Uppdit gPAPiaatontifychae \99\%?13@1’@6 Hhefewas\gn HogRticiRatede site
(e.g., bariun) in the |ean-burning exhaust. As |long as the

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

regeneration temperature is reduced below the regeneration temperature

observed with either the fuel-borne catalyst or CRT-DPF alone.

Example 1

The additives useful herein are organometallic, manganese containing
compounds soluble or dispersible in diesel fuel. The manganese promotes the
oxidation of carbon particulate matter. The exhaust gas after treatment device
is a continuously regenerating technology diesel particulate filter (CRT-DPF).
Upon introduction 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 tqand during accumulation within the CRT-DPF. The measure of soot
loading within a filter is the increase in exhaust gas backpressure (EGBP). A

comparison of EGBP profiles during base and additized fuel soot loading tests
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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 manganese nay be suitable for use as scavengi ng
agents. Further, the manganese scavengers of the present invention can
reduce the 19 detrinental inpact of other poisons such as sulfur,
phosphorus, |lead, zinc, or soot on em ssions control systens of the |ean
burn conbustion systens in one enbodinent of the present invention. In
this invention, when the nmanganese contai ning, fuel-borne catalyst was
used in conbination with the CRT-DPF, there was an unanticipated benefit.
There is a |l ower soot accunulation rate within the CRT-DPF and the

LI | LR B aa%%%o;raocﬁ@ B <

:

I saghﬁggﬂefa%ﬂg&f%ﬁé}%esa hse”@'h‘%%cﬁcﬁs -
R W e
CRT- DPF), . f f h nb hanb
it uh bt S Rtk

t he carbon, fraction . .
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
Tricarbony! (MMT} Can Play in Improving Low-Temperature Performance of
- Diesel Particulate Filters” which is incorporated herein in its entirety.

The base fuel used in this example was an ultra-low sulfur diesel fuel
obtained from Phillips. This fuel had a nominal sulfur level of 3 ppm. The
additive was provided so that the additized fuel had 20 mgMn/liter. The

additive used was MMT® (Ethyl Corporation).
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.of the particulate matter, accelerating the oxidation reactions that take
“*place prior to and during accunulation within the CRT-DPF. The neasure of
soot loading within a filter is the increase in exhaust gas backpressure
.(EGBP). A conparison of EGBP profiles during base and additized fuel soot
| oadi ng tests 20 are shown in Figures 1 and 2. Figure 1 displays the
initial soot accunulation profile prior to catalyst light-off, and shows
that use of the additized fuel leads to an inmredi ate benefit of reduced
EGBP. The continuation of this benefit through 10 hours is displayed in
Figure 2. The soot accunulation rate for base fuel, as measured by EGBP

i ncrease, is tested, the rate is
reduced by a f act BT-DBF LORD B NURISFR KPR NI THROUT . re details regarding
this testlng descrlbed hereln IS contalned in SAE Pager No. 2002-01-2728,
"The Rol e|Thats Meth ||y—| uyul U|JCIIL otie cnyl |vanganese T+ ar bonyl (MVIT) Can Pl ay

in Inproving Loy Tenperature Performance of Diesel|Rarticulate Filters"
whi ch i s il ngop.pe+rated--herein—in—its—entiretyy—Fhe—-bhde fuel used in this

exanpl e wzsian dltra-low sul fur diesel fuel obtaineq fromPhillips. This
fuel had rorknal sul fur |evel aLA&ﬂaMﬂ"ﬂEEZEEa?tive was provided so

that the additized fuel had 20 ngWh/liter. The additive used was MMI(r)

( Et hyl Car por aéll?To—Bl):’F FI-L%ERJLOADING DURING FIRST 10 HOURS
14 '
1.2
| 1 ' roctnea NIt

oe lSlQpezo_DG kPathiMF_Base | ]
— MMT

04 N‘/'/( et st e W VN -/'-——/'M

oz /f"‘“\ujsmpe:o.oz kPafhour ]

