METHOD OF OXI DI ZI NG SOOT AND REDUCI NG SOOT  ACCUMULATION I N 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 nprovi ng operation of conbustion exhaust after treatnent systens. The
addi tive 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-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

vel | known in the sti-oeP b ORIBELNG SHORAND MESUEINYSHOT
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em ssions by using various s ) e nos
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;igfde(r)}c : tG:sletvtei reduces HC and NO. em ssions, while excessive

retard of———n—gﬁi—‘l)ﬁ‘rﬁﬁl—l—ﬂgagases the output of CO and HC. Increasing engine

Speed reduces,HC em ssions, .but E\IO en‘itﬁsi ons i.‘nf;r ?ase, with load. |

I ncr easi ng coofigRresent invention rejates 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)

'\ !
Ny

_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




tenperature tends to reduce HC enmissions, but this results in an increase
n NOx emssions. It is also known that treating the effluent streamfrom
a cenmbustion process by exhaust after treatnment can | ower em ssions. The
effluent contains a wde variety of chem cal species and conpounds, sone
6f which may be converted by a catal yst into other conpounds or species.
For exanple, it is known to provide exhaust after treatnent using a
three-way catalyst and a lean NOx trap. Other catalytic and non-catal ytic
met hods” are-al so known. Thermal reactors are noncatal ytic devices which
rely on honogeneous bulk gas reactions to oxidize CO and HC. However, in
thermal reactors, NO is largely unaffected. Reactions are enhanced by

i ncreasi st 1 ture. .(e,.g. by a reduyce onpression.ratio or

ot o ded HC g HIRNG: Phfesine donibhs? ANGEL FREBREERLAARL Ui ecy
Typically, te ratures of 1500 800, ~ r.nore are required for peak
effici enc‘i?.mlztﬁ'g%ﬁfrlefe fdodrghrg Hs e ﬁSIPPEhi’Pg.ﬂ?IS rgﬁsb‘ztslmp%? RACROANd ai r
is inj ectﬁé i nt.o the exhaust. Thernal reactors are seldomused, as the
requi r ed et CPHE AR&nat i cal |y reduces fuel efficiency. Catalytic systens
are capabl e of reducing NOx as well as oxidizing CO and HC. However, a

reduci ng envi Folfnalae kmerwinthat treating dhe eflpenfistreamiispena ceselegstiamt es a

ri cher than chemcally correct engine air-fuel ratio. A two-bed 2 converter

my be udd@cess bihexhaust after impboent cantlowehendesions. Jttegeffivend codiaas '
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




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 in the close
proximty of the stoichionetric ratio is the efficiency high for all three
pol llutants, excursions to either side of stoichionetric can cause increases
I n hydrocarbon and carbon nonoxi de or NOx em ssions. Such TWD systens can
enmpl oy, for exanple, either a zirconia or titanium oxide exhaust oxygen
sensor .or other type of exhaust sensor and a feedback el ectronic controls

syst em t ocorrfrandy beaiseelin whiclaalr sUfijectéd i1toN®RIseebAHFASORS bkiflize
Cat al yst support beds nmay be pellet or honeyconb (e.g. nonolithic).
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materials include cerium platinumand palladium Diesel systens Taise a
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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




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 catalysts such as those conprised of zeolitic catal ysts or
ysing nmetals such as iridium or catalyzed thermal deconposition of NO
into 02 and N2. Diesel particulate traps such as catal yzed di esel
particulate filters (C DPFs) and continuously regenerating technol ogy
diesel particulate filters (CRT- DPFs) have been devel oped which enpl oy
ceramic or netal filters. Thermal and catalytic regeneration can burn out
the material stored. New particulate standards currently under review may
necessitate such traps. Fuel conposition, including sulfur and aromatic

content, ;3adctBA With RoRgeRtionArEE ANy g%ﬂélnfsggtié . %'t'tf%s?l%l;:' %gg%gg}ﬂx?éh ar e

particul ate em ssions. Catalysts have evel ope elrs
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exhaust , r%gjali ning it for reduction at 4
, 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




some later tine. Periodically, the LNT.nust be regenerated by reducing the
NO . This -can be acconplished by operating the engine under rich air-fuel
rattos for the purpose of purging the trap. This change in operating
conditions can adversely effect fuel econony as well as driveability.
These LNT's may also be placed on diesel engines, which also operate in a
| ean air-fuel node. As in the |ean-burn gasoline engines, the exhaust of
both types of engines is net oxidizing and therefore is not conducive to
t he reduci ng reactions necessary to renmove NO.. It is an object of the
present invention to inprove the storage efficiency and durability of the
LNT and to prolong.the_ usetul life the L before regeneration.is
necessar f.orBF ?ﬁ“‘?raﬁf‘?'eﬁ%ﬁc%’t ﬂﬁd%'gdgk}ﬁﬁggé" eganeTRieghby redeisgdbee to
deactivatiﬁnggﬁ sul fur (see, for exanple, M_Guyon et al., Inpact of
sul fur oV 552 Ba afspsrplighed, by prsrajine the easinregader Heh sdr-Gaeldi ti ons,
SAE Paper No. 982607 (1998); and P. Eastwood, Critical Topics in Exhaust
 Gas Aft eretiostingthe Purpese pt RUSEingGithe trres This dhaygodopperativisconditionand
ot her products resulting fromfuel conbustion and normal | ubricant

consunpt icea agyeriselyafashfiach capmnonie as prabasn tiriveability. chhé¢se PND'si mayfalsd  or
| ubri cant conpositions capable of reducing the adverse inpact of sulfur,
and ot hebeglaged torbyisseldetgines,onhidicakoi gsiratessin s Yetregdd-iicd wthdy AQin
adsorbers and LNTs. Performance fuels for varied applications and engi ne
r equi r emehe deai-burkigsolihererpdnéd, thlei axthatREBE BbiP Bysdiasdigineeid Ateke val v
deposits, cleaning ‘ :

oxidizing and therefore is not conducive to the reducing reactions necessary to
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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




