EM SSI ONS CONTROL SYSTEM.FOR DI ESEL FUEL = COVBUSTI ON AFTER TREATMENT SYSTEM
Field of the Invention The present invention relates to the use of a fuel
additive for protecting- and inproving operation of conbustion exhaust

after treatnent systens. The additive contains one.or nore nanganese
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

conmbustion exhaust. Fhg Ind b b tRER. ce the operation of after
treatment systens inclu tﬂgg$ gfgg& Eor Ez@ﬂgﬁﬁﬁne Edorate catal yzed
and continuously regenerating tec SHVENTBYPEEMate filters.

Description of the Prior Art. It is well known in the autonobile industry, -

or -any i ngysiyrof tA8LSenfiydr ocar bonaceous fuels are burned, to reduce

tail pi pe (or s em ssions by using various strategies. For

exanpl e, the gL cgnnqp.nethod.l for reducing em ssions from spark

i gni tion engines 8 "By CAYERUPRIGItE o Hie uhe ofnduelmdditiatifor prstetgakt i on

timng.. _g%'gairdi n%.rié%r)li tion timng fromthe best efficiency setting

reduces HE and NGV EnPREI0E: ofgimbustion exbaust afetratrdatfient GPitbiRN The

i ncreases tg%iout ut ,of CO and HC. | ncreasing engi ne speed reduces
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 combustiori exhaust. The additive will then

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

that incorporate catalyzed and continuously regenerating technology diesel

~

-particulate filters.

Description of the Prior Art.

It is well known in the automobile industry, or any industry where
hj}dr()carbonacebus fuels are burned, to reduce taﬂpip-é "(or-smokestack}
:;missions by using various strategies. For'example, the most comimon method

for reducipg emissions from spark ignition engines is by careful control of the -
- air-fuel raﬁo"anc_l ignition timing, .'Rétafdiﬁg ignition tiriing from the best
effi¢iency setting reduces HC dnd NO, etissioiis; whilé escessive iétard of
" ighition increases the output of CO and HC 'iﬁéféééing engine speed rediices

-HC emissions, but NOy émi'ssions'incr'i_ea's'e with load. .Incfeaéhig coolant



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

For exapiBerdibd 840000 to prqui de exhaust after freatment using a
t hr ee- way %%rtdg%l)}ésfenéi(ﬁgdtoareld@&ﬁFﬁ(&l@?“??‘&ﬂs: buhEhisdapdlty in eraimeremse-inat al yti c
met hods%eﬁfsglgggnom. Thermal reactors are noncatal ytic devices which

5

rely on noge bul'-k gas reactions to oxidize CO and HC. However, in
t her nmal reag&(ors ,, is_ largely unaffected. Reactions are enhanced by
i ncreasi ng exPagle thet featipg the dijuent stierradromnpresdigtionat i 0 or

retarded timng).or by increasing exhaust conbustibles (rich m xtures).

Typi cal PPCee %%&wﬁgft@r tnepgment Eapdo@eDEniosionsr Ghardlueatise@iior peak
efficiency., Usually, the engine is run rich to give 1 percent COand air is
i nj ect ed Wiflt yariRly eikeharsical Thecimakbnteathpotnds, Goned HOWHESE thayBe t he
required setting dramatically reduces fuel efficiency. Catalytic systens

‘are capibiveret beduetalyshNdoashee bbrasuans HrZipReiesO F W diThicHaRVer ; a

reducing environment for -NQ x treatment is required which etessitates a
richer kmmndh@mmdhleyrh(ammeﬁﬁer%tﬂ@ﬁ@hisiﬁé’ﬁ'thf@éb%y AthiR: B8 2 1ean

NOx trap. Other catalytic and noﬁ-catalytic methods are als;o known.
Thermal reactors are noncatalytic devices which rely on homogeneous
bulk gas reactions to oxidize CO and HC. However, in thermal reactors, NOx is
“largely unaffected. Reactioﬁs are énh'anced by increasing exhaust temperature
(e.g. by a reduced compression ratio or retarded timing) or by increasing
exhaust combustibles (rich mixtures). Typically, temperatures of 1500 oF (800
°C) or more are required for peak efficiency. Usually, the erigine is run rich to
give 1 percent CO and air i§ injected into ﬂie'éxl:lailst.?‘ "'I‘.hel"m_al reactors are
‘seldoin used, as the required setﬁhg dramatically reduces fuet efficiency.
Catalytic systems ate capable of reducing NOx as well'as oxidizing CO
qnd HC. However; a reducing enviroriment for NOj freatiment is fequired which
- néée§sitéfés a richér than éhe’micaliy gﬁfrect engine air-fuel '1"ati6.. A two-bed
‘convetter may be used in which air is injected ifito the second .étag’e' to oxidize

CO'and HC. While efficietit, this procedure résults in lower ftiel ccotiomy,



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

i ncreases i Binglpditagarthoee wag wanlyets (TWO%] g6 widdiOased] sat ang; Such TWC
systens can enploy, for exanple, either a zirconia or titani um oxide

‘exhaustrequirgesxtsenelgrpretisetiaer caipsl @f bexifaitive, IPABAL @Rd18sd eedback
el ectronic controls systemto mnmintain the required air-fuel ratio near

st 0i chipporirhitg of €RE @tbﬁ&h&ﬁ@@&%&%%@@ﬁa&q@%igﬂ foplarn@ngyconmb (e.g.
monolithic). Suitable reducing materials incl'ude rutheniumand rhodi um

whi | e @olRitahig exbBEGbhaks eit’l‘l‘el‘ sidt & &6 ahal@?gta&we é@%&%&t&d Jm

-Di esel systens raise a different set o enges eni serons control.
TSR RA VT BT AR
combuorablol Thil ol Shnel S bolor PO SR R it Sen 83T, "
gln(i:]leﬁte \'}\‘gllrtﬁrgxt‘ lFtJype’ of & ué:ﬁsrt%euégr Iau(iat | %edgaek efe(c):trlotnrulz Bglgtrglnsssys%ggl troapi d
maintain the required air-fuel ratio near stoichiometric;
Catalyst support beds may be pellet or honeycomb (e.g. monolithic). -
Suitablé reducing materials include ruthenium and rhodium, while oxieiizing
‘materials inelujle cerium, platinum and palladium.
Diesel systems raise a different set of challenges for eimissions control.
Strategies for reducing particulate and HC include opﬁmizing fuel injection and
air motion, effective fuel atomization at varying loede, control of timing of fuel
irijection, mirlimizaﬁorl of parasitic losses in combustion ohemloere,- low sac
volume or valve cover oriﬁCe nozzles for direct injection, re‘dueing' IﬁBﬁeéﬁoﬁ oil
‘conitributions; and rapid engine warm-up.
In terms of after treatment it is known that d1ese1 englnes genera]ly burn -
'--i-.lean and the exhaust will therefore usually contaun eXCESS oxygen Thus NOx

: reductmn w1th eonventlonal three~way catalysts is not feaenble NOx is removed :

- from c_hesel exhaust by either seléctive catalytic reductxon; the Use of Iléan NOx



In terms of after treatnment, it i's kiown that diesel engine generally burn

| eans and the exhaust will therefore usually contain excess oxygen: Thies; =
X- -reduction with conventional three--way catalysts is not feasible: ' N
is renoved -~ . fromdiesel exhaust by either selective catalytic

reduction; the use of lean NOx 3 catal ysts such as those conprised of
zeolitic catalysts or using netals such as iridium or catalyzed t her.mal

deconposattlysns 6hich@sl thiv8e @BrAitthd¥of Jd-686 |ca%§'§ﬂs%ij @Wif %@t&?s ?HSIE' a8S

catalyzed diesel particulate filters (C and con i nuous

r egener iafditeh, i@ cRALlEY 1HE 2881 d Rk cﬁi{@l?%fh'dh& 2(%—1\] DPFs) have been

devel oped which enploy ceram c or ters ermal "and catalytic

regener at | ODE3A St AMe 4155 TAL rastaeg@g%&ﬂms“'ﬂsv RSt ot andar de

currently under review nay necessita ion,
| udi b t
cont 11 b5k n8?2%32&95%%8%%‘*érﬁhglg?o&xs oot S giers (CBR °
d I ffect th
R L T Bé%er!l 36/ abB% Fieii lﬁag%%éi%ﬁ%r'n%eﬁaﬁ sl by usi ng
a |l ean- Q‘?Li agag 8 i ne, for exa a direct {qectl on_gasoline
engi ne, “however %ﬁ?geé}ﬁrfl ORERN R Bt F@(’fl%%'ost@ﬁqec EWepartictdateoxi di zi ng

exhaust - usi,n |caI t hree-way catal yst because the high | evel s of
oxygen %%BS?%%% C}lﬁt% ader SEVied mﬁyn@ecesmtate such traps. Fueg

composition, including sulfur and aromatic content, and the burning of
Iubricant can contribute to increased particulate emissions. Catalysts have
been developed for diesels which are very effective in oxidizing the organic
portion of the particulate.

Improved fuel economy can be obtained by using a lean-burn gasoline
engine, for example, a direct injection gasoline engine, however currently NOx
_ cannot be reduced effectively from oxidizing exhaust using a typical three-way

catalyst because '.1A:he high levels of OXygen suppress the.net:'essé_rjr reéducing
reactions. Without a NOx adsorber or Tean NOx trap (LN’I_‘), the superior fuel -
economiy of the lean-burn gasoline engine cannot -be exploited. “The function of
the LNT is to scavenge the NOx from the'exhaiUSt retajnin'g' it for reduction at
some later tlme Penochcaﬂy, the LNT must be regenerated by reducmg the
‘NOx Thls caiy’ be accomphshed by operating the engme under rlch alr—fuel

' ratios for the purpose of i purglng ‘the trap This cha_nge in 0perat1ng condmoﬂs

-



reactions. Wthout a NO adsorber or 'l ean NOx trap (LNT), the superior fuel
econony of the |ean-burn gasoline engine cannot be exploited. The function
of -the LNT.is to scavenge the NOx fromthe exhaust, retaining it for
reduction at sone- later time. Periodically,=the LNT nust be regenerated by
reduci ng the NOx. This can be acconplished by operating the engi ne under
rich air-fuel ratios for the purpose of purging 'the trap. This change in
oper at | 975 BaFESelaHEct dnclatosnset gs efellent dfivelbibgo Mhege ANME Mayasiso
driveability. These LNT's may al so be placed on diesel engines, which also
oper at % Blagef@andigisel énghespdbichisisb perdte iheakabusin fgaselodee Angi nes, the
exhaust of both types of engines is net oxidizing and therefore is not
conducithe leantthamr gahedineerigined, ithe £xhaoes 6AbyH §peb Mg MXs Ade 1S an

obj ect of the present invention- to inprove the storage efficiency and

dur abi |axigizifg ahé thbfeférdistmotiioaidgyd tbetue&%ﬁwbiﬂ%@ac@ifon%hgec'c%@ fore
regeneration is necessary. It is well known that adsorbers are highly

vul ner alirovedNOgle ficisi arabbfpt obYhe pHéderk ihRERior & i fm ! - on ' et
al., Inpact of Suter on NO Trap §Cateal31/st Aé%ivi??-StuJ@eégg?ﬁgy

Regenerdifitiefcand dhRblityAGEHRINGT aHH-tojoﬁ%ﬁWg tHe S 1iﬁen%§f§f(ﬁ bross

Critical Topics in Exhaust Gas Aftertreat nent’ esear C Press

Ltd., (b‘)e@&@regﬂngﬁéiogﬂ%u%ec@éga her products resulting from fuel

conmbusti on and nor nal ri-cant’ consunption. It is an object of the
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 Actfvity-smdy of the Regeneration Conditions, SAE Paper No. 982607

-

. (1998); and P. Eastwood, Critical Topics in Exhaust Gas Aftertreatment,
Research Studies Press Lid. {2000} pp.2 15-218.} and other products resulting
from fuel combustion and normal lubricgnt consumption. Itis an object of the
present invention to provide fuel or lubricant compositions capable of reducing
the adverse impact of sulfur, and other exhaust bypreducts, ;)n tl'i‘e'- emissions

_'sys'tém‘ including NOy adsorbers and LNTs.

