METHOD OF OXI DI ZI NG SOOT AND REDUCI NG SOOT ACCUMULATI ON IN 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
i mprovi ng operation of conbustion exhaust after treatnment systens. The
addi tive contains one or nore manganese conpounds. The additive can be,
I ntroduced 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
wi-ll 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 | known in the ptpyphi b ORIBEEING STORAND MMSHENMSHBT
hydr ocar bonaceous fytSURFELAHOIRIN A DI CRUER B}‘@ﬁj @IOIﬁrmkestack) -
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em ssi ons by using various s ) e nost common net hod
for reducing em ssions fromspark ignition éengines is by careful control of
the air-fuel ratio and ignition timng. Retarding ignition tim-ng fromthe

best ef ff‘iigfae(r)}c : tG:sletvtei reduces HC and NO. em ssions, while excessive

retard of———u—gﬂﬁi‘rﬁﬁl—t—ﬂwﬁagases the output of CO and HC. |ncreasing engine

speed reduces o ' : o

sp The present invention relates to the use of a fuel additive for protecting
and improving operation of combustion exhaust after treatment systems. The
additive contains one or more manganese compounds. The additive can be

N ‘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 incbrporate 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

hydrocarbonaceous fuels are burned, to reduce tailpipe (oi' smokestack)

'\ !
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_emissions by using various strategies. For example, the most common method
for i'educing emissions from spark ignition engines is by careful control of the

' -air-fue_I 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 em ssions, but NO em ssions increase with |oad. Increasing cool ant
tenperature tends to reduce HC em ssions, but this results in an increase
in .NOx emssions. It is also known that treating the effluent stream from
a conbustion process by exhaust after treatnment can | ower em ssions. The
éffluent contains a w de 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 treatnment using a
three-way catalyst and a lean NOx trap. OQther catalytic and non-catal ytic
met hods are al so known. Thermal reactors are noncatal ytic devices which
rely on honogeneous bul k gas reactions to oxidize CO and HC. Fbmever, I n

thermal r unaffected., Reactjions are en ed by
i ncr easi nlg%gé g‘%’g{n é)rjfiﬂ:z[\r] 881%438 Y vpgb?%aecg %rb%?gg‘%g %‘?10 {:I o or
retarded timng). or | ncreas exhaust sti bl rich mxtures).
Typi cal | y<1§ é‘?“?t'ifpg‘é tgrredipg ef‘géﬁlonﬁdc’ug%ﬁorreéu e‘g‘r%‘ﬁéﬁl?@as? B peak
.eff|C|encIé Usyally, the engine is run rich to. give 1 percent CO and air

is inject CRESSIPRE exhaust. Thermal reactors are sel dom used, as the
required setti ng dramatically reduces fuel efficienc Catal ytic systens

are capabl e -ofit Fetlgeimgwobatstirarting dbe sifhaent vigean repya ombesiisrer . a
reduci ng environnment for NO treatnment is required which necessitates a
ri cher tHuAcetsehy cshaystalterbratngnheanilowtuemissivne. The effiulsad contains

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
kﬁown to provide exhaust after treatment using a three-way catalyst and a lean
NOx trap. Other catalytic and non-cafalytic methods are also known.

Tht?rmal 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
exhaust combustibles (rich mixtures). Typically, temperatures of 1500 °F (800
DC) 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 s;etting dramatically reduces fuel efficiency.
F)atalytic 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




2'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. Single stage, three way catalysts (TWC s) are wi dely used, but
they require extrenely precise fuel control to be effective. Only in the
close 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 nonoxi de or NOx em ssions. Such TWO
systens .can enploy, for exanple, either a zirconia or titanium oxide
exhaust oxgtgemtcsanspbe Wiedirhehidly bR @finfprbalfitos®RReoad Gtaed eSeRRAGk

el ectronic controls systemto mnmintain the required air-fuel ratio near
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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
mate_rials include cerium, platinum and palladium.

Diesel systems raise a different set of challenges for emissions control.
Strategies for reducing particulate and HC inciude optimizing fuel injection and
dir motion, effective fuiel 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 lubrication 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
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In terms of after treatnent, it is known that diesel engines generally bum
1 ean and t'he exhaust will therefore usually contain excess oxygen. Thus,
NOx "3 reduction with conventional three-way catalysts is not feasible. NOX
s renoved fromdiesel exhaust by either selective catalytic reduction,
the use of |l ean NOx catalysts 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

r egener alicaicaan With RofventibRalBireE iy Sl@lats iDBW: Eeszles}m%gigg%gg R

currently under review nmay necessitat raps.
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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
| Iubricant can contribute to increased particulate emissions. Catalysts have
 been developed for diesels which are very eﬁ‘ecﬁve.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 cutrently NOx
8 3 cannot be reduced effectively from oxidi:zing exhaust using a typical three-way
catalyst because the high levels of oxygen suppreés the necessary reducing
reactiqns. Without a NO, adsc;rbgzr 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




réeactions. Wthout a NOx 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 NOL fromthe exhaust, retaining it for
reduction at 4 sone later tinme. Periodically, the LNT nust be regenerated
by reducing the NO, . This can be acconplished by operating the engine
under rich air-fuel ratios for the purpose of purging the trap. This
change in operating conditions can adversely effect fuel econony as well
as driveability. These LNT's nmay also be placed on diesel engines, which
al so operate in a lean air-fuel node. As in the |ean-burn gasoline
engi nes, the exhayst of bhot.h pes engi nes i s net oxidizing and ,
t her ef or £9448¢ ﬁ%‘ier gﬂﬂﬁl}%‘?%é‘%h¥ ’hgmr ﬁ‘&@d}iﬂ@t ® ZBRGTSHa ke §%‘i‘|“§mgother enpbve
NO.. It is_an,gbject of the present invention to inprove the storage
effici ené}’xoan&‘%d% FaBile ascosmplished Ry opsrling Hroraggc waderskeh airfied of the
LNT before, retgeneration is necessary. It is well known that NO. adsorbers
~are hi ghitptips fpe the parpeseiebpurgiagiths trayg. Jiis ohaggen oporatingaphditions
Guyon et al., Inpact of Sulfur on NOx Trap Catalyst Activity-Study of the

Regener attegnadurgelyi effest fgaArdomonny Ko welBas dvive4hid88) ThesedlL VT 'shasy wbas,
Critical Topics in Exhaust Gas Aftertreatnent, Research Studies Press Ltd.

(2000) ppexaced ®n) diznel aigines pwhiticakorgsuhtd itga lémaift el noeddussien and
normal |ubricant consunption. It is an- object of the
.- the lean-burn gasoline engines, the exhaust of both types of engines is net
oxidizitng and therefore is not conducive to the feducing rea.ctions necessary to
femove NOx. Itis 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 Regenération Conditions, SAE ?ﬁper No. 982607
{1998}; and P. Eastwood, Critical Topics in Exhaust Gas‘ .;ﬁlﬁertreatment,
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
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present invention to provide fuel or lubricant compositions capable of reducing
the adv_éfse im'pact-o'f sulfur, and other exhaust byproducts, on the emissions
-system i’ncluding NOx adsorbers and LNTs.

