EM SSI ONS CONTRCOL 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 treatnment systens. The additive contains one or nore nmanganese

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

conbust.i on exhaust. BMISEIOING CONTROLISESTEANRGRASELS, PRLAt i on of af ter

treat ment systens incl uMBUMOW@F@E&TﬁER’?FIEN?%E}S rate catal yzed
rei

and continuously regenerating technol ogy diese particutate filters.
Description of -the Prior Art. It is well known in the autonobile industry,

or any i ndisltirof thledheentiydr ocar bonaceous fuel s are burned, to reduce
tail pi pe (or snokestack em ssions by using various strategies. For
‘exanpl e, the ThstpresswOvERED | reduci ng _em ssions from spark
ignition engines is by caref Ul ﬁgglnattg%fzo gge Pﬁg%fé‘ir}]}’?f%‘gqht%’v&tfpbPE‘PmCtlggi tion

timng. Raharigi Lanktion: T fromthe best efficiency setting reduces
Aol & uunion SEERESHRST Gatmont engroms CEhe he

HO and NO. em ssions.

out put of 4§RiaR . asing engi ne speed reduces HO enissions, but NOR
. emi ssi ons | ncregcsdéq\%rl&ﬂ&lgg% ni“%@r‘@ FRBC ot mRpundst dhmperdtitive changs to

reduce HG ARSI Sy QUL Lhi s results in an increase in NOx enissions.
Hedflhtod comlgusuon CLl!lambe_r as part of the fuel, or it may be injected

| alone or with-the fuel into the combiustion exhaust. The additive will then
enhance the operation of after treatment systems including, for éxample those

.that mcorporate 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
hjdrbcarbonacebus fuels are burned, to reduce tai'l‘pipé'(or-smokestac‘k)
?missions by using various strategies. Fbr"example, the most cohimon method
for reducipg emissions from spark ignitibn engines is by careful control of the -

- air-fuel ratio’and ignitioi timing, .'Rétafdjﬁg i_gﬁition-tinﬁng from the best

efficiency setting reduces HC dnd NO, emissiotis; while escessive iétard of

igintion increases the output of CO aiid HC. Thcredsing eiigine speed reduces

. HC emissions, but NOy émi‘ssions’ilicréaée with' load. A‘Incr~ea§in'g coolant




It is also known. that treating the effluent streamfroma conbustion
process by exhaust after treatnent can | ower enissions. The effluent-: ,
contains a wde variety of chemcal species and conpounds, sone of which
may be converted by a catalyst into other conpounds or species. For
exanple, it is known to provide exhaust after treatnent using a three-way
catalyst and a lean NO trap. Qher catalytic and non-catal ytic nethods
are al so.known. Thernmal reactors are noncatal ytic devices which rely-on
honogen&dRRerabaeteyds toardiice HC temisiogis7 BuOMd s kits inﬁ‘%‘.’éﬁ Lagdt t her mal
reactors, NO is largely unaffected. Reactions are en ance%r%@sqlﬁcr easi ng
exhaustNPegpdssivnse (e.g. by a reduced conpression ratio or retarded
timng).or by increasing exhaust conbustibles (rich m xtures). Typically,

t enper at ur edt &f alt6 &@ioen Megﬁgqhe@m@efﬁr&gﬁg%{%daa%% eak efficiency.

Usually, the engine is run rich to give per cent pg i njected

i nto theroexdabs exhdher ARtr HAELANE sel dom.used,, as .the required
setting dramatically reduces ?&eflﬁg%?gﬁ‘%ﬁgy}ss&ﬁ%l Vyr{‘Fc?f@‘}'él?fe‘F@?taﬁ?@ capabl e

of r educwit: PiHet®or W8k idizing CO and, HC. However, a reducing
envi ronment for t2IO trea{ta%le C?ésg?léglﬁopwmscﬁm}?e%fe‘é’blq}am@ ri cher than

- chem cabh¥eq84 i I ir-fuel ratio. A two-bed converter may be used.
“i'n which air is%iqnjcecghesg%flﬁ SR HCUBROYRAS 5 gReGi8S.o Fiodiexemge) @i H. C.

o B T TN TN AN IR
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Thermal reactors are noncatalytic devices which rely on hommogeneous
bulk gas reactions to oxidize CO and HC. However, in thermal reactors, NOy 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 sF (800
°C) or more are required for peak efficiency. Usually, the ergine is run rich to
give 1 percent CO and air ig injected into 'the'e'xl‘.laust.i' :’I(heﬁnal reactors are
‘seldom used, as the réquired setﬁhg 'draﬁ1aticé11y reduces fuel efficiency.
Catalytic systetns are capable of réducing NOx a5 well as oxidizing CO
a;ld HC However; a reducing environiment for NOx freatinent is required which
- néde@it’é’éés a ficher than éhe’micaliy (_:61"1“6(:t engine alr—fuel i"e-ttic.').- A two-bed
‘converter may be uised in which air is injected ififo the Secénd:-gfagé' to- oxidize

CO’and HC. While efficieiit, ‘this'procedure résults jn lower fiiel ec':c}iid'mjf.




pol lutants, excursions to either.side of stoichionetric can cause increases
in hydrocarbon and carbon nonoxi de ,or NOx em ssions. Such TWC systens can -
‘empl oy, for exanple, either a zireconia or titanium oxi de exhaust oxygen
--sensor or other. type of exhaust sensor and a feedback el ectronic controls
systemto nmaintain the required air-fuel ratio near stoichionetric:
Cat al yst .support beds may be pelret or honeyconb (e.g. nonelithic). -

Suitable r t I d..rhodi um whil e oxidizing
materials i nciﬁude a%gf ?E#ﬁ% p t| nu eté?r{wtgglad'&%e}ﬁlég & Py thens raise a
Cdiffer se aIIen for m.ssions_caontr gl Strategles for reducing
parti cﬁr&ﬁle %’r{] RE‘TCH Uomtnal hﬂﬁfﬂcpﬁf eSnlgindhe clesa ot i on,

ef fective.fuel thf %ﬁl{on at, vary %pl oads, control of timng of fueI
|njectP%ﬁ“n¥ﬁY ’B?“%%?é@??ﬂ% pelsicnay highfoselldhrenanbers; | ow sac
vol ume val ve cover orifice nozzles for direct injection, redu0|ng

| ubr i cBRH'ERIGH eXQB OISOt "?lélh%l"Sléﬁd’fﬁéfpﬁhlodmg}hne:amrnm&mmdrmsﬁsnm of after
treatnment, it is known that diesel engines generally burn s. |lean and the
exhaushydiacerbor patgas bgnuabhpxitenral Oxexncissenox yRech THO &ysﬂ&% cargduct i on
wi th' conventional ‘three-way catalysts is not feasible. NO 'is renoved

from diteplly, éxhexestiplyy edittever zisedreatdritaniinl ouide exBAUSE bRent fisuse Of
lean NOx 3 catal ysts such as those conprised of zeolitic catalysts or

usi ng oretthics tgpebf ashausi sinsor Ard adealBEEREIEALETR! cCHRFNTRISIdH: ¢ of NO
into 02 and N2. Diesel particulate traps such as catalyzed diese

par ti anhidteid ithe eéquitéd abPRigdl rabid QR SiAIsthitfcegenerating technol ogy
di esel particulate filters (CRT-
Catalyst support beds may be pellet or honeycomb {e.g- monolithic). -
Suitableé reducing materials include ruthenium and rhodium, while oxidizing
‘materials inchye cerium, platinum and palladium.
Diesel systems raise a different set of challenges for emissions control.
Strategies for reducing p_articulate and HC inchude _opﬁmizing fuel injection and
air motion, effective fuel atomization at varying loads, control of tirhing of fuel
injection, mmlmlzatlon of parasitic losses in combustion chambers, low sac
volume or valve COVeEr onﬁce mnozzles for direct injection, reducmg lubrlcatlon oil
-.contnbutlons,-‘and rapid engine-warm-up.
-In terms of after treatment itis known that d1esel englnes generally burn .
' '-é.Iean and the exhaust will therefore usually contam excess oxygen Thus NOx