Performance fuels for varied applicaﬁons and'ehgiﬁé requireérients are’

‘ kl}c')Wﬁ for controlling combuistion chamber and intake valve deposits; cléshirig

| _'j:iéfﬁ_fliei mjectors and carbuiretors, protectirig against wear and sxidation,

Improvmg 1ubnc1ty and e.rfl.iésiﬁns-pEffOHﬁénCe, and én.suﬁh-é;' stoage -éta.bil'%ty

-and cold weather flow. Fiel detergents;, diépe’rsarifé,_cbfrosioh inhiBito‘fs‘}_



present invention to provide fuel or 'l ubricant conpositions capabl e of
reduci ng ' the' adverse inpact of sulfur;. and other exhaust byproduct's, on

t he- em ssions systemincluding NO adsorbers and LNTs. Performance fuels
for varied applications and engine requirenents are known for controlling
conmbusti on chanber and intake val ve deposits cleaning ;port fuel injectors
and carburetors, protecting against wear and. oxidation .inproving

| ubr i ci sjabdligbreNbeiiagon PRVERIIRNGS pRREHAARHE LAGitRL 29 nokabl | ity Tand-
cold -weather flow. . Fuel detergents, “dispersants, corrosion I'h Y bitors,

stabili zrﬁrrgas@agga&g@rbrgbgy@éggfﬁlfelsa}nd performance additives are known to
i ncrease desirable properties of fuels. Organonetallic nanganese conpounds,

for exanple 0%%%89%%%&@%&3 [@ﬁfr?g%e tricarbonyl (MMI(r)),
C

avai |l abl e from Et hyl rporation o nd, g Cni a, are known for use

; . _ D e educi P ke t |

g B R e N B B bR bl e B uoed o

| d it .. 1 i uel .inducgti t U S Patents 5,551, 957

ond 5, 678 Reior G RcbIond vidFiaia Mot Braiserm tasalinermiciiiust oust ot
U. S. Patent. 4,175,927, 4,266,946; 4,317, 657, d 4, 390345). '

(Or ganong{ngnﬁlﬁ%sf?%ﬂcm&ﬁﬁ?@ﬁﬁ@yl %%ﬁ%oq%ag%ﬁgl %SE—eU@qd??m&)ﬂa's wel | for

oct ane n U.S. Patent 4,139, 349).
5 ,rg]ﬁ{"& ?,g}e ’E‘hesge manganese compounds hezve been used to lower deposit

- formation in fuel induction systems (U.S. Patents 5,551,957 and ‘5,679,1 16},
§

X

sparkplugs (U.S. Patent 4,674,447) and in exhaust systems (U.S. Patents
4,175,927, 4,266,946; 4,317,657, and 4,3903453}. Organometallic iron
compounds, such as ferrocene, are known as well for octane enhancement
(U.S. Patent 4,139,349).
Organometallics for example compounds of Ce, Pt, Mn or Fe among
others have been added to 7fuel to gnhance the ability of particulate traps to
. regenerate ‘or ’Fo directly reduce the emissions of particulate from diésel or -
ci?r'ﬁpr'e'ss'ion ignition type enginesio'r'oﬂler coribustion systems. These
additives function through the action of ‘ the metal particles that are the
product of additive breakdown on the pé{rticula’te matter during combustion r

in the exhaust or particulate tiap.



Organonetal lics for exanpl e conpounds of Ce, Pt, Wi or Fe anong others
have been added to fuel to enhance tthe ability of particulate traps to
regenerate or to directly reduce the em ssions of particulate fromdiesel-
or conpression ignition type engines or' other conbustion' systens. These
additives function through the action of the netal particles that are the,
product of additive breakdown on the particulate matter during conbustion
or in the, exhaust or particulate trap. 6 Sunmary of the Invention

Accordi rihdmdsy dfShainPigst of the present invention to overcone the
limtations an rawba the foregoing systens and nethods to provide
met hods for uskpgis 1] o-protect and. inprove the operation of
conbustion exhaust %ﬁ)eﬁﬁ gtséfnteg%%%%l?fQVs?@ﬁ%parWeBHQneWb‘b‘fﬁrﬁWﬁh& met hod of
enhanci ngn#he.9 ti f.an.emssion after treatment systemin a diese
f uel conbusti%nygégfgﬁgﬁﬁgkgéggh%aﬂFEVWﬁﬁwﬁﬁﬂﬂFé@gIHFU@WkEBhPﬂWSﬁﬁg an

addi tivey [ des_a_manganese conpound to a diesel fuel conbustio
system T%t!gl%gg {le‘slg %n&%%lpé’cﬁl\‘ Peisctand impyowithy opetationnett i vel vy,

o BRI T s, T2 e, e e e
T O O o ieht & Treihod o eomaneing the pmston <t a oontocn
: 1 emission
after treatment system in a diesel fuel combustion system includes supplying a
diesel fuel comprising an additife that includes 4 manganese compound to a
diesel fuel commbustion system. The combustion system comprises a catalyzed
or, alternatively, continuously regenerating technology diesel particulate filter.
The fuel is then combusted in the 'combus’;ion chamber to produce at least one
byproduct comprising the manganese compound. The manganese is in an
effective amount to complex with the at least one combustion byproduct. The
manganese compound or mangdanese jon may be an ihofgé;lic metal compound
or an organornetallic compﬁt'md. The inorganic met'ai .compou'nd can be
. sélécted from the group cb'néisting‘ of fluorides, chiorides, bromides, io'aides,'
’oxli.dcs, nitt‘at:és', suifa’tes,' phésphates, carbonates, hy'drides‘, hydroxidés, |
| nitﬁ'des, arid mixtures ﬂﬁergof. The organometallic cb‘rnpound' is selected fro"rh ‘
the group consisting of a]éoﬁolé,_ aldehydes, ketones, esters, anhydrides,.

o Sulfonat‘es, phosphonates, chelé{te_s, phemnates, crown cthers, carbéxylic aéidé,



effective anmount to conplex with'the at | east one conbustion byproduct.. The
manganese conpound or nmnganese ion -y be an inorganic netal conpound or
an organonetal | i c conpound. The. inorganic nmetal conpound can be selected
fromthe group consisting of fluorides, chlorides, brom des, iodides,

oxi des, nitrates, sulfates, phosphates, carbonates, hydrides, hydrOX|des
nitrides, and m xtures thereof. The organonetalllc conpound is sel ected

from t hesrgi geh L o
rom t heug dé-ﬁpaéét?lshéétbﬂgtéy A res ﬁlecr%gﬁy ag éa;eé 2 %rtgéggi‘&get}éls}m et hers,

anh%drloes e fonates osp g t o e
car boxyldogn n an X ur es ereo
preferred organo?rsét a BSQ%%% 3¢ oé)eﬁg 5 Sl CH}M cycl opent adi enyl .

tricarbonyl. odi.ne a net hod of enhancihg the
operati on of ﬂé% &lel?nmsljstl mtahroﬁéfrleg? ﬁ?a§§§tﬂé%¢lﬁgathﬂlmatl®u@lfan
conbust i e rlses supplying a diesel fuel to a diesel fue
conbust i %ﬁ %’Zl% a;ﬁ ‘g"ﬁ‘ ing diesal fag) cembmstion systaemnaloyzedset esel

particul ate.f.ilter ont i nuousl y enerating technol ogy diesel
parti cul g\pg byl flgtae'fhesﬁﬂgleiﬁ%fa 41§S‘?§(§H§h@tf@gui§hm& systenbu$h aonslyisdtem t o

produce at | east one conbustion byproduct in an exhaust stream An
addi t i v&Y TSRS ﬁ%&%@%@@eéaﬁpmlmﬂisulam ébitedr o cirttikligigihaust
stream The manganese conpound conpl exes with at |east one conbustion
by pr Odu{?genﬂﬁéuﬁgﬁ@%mé@égﬁ gagssh pdrtitilake Ghar. bEhafueliib @og@ihsealin a
organonetal |l ic conpound is supplied in an effective amount to
combustion system to produce at least one combustion byproduct in an
exhaust stream. An additive comprising a manganese compound is injected
into the exhaust stream. The manganese corpound complexes with at least
- one combustion byproduct. The manganese compound which can be an
inorganic or organometallic compound is supplied in an effective amount to
complex with the at least one combustion byproduct. The inorganic metal
compound or organometallic cornpound may be as noted earlier herein.
Ina still further embodiment an emissions cortrol system for t_hc aftet
. treatment of a diesel fuel combusuon process exhaust stream comprises an
exhaust passageway The exhaust passageway allows for passage of an
exhaust stream contauung exhaust byproducts from the combustlon ofa d1ese1
fuel compnsmg a manganese compound This system also mcludes a

catalyZed or continuously regeneratlng technology chesel partlculate filter -

Iocated-mﬂnnbt_he exhaust passageway and 'adaptédr to contact the exhaist ..



conplex with the at | east one conbustion byproduct. The inorganic netal
conpound or organonetallic conpound may be as' noted earlier herein. In a
still further enbodi ment, an em ssions control systemfor the after
treatment of a diesel fuel conbustion process exhaust stream conprises an
exhaust passageway. The exhaust passageway allows for passage of an
exhaust stream contai ni ng exhaust by products fromthe conbustion ,of a

di esel sfrégin. CORPELBLRG: rERAANESS éscggl'?ound. %%ﬁmsé“‘fw ._q:lso i ncl udes a

.cat.al ysed or continuously regenerating icul ate
filter cdRphied Wi Din, .t xhaust passageway, and_adapted to contact the
exhaust . gtreanl |Egﬂg§ﬁ§3§f9§gF§§ﬁﬁgﬁ yPicts. d R alkedvativepolind whi ch
conpl exgs M. a st _one of ,the exhaust byproducts. Theal ternatives- of
possiblg ﬁ%%%gﬁgéggﬁgﬁﬁgﬂﬂaguPﬂﬁFﬁaBéFﬁggﬁaHB‘%Hhﬁ@ﬂéin. In a still further
enbodi nent, .an 1,.$S1on _contral system for the after treatnent of a diese
f uel conbusgﬁ&%gghzgg§§r8?ﬂ§ﬁ§9“§%r@%ﬁﬂpﬁ@PGdé%“&ﬂf%%hanébrﬂasaﬁgemay. The
exhaustn€g§s§%ﬁ$¢%gfor he- passage of .an exhaust stream contains exhaust

bypr oduct s F IGSGh R (PP Eton Bressss exhalbist sireamt inichzdd on ‘
continugﬁ§£%§%§%eneratin technol ogy diesel particulate filter is |ocated

withing SPETERL ag RS hanat pessgepaydot thepassage dfiven exhaust St ream
The exhaust stream has an additive introduced into it, the additive
conpr i sTHEE GPRigarasdacsipoprelwtsdhomdhplexesustidops dieastu@nes of the
catalyzed or continuously regenerating technology diesel particuiate filter is
located within the exhaust passageway and is adapted to contact the exhaust
stream. The exhaust stream has an additive introduced into it, the additive
comprising a manganese cdmpou'ri'd vs}hich 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 eénhancing the operation of an
emission after treatment systém in a combusinH"SYSfem iricluées supplying a:
‘fu.el comprisihg an additive that includes a manganese compound to a fuel
combustion system. The fuel is then combusted in the combustion chamber to
produce at least one byproduct compiisirig the mangafese compound. The
manganese is in an éf_fecti\"r'é arnount to complex with the at least one

cbmbﬁst_ic}n byproduct.



exhaust_ byproducts.” The alternatives of possibl e manganese conpounds
i nclude those noted herein. In a still further enbodi nent, a nmethod of
enhancing the operation of an em ssion after treatnent systemin a
conbustion' systemincludes supplying a fuel conprising an additive that
i ncl udes- a -manganese conpound to a' fuel conbustion system The fuel is
then conbusted in the conbustion chanber to produce at |east one byproduct
conpr i sing t e amanlidneser eampatingat [eneRBAGTRAHArkRd hARELEEA! v, TouNt
to conmplex with the at | east one conbustion byproduct”. 9 In a still Turther
enbodi mesrhissiorieafiedtehtraBhRabedtash s BRENAHN ; ;884 Qhs @tter
treatment systemin a conbustgfébn system corrpro?ls?gtes%&pﬂngﬁlﬁgéé guﬁﬁg?ngo a
conmbust i DRuEstLEdmbAGHHH Yy stn C AHUSLEEL stion.sysiem to. produce
at |east one conbustion b)e/égr oduct I n angsegﬁgggg&s ¥ eeté%gmkﬁ%?&a’i ﬁs&%m '
conpri si g ddRAIANESE SAPIUBAkSH H into the exhaust tream The
g‘” PeliSn BHRCA RS it shifuRt ey &

manganese conpound conpl exes Wt east one oduct .
Det ai | ed, dB&GE IBL]95; iLLihves used in.the nethods and systens of the
present inventi g#%IgE%n%gg Al %geo?o%%gﬁgrf@f%egfegh Wgﬂﬁgﬁ&‘éaﬁ%t ai ni ng

B Conpou@?eaﬁ-ﬂl uﬁ‘leem'arﬁganese compound complexes with at least one combustion by

product.

