METHOD OF ENHANCI NG THE OPERATI ON OF A DI ESEL FUEL COVBUSTI ON AFTER
TREATMENT SYSTEM Field of the Invention The present invention relates to
the use of a fuel additive for protecting and inproving operation of
conmbusti on exhaust after treatnent systens. The additive contains one or
nore manganese conpounds. The additive can be introduced into a conbustion
chanber as part of the fuel, or it may be injected alone or with the fuel
into the conbustion exhaust. The additive will then enhance the operation
of after treatnent systens including, for exanple, those that incorporate
catal yzed and continuously regenerating technol ogy diesel particulate ‘
filters. Descypaty Rri.or . It 1.s well known in the autonobile
i ndustry, or %@%P/It}lhg&g éﬁggﬁ%‘“ﬁ@g@é‘%@% B AJAESEE F Wik ned, to. |
reduce tailpipe (or s %‘% N RiTHEABMENT RYSTEM ous strategi es. For
exanpl e, the nost comon nethod for reducing em ssions fromspark ignition .
~engi nest'ef b ¢ areful ,control of the air-fuel ratio and ignition tim ng.

Ret ardivg#&ﬁrﬁ?—g%%g fromthe best efficiency setting reduces HC and
NOX emi ssiong, while excessive retard of ignition increases the output of
CO and HC. |11 BHSICHE TRYRjtiRn splades tethrase ofE fael addiens.fob wrotingm ssi ons
increase with |oad. Increasing coolant tenperature tends to reduce HC
eni ssi 6H¥ ipprovingwpesstibnoficondisting ealaustaftdihe &St Ssten]d. Theal SO
known that treating the effluent streamfroma conbustion .

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

introduced into a combustion chamber as part of the fuel, or it may be injected
alone or with the fuel into the combustion exhaust. The additive will then
enhance the operation of after treatment systems including, for example, those

that incprporate catalyzed and continuously regenerating technology diesel

particulate filters.

Description of the Prior Art

. It is well known in thé automobile industry, or any industry where
hydrocarbonaceous fuels are burned, tp.reduce tailpipe (or smokestack)
emissions by using various strategies. For example, the most common method
for reducing emissions from spark ignition énginés is by careful control of £he

_air-fuel raﬁq and ignition timing. Retarding ignitioﬁ timing from the best
efﬁcif:n(_:y_ setting reduces HC and NOx emissions, while excessive retard of
ignition increases the output of CO and HC. Increasing engine speed redﬁces

HC emissions, but NOx emissions increase with load. Increasing coolant
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process by exhaust after treatnent can | ower em ssions. The effl uent
comtains a wide variety of chemical species and conpounds, sone of which
my be converted by a catalyst into other conpounds or species. For
exanple, it is known to provide exhaust after treatnent using a three-way
catalyst and a lean NO. trap. Other catalytic and non-catal ytic methods
are also known. Thernmal reactors are noncatal ytic devices which rely. on
honogeneous bul k gas reactions to oxidize CO and HC. However, in thernal
reactors, NOx is |largely unaffected. Reactions are enhanced by increasing

exhaust tdrepeefiatdt reduced cqnpression ratio or retarded
timng) or by i ncreglzgsai(ﬁjg&gx aulgF %Wﬁ%‘ﬁ’& $ Fefles i gneiicreagepincal |y,

t enper afye;, @$niQkiokhr00 OF (800 CC) or nore are required for peak efficiency.
‘Usually, the engine is run rich to give 1 percent COand air is injected

into the exlﬁl?gsgl Ther nal rga:t ors are seldomused, as the required ‘
setting drana |C§Pﬁ§‘“¥vgﬂi|}§@ cqbnechiye offlugny streana fnom @ sysbersioar e capabl e
of redﬁﬁjogg Ng) as well as oxidizing CO and HC. However, a reducing

ment 1 8y

enviro AUSE afferbrpatment saai losrwimiskione CEES iefG&st dthgher t han
chem cally correct engine air-fuel ratio. A two-bed converter may be used
i n whi Eh"VHtT Vadetypichesnicahspetihe anecandpstiags, s6medrdiERh &2 HC. While
“efficient, this procedure results in |ower fuel econony. 2 Single-stage,
three GEYVEHedIbya satahe isjoartkembamppuercr SpoiddIeRor LSBHE 1L e Y

pr ox

preci se fuel control to be effective. Only inthe close I'mty of the
st oi chkapemy txcpravide ekBatibeaftbf bHeaeMent Risihe H0hrad EE&%&O%i&%ﬂgég’
as

i excursions to either side of stoichionetric’can caus€ Incr
NOx trap. Other catalytic and non-catalytic methods are also knowmn.

Thermal reactors are noncatalytic devices which rely on homdgeneous
bulk gas reactions to oxidize CO and HC. However, iﬁ thermal reactors, NOy is
largely unaffected. Reactions are enhanced by increasing exhaust temperature

" (e.g.bya reduced compression ratio or retarded timing) or by increasing
~exhaust combustibles (rich mixtures). 'l‘ypically; témpcr,amres of 1500 ofF [éOO
°C) or more are required for peak efficiency. Usualljr, the engine is run rich to

gi{re 1 percent’CO and air is injected into the exhaust. Thermal reactors are
seldom used, as the ;equired setting dramatically reduces fuel efficiency.
Catalytic systems are capable of reducing NOy as well as oxidizing CO
and HC. However, a reducing environment for NOy treatment is required which
necessitates a richer than chemically correct engine air-fuel ratio. A two-bed

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

CO and HC. While efficient, this procedure results in lower fuel economy.
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hydr ocar bon and carbon nonoxi de or .NOx em ssions. Such TWC systens. can
enpl oy, -for exanple, either a zirconia or titani um oxi de exhaust oxygen
sensor or other type of exhaust sensor and a feedback el ectronic controls
"systemto mamintain the required air-fuel ratio near stoichionetric.
Cat al yst support beds may be pellet or honeyconb (e.g. nonolithic).
Suitable reducing materials include rutheniumand rhodium while oxidizing
materials include cerium platinumand palladium Diesel systens raise a
different set of challenges for em ssions control. Strategies for reducing

articul ate Heaba Clid L.M.Z] .4 njectjon an ai r. notion,
g-ffecii ve fuﬁg?glgjt oﬁgéz]’atl ogvg{t%} %%?r%’(%%l(%@,%o‘mm utSF {Pﬂtﬁl?;}bf fu?al

inj ectiap. N of . parasiti sses i.n conmbustion chanbers, |ow sac
vojl ume I% u\llrlagi é\%{éﬂ! éégiyrﬁ I%ﬁl%el @Jeel r‘f8?%’i°i§° 8re§éFF1§‘§-t Qulyaptthgrtloseduci ng

| ubricat i il ontr.ibutions, and rapid engine warmup. In terns of after
treat rrg#f) ,gﬂ]fl&yiog tﬁﬁ&%ﬂcg?‘fﬁf‘eﬁ?“eﬁ%‘i“) &hhmelicipnerrhighyfopalinthreean and t he
~exhaust w1l therefore. usually contain excess oxygen. Thus, NOX reduction
with cé%‘?wé%‘if‘? SECYRTeRs (Al aide pf staichiotdtaasidy eaudidreaseyimved from
di esel _exhaust by either selective catalytic reduction, the use.of |ean NOx
3 cat afysrecanhen ard cadeen ceemexidedrdiOz entibsionsc aadly TWEC @ stéshfgan®et al s
such as iridium or. catalyzed thernmal deconposition of NOinto 02 and N2.

Di esel eptloyclor sxemplepsitbec h zimeis ak vizedidh esslle BRhALSHbRf & sddghs (C
DPFs) and continuously regenerating technol ogy diesel particulate filters

(T ffsrTna l@Pﬁsr;em@pe dfexhateyeknped anki a@kbeﬂ%bﬁ%l&%f@ﬁk%o?f&dl@ts%tefﬂl L ers.
. maintain the required air-fuel ratio near stoichiometric.
Catalyst support beds may be pellet or honeycomb (e.g. monolithic},
Suitable reducing materials include ruthenium and rhodium, while oxidizing
materials inclﬁde cerium, platinum and palladium.
Diesgl systems raise a different set of challeﬁges for emissions control.
Strategies for reducing particulate and HC include optinﬁziné fuel injection and
air motion, effective fuel atomization at varying loads, cé‘rltrol of timing of fuel
injection, minimization of parasitic losses in combustion chambers, low sac
volume or valve cover orifice nozzles for direct injection, reducing Iub‘rica‘;ion oil '
contributions, and rapid engine wanh-up. ‘
In térms of after treéttmcnt, it is known tﬁat 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. NOy is removed

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




- and catalytic. regeneration can burn out the material stored. New .

. particulate standards currently under review may necessitate such traps.
Fuel conmposition, including sulfur and aromatic content, and the burning
of lubricant can contribute to increased particul ate em ssions. Catal ysts
‘have been devel oped for diesels which are very effective in oxidizing the
organic portion of the particulate. Inproved fuel econony can be obtained
by using a | ean-burn gasoline engine, for exanple, a direct injection
gasol i ne engi ne, however currently NOX cannot be reduced effectively from
oxi di zi ng exhaust using a typical three-way catalyst because the high

| evel s ocdtalyetgetchURPAESES ddif reducing reactions. Wthout a NO
adsorber or |ean NOX trap (Lhﬁ?sg§ﬁg%%b%%?%?i¥sgﬁpr%é%m SHpl as :
| ean- buiritas QY j ) e _expl oit .The function of the LNT is
to scaveng;e the’ NO(igr%m%FﬁZ‘ag%%%éa pos Pa‘?fﬁ?anF‘f Oeqnd Bauction at  sone

| ater ti.ne. L0di cal | he LNT, must Dbe regenerated by reducing the NOX
This can be %%%f%f’ﬁ%ﬁ%‘é%%%a%é}l&h acatpbrzed sliseel praticulate filkins-(Cuel

rati os t he, pur pose o urging.the trap. This change in operatin

condi t i%ﬁ'ﬁs‘s)ﬁ% §°3§VEP§§I39P E%gt“P& Ecmﬂp@mieasl wt?cmat&jﬁ{ot\zﬁa tij“,RTgI y.
These Iﬁﬂ'é mavy al so_  be placed on diesel engines, which also operate in a
“lean ai?¥uldt 1 develpped pehith gmploy cegasit onmetabfiltess. Therasbaust of

both types of engines is net oxidizing and therefore is not conducive to
the r eé'&’éi fRfabeitctagsnerador ssaryutmout BrouatbiR siored s N parachiRE t he

. present invention to inprove the storage efficiency and durability of the
- LNT ané&tardggds angenty usidrulevienf magf nédeasithie such traps. Fuel

composition, including sulfur and aromatic content, and the burning of
lubricant can contribute to iricreased particulate emissions. Catalysts have
been developed for diesels which are very effective in oxidizing the organic
portion of the parﬁculate. |
Improved fuel economy can be obtained by using a lean-burn gasoline
engine, for example, a direct injection_ gasoline engine, however currently NOx
cannot be reduced effectively from oxidizing exhaust using a typical three-way
: céltalyst because the high levels of oxygen suppress the necessary reducing
reactions, Without a NOx adsorber or l'c;:an NOx trap (LNT), the superior fue;l
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 time. Periodically, the LNT must be regenerated by reducing the -
NOx. This can be accomplished by operating the engine under rich air-fuel