Performance fuels for varied applicatioﬁs and engine requirements are

~ known for controﬂing combustion chamber and intake valve deposits, cleaning




present invention to provide fuel or lubricant conpositions capabl e of
-reducing "the adverse inpact of sulfur, and ot her exhaust byproducts, on
the em ssions systemincluding NO adsorbers and LNTs. Perfornmance fuel s
for. vari ed applications and engi ne requirenents are known for controlling
conbusti on chanber and intake val ve deposits, cleaning 5 ---------- - - -
---------- port fuel injectors and carburetors, protecting against wear and
oxi dation, inproving lubricity and em ssions perfornmance, 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.
Organonetal | i ¢ manganese conpounds, for exanple } nethylcycl opentadi enyl
manganese tricarbonyl (MMVI(r)), available fromEthyl Corporation of

Ri chnondpoit fugl injastons endhcanburetonss protectjng eighinst asaratid oxidation,

em ssi ons-reducing agents and as anti knock agent (see, e.g. U S. Patent

2, 818, 41itphprofieg dubmciip aeskembsgians gerfoaanbeemd sasutingl siordgedatabiity
formation in fuel induction systens (U S. Patents 5,551,957 and 5,679, 116),
spar kpl ugad cVlbweRth@liow. Gnfel 4¥etdrgnds, dispeiRaded, coyidseom ihkibtorBat ent s

stabilizers, oxidation preventers, and performance additives are known to
increase desirable properties of fuels.

Organometallic manganese compounds, for example
methylcyclopentadienyl manganese tricarbonyl (MMT®), available from Ethyl
Corf;oration 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. Ii;atent 4,674,447) and in exhaust systems (ﬁ.S. Patents
4,175,927; 4,266,946; 4,317,657, and 4,390345), Orgaﬁometallic iron
compounds, such as ferrocene, are known as well for octane enhancement

) " (U.8. Patent 4,139,349).

Orgmometa]lics 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




4,175,927, 4,266, 946; 4,317,657, and 4,390345). Organonetallic iron
conpounds, such as ferrocene, are known as well for octane enhancenent

(U S. -Patent 4,139,349). Organonetallics for exanple conmpounds of Ce, Pt,
M ar Fe anobng others have been added to fuel to enhance the ability of
particulate traps to regenerate or to directly reduce the em ssions of
particul ate fromdiesel or conpression ignition type engines or other
conmbustion systens. These additives function through the action of the
metal particles that are the 6 product of additive breakdown on the
particul ate matter during conbustion or in the exhaust or particulate
trap. Sunmary of the Invention Accordingly, it is an object of the present
i nvention to overcone the limtations and drawbacks of the foregoing
systens arRFofEchatizddigivererirdowmeen dhie Prsticulsite gnatteodyptisgtdoombustion orect.
and inprove the operation of conbustion exhaust after treatnment systens.
I n one entiBdhgerhaust apphodcalatedtagnci ng t he operation of an enission
after treatnment systemin a diesel fuel conbustion systemi ncl udes
supplying a diesel fuel conprising an additive that includes a nmanganese
conpound to a diesel fuel conbustion system The conbustion system

conpri ses a catalyzed

summary of the Invention

Accordingly, it is an object of thg present invention to overcome the
limitations a_nd 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 oﬁe embodiment, a method of enhancing the operation of an emission
after treatment systern in a diesel fuel combustion system includes supplying a

_ diesel_ fuel comprising an additive that includes a mangaﬁesc; 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

R

byproduct comprising the mmlganese ‘compound. The manganese is in an
effective amount to complex with the at least onel combustion byproduct. The
manganese compound or manganese jon may be an inorganic_: metal compound
or an -organometallic compound. The inorganic metal compound can be
sglected from the group consisting of fluorides, chlorides, bromides, iodides,

oxides, nitrates, sulfates,_ phosphates, carbonates, hydrides, hydroxides,




or, alternatively, continuously regenerating technol ogy diesel particulate
filter. The fuel is then conbusted in the conbustion chanber to produce at
| east one byproduct conprising the nanganese conpound. The nanganese is in
an effective amount to conplex with the at |east one conbustion byproduct.
The” manganese conpound or manganese ion nmay be an inorganic netal conpound
or an organonetal | ic conpound. The inorganic nmetal conpound can be

‘'sel ected fromthe group consisting of fluorides, chlorides, brom des,

i odi des, oxides, nitrates, sulfates, phosphates, carbonates, hydrides,
hydr oxi des, 7 ---------- -- nitrides, and m xtures thereof. The
organonetal lic conpound is selected fromthe group consisting of alcohols,
al dehydes, ketones, esters, anhydrides, sulfonates, phosphonates,

chel at-es, phenates, crown ethers, carboxylic acids, am des, acetyl

mangancs SRSy PR ERRt HraRgl Thr SaemERr IR AR jLrpgpd Tom
enbodi ment, a nethod of enhangi the operation of an em ssions after

t r eat mnﬂ“‘%%ﬁ%?‘ﬁmﬁgﬁg@g@&c&&gg’ %@ﬁﬁﬁaﬁ’%@?g?ﬁﬁt‘éﬁ’r&q@@ €§uppl yi ng a.
di esel fue} to a djesel fuel conpustion system The conbustion system may
conpr i seS@enatss, phgsphenates ghelages, phenpites,qrogn ethesniGarhiemslis acids,

regenerat i I’Jg t echnal og%/ di esel particulate filter. The fuel is conbusted in
a - amides, acetyl acefonates, and mixtures thereof. A preferred organometallic

compound is manganese methylcyclopentadienyl tricarbonyl.

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 digsel 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 coﬁlplexcs with at least
one combustion byproduct. The manganese compound which can be an

-~~~ . inorganic or organometallic compound js supplied in an effective amount to

Ry

: éomplex with the at least one combustion byproduct. The inorganic metal
compound or organometallic compound may be as noted ea.rliér herein,
?n a still further embodiment, an emissions contz_“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




conbustion systemto produce at |east one conmbustion byproduct in an
exhaust stream An additive conprising a nanganese conpound is injected
into the exhaust stream The manganese conpound conpl exes with at | east

one conbustion. byproduct. The manganese conpound whi ch can be an inorganic
or organonetallic compound is supplied in an effective anount to conplex
with the at | east one conbustion byproduct. The inorganic netal conpound
or organonetal lic compound nmay be as noted earlier herein. In a stil
further enbodi ment, an em ssions control systemfor the after treatnent of
a diesél fuel conbustion process exhaust stream conprises an exhaust
passageway. The exhaust. passageway all ows for passage of an 8 exhaust
stream cont ai ni ng exhaust byproducts fromthe conbustion of a diesel fuel
conprising_ a manganese conpound. This system al so includes a catalyzed or

cont i nuo§&hausk shcerhEoRtininE Fr Rypsedvctsdromdiegoanbystien of palisgsed

W thin the exhaust passageway and adapted to contact the exhaust stream
The exhafiael eampagingaApraRzEaNescrompeiead. dbipaysieruaisetinchulas @xes with at
| east one of the exhaust byproducts. The alternatives of possible
manganes eatadipslind sontiolguelyt tegsnersdingitdebmelogy dinsel particuldterfiltay
enbodi nent, an em ssion control systemfor the after treatnent of a diesel
fuel conbstted withiocdwsexhdvat passtganay andladiggedito contact the exhaust
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 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 .