Detailed Description

The additives used in the methods and systems of the present invention
are inorganic or organometallic ménganése containing compounds soluble in
fuels. This fuel is then combusted in a combustion system that includes an
after treatment system. It protects the after treatment system from harmful
combustion byproducts that could otherwise neutralize their effectivefiess. The
manganese in the additive also promotes the oxidation: of carbo.n particulate
matter. Upon introduction. into ﬂieislx'héust stream, the manganese comes into
contact Wi.th.the ‘carbon fraction of thé particulate, accelerates carbon oxidation
reactions; and aids in after treatment ‘systern‘re‘gene'raﬁon; Thé'mahganese
compound éléo reduces the rate of soot accumulation. ‘The exhaust system

may also contain other after treatment systems.

10



fuels. This fuel is then conbusted in a conbustion' systemthat includes an
after treatnent system It protects the :after treatnent system from

har nful  conbusti on byproducts that could otherw se neutralize their
effecti veness. The nanganese in the additive also pronotes the oxidation
of carbon particulate matter. Upon introduction, into the' exhaust stream
t he manganese cones into contact wth the 'carbon fraction of the

particul ate,, ,accel.erates ' carbon oxidation reactions; and aids in after
treat ment sy@%ﬁyﬁ’éﬁ:&’igP%ﬁW‘; sbopmiyisten aystams shatimalydeenrefid foes t he
rate of _soot accunul ation. The exhaust system may al so contain' other
after tHESPHSSRt &yentian npluds allppmlyesiiborrgasashatbiun fades tBpn syst ens
that may benefit from the present invention include all conbustion engines
that burdP rbestion pystemy’ortysin iomeaps ayiarivbalimterpabizattextaypaind al |
internal and external conbustion devices, machines, engines, turbine

engi nestOBEISEPs devirsisnoraniines, engiaportatbine dngimer, hoilsratinofrmrytdrs| ner s
and the |ike which can conbust or in which can be conbusted a fuel. Fuels
sui t abl evdmmrative biumneis stpBodiyoninfers carbibetlilenwhyd eas cofnthhg Rrigsent
invention include diesel fuel, jet fuel, kerosene, synthetic fuels, such

as Fi scwhicl capdehcdmblisied 4 quld Medls eheublcos usclinahs drrhMgd dir om coal |
nat ural gas, propane, butane, unl eaded notor and avi ation gasolines, and -
so- cal | esinbektbmsyatetls 9280 bRaeMBheEh EMPLEAhHY S8 Aid), jet fuel,
kerosene, synthetic fuels, such as Fischer-Tropsch fuels, liquid petroleum gas,
fuels derived from coal, natural gas, propane, butane, unleaded motor and
aviation gasolines, and so-called reformulated gasolines which typically contain
both hydrocarbons of the gésoline boiling range and fuel-soluble oxygenated
blending agentg, such as alcohols, ethers and other suitable oxygen-containing
organic.compounds. Oxygenates suitable for use in the present invention.
include methariol, ethanol, isopropanol, t-butanol, mixed Ci to Cs alcohols,
methyl tertiary butyl ether, tertiary amyl methyl ethef; ethyl tertiary butyl ether
\ and mixed ethers, Oxygenates, when used, will normaily be present in the
base fuel in an amount below about 25% by volume, and prefei‘ably in an
amount that provides an oxygen content in the bvérall fuel in the range of
aBout 0.5 to about 5 percent by volume. Other fuels that are uSefulmthe
- methods and devices of the presént invention are gasoline, bu‘ri.kél_'v'fuél, coal

dust; crude oil, refinery "bottorns" and by-products, crude oil extracts,

11



bot h hydrocarbons of the gasoline boiling range and fuel -sol ubl e oxygenat ed
bl endi ng agents, such as al cohols, ethers and other suitable
oxygen-cont ai ni ng organi c. conpounds. Oxygenates suitable for use in the
present invention. include nethanol, ethanol, isopropanol, t-butanol,
mxed G to Cs alcohols, nethyl tertiary butyl ether, tertiary anyl nethyl
ether, ethyl tertiary butyl ether and -m xed ethers. Oxygenates, when used,

wi T nonBhlyoRewRiesehlsd By fuel in an. anmount bel qw about 25% by
vol ume, and preferé%%ypln §H$Q§n §%$E?%%$3p?BS?d%%P%ﬂnéivﬁﬁ Usbntent in the
over al | gﬂghl' angs f baut 0. 0 about. 5 percent, by vol une. O her
fuels that ustlé’?%f ‘PﬁSt{ehe %rlégen(g’g%&a(ﬁaﬂﬁgﬁ}beésorgﬁm’f:%gﬁf: toTiB¥7enti on are
gasolin ? er f.uel coa{ dust, .crude.oil, refinery "bottons" and
by--progﬁg @?é%?ﬂéénBﬁPf%&*Fﬁ%@i?nffﬂﬂa ¥Hous wastes, yard trinmngs and .
wast e, %o%d chigs and saw dust, agricultural waste or tillage, plastics
and ot h&F BFARANE RaQ fiseetons thyrealinsiates alehlnpxetheacarnereof , and
enulsio?ﬁp su§§qgsions, and di spersions thereof in water, alcohol, or other
carri er TR{g; By “digpet idsBereinds mensrtame oremesafitelsselestedhionm thel s
sel ected fromthe group consisting of diesel fuel, biodiesel,
bi odi es&FYRcryeigting«al diesphfnel biodicsd ebiodiasdl-deniverd Sl fpnidndticadidseit her
products neeting the definitions of ASTM 13975. It is preferred that the
sul fur é®RtBHttUSES thrseof ad lothersprdsercte ssetingrthe finitions of ASTM
- D975, It is preferred that the sulfur content of the diesel fuel be less than 100
ppm, and especially preferred that the sulfur content be less than 30 ppm.
Fuels having relatively high sulfur content, while within the scope of the
present invention, are curfently impractical for use with catalytically enhanced
after treatment systems. -
Conventional combustion systems useful with the present invention will
typicaily include some degree of emission control or after treatment systém. In
all cases of combustion, the emission treatment may include a 'cataljrﬁc system
to réduce harmful émissions. Of course; other ernission treatment systems are
‘well known. Unfortunately, many of such emission systems have a teridency to
'losﬁz ﬂﬁgir_'effecﬁvéness over time due to poisoning or degradation of emission
treatment system components.
The present invention contemplates p'roﬁdiﬂg"a' méngérie‘éé compound to

‘an additive; to a fuel cornposition or, alternatively, directly into the exhaust
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ppm and especially preferred that the sulfur content be | ess than 30 ppm
Fuel s having relatively high sulfur content, while within the scope of the
present invention, are currently inpractical for use with catalytically
enhanced after treatnent systenms. Conventional conbustion systens useful’
with the present invention will typically include some degree of em ssion
control or after treatnent system In all cases of conbustion, the

em ssi Q t nent i ncl.ude g catalytic: system to reduce harnful
em ssi oér:c.ré%?e‘laocr o%??%tégsq%?mé?m’e’r'ﬁ%gPBE freredhgepmbystianpreness, whetdbyknown.
Unfortu ateu¥ .many of such.em ssion systens have 'a tendency to | ose
their efFeRToHRRSL the smissip taertmentdisieniovmpomatdgvatidte on of emi ssi on
treat ment . %st em conponents. The present invention contenplates providing a
mangane38 LAY frbescsd. ddeprendingtapdichtioh disripess tardmmodeliwt et i vel v,
directlg into the exhaust 12 stream or conbustion zone resulting fromthe
conbust %ﬂbﬂ%’@@s{@mm@fﬂé@? whemaisopeaatdqueons, whecresthablep mdiig@al-gent
system conponents will be significantly enhanced. A copending application
di scl oseRtemingedditiste. vdrS: Raidnt Applicadon Seriap Por 10 658 IWRE] Uy an
aqueous, water sol ubl e, manganese containing additive. uU. S. Pat ent
Appl i caf,ifZerial No. 10/ 165,462, filed June 7, 2002.
The preferred metal herein includes elemental and tonic manganese,
precursors thereof, and mixtures of metal compounds including mang;anese.
These manganese compounds may be either inorganic or organic. Also
effective in the present invention is the generation, liberation or production in
situ of manganese or mangénese ions.
Preferred inorganic metallic compounds in an embodiment of the present
| invention can include by exampie and without limitation fluorides, chlorides,
bromides, iodides, oxides, nitrates, sulfates, phosphates, nifrides, hydrides, .
hydroxides, carbonates and mixtures thereof. Manganese sulfates and
‘phosphates will be operative in the present invention and may, ini certain fuels-
-and combustion applications, not present unacceptable additional sulfur and_
I'-p'hbspho;"us combustion byproducts. Preferred organometallic compounds in
| afl embodiment of the present invention include alcohols, z’a‘ldehﬁlés,- ketones,

o -.'_é"Sfé:I"S, anhydrides; sulfon'ates,‘ phosphonates, chéiate’s, pheriates, crown :

" ethers, carboxylic acids, amides, acetyl acetonates; and mixtuires thereof, |
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The preferred netal herein includes elenental and ionic manganese,
precursors thereof, and m xtures of metal conpounds including nanganese.
These nanganese conpounds may be either inorganic or organic. Also
effective in the present invention is the generation, |iberation or
production in situ of manganese or manganese ions. Preferred inorganic’
nmetal lic conpounds in an enbodi nent of the present invention can include

by exanpl e apd Wi imitation fluorides, chlorides, Dbronm des, iodides,
oxides, nitr g’? 5‘3@@8%&#"@@% PROEFRGT e SONtAIIRE @eganematalie spmporyrdisoxi des,

car bonat.g n@5g$ ] res thereof. Manganese sulfates and .-phosphates -wll
be operat;éve i il}%él{apgg%qﬂyli%mq - avchvegpPande araitaughtlfer - and -

combust i.Q | ions, not present unacceptabl e additional sulfur and -
Phospher A IS BUED e, DR e hers, Sprdhierd ad ToPglbABEabIHAD, 85Mpounds. | n an
enbodingp%-4§f8the resent invention include al cohols, aldehydes, ketones,
esters, a'%y O  BupperaPetentdimsifitont2 84, chel ates, phenates, crown
ethers, carbgxylic acids, am des, acetyl acetonates, and m xtures thereof.
13 Especi al | yUpPeiceragganas thebooyhtan pongdowdidto urh Ad iiseamguUNds - are
manganese tricarbonyl conpounds. Such conpounds are taught, for exanple,
Y JPY
in US PRFaHcagisthis seetRs7inciudy dycldientadithl H%iganesd Uidarbony1,”, 944, 858
and European Patent No. 466 512 BIl. ’
methylcyclopentadlenyl marnganese tricarbonyl, dimethylcyclopentadienyl
manganese tricarbonyl, frimethylcycldpentadienyl manganese tricarbonyl,
. tetramethylciy'c:lopentadienyl manganese tricarbonyl,
pentamethylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl
manganese tricarbonyl, diethyleyclopentadienyl manganese tricarbonyl,
‘ p‘ropylcyclopen’gadienyl manganese tricarbonyl, isopropylcycloperitadienyl
mangamnese tricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyl,
_octy'!cyclopcnt‘adienyl manganese tricarbonyl, dodecylcyclopentadienyl -
méanganese tricarbonyl, ethylmethylcyclopentadienyl ﬁianganesé tricarbonyl,
._iﬁde'n'yl manganese tricarbonyl, and the like, including mixtures of two or miore
such compounds. Preferred are the cyclopentadienyl manganese tricarbb‘nyls
f whmha_re _h’quid at room temperature such as methylcyclopentadienyl
+ manganese tricarbonyi, ethyleyclopentadienyl manganese tricai*bonyl, liquid
. rmxtures of cycloperitadienyl manganesé tricarbonyl and

K f?émYICYCIOPéntadien}’l manganese t'ﬁcarbonyl, mixtures of
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Sui t:abl e manganese tricarbonyl conpounds which can be used in the practice
of this invention include cycl opentadi enyl manganese tri carbonyl,

rnet hyl cycl opent adi enyl nanganese tricarbonyl, dinmethylcycl opentadi enyl
manganese tricarbonyl, trinethylcycl opentadi enyl manganese tricarbonyl,

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

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

) j - di : i I tri I, .
o opy! oy SRR ey b LS PRS00 SRRABNTR R AL at enyi
. i - - but yl I t adi | tricarb I,
nanganeqﬁggéﬁﬁg%ﬁgﬁ%kb%%ﬁggk:u yl cycl opent adi enyl manganese tricarbony

octyl ¢cyc . nese tricarbonyl, dodeyl cycl opentadienyl
mdenyT - mangEABLE PPl Ny PO B Res PFRETDRIE) WaRG SAEOES of v of
1 car banpTePC et B B aThr thedin kenperhre SeoRorated .
MangancatFrER BRbAPCON  u d i xtures of cycl opari § adi oyl - manganese
tricarbonyl and nethylcycl opentadi enyl manganese tricarbonyl, m xtures of
14 net hyl cyclWpeanfaamaadingrdditreste be vsad hothe mgitiods yideyystementfadi eny| .
Manganese tricarbonyl, etc..

the present invention, the manganese compounds are employed in amounts

sufficient to reduce the impact of poisons, e.g., sulfur, lead, zinc, soot and

phosphorus, on the after treatment systems, reduce the rate of soot

accumulation, reduce the temperature at which the soot oxidizes, and

otherwise generally enhance the operation of after treatment systems

including, for instance, a catalyzed diesel particulate filter, or alternatively, a

continuously régeneratir;g technology diesel particulate filter.