R R port fuel i'njectors and carburetors,
-protecting agai nst wear and oxidation, inproving lubricity and em ssions
performance, and ensuring storage stability and cold weather flow Fuel
det.ergents, dispersants, corrosion inhibitors, stabilizers, oxidation
preventers, and performance additives are known to increase desirable
‘properties of fuels. Organonetal | i c manganese conpounds, for exanple }

met hyl cycl opent adi enyl manganese tricarbonyl (MMI(r)), avail able from Et hyl
Corporation of Richnond, Virginia, are known for use in gasoline as both .
em ssions-reduci ng agents and as anti knock agent (see, e.g. U S. Patent
2,818,417). These nmanganese conpounds have been used to | ower deposit
formation in fuel induction systenms (U S. Patents 5,551,957 and 5,679, 116),
sparkplugs (U.S. Patent 4,674,447) and in exhaust systens (U S. Patents

4, 175, 92 peridfued g1jed@rs 413 FadBit ctansd paot3etiag Spainct genarreaidibkidationgn
conpounds, such as ferrocene, are known as well for octane enhancenent

(U. S. Paimptoving 38b34iy andr gahmien s pkifosmbhake exabpheutianpaursise shblity Pt,
Mh or Fe anong - others have been added to fuel to enhance the ability of
parti cul ah€ coldpzatiter flGQeMididRtefgehnds, diikpeishyitd, RAvERidbR enkIBifsTEONS of
particul ate from di esel or

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 systgms (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




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 particulate matter during conbustion
or Jn the exhaust or particulate trap. Summary of the Invention
Accordingly, it is an object of the present invention to overcone the
Iimtations and drawbacks of the foregoing systens and nethods to provide
met hods for using a conposition to protect and inprove the operation of
conbusti on exhaust after treatnment systens. In one enbodi nent, a nethod of
enhanci ng the operation of an em ssion after treatnment systemin a diesel
fuel combustion systemincludes supplying a diesel fuel conprising an
additive that, i ncludes, a nanganese conpound to a diesel fuel conbustion
system TH¥FOEHRHOL %ﬁifélﬁws}me@ﬁfiem@n $he partewlaty matteroduriagtoonniastiet vr
continuously regenerating technol ogy diesel particulate filter. The fuel

i s then cdptfistexhapst onpacdebladeitoap.chanber to produce at | east one

bypr oduct conprising the nanganese conpound. The nanganese is in an
effective anount 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 c conpound. The inorganic netal conpound can be selected
fromthe group consisting of fluorides, chlorides, brom des, iodides,

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,




oxides, nitrates, sulfates, phosphates, carbonates, hydrides, hydroxides, 7
e -- nitrides, and m xtures thereof. The organonetallic conpound
is selected fromthe group consisting of al cohols, aldehydes, ketones,
esters, anhydrides, sulfonates, phosphonates, chel ates, phenates, crown

et hers, carboxylic acids, amdes, acetyl acetonates, and m xtures thereof.
A preferred organonetallic conpound i s nanganese net hyl cycl opent adi enyl
‘tricarbonyl. In a still further enbodiment, a nethod of enhancing the
operation of an em ssions after treatnment systemin a diesel fuel
conmbusti on system conprises supplying a diesel fuel to a diesel fuel
conbustion system The conbustion system may conprise a catal yzed di esel
particulate filter or a continuously regenerating technol ogy diesel
particulate filter. The fuel is conbusted in a. conbustion systemto

d ] ..conbust i b duct i h t, st
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organonetal lic conBound is supplied in an effective amount to conplex with
the at |B34PRESS B %R&?Iil%tﬁswg?la&?ﬁ;tpheﬂ@ée%rﬁfpmt@eﬁ%t%rbow#ﬁﬁ@da, or
organonet al |l i c conmpound rmay be as noted earlier herein. In a still further

enbodi- mefidesn agrid siceinalent aad mixévean thereefeA greferred 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




treatnment of a diesel fuel conbustion process exhaust stream conprises an
exhaust passageway. The exhaust passageway all ows for passage of an 8
exhaust stream contai ni ng exhaust byproducts fromthe conbustion of a
di esel fuel conprising a manganese conpound. This system al so includes a
catal yzed or continuously regenerating technol ogy diesel particulate filter
| ocated within the exhaust passageway and adapted to contact the exhaust
stream The exhaust stream conprises a manganese conpound which 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 ment, an emission control systemfor the after treatnent of a diesel
fuel combustion process exhaust streamincludes an exhaust passageway. The
exhaust passageway for the passage of an exhaust stream contains exhaust
by pr oduc E€¥hpRShSHkam: sapipdning LR Ust dyesedustsdromphe combystion gf a diesel
continuously regenerating technol ogy diesel particulate filter is |ocated
wi t hin t Raclesgmapsisinga sageganessmemrowad (s spstepnalsetinchules@aust
stream The exhaust stream has an additive introduced into it, the additive
conpri si ngtadyrethgarestnvonpyuregenpiating trgbinelasy diesdl particalate fidtar of t he
exhaust byproducts. The alternatives of possible nmanganese conpounds
i ncl ude idveded motleith ther witmusit paassgéwdy hudiddaptedio domentt the exbilstl of
enhanci ng the operation of an

stream. The exhaust stream comprises a manganese compound which

complexes with at least one of the exhaust byproducts. The alternatives of
. - possible mangaﬁcse 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
-rl_ocated' 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




em ssion after treatnent systemin a conbustion systemincludes supplying a
fuel conprising an additive that includes a nmanganese conpound to a fuel
conbustion system The fuel is then conbusted in the conbustion chanber to
9 produce at |east one byproduct conprising the manganese conpound. The
manganese is in an effective amount to conplex wth the at | east one
combusti on byproduct. In a still further enbodinent, a nethod of enhancing
the operation of an em ssions after treatnment systemin a conbustion
system conprises supplying a fuel to a conmbustion system The fuel is
conbusted in a conbustion system to produce. at |east one conbustion
byproduct in an exhaust stream An additive conprising a nanganese
conmpound is injected into the exhaust stream The manganese conpound

conpl exeprodide at 1dagtshe Bypro@ubIcbnRishyy tik athiphanebetaidRAulRsThiept i on
-The additives used in the nethods and systens of the present invention are

i nor gani maf%aefe@a RO Ik bal dffctiRNAABAAE t6 ehinplet RACamEPaURdst sakubl e in
fuels. This fuel is then conbusted in-a coffbustion systemthat includes an

after_ trgghiRidtio ukl protects the after treatnment system from harnful
conbusti on byproducts that could otherwi se neutralize their effectiveness.