: reductlon w1th oonventional three—way catalysts is not fea31b1e NOx is removed :

- from diesel exhaust by elther selective catalytic reductlon, _the ise’ of lean NOX




DPFs) have been devel oped which enploy ceramc or netal filters. Thernmal
and catal ytic regeneration can burn out the material stored. New o
particul ate standards currently under review may necessitate such traps.
Fuel composition, including sulfur and aromatic content, and the burning
of lubricant can contribute to increased particul ate em ssions. Catal ysts
have - been devel oped for diesels which are very effective in oxidizing the
organi%at or%gon of the garticul te. Improved fuel econony can be obtained
by usi NG R TEAIHuAR Hhes PPﬂ’é’n%ag‘?f@Ph 16 catalysis @ usingimelels suglasi on
gasol i ne .engi ne, hqwever. currently NOx cannot be reduced effectively from
oxi di zitHG"URh gt sRtafRzst] themal; dogomuppsiliomad NQ iittal sanddeause the hi gh -

| evel s of oxygen suppress the necessary reducing reactions. Wthout a NOx
adsor ber or IﬁﬁﬂPNEECPkﬁﬁtﬁﬂmﬁygdlﬁ@OauﬁymkbdktabﬁaﬂhIQMQdﬁ&yqu—the

| ean-burn gasol i ne engi ne cannot be exploited. The function.of the LNT is
to sca\l?ﬂbﬁg anlecuBin o uplytiegerstading techabigyidigsd] tpafritulbes ARt OLRL- SONe
| ater time. Periodically, the LNT nust be regenerated by reducing the NO
This c&PH havedmehi déwedond whistatingloy Bera@mgi dHemsad efiters Chaihal uel .
ratios for the purpose of purging the trap. This change in operating

condi t endscatdlytanregeneratiry cah vgh duaheaaangml ﬁ&éﬂ?'ﬂle@?aﬁfi&ﬁfh@@i lity:
These LNT's nmay al so be placed on diesel engines, which also operate in a

| ean akstarddigtlsRdeents ﬂﬂﬂertrﬁﬁe%eﬁﬁy%%%ié’Lﬁ:hfeQQ%Q.e%ei he exhaust of
or

both types of engines is net oxidizing and there e is not conducive to
the redogipdgititiGhtRIBNRRSAREANA hbmbBERUAANRP: anlilmbinfRufPlect of the
ge :

present invention to inprove the stora
lubricant can contribute to increased particulate emissions. Catalysts have
been developed for diesels which are very effective in oxidizing the organic
portion of the particulate. - -
Improved fuel economy can be obtained by using a lean-burn gasoline
engine, for example, a direct injection gasoline engine, however currently NOx
| cannot be reduced effectively from oxidizing exhaust using a typical three-way
Cétal}‘st because :fhe high levels of OXygen Suppress the.neéessﬁxjr réducing’
reactions. Without a NOx adsorber or lean NO; trap {(LNT), the supericr fuel - |
\eé'ono'my of the ledan-burn gasoline engine cannot be exploited. The' function of |
. the'LNT is to scavenge the NOx from the'e;{haiust, retairiihg it for reduction at o
somié later tiin__g:. Periodically, the LNT {nu‘sf be régéﬁéi‘ét‘e& by reducing the - "
NOx ’I‘hls can B‘e"é[cCofﬁpliSﬁeﬂ by operating _tlje-éngMé‘lfiﬁdér nchalr—fuel e

' fatios for the purpose of plirging the tiap. -This chahge i operiting conditions -~ ©

-




efficiency and durability of the .LNT.and to prolong the useful life of the
LNT before regeneration is necessary. It is well known that NO adsorbers
are highly vulnerable to deactivation by sulfur (see, for exanple, M
Guyon et al., Inpact of Suter on NOO Trap Catalyst Activity-Study of the
Regeneratlon Condi ti ons, SAE Paper No. 982607 (1998); and P. Eastwood,
Critical topics in, Exhaust Gas Aftertreatnent, Research Studies Press

Lt d. (can&Hvd&@ela’rleFffe%%%él HAhPEL RIPELY #%e%ﬁ?&t%%éﬁg%gjefiaﬂ@

conbustlon and normal | ubricant “consumnpti

resen i r lubri ositi ons capabl e of -
ekoct e PR CATAESPULE LA Rl il GRIER il Bl Sanwes. or

reducing = the adverse |

the emiEsiONS bk cl udi n dsorb s and LNTs I?erfprmance fuel's
for varied apg)ol | ca%a%'(@l?@ar?ﬁl% it e?%&& HFI%B&?E@ ofigngires syneontrol | i ng

conbust, [ i nt ak vaI ve  deposi ts cleaning ort fuel injectors
and car gﬂﬁe?' g ke th%teg%rte lﬁdlcggfé’lnﬁlé‘(c“(ﬁe theeedusiing aedadsionsi meTEsEangto

| ubri ch;:%‘ ﬁt}cﬁem si ons g’&:f ormance, and ensuring storage stability .and

cold Re bult B8} OBIEFE P Bresens pevendinms tq imprevesthenstordgei t ors; 5

1. stabjlizers, gm dati on preventers, and performance additives are knovvn
to i nefsigeygand digpbiliy sidhe L8 andftogirelong Ganasefublifd 6f tHRgRMese

conpou s, for exanple nethylcycl opentadi enyl nmanganese tricarbonyl
(MMIT( r i}? OravagtrmationrismaELhyary. Cor poration of Richnond, Virginia, are
- known for use in gasoline as both
It is well known that NOx adsorbers are highly vulnerable to deactivation
by sulfur (see, for example, M. Guyon et al., Impact of Sulfur on NOx Trap
- Catalyst Activity-Study of the Regeneration Conditions, SAE Paper No. 982607
- (1998); and P. Eastwood, Critical Topics in Exhaust Gas Aftertreatment,
Research Studies Press Lid, (2000) pp.215-218.) and other products resulting
from fuel combustion and normal lubricant consumption. It is an object of the
present invention to provide fuel or lubricant compositions capable of reducing
the adverse impact of sulfur, and other exhaust byproducts, on the émissions |
' .'sys'tem' inchuding NOyx edsorbers and LNTs.
Performance fuels for varied applications and'ehgiﬁe requiremmients are’
‘ known for controilmg combustion chamber and 1ntake valve depos1ts cleanmg '
| _'port fuel m_]ectors and carburetors protectinig agamst wear and omdauon

‘lmprovmg 1ubr1c1ty and ermssmns performance and ensunng storage stablhty

. -and cold weather flow. .Fuel detergents dispersants, corrosmn 1nh1b1tors,




em ssions-reduci ng agents and as .antiknock agent (see, e.g. U S. Patent
2,818,417). These nanganese conmpounds have been used to | ower deposit .
formation in fuel induction systenms (U S. Patents 5,551,957 and 5,679, 116),
sparkplugs (U.S. Patent 4,674,447) and. in exhaust systens (U S. Patents.
4,175, 927; 4, 266, 946; 4,317,657, and 4, 390345). Organonetallic iron
conpounds, such as ferrocene, are known as well for-octane enhancenent
(U.S. P ot 4.139,.349). . Organonetal | ics for exanple conmpounds of...Ce, Pt,
Mh or Fggag)%zne 5, GrHanehmg 86%%@% ad @griosongt atdditbrisaredidienadi [ ity of
particul ate traps to regenerate-or to directly reduce the em ssions of
parti cdr’:ffga?er‘g IEptds groBertiesopfiuedsi on i gnition type engihes or ot her
cornbustion' systens; These additives function through the action of the
met al- parti cq)wta&i%mmanpm@umpmm@dﬁirtéx‘ém;ﬂeeakdomn on the
particul ate matter during conbustion or in the exhaust or particulate
trap. 6mStiayslopentadéeny veanganedetivsdbogylMMiTeR | 8a0d bR fofBfRds to
overcone the limtations and drawbacks of the foregoi ng systens "and
et hodsCerpqsativhdd Riehinotsl, Mitgitiid, nete AP RTUdcaR dfRoBHRLECEoaNd | nprove
t he opera;Lon of conbustion exhaust after treatnent systens. ™ a first
aspect ,erhiveignd-sediicing deshn & a A 1aSS4 IS, st.e he. after
treatment of a di ese'!lg guel conbusti on ([g)ér?%% éyst (g%ﬁtg%qﬁ’?t”rﬁgg?ﬁ‘t conpri si ng:
an exh&y8u8peisdaghway thahoahde f xhaust, ,st.r eam.cont.ai ni ng