Ma.ﬁgangse compounds are believed to bind with poisons in the exhaust
S'tréam'itdpréveﬁt those poisons from binding or depositing on an after
treatment $ystem-such as the catalytic surface of the diesel particulate filter.
A é‘ee, e.g., A. J. Nélson, J. L.‘ Ferreira, J. G. Reynolds, J. W. Roos and S. D.
- ?-_:S'f‘cihﬁrab,‘ "X-Ray Absorption Characterization of Diesel Exhaust Particulatés,”

Ai)pliééﬁdﬁs of Synchrotron Radiation Techniques to Materials Sciérice V,

S MatenalsResearch Society Conference Proceedings, No. 590, 63 (2000}. For

'. iﬁsjféh—ce: marigaiese sulfatés and phosphates may be formed and are trapped
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Preparati on of such conpounds is described in the literature, for exanple,
U S Pat. No. 2,818,417, the disclosure of which is incorporated herein in
its entirety. Wen fornulating additives to be used in the nmethods and .
systens of the present invention,. the manganese conpounds are enpl oyed in
amounts sufficient to reduce the inpact of poisons, e.g., sulfur, |ead,
zinc, soot and phosphorus, on the after treatment systens, reduce t-he rate

f ¥ TeYo: [ ad L gh i di ,
and” ot PARARLTHUBE Mleed AMRERRE shAMRS A Pl Tty Aol iR %) o o

i ncl udi % N35ANGE A58l alyzed diesel particul ate filter, or
alterna??%% 5?&%_ é%hﬁ?ﬁﬁﬂﬁgﬁb%Féag épdfﬁﬁﬁnt3§ﬁh%F8 FUHTRARI particul ate
filter. nganese, conpounds ar.e believed to.bind wth poisons in the
exhaust ST PERRERE FRE B 3B R radh S miB i of e depoeretdipdtn an
after tre?%pegt %%itenlSUCh s the catalytic, surface of the diesel
par t i cuPQt &P Pepthergisg complex wigh pgisoRs|sigh agysulfatepgndsphgsphates;
Reynolds, J. W Roos and S. D. Schwab; "X-Ray Absorption Characterization
of * Di es&PSiERAatids hympthesizest usthe isratursithahplasmisy fompRvRMs Raghat i on
Techniques to Materials Science V, Mterials Research Society Conference
Pr oceedpAgitivanect logwplae qradwtituteas ithe catmdest amthsidsec slilliafier.and
phosphates may be fornmed arid are trapped 15

It is basic chemical differences such as those described herein that distinguish

‘manganese from other meétals like platinum. - In formulating additives for use in

the present invention, therefore, it is important that effective amounts of

manganese bé employed, and further that any other metal compounds that can

be additionally incorporated’ must not have any negative effects on the

manganese mechanisms.

The amount or concentration of the additive may be selected based on
‘the concentration of sulfur in the diesel fuel. A preferred treatment rate of the
maitiganese compound can be in excess of 100 mg of mhanganese/liter, more
B preférably up to a_b'but S0mig/liter, and most preferably abbut 1 to about
- 30mg/liter. -
. The terin “after treatment system” is used throughout this application to
. Inéan any .syé_teﬁi;-'_de::vi'c"e', inethod, or combination thereof that acts on the
: :'éi:diatststr"é'éﬁi 6t ermissiotis fesulting from the combustion of a diesel fuel.

~ “After treatmént systems” include all types of diesel particulate filters - -
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within a filter. These manganese sul fates and phosphates do not forma

gl aze. over or otherwise tie up catalytic sites in a filter. This nmechani sm
is distinguished fromother additives such as platinum Platinum conpounds
do not bond or otherw se conplex wth poisons such as sulfates and
phosphates. Instead, it is hypothesized in the literature that platinum
conpounds in an additive act to replace or substitute as the catal yst on

t he surf f.the filter. .1t is._basic chem cal differences such as those.

descri be%&ﬁlé}r%%ﬁj ' %?Cﬂﬁéﬁﬂgiﬁwowé@&@%c@%mtm srdectmatalyst | i ke

platinunldln fornulatiqg additives for use in the present invention,

t her ef or'§UCHORSYSIRIBF 2R ey dievd oxidatiomentalystefmufffargaNesecheors,

enmpl oyed, and further that any other netal conpounds that can be

addi t i orAPEFRiSEsP o la@s #yse sepsotsabackpiesraymseveref §@dta on t he

manganese nechani sms. The anmount or concentration of the additive may be

sel ect e PHESHALE FenppEs, stricartthatexbrust meardifars aind sdisods,eaed ahyi@ltheA

preferred treatnent rate of the nanganese conpound can be in excess of 100

my of nddFameseslptadesystomsendnefthoddl y up to about 50ng/liter, and nost

preferably about 1.to about 30ng/liter. The term"after treatnent systent

'is used thr dbhghoate ntulsipd?qag#ﬁeeaificﬁ@sdl@mﬁ@@lﬁt@ﬂkeﬁ\:ﬁ/?jlﬂf@). devi ce, .method;
r

or conbi nation thereof that acts on the . exhaust stream or enissions
resul ti rigerfwenionad, wardtaBizeQ D Ps aréthi-kﬁHﬁh:technology that has been
used for manjr years. In operation, combustion byproducts such as
particulates and soot are trépped and then oxidized, or “burned off”.
“Catalyzed diesel particulate filters” (C-DPFs} are filters incofporaﬁng a catalyst
on or within the filter subétrate that are adapted to reduce the oxidation
temperature of the combustion byproducts captured in the filter. C-DPFs
curreritly- include cordierite or silicon carbide monolithic type filters. A
“continuously regenerating technology diesel particulate filter” (CRT-DPF) is a
. ‘system where the. catalyst is a separate, flow-through substrate that precedes
the diesel particulate filter in the éxhaust-passageWay.

Diésel fuels, when combusted in engines operating under the diesel
cycle, émit-unbuméd Sébt’ particles into the exhaust gas stream. Because the
oxidation teﬁpéfam‘re of soot is 1n excess of 500°C, i£ is desirable to employ

-"clafalysts 'eifhéf"wiﬂl_in_ ‘or preceding the filters to lower the soot oxidation

temperature. A cétélyét that'is part of the filter substrate, i.e., a catalyzed
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""Af'ter treatnent- systens" include all types of diesel particulate
filters 16 catal yzed and uncatalyzed, lean NOx traps and catal ysts, select
catal yst reduction systens, SOx traps, diesel oxidation catalysts,
muf fl ers, NO sensors, oxygen sensors, tenperature sensors, backpressure
sensors, soot or .particul ate sensors, state of the exhaust nonitors and
sensors,: and any other types .of related systens and nethods. There are

mul ti pl g types,.of fi el iculate. filter 'Q%PF%%Q onvent i onal ,
incat idyoel PRRES el Sy T e BierR SroP aLRb E HRS HIEBH DARET t or rmany
years. | n operation, conbustion byproducts such as Particylates and soot
are tr é&%ﬁﬁﬁ@btﬁ%éﬂ ol AUET TeRercBRt R Rsgeneragongsythe i alden of
particulate filters" (CDPFs) are filters incorporating a catalyst on or
wi t hi n acRenFptes saghp dpthiesisien, fhe sgabptaunuistieeandbciondalylicddisson
t enperature of the conbustion byproducts captured in the filter. C DPFs
cur r entWifhin; el il srsirateians they capbinadioncelr tsmerabis) ipresreypel fil ters.
A "continuously regenerating technol ogy diesel particulate filter"
( CRT- DRy prssenceyidhe mahhizselowes thattampsraiuge segriped dvreregenovatidnm.oligh
substrate that precedes the diesel particulate filter in the exhaust
passageweyntibi@ssdl régmicsatingeectomtbgs tisdel padigilatesfiiloge rsabt ngidahder t he
diesel cycle emt unburned soot particles~into the exhaust gas stream
Becauseaetrperature is reduced because the catalyst oxidizes NO in the exhaust gas to

NO2. 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
combinatjoﬁ- of or reaction By the manganese containing compound with the
combustion byproduct(é] such as poisons, soot and other particulates. The
combination includes covalent or ionic reactions or any other binding of the.
metal compound with the combuistion byproduct. F‘l{lrﬂler, the term
“combustion byproduct” includes,'b’ut is not limited to, particulates, soot,
uniburned 'soot,-uncotibusted -Hydrdcarbdns, partially-combusted
hydrocafbons, combusted hydrocarbons, oxides of nitrogen, and any other gas,
vapot, particle or compound that résults frof the combustion of a fuel.

_ Refererice is also made throughout of the térm “enhanced” in the context
.., of operation of an emissions after trédtument system. The tertn “enhanced”

} means an’ improvement in the operdtion of an after treatment systemn relative to
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oxi dation tenperature of soot is in excess of 560°C, it is desirable to
enploy catalyst either within or preceding the filters to | ower the soot
oxidation tenperature. A catalyst that is part of the filter substrate,
i.e., a catalyzed 17 diesel particulate filter, or CDPF, requires an
exhaust tenperature between 325 '"and 400'C toinitiate filter~
regeneration. Regeneration is the oxidation of .accunulated soot. In this
system the soot accunul ates on the catalytic sites wthin the filter
subst r athe eprratibe denbinnidn systedi thanderanot BavenaastgenaRtcorhpeuRdesence o
the . catalyst lower t he tenperature required for regeneration. In a

cont i nueusbysteeigenejatted @r-dthefwick egitaghiebelrongh i, Ctibrd #nddd tlera8OQ!
oxidation tenperature is reduced because the catal yst oxidizes NOIn the

exhaustinghsdésy buiid not Mignited ksaeadiclionsh tAE iNPAPL PR Ah hineT eased | evel
of soot oxidation wthin the filter. The terns "conpl ex" or