1643 RPM, 50% Throttle
0 T L] T T T T T [ 7
0 1 2 3 4 5 6 7 B g 10

Normalized Delta P, kPa
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CRT- DPF LOADI NG DURI NG FI RST 12 M NUTES 0.5 0.4 2--? After filters are

| oaded with soot, it is useful to exam ne the tenperature where
regeneration (the burning-off of accunulated soot) will occur. Figure 3
shows the results of regeneration tests when base fuels and additized fuels
‘are burned. Wth unadditized fuel, filter regenerati on was not observed at
t enperatures exceeding 380C. Wth additized fuel, regeneration begins when
exhaust tenperature exceeds approxi mately 280C. The accunul at ed car bon
within the filter conbusts, leading to conplete filter regeneration

Not ably, once the soot is burned off, the engi ne backpressure remains

bel ow that anount of backpressure seen with the unadditized fuel. In other
words, not only does the soot burn off at a | ower tenperature with the
addi tized fueAftet HRerdarkRuEsdurich seoRiin hosfal té bamminé thebadgeidtnged f uel

as shown in Figure 3. CRT-DPF REGENERATI ON TEST 400 Base Fuel MNIT Fuel
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
burmned. With unadditized fuel, filter regeneration was not observed at
temperatﬁres 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,
once the soot is burned off, the engine backpressure remains below that

_ amount of backpressure seez;l 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-DPF REGENERATION TEST

2 g 400

"
-
q____f,,:rf | Base Fuel!

©.5 '250

0 ﬁ f MT Fuel ] 200

I Regeneration occurring at ~280°C

-
.
<

L
<
L~

kPa

Exhaust Temp, °C

Relative Backpressure Increase,

0.5 150
NN N g WM W WG g O o L L % w0
TN Yt g T g YT G W W g o ow
N w3 ~ W W W

Percent Throttle
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-0.5 Regeneration occurring at--280C. NN N 47 NN 47 47 0 40 CNr h N U
vVOu N v Pvi'; vvit; mvVO0O MNN4 LOLo K) It It v'dIt inlIn

Y7 'r) Percent Throttle 350 300 250 200 150 -7-3 Figure 3. Exanple 2 The
exhaust gas after treatnent device is a catalyzed diesel particulate

filter (CDPF). Upon introduction of the additized fuel into the conbustion
"chanber or exhaust stream the nmanganese is released and conbines with the
carbon fraction of the particulate matter, accelerating the oxidation
reactions that take place prior to and during accunulation within the

C- DPF. Because

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
. chamber or exhaust stream, the manganese is released and combines with the
carbon fraction of the particulate matter, accelerating the oxidation reactions
that take place prior to and during accumulation within the C-DPF. Because
the rate of scot accumulation is lower and the soot contains a catalyst metal,
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 foim stable metal complexes inclﬁding 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
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the rate of soot accunulation is |lower and the soot contains a catalyst
netal, the regeneration tenperature is reduced relative to what woul d be
expected with the CDPF and unadditized fuel. Exanple 3 In the
applications described in Exanples 1 and 2, the nmanganese used w Il form
-stabl e netal conpl exes including manganese-phosphates. A portion of the
manganese rel eased into the conbustion chanber or exhaust interacts wth
| ubri cant -derived phosphorus to formthe stable netal phosphates as solid
particul ate and this reduces or prevents phosphorus deposition on the
catal yst nmetal enployed in the CRT-DPF, or the C-DPF. The use of these

TANGANCS& 808t IMUIIbNRIeaAtcld URT Wb PR BSbERIONEALAL KRN LLOM

deteriorati rom phosphor us poi soni ng.