% & Mﬁ?aﬂﬁdg fhagfg bgen %s?d f8 lpwer H’BP

t
~exhaust byproducts fromthe conbustion o I'ese P ng a

RNgandsanaEBRGH el AR SRt AlC@rS. IS Y A Lob) el 5| %P1 £S)
: sparkplugs (U.S. Patent 4,674,447) and in exhaust systems (U.S. Patents |
4,175,927; 4,266,946; 4,317,657, and 4,390345). Organometallic iron
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 7ﬁ1€1 to e_nhance the ability of particulate traps to
. regenerate ‘or ?o‘ directly reduce the emissions of particulate from _ciiésel- or -
'ct?nﬁpfe'ss'ion ighition type engines or other combustion ‘'systems:. Thiese
“additives function through thie action of the metal particles that are the
prbduct_ of additive. breakdown on the pé‘rticula’te_ matter during cdmbuéﬁbrfdi-

‘in the exhaust or particulate tiap.




wi thin the exhaust passageway and adapted to contact the exhaust stream
wherein the exhaust stream conprises a manganese conpound whi ch conpl exes
with at | east one of the exhaust byproducts, whereby the operation of the
catal yzed diesel particulate filter is . enhanced by at |east one of the
foll owi ng: reduction in the inpact of poisons on the emnissions control
system reduction in the rate of soot accunulation, and reduction in the
tenperature at which the soot is oxidized in the filter, wherein the
manganes®mooargetittd Ingentimh | nor gani ¢ manganese conpound, and wherein the

additive being fr.ee of. l.atinu roup mnetal selected fromthe group
conlsi sting ofo‘g‘ﬁﬂr%nglﬁfuﬁfll‘F‘ﬁB%fiIaEFdF‘?fg%’gslrtHBH?rﬁ?ﬁle ﬂiﬁt@ﬁﬂ“@ﬁ? af}‘i()‘%rﬂ’fvbﬁ‘ﬁksa d
i ridi umgd ﬁr@oﬁg@a@maaﬁ@ﬁ;emddgﬁf FrobRle PieAYd 4 88k @mgemoﬁﬁﬁdm&mqe@ JiQly system

for the after treatnment of a diesel fuel conbustion process exhaust
stream 286 #HBPIOYP thy:opgration el gembusiipnsabeust gftérgreatentsasismge of an exhaust

stream cont ai ni Y. s. f.romthe .conbustion of a diesel fuel
conpri si ng Zih%atﬁgg esgﬁ%ﬁégﬁé‘g?éa;&ceggﬁ%ﬁmﬁl Ggﬁlétf%/l > Sre%neli%rrtg? 111%‘6 rep@ehol ogy
di esel @ardi¢selfuek@nfbiukticer procsatdeustistrbing comerisinpanskhpassaggeayy fnd adapt ed

to conjact the_exhaust stream wherejn the exhaust stream conprises a
mangane L& PESTRSSE A e’%ﬁftﬁf CUPPTRRES %l“[“ﬁt Q‘ﬂ“ ‘P‘E‘.ﬁ?&r‘@h thegpmpbpition,of Aust

bypr odudiese] fush@ihgiingRenapanat cop&ind! HeatalGRAHQB N HE ARG AtdNY
technol ogy diesel particulate filter 1s enhanced by at |east one of the

f ol | owi WigRin thegbausbpaspagewry apdhgstapied ¢&F contrics e sxkavst $isamnivbereiorke cont r ol i
' a1 f ' . ti.Qqn in the
Y eper RSk orR PSRBT TU AL R Y S 0

tenperature at whic I ze er, erei n_the
‘manganexsbausbhypoedvdts] whemby thengemiion ofithgendged diaopouivjatafilenibier ei n t he

P 5 B PR S R BT Pt
7 emissions control system, reduction in the rate of soot accumulation, and reduction in the

temperature at which the soot is oxidized in the filter, wherein the manganese compound is

an inorganic manganese compound, and wherein the additive being free of a platinum group

metal selected from the group consisting of platinum, palladium, rhodjum, ruthenium,

osmium, and iridium.

In a second aspect, there is provided an emissions control system for the after
treatment of a diesel fuel combustion process exhaust stream, comprising: an exhaust
passageway for the passage of an exhaust stream containing exhaust byproducts from the
combustion of a diesel fuel comprising a manganese compound, a continuously regenerating
technology diesel particulate 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
continuously regenerating technology diesel particulate filter is enhanced by at least one of
the following: reduction in the impact of poisons on the emissions control system, reduction
in the rate of soot accumulation, and reduction in the temperature at which the soot is
oxidized in the filter, wherein the manganese compound is an inorganic manganese
compound, and wherein the additive being free of a platinum group meta) selected from the

group consisting of platinum, palladium, rhodium, ruthenium, oxmium, and iridium.




In a third aspect, there is provided an em ssions control systemfor the
after treatnent of a diesel fuel conbustion process exhaust stream

conpri sing: an exhaust passageway for the passage of an exhaust stream
cont ai ni ng exhaust byproducts fromthe conbustion of a diesel fuel, a
catal yzed diesel particulate filter |ocated within the exhaust passageway
and adapted to contact the exhaust stream wherein the exhaust stream has
an additive introduced into it, the additive conprising a nanganese

conmpound whilaf thivdpdpexietheitd it Proftded b 8missRACc&itrol BRteaxidauRtafiyRERebat S,
V\/nereby%tth oFarEti on of the catal yzed diesel . particulate filter is
enhance ao‘iele% CLSRIRDUSHRN BPcesh exREHt SRR GOMPIAHRE AN 6FhAUSt RepResTTRYHet of

POi SONS(E Badslis i SRNAREEARDRLinMNERst bFAUEIIOForh rlddphdlef b SOt
accurmul ation, and reduction in the tenperature at which the soot is
oxi di zedicsehfuche cpialyzed diesdh priticate Hidter loaatgdwithin thoepousigaissgeavayiandr gani ¢
mangane rein the additive eing free.of a platinum
group nagit?l 5'1%823219%2{& égl%% g%érg]glte%n%maf‘gg%elgﬁ%?xshtwﬁﬁg%afn 154t fljlﬁ]ve pal | adi um
r hodi unintroditché ivites ity the additive coaipalisingiathan@andsd cémpaindtwhidbqaglexet Mahat i S

provi ded an em ssigns control systemfor the after treatnment of a fuel
conbust ?fﬁmber ‘gt]ctgg g’a@?ﬁ fodygts, éf‘é‘r?f e%é’ (SIi“Fp‘?HCE‘J}UHE of s catelyzeddictthssageway for
the passa@mled iR CUIRAHS Bidt KA IR BF Ml ToileviBx RS RIR BRAMHES of F OM t he
conmbustion of _a fuel conprising a manganese conpound, wherein the exhaust

st r eamROGIPPP PB Hs exnispiang PIED syt aadigtion incthe caserpl sopbaccwinnlation, ahédast one of
the exhamst q%g]; t : i f nm.ssions after

t r eat ment rgﬁg%llg{r}ﬁgi S eea%%rﬁ\ggghﬁg%ftéaﬁtelggg fd%}r?g%g*h% ﬁthf'?g%‘fh%elmo@meng: -reduction

i n the maigenest campbundde amimbeganio mangmkse edhigdundN andwhdreinttengiditeleur e at

whi ch the ot is,oxidized in the filter, wherein the anese conpound is
an i nordgiia e Oﬁétpéﬁgmewe}tma?ta&‘?gecméw@? Wetgmé‘pé’ﬂﬂ?lft}“\gé’r}%gﬁ%ﬁbmf ree of a

pl at i nuyallgdiomprhoBiugl, niBéieh S midh ORd ik@ull oup consisting of platinum

pal I adium rhodi um ruthenium osmum and

In a fourth aspect, there is provided an emissions control system for the after

treatment of a fuel combustion process exhaust stream, comprising: an exhaust passageway
for the passage of an exhaust stream containing exhaust byproducts from the combustion of

- a fuel comprising a manganese compound, wherein the exhaust stream 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 by at least one of
the following:_reduction in the rate of soot accumulation, and reduction in the temperature
at which the soot is oxidized in the filter, wherein the manganese compound is an inorganic
metal compound, and wherein the additive being free of a platinum group metal selected
from the group consisting of platinum, palladium, rhodium, ruthenium, osmium, and

., iridium.