" conpl estoigiony eohttbEHAREM) SEGLAHD I BSE Fi RSBt m&ﬂhm&%%@f or
t t he co

reaction by the manganese contai ni ng conmpound w ustlon

by pr odugddi ftionuehtiRStcRY e Ahsre SOPhidldE s B%éitrié.églﬁhglﬁa%;ﬁlt Ihe ~conbination

includes covalent or ionic reactions or any ot 0 Ehe. et a
R e et A R R e
soot, W@%%‘E@n@%rgﬁﬁﬁpso@%chp%r Elloaslcelc%h%e%gpﬁjgs L& ur, phosphorus, lead,
zinc or soot), for instance, a.barium-containing léan I\iOx 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 com‘pound of the additive Will compete with the metal of
the catalyst sysfcem for complexing with the potential emissions system poisons
{e.g., sulfur) the manganese may be suitable for use as scavenging agents.
- Further, the manganese scavengers of the present invention can reduce the
detrimental impact of other ‘poisons such as sulfur, phosphorus, lead, zine, or
" soot on eﬁiésions control éYstemS.'bf' the lean burn combustion systems in one
embédim;ent of the presént invention.
In this invention, when the tanganese containing, fuel-borne catalyst
was used in cbnibihation-w_ith the CRT—bPF,’ there was an unanticipated
benefit.. There is.a Ibwéi_* sobt accuriulation rate 1v'vith'in the: CRT-DPF and the

regeneration temperatufe is reduced below the régeneration temperature
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hydr ocar bons, conbusted hydrocarbons, oxides 6f nitrogen, and any ot her

gas, vapor, particle or conpound that results fromthe conmbustion of a
fuel. Reference is also made throughout of the term "enhanced"” in the
context of operation of an em ssions after treatnment system The term
"enhanced"” neans~an inprovenent in the operation of an after treatnent
systemrelative to the operation of a simlar -systemthat does not have a

d .co : i.nj.ecit. ; ' t dth hit.
EnhancBRsCapBRR sEeT S il R R DR e D T o Tt e

i npact of poisons on the enissions control system reduction in-the rate
of soot accunul ation, and reduction in the tenperature at which the soot
is oxidized in the filter. Wen the em ssions system contains a conponent
whi ch i £58&1Rledabl e by combustion byproducts (such as those contai ni ng
sul fur, phosghorusl_lead, zinc or soot), for _instance, a- -

bari um cont akhe egditévas wesful hegsin pre opgarERt G JRAR BN SHrERtaR Bovel

met hods for providing a substance which conPet es wWth the active site
(e.g., lsamipeyndssainbld endisparsiblegnedinaeldiel. AEhe smapssseps eromeighiise
cont ai ni ng conpound of the additive will conpete with the nmetal of the
cat al ystoxedeiemf carbvonpanticubmtewnattet hFhp sxbatbhEas Aftss Heatmeps dewCBoi sons

(e.g., sulfur) the manganese nay be suitable for use as scaven%lpng agents.
Fur t her is bhertangants eegtrvatige tecloiologredipsebpatiquateriltar(Cdh DPEduce t he

Upon introduction of the fuel into the combustion chamber or exhaust stream,
the manganese is released and combines or complexes with the carbon fraction
of the particulate matter, accelerating_the oxidation reactions that take place
prior to and during accumulation within the CRT-DPF. The measure of soot
loading within a filter is the increase in exhaust gas backpressure (EGBP). A
comparison of IEGBP profiles during base and additized fuel soot loading tests
are shown in Figures 1 and 2. Figure 1 displays the initial soot accuinulation
profile prior to catalyst light-off, and shows that use of the ad&itiz‘ed fuel leads
to an immediate benefit of reduced EGBP. The contiriuation of this benefit .
through 10 hours is displayéd in Figure 2. The so.ot accumulation rate for base
fuel, as measured by EGBP increase, is 0.06 kPa pé“r hour. When additized
fuel is tested, the rate is reduced by a factor of three to _0.62 kPa pef hout.
* More details i:-'eg'a'rding this testing des‘cﬁb’ed hereis is contained in SAE Paper-

. -Nb. 5002-01:27 28, “The Ro‘k:"i‘hat Metﬁyleyélobéﬂddiéﬁﬂ Manganese
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detrinental inpact of other poisons such as sul fur, phosphorus, |ead, zinc,
or soot on enissions control systens of the |ean burn conbustion systens
in one enbodinent of the present invention. In this invention, when the
manganese cont ai ni ng, fuel-borne catalyst was used in conbination-with the
CRT-DPF; there was an unantici pated benefit.. There is a | ower soot

accunul ation rate within the CRT-DPF and the regeneration tenperature. is

r educedr el &L rature.19 observ i.th either the -
fuel - b?r ne ggyt]%]l 9&@8@%@%&3%%@@ X’ﬁﬁF@Pffwe%EW% eful herein
are or 4] Rese containin ounds, sol ubl e or dispersible
in dieggF %ué?bk?&geggﬁgghg%1C§H%ﬁ%?§?°%ﬂ§8?g§F65¥ﬁ%ﬁeﬁ$“€%&bon particul ate
matter. TheTgx aust gﬁs %{te@rtreatqﬁnt deviof i.S a_contiﬁupuslg
regener ati ng t eenidlogySat B Hiis sapmnla rasan tftradoyautiystipsel fgghn

i ntrodugcti.on.qf t Juel into t conbusti on chanber or exhaust stream

t he nalr%;%lggg%f @%‘&%d@’ﬁd%ﬁﬁﬂ feRoBinal sjiiuadeeelwitthppive “Ehe bon

fractiaon ,. of the particulate matter, accelerating the oxidation reactions
that t Qg1 Was BEPYigedse thad the adsitizedduslihad i26hmgMm/ liter h@heRT- DPF. ' The
measure of soot loading within a filter is the increase in exhaust gas
backpr 888 verhpps M (H&wil Sonporfatie@BP profiles during base and

additi zed fuel soot |oading tests

CRT-DPF LOADING DURING FIRST 12 MINUTES
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are shown in Figures | and 2. Figure 1 displays the initial soot

accunul ation. profile prior to catalyst light-off, and shows that use of "’
the additized fuel leads to an immedi ate benefit of reduced EGBP. The
continuation of this benefit through 10 hours is displayed in Figure 2.
The soot accunul ation rate for base fuel, as neasured by EGBP increase, is
0. 06 kPa per hour. Wien additized fuel is tested, the rate is by a factor
of three to 0.02 kPa per hour~ More details regarding this testing -
descri bed herein is contained in SAE Paper, No.2002-01-2728; "The Rol e
That Met hyl cycl opent odi enyl Manganese 20 Tricarbonyl (MMVI) Can Play in

| mprovi ng Low Tenperature Performance of Diesel Particulate Filters' which
is- incorporated herein inits entirety. The base fuel used in this exanple
was an ultra-low sul fur diesel fuel obtained fromPhillips. This fuel had
a nom nal “sul'fur level of 3 ppm. 'The additive was provided so that the
additized fuel had 20 ngMh/liter. The additive used was MMI(r) (Ethyl

Cor por atfiony. - $ 0.5 , Base --MVI
CRT-DPF FILTER LOADING DURING FIRST 10 HOURS
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Figure 2

After filters are Joaded with soot, it is useful to exainine "t.h'e teﬁiij'efaﬁl;.'é
whiere regeneration {the burning-off of aécumulate’d_ soot) will occur, F‘igpfe'S'
shows the results of regeneration tests when base fuels and addi.t:iéé_'d‘:'f{iel's' aré =

.-bu'm'ed. With unadditized fuel, filter regeneration was not observed at |
: _:témPEratu:es eﬁceedin'g 380°C. With additized fuel, regéneratiéh begins ﬁrh'en _

.exhaust temperature exceeds approximately 280°C. The accumulated carbon
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within the filter combusts, leading to complete filter regeneraﬁon. Notably,

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

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

only does the soot burn off at a lower tempera’ﬁure with the additized fuel, the

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

CRT-DPF REGENERATION TEST
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Figure 3. .
Exaniple 2 .

The exhaust gas after treatrent dévice is a c'atalyzed’diesei particulate -
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z 0.2 ---Base -MMI 1643 RPM 50% Throttle Sl ope=0.06 kPal hour. Sl ope=0.02
kPa/hour 0 1 2 3456 7 89 10 Hours Figure 2 After filters are- | oaded
with soot, it is useful to exam ne the tenperature where regeneration (the
bur ni ng-of f of accunul ated soot) will occur. Figure 3 shoves the results of
regeneration' tests when base fuels- and additized fuels are burned. Wth
unadditi zed fuel, filter regenerati on was not observed at tenperatures

exceedi 0 Vth additi.zed fuel., .r ner,ati pn begi ns when. exhaust
Conper diibrdCarEELdePed srisbitfifen PP e etdie el P de ForirgRioms w ¢ hi n
the filter conbusts, |eading .o conplete filter regeperation. Notably,
once t hcgjag%lg?r ?%B’E}Eﬁ‘%%os%?ar‘g’ thie i SS%ME?%? F e WEbolge hat
amount of bagﬁg&essure seen W th the unadditized fuel,_ In other Wrds, not
only dd&SPpRdrassion elfheopartictilate pagiers aseslerating dhgioxidatinn mesgtionsed f uel
the - : '

that take place prior to and during accumulation within the C-DPF. Bécause

the rate of soot accumulation is Iower and the soot contains a catalyst metal,

the regeneration temperature is reduced relative to what would be expected

with the C-DPF and unadditized fuel,

Example 3

In the applications described in Examples 1 and 2, the manganese used
will form stable métal compllexes including manganese phosphates. A portion
of the manganese released into the combustion chamber or éxhaust interacts
with lubﬁcant—éeﬁved phosphorus to form the stable metal thSp_hates as-
solid particulate and this reduces or prevents phosphorus deposition on the
catalyst metal employed in the CRT-DPF, or the C-DPF. The use. of these
manganese containing fuel'addiﬁves will protect the catalyst from deterioration

1y

resulting from phosphorus poisoning.

Examp le'4

In the dpplications described 111 Ekaiﬁples 1 and 2, the manganese

T



backpressure remains | ower than with unadditized fuel as shown in. Figure
3. -0.5 a N N N CRT-DPF REGENERATI ON TEST net | enp Base Fuel Regeneration
occurring at --280C. N47 '"RVNV .7V) H MMeprD'7 '7 sCV 7 "at
Percent Throttle Figure 3.. IO u) N NN '0OinVIT h Wj 150 LO V).

additive used is one that will also form stable metal sulfates. ’I‘hé CRT-DPF o‘r. -
C-DPF is followed by a lean-NOx storage device that is sensitive to sulfur
poisoning. A portion of the metal released into the combustion chamber or
exhaust interacts with e.ither fuel or lubricant-dertved sulfur to form stable
maﬁganese sulfates, thereby scavenging tﬁe 502 and 503 and reducing or

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

Example 5

The manganese containing ‘additives of the present invention enhance
operation of an after treatment system by reducing the sintering of combustion
byproduct metal on the surface of the DPF. The sintering of combustion
byproduct metals may cover and render ineffective catalyst sites on the suiface
of the catalyzéd DPF. “Sintering” is the fusion of combustion byproduct
particles on the filter surfaces as a result of the heéat in that filter. The
manganese containing additive reduces the amount of sintéring on 't_h_e filter
surfaces, as compared to the amount of sintering when unadditized fuel is
burhed, and therefore increases the effective life of the filter. It also makes the
filter easier to clean because of the.reduce(.:l sinten'ng of thie byproducts to the

walls of the ﬁlfer.
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N'N N Exanple 2 . . The exhaust gas after treatnent device is a catalyzed
di esel particulate Z3 filter (CDPF). -Upon introduction of the additized
fuel into the conbustion chanber or exhaust stream the nmanganese is
rel eased and conbines with the carbon fraction of the particulate nmatter,
accel erating the oxidation reactions that take place prior to and during
accurmul ation within the CDPF. Because the rate of soot accunulation is
| ower and the soot contains -a catalyst netal, the regeneration
tenperature is reduced relative to what would be expected w th the C DPF
and unadditized fuel. Exanple 3 In the applications described in Exanples 1
and 2, t Ezampigénese used will form stable nmetal conpl exes including
manganese phosphates. A portion of the nanganese rel eased.- into the
conbusti on ché@hbenangareshaoatainigeadditives wi the podpeind anterdéoih ¥atanpbesphor us
to formthe stable netal phosphates as. solid particulate and this reduces
or pr eveppsrgtiwsphan dftetl @R icndRyeterh g actaledhtist a8RtAlIAPIOREUPFN t he
CRT-DPF; or the C-DPF. The use of these nmanganese containing fuel
addi ti veputidevetheltetre8i6ingatadé W6 batkProsdetEirc@éadd. OThe manganese

binds with combustion byproducts, e.g., sulfur and phosphorous oxides, and

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

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

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

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

be more completely removed when it is cleaned.