_ratios fqr the purpose of purging the trap. This change in operating condiﬁons
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before regeneration is necessary. It is well known that NOR adsorbers are
hi ghly vul nerable to deactivation by sulfur (see, for exanple, M QGuyon et
al., Inpact of Sulr on NOR Trap Catalyst Activity-Study of the
‘Regeneration Conditions, SAE Paper No. 982607 (1998); and P. Eastwood,
Critical Topics in Exhaust Gas Aftertreatnent, Research Studies Press Ltd.
*(2000) pp.215-218.) and other products resulting fromfuel conbustion and
normal . |l ubricant consunption. It is an object of the present invention to
provi de fuel or |ubricant conpositions capable of reducing the adverse

i npact esin advénsely efficttdtbbécononay s WyIPEE A bIIRY. These INgsd gﬂ% a]%XSt em
PP

i ncl udi ng NOR adsorbers and LNTs. Performance fuels for varl e cations

and endienplaceduin dissel 511%1?1@3, WA af<Qy o5 akE ah Li18Sn Car Eur I&%niﬂer and

i ntake val ve deposits, eaning port fuel 1njectors an ors

pr ot ecttheJeaddh mgggﬂﬁl%lﬂgé q%géabmfélt[g;rb%\mg@e&%gfl c%ltg%gand Sm ssi ons

performance, and ensurin or age st w. Fuel

or cvent ot aoin SRALH orﬁ.*?n%é‘%tﬁ@%%%{s’%? R e Rrtpdseoaty ol o
Fethy! Y arasasoRar Sy %ﬁﬁ%ﬁﬁé@a PP BNG R PR CRFOv. 06 PHERE r om Et hy!
e oo GiTPal e gty ofledePh afriimerolone fee psetil 1o g the SN Pat ont
2,818, ﬁ%@m r‘léggggrartr%rr\l I%nggcgsggrr;pounds have been used to | ower deposit
It is Well known that NOx adsorbers are highly vulnerable to deactivation
by sulfur {see, for example, M. Guyon et al., Impact of Sulfur on NOx Trap
Catalyst Activity-Study of the .Regeneration Conditions, SAE Paper No. 982607
_(199'8) ; and P. Eastwood, Critical Topics in Exhaust Gas Aﬁeftreatmeht, |
Research Studies Press Ltd. (2000) pp-215-218)) and other products resulting
from fuel combustion and normal lubricant consumption. Itis an object of the
present invention to provide fuel or lubricant compositibhs capable of reducing
tl.le adverse impact of sulfur, and other exhéust byproducts, on the emissions
iy system including NOx adsorbers and LNTS. |
Performance fuels for varied applications and engine requirements are .
known for cohtrolling combustion chambef and intake valve deposits, cleaning
port fuel injectors and carburetors, protecting against wear and oxidation,

improving lubricity and emissions performance, and ensuring storage stability

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




formation in fuel induction systens (U S. Patents 5,551,957 and 5,679, 116),
sparkplugs (U S. Patent 4,674,447) and in exhaust systens (U S. Patents
4,175,927, 4,266,946; 4,317,657, and 4,390345). Organonetallic iron
conmpounds, such as ferrocene, are known as well for octane enhancenent

(U S. Patent 4,139,349). Organonetallics for exanple conmpounds of Ce, Pt,
Mh or Fe anbng others have been added to fuel to enhance the ability of
.particulate traps to regenerate or to directly reduce the em ssions of
particulate fromdiesel or conpression ignition type engines or other
conbuststehilizess comidatinoguevenittirs] and gerfarinaice Additighs b€ kaghipeo of the
netal particles that are the product of additive breakdown on the

part i ciheteasvad¢sdralsa progectisdoshicds or in the exhaust or particul ate
trap. 6 Sunmary of the Invention Accordingly, it is an object of the

present i nvehigamonictallie 8 cobhpiiAdd %ﬁ“"ﬁ’% gy awbacks of the
i met hods

foregoi ng systems and methods to provide s for using a conposition
Syst o o i s R M rBA B P Bl
i udee Bopion o AR AR S P PR foL Hoa daRRbnE RE Rl udes
Syt on RasPROHRfchly BeoblERRH as SnuBRASk Agehy ookoRer MBuERiTegener at i ng
: tIEChnObS@YB,qlileﬁ.e lTl'I%%EtnilgglggxtlgsJ jzcl)lgn?aroilnds have been used to lower deposit

o formation in fuel induction systems (U.S. Patenfs 5,551,957 and 5,679,116),
sparkplugs (U.S. Patent 4,674,447) and in exhaust systems (U.S. Patents
4,175,927; 4,266,946; 4,317;657, and 4,390345). Organometallic iron
conipo‘unds, such as ferrocene, are known as well for octane enhancement
(U.S. Patent 4,139,349),

Organometallics for example compounds of Ce, Pt, Mn or Fe among
others have been added to fuel to enhance the ability of i)arﬁculate traps to
rfegenerate or to directly rediice 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

‘product of additive breakdown on the particulate matter during combustion or

in the exhaust or particulate trap.




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

oxi des, nitrates, sulfates, phosphates, carbonates, hydrides, hydroxides,
nitrides, and m xtures thereof. The organonetallic conpound is selected
from the group consisting of alcohols, aldehydes, ketones, esters,
anhydrides, sulfonates, phosphonates, chel ates, phenates, crown ethers,
car boxghirs Qﬁ¢hglﬁgLH§§n acetyl acetonates, and m xtures thereof. A
preferred organonetaltic conpound i s nanganese nethylcyclopentadlenyl

tricarbonyl f di ment of enhancjng the
operation o?cg(?]kﬁngyé ?% lgnééyi g)p ‘féé’?: %??ﬁ%p ﬁ%%ﬁﬂtslf}g?%ﬁ?? 0 Lverearae thee|

conbus i S ing a diesel fuel to a diesel fuel
con‘t)usl%dlﬂ‘f)iﬁ:l Sys em b&?ﬁf&@?‘%%’ @Qg'ﬂ%ﬁ-’(ﬁﬁ?sc dnd meldodsdatpioyidsl di esel

parti CHJ[ @{.‘&%FI ter. or conti.nuously regenerating technol ogy diesel
particu o HPINg, EOFHES"F%" 4o maksce andrimprayetbestriesatiey sifem t o
produce a% ast e conbustion byproduct in an exhaust stream An
addi t i V8™ BﬁﬁPPs‘? %t@éﬁéﬁ@%@l@bﬁmms; s injected into the exhaust
stream The manganese .conpound conpl exes with at | east one conbustion
bypr oduct . ?H@%ﬁﬁ&ﬁb@@rﬁommd&/ﬁ i athaasuing ¢hawpetNdsw e @hission
or ganonetal I i ¢ conmpound is supplied in an effective amount to

ter treatment system in a diesel fuel combustion system includes supplying a

diesel fuel comprising an additive that includes a manganese compound to a
diesel fuel combustion systen;. The combustion system comprises a catalyzed
or, alternatively, -continuously regenerating tec.:hnology diesel particulate filter,
The fuel is then combusted in the combustion chamber to produce at least on.e
byproduct comprising the mangéne_se compound. The mangénese is in an
effective amount to complex with the at least one combﬁétion byproduct. The
manganese compound or manganese ion may be an inorganic metal compound
g ‘ or an organometallic compound. The inorganic metal compound can be
selected from the group consisting of fluorides, chlorides, bromides, jodides,
oxides, nitrates, sulfates, phosphates, carbonates, hydrides, hydroxides,
' nitrides, and mixtures thereof. The organometallic compound is selected from
the group consisting of alcohols, aldehydes, ketones, esters, anhydrides,

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




conplex with the at |east one conbustion byproduct. The inorganic netal
conmpound or organonetallic conpound nmay be as noted earlier herein. In a
stitll further enbodinent, an em ssions control systemfor. the after
treatnent of a diesel fuel conbustion process exhaust stream conprises an
“exhaust passageway. The exhaust passageway al |l ows for passage of an
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 located within the exhaust passageway and adapted to contact the

exhaustarhidsty eatlyl Abetomsheyind i SRIFS IBFITEN BrRAYANE3ENE fd whi ch
conplexes with at | east one of the exhaust byproducts. e alternati ves of

possi blcanimﬁgﬁpﬁ;sgmg@m A Hl.lpl,qd kn. In a still further
enbodi nent, an em ssion cogltq?o ﬁgﬁggﬁqgggﬂgﬁgﬁ%n%ﬂeat ment of a diesel
fuel conmbusti ‘ ream.ingl udes an. exhaust passageway. The
exhaust pas 5%8}&/2{/9%?‘&{ Eié’n%ﬁ‘ts“e‘%’;% aofneéthoéxﬁgﬂ&an%{lg EOESFﬁPtA‘Pﬂ é’?é‘%‘h aust
bypr odyct:s.; _ nbustion of. a diesel fuel. A J catalyzed or .

contin Egﬁdg?l%hrg elg gﬁe‘%@rr %‘%tl‘nrl\%nft %’cﬁﬁ?@ BR gtﬁsgi fpelcompbustian systam comaerisescat ed
W thin 2xhausit sageway. a is adapted to contact the exhaust

© st r_eamS‘t'IE1 ﬁ%ﬁ%& ﬁa%SFg@FZg‘ﬁﬁ §Seﬁﬁua’d%ﬂmbwtﬁom odeiRe dThe comibusticne addi ti ve
conpri si a man‘?anes_e conpound whi ch conpl exes with at |east one of the
exhau s-‘f’y%gﬁ’r BYcturPRte argiabrstidiesel grarpicydatsl filtermogamentinconsiyinds

include those noted herein. ,
o regenerating technology diesel particulate filter. The fuel is combusted in a

_(;ombustipn 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 compbund complexes with at léast
one combustion byproduct. The manganese compound which can be an
inorganic or organometallic compound is supplied in an effective amount to
complex with the at least one combustion byproduct. The inorganic metal
‘compound or organometallic compound may be as noted earlier herein.

In a still further embodiment, an emissions control system for the after
treatment of a diesel fuel combustion pfoces_s exhaust stream comprises an
exhaust passageway. The exhaust passageway _al-lows for passage of an
exhaust stream containing exhaust byproducts from the combustion of a diesel
fuel comprising a manganese compound. This system also includes a
.catalyzed or continuously regenerating technology diesel particulate filter

located within the exhaust passageway and adapted to contact the exhaust




In a still further enbodi ment, a nethod of enhancing the operation of an
em ssion after treatnent systemin a conbustion systemincludes supplying a
fuel conprising an additive that includes a manganese conpound to a fuel
conbustion system The fuel is then conbusted in the conmbustion chanber to
produce at | east one byproduct conprising the manganese conpound. The
manganese is in an effective anobunt to conplex with the at | east one
conmbustion byproduct. 9 In a still further enbodi nent, a method of

enhanci §geLhe 34| n emssions after treatment systemin a
conmbust | on sys?ggne%igh%rg i gégg%%wws LIagRnese soemepbust Whickkyst em  The

fuel is ..in cqnbustjgn system to produce at |east one
combust ?%ﬁggéiy%%sgu tatﬁﬁasgﬁ)r&?l’{aﬁ%@( cxhagsinhypedustsli Theeliconptives of) a
manganese. ¢ ound is in&;ct ed into the exhaust stream  The manganese
conpound” TR BRBERFEhcamprEass ipsludo thnsstnateddyerepr.oduct . Det ai | ed
Description _The additives used in the nmethods and systens of the present
invention dPe® PHEHYEHes esnbedimentrenathissiomeganes eyseat miHdagepounds
soluble in fuels. This fuel is then conbusted in a conbustion systemthat

i ncl uddgcalimneny el dissshfudmonslysstéon proceysoéaehsst!Nfeah 8EIdRalrent system
fromharnful conbustion byproducts that could otherw se neutralize their

ef f ect io¥BASS paFhagewayigihe sehaust R saslEkdy foralhRh AN2ER 2 t&ﬁleﬁﬁtdat I on
of carbon particulate matter. Upon introduction into 'he exhaust stream
the nmasgEaes eontmins dxha@ist byproducts from the combustion of a diesel fuel. A
'_ 3 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 nianganese compound which complexes with at least one of the
exhaust byproducts. The alternatives of possible manganese compounds
include those noted herein. |
In a still further embodiment, a method of enhancing the operation of an
emission after treatment system in a combustion system inclﬁdes supplying a
fu%:l comprising an additive that includes a manganese compound to a fuel

combustion system. The fuel is then combuisted in the combustion chafnber to

‘produce at least one byproduct comprising the manganese compound. The

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

combustion byproduct.