The nenganesg, & ReiierAfS &hBEaithsRt, M AERAES of BRL QLB R b rafBHG hn

. particul ate
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
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matter. Upon introduction into the exhaust stream the nmanganese cones into
contact with the carbon fraction of the particul ate, accel erates carbon

oxi dation 10 reactions, and aids in after treatnent systemregeneration.
The manganese conpound al so reduces the rate of soot accumul ation.. The
exhaust system may al so contain other after treatnent systens. The
hydrocarbonaceous fuel conbustion systens that may benefit from the
present invention include all conbustion engines that burn fuels. By
"conbustion system herein is nmeant any and all internal and external

conbusti on devi ces, nmachi nes, engi nes, turbine engines, boilers,
I nci nerators, evaporative burners, stationary burners and the |ike which
can. conbust or in which can be conbusted a fuel. Fuels suitable for use in

t he operat.| f 0, i stens ,of the present. inyention include
di esel f gée%‘é,wljn%f Eieﬁq,%%{}@?%g 3%%&}“2%% ‘Wé&?‘? I%ﬁ%’f‘%r,a%&?cﬁ%fsmﬁpg%‘éﬁq Tropsch
fuels, liquid petr.oleu as fuels derived fromcogl, natural gas,
pr opane, Cq‘ﬁ‘P&H@% xp 55518%‘77{)}}%?&363 SoQl AT TR &h@§’&%ﬁt§ﬁsm | ed
reformul at ed .gasol i nes.. which typically contain both hydrocarbons of the
gasol i ne" 5% ?lgﬂé’ofl&?-lﬁ‘e"%ﬁﬁa?ﬁ‘j’él -%&Fkﬁﬂté‘ﬁé%%nat ed blending agents, such
as al cohol s, et hﬁrs and ot her suitabl e _oxygen-containing organic
conpounds. OJRehudecashoragnoas el gemhbustionesystems that mashbeefit froml ude
met hanol , et hanol, isopropanol, t-butanol, mxed C to Cs al cohols, methyl
terti ar ythisupsgsent Heentiony micnge athdommipastyon engimes thahplurndutlsarBy but y
et her
~ “combustion system” herein is meant any and all internal and external
Yy 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 operation of
combustion systems of the present invention include diesel fuel, jet fuel,

- kerosene, synthetic fuels, such as Fischer-Tropsch fuels, liquid petroleum gas,
fuels derived from coal, natural gas, propane, butane, unleaded motor and
aviation gasolines, and so-called reformulated gasolines which typically contain
both hydrocarbons of the 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
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and m xed ethers: Oxygenates, when used, w-ll normally be present in the
base fuel in an anmount bel ow about 25% by vol une, and preferably in an
-anount that provides an oxygen content in the overall fuel in the range of
11 -about 0.5 .to about 5 percent by volume. O her fuels that are useful in
the nethods and devices of the present invention are gasoline, bunker
fuel, coal dust, crude oil, refinery "bottons" and by-products, crude oi
extracts, hazardous wastes, yard trimm ngs and waste, wood chi ps and saw
dust, agricultural waste or tillage, plastics and other organic waste
and/ or by- 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 nmeant one or nore fuels selected fromthe group consisting

of diesel, fuel . biodiesel . biodiesel-derived fugl, nthetic.diesel and

i xt ur oo b0 B A0 SE Rk TENRET Ofer RShepRY R BBy 88y Bo7s.
It is preferred thatf the sulfur content of the diesel fuel] be l.ess than 100
bpm * andmsdeds apflflesice ity RrSent 8 eaton Ao SATOBAE BUnkenBIlarrlz0 ppm
Fuel s haying relatively high sulfur content, while within the scope of the
present 4Wsfte fVER ollarefiperyr Oattlops’ Aid byRugducts, qrode Witk xteafts) ytical Iy
enhanced after treatnent systens. Conventional conbustion systens useful

with t hdagesdens wastentyard Withmingy pndawaste;, moodddips apdRayy 881S6f eni ssi on

control or after treatnment system In _
agricultural 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. Itis preferred that the sulfur content of the diesel fuel be less than 100
ppm, and especially preferred that the sulfur_ content be less than 30 ppm.
Fuels having relatively high sulfur content, while within the scope of the
present invention, are currently impractical for use with catalytically enhanced

after treatment systems.

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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all cases of conbustion, the em ssion treatnent may include a catal ytic
system to reduce harnful em ssions. O course, other em ssion treatnent
systens are well known. Unfortunately, many of such em ssion systens have
a tendency to 12 lose their effectiveness over tine due to poisoning. or
degradati on of em ssion treatnent system conponents. The present invention
contenpl ates providing a manganese conpound to an additive, to a fuel
conposition or, alternatively, directly into the exhaust stream or
conbustion zone resulting fromthe conbustion process, whereby the
operati-on of the em ssion treatnment system conponents will be

significantly enhanced. A copendi ng application discloses various delivery

and  comipHathaR cORBAVLMYS hRS A IS FoRBnAEPHSaravRtSh &f%ﬁysﬁ)lnol

manganese containing additive. U S. Patent Application Serial No.