N
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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 systein includes suppljing 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

9




exhaust passageway. The exhaust passageway for the passage of an exhaust
stream cont ai ns exhaust byproducts fromthe conbustion of a diesel fuel. A
catal yzed 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 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 enbodi nent, a

met hod of enhancing the operation of an em ssion after treatment systemin
a conbustion systemincludes supplying a fuel conprising an additive that

i ncl udes a manganese conpound to a fuel conbustion system The fuel is
then conpusdect anldabe oneriyyrbdast ehapbRing ehOnpimpauese 3bmRAGIA.0The

- byproduct conprising the manganese conpound. The manganese is in an

effectivg e i9 ¢ QR fRctiveldinblift 8 cbRPIéx AM® tHeOLMIeakt 8Aebyproduct. In
a still further enbodi nent, a nethod of enhancing the operation of an

em ssi ongo@thRtioh A ERALL.Systemin a conbusti on system conprises supplying
a fuel to a conbustion system The fuel is conbusted in a conmbustion system

to produce. af b eafl ruAfer GBS IhOR:, WRIRALE b bAnANCHRE AN pethliBa Br
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 conmipound complexes with at least one combustion by

product.

Detailed Description
" Theadditives used in the methods and systems of . the present invention
are inorganic or organometallic manganese containing compounds soluble in
-iﬁlels. This fuel is thén combusted in a combustion system that includes an
R 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 oxidaﬁon 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




addi tive conprising a manganese conpound is injected into the exhaust
stream The manganese conpound conpl exes with at | east one conbustion by
product. Detail ed Description The additives used in the nethods and.systens
of the present invention are inorganic or organonetallic nanganese
cont ai ni ng conpounds soluble in fuels. This fuel is then conbusted in a
conbustion systemthat includes an after treatnent system |t protects the
after treatnment systemfrom harnful conbustion byproducts that could

ot herwi se neutralize their effectiveness. The nanganese in the additive

al so pronotes the oxidation of carbon particulate matter. Upon

I ntroduction into the exhaust stream the nanganese cones into contact
with the carbon-fraction of the particul ate, accel erates carbon oxidation

10 react] .an i Is ter treatment systemregeneration. The
rranganesiéga&iuc()) rrI% 0 g‘ﬁ@ %ﬁg cl)H rag%eﬁ ?%%atﬁ\eéltr FELEBE eg%?ra%&] CAPPPRANC e
exhaust s%/stem r&% aléo copntain other after reatrr&t systens. The

hydr ocar BERECNEG2 PR EPaUsHbHS T Lyortase ation. BEfSHENAUSE Sstephe
present invention include all conmbustion engines that burn fuels. By
" conbust THY Y2 CORARAEER after featmeatBYakan®l | internal and exter nal

conbustion d(—;:I\/i ces, machi nes, engines, turbine engines, boilers,
i nci nerators, he hydrocarbonaceous fuel combustion systems that may benefit from .

the present 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 burners and the like which can combust or in
_ which can be combusted a fuel. Fuels suitable for use in the opel_‘ation 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 g;a_ls, propane, butane, unleaded motor and
aviation gasolines, and so-called reformulated gasolines which typically contain
both hydrocarbons of the gasdljne boiling range and fuel-soluble oxygenated

bllending agents, such as alcohols, ethers and other suitable oxygen-containing

% :

organic compounds. Oxygenates suitable for ﬁsc 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

11




evaporative burners, stationary burners and the |ike which can conmbust or
in which can be conbusted a fuel. Fuels suitable for use in the operation
-of conbustion systens of the present” invention include diesel fuel, jet
fuel, kerosene, synthetic fuels, such as Fischer-Tropsch fuels, |iquid
petrol eum gas, fuels derived fromcoal, natural gas, propane, butane,

‘unl eaded notor and avi ation gasolines, and so-called refornulated
gasolines. which typically contain both hydrocarbons of the gasoline

boi li ng range and fuel -sol ubl e oxygenated bl endi ng agents, such as

al cohol's, ethers and ot her suitable oxygen-containing organic conmpounds.
Oxygenates suitable for use in the present invention include nethanol,

et hanol , isopropanol, t-butanol, mxed G to Cs alcohols, nethyl tertiary

butyl ether i | nethyl her , hyl. teriiar vI .ether and
mixed orfores 08 s Ande e boriEn teudloiis COthst radFybEats U R Dase
fuel in an_anpunt bel ow about 25% by, vol une, and pr.ef ey ab Lh.,an _anount
that pr PPHRS SN rarreco e Mooy IS eBBRAT BasRIiary PRk bigeCont 11
about 0.5 to ab&ut,S percent by volunme. Qther fuels that are useful in the
met hods ARt gEVsle ol selinery betoany” and Ennedugts uds tfxtragtiker fuel ,
coal dust, crude oil, refinery "bottons" and by-products, crude oil
ext r act shazadoHp Frstesagrdstrimaings angrivagis, Meedv@ipe angowl €Mshs and saw
dust, -agricultural. waste or tillage, plastics and other organic waste
and/ or Bgricultural waste or tillage, plastics and other organic waste and/or by-

products, and mixtures thereof, and emulsions,
. ) suspensions, and dispersions thereof in water, alechol, or other carrier

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

group consisting of diesel fuel, biodiesel, biodiesel-derived fuel, syhthetic 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 3@ 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.

L
W

Conventional combustion sjrstcnié 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 iqclude 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
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products, and m xtures thereof, and emul sions, suspensions, and di spersions
thereof in water, alcohol, or other carrier fluids. By "diesel fuel"
herein is.neant one or nore fuels selected fromthe group consisting of

di esel fuel, biodiesel, biodiesel-derived fuel, synthetic diesel and.

m xtures thereof and other products neeting the definitions of ASTM D975.
[t is preferred that the sulfur content of the diesel fuel be |ess than 100
ppm and especially preferred that the sul fur content be |l ess than 30 ppm
Fuel s having relatively high sulfur content, while within the scope of the
present invention, are currently inpractical for use with catalytically
enhanced after treatnent systens. Conventional conbustion systens useful

Wi th the 19E BRIt crRYRRiN QR Welrltimb ¥RiCH *Jé{isbﬂﬁ{gﬂ'gﬁdégf@%aﬁ%ﬁr&eexﬂfssﬁm ssion
control or after treatnment system In all cases of conbustion, the

_em: ssi on &éﬁﬁmﬁm &ﬁﬁbgﬂ@n&cat alytic system to reduce harnful
em ssi ons. course, othe

em ssion treatnent systens are well known. -

Unf Ly, i ssi :
ot une e SO AR 30 B AR Sl e 72,

their effectiveness over | | degradatT on

e SPGB 57 e Lo, S B GIP RS EtnBl 97 o
al ternat Is¥t%'a¥n o(lj'icro?nctglltg/ticin? 'Ezgnet: ?gs )t(irlllaguétt)m the combustion process, whereby
the operation of the emission treatment system components wiil be
significantly enhanced. A copending application discloses various delivery and.
combination opportunities when using an aqueous, water scluble, manganese
containing additive. U.S. Patent Application Serial No. 10/165,462, filed June
. 7, 2002. ‘ |

The 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
sifu of mangaﬁese or manganese ions.