contact with the carbon fraction of the particul ate, accel erates carbon
oxi*dation reactions, and aids in after treatnent systemregeneration. The
_manganese conpound al so reduces the rate of soot accumulation. The exhaust
system may also-contain other after treatnment systens. 10 The

hydr ocar bonaceous fuel conbustion systens that nay benéfit from the
present invention include all conbustion engines that burn fuels. By
"conbustion systen herein is neant any and all internal and external
conbusti on devi ces, machi nes, engi nes, turbine engines, boilers,

i nci ner at or 4 a stili forthier eenbotin®ir, ashetHoel A AREThANeLRE hidff%n"‘hi ch
can conbust or in which can be conbusted a fuel. Fuels suitab?e or use in
t he opemaissivnsodfterc@BRUEEHOBySY i ' ' | &ﬂ%f -
di esel fuel, jet fuel, kerggeng?ﬁggﬁﬁﬁgéﬁﬁmgﬂgfge%%Egﬁﬁggkﬁgggﬁ% - Ffropsch

fuel's, d Aditd aP&IhBLISHEN 358 tem! "iglﬁezﬁg‘f £d ¥§gbf(fs%ﬁ fr?%' Cogngléﬁfégllg g?%%irped

pr opane, butane, unl eaded” not or avi at1 on gasol i nes,
r ef or myl, r88;,8859hd ' Lcal | ontain_ both hydrocarhons of the
gasol i ne%%oi T néerlga{r%gzm\g#cfﬁ{l Bé%ﬁélgﬁ)J#%&B%%ﬂ%teé‘g‘auﬁF éﬂ"&f‘lﬁb g&ent s, such

as alc -and ot her suitabl e oxygen-containing organic
conpou%gg.kév&(g%@ﬁ%{% é@g %Jp?ﬁg?ﬁeﬁeo?mﬁggupﬁ 1{gH’éle}9F sEHE theeashaust i ncl ude
met hang{re%% h%ﬂol i sopropanol, t-butanol, mxed G to Cs al cohols, nethyl
tertiary Buty ETHRPEAREGHS FAPPOURG comples sitioat leastpinetearbustioby |

et her a(g&i m xed ethers. Oxygenates, when used, will normally be present in
. the bBE¥Gfel in an amount bel ow about 25% by volune, and preferably in an
" ahpunt that provides an oxygen content in the overall fuel-in the range of

‘Detailed Description

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

may also contain other after freatment'systems.
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about 0.5 to about .5 percent by volunme. Qther fuels that are useful in the
net hods and devi ces of the present invention are gasoline, bunker fuel,

coal dust, crude oil, refinery "bottons" and by-products, crude oi
extracts, 11 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 enul 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 fuel, synthetic diesel and

m xtures t h€hedfydrodartidrerceptiodiiel SorfBaktibg dyReedsithAt h@PbeéiASIM DI75.
It is preferred that the sulfur content of the diesel fuel be less than 100

ppm - akie pseeaitahbinabafiaenett Aabnitiestei ENEineQ %s%uﬁﬁ fu@ﬁs? Bhan 30 ppm
e

Fuel s having relatively high sulfur content,"while withint sctope of the

pr esentcdmBaBtbANy S Mém*slrﬁemgﬂggn}@@% gﬁfegg%ga}g@t&tsﬁ{aﬁ' ytically

enhanced after treatnent systens. Co i on systens useful

W b R b NP enbHRLCRLINE ST M. SOUE. degree of e ssi on

control or after treat’rrgnt syste _
L N DR P N TN
AT R AP R R TR L
: tr eat ngé]élba%?i%gn;y%%g%%no%n&l%prcsent 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 cdntajn
both hydrocarbons of the gasoline boiling range and fuel-soluble oxygenated
blending agents, such as alcohols, ethers and other suitable qugen—containing
organic co_mpounds. Qxygenates suitable for use in the‘;_)resent inve-ntion -
include methanol, ethanol, isopropanol, t-butanol, mixed C; to Cs alcohols,
methyl tertiary butyl ether, tertiary amyl methyl ether, ethyl tertiary butyl ethe_r
and mixed ethers. Oxygenates, when used, will 'norrnally be present in the
base fuel in an amount below about 25% by volurﬁe, and preferably in an
amount that provides an oxygen content in the overall fuel in the range of
~ about 0.5 to about 5 percent by volume. Other fuels that are useful in the

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

dust, crude oil, refinery "bottoms" and by-products, crude oil extracts,
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- The present invention contenpl ates providi ng a manganese conpound to an
additive, to a fuel conposition or, alternatively, directly into the
exhaust 12 stream or conbustion zone resulting fromthe conbusti on process,
whereby the operation of the enmi ssion treatnment system conponents wll be
significantly enhanced. A copending application discloses various delivery
and conbi nation opportunities when using an aqueous, water sol ubl e,
manganese containing additive. U S. Patent Application Serial No. 10/

165, 462, filed June 7, 2002. The preferred netal herein includes el enental

and io icaganganese-, precursors thereof, and m xtures of netal conpounds

i ncl udir}'r‘fif Agafesdes, yardsieimmiganend wastieo ws] ceipshendsatatustnor gani ¢ or
organic. Also effective in the present invention is the generation,

| i ber at3gsie s searte ioortillage, plasticsfarmhntjanesganic wRREAAAGEOF ojps. Preferred
inorganic nmetallic conpounds in an enbodi nent of the present 1nvention can
i ncl uderrpglueicarpicnErtimsttherdof] and tedtilBioid,uor i des, chlorides, bronides, .
i odi des, oxides, nitrates, sulfates, phosphates, nitrides, hydrides,

hydr oxistiepensianisp aaidedispotkioh X thér@sf LVR6f, aIMBRIRRESRheL L ALES and =
phosphates will be operative in the present’ invention and may, in certain

fuels fids COYUREATUBPIGER |ORRAnBhRERRAL AARGEIRLAR S ATYL! | onal

sul fur and phosphorus conbustion byproducts. eferred organonetal lic
comeBso bon R ETPOLAREDINA], MBLESTRY DD 20 e BiEEy b gheL
. ,C..?el at g8d ARRNALE thetoP W other products meeting the definitions of ASTM

| D975. It is preferred that the sulfur content of the diesel fuel be less than 100
pPpm, and especially preferred that the sulfar content be less than 30 ppm.

Fuels having relatively high sulfur content, while within the scope of the |
present invention, are curréntly impractical for use with catalytically enhanced
after treatment systems.

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

The present invention contemplates providing a manganese compound to

an additive, to a fuel composition or, alternatively, directly into the exhaust
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et hers, carboxylic acids, am des, acetyl acetonates, and m xtures thereof.
13 ‘Especially preferred nanganese contai ni ng organonetal lic 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 Bl. Suitabl e manganese tricarbonyl
conpounds which can be used in the practice of this invention include
cycl opent adi enyl manganese tricarbonyl, nethylcycl opentadi enyl nanganese
tricarbonyl, dinethylcyclopentadi enyl nanganese tricarbonyl,
trimet hyl cycl opent adi enyl manganese tri carbonyl, :

t et r ARt EMMCHCEARBUSRTHEIN EB0RR0L ! .

pent anet hyl cycl opent adi eny|. manga gﬁni?#%gﬁ%@%&thépﬁﬁ?%ﬁéygﬁgﬁp%dienyI
mangangs€oddrh faLN We o d! opent adi enyl _manganese. tri carbonyl,
propylcy?ﬂ%pent% |enfﬁﬂﬂgﬁg§%é%é Fﬁ§3¥%§H§F¥HW?Bﬁg§5Vﬁ§PEIopentadienyl
manga Al nyl ert-butyl cycl opent adi.enyl manganese tri carbonyl,
octy|gﬁéﬁg%éﬁﬁgﬁgﬁﬁ%Tdﬁgnééﬁ@&%XFkg%%P n digslpses valiens sisivany angl
manganese, 1 ri carbonyl, ethyl pethyl cycl opent adi enyl nmanganese tricarbonyl,
i ndenﬁonﬁgﬁ’ﬁ’ﬁ?@s‘éplf"}/ﬁtb‘ﬁ“ﬁ%vp?n ERE aqpeous, N@%Fﬂ@%h@,mmsc two or
more such. conpounds. Preferred are the cycl opentadi enyl manganese

tri caPBhANNE RRidéHver V.-Pi Bateat &Pﬁ@éﬁpﬂe%mldﬁwrwlshﬁiﬂﬂé& filed June
nethylcyclgfentadienyl manganese tricarbonyl, ethylcycl opentadienyl
nangaﬁéé%xl-icarbonyl,_quuid‘ m xtures of cycl opentadi enyl manganese
triccarbonyl and nethylcycl opentadi enyl nmanganese tricarbonyl, m xtures of
S The preferred metal herein includes elemental and ionic manganese,
precursors thereof, and mixtures of metal compounds inchuding manganese.

These manganese compounds may be either inorganic or organic. Also

effective in the present invention is thé generation, liberation or production in

situ of manganese or manganese ions.

Preferred inorganic metallic compounds in an embodiment of the preseht
invention can include by example and without limitation fluorides, chlorides,
bromides, iodides, oxides, nitrates, sulfates, phosphates, nitrides, hydrides,
hydroxides, carbonates and mixtures thereof. Manganese sulfates and
phosphates will be operaﬁve in the presént invention and may, in certain fuels
and combustion applications, not present unacceﬁtable additional sulfur and
phosphorus combustion byproducts. Preferred organometallic compounds in
an embodiment of the present invention include alcohols, aldehydes, ketones,

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

-ethers, carboxylic acids, amides, acetyl acetonates, and mixtures thereof.
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14 net hyl cycl opent adi enyl manganese tricarbonyl and ethyl cycl opent adi enyl
manganese tricarbonyl, etc. Preparation of such conpounds is described in
the literature, for exanple, U S. Pat. No. 2,818,417, the disclosure of
which is incorporated hereininits entirety. Wien fornul ating additives
. to be used in the nethods and systens of the present invention, the
manganese conpounds are enployed in amounts sufficient to reduce the

i mpact of poisons, e.g., sulfur, lead, zinc, soot and phosphorus, on the
after treatnent systens, reduce the rate of soot accumul ati-on, reduce the
tenperature at which the soot oxidizes, and otherw se generally enhance
the operation of after treatnent systems including, for instance, a

- catal yzed diesssialbapréferted: mahightiese contaihingr orgnhvatetallic @onpondss| y
regenerating technol ogy diesel particulate filter. Manganese conpounds are
bel i evan¢ mengandsavititaimingd cenipotrils. e3tel SbmpsdurtiatOtRipdN e t hose

poi sons from binding or depositing on an after treatnment system such as
the cabainyples irs TS RaterafNod161, 86685337, pa6Y 4 AL 11 Bld0; 5, 5888572 0., A J.
Nel son, J. L. Ferreira, J. G Reynolds, J.W Roos and S. D.° Schwab, "X-Ray

Absor [8,0a4, 83BEad BRI FtlrOPa@int Ne SRl 5xPayst Particul ates,” Applications

of Synchrotron Radi ation Techniques to Materials Science V, Materials

e e Chsk e Fseett 9o Mos Hhen Al B0k 5/ 7=t o0

| practice of this invention include cyclopentadienyl manganese tricarbonyl, ‘
methylcyclopentadienyl manganese tricarbonyL dimethylcyclopentadienyl
manganese tricarbonyl, trirlnethj.rlcyclopentadienyl manganese tricarbonyl,
tetramethylcyclopentadienyl manganese tricarbbnyl,
pentamethylcyclopcntadienyl manganese tricafbonyl, ethylcyclopentadienyl
Inanganese tricérbonyl, diethylcyclopentadienyl manganese tricarbonyl,
propylcyclopentadienyl manganese tricarbonyl, isopropylcyclopentadienyl
manganese tricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyl,
octylcyclopentadienyl manganese tricarbonyl, dodecylcyclopéntadienyl
m:anganese tricarbonyl, ethylmethylcyclopentadienyl manganese tricarbonyl, = -

- indenyl manganese tricarbonyl, and thellike, mcluding mixtures of two or more
‘such compounds. Preferred are the cyclopentadienﬁrl manganese 1Irica-rbonj,rls
which are liquid at ro'om temperaturé such as methylcyclopentadienyl