appl i cat}j cri ] itive used is
one t hatﬁ%géﬁg%%s%rﬁgﬁlﬁhgtfggﬁge@%ﬁg% “gglchrég eectst %?@?%EQE%EEI gg%rﬂrﬁgﬁni s

foll owedegﬁI a Igaﬂl- l\E)( ﬁ_tforaﬁ .device that is sensitive to sul fur

poi soni nrg. A &)r?l R RTPIHE VP8 eased into the conbustion chanber or
exhaust interacts with either fuel or lubricant-derived sulfur to form
stabl e manganese sul fates, thereby scavenging the SO2 and S03 and reduci ng

or
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
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 SOz and SO3 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
byproducf metals may cover and render ineffective catalyst sites on the surface
of the catalyzed DPF. “Sintering” is the fusion of combustion byproduct
Iﬁarticles on the filter surfaces as a result of the heat in that filter. The
manganese containing additive reduces the amount of sintering on the filter

surfaces, as compared to the amount of sintering when unadditized fuel is
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preventing deposition of sulfur species on the | ean-NOx storage device.
Exanpl e 5 The manganese contai ning additives of the present invention
enhance operation of an after treatnent system by reducing the sintering
of *conbustion byproduct netal on the surface of the DPF. The sintering of
conbustion byproduct nmetals may cover and render ineffective catalyst
‘sites on the surface of the catalyzed DPF. "Sintering" is the fusion of
conmbustion byproduct particles on the filter surfaces as a result of the
heat in that filter. The nanganese containing additive reduces the anpunt
of sintering on the filter surfaces, as conpared to the anount of
sintering when unadditized fuel is burned, and therefore increases the

ef f ecti vbuthédy afd therefdretiatredses ahs effsakeslifdhef tid filter. RatdsendleesciRan
because of the reduced sintering of the byproducts to the walls of the

filter. ftarphsiehtd RaFEBGRABSLIABBIRHNLEY sptdtinioVE@shefbyiiediees®the
i nventi on enhance operation of an after treatnent system by accel erating

ash bui | g4nsion tBe Bifer. but neverthel ess reduci ng rate of backpressure

i ncrease. The nmanganese binds with conbustion byproducts, e.g., sulfur and
phosphor ous oxi des, and forns stabl e nanganese conpounds that are then
trapped as and with the ash

Example 6

The m.a.nganese containing additives of the present invention enhance
operation of an after treatment system by accelerating ash buildup in a DPF
but nevertheless reducing rate of backpressure increase. The manganese |
binds with combustion byproducts, e.g., sulfur and phosphorous oxides, and

. forms stable manganese compounds that are then trapped as and with the ash

- in the filter. Surprisingly, it has been discovered that this literal increase 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 chai'lges,
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
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in the filter. Surprisingly, it has been discovered that this literal
-increase in ash does not increase backpressure. Further, by using a
manganese containing additive, the DPF will need to be cl eaned | ess often
~and the ash can be nore conpletely renoved when it is cleaned. It is to be
understood that the reactants and conponents referred to by chem cal nane
anywhere in the specification or clains hereof, whether referred to in the
singular or plural, are identified as they exist prior to conmng into
contact with another substance referred to by chem cal nanme or chem cal
type (e.g., base fuel, solvent, etc.). It matters not what chem cal
changes, cormmpemnsiisr tegethmrsunadel Gre caulitivonsalled fempyurswke 9l dde in the
resulting m xture or solution or reaction nmedium as such changes,

t r ansf ordiastlosnse.aftisrthereactdrinsnal eormpeneatsual idensifiet aaf infpréedighbgtd he
specified reactants and/or 261 conponents together under the conditions

cal | ed flor bpaugitatoigetigertditiser il safosnihg. a dbsised bRengedt@atEoarngusiorponent s
are identified as ingredients to be brought together either in performng

a desi r ggneReRnCal thead@ghhomdtslehcoaspolRd) @t indforafing Red adisan eamipdkitich
conpound) or in formng a desired conposition (such as an additive

concent r@heh s AdAubiFRAcSmantPien)additizéd RheldisQapert wigcQgRitked that the
addi tive conmponents can be added or blended into or" with the base fuels’

i ndi vi dygbbynRes that BLABiIRR SHTPOREMsScHSEY aliReli ¥ BIBded into or with

the base fuels individually per se and/or as components used in forming
preformed additive combinations and/or sub-combinations. Accordingly, even
though the claims hereinafter may refer to substances, components and/or