Preferred inorganic metallic éompounds in an embodiment of the pfesent
invention can include by example and without limitation fluorides, cﬁlorides,
bromides, iodides, o'xides, nitrates, sulfates, phosphates, nitridés, hydrides,

- hydroxides, carbonates and mixtures -thercof. 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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~stream or -conbustion zone resulting fromthe conbustion process, whereby
the operation of the enission treatnent system conponents will be
-significantly enhanced. A copending application discloses various delivery
and conbi nation 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 el enental
and ioni c manganese, precursors thereof, and m xtures of netal conpounds
i ncl udi ng manganese. These nmanganese conpounds nmay be either inorganic or
organic. Also effective in the present invention is the generation,

| i beration or production in situ of manganese or nanganese ions. }
Preferred inorganic netallic compounds in an enbodi nent of the present
inventigglcan.include by.exanple and without |imtation fluorides,

chl ori dddosphiogls sembyusiony byprosiictss Prefarred exganometailic compovpilstias,
nitrides, hydrides, hydroxides, -carbonates and m xtures thereof. Manganese
sul f at e@rapirbogiisphaf te wresenidnypriion iinduds alérhqlseskichyilaschttonnsand
may, in certain fuels and conbustion applications, not present
unacceptesghirs, atbiydiidas) swlfiviates apHodghpiasphdrelatesy pibesintes) drgpnoduct s.
Preferred organonetal lic conpounds in an enbodi nent of the present
i. nvent i ethénse cadeoxglliccuidls, amidieh)ydesyl deetmanass, and miztures thereof.
Especially preferred manganese containing organometallic compounds

are manganese tricarbonyl compounds. Such compounds are taught, for

iy 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,
methyleyclopentadienyl manganese tricarbonyl, dimethylcyclopentadienyl
manganese tricarbonyl, trimethylcyclopentadienyl manganese tricarbbnyl,
tetra:heﬂ:ylcyclopentadienyl manganese tricarbonyl,
pentamethylcycbpentadiehyl manganese tricarbonyl, emylcyclopeﬁtadienyl
manganese fricarbonyl, diethylcyclopentadjenyl- manganese tricarbonyl,
pfopylcyclopentadienyl inanganese tricérbonyl, 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

14




esters, anhydrides, sulfonates, phosphonates, chel ates, phenates, crown

et hers, carboxylic acids, am des, acetyl acetonates, and m xtures thereof.
Especial |y preferred manganese contai ni ng organonetal | i c conpounds are
manganese tricarbonyl 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 B |. Suitable nanganese tri carbonyl
conmpounds which can be used in the practice of this invention include
cycl opent adi enyl manganese tricarbonyl, nethylcycl opentadi enyl manganese
tricarbonyl, dinethylcyclopentadi enyl nmanganese tricarbonyl,

tri met hyl cycl opent adi enyl nanganese tri carbonyl ,

t et ramet hyl cycl opent adi enyl nganese tri carbanyl, . :
pent amet ﬁéFﬁ‘fﬂ %‘-Fﬁ"z%li %ﬁi‘?ﬂg‘gﬁg‘éa& svelepentasisgyl mengonese tagrsioastiseny |
manganese t.ricarbonyl, diethylcyel opentadi enyl manganese tricarbonyl,
propyl cy SR A Bt Fapel refyies e ws medupespopeyedigrent adi enyl
manganese tricarbonyl, tert-butylcycl opentadi enyl manganese tricarbonyl,
oct yl cy cPAEansdr drgarbamd andwicolopentadingy] niangayd seyiricopkeonyld iignid
manganese tricarbonyl, ethyl nethyl cycl opent adi enyl manganese tri carbonyl,
i ndenyl mHRGHEESE cyelopanbatighy] miadganest itkearbonyll wakidng i xt ures of two or
nore 14 such conpounds. Preferred are the cycl opentadi enyl nanganese
t ri car bomgthylcyclopentadieny! manganese tricarbonyl, mixtures of
methylcyclopentadienyl mailganese tricarbonyl and ethylcyclopentadienyl
manganese tricarbonyl, ete.
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 preseht 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 treaﬁﬁent 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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which. are liquid at roomtenperature such as nethyl cycl opent adi enyl
manganese tri carbonyl, ethyl cycl opentadi enyl nanganese tricarbonyl, |iquid
m xtures of cycl opentadi enyl nmanganese tricarbonyl and

met hyl cycl opent adi enyl nmanganese tricarbonyl, m xtures of

.ret hyl cycl opent adi enyl nmanganese tricarbonyl and ethyl cycl opent adi enyl
manganese tricarbonyl, etc. Preparation of such conpounds is described in
the literature, for exanple, US. Pat. No. 2,818,417, the disclosure of
which is incorporated herein inits entirety. Wen fornulating additives
to be used in the nmethods and systens of the present invention, the
manganese conpounds are enployed in ambunts sufficient to reduce the

i npact of poisons, e.g., sulfur, lead, zinc, soot and phosphorus, on the
after tr8et,regt Asykalson,r&dudeerréiea s it @. Reyaohls, dcWiRb@t 40d,S.Meduce t he
tenperature at which the soot oxidizes, and otherw se generally enhance
t he oper@thwabpfX -HdyeAbidipaiofeOhafttéa®tion BE Dickal WxHalist Pastieikes 2

catal yzed diesel particulate filter, or alternatively, a continuously

r egener akpplcatasiof Spcighotsdl RAa-HEHrasnigulet 8 MAMREBINSSRnEENPOUNdS ar e

believed to bind with poisons in the exhaust™ streamto prevent those

oL S0 M i SRS Cootle oSt G B45H0 PSSO RO 2
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 compournds 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 bas:ic chemical differences such as those described hereil} that diétinguish
‘manganese from other metals like platinum. In formulz-_x_i::_ing 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

S

be additionaily 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

‘matiganese compound can be in excess of 100 mg of manganese/liter, more
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15 See, e.g., A J. Nelson, J. L. Ferreira, J. G Reynolds, J. W Roos and
S. D. Schwab, "X-Ray Absorption Characterization of D esel Exhaust

Particul ates,” Applications of Synchrotron Radi ati on Techni ques to . ,
Materials Science V, Materials Research Soci ety Conference Proceedings,

No. 590, 63 (2000). For instance, nanganese sul fates and phosphates may be
f-ormed and are trapped wthin a filter. These nmanganese sul fates and
phosphates do not forma glaze over or otherwise tie up catalytic sites in
a filter. This mechanismis distinguished fromother additives such as

pl ati num Pl ati num conpounds do not bond or otherw se conplex w th poisons
such as sulfates and phosphates. |Instead, it is hypothesized in the
literature tgat | at i num conpounds in an additive act to replace or

subst i t ut PTHETRRY R EaAPoHt oPmgditsprangd eyt piglerpbln @bout | ttojabopasi ¢

chem cal differences such as those described herein that distinguish
manganese ldeher metals 1ike platinum In fornulating additives for use
in the present invention, therefore, it is inportant that effective :
amounts of nakbehese “pHerrsatinent syattriUis hieed tivatughoptdhireappitaion to
conpounds that can be additionally incorporated nust not have any negative
ef f ect s omaareanyapgneséevies raattsnt; or deenbiteitivh tereohdeitacds banhef t he
additive may be sel ected based on the concentration of sulfur in the

di esel f uekhavstste¢anrademisidmenisulahg fadmithe combustion of a diesel fuel.

“After treatment systems” include all types of diesel particulate filters - -
catalyzed and uncatalyzed, lean NOx traps and catalysts, select catalyst |
reduction systems, SOy 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).

Conventic.)nal, uncétalyzed DPFs are a w_ell-lmown teéhnoloér that hasrbeen

used for many years. In operation, combustion byprodl:lcts such as

| particulates and soot are trapped and then oxidized, or “burned off”.