165, 462, &ééfﬁ%l}]ﬁe%%te&l’c ggneﬂ-@‘? preferred netal herein includes el enental

~and ioni c manga e, precursors thereof, and m xtures of netal conpounds

el uding TGRSt I TR SNSRI GRS RS bR AR5 ©
1 DEr LT i SHRERNSL) O Ll b oL THROSNES O TRIOSRECR, | BBl
| nvent i on,can el ude, by, Sxanple. a8 A hout, LLmbbakhon Lhuor ides
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 p}esent
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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“brom des, -iodides, oxides, nitrates, sulfates, phosphates, nitrides,
hydrides, hydroxides, carbonates and m xtures thereof. Manganese sul f ates
-and phosphates will be operative in the present invention and may, .in
certain fuels and conbustion applications, not present unacceptable
addi tional sul fur and 13 phosphorus conbustion byproducts. Preferred
.organonetal li c conpounds in an enbodi nent of the present invention include
al cohol s, al dehydes, ketones, esters, anhydrides, sulfonates,
phosphonates, chel ates, phenates, crown ethers, carboxylic acids, am des,
acetyl .acetonates, and m xtures thereof. Especially preferred nanganese
contai ni ng organonetal i c conpounds are nanganese tricarbonyl conpounds.
Such conmpounds 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 | . suiRhgsphorgssentsestion bprshystsc frstnured organometalliheompeynids inhe
practice of this invention include cyclopentadi enyl nmanganese tri carbonyl,
net hyl cpél eswbediaeahyf theapyeseaddnvenion hoshade aliohmlhyikieblydpsnkednesy |
nmanganese tricarbonyl, trimethylcycl opentadi enyl nanganese tricarbonyl,
t et r aneesigrsy ahbpdnitlasi salfonatesgphesghonatesy toelytes, phenates, crown
pent anet hyl cycl opent adi enyl nanganese tri carbonyl, ethyl cycl opent adi enyl
manganesthens, carlhaydic, adidst dnidys laepitaadtantts,many angserds! theaedony | ,
propyl cycl opent adi enyl manganese tri carbonyl, isopropyl cycl opentadi enyl
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,
methyleyclopentadienyl manganese tricarbonyl, dimethylcyclopentadienyl
manganese tricarbonyl, trimethylcyclopentadienyl manganese tricarbbnyl,
tetra:heﬂ:ylcyclopentadienyl manganese tricarbonyl,
pentamethylcycbpentadiehyl manganese tricarbonyl, emylcyclopeﬁtadienyl
nianganesc fricarbonyl, diethylcyclopentadjenyl- manganese tricarbonyl,.
pfopylcyélopentadienyl inanganese tlic;rbonyl, isppropylcyclopentadienyl

' manganese tricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyl,
octylcyclopentadienyl manganese tricarbonyi, dodecquyclopentadienyl
manganese tricarbonyl, ethylmethylcyclopentadienyl manganese tricarbonyl,

indenyl manganese tricarbonyl, and the like, including mixtures of two or more
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manganese tricarbonyl, tert-butylcycl opentadi enyl manganese tri carbonyl,
octyl cycl opent adi enyl nmanganese tricarbonyl, dodecyl cycl opent adi enyl
manganese ‘tri carbonyl, ethyl nmethyl cycl opent adi enyl nanganese tri carbonyl,

i ndenyl manganese tricarbonyl, and the like, including m xtures of two or
nore 14 such conpounds. Preferred are the cycl opentadi enyl nanganese
tricarbonyls which. are liquid at roomtenperature such as

nmet hyl cycl opent adi enyl nanganese tricarbonyl, ethylcycl opentadi enyl
manganese tricarbonyl, liquid mxtures of cycl opentadi enyl manganese
tricarbonyl and nethylcycl opentadi enyl manganese tricarbonyl, m xtures of

nmet hyl cycl opent adi enyl manganese tricarbonyl and et hyl cycl opent adi enyl
aration of such conmpounds is described in

manganese, tﬁicarboqxé,%gt : ﬁse : .
the |iterdftr&@mpytde aﬁ?g%‘? rthegyclopgntadignyl manganpse tiearbosyle of
whi ch is incorporate herein in its entirety. Wen fornmulating additives
to be usSMfh Rl Rédeorntsmparpbare sirch asanpiedernlopentadidngh, t he
nmanganese conmpounds are enpl oyed in anounts sufficient to reduce the
i mpact ofMgEANSHS trisaghondyethylcydepantadieny] sangansss trighobpingdy lignidn t he
after treatnment systens, reduce the rate of soot accunul ation, reduce the
. t enper at BEstHESs Wi icyplopketadienylomiagigaesse sridartatiiytanidse general | y enhance

the operation of after treatnent systens :

methylcyclopentadienyl 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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I ncluding, for instance, a catal yzed diesel particulate filter, or
alternatively, a continuously regenerating technol ogy diesel particulate
filter. Manganese conpounds are believed to bind with poisons in the
exhaust streamto prevent those poisons from binding or depositing on an
.after treatnent systemsuch as the catalytic surface of the diese
particulate filter. 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 Diesel Exhaust Particulates,"” Applications of Synchrotron Radiation
Techniques to Materials Science V, Mterials Research Society Conference
Proceedi ngs, No. 590, ‘63 (2000). For instance, nanganese sul fates and
phosphates may be fornmed and are trapped wthin a filter. These manganese
sul f at esSema:. gh ds phaladsonla].nat Fdroeing a) gGaReynolds; JoW.Rdwey ahd 6.the up
catalytic sites in a filter. This mechanismis - distinguished from ot her
addi ti veSciswab, 26-RalyaAbsoiptionl Gharivte6 eaten Bf Hiéke] F3diauke ParBtuRitbsr W se

conpl ex with poisons such as sulfates and phosphates. Instead, it is
hypot hesagghcdttod6f Sk RhARtidY RECINRUES T MadsialdSalencaddi tive act
to replace or substitute as the catalyst on the surface of the filter. It

i s basi aRamISFte dbfGPBBRREP COUGTeASe tﬁ%efﬁ&eiﬁ%f,rﬁ&%b@ﬁf@boc;%tpox

di stingui sh manganese from'other netals atinum’ I'n fornulating
That ef Pocriiee Barfnd- R ldes and HERHAAE: chFbETRRed bhi e FHROLT)
ot her %%incg Jiiics ok dﬁlésréargqaﬁggnese 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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be additionally incorporated nust not have any negative effects on the
manganese nechani sms. The anount or concentration of the additive may be
sel ected based on the concentration of sulfur in the diesel fuel. A ,
preferred treatnment rate of the mnanganese 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. 30ng/liter. The term"after treatnent systent
is used throughout this application to nean any system device, nethod, or
conbi nation thereof that acts on the exhaust stream or em ssions resulting
fromthe conbustion of a diesel fuel. "After treatnment systens" include.
all types of diesel particulate filters - - catalyzed and uncatal yzed, | ean
sel ect catalyst reduction systens, SOX traps,