. ingredients in the present teﬁse (“comprises”, “is”, etc.), the reference is to the
substance, components or ingredient as it existed at the time just before it was
first blended or mixed with one or more other substances, components and/or
ingredients in accordance with the present disclosure. The fact that the
substance, components or ingredient may have lost its original identity through
a chemical reaction or transformation- during the course of such blending or
mixing operations or immediately thereafter is thus wholly immaterial for an
accurate Undérstanding 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.
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prefornmed additive conbinations and/or sub-conbi nations. Accordingly, even
t hough the clainms hereinafter may refer to substances, conponents and/or
ingredients in the present tense ("conprises", "is", etc.), the reference
is'to the substance, conponents or ingredient as it existed at the tine
just before it was first blended or m xed with one or nore other

‘'subst ances, conponents and/or ingredients in accordance with the present

di scl osure. The fact that the substance, conmponents or ingredient nay have
lost its original identity through a chemical reaction or transformation-
during the course of such blending or mxing operations or imrediately
thereafter is thus wholly inmmterial for an accurate understanding and
appr eci at i on THistihventibis ¢4 eascaptibid to ensiderable viahistionf in ks prastienus pl aces
t hroughout this specification, reference has been nade to a nunmber of U S
Pat ent s, Tﬁé&@f&@h@@ fooe d@jlgg deatsiptioaipiniot ahfemasdandimipuahd sieuld ectitiec al
papers. such cited docunents are expressly incorporated in full into

this disﬁ%ﬁﬁﬂ&@d%%lhﬁﬁi |theSBVek @61 o ke panticulh? cXamplificatiohson i s
susceptible to considera )l'e variation inits practice. Therefore the

f or egoi ngréi;%ﬁféd HE%&Habév@ORaﬂ%erﬂ@ﬁ ikQntdrdeld, todcshoed ts aetsebforth

construe ltmting, the invention to the particular exenplifications

pres® esent eg, Rer &) 0V E i RE LAY the WlivaRntd HRALEHpE R ACAY BIAdteS 0SB et
Patentee does not intend to dedicate any disclosed embodiments to the
public, and to the extent any disclosed modifications or alterations may not

literally fall within the scope of the claims, they are considered to be part of the

invention under the doctrine of equivalents.
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in the ensuing clainms and the equivalents thereof permtted as a matter of

| aw. Patentee does not intend to dedicate any discl osed enbodi nents to the
public, and to the extent any disclosed nodifications or alterations may
not literally fall within the scope of the clains, they are considered to
be part of the invention under the doctrine. of equivalents. -2-7 Wat Is
Clained Is: 1. A nethod of reducing the negative effects of ash

accurrul ation in a diesel fuel combustion system conprising: supplying a

di esel fuel conmprising an additive that includes a nmanganese conpound to a
di esel fuel conbustion system wherein the conbustion system conprises a.

cat aI yze@hgwégﬁm%& FSC‘“ ate filter, conbusting the fuel in the conbustion

syst st one byproduct conprising the manganese
conpound t he manganese conpound bei ng supplled in an anount effectlve to

conplex with th ne. coggustlon b wher eb
backpr essure i sgr eé%oé%gg%rse &’15 e nﬁﬁ?ﬁﬁ"%gﬁ%"g Eﬁgadﬁ}c‘tc%%laﬁ?g‘l msa A
met hod of. elq.uc he,.ne ve ef fects of ash accunulation in a di esel
fuel corhGefitH % LHes P‘?Pﬁﬁ“uni&ng
supplying a diesel fuel comprising an additive that includes a manganese
compound to a diesel fuel combustion system, wherein the combustion system
comprises a catalyzed diesel particulate filter,
combusting the fuel in the combustion system to produce at least one
' byprodudt comprising the manganese compound,
the manganese compotind being supplied in an amount effective to
complex with the at least one combustion byproduct,

whereby engine backpressure is reduced as compared with using

unadditized fuel.