1 “Catalyzed diesel particulate filters” (C-DPFs) are filters incorporating a catalyét
on or withiﬁ the filter substrate that are adapted to reduce the oxidation
temperafure of the combustion byproducts captured in the filter. C-DPFs
currently include cordieﬁte or silicon carbide monolithic type filters. A
“continilouslj 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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manganese conpound can be in excess of 100 ng of manganese/liter, nore 16
preferably up to about 50ng/liter, and nost preferably about 1 to about.
30nmg/liter. The term"after treatnment systeni is used throughout thi.s
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, SOX traps, diesel oxidation
catal ysts, mufflers, 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 nultiple types of djesel particulate filters (DPFs). '

Convent i Girafliesehpantidstediitprn theethaldst PASTERAVEEchnol ogy that has been
used for many years. In operation, conbustion byproducts such as
parti cul at es Risdeksls, aven cappusted dn engipeseRiratipg wadenthadigssk 1 .
"Catal yzed diesel particulate filters" (CDPFs) are filters incorporating a
cat al ystcyods emnitwirihimedhsodti particlesuindo the exhaust gre stigapr.cdBewausedinse t he
oxi dation tenperature of the conbustion byproducts captured in the filter.
C- DPFs 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
] . diesel parﬁculate 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 o_xida(tion

temperature is reduced because the catalyst oxidizes NO in the exhaust gas to

NOs. The increased level of NOz 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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currently include cordierite or silicon carbide nonolithic type filters. A
"continuously regenerating technol ogy diesel particulate filter" (CRT-DPF)
is a systemwhere the catalyst is a separate, flowthrough substrate that
precedes 17 the diesel particulate filter in the exhaust passageway. Di esel
fuel's, when conmbusted 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

catal ysts either within or preceding the filters to |ower the soot
oxidati-on tenperature. A catalyst that is part of the filter substrate,
l.e.,  a catalyzed diesel particulate filter, or C DPF, requires an exhaust
tenmperature between 325 and 400C to initiate filter regeneration.

Regener at‘camnbustivh dyprodatt’dachidesabot iz hat Gehisabto, gartitilstesysiogm the
soot accumul ates on the catalytic sites wthin the filter substrate and

t he combiiurfied @bot,ampedmbukted RYASTHISo) hartidfiyRicesensedof the catal yst
-lower the tenperature required for regeneration. ?'n a continuously

regener ahyAghd#60R8) AL ALEILhy RALEG & idkiddd bEAItrGRAL o «cgﬁ,te Bg%ﬁa%asst, gas

tenperature i s reduced because the catal’yst oxidizes NOin

0, oo P SEFERA Bl R AT RO CHAMEBREAENEY, of oo
I ntended her efk&c}e%c%eigce{lisg %}r;[\@ee throughout of the term “enhanced” in the context
of operation of an elﬁissions after treatment systein. The term “enhanced”
means an improvement in the operation of an after treatmnent 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 peisons on the
emissions control system, reduction in the rate of soot accumulation, and ‘
"reduction in the temperatgre at Whicﬁ the soot is oxidized in the filter.

Wh_en the emissions system contains a ;:omponent Whi(;h is poisenable
by co’mbusﬁbn byproducts. (such as those containing suli’ur, phosphorus, lead,
zinc or soot), for instance, a barium-containing lean NOx trap, the present

: 3 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 eiissions systém poisons
(e.g., sulfur) the mangane%e may be suitable for use as scavenging agents. '

Further, the manganese scavengers of the present invention can reduce the

19




conmbi nation of or reaction by the nmanganese contai ni ng conpound with the
conbustion byproduct(s) such as poi sons, soot and other particul ates. The
combi nati on includes coval ent or ionic reactions or any other binding of
‘'the nmetal conpound with the conmbustion byproduct. Further, the termis
“"conbustion byproduct' includes, but is not linmted to, particulates, soot,
unbur ned soot, unconbusted hydrocarbons, partially-conbusted hydrocarbons,
conmbust 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 throughout of the term "enhanced” in the context of operation
of an em ssions after treatnent system The term "enhanced" neans an

. . ; , tive to th
oper at 1 o G el EpPREL 8 oFe Mo SRS o BRI AR IS EaiE . T

conmbust e r.iniected or otherw se egned .t hrou i.t.. "Enhanced"

coorati avetion PhEEIe fnRLl bR b 150 sl eiionstion SRR o061

poi sons on. t he ?%n(i)fs%i‘?ons cong r ol stem reduction in the rate of soot
r

.S
accunul AP WBWFWWHB&enper ature at which the soot is
oxidized in the fi]J]ter. When the em ssions system contains a conponent

whi ch is poi {88 Wvepliopemies: thsimppgrpese eanipdmiag, faelt ni ng
sul fur, phosphorus, |ead, zinc or soot), for instance, a barium containing
| ean NOWas uped ithsoprhinatien 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 regenf_:ration temperature

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

- Example 1
The additives useful herein are organometallic, manganese containing
- compounds soluf)le or dispersible in diesel fuel. ’I‘he'manganese promotes the

oxidation of carbon particulate matter. The exhauist gas after'. treatment device

is a continuously regenerating technology diesel particuléte filter (CRT-DPF).

Upon intreduction of the fuel into the combustion chamber or exhaust stream,
' } ' the manganese is releése'd and combines or co:hplexcs Wlth the carbon fractiori
of the particulate matter, accelerating the oxidation reactions that take place
prior _tf)-ahd during accumulation within the CRT-DFF. The measure of soot
lbading 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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i nvention provides novel nethods for providing a substance which conpetes
with the active site (e.g., barium in the Lean-burning exhaust. As |long as
the nmanganese containing compound of the additive will conpete with the
nmetal of the catalyst system for conplexing with the potential em ssions
system poi sons (e.g., sulfur) the manganese may be suitable for use as
scavengi ng agents. Further, the manganese scavengers of the present

. nvention can reduce the 19 ----------- e detrinmental inpact of
ot her poi sons such as sul fur, phosphorus, |ead, zinc, or soot on em ssions
control systens of the | ean burn conbustion systens in one enbodi nent of
the present invention. In this invention, when the manganese contai ni ng,
fuel -borne catalyst was used in conbination with the CRT-DPF, there was an
unant|C|pated benefit. There is a | ower soot accunul ation rate within the

CRT- DPF &#elshawn indgensesdiand Ledfigtne drdisplays dbadeitisd soohactianudafiorer at i on
tenperature observed wth either the fuel -borne catal yst or CRT-DPF al one.
Exanpl e prafile riti to cadalyss dight-dif ragich shows dhgbmemef tid additirmddanklkads

contai ning compounds sol uble or dispersible in diesel fuel. The manganese
pr onot estd he inorediate banefit ofrdihreagpbEGHERU ath& caaitiraratiomnef thibdueslefipas after

treat nent device
through 10 hours is displayed in Figure 2. The soot accummulation rate for base
fuel, as nieasured 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 |
Tricarbonyl (MMT) Ca_ti Play in Improving Low-Temperature Performance of
. Diesel Particulate Filters” which is incoxporatéd herein in its entirety.

The base fuel used in this example was an ultra-low sulfur diesel fuel
obtained from Phil]ips. 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).