NO, traps anf cat al ysts
di esel oxiFi% %ﬁfyc‘él%/ % pbout 5ngnp lges anghrnostirsiarablioalyeien 1 Jembong,
tenperature sensors, backpressure sensors, soot or particulate sensors,
state of,@%@n MH&Ust nonitors and sensors, and any other types of related
‘systens and net hods. There are nultiple types of diesel particulate filters -
(DPFs). ConveRhf deran “after sresitynend sppiegn aiscusedvbihfoughomt thecAppliegior hat
has been wused for many years. In operation, conbustion byproducts such as
parti cul amsaraady systenar devica ppethat) drtdvenbimeitidinzdtreof thshwictednahk" .
exhaust stream or emissions resulting from the 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).
Conventional, uncatalyzed DPFs are a well-known teéhnoloé,y that has been
used for many years. In operation, combustion byprodﬁcts such as
particulates and soot are trapped and then oxidized, or “burned off”.
7 “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

“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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"Catal yzed diesel particulate filters" (C-DPFs) are filters incorporating a
catalyst on or within the filter substrate that are adapted to reduce the
oxi dation: tenperature of the conbustion byproducts captured in the filter.
C-DPFs 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,

fl owthrough substrate that precedes 17 the diesel particulate filter in

t he exhaust passageway. Diesel fuels, when conbusted in engi nes operating
under the diesel «cycle, emt unburned soot particles into the exhaust gas
stream Because the oxidation tenperature of soot is in excess of 500C it
is desirable to enploy catalysts either within or preceding the filters to
| ower the sgot oxidation _tenperature. A catalgst that is part of the '

filter sthssdieseleparticalatefilter uy (heerhalliRassagFVA¥ul ate filter, or C DPF,
requires an exhaust tenperature between 325 and 400C to initiate filter
regener at i on.Diregifrelaitwhben combustest in gnginesorperatitignanderthadissel 1 n this
system the soot accunulates on the catalytic sites wthin the filter
subst r ateydeycerbiterdombiadasdmrpaticlesnipde dheeshapsbgsastreand Beeayseddence of
the catalyst Iower the tenperature required for regeneration. In a
cont i nucaritiytioe gempieatiing dfeobhdd bnyxcisssd SQRL, iitid desrdbletteremployt
oxidation tenperature is reduced because the catal yst oxidizes NOin the
exhaust @aslylses cielr witlgnidigiiResethg thiediltak thABwer ehotsest aridattreased | evel
of 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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within the filter. The terns "conpl ex" or "conplexing" are intended herein
to describe the conbination of or reaction by the manganese contai ni ng
compound with the conbustion byproduct(s) such as poisons, soot and other
particul ates. The conbination includes covalent or ionic reactions or any
ot her binding of the netal conpound with the conbustion byproduct.

Further, the termis "conbustion byproduct' includes, but is not limted

to, particulates, soot, unburned soot, unconbusted hydrocarbons,
partial | y-conbusted hydrocarbons, conmbusted hydrocarbons, oxides of
nitrogen, and any other gas, vapor, particle or conpound that results from
the conbustion of a fuel. Reference is also nade throughout of the term :
"enhanced" in the context of operation of an em ssions after treatnent

syst em- FThommbastivii &yprodadt” inoRahks, bt ispboYiawest td, pdriieuttes,aidopn of an
after treatnment systemrelative to the operation of a simlar systemthat

does not viNEnad FBBHaANESAnBATRAUAdrscarbotsd, §shrdiallvioReb@ste@r ot herw se
-streanmed through it. "Enhanced" operation ‘includes, but is not limted to,

reduct i oRyHfoda?BohSPAThbAtRPhF& T aPBorkd) &xi85d §Phﬁ§?&9 @hﬂ%f ?ﬁiee@'rgas,

reduction’in the rate of soot accunul ati'on, and reduction i

o Uyl Bl I o Tl ert s on
(such as thosg contal irsli:-ﬂgo %lljc'!l eu{hm%% %BQ Of ¥Re tcler%g denhanced” 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 temperature 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

) 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
manganeée 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
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zinc or soot), for instance, a bariumcontaining |ean NO trap, the present
i nvention provides novel nethods for providing a substance which conpetes
wi tth the active site (e.g., barium) in the Lean-burning exhaust. As |ong as
‘the manganese containi ng conmpound of the additive will conpete with the
‘metal of the catalyst systemfor conplexing with the potential emn ssions
system poi sons (e.g., sulfur) the manganese nmay be suitable for use as
scavengi ng agents. Further, the manganese scavengers of the present

i nvention can reduce the 19 ----------- R 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

t he pres . ' LS. | ' t e ont ai ni ng,
ol " bor narish B et bPo s hot T Al o S0 REPHERE LA B s an
unanti ci e nefit. There is a | r, Soot accunulation rate within the
R pp S iR coloeL o e e eSR BBt Sed BreRits Hyorer at | on
tenperaturﬁ?l obserwgggyﬁth ej t her the fuel -borne catal yst or CRT-DPF al one.
Exanpl e TRRAMIAGRY 9f PePresertinVABHEEPN are organonetal Iic, manganese '
cont ai ni ng ?Ongounds sol ubl e or dispersible in _diesel fuel. The manganese
pronot es t he IndRigavenHons whsnghs vapgroosacentaning fudiomecalalysas aft er

treat nent device o
: was used in combination with the CRT-DPF, there was an unanticipated

benefit. There is a lower soot accumulation rate within the CRT-DPF and the
regeneration temperature is reduced below the regeneration temperature