In a fifth aspect, there is provide an emissions control system for the after treatment
of a fuel combustion process exhaust stream comprising: an exhaust passageway for the
passage of an exhaust stream containing exhaust byproducts from the combustion of a fuel,
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 emissions after treatment system is enhanced by at least one of

7a




iridium In a fifth aspect, there is provide an em ssions control system
for the after treatnent of a fuel conbustion process exhaust stream
conprising: an exhaust passageway for the passage of an exhaust stream
cont ai ni ng exhaust byproducts fromthe conbustion of a fuel, wherein the
exhaust stream has an additive introduced into it, the additive conprising
a manganese conpound whi ch conplexes with at | east one of the exhaust
byproducts, whereby the operation of the em ssions after treatnent system
i s enhathe éslloin@treth@dish iOMe ipact 3f pdisonk Oh NG onsRIMEI1isPfeth Nvellitgioh Mpact  of
poi sons, on the em ssions control system reduction in the rate of soot
accunul Bihote of saetaserrepling. pul reductioa ip thederppesatage aphich th:otot i s

oxi di zeghidi o i ' ' I ound,
eshidivbe wakhid e nﬁﬁgm&ec%ﬂlp%aﬁapg%q%ar%?ggm%p&ﬂﬁﬁvuﬁdmhgyhefé?wfse Pt od

and wherein the additive being free of I num group et

f r om t Hae gdditiye baneslrest afaglasioumpdrans meta] sqbeckddefein the gravpdionsistimauitheni um

osm um ﬂg '! £ 'H-m,} .one_gnbodi nent. a t hod of enhancing the operation
of an epr%lgtsm dﬁhlg er’ rwdr“é%trrlrlghﬁfuuﬁiso Iénrhmil’r?ng?rﬂﬁ%‘el fuel combustion system

i ncl udes supk oricrgnbadihhens.ed méthed of etiating itgoptfatRAdah emidsivat aftencl udes a

manganese conpound .t o dj esel fuel conbustion system The conbustion
syst em HEMEYHFRdn g d@%ﬁfﬂ%ﬁvf“ecanbﬂsrloar%@ﬁ ﬁqcfvas yUPRIBRE s fupl

r egenerahipiideemiaatifehaii faedeshah bbb @nfdolhb&fo a Jf3gel 8l cofist
conbusted in the conbustion chanber to produce at | east one byproduct

conpr i SYHGM: Abe pemblstieneystewnppleniprives srtaled eseliemalinelancostifeasiyve anount
to Com}k eWtihH écﬁﬁol@é¥ hﬁ?ﬁn%aﬁlgﬁiatecﬁl@%ﬁé R4 pMeoc %Histegqgt nganese
or m on may be an 0 conp

t
conmpoun ganese I horgani ¢ neta ounda or an
or ganorehdiuktien domben ndprodine dtrieasgané bypretadt compripiny itk mangdnessel ected from
the gr oup congiﬁlt [ ng of fluorides, chlorides, br ?m' d_eﬁ
compound. The mahganese is 1n an efféctive amount to’'complex with the at least one
combustion byproduct. The manganese compound or manganese ion may be an
inorganic metal compound or an organometallic compound. The inorganic metal
compound can be selected from the group consisting of fluorides, chlorides, bromides,
iodides, oxides, nitrates, sulfates, phosphates, carbonates, hydrides, hydroxides,
nitrides, and mixtures thereof. The organometallic compound can be selected from the
group consisting of alcohols, aldehydes, ketones, esters, anhydrides, sulfonates,

phosphonates, chelates, phehates, crown ethers, carboxylic acids,

7b




i odi des, oxides, nitrates, sulfates, phosphates, carbonates, hydrides,
hydr oxi des, nitrides, and m xtures thereof. The organonetal lic conpound
can be selected fromthe group consisting of al cohols, aldehydes, ketones,
esters, anhydrides, sulfonates, phosphonates, chel ates, phehates, crown
-ethers, carboxylic acids, 7b am des, acetyl acetonates, and m xtures
thereof. A preferred organonetallic conpound is manganese

met hyl cycl opent adi enyl tricarbonyl. In a still further enbodi ment, a nethod
of enhanmideg, dchg] aqesratdspandahix@ites MBies R iAORSfeaiet @FgdnbaRtaliR Yongeshem i N a

di esel fuel conbu&%joars shgn1?%ﬂ§rise supplying a diesel fuel to a

di esel PHBEAEBHBEYICY OB%E? Ay r ustion system may conprise a

catal yzed digsekinnafhémpiatnéd: 4 ftoh o@eﬂ%&in?liﬁél%éfaﬂ&&ﬁf&%r ating

technol ogy diesel particulate filter. The fuell can be conbusted in a

- conbust FBsHPs alden tregtmpans dysemdn a dieseltfuclpembysidn gysiconcdsypisogisnpplyieg an
exhaust Y risi na nese _c ound can_be

1 oot e SeRATT 09 B bl CoiRIToh S 20 TP RIRASEG SR I SoRPEEE with a
| east ocmalypatbdisdel partibyipteddtet bor a Thetimmang g negeeratng achablogy dibsel can be an

i norgani c_.or. organaogetal lic,. co und,is suppli.ed in an effective anmount to
conpl exPaifieaiE iR Thedlighcof b CRBRTIE! Byt amErsientie PTadf o aFest mat al
conpounghOomisdamBifoahdtiif af QRRANSHdXBY ABLadRI VS REprAMd 4 Blanbe®I N. 1N a
still further enbodinent, an em ssions control systemfor the after

t r eat mefRIPQA £ap be igpcted Bito dmerhansiiropmo Ebe manganese compewdm conpri ses ah
exhaust : f of an
xhaust T o Lo S A PR e Bah Q0 Bl BRTARE O 2

di esel <¢andie anonprgasic g osgamamgaties@npoupd isslpplidhinansfftdéve ahamtecan i ncl ude

a catal yeed 00 G U LRSLY o deS! BYn D8 SIS0 A ic &5 Hompound or

organometallic compound may be as noted earlier herein.
In a still further embodiment, an emissions control system for the after treatment

of a diesel fuel combustion process exhaust stream comprises ah exhaust passageway.
The exhaust passageway may allow for passage of an exhaust stream containing exhaust
byproducts from the combustion of a diesel fuel comprising a manganese compound.
This system also can include a catalyzed or continuously regenerating technology diesel
particulate filter located within the exhaust passageway and adapted to contact the

exhaust




particulate filter located within the exhaust passageway and adapted to
contact the exhaust 8 stream The exhaust stream may conprise a nmanganese
conmpound which conplexes with at | east one of the exhaust byproducts. The
alternatives of possible manganese conpounds include those noted herein.
In a still further enbodi nent, an em ssion control systemfor the after
treatnment of a diesel fuel conbustion process exhaust stream i ncludes an
exhaust passageway. The exhaust passageway for the passage of an exhaust

st ream s@a¢am CORE akhaesx Bausi hypcosipeiss o manpimecomptiindorhizh a di esel
fuel. A cat zed or ., continyousl enerating technol ogy diesel

|
parti cu?%@ﬁeﬁ%? Pefh pidepgi oned e ?%li‘z}ri‘%?mépmé%ﬁ% dhe giensgid@tgt and can be

adapt edpsgi1e MAfankfec SN PauRds iBEIRRThodtGote@HBAYS! Stream can have an
additive introduced into it, the additive conprising a manganese conmpound

whi ch conpl dreésstill further embwslimenie anfemikd on xintret system fodihetadter The

al ternat.l J Qungs.. i.n¢cl ude t e_ noted herein.
M o ool br BRI TRRRRASE oFRTRS SRR Mg ob RS s RSt ot “an
em ssi qrasadgesvayt. (Téeet exhalisiSpystagawdy forabahusdaico o f Insxbauitntledafesarsuppl yi ng a
fuel conpri.sing an .additive that includes a ganese conpound to a fuel
conbust§BHABFENaHSt bP’rPéOﬁ%‘EFéP from, the,eam %Stmﬂggg‘&el ﬁ"#-ﬁ% cg t@on chanber

to pr ochmmabuglyaje‘gemmrt%%emsgy CRITBI pstieGlat AIPPRISORES vaRIREMNd. The
manganese can be in an effective anmount  to conplex with the at |east one
conbustPaLEHRAssREeIYay and can be adapted to contact the exhaust stream. The

exhaust stream can have an additive introduced into it, the additive comprising a

manganese compound which complexes with at least one of the exhaust

byproducts. The alternatives of possible manganese compounds include those

noted herein.