It is to be understood that the reactants and components referred to by

chemical name anywhere in the specification or claims hereof, whether referred

to in the sinét.ilai‘.or plural, are identified as they exist prior to coming into

contact with another substance referred to by chemical name or chemical type

(e.g., base fuel, solvent, etc.). It matters not what chemical changes,

transformations and/or reactions, if any, take place in the resulting mixture or

solution or reaction meditun as siich charnges, transformations and/or

reactions aré the natural result of bringing the spécified reactants arid/or

components together under the conditions called for pursuant to this _

disclosure. Thus the reactants and components are identified as ingredients to

be brought tdgether either in perfo‘i'ming a desired chemical reaction (such as
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resul ting from phosphorus poi soning. Exanple-4 1In the applications
described in .Exanples 1 and 2, the nmanganese additive used is one that
will also formstable nmetal sulfates. The CRT-DPF or C-DPF is followed by
a |l ean-NOx storage device that is sensitive to sulfur poisoning. A portion
of the netal released into the conmbustion chanber or exhaust interacts
with either fuel or lubricant-derived sulfur to formstable manganese

sul fates, thereby_scavenging the S02 and S03 and reducing or preventing
deposi ti érmatiagupf the eiseprastalic spmpeandNinsiosmine adissite. caErpeFtions The
manganese containing additives of the present invention enhance operation
of an af {®Kch @%aﬂrﬁﬁﬂiﬁwwwrﬁyﬂem%@md@ldihi@red]i ng voll edemrbast i on
byproduct metal on the surface of the DPF. The sintering of conbustion -

by pr oducresagnigest ihey thowdditividcompdeents carebé edtled @rddendiyd intsidresithn t he
surface of the catalyzed DPF. "Sintering" is the fusion of conbustion

bypr oducthe pas¢ fudlesndimidurdlyf pért & andf bnaesomponctiesubéd i fddaeingeat in that
filter. The manganese containing additive reduces the anount of sintering

on the fprtfermedwddides combitaigay eddf or &lile-comibBinhtiohs S iArterdinglyveeen
unadditi zed fuel is burned, and therefore increases the effective life of

the filtehough tidé SRiMBKEEEiddFRr thhl refer 3 SLBEtdR e8! EMRPBREAKSENf ort hE

reduced sintering of the byproducts to the
ingredients in the present tense (“comprises”, “is”, etc.), the reference is to the
substance, components or ingredient as it existed at-the time just before it was
first blended or mixed with one or more other substances, components and/or
ingredients in accordance with the present disclosure. The fact that the
substance, components olr ingredient may have lost its original identity through
a chemical reaction or transformation during the course of such blending or
mixing operations or immediately thereafter is thus wholly immaterial for an
accurate understanding and appreciation of this disclosure and the claims
thereof.

At numerous places. throughout this specification, reference has been
made to a number of U.S. Patents, published foreign patent applications and
published technical papers. All su;h cited documents are expressly

. incorporatéd-in full into this disclosure as if fully set forth herein. |
" This invention is susceptible {0 considerable variation in its practice.
‘Therefore the foregbing' desi:riptidn is not intended to limit, and should not be

construed as limiting, the invention to the particular exemplifications

(A



wal ls of the filter. 25 Exanple 6 The nmanganese containing additives of the
present invention enhance operation of an after treatnent system by-

accel erating ash buildup in a DPF .but neverthel ess reducing rate of
backpressure increase. The nmanganese binds with conbustion byproducts,
e.g., sulfur and phosphorous oxides, and. forns stable manganese conpounds
that are then trapped as and with the ash in the filter. Surprisingly, it
has been di scovered that this literal increase.in ash does not increase
backpressure. Further, by using a manganese containing additive, the DPF
wll need to l%ed | eaned |l ess often _and the ash can be nore conpletely
removed WHEIFEC PETEPBRRE. Rethers whatds yiraded itode eavared Heas sakfoaties” and
components referred to by chem cal nane anywhere in the specification or
clai ns h&t 86 eoshingdpirpe pad the epivalentrethirpefupermitiedpiaua ahatter of law.
identified as_they exist prior to comng into contact w th another

subst ance r ef Balcadeq dogynehintend|toniadicate aglyetiscdaked ypbodimegts thdse f uel
solvent, etc.). It matters not what chem cal changes, transformations

and/ or r gablicoand tpfthamytentagy glsabmedmbbifications bir pdteriéns enf nosol uti on
or reaction nedium as such changes, transformations and/or reactions are

t he nat uligdratlgdall witiinbihiengiopg dfhthe spdaid, ithey aaachBsitierdl idhepart of the

invention under the doctrine of equivalents.
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conponents together under the conditions called for pursuant' to this

di scl osure. Thus the reactants and conponents are identified as-

i ngredients to be brought together either in performng a desired chenlcal
reaction (such as formation of the organonetallic conpound) or in formng
a desired conposition (such as an additive concentrate or ‘additized fuel
blend). It will also be recognized that the additive conponents can be
added or blended into or with the base fuels individually per se and/or as
conponenpMéhaidedClaimédisti ng preforned additive conbi nations and/ or

sub- conbi nati ons. Accordingly, even though the clains hereinafter may
refer to subslamgeemiGAiMOBEHrs! iRl for tREEAEH @tbatmieRt bhe dESaTDE]

tense' ("conprises”, "is", etc.), the reference is to the substance,

corrponent:smusmﬁrmb@ﬁ eiSanidt fxdayh e&bdbribiiy: ti me just before it was
first blended or m xed with one or nore other substances, conponents and/ or

i ngredi ent's i 8, AGRALIAPESWcHBy HE HR Bégé’c{geql‘f%‘fl SRt G t%le g | he

subst ance, conponents or |ngred|ent nmay have lost 1ts original ty

through egngheihdoaeackbaNuy cérhaﬂéaemg cﬂ@?ﬁ%wg?ﬁlpﬁsg@gﬁse of such

bl ending or mxi'ng operations or Inmedia erea us whol ly

i mmaterigl, f e under st andi ng and appreciation of this
di scl osure ag%%w@ﬁ ﬁ} al rr%f t hereof . At- numerous places. throughout this

specifi cat ' 0Ny, ca?al?zreecf"gleslé'la parl?.lculate filter located within the exhaust

passageway and adapted to contact the exhaust stream,
wherein the exhaust stream comprises a manganese compound which
complexes with at least one of the exhaust byproducts, whereby the operation

of the catalyzed diesel particulate filter is enhanced.

2. An emissions control system as described in claim 1, wherein the
diesel fuel is selected from the group consisting of biodiesel, biodiesel - derived

fuel, and synthetic diesel fuel.

3. An emissions control sj_zstem as described in ¢laim 1, wherein the

diesel fuel contains less than 30 ppm of sulfur.

4. Ah"e'r_nissions control systeni as described in claim 1, wherein the

- manganese compound is an inorganic manganese compound.
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made to a nunber of U S. Patents, published foreign patent applications and
publ i shed technical papers. Al such cited docunents are expressly
incorporated- in full into this disclosure as if fully set forth herein:
This-invention is' susceptible to considerable variation in its practice.
Therefore the foregoing description is not intended to Iimt, and should
not be construed as limting, the invention to the particul ar -
exenplificatigns 27 presented h?reinabove. Rat her, what is intended to be
covered is as°séi™ FBHEHOTS fORHE! sHiErngs desrmRediiyclale b gihersinihe t her eof
permtted as a matter of |aw. Patentee does not intend to dedicate any
di scl osed G aREEnese cREPoys] iscsclepied from Hee sxaumeonsigtingél osed
modi ficatjons or alterations may not literally fall within the-scope of
the cl ai Mloridesychlosidesnbremidas, ioliges,mwidespitrhtes, snifetrs, phogpbetes, he
doctrine of equivalents. 28~ What |Is Clainmed Is: 1. An em ssions control
syst em f eMtriddse hyfirislest hpditaxedes, chrbomhtes endfrositureottizresfi on process
exhaust stream conprising: an exhaust passageway for the passage of an
exhaust stream contai ning exhaust byproducts fromthe conbustion of a
di esel fuel conprising a nmanganese conpound,

6. An’emissions control system as described in claim 1, wherein the

manganese compound is an organometallic compound.

7. An emissions control system as described in claim 6, wherein the
organometallic compound is selected from the group consisting of alcohols,
aldehydes, ketones, estefs, anhydrides, hydroxides, sulfonates, phosphonates,
chelates, phenates, crown ethers, carboxylic acids, amides, acetyl acetonates

and mixtures.thereof.

8. An emissions control system as described in claim 1, wherein the

manganese compound comprises about 1 to about 30 mgMn/liter of fuel.
9. An emissions control system as described in claim 6, wheréin the

organometallic compound comprises methyl¢yclopentadienyl manganese

- tricatrbonyl.
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a catalyzed diesel particulate filter |ocated wthin the exhaust

passageway and adapted to contact the exhaust stream wherein the exhaust
stream conpri ses' a manganese conpound which conplexes with at | east one of
t he exhaust by products, whereby the operation of the catal yzed diesel
particulate filter is enhanced. 2. An em ssions control systemas described
inclaiml, wherein the diesel fuel |s selected fromthe group conS|st|ng

of bi odi esel i - i f t het.i 3. An
eni ssi ons cont?o?ﬂigﬁ?%ﬁ?%ggégégfﬁﬁﬁg aS?F%Fﬂ%%’ Bgéq% ﬁ@f %@Ee f ue
cont ai ns qu m ssi ons cont

descr beéhgﬁn&?aﬁegﬁﬁo bR & Bl "htsg R S o b
rranganese co oun ions control systemas described in claim
4, wherei'i eSF&GF@ﬁHF% 8% ORERFIY! manganssedgicartshe group
consistlgg quorlgﬁ ?hlorldes bronldes i odi des, oxides, nitrates,
sul f at es, B‘r‘?ﬁ?ﬂﬁ’éﬁ grentagiqny; a%fgﬂgqmﬁtalggr Ay Sunedylcxleponadienyind

m xtures thereof. 6. An'em ssions control system as described in claiml1,
wher ei n t%%%%ﬁ@&ﬁé@érwi‘dotﬁﬁtﬁmgt@mwﬁ@@w mengempse tidcarbonh

em ssions control system as described in claim6, wherein the
pentamethyicyclopentadienyl manganese mca_rbonyl ethylcyclopentadienyl

manganese tricarbonyl, diethyleyclopentadienyl manganese tricarbonyl,
pro'pylcyclopentadienjl manganesé tricarbonyl,. isbpropylcyclopentadienyl
manganese tricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyl,
octyleyclopentadienyl manganese tricarbonyl, dodecylcyclopentadienyl
manganese tricarbonyl, eﬂlylmeﬂlylcyclopentadienyl manganese tricarbonyl,
indenyl manganese tricarbonyl, and the like, including mixtures of two or more

such compounds.

11. An emissions control system as described in claim 1, wherein the -
combustion byproduct is selected from the group consisting of particulates,
. 8obt, unburned soot, uncombusted hydrocarbons, partially-combusted

‘hydrocarbons, combusted hydrocarbons, and oxides of nitrogen.

' 12. An emiissions control system as described in claim 1, wherein the

" combustion system further comprises a lean-NOx storage device.

3



organonetal lic conpound is selected fromthe group consisting of alcohols,
al dehydes, ketones, esters, anhydrides, hydroxides, sulfonates,
phosphonat es, chel ates, phenates, crown ethers, carboxylic acids, am des,
acetyl acetonates and m xtures- -thereof. 8. An em ssions control system as
described, in claiml1, wherein the nanganese conpound conprises about 1 to
about 30 ngWn/liter of fuel. 9. An emnissions control system as described in
cl aim 6, mherﬁbnd%he .organonetal lic coppound conprises '

a

net hyl cycl ope BATISHERY SABES! sYsternigsdhgiattesdrepdmeny of @ dissehBied ont r ol
system as described in clajm1, wherein the nanganese conpound is selecte
fr om t he PHNHFRIYPHIGD exbodpbplapimd cemprisimginganese tri carbonyl , - '
met hyl cycl opent adi enyl manganese tricarbonyl, dinethylcycl opentadi enyl
manganese tri G&rBhapst pessaretay oy dho pensagt et exhangfestesamt edrtaitiogy| |
t et ramet hyl cycl opent adi enyl nmanganese tri carbonyl, _
pent anet Bxhayist bppradatite fiypm e gandsestion ofar Bizsyl fucktbyipristhgpent adi enyl
manganese tricarbonyl, diethylcycl opentadi enyl manganese tri carbonyl,
propyl cydhapgmendi @mypowmsdiganese tri carbonyl,. .i sopropyl cycl opent adi enyl
manganese tricarbonyl, tert-butylcyclopentadi enyl nanganese tricarbonyl,
octyl cycl openbasinginioursingafereating ety didodasattientd e FanaRLam

within the exhaust passageway and adapted to contact the exhaust stream,

wherein the exhaust stream comprises a manganese compound which
complexes with at least one of the exhaust byproducts, whereby the operation.
of the continuously regenerating technology diesel particulate filter is

enhanced.