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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is a continuously regenerating technol ogy diesel particulate filter
(CRT-DPF). Upon introduction of the fuel into the conbustion chanber or
exhaust stream the manganese is rel eased and conbi nes or conpl exes with
the carbon fraction 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 durlng
base and additized fuel soot |oading tests 20 - - - - ---------- -
------ .---- - -- ------- are shown in Figures 1 and 2. Figure 1 dlsplays
the initial soot accurmulation profile prior to catalyst light-off, and
shows that use of the additized fuel leads to an imedi ate benefit of
reduced EGBP. The continuation of this benefit ough 10 hours is

di spl aye&@¥¢ & FWQUﬂéﬁgunﬁhéégvbﬂ d@gunﬂﬂahBDHW$dhelﬂﬁkﬂﬁageac¢umnﬂaﬁun
nmeasured by EGBP increase, is 0.06 kPa per hour. Wen additized fuel is
tested, phefileguéorto ¢a¢dl)tsédi@l;t—€df,faui show$ thar wee pbtite dditRadfacl kads.
More details regarding this testing described herein is contained in SAE
Paper Noto 800#u0ddi2a¥e Bentiihef RalvecthBGHRt Mheaymtithpeticad bfthik bearganese
Tricarbonyl (MMI) Can Play in |Inproving Low Tenperature Performance of

Di esel Phirtoughl B0 &okirs i€ Hispliféd h FiguiRchr Pheabet abeli@hiation i RRbaket Y.
The- base fuel used in this exanple was an ultra-low sul fur diesel fue

obt ai nedfuie] 088 RiYdstird® by WGBH Meredit] i8 08Tk PAIpes Hdut. WhkdladfitidedPm  The
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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additive was provided so that the additized fuel had 20 ngWn/liter. The
additive 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 00123456789 10 11 12 Mnutes Figure 1 CRT-DPF FILTER
LOADI NG DURING FIRST 10 HOURS 1.4 1.2 a

CRT-DPF LOADING DURING FIRST 12 MINUTES

0.5
204
-
ﬂ: /
£ 03 < —Base
[
[
@ / e MMT
8 02 : v
w  aull
£
o
z .

T

Minutes

Figure 1

CRT-DPF FILTER LOADING DURING FIRST 10 HOURS

1.4
1.2 .
o |Slope=0.06 kPalhoﬂMT_aase

0.6 M L TMMT
o s i’

Normalized Delta P, kPa

04 P iiliesanhd il Vo
. / A/W“lSIopew.OZ kPa/hour |
02 1~ T 1643 RPM, 50% Throttle
0 T ] 1 T T T T 1 T
6 1 2 3 4 5 6 17 8 9 10
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Figure 2
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1 Sl ope=0.06 kPa/hour -ease mO0.8 .-MMI K0.6 E 0.4 L 1Slope=0.02

kPa/ hour Z 0.2 1643 RPM 50% Throttle 0012 34567 89 10 Hours
‘Figure 2 22 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows the initial soot
accurrul ation profile prior to catalyst light-off. FIG 2 shows the initial
soot accumul ation profile prior to catalyst light-off. FIG 3 shows the
results of regeneration test when base fuels and additized fuels are
burned. 22a }

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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After filters are | oaded wth soot,
where regeneration (the burning-off of. accumulated soot) wll
regeneration tests when base fuels and additized
filter regenerati on was not

3
fuels are

Degi ns when

accunul at ed car bon
Not abl y,

shows the results of
burned. Wth unadditized fuel,
observed at tenperatures exceeding 380C. Wth additized fuel,

it is useful

to exam ne the tenperature

occur. Figure

regeneration

exhaust tenperature exceeds approxi mately 280C. The

regenerati on.

backpressure remai ns bel ow t hat
unaddi ti zed fuel.
| ower tenperature with the additized fuel,
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where regeneration (the burning-off of accumulated soot) will occur. Figure 3

shows the results of regeneration tests when base fuels and additized fuels are -

burned. With unadditized fuel, filter regeneration was not observed at

temperatures exceeding 380°C. With additized fuel, regeneration begins when

exhaust temperature exceeds approximately 280°C. The accumulated carbon

- within the filter combusts, leading to complete filter regeneration. Notably,

once the soot is burned off, the engine backpressure remains below that

. amount of backpressure seen with the unadditized fuel. In other words, not

only does the soot burn off at a lower temperature with the additized fuel, the

backpressure remains lower than with unadditized fuel as shown in Figure 3.
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N N Percent Throttle z3 Figure 3. Exanple 2 The exhaust gas after
treatnment device is a catalyzed diesel particulate filter (C DPF). Upon

i ntroduction of the additized fuel into the combustion chamber 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 accunul ation within the G DPF. Because the rate
of soot' accunmul ation is |lower and the soot contains a catalyst netal, the
regeneration tenperature is reduced relative to what woul d be expected

with the C-DPF and unadditized fuel. Exanple 3 In the applications
described in Exanples 1 and 2, the manganese 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

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




Wi th lubricant-derived phosphorus to formthe stable netal phosphates as
solid particulate and this reduces or prevents phosphorus deposition on the
.24 catalyst 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