In a still further embodiment, a method of enhancing the operation of an

emission after treatment system in a combustion system includes supplying a

fuel comprising an additive that includes a manganese compound to a fuel

combustion system. The fuel can then be combusted in the combustion chamber

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

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

combustion byproduct.




9 In a still further enbodi nent, a nmethod of enhancing the operation of an
em ssions after treatnent systemin a conbustion system conprises supplying
a fuel to a conbustion system The fuel can be conbusted in a conbustion
systemto produce at |east one conbustion byproduct in an exhaust stream
An additive conprising a manganese conmpound can be injected into the
exhaust stream The nmanganese conpound nay conplexe with at | east one
conbustion by product. Detailed Description The additives used in the

met hods and g ststitsfugthet HADPARSAIN] a MBIRSH bPEnIFNGIng HOLPERAGNYFan
organonet al | j c manganese cont ai ni ng conpounds soluble in fuels. This fuel

i s then TBHERES ST Heatmentsyemdn asganbystionasy stent FempysessupbhEng at r eat ment
system fifel By QE%Eﬁsﬁ&?sﬁiérﬁf Thé R %Eﬁ'}b.e%ﬁﬁﬁl&e&iﬁﬁ%&%ﬂsﬁbg%&%ﬁfg on

byproducts that could otherw se neutralizet ectiven
manganeskroduce ahkgeasidetiet ¢oebudtvm iproduetsintanes xdveusiatiieam. ofn additior

particul at r._Upon introduction into th haust stream..t he
nanganescgong%ﬁrr%}sié%n R agﬁff%%?mﬁfltuh&?ﬂbge 85?‘68& "%Pgﬁ‘?f’ uststrem oS i cul at e,
accel er ahasgaresd oompsiadmayncongpleké Hith atdBshkt dnd TomibusBbh By pré@@itent system
regeneration. The nmanganese conpound al so reduces the rate of soot

accunul ati on. The exhaust system may al so contain other after treatnent

systens._10, The hydr pcar bonaceous fuel conbustion systens that nay benefit
from t @%ﬂ%@é&ﬂi‘#ﬂ%t ion include all conbustion engines that burn fuels-
By "conbustiTRE aaMithveSlus8ILing thethBadAhd 3DMeRDrthd pldib&l MIbnAOS afXt €r nal

i_norganic or organometallic manganese containing compounds soluble in fuels.

This fuel is then combusted in a combustion system that includes an after

‘treatment system. It protects the after treatment system from harmful combustion

byproducts that could otherwise neutralize their effectiveness. The manganese in

the additive also promotes the oxidation of carbon particulate matter. Upon

introduction into the exhaust stream, the manganese comes into contact with the

carbon fraction of the particulate, accelerates carbon oxidation reactions, and aids

in afier treatment system regeneration. The manganese compound also reduces the

rate of soot accumulation. The exhaust system may also contain other after

treatment systems.
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conbustion devices, nmachines, engines, turbine engines, boilers,
incinerators, evaporative burners, stationary burners and the |ike which
can conbust or in which can be conbusted a fuel. Fuels suitable for use in
the operation of conbustion systens of the present invention include

di esel fuel, jet fuel, kerosene, synthetic fuels, such as Fischer-Tropsch
fuels, liquid petroleumgas, fuels derived fromcoal, natural gas, ‘
propane, butane, unleaded notor and aviation gasolines, and so call ed

r ef or nul at ediyakpdictesbishiacdouisyRict abhb &R Ak te QR A *EW%;P g the
gasoline boiling range and fuel -sol ubl e oxygenated bl e ng agen such

as al cotied presehb@ivendith Ridiede aYi dRRb8sQXY ¢ gnfe%%%'t'ﬂlﬂ% u%{sg

conmpounds. Oxygenates suitable for use int present THnven ﬁy i ncl ude

 met hanCleon@hlans] sydeapronaReks a]tﬁlﬂta@&qu?d o tﬁﬁfi%%a]'ﬁ hols,  met hyl

tertiary butyl ether tertlary a ry butyl

et her @hgpiL% S used, .will rmaJ |y be present in
t he base fuel ﬁda%ﬁi%%ﬁﬁln?f% Qaé%% §gla> SO EIBE R eaﬁ’dmﬁ{reffrép%fﬁl’y in an
anmount n ontent overal | fuel in the range of
about Oé% %5&% otﬁg? e%eF‘ ]gaclext)l(n(g_1 %ﬁl}ﬁ?ﬁ a“g%emf%gbéc}f RE&R corebusteadin i i the
-met hod devj ces t.h nventl on are gasol i ne, bunker fuel,

coal }' {Eﬁ Eude CSF? t&?‘ sﬁé’rej rﬁmﬁl? sHEablefer Bipedpddgcarsratiendd o |
extracts, 11 hazardous mgstes yard trinmm ngs and waste, wood chips and saw
dust, RFPPUSHON SEPLeRRS Phihg PigSeps daverdion inddade diessl iesl, gvtdanl,c waste -

and/ or by-. - products, and mixtures thereof, and enul sions, suspensions,
and di P%?’Fnssypﬁ]é?té%fuﬁ’lﬁ’ wackees BipeltroTropschdinbs, ligmid ipetroleum 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 gasoline boiling range and fuel-soluble oxygenated

| blending agente, such as alcohols, ethers and other suitable oxygen-containing
organic.compounds. Oxygenates suitable for use in the present invention.
include metharol, ethanol, isopropanol, t-butano}, mixed C; to Cs alcohols,
methyl tertiary butyl ether, tertiary amyl methyl ethet; ethyl tertiary butyl ether

\ and mixed ethers. Oxygenates, when used, will normally be ptesent in the
base fuel in an amount below about 25% by volume, and prefei"ably in an
ai‘ndl_lnt that provides an okygen content in the i)verall fuel in the range of
about 0.5 to about 5 percent by volumeé. Other fuels that are 'us:éh‘ll'ﬁl_"ﬂle

. methods and devices of the préSént invention are g’a"séﬁn'e, bu'ri.kel_‘.'fuél, coal

dust; crude oil, refinery "bottoms" and 'by—products,-cmde oil extracts,
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fluids. By "diesel fuel"” herein is.nmeant one or nore fuels selected from
the group consisting of diesel fuel, biodiesel, biodiesel-derived fuel,
synthetic diesel - and m xtures thereof and ot her product.s nmeeting the
definitions of - ASTM D975. It is preferred that the sulfur content of the
di esel fuel be less than 100 ppm and especially preferred that the sul.fur
content be |less than 30 ppm Fuels having relatively high sulfur content,
while within the scope of the present invention, are currently inpractical
f or - useb@pdmdopgrERstes cendytrimminge dndabaste, twedtohips adyisd=BiBiuggonvent i onal
conbustion systens useful with the present invention will typically

i ncl udeAgReritae) rvesstoforgitiagsi, plastostaral otherafizghic waslen@M/giyisgem In all
cases of combustion, the em ssion treatnment may include a catdl ytic-system
t o redupwdmtsfand enikbsicanherédf, andresgalstdier eni ssion treatnent systens
are well known. Unfortunately, many of such em ssion systens have a