14. An eémissions control system as described in claim 13, wherein the
- . diesel fuel is selected from the group consisting of biodiesel, biodiesel - derived

fuel,-and synthetic diesel fuel.

15. An emissions control system as described in claim 13, wherein the

diésel fuel contaifs less than 20 ppﬁl of sulfur.

© 16. An emissions control system as desciibed in'claim 13, wherein the

manganese compound is an inorganic marganese compound,
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manganese tricarbonyl, ethyl methyl cycl opentadi enyl manganese tri carbonyl,

i ndenyl - manganese tricarbonyl, and the like, including mxtures of two or
nore such conpounds. 11. An em ssions control system as described -in
claim1', wherein the conbustion byproduct is selected fromthe group
consisting of particulates, soot,. unburned soot, unconbusted

hydr ocar bons, partially-conbusted hydrocarbons, conbusted, hydrocarbons,
and oxi des of_ nitrogen. 12. An em ssions control system.as described in
‘claim 1, whbfePR FRESIIBHBRREP W%%tae?ﬁ?%?ﬂbﬁ@rméiﬁﬁ? il&e Thereigatheno
storage device, .13. An emi ssions control systemfor the after treatnent of
a di esel ifagsfnicopapganeyhcympensd isakegtad Spretip SouPPrInsivéng ah exhaust
passageway for the passage of an exhaust stream containing exhaust

by pr oducflyofides ¢hlerideabbrarnisiesofodadeti, exislest nirategnpuliatcagphosphatganese
conpound, -a continuously regenerating technol ogy diesel particulate filter
| ocat ed niridesnhyfisdes Hapboxpkss agewmatemdnd daptectsttherert act t he exhaust
stream wherein the exhaust stream conprises a manganese conpound which
conpl exes with at | east one of the exhaust byproducts, whereby the
operation. of the continuously regenerating technol ogy diesel particulate
filter is 18. An emissions control system as described in claim 13, wherein the

manganese compound is an organometallic compound.

19. An emissions control system as described in claim 18, wherein the
- organometallic compound is selected from the group consisting of alcohols,
aldehydes, ketones, esteré, anhydrides, hydroxides_, sulfonates, phosphonates,
.chelates, phen_ates, crown ethers, carboxylic acids, amides, acetyl acetonates

and mixtures thereof.

20 An emissions control system as described in claim 13, wherein the

manganese compound comprises about 1 to about 30 mgMn/liter of the fuel. -
21. An ernissions control system as described in claim 18, whérein the

nanganése compound comprises methylcyclopentadienyl manganese

tricarbonyl.
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enhanced. 14. An. em ssions control system as described in claim 13, wherein
the diesel fuel is.selected fromthe group consisting of biodiesel,

bi odi esel - derived fuel, and synthetic diesel fuel. -15 An em ssions
control system as described in claim 13, wherein the diesel fuel contains
| ess than 20 ppm of sulfur. 16. AA" em ssions control system as descri bed
in claim13, wherein the nmangannese conpound is an inorgani c manganese

conmpound. 37 Hﬁ_g em ssions _control system escribed in.claim1l6, -
Wherein iho PRorihArEETanS anabd shtisanhn deSbaRrder GlRF b ThEraRans
consisting.of ~ fluorides, chlééides :brégjdes,_iodides, oxi des, nitrates,
sul f at es TIHPRARITS POy is gelectad pmyihe oflgwing erry: euippentedienaid
m xtures thereof. 18. An em ssjons control system as described in claim 13,
wher ei n ERANERIRFEIESETROMHoedhyicyslorsniadiemdapneanesnppinastiondlo. An
em ssions _control system as described in claim18, wherein the
or ganonetdmetlayleveippbentrdiend anangenede binar henyr tumethyisislopertadfiersticohol s,
al dehydes, ketones, esters, anhydrides, hydroxides, sulfonates,
phosphon&parganesiedirigaskonyhtstarmethdrpvinpattadiay!l cagandsedrizmaiitsylani des,
acetyl acetonates and m xtures thereof.
pentamethylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl
manganese tricarbonyl, diethylcyclopentadienyl manganese tricarbonyl,
propylcyc]opéntadienyl manganese tricarbonyl, isopfopylcyclop‘entadienyl :
manganese tricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyl,
octylcyclopéntadienyl manganese tricarbonyl, dodecylcyclopentadienyl
manganese tricarbonyl, emylmethylcyclopentadienyl manganese tricarbonyl,

indenyl manganese tricarbonyl, and the like, including mixtures of two or more

“such compounds.

23. An emissions control system as described in claim 13, wherein the
combustion ‘byproduct is selected from the group consisting of particulates,
. -Soot, uriburned soot, uncombusted hydrocarbons, partially-combusted

hydroCai‘Bbﬁs, combusted hydrocarbons, and oxides of nitrogen.

24. An emissioris control system as described in claim 13, wherein tﬁe

cotnbustion system further comprises a lean-NOx storage device.

3 ¢



20. An enissions control systemas described in claim13, wherein the
manganese conpound conpri ses about 1 to about 30 ngin/ liter of the fuel.
21. An em ssions -control systemas described in claim18, wherein the

manganese conpound' conprises methyl cycl opent adi enyl nmanganese tri carbonyl .

33 22. An em ssions control system as described in claim13, wherein the
manganese conpound is selected fromthe follow ng group: cycl opentadi enyl

manganese tricarbgnyl, . met hyl cycl opent adi enyl nganese tricar.bonyl,
oyt oycl optin S i HR GaeeE SR s Pl BRAEREpE o) SRt eny)
manganese tri.car.bonyl, tetramethyl cycl opentadi enyl manganese tri carbonyl,
pent anet h§PRYESHRBATL8F S ARS8 COMENIBBNY| , et hyl cycl opent adi enyl
manganese tricarbonyl, diethyl cyc] opentadi enyl nmanganese tricarbonyl,
propy! cycl operdtth8ilaayst pasrggawex for thappeiage ofiagp tSfEsean epniRineng|
manganese tricarbonyl, tert-butyl cycl opentadi enyl nmanganese tricarbonyl,
oct yl cyc| epeaiddnmrpiuatmgancte comnbuston ! 2 doesddiaebycl opent adi enyl
manganese tricarbonyl, ethyl nmethyl cycl opentadi enyl manganese tri carbonyl,
i ndenyl manganesatalyjedadipoelypartmmdateHdtdrilkeatedneithidi the erbaustes of two or
nmore such conpounds. _ 23. An em ssions control system as described in
cl ai m 13, pabsrgemaytdrel adapted to contact the exhaust stream, '
‘Wherein the exhaust stream has an additive introduced into it, the
additive comprising a manganese compound which complexes with at least one
of the exhaust byproducts, whereby the operation of the catalyzed diesel

particulate filter is enhanced.

26. An emissions control systefn as described in claim 25, wherein the
diesel fuel is selected from the group consisting of biodiesel, biodiesel - derived

fuel, and synthetic diesel fuel.

27. . An‘emissions control system as described in claim 235, wherein the .
diesel fuel coritains less than 30 ppm of sulfur.
- 28. An emissiornis control system as described in claim 25, wherein the-

fanganese compound is an inorganic manganese compound.

29, An :eiili'ssidn's'éontro.i s'y.étel'n as described in claim 28, whetein the
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conbustion byproduct is selected fromthe group consisting of particul ates,
soot, -' unburned soot, unconbusted hydrocarbons, partially-conbusted

hydr ocar bons, conbusted hydrocarbons, and oxi des of nitrogen. 24. An-

em ssions control system as described in claim 13, wherein the conbustion
system further conprises a | ean-NOx storage device. 3 g 25. An eni ssions
control .systemfor the after treatnent of a diesel fuel conbustion process
exhaust stream conprising: an exhaust_ passageway for the passage of an.
exhaust RSN CHREARERG COBPREGs: isisplictel bom thomaurcensiBingiobn of a
diesel fuel, a catalyzed diesel particulate filter |located within the
exhaust Ivesidesenhlprisies. brrapides, 1oslidemoxides; pitratesassiiatesy phasphatess ei n 't he
exhaust stream has an additive introduced into it, the additive conprising
a mangan@Eidasppydrdeanhydrositns, eadwnatehand mizxdgresoiereat t he exhaust
byproducts, whereby the operation of the catalyzed diesel particulate
filter is enhanced. 26. An em ssions control system as described in claim
25, wherein the diesel fuel is selected fromthe group consisting of

bi odi esel , bi 86i sekmisslens cedtrol vpdtenpas dsyariltel inccldiraes, Wwhetein 2fe. An

em ssions control systemas described in claim25, wherein the

manganese compound is an organometallic compound.

31. An emissions control syétem as described in claim 30, wherein the
organometallié compound is selected from the group consisting of alcohols,
aldehydes, ketones, esters, anhydrides, hydroxides, sulfonates, phosphonates,
chelates, phenates, crown ethers, carboxylic acids, amides, acetyl acetonates

and mixtures thereof.

32. An emissions control systern as described in claim 25, wherein the

manganese céi‘mpbun’d comprises about 1 to about 30 mgMn /liter of fuel.
-~ 83. An emissions control system as described in claim 30, wherein the -

. -organom'etallir'_:' coinpound cothprises methylcyclopentadienyl manganese

tricarbonyl.
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di esel fuel contains |less than 30 ppMof sulfur. 28. An em ssions control
system as described in claim?25, wherein the. manganese conpound is an

i norgani ¢ manganese conpound. 29. A An em ssions control system As descri bed
in -claim28, wherein the 35 inorgani c manganese conpound is selected from
the group consisting of fluorides, chlorides, bronides, iodides, oxides,
nitrates, sulfates, phosphates, nitrides, hydrides, hydroxides, carbonates

d m xt f..30.. A i SSi trol  syst d i bed i | ai
S0 har o m o B i B oD e B s R S RO e A

em ssions control system as described i | ai m 30, whereip the _,

or ganonePEERREES 75 r}(ﬁl%ﬁ%@fﬂé?f?%ﬂ?3?4@3‘*5%15@08%5% pygtatierykonol s,

al dehydes, ketones, esters, anhydrides, hydroxides, sulfonates

phosphonHtadganess drigarRonylms i dsyclepeiadianyt manganese Liratboawilds, an des,
acetyl acetonates and m xtures thereof. 32. An em ssions control system as
descr i be@imgthslgyclepmntagicaiyd iranganesrargarhosy . dsimeiyiryetmsnitadisngbout 1 to
about 30 ngMh/liter of fuel. 33: An em ssions control system as described

i n cl ai nr3nganest diinartnnyl otegeamoadtyididependapionndmesgpnese tricarbonyl,

met hyl cycl o' pent adi enyl - manganese tricarbonyl.

: pentamethylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl
manganese tricarbonyl, diethylcyclopentadienyl manganese tricarbonyl, -
propyleyclopentadienyl manganese tricarbonyl, isopropylcyclopentadienyl
manganese tricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyl,
octylcyclopentadienyl manganese tricarbonyl, dodecylcyclopentadienyl
manganese tricarbonyl, eﬂlylmethylcyclopentadienyl manganese tricarbonyl,

indenyl manganese tricarbonyl, and the like, inchuding mixtures of two or more

such compounds.

35. Anemissions control system as describe'd"_in claim 25, wherein the
combustion byproduct is selected from the group consisting of particulates,
soot, unburned soot, uncombusted hydrocarbons, partially-combusted

hydrocarborns, combu_sfe‘d hYdrocarbons; and oxides of nitrogen.