- manganese tricarbonyl, ethylcyclopentadienyl mangénese tricarbonyl, liquid

mixtures of cyclopentadienyl manganese tricarbonyl and

metllylcyclopentadienyl manganese tricarbonyl, mixtures of
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within a filter. These manganese sul fates and phosphates do not forma

" glaze over or otherwise tie up catalytic sites in a filter. This nechanism
i s distinguished fromother additives such as platinum Platinum conpounds
do not bond or otherw se conplex w th poisons such as sulfates and

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

descri bed herein that distinguish manganese fromother netals |ike
platinum In fornulating additives for use in the present invention,

t her ef QlefhvibtclbSehl ffective anmpynt f . manganese, be

el oyes ARl be b ARAER el B f LR By T SR o B cloRp e b

addi ti | i rated jmust not have any negative effects on the
rranganrglggggrrég @aﬁﬁqé 0 ﬁ’eetﬁrmunt or concentration of the additive nay be

sel ected bapsed on. thg cogcentrat ion of sulfur in the diesel fuel. A
preferred'thgi"Fﬁ‘ilhan frChcompoungmisiesssinednisothndliteaatuss, for excess of 100
ng of manganese/ljiter, nore referably up to about 50ng/liter, and nost

- prefer i’u@- Rat. Mol 8,80hdheidiselostre of which i inqorppesedent syst ent
is used throughout this application to mnean any system device, nethod, or
conbi AEEEEhin Heeadirebhat, acts on the exhaust stream or enissions resulting
fromthe conbustion of a diesel fuel. "After treatnent systens" include
all types dhen dsmhubming eddiives fto lHeantsed in {ife aaithbilz ethdsshtoreadfal yzed,

| ean NOx traps and catal ysts, select catal yst

‘ the present invention, the manganese compounds are employed in amounts

sufficient to reduce the impact of poisons, e.g., sulfur, lead, zinc, soot and
phosphorus, on the after treatment systems, reduce the rate of soot
accumulation, reduce the temperature at which the soot oxidizes, and
otherwise generally enhance the operation of after treat?nent 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 depoéiting on an after
treatment system such as the catalytic surface of the diesel particulate filter.
See, e.g., A. J. Nelson, J. L. Ferreira, J. G. Reynoldrs, J. W. Roos and S. D.

- Schwab, "X—Ray Absorption Characterization of Diesel Exhaust Particulates,”
Applications of Synchrotron Radiation Techniques to Materials Science V,
Materials Research Society Coﬁference Proceedings, No. 590, 63 (2000). For

instance, manganese sulfates and phosphates may be formed and are trapped
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reducti on systens, SOx traps, diesel oxidation catalysts, nmufflers, NO
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 nmethods. There are nmultiple types of

di esel particulate filters (DPFs). Conventional, uncatal yzed DPFs are a
wel | - known technol ogy ‘that has been .used for many years. |In operation,
conbusti on byproducts such as particulates and soot are trapped and then
oxi di zed, or "burned off". "Catalyzed diesel particulate filters" (C DPFs)
are filters incorporating a catalyst on or within the filter substrate

t hat  d¥ighiyaditar. t Thessomeagahesosulfaiesemd phopghatesrdo nbt fdren aqgthust i on
byproducts captured in the filter. CDPFs currently include cordierite or
si | i cover grvitderwisadid thiatalypie sifektinrsfiltdr. Thomimgvheusdn isegener ati ng
technol'ogy diesel particulate filter" (CRT-DPF) is a systemwhere the.

cat al ylistinguishedpfasai ethek laadtitivdsosigth 89Rp3atiah.t PRitPLBCRIBBouhAs & esel
particulate filter in the exhaust passageway. D esel fuels,” when conbusted

i N engiotdHrePeF athdiisd e8mplBewalles&kons eich: a@ﬂf&%%&?ﬁoﬁﬁ%&%@?” icles

into the exhaust gas stream Because the oxidation tenperat soot is

I n exeRseadl itRWypdthebized s the @ra%ﬁr@ﬁ?ép%lé\ttﬁﬁ}rﬁl%ﬁn%o&ﬁc{lgﬁf W thin or

precedi ng t he filters to [ower the soot oxi Ion erature. A catalyst
N T Wy I
- and 408G Ao LhehliBh altcrl Sled SHHS! oS e EIEPLAER kT didiinRieh?t ' O ©f
‘. manganese from other metals like platinum. In forﬁulaﬁng additives for use in
the present invention, therefore, it is important that effective amounts of
manganese be employed, and further that any other metal compounds that can
be additionally incorporated must not have any negative effects on the
- manganese mechanisms.
The amount or concentration of the additive may be Iselt;:cted based on
the concentration of sulfur in the diesel fuel. A preferred treatment rate of the
manganese compound can be in excess of 100 mg of manganese/liter, more
preferably up to about 50mg/liter, and most preferably about 1 to about-
- 30mg/liter. |
The term “after treatment system” is used throughout this application to
mean any system, device, method, or combination thereof that acts on the
exhaust stream or emissions resulting from the combustion of a diesel fuel.

“After treatment systems” include all types of diésel particulate filters - -
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accunul ated soot. In this system the soot accunul ates on the catal ytic
sites wthin.the filter substrate and the conbi nati on of tenperature,
pressure and the presence of the catalyst |lower the tenperature required
‘for regeneration. In a continuously. regenerating technol ogy diesel
particulate filter, soot oxidation tenperature is reduced because the
_catalyst oxidizes NOin the exhaust gas to NO2. The increased | evel of N2
pronotes an increased | evel of soot oxidation wthin the filter. The terns
"conpl ex" or "conplexing" are intended herein to describe the conbination

of or r | on by the .nangagngse nt ai ni ng.,compound wth the conbustion
bypr odﬁ%@&zﬁe sﬁ’é‘ﬁ %C%'yfgﬁsﬁ@oli@xm%‘ﬂ-‘%@Pa%-Y?tiScﬁF]&PE§?taiﬁ§t conbi nati on
c

i ncl udes, cqval ent. or ionic reactions or any other binding of the nmetal
corrpouﬂ?.fh(’ﬁ%fqp SRSteBRmRISs (P plipesd Geddatinn eatalystsheulders, NQostusarison
byproduct” includes, but is not limted to, particulates, soot, unburned
soot, PREFFHERUShieImperaves senpens; backpressie sersbrshgdobonr bons,

conbust ed_hydr ocar bons, oxides of nitrogen, and any other gas, vapor,

par ti cPartifulatmpensers; staterofdhe eshinstmdist@snhub sémsoref andfag} othRef er ence
I's al so made throughout of the term "enhanced"” in the context of operation
of an owesgifonhtaftwstéms atwemictisydd.em The term "enhanced” neans an

i nprovenent in the operation of an after treatnent systemrelative to 18

the oper at iTherefare miuliplr typ¥s be MidRR hafi9eslaRoHi1BAY HPrgRnganese conpound
combusted or injected or otherwi se streaned through it. *Enhanced":

oper atCovert tikh Md ehcalbdlyzé $ DMis dide™, %ﬂ—ﬁﬂowﬁ%@gﬁﬁ&ﬁﬁyitﬂzﬁ hes'Bmact of
‘ppi sons on t he
used for many years. In operation, combustion byproducts such as
particulates and so.ot are trapped and then oxidized, or “burned off”.
- “Catalyzed diesel particulate ﬁlters” (C-DPFs) are filters incorporating a catalyst
‘on or within the filter substrate that are adapted to reduce the oxidation
-temperature of the combﬁstion, byproducts captured in the filter. C-DPFS
currently include cordierite or silicon carbide monolithic type filters. A
“continudusly_ regcneréting technology diesel particulate filter” (CRT-DPF) is a
sy‘stem where &161 catalyst is a separate, flow-through substrate that precedes
0 the diesel particulate filter in the exhau:gt passageway.
Diesel fuels, when 6ombustcd in éngines operating uhder the diesel
cycle, emit unburnec_l soot particles ﬁlto the exhaust gas stream. Because the
- oxidation temperature of soot is in excess of 500°C, it is desirable to employ

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

temperature. A catalyst that is part of the filter substrate, i.c., a catalyzed
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em ssions control system reduction in the rate of soot accunul ation,. and
reduction in the tenperature at which the soot is oxidized in the filter.
When t he eni ssions system contains a conponent which is poisonable by

" conbustion byproducts (such as those containing sul fur, phosphorus, |ead,
zinc or soot), for instance, a bariumcontaining |ean NO trap, the present
i nvention provides novel nethods for providing a substance which conpetes
with the active site (e.g., barium in the |ean-burning exhaust. As |ong as
t he manganese contai ni ng-conpound of the additive will conpete with the

met al  @esel E&rtf&hé{é’ﬁfteﬁyoﬁlér%ﬁﬁr &ﬁgpégseé&il @Qh%&i‘%eﬁﬁg 1%[%%{‘5& ve el SSI ONs

system p0| sons . 0., sul fu anese nmy use as

f th t
vent T4 SR0R00E: to SRS fuek HeedROARIRS SR ES SRR ORRDs By bERERLERS
She e R BRRRARA R Fanid LPGkal e 300t sgmyamines °oq§rﬁé’£%2§fté%é#e“ !
i nventi %ﬂ%ﬁ bzl S invention, en t he manganese contai ni ng, fuel -borne
cat al 1 teg sbsEReamat tsncembination eRtemprratikeregsaraand

unantici pated benefit. There is a | ower soot accunulation rate within the
CRT- Dibepgsenee of Q@%ﬁéﬂ?@éyﬁdﬁ“ﬁérﬁbértaﬂmeéawerrequer@d for regencratipmgdner at i on
tenperature 19 observedwith either the fuel -borne catal yst or CRT-DPF

al one.a cextinpbusly mgenauding teshnadeguilidset partiaulatofilfencset akidatiommanganese
contai ning conpounds sol uble or dispersible in diesel fuel. The manganese
pr onottempdrature is reduced because the catalyst oxidizes NO in the exhaust gas to

S
- NOz. The increased level of NO2 promotes an increased level of soot oxidation
within the filter.
The terms “complex” or “complexing” are intended herein to describe the
combination of or reaction by the manganese containing compound with the
_ combusti_on byproduct(s} such as poisons, soot and other ﬁarticulates. The
combination inctudes covalent or ionic reactions or any otlher‘—binding of the
metal compound with the combustion byproduct. Furtﬁf;r, the term
“combustion byproduct” includes, but is not limited to, particulates, soot,
o ] unburned soot, uncombusted hydrocarfpons, partially-combusted
hydrocarbons, combusted hydrocarbons, oxides of nitrogen, and any other gas,
vapor, pél;ticle or compound that results from the combustion of a fuel.
Reference is also made throughout of the term “enhanced” in the context

of operation of an emissions after treatment system. The term “enhanced”

means an improvement in the operation of an after treatment system relative to
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oxi dation of carbon particulate matter. The exhaust gas after treatnent

. device is a continuously regenerating technol ogy diesel particulate filter

(CRT-DPF). Upon introduction of the fuel into the conbustion chanber or
exhaust stream "the nmanganese is rel eased and. conbines 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 measure of soot loading within a filter is the increase in
exhaust gas backpressure (EGBP). A conparison of EGBP profiles during base
and additized fuel soot |loading tests are shown in Figures 1 and 2. Figure
1 di stieagpertdtiorn of fistinikoclysta Uiat déeonot haod bl mapganesd comabahyst
l'ight-of f, and shows that use of the additized fuel leads to an inmedi ate
benef édmbhistative edicbtdPor dlitertasy sttuaineantebughiit ARAhéeddperdgbnl0 hours
is displayed in Figure 2. The soot accunul ation rate for base fuel, as

meas UiReudds, BN Rt ﬁﬁﬁ?ed ioS rf@GidiPh BRE iRpUEt ot iRisagddbhicked fuel is

‘tested, the rate is reduced by a factor of three to 0.02 kPa per hour.