2. A method of reducing the negative effects of ash accumulation in a

diesel fuel combustion system comprising:
| supplying a diesel fuel comprising an additive that includes a manganese

compound to a diesel fuel combustion system, wherein the combustion system
compﬁses a continuously regenerating technology diesel particulate filter,

combusting the fuel in the combustion system to produce at least one
byproduct comprising the manganese compound,

the manganese compound being supplied in an amount effective to

complex with the at least one combustion byprodl.ict,
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supplying a diesel fuel conprising an additive that includes a manganese
conpound to a diesel fuel conbustion system wherein the conbustion system
conprises a continuously regenerating technol ogy diesel particulate filter,
conmbusting the fuel in the conbustion systemto produce at |east one
byproduct conprising the manganese conpound, the nmanganese conpound bei ng
‘supplied in an anpbunt effective to conplex with the at |east one
conmbusti on byproduct, z7 whereby engi ne backpressure is reduced as conpared
W th using unadditized fuel. 3. A nmethod of reducing engi ne backpressure
after filter regeneration in a diesel fuel conbustion system conprising:
supplying a diesel fuel conprising an additive that includes a nmanganese
conpound to avidérebylerfginé backprsisuoa isysdwrad adesmiparéd evicowRisd | on system
conprises a catalyzed diesel. particulate filter, conbusting the fuel in
The conbugsiddiizefstieln t o produce at | east one byproduct conprising the
manganese conpound, the nanganese conpound bei ng supplied in an anount
effective to conplex with the at | east one conbustion byproduct, whereby
engi ne backpressure after filter regeneration is reduced as '

3. A method of reducing engine backpressure after filter regeneration in
a diesel fuel combustion system comprising:

supplying a diesel fuel comprising an additive that includes a manganese
compound to a diesel fuel combustion sj'stem, wherein the combustion system
comprises a catalyzed diesel particulate filter,

combusting the fuel in the combustion system to produce at least one

-~ byproduct comprising the manganese compound,

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

whereby engine backpressure after filter regeneration is reduced as

compared to unadditized fuel.

4. A method of reducing engine backpressure after filter regeneration in
a diesel fuel combustion system comprising:

supplying a diesel fuel comprising an additive that includes a manganese
compound to a diesel fuel combustion system, wherein the combustion system
comprises a continuously regenerating technology diesel particulate filter,

combusting the fuel in the combustion system to produce at least one

byproduct comprising the manganese compound,
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conpared to unadditized fuel. 4. A nethod of reducing engi ne backpressure
after filter regeneration in a diesel fuel conbustion system conprising:
supplying a diesel fuel conprising an additive that includes a manganese
conpound to a diesel fuel conbustion system wherein the conbustion system
.conprises a continuously regenerating technol ogy diesel particulate filter,
conbusting the fuel in the conbustion systemto produce at |east one

bypr oduct conprising the nanganese conpound, 30 the manganese conpound

bei ng supplied in an anount effective to conplex with the- at |east one
conbusti on byproduct, whereby the engi ne backpressure after filter
regeneration is reduced as conpared to unadditized fuel. 5. A nethod of
reduci ng si ntére mgnghnespbasipoymdbheingdumpliesnineanpeyaint ¢gffactiveutbat e fil ter
in a diesel fuel conbustion system conprising: supplying a diesel fuel

conpr i si agmatexaditiht theeat least bnelcoddsustiorabhgprebet, conpound to a di esel fuel
conbustion system wherein the conbustion system conprises a catalyzed

di esel parti cathatebyf iHd @figine GrHekpiésgre idtdrifitteri legbheratiombissiedded ¥st em t o
produce at |east one byproduct conprising the manganese conpound, :

compared to unadditized fuel.