. applications described in Exanples 1 and 2, the manganese additive used is
“one that will also formstable netal sulfates. The CRT-DPF or C-DPF is
foll owed by a | ean-NOx storage device that is sensitive to sul fur

poi soning. A portion of the netal released into the conmbustion chanber or
exhaust interacts with either fuel or lubricant-derived sulfur to form

stabl e anese sul fates,. ther vengi n 2 and and reduci ng
or * br e SR Ry snp TR O CREGBRPEBOR-DRE. M BREeT Hehge devi ce.
Exanpl e 5 The manganese cqntaining additives of the present .invention
enhance MAPEESESenSrndne dpebadditvgs ﬁ’éHtPrngqtéi?‘F Wtﬁlgahﬁpﬁbdﬂ:?éwgﬁﬁ%i ng
of conbustion byproduct netal on the surface of the DPF. The sintering of
conbust restltingdrennplrosrhans peijoBBEr and render ineffective catal yst
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 '
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
77y~ 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




manganese contai ning additive reduces the amount 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
makes the filter easier to clean because of the reduced sintering of the
byproducts to the walls of the filter. Exanple 6 The manganese contai ni ng
additives of the present invention enhance operation of an after treatnent
system by accel erating ash buildup in a DPF but neverthel ess reducing rate
of backpressure increase. The manganese binds with conbustion byproducts,
e.g., sulfur and phosphorous oxides, and formnms stable nmanganese conpounds
that are then trapped as and with the ash in the filter. Surprisingly, it
has been di scovered that this literal increase in ash does not increase

e e o, S Bran 5o RN DS, M Wity
r enoved en it is cleaned. It is to be understood that the reactants and

conponentitsteiasicite clgapbacayse of the redueed sipntpeng 9fthe hyrgpdacts todiheon or
clainms hereof, whether referred to in the singular or plural, are

i dent i fi &pllssof the/fidsi.st prior to coming into contact with anot her
substance referred to by chem cal nanme or chemcal type (e.g., base fuel,
solvent, etc.). It matters not what chenical changes, transformations
and/or reactions, if any, take place in the resulting m xture or

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




solution or reaction nediumas such changes, transformati ons and/or
reactions are the natural result of bringing the specified reactants and/or
.conponents together under the conditions called for pursuant to this

di scl osure. Thus the reactants and conponents are identified as ingredients
to be brought together either in performng a desired chem cal reaction
‘(such as formation of the organonetallic conpound) or in fornmng a desired
conposition (such as an additive concentrate or additized fuel blend). It
will also be recognized that the additive conponents can be added or

bl ended into or with the base fuels individually per se and/or as
conponents used in formng preforned additive conbinations and/or

sub- conbédrapoaBats Agethet GakEr tRY efnditiiolaldieros RiSBaRet6iAsd ter may

refer to substances, conponents and/or ingredients in the present tense

(" compr | §Relostks T fhd reddifnt:ehRA LRERrRrkD ok D1 AR 0GRarALRANEN! S

or ingredient as it existed at the time7just ore It was . .
or I et GRRBY SuOLI polOSRNE B ORINTAL AL PRI (ufaLed o'
ComponeoE ol 1 SRk TBNCARKCC Lok i oPEh B SEIL L LhESUgN 0
A accdPaPR AL ARFIR NPT o e B IRRY)-of Qeibalieband the
claims thereof. At nunmerqQus places throughout this specification,
ref er ené‘gccﬂ%}yzggéﬁat the additive components can be added or blended into or with
" the base fuels individually per se and/or as components used in forming
preformed additive combinations and/or sub-combinations. Accordingly, even
though the claims hereinafter may refer to substances, components and/or
. ingredients in the present 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 ihgredient may have lostits o'riginal identity through
a chemical n_aaction or transformation-during the course of such blending or
_ mixing operations or immediately 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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made to a nunber of U S. Patents, published foreign patent applications
and, published technical papers. Al such cited docunents are expressly
i.ncorporated in full into this disclosure as if fully set forth herein. a7
This invention is susceptible to considerable variation in its practice.
Ther.efore the foregoing description is not intended to Iimt, and should
not be construed as limting, the invention to the particul ar
exenplifications presented hereinabove. Rather, what is intended to be
covered is as set forth in the ensuing clains and the equival-ents thereof
permtted as a matter of |aw. Patentee does not intend to dedicate any

‘di scl osed enbodinents to the public, and to the extent any di scl osed

nodi fications or alterations may not literally fall within the scope of
the clal ms. 1 As MeLRRRPIFSEELPibIO To BBhbiaRtabIB Yarl bR 28 pAfac.. L he
doctrine of equivalents. ------"-------- R - at |Is
Aainmed ls: 1. A.pethod of redueing t i hiSgt f

accurul atﬁbff{ef?{eatgg J?‘”ee§8 g f}g?cr(l‘:%u ué‘lf] ﬁgﬁ Egt%%fi é‘?ntgo rrplri %II“% gS h%EJE% ;l)jlofl ibr? g a

di esel fuel conprisi.ng,.an additive.that .includes a nman conmpound to a
di esel f.lf@?si’é};%{]@? ”Bﬁt‘?ﬁs Ve P?Fepélﬁﬁ??dﬂ%{ f%?{ngg{g?%ﬁﬁm%onpri ses a
S oo ¢ propetrddaein . Jrethier: what 34 bitendod b be dovered Is & SeERTRIS! ' "

in the ensuing claims and the equivalents thereof permitted as a matter of law.
Patentee does not inténd 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.

2¥




byproduct conprising the manganese conpound, the nmanganese conpound bei ng
supplied in an anbunt effective to conplex with the at |east one
conmbusti on byproduct, whereby engi ne backpressure is reduced as conpared

Wi th using wunadditized fuel. 2. 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 nmanganese
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, the nanganese conpound bei rig
suppl i ed y munt, effective to conplex with the at | east one
corrbustiWﬂ €ﬂ;éﬁ1uf?1§b wher eby engi ne backpressure is reduced as conpared
Wi th using wunadditized fuel. 3.- A nethod of reduci.ng engi ne backpressure
after filter 5eg ne%géi%g i a diesel fuel combustion system conprising:
suppl yi ng a dledermgthed 6ﬁ§FF@Bﬁ§‘ed?Pg§@dPtqff¢€tﬂt pbash geruaedatiomdnganese

conmpound to di.esel fuel conbustion syste wherein the conbustion system
P dleseflfuel combustion system compﬁs¥ng: " Y :