\Dr© Gkl ERRT R SARTERA AESRIEEd eRR B ATI AR |0 2
b 223@“{@ 0 oLt e WHRER $hO o0 IS SERA R L2 POTF Doty
obt ai ned {VHPH %%1%&519#% RERRSEEs kbR ACHRRH [LbafbSRB Lo The
R RS o kot TR Lo el A0 gty e

zinc or soot), for instance, a barium-containing lean NOx trap, the present

invention provides novel methods for providing a substance which competes
with the active site (e.g., barium} in the lean-burning exhaust. As long as the
‘manganese containing compound of the additive will compete with the metal of
the catalyst system for complexing with the potenﬁal emissions system poisons
{e.g., sulfur) the -manganese may be suitable for use as sca_venéing agents.
Further, the manganese scavehgers of the present invention can reduce the
.detrimental impact of other poisons such as sulfur, phosphorus, lead, zinc, or
3 J . soot on emissions control systems of the-lean burn combustion systems in one
embodiment of the present invention.

In this invention, when the manganese containing, fuel-borne catalyst
was used in combination with the CRT-DPF, there was an unanticipated
benefit. There is a lower soot accumulation rate within the CRT-DPF and the

regeneration temperature is reduced below the regeneration temperature
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CRT- DPF- LOADI NG DURI NG FIRST 12 M NUTES 0.5 0. 4,

EMMIT NO.2 REO0.1 1643 RPM 50h Throttle 00123456 7.89 10 11 12
M nutes Figure 1. 21 CRT-DPF FILTER LOADI NG DURI NG FI RST 10 HOURS 1,4
1.2- 1 as C

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

Example 1

The additives useful herein are organometallic, manganese containing
compounds soluble or dispersible in diesel fuel. The manganese promotes the
oxidation of carbon particulate matter. The exhaust gas after treatment device
is a continuously regenerating technology diesel particulate filter (CRT-DPF).
Upon intrgduction of the fuel into the combustion chamber or exhaust streain,
the manganese is released and. combines or complexes with the carbon fraction
of the particulate matter, accelerating the oxidatibn reactions that take place |
prior to and during accumulation within the CRT-DPF. The measure of soot
loading within a filter is the increase in exhaust gas backpresspre (EGBP). A

comparison of EGBP profiles during base and adciitized fuel soot loading tests

are shown in Figures 1 and 2. Figure 1 displays the initial soot accunnilation

profile prior to catalyst light-off, and shows that use of the additized fuel leads

to an immediate benefit of reduced EGBP. The continuation of this benefit

through 10 hours is displayed' in Figure 2. The soot accumulation rate for base

fuel, as measured by EGBP increase, is 0.06 kPa per hour. When additized

~ fuel is tested, the raté 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

20
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Sl ope=0. 06 kPa/hour 22 -Base mO0.6 _MMI H3, E 0.4 z 0 2 Slope=0.02
kPa/ hour 1643 RPM 50% Throttle 0012 3 4567 89 10 Hours Figure 2
After filters are |oaded with soot, it is useful to exam ne the tenperature
where regeneration (the burning-off of accunmul ated soot) will occur. Figure
3 shovEritieborssd (MMTIoCan @genin khpeovihgdley eaipdraseref Pafamaadcaddi ti zed
fuels are burned. Wth unadditized fuel, filter regeneration was not

obser vedicel ParhetiRke FatereX 628ch Mo i@ pordicimadii id aedddiety. regeneration
begi ns when exhaust tenperature exceeds approxinmtely 280C. The o
accunul at ed - BaBe b1t {hN@hif EkhRIpIE WS Stk eRd fArbPdsyEphede filter
regeneration. Notably, 22 - - - - - = - - - - - ------- once the soot is

bur ned b foind 4% SAGHIKHRACHAL B35 8 LETRIASPAURY el or STRAL 1

backpressure seen wi the "un n ot her wor not only does

the s00f b G1L Rhvifed ihat BIPEHANLS: HIA RS0 2gNih RSk F4gL . the

additive used was MMT® (Ethyl Corporation).

CRT-DPF LOADING DURING FIRST 12 MINUTES
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-backpressure remains .| ower than wth unadditized fuel as shown in Figure 3.
CRT- DPF REGENERATI ON TEST ? 400 1.5 Inlet Tenps. 350 ¢ p Base Fuel 300 E
mma mao00.5250 NmKaW 1pOIT-Fuel 200 a rc Regeneration :
occunin eat-260C. -0.5 150 NN NYi NVi YI.NNWWWNNVVNN OVYY
e WdYYa NHaNWWWN VVVY WNNN Percent Throttle X

CRT-DPF FILTER LOADING DURING FIRST 10 HOURS
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o
=23
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Figure 2

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

within the filter combusts, leading to complete filter regeneration. Notably,
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Figure 3.
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Example 2

The exhaust gas after treatment device is a catalyzed diesel particulate

filter (C-DPF). Upon introduction of the additized fuel into the combustion
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.additive used is one that will also formstable netal sulfates. The CRT-DPF
or 24 CDPF is followed by a | ean-NOx storage device that is sensitive to
sul fur poisoning. A portion of the netal released into the conbustion
chanmber _or _exhaust interacts with either fuel or |ubricant-derived sulfur
to for mhamabeeor gahaupksiseam, the mangdntsehy released gindgcarnbir8Eewithdti803 and
reduci ng or preventing deposition of sulfur species on the | ean- NOx

st or ageattbondeactidix afithe pariftidatmngates eccelptating tye adidiatiorescaaftiose

present invention enhance operation of an after treatnment system by

r educi rihat hake ipder prigr 66 andrhushg accubyiatotovithigl e CrDPRe Becdwae of the
DPF. The sintering of conbustion byproduct netals nay cover and render

i nef f eghe et af abysicAihesat@h INRwH {Rf ehe Qbot BSh G ah \eedlyBPmetal,
"Sintering"” is the fusion of combustion byproduct particleS on the filter

sur f aCehedednt At tihpbiftaleRl rddudehBleidirld &1 wiliSoda t6@Nt ai ni ng

additive reduces the anbunt of sintering- on ITter surfdces, as

conpar gﬂtﬁ%g@_wgﬁﬁe&% @é@%g&iﬂ% when unadditized fuel is burned, and

t herefore increases rve Tife of the filter. It also nmakes the
filter easier to clean because of the reduced sintering of the byproducts
to the walls of the filter. 25 Exanple 6 The manganese cont ai ni ng
additiﬁ‘ ) of! tge present invention enhance operation of an after treatnent
syste erating ash buildup in a DPF

In the applications described in Examples 1 and 2, the manganese used
will form stable metal complexes including manganese phosphates. A portion
of the manganese released intq the combustion chamber or exhaust interacts
with lubricant-derived phosphorusAto form the stable metal phosphates as
solid particulate and this reduces or prevents phosphorus deposition oﬁ the

~ catalyst metal employed in the CRT-DPF, or the C-DPF. The use of these
. manganese containing fuel additives will protect the catalyst from deterioration

resulting from phosphorus poisoning.

Example 4

In the applications described in Examples 1 and 2, the manganese:

additive used is one that will also form stable metal sulfates. The CRT—DPF or
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.but neverthel ess reducing rate of backpressure increase. The manganese

bi nds with conbustion byproducts, e.g., sulfur and phosphorous oxi des, and
fornms stable rranganese conmpounds t hat are then trapped as and with the ash
inthe filter. Surprisi nql y, it has been discovered that this literal

i ncr ea$&DRF 1sfolomsdsbynat camd¥@a stonage devinesinag is Fensitive, toplfiyi ng a
manganese containing additive, the DPF will need to be cl eaned | ess often
and t hg@odsiniogn A pertman ef tlmmrieetabtqleamtbimd thheombustiorcchandgr drt is to be
understood that the reactants and conponents referred to by chem cal nane
anywhekghihnst hetespasivwith aithen fael of hitcdigrdaiveddalfheto febestalsde to in the
singular or plural, are identified as they exist prior to comng into

cont ac &nwlgdm@s@omg&e@ U abg @cﬁﬁﬁiﬁ?dhé SOWard S0Lahd RafBeidlg eheni cal,

type (e.g., base fuel, solvent, etc It matters not what cheni cal
Changeiyrevéﬁﬁ&@éﬁ@ﬁﬁﬁ%ﬁrb? ﬁﬂﬁixoé dBECLh RS Tedil-NOW stdrdake dlvitee 1 h the

resulting mxture or solution or reacti on nedi um as such changes,
transformations and/or reactions are the natural result of bri ngi ng t he
specified reactants and/or conponents together under the conditions called
for puE}%antl tg this disclosure. Thus the reactants and conponents are

i denti ngredi ents to be brought together either in performng a
desi red chejrﬂllce: reacti onrgt such as orma{r% of the organonetallic
compound) of FIMPBERRTRS PHATPEAIEHEEL P PEGSCPL JRFEALOD, FRRFRCE| ve
~concentrate or additized fuel blend). It will also be  .recognized that the
addi t i PRCES QR ﬁéﬁpsafeegritr%tr%ra*eﬁwsfﬁnbbﬁ Feddcingithesinigring of fembastion e s

I ndl vi dual Ic)( per se and/or as conponents used in formng
_ byproduct metal on the surface of the DPF. The sintering of combustmn

byproduct metals may cover and render ineffective catalyst sites on the surface
pf the catalyzed DPF. “Sintering” is the fusion of combustion byproduct
particles on the filter surfaces as a result of the heat in that filter. The
manganese containing additive reduces the amount of sintering on the filter
surfaces, as compared to the amount of sintering when unadditizéd fuet 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 thp filter.
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prefornmed additive conbi nati ons and/ or sub-conbi nati ons. Accordingly, even
though the clainms hereinafter may. refer to, substances, conponents and/or

ingredients in the present tense ("conprises", "is", etc.), the reference
is to thRe bgt ance, conponents or ingredient as it existed at the tine
just before ft was first blended or m xed with one or nore other

subst ances, ts._and/or. .ingredients jn accordance with the present

di scl osure. hgﬂf%?cééqeﬁgtcopﬁaelm%gg‘s%gﬁ ,O%ébﬁ%ﬁ%‘?ﬂtsmé’?npﬂ’@reéﬂ}% may have
lost its origin identity through a_chem cal reaction_or transformation
duri ng (fl?%a(t,%ﬁ?r ea%?f@ﬁﬂga%ﬁ‘gis%ﬁteé‘? by aceekgatipgesh byuddep inePEFat el v
thereafter is thus wholly immterial for an accurate understanding and
appr eci Attt BRVIRhelsss reducingdate obhackpressurd increasmer Ebe manganeser ous pl aces
t hroughout. this specification, reference has been nade to a nunber of U S
Pat ent PINF§HVItEIReanstéon hypeadimts appl,i sdfiiromsd plidsphobdus heidleseandi cal
papers. Al such cited docunents are expressly incorporated in full into
this difesmgsitableamangaheb¢ gosgpouhast thab efreithen Thispddse ahidorithstheussept i bl e
to considerable variation in its practice. Therefore the foregoing

descri phithe filkemoBurmtisingdd it Rak ib¥eh digdtesd® vhak A1t 116ralGAPRIIUeH as
limting, the invention to the particular exenplifications 27 presented

her ei nalsbivd@oeRabb dicredb@batRpieRb@A e Ful L NEHES nSinBinssd forth in the
ensuing clains and the equivalents thereof permtted as a matter of |aw.

TP vt el R T U R L
- not - be more completely removed when it is cleaned.