t endencyuspmensiinss diftedispef4ieat tMORAE tn WREr, HIBhdYs: Bﬁﬁn}lc@ﬁﬁ@f ng or

degradati on of em ssion treatnent system conponents. e present invention

cont enpiidides By odiedbiNGhe® HBRIANERERAGE %%%Bf%ﬁféis %gf%'cﬁéct_{ﬁ‘bgat ﬁéa f uel

conposi tion or, alternatively, directly into e ‘exhaus m or
oper at i e br RISl HGel BT, bioRi ) M-S0 BERIGT oy Pyopeti dicser
o At SRSNERr A € SRR ERP LB 3R REL SR RERRLS, 1 VoY
?_gg?iggﬁg’(?f gg}s%%g&@eé qgi’ﬁ itl\llee su 'iJIS 'coxl?iz_'ie;[netrgf tﬁ\g %liés%?tf&&nbesﬁg;g %ilagb 10010/
' 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 curfent]y impractical for use with catalytically enhanced
after treatment systems. -
Conventional combustion systems useful with the present invention will
typically inclu_de some degree of emission control or after treatment systém. In
all cases of combustion, the emission treatment may include a 'catal-yﬁc system
fq reduce harmful emissions. Of course, other ernission treatm.e'm-: systems are
well i{nown. Unfortunately, many of éuch emission sYstemé have a tendericy to
lose Fl_ie_ir_ effectivéness over time due to poisoning or degradation of emission
treatment system components. |
The present i'nv'ent'ion' (_:ontémplatias providiﬁg'a' ménge{nes'é cﬁmf)duhd to

-an additive; to a fuel compoésition or, alternatively, directly into the exhauist
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7,12002. The preferred metal. herein includes el.enental and ionic
manganese, precursors thereof,- and m xtures of netal conpounds including
manganese.’” These nmanganese conpounds may be either inorganic or organic.
Also effective in the present invention is-the generation, |iberation or-
production in situ of manganese or nanganese ions. Preferred inorganic
nmetal lic conpounds in an enbodi nent of t-he present invention can include
by exanple and without limitation fluorides, chlorides, bromdes,. iodides,
oxi desstrair et esmbswstibatzene Rbokpaies th thimiitioRysid-06s @ilext%gr’ oxi des,
carbonates and -m xtures thereof. Manganese sul fates "and : "‘phosphates w ||

be opetta bperatiort el xaRaiorn H¥RRHLAR JITRYmploRe BB b Bof uel s and
conbust.i on applications, not present uhacceptable additional sulfur and.

: phos pi 'Hﬁ:a@ﬁlﬁbéﬁﬁéx%d?ywc‘aﬁla'ﬁﬁﬁ}% ?%ﬁlﬁ@étﬁﬁggcgféggﬁﬁs%k{sg e&%ﬁ%%ﬁﬁds 'n

an enbodi rent of the present inve I nc

ket in : | o : t h t hel at es,

pﬁeﬁgf iosmb}:nr&gimﬁ{ ég{)ﬁ{e}@sﬁ?ﬁ%ar GXy |1£‘g%gll %%S‘?e‘glnﬁqg’g%gpg%@@%%%&%aﬁgf%s; and
1 Xt 13 E Lal | ferred tai ni]

or ganon AN PE e, RS balent AR s ROl i f AR B0l umscn

conpo '8%0@%e taught,, for exanple, in US Patent Nos. 4,568, 357; 4,674, 447,

5,113,8 599, 357; 5,944,858 and European Patent No. 466 512 Bl.
Sui tabl e anese tri c%‘r; ngﬁl{, c_orTou_nds whi ch can_be used in-the practice
of this in PISReETRd g& 1goBrtudsscHymenidlpirbinnic mangdmeg |

precursors thereof, and mixtures of metal compounds inclﬁding mangénese.
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, nitrateé', sulfates, phosphates, .ni‘tﬁdes, hydrides, .
hydroxides, carbonates and mixtures thereof. Mangaiese sulfates and
-phosphates will be operative in the present invention and may, in certain fuels-
and combustion applications, not present unécceptablé additional sulfur and .
' :_ﬁhésphérus co'rnbusﬁon byproducts. Preferred orga.nom‘etéllic compounds 1n
- ) a1 €mbodiment of the present invention inclide alcohols, aldehj}aés,- ketones,
L "-. e’sters, én.ﬁydﬁdési sulfOnates,‘phosphonates,- chéiate‘s, pheriate‘s, crown *

" ethers, carboxylic acids, amides, acetyl acetonatées,; and mixtures thereof. |
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i net hyl cycl opent adi enyl nmanganese tricarbonyl, dinethyl cycl opentadi enyl
manganese tricarbonyl, trimethylcycl opentadi enyl manganese tricarbonyl,

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

pent ai net hyl cycl opent adi enyl nanganese tricarbonyl, ethylcycl opentadi enyl
manganese tricarbonyl’, diethyl cycl opentadi enyl nanganese tricarbonyl,
propyl cycl opent adi enyl nmanganese tricarbonyl, isopropylcycloperitadienyl
manganese trlcarbonyl tert- butyleyclopentadlenyl manganese tricarbonyl,

octyl cycl ope §Hﬁﬁ@ﬁyPnﬁhngdnmeaganegamhﬁﬂhhngQ@@ﬁﬁ%h@%ﬁh@%ﬁﬂhﬁﬂhﬁﬂy -

‘manganese tricarbonyl, ethyl nethyl cycl opentadi enyl nanganese tricarbonyl,

i ri dei f §ic menganese tticadaniydeynpoangis Budh Kémp pblABNG-BGL{LHE hes of two of

nore such conpounds. Preferred are the cycl opentadi enyl ganese

t ri car bexgmple, it Patoret Nos|U 868133 r gt ye X
y o tEmr 8, ey P2 t?os}?n?gai enyl

net hyl cycl opent adi enyl . nanganese tricarbonyl’

nmanganes 44, 858 abeNFhiropda@bstent M t4g6e§1é)f3 cycl opent adi enyl manganese
tricarbonyl and nethylcycl opentac eny rranganese tr| car bonyl, m xtures of

- 14 ni et hyl cyshiepsleirhadb8hdde HRAIAN tr' car é{c@ carprhgdaeeg imthef such

et hyl cycl opent adi enyl .~ nmanganese |ca

s L S

AR i M ot S
) manganese tncarbonyl trlmethylcyclopentadieny] manganese tricarbonyl, '

- tetramethylcyclopentadlenyl manganese tricarbonyl,
pentamethylcyclopentadienyl manganese tricarbonyl, ethylcyclopentadienyI
ménganese tricarbonyl, die.thylcyclopentadienyl manganese tricarbonyl,

' p‘ropylcyclopen‘eadienyl manganese tricarbonyl, isoﬁropylcyclopezitadienyl |
manganese tricarbonyl, tert—butyl‘cyclopentedienyl manganese tricarbonyl,
0'cty1cyclopentadienyl manganese tricarbonyl, dodecylcyclopentadienyl -

) manganese mcarbonyl ethylmethylcyclopentad1enyl manganese h‘marbonyl

A indeiiyl manganese tricarbonyl, and the like, including mixtures of two of micre