36. An eémissions control systém as described in-claim 25, wherein the

comblustion system further comprises a lean-NOx storage device.
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3" 34. An em ssions control system as described in claim?25, wherein the
manganese conpound is selected fromthe foll owi ng group: cycl opentadi enyl
manganese tricarbonyl, nethyl cycl opentadi enyl manganese tricarbonyl,

di et hyl cycl opent adi enyl nmanganese tricarbonyl, trimethylcyclopentadienyl

manganese tricarbonyl, tetranethyl cycl opentadi enyl manganese tricarbonyl,

pent anet hyl cycl opent adi enyl manganese tricarbonyl, ethyl cycl opent adi enyl
manganese tricarbonyl, diethylcycl opentadi enyl manganese tri carbonyl,
propyl cycl opent adi enyl nmanganese tricarbonyl, isopropyl cycl opentadi enyl
manganese tricarbonyl, tert-butylcycl opentadi enyl manganese tri carbonyl,
oct yl cycl openBadifenginisrieigdneriaol systarbionthe afisadegatairatof endisarlcngl
manganese tricarbonyl, ethyl nmethyl cycl opentadi enyl manganese tri carbonyl,
i ndenyl cenjarst®a pricess brhghst stneArmenhpiisingt ncl udi ng mi xtures of two or
nore such conpounds. _ 35. An em ssions control system as described in
cl ai m 25, whesagieghbinet passdgestaydior bip padsage ofsars ekbatisidstreanm edidayriogp
.consisting of -particul ates, soot, unburned soot, unconbusted

hydr ocar bQREusPBypicdilcYs Gombtké edmbustioncslr bdiesel imibust ed hydr ocar bons,
and oxides of nitrogen. 36. An emi ssions control system as described in

cl ai m 25, whepgiohtihfustP FLslckAins YEIRIDIb%F Bl sanuls@Rsiléer BantdiOK
st orage devi ce.
within the exhaust passageway and adapted to contact the exhaust stream,
wherein the exhaust stream has an additive introduced into it, the
additive comprising a manganese compound which complexes with at least one

of the exhaust byproducts, whereby the operation of the continuously

regenerated technology diesel particulate filter is enhanced.

38. An emissions coritrol system as described in claim 37, wherein the
diesel fuel is selected from the group consisting of biodiesgai, biodiesel - derived

fuel; and synthetic diesel fuel.

39. An emissions control systems as described in claim 37, whereiri the

diesel fuel contains less than 30,pﬁm of sulfur. |

'40. An emissions coritrol systen as described in claim 37, wherein the

manganese compound is an inorganic metal conipound.
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31 37. An enissions control systemfor the after treatnment of a diesel fuel
conbustion process exhaust stream conprising: an exhaust passageway for the
passage of an exhaust stream containing exhaust ‘byproducts fromthe
conmbustion of a diesel fuel, a continuously regenerating technol ogy diesel
particulate filter located w thin the exhaust passageway and adapted to
contact the exhaust stream wherein the exhaust stream has an additive
introduced into it, the additive conprising a nmanganese conpound which
conpl exes with at | east one of the exhaust byproducts, whereby the

operation of the contjnuously regenerateq tegchnology. diesel..particul ate
filter is entbhcfd SBIEsSINS %%ﬁ*fgg} DIt Hﬁc@y&@,ﬁégné@cw &P Ecl ai m
37, wherein the diesel fuel is selected fromthe group cqnsisting of
bi odi eselnorgRpigiTedERAD S fepPpRaUnEiEISelesHel TRt Hat Bovm eiishpgof 39: An
em ssions control systens as described in claim37, wherein_ the diesel fuel
cont ai nsfliesgdes, idoddeppbaasnideg) fogdides, ozdlespniantess suHateso MOSPhAtEst em as
described in claim37, wherein the manganese conpound is an inorganic
met al conjiokded, h@dridds, Wndremidssi casbamies ehdgyixtumsadiedesieri bed in claim
40, wherein the

42. An emissions control system as described in claim 37, wherein the

manganese compound is an organometallic compound.

43. An emissions control system as described in claim 42, wherein the
organometallic compounci is selected from the group consisting of alcohols,
aldehydes, ketones, esters, anhydrides, hydroxides, sulfonates, phosphonates,
chelates, phenates, crown ethers, carboxylic acids, amides, acetyl acetonates

and mixtures thereof.

44. An emissions control system as déscribed in claim 37, wherein thé

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

45, An emissions control system as described in claim 42, wherein the
organometallic compound comprises meﬂijlcYclop‘ehtadienyI manganese - -

tricarbonyl.
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i norgani ¢ manganese conpound is selected fromthe. group consisting of
fluorides, chlorides, brom des, iodides, oxides, nitrates, sulfates,
phosphates, nitrides, hydrides, hydroxi des, carbonates and m xtures
thereof. 42. An enissions. control systemas described in claim37, wherein
t he manganese conpound is an organonetal |ic compound. 43. An emi ssions
control system as ‘described in claim42, wherein the organonetallic
conpound is selected fromthe group consisting of al cohol's, al dehydes,.

ket ones, esters, anhydrides hydr oxi des, sul fonates, phosphonat es,

hel , ph Lh Db ' ' S I
cet onates and BEATo Siok, ?ﬁ%ﬁlsw%r B0 peSe el BB o S e as

described in claim37 vvh rel se._ conpound. conprises about 1
to about MgEGERT P arTeUen from AIOLAT 56 BRIPC eI HOR S SR

described in cIa|n142 wher e t he organonetalllc conpound conprlses

met hy| cyEFOERCEaI ]é‘ﬁﬂb ﬁg‘é’ﬁg%cyq PPelagYl manganess tEigpERAs cont r ol
system aa de cribed in claim37; wherein the nanganese conpound is sel ected
from t hed¥8 ierpagieny) MuiancstitasgTronhgEnetyleydlepeiedianyl
nethylcyclopentadlenyl manganese tricarbonyl, di met hyl cycl opent adi enyl
manganesBaTEadgsh sHgarbamil etrameviastmmeadiadiepy! manganese tricarbonyl,

pentamethyleyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyl
manganese tricarbonyl, diethylcyclc)pentadienyl manganese tricarbonyl,
propyleyclopentadienyl manganese: tricarbonyl, isopropylcyclopentadienyl
manganese tricarbonyl, tert-butylcyclopentadienyl manganese tricarbonyl,
octylcyélépentadienyl mahganese tricarbonyl, dodecylcyclopentadienyl
manganese tricarbonyl, ethylmethyleyclopentadienyl manganese tricarbornyl,
indenyl manganese tricarbonyl, and the like, including mixtures of two or more

such compounds.

47. An ermissions control system as described in claim 37, wherein the-
combustion byproduct is selected from-the group consisting of patticulates,
soot, unburmed soot; uncombusted hydrocarbons, partially-combusted

-hydrocarbons, ¢combusted Iﬁydrocarbons,' and oxides of nit’ro‘gc_eh.

48. An -emissions control system as described in claim 37, wherein the
combustion system furthér comprises a lean-NOx storage device..
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manganese tricarbonyl, tetramethyl cycl opentadi enyl manganese tricarbonyl,
pent anet hyl cycl opent adi enyl nanganese tri carbonyl, ethyl cycl opent adi enyl
manganese tricarbonyl, diethylcycl opentadi enyl nanganese tricarbonyl,
propyl cycl.opent adi enyl manganése tricarbonyl, isopropylcycl opentadi enyl
manganese tricarbonyl, tert-butylcycl opentadi enyl fanganese tricarbonyl,
octyl cycl opent adi enyl nanganese tricarbonyl, dodecyl cycl opent adi enyl f
manganese tricarbohyl, ethyl methyl cycl opentadi enyl manganese tri carbonyl,
i ndenyl manganese tricarbonyl, and the |ike, including m xtures of two or

ch ds..: 1.53] Ne| _ | bed i | ai
57, wherei n. 1o e amiilon RoRfke Sl FRhE R R A G

consi sti ticulate ogt , unburned, soot; unconbusted hydrocarbons,
partialIggggkgﬁgbéﬁngeﬁ§ﬁ§%%%§ﬁﬁ A, 5RS S8 hydr ocar bons, ' and oxi des of

nitrogen. 48._An _em. ssions control stemas described in claim 37, wherein
't he conbusti%rheg"é‘?%i??wgray 8ﬁﬁ$¥§@§8%gq A1 KU HreRs @aRiEEng 4r- 0
49. An enissions control systemfor the after treatnment of a fuel

conmbust i GBS Oa%ﬁ%ansﬂ?%awbéﬁHﬁﬁi%ﬁ%@%el SATPT ARG £ asgapesty f or

t he passage of an exhaust stream contai ning exhaust byproducts fromthe
conmbust i 6AUEPYRD uel conprising a manganese

wherein the exhaust streamn comprises a manganese compound which
complexes with at least one of the exhaust byproducts, whereby the operation

of the emissions after treatment system is enhanced.

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

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

53. The method of claim 50, wherein the fuel comprises coal duist.
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conpound, wherein the exhaust stream conprises a nmanganese conpound which
conpl exes with at | east one of the exhaust byproducts, whereby the
operation of the em ssions after treatnent systemis enhanced. 50. The

met hod of claim 49, wherein the fuel is selected fromthe group consisting
of gasoline, bunker fuel, coal dust, crude oil, refinery "bottons" and
by-products thereof, crude oil extracts, hazardous wastes, yard trinm ngs
and waste, wood chips and saw dust, agricultural waste or tillage,
pl'astics and other organic. waste and/or by-products, and m xtures

t hereof, ackge on and di rsions. therepf in water,
al cohol , orsgt h@ﬂﬂé@%ﬁﬂlﬁf)gr&ﬁﬁ ?b g“errﬁfeﬁganﬁﬁn%qsa?lﬂ‘} Oilyherein t he

fuel conprises gasoline. 52. The net hod of cl ai m 50, .wherein- the fuel
conprises bunker fuel. 53. The method of claim50, wherein the fuel

conpri ses cggl gq_ijﬁst. 3 : . The nmethod of claimb50, wherein the fuel
conprises crud methed of laipe PRewhsrels thadusd contrmssmaghieultusal conpri ses

agri cul tural waste. 56. The nethod of claim50, wherein the fuel conprises
hazar d¥G@§t€-wast e. 57. The method of claim50, wherein the fuel conprises
organi ¢ waste.

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

waste,

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

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

bottoms.

59. An emissions con&ol system for the after 'q'eatmen;c of a fuel
combustiqn process exhaust stream comprising:

an exhaqst passageway for the passage of an exhaust stream containing
exhaust byproducts from 1‘:he combustion of a fuel, | |

wherein the exhaust gtr'eain has an additive intr'oduce'd_ into it, the
additive comprising a manganese compound which coinplexes .-With'at'l'éaét ofe. -
‘of -th'e exhaust byproducts, Wherébjz the operation of the emissions after

treatment sysf.em‘ is enhanced.



58.. The nethod of claimb50, wherein the fuel conprises refinery bottons
59. An em ssions control systemfor the after treatnent of a fuel
conmbusti on process exhaust stream conprising: an exhaust passageway -for the
passage of an exhaust stream containing exhaust byproducts fromthe
conbustion of a fuel, wherein the exhaust stream has an additive introduced
intoit, the additive conprising a manganese conpound -whi ch conpl exes.

with at | e&st The metblod dreclaxias whR¥REQIHE fiel m%¥dq%n% r%r%niug{]a()f t he

eni ssions after treatment systemis enhanced.  60. The metho i mb59,

wher eicBrs@i {6 ghshifel, Sk SR L08 AU FO dlsetﬁbr{gq%gig A3pgbidigy Dunker

fuel, coal dust, cru e refinery an uc

cr ude B ) trimm n an wasi e, wood chi ps
and sg&; %rﬁqétggh%%ecpaur a‘ﬁlé)vvgse\[/v%r G tp%/%%r QUSFAE E’%ﬂgm’cf{"ﬁ‘egs YiGani c
wast e [or uct an xtures thereof an errul Si ons,

suspens X?gsqﬁ’swog ﬁé-ﬂ’:g?%‘i’{éﬂf#e PEBCIrahyaste o Hllpgs, Plastise@d carri er
fluids., 61. The rret hod of  claim60, wherein the fuel conprises gasoline.

62. TREDREPHANISIRSgIARb®T %ﬁ@dﬁct%@wwﬁ%ﬁhmfmd@anns, 63.

The nethod of claim60, wherein the fuel conprises coal dust
suspensions, and dlspersmns thereof in water, alcohol, or other carrier fluids.

61. The method of claim 60, wherein the fuel comprises gasoline.
62. The method of claim 60, wherein the fuel comprises buniker fuel.
63. The method.(_)f claim 60, wherein the fuél comprises coal dust:
64. The method of cla_{m 60, wherein the fuel comprises crude oil.

65! "'I‘_I'ie,{ ‘method of claim 60, wherein the fuel comprises agricultural

waste,

66: The method of claim 60, wherein the fuel comprises hazardous

waste.

© 67. The method of claim 60, wherein the fuel comprises organic vs;aste‘.'-

43



64: The nethod of claim60, wherein the fuel -conprises crude oil. - 65: The
met hod of claim 60, wherein the fuel conprises agricultural waste. .66 The
met hod of claim60, wherein the fuel conprises hazardous wasté: 67. The

met hod of claim60,. wherein the fuel conprises organic waste: Lf 3 68. The
met hod of Maim 60, wherein the fuel conprises refinery bottons.

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

bottoms.
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