It is to be understood that the reactants and components referred to by
chemical name anywhere in the specification or claims hereof, whether referred
to in the singular or plural, are identified as they exist priér to coming into
contact with another substance referred to by chemical name or chemical type -
(e.g., base fuel, solvent, etc.). It matters not what chemical changes,
transformations and/or reactions, if any, takg place in the resulting mixture or
solution or reaction medium as such changes, transformations and /or.
reactions are the natural result of bringing the specified reactants and/or
components together under the conditions called for pursuant to this
disclosure. Thus the reactants and components are identified as ingredients to

“be brought together either in performing a desired chemical reaction (such as

formation of the organometallic compound} or in forming a desired composition
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literally fall wthin the scope of the clains, they are considered to be
~part of the invention under the doctrine of equivalents. .28 WHAT | S
CLAIMED I S: 1. A nmethod of enhancing the operation of an em ssions after
treatment systemin a diesel fuel conmbustion system conprising: supplying
a di es§dudhuek amhadiitive gulceotede or eriditieed) fuelbleod)si Kiwilgaled bebi odi esel

bi odi sel -derived fuel, and synthetic diesel fuel conprising an additive
that recdgrdesd ahat ttor gaditiverangpaeset sCeHPbe Rdded ot leedead iftoedr withbust i on
.system wherein the conbustion system conprises a catal yzed di esel

parti ceh@mbakt!fhiels individustiyi@rieeaddifdr 49 chhoneibyakedin $oghei@ t o produce

at | east one byproduct conprising the inorgani c nanganese conpound, the

| nor gap-efoPBRIPAGERIvC IR 18Ish BHRPSLE L ohibiRRLHAARU @&:&f&iﬁ%ﬁ, Qeho
conplex with the at | east one conbustion byproduct, whereby the operation

descr agEa PSS hobERAIEF Moy ILER ShESPRRREPeomEopchS TR0 oo o
Sl e TR RSP ASBRE MRE B sR? P BASh T R BRAS nganese
nyar i ABUbSR D CPRROAN BB At ARRKETUE o BHcBIme ISt ReRueTba ot
enhanci.ng the operation_of an em ssions after treatnent systemin & a diesel
fuel cHRPURleNGsdgrsmERsd Wikl pRE g more other substances, components and/or
ingredi¢nts in accordance with the presernit disclosure. The fact that the
slxllb.stance, components or ingredient may have lost its‘original identity through
a chemical reaction or transformation during the course of such blending or
mixing operations or immediately thereafter is thus v;rholly immaterial for an
laccurate undefstanding and appreciation of this disclosure and the claims
thereof.

At numerous places throughout this specification, reference hés been
made to a number of U.S. Patents, published foreign patent applications and
'publishedr technical papers. All such cited docuﬁents are express;iy
incorporated in full into this disclosure as if fully set forth herein.

This invention is susceptible to considerable variation in its practice.

Therefore the foregoing description is not intended to limit, and should not be

construed as limiting, the invention to the particular exemplifications
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‘supplying a diesel fuel which is selected fromthe group consisting of

bi odi esel, bi odisel -derived fuel, and synthetic diesel fuel conprising an
additive that includes an organonetallic conpound to a diesel fuel
conbustpiesenysd AereinhBowd. NRiafleer, SadUStindm dadbiehe covdcdsiesasis@sfoaity zed

di esel particular filter, conbusting the fuel in the conbustion systemto

pr oduc§nathd €8shin@ Qairk¥ Bhadihe! c fR0RIENES flerdde pORARRIBE 2l HAtGosmawd
sel ected fromthe group consisting of alcohols, aldehydes, ketones,

esters, an hylﬁk{ﬂeflf‘ée ased LB{‘ﬁ{tgggsto%?%%iﬁiscﬁé%h%ﬁﬁodﬂﬂ% fPthe F OWN

et hers, carboxylic acids, am ace etonates and m xtures thereof,
29 the o) |4 ound .bei ng suppld ed. i n an t effective to
conpl eﬁé\ﬁﬂ@tﬂ ﬁ&e%étth% g%geﬁow ggﬁhﬁ%ﬂ B 8%%&& c(fr, @ﬁg)&; PRe l%‘%)ter ation
of the;em ssi af.t.er.treatnent, systemis enhanced., 5. .The net ho

Gescr BArRRy SE MR (e sROpR Qe iR PEY HRGAREIsTed M et S iBe: ses
about 1 to about 30 ngMi/liter of the fuel. 6. The nmethod described in

cl ai m 4DVEREPE; wndereths: degisinet of ¢quivalembsund  conpri ses

met hyl cycl opent adi enyl manganese tricarbonyl. 7. The nethod described in
~claiml, wherein the inorgani c manganese conpound is selected fromthe
foll ow ng group: cycl opentadi enyl manganese tri carbonyl,

met hyl cycl opent adi enyl manganese tri carbonyl, di nethyl cycl opent adi enyl
manganese tricarbonyl, trinethylcyclopentadi enyl nmanganese tricarbonyl,
t et ramet hyl cycl opent adi enyl nanganese tri carbonyl,

_pent anet hyl cycl opent adi enyl manganese tricarbonyl, ethylcycl opentadi enyl
manganese tricarbonyl,
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di et hyl cycl opent adi enyl manganese tricarbonyl, propyl cycl opentadi enyl
manganese tricarbonyl, |sopropylcyclopentadlentyl manganese tri carbony,
tert- butylcyclopentadlenyl manganese tricarbonyl, octyl cycl opentadi enyl
manganese trlcarbonyl dodecyl cyl opent adi enyl nanganese tri carbonyl,
et hyl met Ry Q@@EP gyl manganese tricarbonyl, indenyl manganese
trlcarbonyh ag%? E I ncl uding m xtures of two or nore such
conmpounds. 8. The net hod described in claim1l1, wherein the conbustion
byproduct S sel fromt roup c nsi sti.n partlculates soot,
unbur ned lsoot A @‘Bﬁiﬁg%‘l}’éﬁ"mﬁ CHBBA an?fB‘FF‘PﬂW I USARRADE St H’r ocar bons,
conbusteqdﬂ%gqggqbgmmgﬂnﬁggtHg%hﬂﬁg f nitrogen. 30 9. The nethod descri bed
in claiml, wherein the conbustion s sten1further conpri ses a | ean- Nox
st orage devi ceupplying Adieselfoel vdficteisisalected fromhibe @pmpaions;stntg‘ofan emi ssi ons
after tr st.e a,di esel , fuel. stion. ste |S|ng
suppl yi n§1°§‘198‘rcie2‘8 15 ]chnv\%l] P'}:eflf 3 Sglgpeétbct asefﬁ% ({Iﬂ%nsé[? éibth | ng of
bi odi eselinchiiegh SRtgMR TaM@dnédeebompaiith HYibR! fiel ebsietioh #@ltergONPri sing an
additive that includes an inorganic nazgﬁpese conpound to a. diesel fuel
conbust i ejsthe ﬁ?mbvﬂ@néyﬁemwgn%ﬁ%mat ed glisselpagtirlifes a conti nuously
regenerating | I ng the fuel in
t he conbustlo%&§§§@é§1Eghgfgﬁﬁéngﬁﬁ*&wéﬂ&gﬁgEkﬁ1%?%%%@$%%%nprlS|ng t he
I nor gani bypradgd nempridogpelune gariit enangaregacintpomadganese conpound bei ng
supplied in aalannunt effective to
e 1norganic manganese compound being supplied in an amount effective to
complex with the at least one combustion byproduct,

whereby the operation of the emissions after treatment system is enhanced.

2. The method described in claim 1, wherein the diesel fuel contains less than 30
_ ppm of sulfur.
3. The method described in claim 1, wherein the inorganic manganese compound

is selected from the group consisting of fluorides, chlorides, bromides, iodides,
oxides, nitrates, sulfates, phosphates, nitrides, hydrides, hydroxides carbonates and

mixtures thereof.

4, A method of enhancing the operation of an emissions after treatment system in
a diesel fuel combustion system comprising:

supplying a diesel fuel which is selected from the group consisting of
biodiesel, biodisel-derived fuel, and synthetic diesel fuel comprising an additive that
includes an organometallic compound to a diesel fuel combustion system, wherein the

_combustion system comprises a catalyzed diesel particular filter,

combusting the fuel in the combustion system to produce at least one
byproduct comprising the organometallic compound selected from the group
consisting of alcohols, aldehydes, ketones, esters, anhydrides, sulfonates,
phosphonates, chelates, phenates, crown ethers, carboxylic acids, amides, acetyl

acetonates and mixtures thereof’
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conplex with the at | east one conbustion byproduct, whereby the operation
of the em ssions after treatnent systemis enhanced. 11. The net hod
described in claim10, wherein the diesel fuel contains |ess than 30 ppm
of sulfur. 12. The nethod described in claim210, wherein the inorganic

manganese  compaathosl S3hSSnl O SSIBIN A SABRIKIBRA 1 UorT des,

chlorides, bro Itrates, fat es, phosphates,

ni tri desgompldx mdthsthe htyldasrbmhdasnbusuembypradm and m xt ures thereof 13. A

met hod of enhanc t he operation af .an em ssions after, treatnent systemin
odl esel f ool SOEHBNLS B L OL OGS G! ST PGS GRBGEH f uel whi oh
Is selected fromthe group consisting of biodiesel, biodisel-derived fuel,
and synthetic diesel fuel conprising an additive that includes an

or ganometal | i &“h@mﬁmrd@sqrﬂreéndd@mell Wwhestindloniporganisrmangenesencomhensi n t he

conbustlg&n$l¥ e%%%uqqq’g ]ﬁ§9 g@g}]#‘%g}?ﬂﬂﬁ? egener ating technol ogy diesel

parti cul ar conu e conbustion systemto produce
at | east one byproduct conprising the organonetallic conpound sel ected
fromtheégr oug_b} consi sting. of alcohols, aldehydes, ketones, esters,
anhydri d ?B‘ﬁﬁlﬂégieswbegHb@lﬁﬂﬁbﬁawgeméhmrgﬂwetﬁ Hegampeundcr own et her s,

car boxyl h&n éegﬁle@reﬂ%enﬁgﬁ% ﬁﬁésgwaggl id m xtures thereof, the

i norgani ¢ manganes ound "bei ng “supplie an anount effective to

7. The method described in claim 1, wherein the inorganic manganese compound
1s selected from the following group: cyclopentadienyl manganese tricarbonyl,
methylcyclopentadienyl manganese tricarbonyl, dimethylcyclopentadienyl manganese
tricarbonyl, trimethylcyclopentadienyl manganese tricarbonyl,
tetramethylcyclopentadienyl manganese tricarbonyl, pentamethylcyclopentadienyl
manganese tricarbonyl, ethylcyclopentadienyl manganese tricarbonyl,
diethylcyclopentadienyl manganese tricarbonyl, propylcyclopentadienyl manganese
tricarbonyl, isopropylcyclopentadientyl manganese tricarbony, tert-
butylcyclopentadienyl manganese tricarbonyl, octylcyclopentadienyl manganese
tricarbonyl, dodecylcylopentadienyl manganese tricarbonyl,
ethylmethylcyclopentadienyl manganese tricarbonyl, indenyl manganese tricarbonyl,

and the like, including mixtures of two or more such compounds.

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

oxides of nitrogen.
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conplex with the at | east one conbustion byproduct, whereby the operation
of the em ssions after treatnent systemis enhanced. 14. The net hod
described in claim10, wherein the manganese conpound conprises about 1 to
about 30 mgWh/liter of fuel. 15. The nethod described in claim 13, wherein

or ganonetal | i gﬁ{ﬁﬁ’%% £ [gﬂﬁg ganese
tricar bong;J/lI % e me%ﬁ‘u gggg(g%lﬁ%mgﬁ%}ﬁhc Im1 E&g\/\#ﬁrel n e inorganic
manganes eompusep aleml-Nex stetage tleded.r om t he foI | ow ng group: cycl opent adi enyl
manganese tricarbonyl, nethylcycl opentadi enyl nmanganese tri carbonyl,

di met hyl cycl opent adi enyl nanganese tricarbonyl, trinethylcyclopentadienyl

nmanganese ot r i AanhBaoy bf edhﬁﬁéﬂ@iﬁé)dp@ﬁéﬁbﬁ et é&lis@i@i{é affR RGAMRSE systdns &1 bonyl
pent anet hyl cycl opent adi enyl Tanganese tricarbonyl, ethylcyclopentadlenyl

rranganesédt%ﬁlcfa‘ﬁlb@mbllstlcdwﬁymmmpm adi enyl manganese tricarbonyl,
propylcyclope n n irl rbhan C pentadlentyl
U AAEY bicTBRaa 15 LILGALhOn o LR ORILGYChO

manganese tri Vreyerspent a Rganese tri carbonyl ,

oct yl cychipghiélobiogiyldermod ARE 38d kynthetddingl ﬁleﬁ@(ﬂﬁ]ﬁ)@nﬁg’drpdiﬂﬁﬁ@dhﬁnyl
manganese _tricarbonyl, ethyl methyl cycl opentadi enyl nanganese tricarbonyl,
i ndeny| HiHishas moTgaRIcaRINgshsE compauidie 4 digsel fyeheqmokisHEn AYSK¥Mr es of two or

mor e SUCRhERIPAEAGSbudion st KERAALACRAHMRARLY Badiofiil Hbandfagy el 0 the

combusti on ypro uct 'S rom t e group-consisting o
parti cul diesed pagiwolar filtehur ned soot, unconbusted hydr ocar bons,
artially-conbusted hydr hons onbust ed hydrocar and oxides of
gi tro gen?/ 39 combus(tjmg ﬁle i%ecl in the combust%)n system toyproguce east one
byproduct comprising the inorganic manganese compound,
the inorganic manganese compound being supplied in an amount effective to
complex with the at least one combustion byproduct,

whereby the operation of the emissions after treatment system is enhanced.