-_s‘uch‘ cornpoun‘ds. Preferred are the cyclopentadienyl manganese tricarbonyls

P :_'“W}'ii:f:h'are ﬁquid at room temperature such as methylcyclopentadienyl |

::-'manganese tncarbonyl ethylcyclopentadienyl manganese tncarbonyl I1qu1d

E ::imxtures of . cyclopentadlenyl manganesé tncarbonyl and

......
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suffiicient to reduce the inpact of poisons, e.g., sulfur, |ead, zinc, soot
and ° phosphorus, on the after treatment systens, reduce the rate of soot
accurrul ati on, reduce the tenperature at which the soot oxidizes, and
ot herwi se generally enhance the operation of after treatnment systens
including, for instance, a catalyzed diesel particulate filter, or
alternatively, a continuously regenerating technol ogy diesel particulate
~filter Manganese conpounds are believed to bind with poisons in the exhaust
st r eam tBEPPLTsipeniadienybmanganiese fnipinbengland edbplogclopagtatienyl. af t er
‘treatnent system suoh as the catalytic surface of the diesel particulate
filter. M3pganesedricarkonyl, el son, J. L. Ferreira, J. G Reynolds; J. W
Roos and S: D. Scliwab; "X-Ray Absorption Characterization of D esel
Exhaust Part Prefeattion of siywhl ¢caapoands of d&yuribedainr 0k IRaga@irkOfpr Techni ques to
Material's Science V, NTatenals Research Society Conference Proceedings,
NG. 590 ex66{E008) PakoNo. DIBIHNLE, (HPMHEARREE: SEWhItIe s ﬁi&rﬁ&%ﬁ"at es may be
_fornmed and are trapped 15 within A ‘filter. These nanganese sulfates and
phosphateseiddnried efififefiya gl aze over or otherwise tie up catalytic sites in
a filter. This nmechanismis distinguished fromother additives such as
pl ati num Pl gty &R Dot : i X W .t.h poi sons
such as sul f%ﬁ%ﬁ%ﬁggﬂ%@e%&%gg g%lgttﬁ) gl’; gr?%%ﬁgﬁ%%%}esgemﬁo he
l'iterat ' ' (h.an_.additive act to. replace or

¥hE phdhnt Rhedrt tq’;%r%g#ﬁgﬁeée omgmgr‘;&i? REE f:mp?%xe_do in ?1%%1 Sisi.c

substitute as the catalyst on e surfac

hem i £ .as th d i bed ' hat di stingquish -
ranganeSar et EUEBRRRR 8T BrlBRRLAS WIRD: ihchtfhny SabrBRves for use

in

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 regenerating technology diesel particulate filter.
Maﬁgan‘ese compounds are believed to bind with poisons in the exhaust
Stréam to prevent those poisons from binding or depositing on an after
Areatment $ystem-such as the catalytic surface of the diesel particulate filter.
é‘ee, .8y A J. Nélson, J. L..'Ferreira, J. G. Reynolds, J. W. Roos and S. D.
‘-"-stilffﬁab,' "X-Ray Aﬁébrptidn Charactetization of Diesel Exhaust Particulates,"
z"&‘:iaialiéétidﬁs of Synchrotron Radiation Techniques to Materials Sciérice v,
R Matenastesearch Society Conference Proceedings, No. 590, 63 (2000). For

-' -'ms{éﬁée, matigariese sulfatés and phosphates may be formed and aré trapped

15




the present invention, therefore, it is inportant that effective anounts of
manganese be enpl oyed, and further. that any other netal conpounds that can
be additionally incorporated nmust not have any negative effects on the
manganese nechani snms. The amount - or concentration of the additive may be’
sel ected based on -the concentration of sulfur in the diesel fuel. A
preferred treatnment rate of the manganese conpound can be in excess of 100
mg of mapganesg/liter; nore preferably up to about 50ny/liter, and nost

pr ef er aBIPIRBdiken Thesmmangapengsulfatss anteheephateafdeenot forat aBglbze
systenl'is used throughout this application to nean any system device,
net hod, O6F Acbiengiseoie tperadalytichsitesdat & fidtert Mihis mechanssmssr eam or

.em ssions resulting fromthe conbustion of a diesel fuel. "After treatnent
syst ensdistinghiglecdfion yiter aiditvesshicipastplathabe Pidtimim comddusas ayzed
"and uncatal yzed, lean NO * traps and catal ysts, select catalyst reduction

syst ensnotS@md paptheriiss ebngxed alitlo polsdhd! stidtSas Buffhedlahd PRosSERRA! S.
oxygen sensors, tenperature sensors, backpressure sensors, Ssoot or

parti cUunatead §0$OhypoisaiRdah thadierdides thHP Bt Sm ﬁcﬁf}% nd any
other types of related systens and net hods.BThere argnrru t(?%?ieatﬁypes of

di esel fnfitive Wcadks rbplabelos SiPRERte a R g%dgf&%n HNGARLY }Z)F ﬁ'beggrtg{'.?gﬁ a

wel | - known technol ogy t-hat has been use many years. I'h

conmbustyi 9 bR GRS ]ﬁ?ﬁé}eﬁées DAL 2 HhALE HeB0Gb SO RErSh bt gps%elggt_%g ] then

oxi di zed, or "burned o
manganese from other metals like platinum. - In formulating additives for use in

the present invention, therefore, it is important that effective amounts of
mangage_sé be employed, and further that any other metal compounds that can
be :_idditiona_lly incorporateﬂ' must not have any negative effecté on tht;.
manganese mechanisms.
The amount or concentration of the additive may be selected based on
-the concentration of sulfur .in the diesel fuel. A pfeferred treatment rate of the
nigiiganese compound can be in excess of 100 mg'-of manganese/liter, more
preférably up to qb’but SOmig/liter, and mosf preferably about 1 to about
. 30mg/liter.. -
. The terin “after tredtment system” 1s used throughout this applicatioﬁ to
B _ mean ény.syé_tcﬁi;- ﬁéviéé, .ﬁémod ; -or combination thereof that acts on the
. :-’é%haﬁ_sé stiédin or etnissiofis fesﬁlﬁhg‘frbm the combustion of a diesel fuel.

: “zf\'fter treatmént: *.syét’ems”-' include all types of diesel particulate filters - -
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"Catal yzed diesel particulate filters" (C-DPFs) are filters incorporating a
catalyst on or within the filter substrate that are adapted to reduce the
oxi dati omtenperature of the conmbustion byproducts captured in the filter.
C-DPFs currently include cordierite or silicon carbide nonolithic type
filters. A - "continuously regenerating technol ogy diesel particul ate
filter" (CRT-DPF) is a systemwhere the. catalyst is a separate,

fl owthrough *substrate that precedes .the diesel particulate filter in the

exhaust cpedgagbang urldaesighed, Uehs NOH &R pEUHRISItaH std) &ﬂ%&g@ lg,ggr ati ng under
the ex

the diesel cycle, emt unburned soot particles’into ust gas

st r eam rdshoctitae syfem) Soiati=9R, Hfégé?b%rtﬁmqa;aﬁiiﬁgﬁs Sutd EX i%ﬁglfs?%?? gr Si t

is desirable to enploy = catalysts either w or ‘precedi

o, v, oot SIRETS! B Bp B My P o, U1

filter substrate, i.e., a catalyze p Filter, or

C- DPF, i e bet ween 25 and 400C to initiate
patitulats 'géh@dfga&é& BPE@@E%%g%m CHRENS FEBPOT S fRG B PERETS 00t . I n

. O,
filter regeneration. Regeneration | s-the

this sy l,ates on the catalytic sites wthin the filter
substr at ?ﬁf%ﬁgég%k%%%%%ﬁ I8‘fz"aloéq‘r{;°‘perature, pressure and the presence of
the catal yst wer: t he..t erature. required for _regeneration.. In a

cont i nuousl| yTl]%%rgear{nggP}tfé%%Bf gWeHP%wulﬁﬁrﬁlteéﬁl(HPESFi lter, soot

oxXi datien ter:r(g)er ature i.s reduced because the catal yst oxidizes NOin the
exhaust “ YRR sincatalyzed PERs se| cowell-lorowmp technotmgyethaghdsnesased | evel
of soot _oxjdation. within the filter. The terns "conplex" or "coniplexing"
are i nt‘é?ﬁfie THEARY 7 °fbS-d Bk epptstiarthecombustion byproducts such as

particulates_ and soot are trépped and then oxidized, or “burned off”.
“Catalyzed diesel particulate filters” (C-DPFs} are filters incofporating a catalyst
on or within the filter subs;trate that are adapted to lreduce the oxidation
temperature ot" the combustion byproducts captured in the filter. C-DPFs

| currexntly include cordierite or silicon carbide monolithic type filters. A
“continuously rggeneraiting 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 c;xhaust-passagevvay.