LoD ]

supplying a diésel 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

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:
3 o 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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conprises a catalyzed diesel particulate filter, conmbusting 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
engi ne backpressure after filter regeneration is reduced as conpared to
unadditi zed fuel. 4. A nethod of reducing engi ne backpressure after filter
regeneration in a diesel fuel conmbustion 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
contlnuously regenerating technol ogy diesel particulate filter, fconbusting
the fuel in the conmbustion systemto produce at |east one byproduct

conpri sing t hgyEREaRESENED . anese c bei ng supplied
in an anount effect?ve%|rn co gﬁugmg%%%%hdé%gt ﬁ%oégPa%gwﬂg‘ﬁﬁ%& on

bypr oduct n JREEEDY sldje engi ne backpressure after filter regeneration is
reduced é‘s“ conpare%é]to unaddi ti zed fuel. 5. A nethod of reducing sintering

of conbustion byproducts on a diesel particulate filter in a diesel fuel
conmbusti on system conpri sing: ,

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 combustton 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 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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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
conbusti on 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
sintering of conbustion byproducts on the filter is reduced as conpared to
usi ng unadditized fuel. 6. A nethod of reducing sintering of conbustion
byproducts on a diesel particulate filter in a diesel fuel conbustion
system conpri sing: supplying a diesel fuel conprising an additive that

i ncl udes a nmanganese conpound to a diesel fuel conmbustion system wherein

t he combusti othspsirraneserpmp@nd@ ety sappleal ih hAgeAGHAL ef8ctiwrchNol 0gy
di esel particulate filter, 3i the nanganese conpound being supplied in an

amount  etbafiley ¥itlPthe ARt olet dbrhPAs@bn HHPSSI@RE conbustion byproduct, -
wher eby t he engi ne backpressure after filtér regeneration is reduced as

conpared to ugadgify ﬁ?@eﬁgﬁle batkpte SRR filk ] g?raﬁidﬁ & Rl as

conbustion byproducts on di esel” particulate fil n a diesel fuel

conbust i gRLSRSLE T SR dif0P 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 Ieastr 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,
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supplying a diesel fuel conprising an additive that includes a manganese
conpound to a diesel fuel conmbustion system wherein the conbustion system
conprises a catal yzed diesel particulate filter, conmbusting 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
sintering of conbustion byproduct on the filter is reduced as conpared to
usi ng unadditized fuel. 6. A nethod of reducing sintering of conbustion
byproducts on a diesel particulate filter in a diesel fuel conbustion
system conpri sing: supplying a diesel fuel conprising an additive that

i ncl udes a mapganese conpound to % di esel ﬁw&L conmbusti on_system wherein
the combusti offie JRtsAeHs ERTEaend beipg FHRBlied yn ABuReNat FRECHER fhol ogy

di esel particul ate fjlter, - ~I conpound.to a diesel fuel conbustion

syst em \ﬁﬂ@’rﬂifﬁWﬁétﬁ%%éﬁﬁt&?%%ggWUEB'@mr@é@Cta conti nuously
regenerating technol ogy diesel particulate filter, conbusting the fuel in
the conmbusti oWhsyehe e snginsbeckpressarssaitonltenyegengratiort tnprdwiadgs he

manganese conpound, the manganese conpound being supplied in an anmount
ef f ect i veompared fpunadditined fieelat | east one combustion byproduct,

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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wher eby the conbustion byproduct poisons effect on the filter is reduced
as conpared with using unadditized fuel. 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 conbustion byproduct, whereby
sintering.of conbustion byproducts on the filter is reduced as conpared to
- using unadditized fuel. 7. A method of scavengi ng combustion byproduct

poi sons in a diesel fuel conbustion system conprising: supplying a diesel
fuel conprising an additive that includes a manganese conpound to a diesel
fuel conmbustion system wherein the conbustion system conprises a

catal yzed diesel particulate filter, conbusting the fuel in the conbustion
systemto _producge at .| e ne _byproduct conprising the manganese
conpoun&Pnﬁﬂ%uﬂéﬁﬂéhggﬁgiéﬁgGﬁﬁﬂ“ﬁﬂ?ﬁgS§§$%ﬂf@henﬂﬂdheammuhusﬁbnegs&nn to
conplex with the at | east one conbustion byproduct, whereby the conbustion
by pr oduEPTHRIAEEHE cOptiEniously regerfdrpting teshhothgyatiesalpartivpdatedfilét, h usi ng
unadditized fuel. 8. A method of reducing scavengi ng conmbustion byproduct
poi sons in acomluiding the fudibubeicombystiomsystanitsipigduce 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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supplying a diesel fuel conprising an additive that includes a manganese
3a conmpound 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 manganese conpound, the manganese conpound
being supplied in an anount effective to conplex with the at |east one
‘conbusti on byproduct, whereby the conbustion byproduct poisons effect on
the filter is reduced as conpared with using unadditized fuel. 33 ABSTRACT
- METHOD OF OXI DI ZI NG SOOT AND REDUCI NG SOOT ACCUMULATION I N A DI ESEL FUEL
COVBUSTI ON  AFTER TREATMENT SYSTEM A net hod of reduci ng the negative . '
effects of accunulation of ash in a diesel fuel conbustion systemincludes

supplying a d&&ﬁghsﬁﬂglth@qﬂenm filc cofthistivd dyRedmi taGpredRRe AtNBGRSe

conpound to a diesel tuel conbustion system The conbustion system

i ncl udespanfrhattd Iql'@%egh a.tn?E Head Eofiubtffy. or. alternatively, a

cont i nuoug})y regenglg%t'lén te%ﬁm_ ogy dlecésgl pafticulate filter. The fuel

I's then combugfed 1B hAge CORPRIHPBeR bGP B 9 Uehodtht tfdtve 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
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one byproduct that includes the manganese conpound. The nanganese conpound

I's supplied in an anmount effective to -conplex with the conbustion
~byproduct. (FIG 1) 34

compound to a diesel fuel combustion system, wherein the combustion system
comprises a conﬁnuouély regenerating techhology 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 byproduct, |

whereby the combustion byproduct poisons effect on the filter is reduced

as compared with using unadditized fuel.
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