11.  The method described in claim 10, wherein the diesel fuel contains less than

30 ppm of sulfur.

12.  The method described in claim 10, wherein the inorganic manganese
compound is selected from the group consisting of fluorides, chlorides, bromides,
iodides, oxides, nitrates, sulfates, phosphates, nitrides, hydrides, hydroxides,

carbonates and mixtures thereof.

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

supplying a diesel fuel which is selected from the group consisting of
biodiesel, biodisel-derived fuel, and synthetic diesel fuel comprising an additive that
includes an organometallic compound to a diesel fuel combustion system, wherein the
combustion system comprises a continuously regenerating technology diesel
particular filter,

combusting the fuel in the combustion system td produce at least one
byproduct comprising the organometallic compound selected from the group

consisting of alcohols, aldehydes, ketones, esters, anhydrides, sulfonates,

31




18. The method described in claim 10, wherein the conbustion system further
conprises a |l ean-Nox storage device. 19. A nethod of enhancing the
operation of an em ssions after treatnment systemin a diesel fuel

conbusti on system conprising: supplying a diesel fuel which is selected

fromthe NS B b P oYW a T I . o 0d = ] |, and
synt het i 8%5? g@éﬁ?&f Eﬂee'fﬁ %Ségg&g}egkgﬁ%gg%{ségrr%%gjt@%%ldg’g{@t\ﬂgﬁlavﬁgr ein the
conbust i ecetenasisaml coxtprasslesed, cat al yzed di esel particular filter,

conbusting the fuel i.n the conmbustion,system.tq.produce at. | east one
byproduct i n B BERYHEMASGAESn ORI B DFTG SFPUSE b pR GROEMATEPEYE an

i nor gani goripIee ¥AIRe SABROHNcInRLsDBypréRaust stream the inorganic
manganese conpound bei ng supplied in an anmount effective to conplex with

the at |east whercbptiswpeiatan of hecgussionswiter seaymentsysipariscilmncet t he

em ssions after treatnent systemis enhanced. 20. The nethod described in
claim19, wherein the diesel fuel contains less than 30 ppmof sulfur. 21.
The net had. desh¢ ineedd idesceibad i dlfim WoewBérsintthiemiangngaécinpvanganese conpound
is selected fromthe group consisting of fluorides, chlorides, brom des,

i odi des, CORPERSS abayt { G plkaut 39 wgMp/liter opRsphat es, nitrides, hydri des,

hydr oxi des, carbonates and m xtures thereof. 22. A nethod of enhancing the
operation of an em ssions after treatnment systemin a diesel fuel

conbust i d&. syShemethoddescsibed)in daippll$) whereindirgmwimetaliid casdppazindi s sel ect ed

fromthe C(g-lrn?r}lsgs e SyicsyEzlloBgntg(;ienyl manganese tricarbonyl.

16.  The method described in claim 10, wherein the inorganic manganese
compound is selected from the following group: cyclopentadienyl manganese
tricarbonyl, methylcyclopentadienyl manganese tricarbonyl,
dimethylcyclopentadienyl manganese tricarbonyl, trimethylcyclopentadienyl
manganese tricarbonyl, tetramethylcyclopentadienyl manganese tricarbonyl,
pentamethylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl
manganese fricarbonyl, diethylcyciopentadienyl manganese tricarbonyl,
propylcyclopentadienyl manganese tricarbonyl, isopropylcyclopentadientyl

- manganese tricarbony, tert-butylcyclopentadienyl manganese tricarbonyl,
octylcyclopentadienyl manganese tricarbonyl, dodecylcylopentadienyl manganese
tricarbonyl, ethylmethylcyclopentadienyl manganese tricarbonyl, indenyl manganese

tricarbonyl, and the like, including mixtures of two or more such compounds.

17.  The method described in claim 10, wherein the combustion byproduct is
selected from the group consisting of particulates, soot, unburned soot, uncombusted
hydrocarbons, partially-combusted hydrocarbons, combusted hydrocarbons, and

oxides of nitrogen.
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bi odi esel , biodisel-derived fuel, and synthetic diesel fuel to a diesel

fuel conmbustion system wherein the conbustion system conprises a catalyzed
di esel particular filter, conbusting the fuel in the conbustion systemto
produce at | east one byproduct in an exhaust system injecting an additive
conprising an organonetal | i c manganese conpound selected fromthe group
consi sting of al cohols, al dehydes, ketones, esters, anhydrides, 33

sul f onat ess. pﬁ&:smwnaickascﬁmﬂéﬁ ahas, 1 Ophvhaeirethe combustiontsgstem, fudlsarboxyl ic -~
aci ds, am des, cet acetonates, and m xtures thereof into the exhaust

st ream FH@pH$§£ﬁ %8¥PW81 ﬁﬁese conpound bei ng supplied in an anount
effective to conplex with the at |east one conbustion byproduct, whereby
the operation of the em ssions after treatnment systemis enhanced. 23. The
met hod dekkri Beacthad of aitranging thehepesition ofi en pmirgtone sécrdmatoent dystairpr i ses

about 1 t Q. about c30 ng{\/h/l |Sée of fuel. 24. The nethod described in claim
22, Wneréll h 8%‘ (%(bb[ \RE4 S}I%OW g(‘:orrprl ses net hyl cycl opent adi enyl

manganese tri easddany b dieddl fudinehidRisherclde o BRGrovp cndisingsl wherein the

manganese_conpound Is selected fromthe follown gr oup cl opent adi enyl

3?23 ?Relsérqdmsglab@éﬁyl derivied ds) ang syrbetin dasch fidl f‘h"ht wm\éeﬁwﬁgm T
nangangsg%?érnlqcar@{)ﬁ%%%h}bgg nggtgylcgyg:ng%re%%@%%eﬁly P Etg}%{lér:llieiés{reciji ﬁl car bonyIy

pent anmet hyl cy compesting dhesfuyl in thacaaingten systetatdymnitiice aeﬂdnyd angcl opent adi enyl
nanganesg trlcarbon I di et hyl cycl opent adi enyl manganese tri carbonyl,

propyl cyBYRpdut iy auﬁéﬁifﬁrﬁese

injecting an additive comprising an inorganic manganese compound into the
exhaust stream;

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

whereby the operation of the emissions after treatment system is enhanced.

- 20.  The method described in claim 19, wherein the diesel fuel contains less than

30 ppm of sulfur.

21.  The method described in claim 19, wherein the inorganic manganese
compound is selected from the group consisting of fluorides, chlorides, bromides,
jodides, oxides, nitrates, sulfates, phosphates, nitrides, hydrides, hydroxides,

carbonates and mixtures thereof.

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

supplying a diesel fuel which is selected from the group consisting of
biodiesel, biodisel-derived fuel, and synthetic diesel fuel to a diesel fuel combustion
system wherein the combustion system comprises a catalyzed diesel particular filter,

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

injecting an additive comprising an organometallic manganese compound

selected from the group consisting of alcohols, aldehydes, ketones, esters, anhydrides,
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tricarbonyl, isopropylcyclopentadi entyl manganese tricarbony, tert-
but yl cycl opent adi enyl nanganese tri carbonyl, octyl cycl opent adi enyl
manganese tricarbonyl, dodecyl cyl opent adi enyl manganese tri carbonyl,
et hynmet hyl cycl opent adi enyl manganese tricarbonyl, indenyl manganese

tricarbo | el udi ' o) 0F ADre -siich
corrpoundgylk%@’?ﬁé&sﬁg{’{ﬁ%g’eﬁgg%% i %&g&?%%ﬁ#%ﬁ%’ éa\f\%ﬁé&g?%‘:@%gﬁl é;&ﬁéébust i on
bypr oductcétyl acsiehates, add frixtrds tierepfantp thoerdiasdtistrgaraf parti cul ates, soot,

unbur ned soot unconbu%tlgd hydr ocar bons E_artialjﬁ-.corrbusted hydr ocar bons,
combust ed hydfcpHsstalinmangapesccompound prigg supplisd inan amoRnt ppt hod

descri bedffbdiveltachpéx WAMMSHEhiNedsPEnCQIIMIRLLP Bys¥@i®M further  conprises a
| ean- NOx storage device. 28. A nethod of enhancing the operation of an

emi-ssi ons af t &hereb ghanpstationof ¢he dnrissiensdifies ttatfgal systomis sehaonedyst em
conprising: supplying a diesel fuel selected fromthe group consisting of
bi odi esel, biodisel-derived fuel, and synthetic diesel fuel to a diesel

fuel compssti ahe sjciodrdesombel @ lainh ©2C AHbYEET the habYSleSdRtddigunises a _
continuously regenerating technol ogy diesel particular filter, conbusting

t he fuel SPHPE¥S b feaPeH 39yaaMplites offeluce at | east one combustion
byproduct in an exhaust system injecting an additive conprising an

i norgani ¢ manganese conpound into the exhaust stream conplexing the
manganes &4c onfibe nathaidtdesdribed at clhiea 22, whereimarparsimeatdilic compound

comprises methylcyclopentadienyl manganese tricarbonyl.

25.. The method described in claim 22, wherein the manganese compound is
selected from the following group: cyclopentadienyl manganese tricarbonyl,
methylcyclopentadienyl manganese tricarbonyl, dimethylcyclopentadienyl manganese
tricarbonyl, trimethylcyclopentadienyl manganese tricarbonyl,
tetramethylcyclopentadienyl manganese tricarbonyl, pentamethylcyclopentadienyl
manganese tricarbonyl, ethylcyclopentadienyl manganese tricarbonyl,
diethylcyclopentadienyl manganese tricarbonyl, propylcyclopenfadienyl manganese
tricarbonyl, isopropylcyclopentadientyl manganese tricarbony, tert-
butylcyclopentadienyl manganese tricarbonyl, octylcyclopentadienyl manganese
tricarbonyl, dodecylcylopentadienyl manganese tricarbonyl,

. ethylmethylcyclopentadienyl manganese tricarbonyl, indenyl manganese tricarbonyl,

and the like, including mixtures of two or more such compounds.