5. A method of reducing sintering of combustion byproducts on a diesel
particulate filter in a diesel fuel combustion system comprising:

supplying a diesel fuel comprising an additive that includes a manganese
compound to a diesel fuel combustion system, wherein the combustion system
comprises a catalyzed diesel particulate filter,

combusting the fuel in the combustion system to produce at least one
byproduct comprising the manganese compound,

| the manganese compound being supplied in an amount effective to

complex with the at least one combustion byproducf,

whereby sintering of combustion bypr.oduct"s' on the filter is reduced as |

compared to using unadditized fuel.

6. A method of reducing sintering of combustion byproducts on a diesel
partictzlafe filter in a diesel fuel combustion system comprising:

supplying a diesel fuel comprising an additive that includes a manganese
compound to a diesel fuel combustion system, wherein the combusﬁon system

comprises a continuously regenerating technology diesel particulate filter,
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t he manganese conpound being supplied in an anount effective to conplex
with the at | east one conbustion byproduct, whereby sintering of conbustion
byproducts on the filter is reduced as conpared to using unadditized fuel.
6. A net hod of reducing sintering of conmbustion byproducts on a diesel
.particulate filter in a diesel fuel conbustion system conprising: supplying
a diesel fuel conprising an additive that includes a manganese conpound to
a diesel fuel conbustion system wherein the conbustion system conprises a
continuously regenerating technol ogy diesel particulate filter, 31
conbusting the fuel in the conbustion systemto produce at |east one-
byproduct conprising the nanganese conpound, the manganese conpound bei ng
suppl i ed i n @embwsinng éhe fael incthecorsbuptien sytem thpraduteaticashene
conbusti on byproduct, whereby sintering of conbustion byproducts on the
filter ibypreductdonprisingpiheedatgansiengpropadoids i zed fuel. 7. A nethod of
scavengi ng conbusti on byproduct poisons in a diesel fuel conbustion system
conpri sing: shpphyhganesadc@ngbuhddieingmuppticddnam agdivrit\wdfectiae tbncl udes a
manganese conpound to a diesel fuel combustion system wherein the
conbust i @nplextwith the at least one combustion byproduct,

whereby sintering of combustion byproducts on the filter is reduced as

compared to using unadditized fuel.

7. A method of scavenging combustion byproduct poisons in a diesel fuel
combustion system comprising:

supplying a diesel fuel comprising an additive that includes a manganese
compound to a diesel fuel combustion system, wherein the combustion system
comprises a catalyzed diesel particulate filter,

combusting the fuel in tﬁe combustion system to prodﬁce at least one
byproduct comprising the manganese compound,

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

whereby the combustion byproduct poisons effect on the filter is reduced

as compared with using unadditized fuel.

8. A method of reducing scavenging combustion byproduct poisons in a
diesel fuel combustion system comprising:

supplying a diesel fuel comprising an additive that includes a manganese
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conprises a catalyzed diesel particulate filter, conmbusting the fuel in the
conbustion systemto produce at |east one byproduct conprising the
manganese conpound, the nmanganese conpound being supplied in an anount
effective’'to conplex with the at |east one conbustion byproduct, whereby

t he conbustion byproduct poisons effect on the filter is reduced as
conpared with using unadditized fuel. 8 A nmethod of reducing scavengi ng
conbusti on byproduct poisons in a diesel fuel conbustion system
conprising: supplying a diesel fuel conprising an additive that includes a
manganese 3 Z conpound .to a diesel fuel conbustion system wherein the
conbustion system conprises a continuously regenerating technol ogy diesel
particulate filter, conbusting the fuel in the conbustion systemto produce
at | eastompoursl s adliescl dupbedmbhigtiohesystienya rdsweiptipo combbustemsygemes e
conpound being supplied in an amount effective to conplex with the at

| east otempoiHesst comtibypueiuctgenahaied yedthmologyrdissel partiypiate fitter poi sons
effect on the filter is reduced as conpared with using unadditized fuel.
33 combusting the fuel in the combustion system to produce at least one '

byproduct comprising the manganese compound,

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

whereby the combustion byproduct poisons effect on the filter is reduced

as compared with using unadditized fuel.
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