LY
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is a continuously regenerating technol ogy diesel
Upon introduction of the fuel

(CRT- DPF) .
‘exhaust stream

the carbon fraction
reactions that take place
CRT-DPF. The neasure of soot
exhaust gas backpressure (EGBP).
base and additized fuel

particulate filter

into the conbusti on chanber or

t he manganese is rel eased and conbi nes or conplexes with

of the particulate matter,
prior to and during accumnulation within the
|l oading within a filter is the increase in
A .conparison of EGBP profiles durlng
soot |oading tests 20 -
are shown in Figures 1 and 2. Figure 1 dlsplays

the initial soot accunmulation profile prior to catalyst light-off, and
shows that use pf the additized fuel Teads 0 di ate henefit of
reduced EGBP.: The cont‘Fﬁ‘ﬂ??tp':d-r?‘“cﬂ"mﬁI?U&'%%ﬁgﬁtﬁﬂa@ﬁpg:ggh 10 hdurs is
di splayed in Figure 2. The soot accunul ation rate for base fiuel, as
measured by E i &t gase, 75 0.06 KPa per hour. Wien addit} 4ed fuel is
tested, the rate is reduced by a factor of three to 0.02 k per hour. _
Mor e detailsvregaEdOﬂ adi ned in SAE
Paper No. 2002-01-272 , "The Rol e That Met hyl cycl opent Il Manganese
Tri car bonyl (NNW)gQ@p i i ture—Perf qrmance of
Diesel Particulatg Filiters" which-7S incorporated herern infijfts entirety.
The base fuel used jp|this le was an ul tra-| oW SuMli Wijesel fuel
: N 02 > -
S 01 -
1643 RPM, 50% Throttle
5 0 T T T T T T T ¥ T T ¥
’ o 1 2 3 4 5 6 7 8 8 10 11 12
Minutes
Figure 1
CRT-DPF FILTER LOADING DURING FIRST 10 HOURS
1.4
o 12 :
‘ - [Slope=0.06 kPa/hour M'-.—Base
% 08 =
3 M —nT |
8 0.6
E 0.4 #”“M,FV Ji:-me-/fﬁﬁ
= U W
S //"ijope:o.oz kPa/hour|
0.2 &4 1643 RPM, 50% Throttle
0 Ll T L) T T T T 1 T
0 1 2 3 4 5 6 7 8 9 10
Hours
Figure 2
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obtained fromPhillips. This fuel had a nom nal sulfur |level of 3 ppm The
additive was provided so that the additized fuel had 20 ngWnh/li-ter. The
‘addi tive used was MMI(r) (Ethyl Corporation). CRT-DPF LOADI NG DURI NG FI RST
12 MNUTES 0.5 a 0.4 s a 0.3 BaTi --MMI 0.2 E Z 0.1 1643 RPM 509%
Throttle 001234567 89 10 11 12 Mnutes Figure 1 CRT-DPF FILTER
LOADI NG DURI NG FIRST 10 HOURS 1.4

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows the initial soot accumulation profile prior to catalyst light-off.

FIG. 2 shows the initial soot accumulation profile prior to catalyst light-off.

FIG. 3 shows the results of regeneration test when base fuels and additized fuels are
burned.
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1.2 a 1 Slope=0.06 kPa/hour -ease mO0.8 .-MMI K0.6 EO0.4 L
1Sl ope=0. 02 kPa/hour Z 0.2 1643 RPM 50% Throttle 0012 3456789 10
Hours Figure 2 22 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows the
initial soot accumul ation profile prior to catalyst light-off. FIG 2
shows the initial soot accunulation profile prior to catalyst |ight-off.
1 G 3 shows the results of regeneration test when base fuels and additized

fuels are

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
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.bumed off, the engine backpressure remains below that

. amount of backpressure seer‘l with the unadditized fuel. In other words, not -
only does the soot burn off at a lower temperature Wlth the additized fuel, the

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

CRT-DPF REGENERATION TEST
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burned. 22a } After filters are loaded with soot, it is useful to exam ne
t he tenperature where regeneration (the burning-off of accunul ated soot)

wi |l occur. Figure 3 shows the results of regeneration tests when base
fuels and additized fuels are burned. Wth unadditized fuel, filter
regeneration was not observed at tenperatures exceeding 380C Wth

additi zed fuel, regeneration begins when exhaust tenperature exceeds

appr oxi mat el y 280C. The accunul ated carbon within the filter conbust s,

| eading to conplete filter regeneration. Notably, once the soot is burned
of f,. the engi ne backpressure remai ns bel ow that anmount of backpressure
seen with the unadditized fuel. In other words, not only does the soot
burn off at a | ower tenperature with the addi ti zed fuel, the backpressure
remains | ower than with unadditized fuel as shown in Flgure 3. CRT-DPF
-REGENERATI ON TEST .2 400 1.5 InletTenps. 350 300 E Base Fuel E p A F.

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 Q—DPF. Because
the rate of soot 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.

FExample 3

In the applications described in Examples 1 and 2, the manganese used
: Wﬂl form stable metal complexes including manganese phosphates A portion
- of the mangariese 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

) | 2y




0Q 6 Y. Yl u05250 mw 0 MMVI Fuel 200 -0 5 Regeneration occurring
at-280C. 150 NNNWWNNNqgtOaN-- NWYYhN YYYt.tyYyyYy-~d
YYNhHNNW YYYYYNNNN Percent Throttle z3 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 manganese is rel eased 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 the rate of soot accunulation is lower and the soot
contains a catalyst netal, the regeneration tenperature is reduced

rel ati V%a%:&?lygvth %etz\i.hp e%glo%%d%pﬁ% EﬁT—DPF, or the C-DPF. The use of these
manganese containing fuel additives will protect the catalysAt‘ from deterioration

resulting from phosphorus poisoning.

Example 4

In thé 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 combl_lstion
byproduc;: metals may cover and render ineffective catalyst sites on the surface
of thie catalyzed DPF. “Sinféring” is the fusion of combustion byproduct
-éa.rﬁcles 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

> 8




with the C-DPF and unadditized fuel. Exanple 3 In the applications
described in Exanples 1 and 2, the nmanganese used w Il form stable netal
conpl exes .i ncl udi ng manganese phosphates. A portion of the nanganese

rel eased into the conbusti on chanber or exhaust interacts wth

| ubri cant -derived phosphorus to formthe stable netal phosphates as solid
particulate and this reduces or prevents phosphorus deposition on the 24
catal yst netal enployed 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 poi soning. Exanple 4 In the
appl i cations described in Exanples 1 and 2, the nmanganese additive used is
one that will also formstable netal sulfates. The CRT-DPF or CDPF is

fol | owed ,by ‘a | ean- t orage device at, is.sensitive to sulfur
poi soni nd?‘yrﬂeﬂloﬁﬂ%o#‘%gﬁqrﬁén%gﬁﬁ?s tha¢ gHeetve ‘300{%\? @g%ugﬁi%rﬁ‘]%ﬁ?ﬁ@ﬁ or
exhaust ipteracts with either fuel_ or l|ubricant-derived sulfur to form

stabl e AkgSARsE Wurleapdecapge b fhe sedveed sHyering ofgbe ygreductsie theduci ng

or preventing deposition of sulfur species on the |ean-NOx storage device.
Exanpl e svalls of the filter. A

Example 6

The ménganese containing additives of the present invention enhance
. '.‘} operation of an after treatment system by accelerating ash buildup in a DPF
but nevertheless reduciﬁg rate of backpressure increase. The manganese -
binds with combustion byproducts, e.g., sulfur and phosphorous oxides, and
. forms stabié: manganese compounds that are then trapped as and w1th 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 qleahed-.
It is to be understood that the reactants and components referred to by |
chemical name anywhere in the specification or claims hereof, whether referred
" toin the singular or plural, are identified as ‘they: exist pridr to coming into
contact with another substance referred to by chernical name or chemical type
(e.g., base fuel, solvent, etc.). It fnattefs not what chemiical cha;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

- | 2




The manganese containing additives of the present invention enhance
operation of an after treatnent system by reducing the sintering of
.conmbustion 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
‘conbustion byproduct particles on the filter surfaces as a result of the
heat in that filter. The nanganese contai ning additive reduces the anount
of sintering on the filter surfaces, as conpared to the anount of
sintering when unadditized fuel is burned, and therefore increases the
effective life of the filter. It also nakes the filter easier to clean

because @dmpbfehtdtRehst 0hak Me ebnliftforly BIRIUGE HulrSubig toWald s of the

filter. Exarrpl e 6 The manganese containing additives of the present

i nvent i ofiseRfRREL TR i‘é%{bté’lfltsaéh@fcbﬁ? ead{e?ﬁ‘é B?@tide;lﬁgf;&ghQXn SRLEAL g

ash buildup in a DP but neverthel ess ucing rat ackpressureée
i NCreasepe S bypr ul fur and
phosphor o%sp(ggl( ﬁ” '?%%drrfél ﬁ%ﬁr@i'eﬁﬂ%%g&aeﬁggg %%nngg%ﬁld%aﬁthoﬁ(sﬁc hen

an Seover %h%t‘we’fqﬁ’stﬁbfe%aiﬂ%g?e pllic 5mpern gu iR Weaiingt dbhised sobpositon.