26.  The method described in claim 22, wherein the combustion byproduct is
selected from the group consisting of particulates, soot, unburned soot, uncombusted
hydrocarbons, partially-combusted hydrocarbons, combusted hydrocarbons, and

oxides of nitrogen.
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byproduct; the inorgani c manganese conmpound bei ng supplied in an anount
effective to conplex with the at | east one conbustion byproduct, whereby
the operation of the em ssions after treatnment systemis enhanced. 29. The
method in claim28, wherein the diesel fuel contains |ess than 30 ppm of

sul fur. 30. The nethod described in claim28, wherein the inorganic
manganese conpound is selected fromthe group consisting of fluorides,

chl ori de<7. br Tht adethod deadibdé in claim @2swhereinrth¢ eanbstibh aysean fpttesphat es,
nitrides, hydri d?s, I{]‘%droxi dzé,_ carbonates and m xtures thereof. 31. A

met hod oF"‘Ba‘FFﬁﬁéi FG-YUE SORELIEVISR of an emi'ssions after treatment systemin
a diesel fuel conbustion system conprising: supplying a diesel fuel
selected fromthe group consisting of biodiesel, biodisel-derived fuel,
and synt I28t i c Adiethed of enbhnding thedipesiibn pfig emissibusaficn treatysnesystanhr ei n t he

conbustion. s m ¢ rises a continuously regenerating technology diesel
parti cul aaleﬁ%ﬁﬁ‘§r°°m§§3t°8ﬁ8ﬂ8?ﬁ?amfﬁa’gr uel in the conbustion systemto

produce at | eagiplyanea e ind kblotted FRHOEY GloupkoadistehFbiddigBt em i nj ecting

an additive conprising an organorret al I'i c ‘'manganese conmpound selected from

the gr ouplodispkdasivied frebrand spusheticsdiessl fichjredieset Sich permbustionsygemanhydr i des,
St M R I B e
stream diesel particular filter,
combusting the fuel in the combustion system to produce at least one
combustion byproduct in an exhaust system;
injecting an additive comprising an inorganic manganese compound into the
exhaust stream;
complexing the manganese compound with the at least one combustion
byproduct;
the inorganic manganese compound being supplied in an amount effective to

complex with the at least one combustion byproduct,

whereby the operation of the emissions after treatment system is enhanced.

29. The method in claim 28, wherein the diesel fuel contains less than 30 ppm of
sulfur,

30. The method described in claim 28, wherein the inorganic manganese
compound is selected from the group consisting of fluorides, chlorides, bromides,
iodides, oxides, nitrates, sulfates, phosphates, nitrides, hydrides, hydroxides,

carbonates and mixtures thereof,

31. A method of enhancing the operation of an emissions after treatment system in
a diesel fuel combustion system comprising:
supplying a diesel fuel selected from the group consisting of biodiesel,
biodisel-derived fuel, and synthetic diesel fuel to a diesel fuel combustion system
wherein the combustion system comprises a continuously regenerating technology

diesel particular filter,
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conpl exi ng the organonetal | i c manganese conpound with the at |east one
conbustion byproduct; the organonetal lic nmanganese conpound bei ng supplied
in an anobunt effective to conplex with the at | east one conbustion
byproduct, whereby the operation of the em ssions after treatnment systemis
enhanced. 32 D@% e nmanganese
conpound con%?%@%ggghﬂgggd%ﬁ?%é Ousﬂugbévs‘fékﬂ/o Zfﬁ?%‘%g § ﬁ ?]Q 33. The net hod
descri bedoﬂ1hustibmbm1’dductﬁwhm e:thaustrsgstanganonet allic corrpound conpri ses

net hyl cycl opentaﬂl e% Wgﬁ anese.tricar bonge 1 34. The net hod described in
clai m 28, whel&H"g ﬁg?fg’é@‘ gepqrictallic mapganess FURRIME £ ol | owi ng
group: C&’élé&&ﬁﬂi‘&rﬁ%@%ﬂéhp H@rﬁ%ﬁg%ﬁa&éﬁ&@%ﬁﬁﬁwes kB RYdster€ laaRgRidesi eny!

manganese tricarbo cycl opent adi enyl manganesé tri carbonyl,
trinet hysﬂﬁmawp@hpamoeam, chalﬁtgan:éls@at@sr, Frsanbshss,, carboxyhc acids, amides,

tetranmeth adi ricar
pent anmet ﬁ%el tglgagntagglnglﬁy resnﬁ g thg a&‘ﬁ&%@ﬁmf et hyl cycl opent adi enyl

manganese tri e@ﬁlﬂeﬂﬁg the &gﬁhﬂﬁtﬂﬁ@h@ﬂ@h&%&@@dwm&&ﬁeﬁﬂeﬁﬂ bgar bonyl ,
propyl cycl opent adi en manganese tricarbonyl, |sopropylcyclopentadlentyl

rranganes@or{ll?‘isﬁﬁlﬂbﬂ?wguqtert- but yl cycl opent adi enyI manganese tri carbonyl,

octyl cycl open atl Qﬂg;{ t adi enyl
manganese trl@g%@%{n}a{gg e?’%ﬁ hﬁ@cyc 0 &?‘%&ﬁgﬁﬁﬂnﬁ%ﬂese
t ri car boefyictive ndmngplemﬁtgahmxiéedsmmoqun bypmeduche | i ke, including

m xtures of t or re such nmpounds 5 The net hod delﬁlcrl bed in claim
‘28, wherein tWaerg sopp@ﬂmbyg&g&%%slqnga er treatment system is enhanced

32. The method described in claim 28, wherein the manganese compound

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

33.  The method described in claim 31, wherein the organometallic compound

comprises methylcyclopentadienyl manganese tricarbonyl.

34.  The method described in claim 28, wherein the manganese compound is
selected from the following group: cyclopentadienyl manganese tricarbonyl,
methylcyclopentadienyl manganese tricarbonyl, dimethylcyclopentadienyl manganese
tricarbonyl, trimethylcyclopentadienyl manganese tricarbonyl,
tetramethylcyclopentadienyl manganese tricarbonyl, pentamethylcyclopentadienyl
manganese tricarbonyl, ethylcyclopentadienyl manganese tricarbonyl,
diethylcyclopentadienyl manganese tricarbonyl, propylcyclopentadienyl manganese
tricarbonyl, isopropylcyclopentadientyl manganese tricarbony, tert-
butylcyclopentadienyl manganese tricarbonyl, octylcyclopentadienyl manganese

tricarbonyl, dodecylcylopentadienyl manganese tricarbonyl,
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selected fromthe group consisting of particul ates, soot, unburned soot,
unconbusted hydrocarbons, partially-conbusted hydrocarbons, conbusted
hydr ocar bons, and oxides of nitrogen. 36. The nethod described in claim
28, wherein the conbustion systemfurther conprises a |ean-NO sub. x

SLOTA0e Gty Eelodin AR RARCkAn N AP HAh b OicBoRRL S51 0N

after treatnment” systemin ustion s onprising:” Supplying a
f uel conpmdmeﬂryeamcladnhghmmmmshxfttwoDnniomdmha:onmnqalsese conpound to a fuel
conbustion system conbusting the fuel in the conbustion systemto produce
at | east one byproduct conprising the nmanganese conpound, the manganese

conpound 33ei NGhHE HRElJdR sdrTbed ih ARRY P8, hERHT thy 8ohBustieATRpRYJuMis h the at
| east one comnbusti on byproduct, wher eby the operation of the enissions

af ter tredediechfromythe @Wﬂp sousisting ob partigglateT rootunbusded oot uacomBustedner ei n t he

cust - or BepuSEBEhs; BRI Co B 1R b SRR PR T, e i1

ext ract soxﬁas':@frldaugenwastes yard trinm ngs and waste, wood chips 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 sper si ags e Bl MVBSY 1y AhGPD8! whBeiAhDESmbRkbh Sl et 39 The

met hod of claim rern conpri ses gaso e met hod of
cl ai m 38comnégesateanHeOfsuk stooagerdeses. bunker fuel. 41. The nethod of claim
38, wherein the fuel conprises coal dust. 42. The nethod of claim 38,
wherein the fuel conprises crude oil. 37

37. A method of enhancing the operation of an emissions after treatment system in
a fuel combustion system comprising: supplying a fuel comprising an additive that
includes a manganese compound to a fuel combustion system, 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 operation of the

emissions after treatment system is enhanced.

38.  The method of claim 37, wherein the fuel is selected from the group
consisting of gasoline, bunker fuel, coat dust, crude oil, refinery “bottoms” and by-
products thereof, crude oil extracts, hazardous wastes, yard trimmings and waste,
wood chips and saw dust, agricultural waste or tillage, plastics and other organic
waste and/or by-products and mixtures thereof, and emulsions, suspensions, and
dispersions thereof in water, alcohol, or other carrier fluids.

39.  The method of claim 38, wherein the fuel comprises gasoline.

40.  The method of claim 38, wherein the fuel comprises bunker fuel.

41.  The method of claim 38, wherein the fuel comprises coal dust.

-42.  The method of claim 38, wherein the fuel comprises crude oil.
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43. The nethod of claim 38, wherein the fuel conprises agricultural waste.
44. The nethod of claim 38, wherein the fuel conprises hazardous waste.

45. The nethod of claim 38, wherein the fuel conprises organic waste. 46.
The met hod of claim 38, wherein the fuel conprises refinery bottons. 47. A

met hod ofysenhancijag i 3e aRGE & LWilred th%%&%ﬁzﬁh?é@%gﬁéﬁhﬁ{ralwf’s ment systemin
g: supplyirng a fue

a fuel conbustion system conpfising: to a tfuel conbustion
system conbusting the fuel in the conbustion systemto produce at |east

one conbustio byproduct . in an,exhayst. stream injectin n additive
conpri si /g a ﬂﬁ%’&ﬁﬁ]@gégc%%&%ﬁ@qeﬁf Ct CBIXIH’&EFs“tha%’Fﬁ%%? a5 npl exi ng t he
manganese conpound with the at |east one conbustion byproduct; the
manganese conpound being supplied in an anount effective to conplex with
the at | dast Chemethodofclaiom 38y pheucthe fudl epmprisasioeganspeasie.i on of the after
treatment systemis enhanced. 48. The nmethod of claim47, wherein the fuel
is selected fromthe group consisting of gasoline, bunker fuel, coal dust,

crude oi lag. r eThév@kethod BOLTLRATES, dherehythe B du@pasds RefiRPY botedigle oi | extracts,
hazar dous wastes, yard trinm ngs and waste, wood chips and saw dust,

agricultural waste or tillage, plastics and other organic waste and/or

by- q | . _ . . e
il spers ats. « Adield bl lP g BpenAiiof MR A0 o Y RRERRN AR ]
met hod of fiel esmbubBon wstere compligng:wapplemgey fuslas adad abmbastiortstefihe nmet hod of

cl ai m 48, erein the fuel c ri ses bunker fuel ~ 51. The nethod of claim
48, Wher rtgTige igeRel b oo SRR iRnAYS 0 Prodsise atisest Pt AROBTIORI ai m 48,
wher ei N {feodudPin FmQRAsE SiFeat; Yiectild an 2itivEREnPRLALY dngah&E™m 48, wherein
t he fuel }E:bg(r)rpri ses agr cul‘%ur’glllq‘i ?/vasétaer1 itivERSmpRAgd iingfh
.compound into the exhaust stream; complexing the manganese compound with the at
least one combustion byproduct; the manganese compound being supplied in an
amount effective to complex with the at least one combustion byproduct; whereby the

operation of the after treatment system is enhanced.

48.  The method of claim 47, wherein the fuel is selected from the group
consisting of gasoline, bunker fuel, coal dust, crude oil, refinery “bottoms” and by-
products thereof, crude oil extracts, hazardous wastes, yard trimmings and waste,
wood chips and saw dust, agricultural waste or tillage, plastics and other organic
waste and/or by-products, and mixtures thereof, and emulsions, suspensions, and
dispersions thereof in water, alcohol, or other carrier fluids.

49.  The method of claim 48, wherein the fuel comprises gasoline.

50. The method of claim 48, wherein the fuel comprises bunker fuel.

51.  The method of claim 48, wherein the fuel comprises coal dust.

52. Themethod of claim 48, wherein the fuel comprises crude oil.

53.. The method of claim 48, wherein the fuel comprises agricultural waste.
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38 54. The nethod of claim48, wherein the fuel conprises hazardous waste.
55. The nethod of claim48, wherein the fuel conprises organic waste. 56.

The net hod of claim48, wherein the fuel conprises refinery bottons. 39

54.  The method of claim 48, wherein the fuel comprises hazardous waste.

55.  The method of claim 48, wherein the fuel comprises organic waste.

56.  The method of claim 48, wherein the fuel comprises refinery bottoms.
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