DACKPT O SRHER o e Vol ERIARERS aof e ROAFEIL e (e OFF
recognized that the additive components can be added or blended into or with

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

i ’ingredients in the present ten-se (“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 mixc& 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 Iost its originat identity through
a chemical n_aaction or transformation-during the course of such blending or

_ mixing operations or irnmediately meregfter is thus wholly immaterial for an
aécurate understanding and appreciation of this disclosﬁre 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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be nore conpletely renoved when it is cleaned. It is to be understood that
t he reactants and conponents referred to by } chem cal nane anywhere in the
specification or clainms hereof, whether referred to in the singular or
plural, are identified as they exist prior to comng intd contact with
anot.her substance referred to by chem cal name or chemical type (e.g.
base fuel, solvent, etc.). It matters not what chem cal changes,

tr ansf or mat i ons and/ or reactions, if any, take place in the resulting

m xture or solution or reaction nmedium as such changes, transformations
and/or -reactions are the natural result of bringing the specified
‘reactants and/ or conponents together under the conditions called for
pursuant to this disclosure. Thus the reactants and conponents are

(dentified as pHgLAMD id QasRpUHIONI BbnlRBEIAR IR inl s PRALAGT NG 2

desired chem cal "reac (suc rmation of the organo

conmpound n for §3L L& S

Conbant » gersicte (e {P?ee%a% SRR T AR IR Iy oo B e e |
addi ti ve conponents..can be, added e ded |nt or mn base fuels
ndi vi du.aﬁq‘{&’ﬂ’é‘?‘{] s ligfirg, %%\Eﬁ?ﬁmjm S et SR *ﬁC%“@%%r rd
addi ti ve conhi nations and/ or s E[ltéﬁnatl on r di nﬁ %i even f o_ugh
the cl ai ri%reﬁ‘é‘?@ frega r%‘f1 rtW B3 ifspded tBS’r‘Fp ERTS IS 7% A5t o
ingredients in the present tense ("conprises”, i

1S rence
i s to thédn theipnsanes cladamnd the eaw‘ra%aa'@oﬁf@ﬁ%ofagewttss! %%m%‘ftelf '3 e

just before it was
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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first blended or m xed with one or nore other substances, conponents and/ or
ingredients in accordance with the present disclosure. The fact that the -
substance, conponents or ingredient nay have lost its original identity
thraough a chem cal reaction or transformation-during the course of such
bl endi ng or m xing operations or imedi ately thereafter is thus wholly
i'mmaterial for an accurate understanding and appreciation of this
di sclosure and the clains thereof. At nunerous places throughout this
specification, reference has been nmade to a nunber of U S. Patents, _
publ i shed forei gn patent applications and, published technical papers. A
such cited docunents are expressly incorporated in full into this ;
di scl osun ééné&ﬁé Set forth herein. a7 This invention is susceptible
to consiag¥§€¥e-varr§¥rﬁn inits practice. Therefore the foregoing
description is not intended to I-imt, and should not be construed as
limting, the_inventjon to the particular exenplifications presented
her ei nabove. Rath&CthgAff redurihgdhigairspsiveeliesterbash scaqumdatipnrin i n the
ensui ng Laigﬁﬂgnd the equivalents thereof permtted as a matter of |aw
Pat ent ee%?ﬁ?é tCOmRPasidon syefert eempriging:di scl osed enbodi nents to the
public, and to the extent any disclosed nodifications or alterations may
not |iteral | §UpRlyingnidiesel faed comaprisiol athedditiventhattihelndesen nonsgzdeised t o
be part of the

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

e

" byproduct comprising the manganese compound,

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

whereby engine backpressure is reduced as coﬁlpared with using

unad_ditized fuel.

2. A method of reducing the negative effects of ash accumulation in a
diesel fuel combustion system comprising:
S supplying a diesel fuel comprisi.né an additive that includes a manganese
| compound to a diesel fuel combustion system, wherein the combustion system
'compr%ses 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

compleéx with the at least one combustion byprodﬁct,
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i nvention under the doctrine of equivalents. ------ -------- -
R - What Is Cained Is: 1. A nethod of reducing the negative

effects of ash accunulation 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 catalyzed diesel particulate filter, conbusting 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 conmbustion byproduct, whereby
engi ne backpressure is reduced as conpared with using wunadditizled fuel. 2.
A nmet hod of reducing the negative effects of ash accunulation in a diesel

fuel conbusti efh&¥sl SMeHMTBALSHRAE: ' a diesel fuel . conprising an
additive that incl uggs a rra%% n%%gﬁ%gsorr%)égun dtac;S %O%P%?éJmtﬁeV%gmustion

system Vﬁ}?étﬁi'iﬂz%&‘ onbusti on system conprises a continuously
regenerati ng techno é(;1§;y di esel particulate filter, conmbusting the fuel in

t he conbustion systemto produce at |east one

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 s&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 cémpound,
the manganese compound being supplied in an am;mnt effective to
complex with the at least one combusﬁon byproduct,
whereby engine backpressu-re 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 compﬁsing:
supplying a diesel fuel compr_ising_an additive that includes a manganese
compound to a diesel fuel combustion system, wherein the combustion system
comprises a cqntinuousiy regénerating 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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byproduct conprising the manganese conpound, the manganese conpound bei ng
supplied in an anount effective to conplex with the at |east one
conbusti on byproduct, zg whereby engi ne backpressure is reduced as conpared
with using unadditized fuel. 3. 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 nmanganese
conpound to a diesel fuel conbustion system wherein the conbustion system
conprises a catalyzed diesel particulate filter, conbusting the fuel in the
conbusfion systemto produce at |east one byproduct conprising the
manganese conpound, the manganese conpound being supplied in an anount
effective to conplex with the at | east one conbustion byproduct, whereby

engi ne backpr dssuisnmg@fiiese domhp@iind @gaiesappldt irs ahegteadt afect@RAred to
unaddi ti zed fuel. 4. A .nethod of. reduci ng engi ne backpressure after filter

r egener atbfiplen with thé€aeledst@IneCUABEEEON bIPBsARRICONDri sing: supplying a:
diesel. fuel conprising an additive.that includes a manganese
' whereby the engine backpressure after filter regeneration is reduced as

compared to unadditized fuel.

5. A method of reducing sintering of combustion byprodlicts on a diesel
particulate filter in a diesel fuel combustion system com'prising:

supplying a diesel fuel comprising an additive that includes a manganese
compound to a diesel ﬁ;el 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 aljnount. effective to
complex with the at least one combustion 'byproducf,

whereby sintering of combustion byprbduct'&z on the filter is reduced as .

~ compared to using unadditized fuel.

6. A method of reducing sintering of combustion byproducts on a diesel
parﬁcﬁl-a‘-ce filter in a diesel fuel combustion system compﬁsing:

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

comprises a continuously regenerating technology diesel particulate filter,

3




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
byproduct conprising the nanganese conpound, 30 the manganese conpound
bei ng supplied in an anmount effective to conplex wth the at | east one
tonbustion byproduct, whereby the engi ne backpressure after filter
regeneration is reduced as conpared to unadditized fuel. 5. A nmethod of
reduci-ng sintering of combustion 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 -

combusti on s'yﬁl'glefr'_rl]é wherein the CO{I%:%:S“O“ Sﬁ_s em conpri seﬁ a. catal yzed

di esel parti culrSQP@HEINES CUBRBYRE B8 REPPUES 11 Aoy HBoEBhSHSt MG ystem t o
produce at | east .gne byproduct conprising the manganese conpound, the -
rranganesé’oﬂﬂi%ﬂ‘ﬁﬁ‘ g]é? ﬁéq%%ﬁ}mqwﬁuaﬁoaﬂﬁmﬁtvd@%ect ive to conplex with
the at | east one conbustion byproduct, vvherebi/t sintering of conbustion
bypr oducts onVi¥&eky theenging gsaare albemilteregsngratinn imeatticedzasl f uel .

compared to unadditized fuel.

5. A method of reducing sintering of combustion byproduéts on a diesel
particulate filter in a diesel fuel combustion system com‘prising:
supplying a diesel fuel comprising an additive that inchudes a manganese
compound to a diesel ﬁ;el combustion system, wherein the combustion system
comprises a catalyzed diesel particulate filter,
combusting the fuel in the combﬁstion system to produce at least one
byproduct comprising the manganese compound,
the manganese compound being supplied in an al_nount— effective to
complex with the at least_ one combustion 'byproducf,
whereby sintering of combustion byprbduct?i on the filter is reduced as

: Y compared to using unadditized fuel.

6. A method of reducing sintering of combustion byproduéts ona diesel‘
'particul‘a'te filter in a diesel fuel combustion system comprising:

supplying a diesel fuel cdmprising an additive that includes a manganese
compound to a diesel fuel combustion system, wherein the combus'tion system

- comprises a continuously régenerating‘ technology diesel particulate filter,
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6. A nethod 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 nanganese conpound to
- a diesel fuel conbustion system wherein the conbustion system conprises a
“continuously regenerating technol ogy diesel particulate filter, 3i the
manganese .conpound bei ng supplied in an anmount effective to conplex with

- the at |east one conbustion byproduct, whereby the engi ne backpressure
after filter regeneration is reduced as conpared to unadditized fuel. 5. A
met hod- of reducing sintering of conbustion 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 c ust.j on tem_wherein the conbustion system conprises a
cat al yzgammgaﬁ% fesgl ﬁ@ cpmipestion syptesn; whersin theasiombustien systemst i on
systemto prqduce at |east- one byproduct conprising the nmanganese :
conpoun§OMPEases A fandanausly segancdseting teeppblogy dinsalpaticuiatecfiftast i ve to
conplex with the at |east one conbustion byproduct, whereby sintering of
conbust i on byprougingthe fiel finlthercarsbuetiuneystan 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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conpared to using unadditized fuel. 6. A nmethod of reducing sintering of
conbustion byproducts on a diesel particulate filter in 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 continuously
regenerating technol ogy diesel particulate filter, - ~l conpound.to a

‘di esel 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 byproduct

conpri sing the manganese conpound, the manganese conpound being supplied in
an amount effective to conplex with the at |east one conbustion byproduct,

wher eby the ceshpsktinp eruedus thdebsPrstBhf Setetol R diick @ Nedst drfduced
as conpared with using unadditized fuel. conbusting the fuel in the

conbust i roduct conprising the
B?;g?déﬁi&@g?x@gxﬁééﬁ e Rlang8fsle 0% o@iﬁﬁ

manganese” conmpoun anese conpoun el hg supplied in an anmount
effective to O%B! gé i ' . GO i 0 Q t, wher eby
sintering of %l-ge us |o§%%§8§§%tﬁ%t§%%{%%eﬁt1§?&?we u%@d&g{sé% to

' complex with 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 firel comprising an additive that includes a manganese
compound to a diesel fuel combustion system, Wherein the combustion system
comprises a catalyzed diesel particulété filter,

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

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

wh_greby 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

32




conpared to using unadditized fuel. 7. A nethod of scavengi ng conbustion
byproduct poisons 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
~catalyzed diesel particulate filter, conbusting the fuel in the conbustion
systemto produce at |east one byproduct conprising the manganese

. conpound, the manganese conpound being supplied in an anount effective to
conplex with the at | east one conbustion byproduct, whereby the conbustion
byproduct poisons effect on the filter is reduced as conpared wth using
unaddi ti zed fuel. 8. A nethod of reducing scavengi ng conbusti on byproduct
poi sons in a diesel fuel conbustion system conprising: supplying a diesel
fuel conprising an additive that includes a nmanganese 3a conmpound to a

di esel fogEpp@anddsotd dieselfied wonvinestsim syblent,onhersdih the st BABtGPEPSicHSS a
continuously regenerating technol ogy diesel particulate filter, conbusting
the fuelcomptifes aeovhtshicanly ysgamratngtedHaolopy diesdtpaeRuldnsBiaduct

conpri sing the manganese comnpound,

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 byproduci; poisons effect on the filter is reduced

as compared with using unadditized fuel.
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t he manganese conpound being supplied in an anount effective to conplex
‘wWith the at |east one conbustion byproduct, whereby the conbustion
"byproduct poisons effect on the filter is reduced as conpared with using
unaddi ti zed fuel. 33 ABSTRACT -METHOD OF OXI DI ZI NG SOOT AND REDUCI.NG SOOT
ACCUMULATI ON I N A DI ESEL FUEL COMBUSTI ON AFTER TREATMENT SYSTEM A net hod
.of reducing the negative effects of accunulation of ash in a diesel fuel
conmbustion system i ncludes supplying a diesel fuel having an additive that
i ncl udes a manganese conpound to a diesel fuel .conbustion system The
conbustion systemincludes a catal yzed édB&%&hCparticul ate filter or, -
alternatively, a continuously regenerating technol ogy diesel particulate
filter. The fudBETHOD RENOEZSRBEENEISPATt ANDC BRBUSINGNSQYBt em t 0 product at
| east one bypr@Gﬁ@“”@ﬁgﬁoNnENu6e§IEﬁ€LnﬁHéén@@@B@%ﬁﬁﬂﬁnd. The manganese
conpound is supplied in an?fBFBENTREATHENTVeYEEEMonpl ex with the conbustion

“byproduct. (FIG 1) 34 '

| A method of reducing the negative eﬂ‘ect_s of accumulation of ash in a
diesel fuel combustion system includes supplying a diesel fuel having an- |
additive that includes a manganese compound to a diesel fuel combustion |
system. The combustion system includes a catalyzed diesel particulate filter
or, alternatively, a continuously regenerating technology diesel particulate
filter. The fuel is then combusted in the combustion system to product at least
one byproduct that includes the manganese-compound. The manganese |

- compound is supplied in an amount effective to complex with the combustion

byproduct.

(FIG. 1)
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