Diésel fuels, when combusted in engines operating under the diesel
¢ycle, (f;m-it-unlidméd 'sr;f()t' particles into the exhaust gas stream. Because the
oxidation teﬁipefame of soot is in excéess of 500°C, it‘ is desirable to ernploy

..-'éafalysts eit-iiéf'*évithin"or preceding the filters to lower the soot oxidation

ternperature. A catalyst thatis part of the filter substrate, i.e., a catalyzed




conmbi nation of or reaction by the nmanganese .contai ni ng.conpound with the
conbusti on byproduct(s) such as poisons,. soot and other particul ates. The
‘conbi nati on includes covalent or ionic reactions or any other binding of
the. netal compound with the conbustion byproduct: Further, -the term
"conbustion byproduct' includes, but is not limted to, particul ates, "‘soot,
unbur ned soot,-unconbust ed hydrocarbons, partial |l y=combusted hydrocarbons,
conbust ed. hydrocarbons oxi des -of nitrogen, and any other gas, vapor,

- part |d1beelqyart:lotrb(w mdker hat CroBH] reqiiresrankshaurbishporatofre betwedn
Refeferice. is al so made throughout of the term "enhanced" in the context

of ope3d2d and WO°€rtoeﬁit$eﬂied"ﬂﬁ3rafegeneltattﬁﬁi nRagergyatiomis the dxdatidrenhanced”
nmeans-an.irnproveinerit in the operation of an after treatmnment system

rel at iateunouthed S6ot0Mer @b @psein ate sddtalccanfilared hiathdeasalpat e a
nmanganese conmpound conbusted or injected or otherw se streamed through it.

" EnhangREin ARefiRét Q@bsﬁ'ﬂ@ aslethe RUmHifaioh ol.r ke epaﬁﬂe peliteirk @md N the

i npact of p0| sons on th em ssi ons COI’]tI’O SYyS reductl on in the rate

f
bR e aqa st {pRcH R s%%i‘%é@‘?{%fm*%ﬁ’n b, e oment
uhich L ohAhanng rsg?gggg%%@egéﬁh%gggagg%qLb%&ac&m £ 183, Lho5SaAbAT N N

sul fur, "phosp I 'Acor Instance
et hot %?pc”f Bhftse a%ﬁl‘a‘@ef“?u%%ési RS P B TR,
e e e R e ST s e 1 0, R
within the filter.
The terrﬁs “complex” or “complexing” are intended herein to describe the

combination of or reaction by the manganese containing compound with the
; ity

combustion byproduct(s) such as poisons, soot and other particulates. The
combination includes covalent or ionic reactions or any other binding of the.
metal compound with the combustion byproduct: qufher, the term
“combustion byproduct” iﬁclﬂdes,'-BUt is not limi.ted_ to, particulates, soot,
un'bumed 'so'ot,-unCOIﬁblisféd -ﬁydrdcé{rbdns, partially-combusted
Lhydrocafbons, combusted. hydroc‘:ai'b'c_fms, oxides of nitrogen, and any other gas,
V’fipbi‘,‘ particle 6r comipound that résults froin the combustion of a fuel.

. ‘Refererice is also made ﬂndﬁéhoui of thie térm “enhanced” in the context

Lo -kjﬁefaéon Qf:an."ethi'ssip‘ns' after ﬁ'é'ai'tr'ﬂ'cj:nf system. The term “enhanced”.

meansan improveiment in the operation of an after treatment system relative to
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the catal yst systemfor conplexing with the potential enissions system

poi sons (e.g., sulfur) the manganese nay be suitable for use as scavengi ng
agents. Further, the manganese scavengers of the present invention can
reduce the detrinental inpact of -other poisons such as sulfur, phosphorus,
| ead, zinc, or soot on em ssions control systens ''of the | ean burn
conbustion systens in one enbodinent of the present invention. In this

i nvention, when the nanganese contai ning, fuel-borne catalyst was used in

conbi Natie@perhtibndia SRt A8, At WAL GBI, (RERSHLY. - There

is a lower SOOt accunul ation rate WI

i e o S
or di sﬁg(r?lgﬁbgegl{lﬁléélhgggmu@# r‘?ﬁgnﬁﬁﬁ gégé“’}?ﬂ&ﬁﬁf ‘?ﬂe‘-‘g’g@ﬁatl on of

car bon 5 cuI xhayst, gas after treatnent device is a
conti mfglzis%fy recé)éﬁg? Pe'l‘bmt "ﬁﬁ%ll%y] therde of seet acrwrulation,and CRT- DPF) .
Upon |nt&oduct| on, of the fuel into the conmbustion chanber or exhaust
- stream ?ﬁ%"mSQﬁé%@negaWP@é%@C&ﬁ&e@&%me@dmdcweem@ with the
carbon frac of the particulate matter, accelerating the oxidation
reactions t Qk%emlﬁﬁensmtﬂmtc@nmas qugoamnhicansqmlmnatbla t he
CRT-DPF. The neasure of soot loading within a filter is the increase in
exhaus PYgsnbastion dbypreductEdsnyh as thoeﬂpantesnmgnﬁulﬁﬁﬁliﬁws@hbm@, 1dadj ng base
and additized fuel soot |oading tests

zinc or soot}, for instance, a. barfum-containing léan NOx trap, the present

invention provides novel methods for providing a substance which competes
with the active site {e.g., barium) in the lean-burning exhaust. As long as the
manganese containing comi)ound of the additive vs_rill compete with the metal of
the 'catalyst system for complexing with the potential emissions systeni 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, pﬁo‘sphorus, lead, zinc, or
 sot on emissions control systems of the lean burn combustion systems in one
ex‘nbddim%:nt of the present invention.
In this invention, when the manganese containing, fuel-borne catalyst
was used in cbmbination-“(iﬂl the CRT—bPF,‘ there was an unanticipated
benefit. There is.a Iéweij sobt accurimlation rate Wlthm thé- CRT-DPF and the

Tegeneration teniperatuie is rediced below the régeneration temperatue
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are shown in Fi gures 1 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 immediate benefit of reduced EGEP. The
continuation of this benefit through 10 hours is displayed in Figure 2.
The soot accunulation rate for base fuel, as neasured by EGBP increase, is
0. 06 kPa per hour. Wien additized fuel is tested, the rate-is rediuced by a
factor of three to 0:02 kPa E‘ hour -, l\/breg {Dg‘ egarding this testing
descr i ihremeedmith sithenths welbornesptalypeer RhOD ?)1 2728; "The Rol e
That" Metliyl cyci opent odi enyl- Manganese 20 Tri car bonyl (MMI) Can Play in
| mproving Low Tenperature Perfornmance of Diesel Particulate Filters" which
is incorporated herein in its entirety: The base fuel. used in this exanple
was an Bkimald aw sul fur diesel fuel obtained fromPhillips. This fuel had
a nom nal sulfur level of 3 ppm. -The additive was provided so that the
additized fumle haditRes ngbhulllidrein afkhergoaddidialle, mretamse Montainingt hyl
Corporation). CRT-DPF LOADI NG DURING FIRST 12 MNUTES 0.5 aqg D4 0.3 m
-Base $dingoulth sofable br Hidert 15 Aest foélt I'the manganese promotes the
oxidation of carbon pai-tiCulate matter. The exhaust gas after treatiment device
is a continuously regenerating tebhnology diesel particulate filter (CRT-DPF).
Upon introduction of the fuel into the combustion chamber or exhiatst 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 EGBP 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&_iﬁZed fuel leads
to 4n immediate benefit of reduced EGBP. The contiruation of this benefit -
thiough 10 hours is displayed in Figure 2. The soot gecumulation rate for base
fuel, as measured by EGBP increase, is 0.06 kPa per hour. When additized
fuel is tested, the rate is reduced by a factor of three to 0.02 kPa pef hour.
“More détails regarding this testing described hereiri is contained in SAE Paper -

-No. 2602-01:2728; “Thé Role That Methylcyclopentodieniyl Manganese
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012345.67 89 1011 12 Mnutes Figure L. 21 CRT-DPF FILTER LOADI NG
'DURING FIRST 10 HOURS 1.4 1.2 rs R Slope=0.06 kPa/hour 0.8 -Base mO0.6
-MMI' N kPa/hour 1643 RPM 50% Throttle 0012345 .67 89 10 Hours
Figure 2 After filters are |oaded with soot, it.is useful to exam ne the
termerature where regeneration (the burning-off of accunmul ated soot) w ||
occur. Figure"3 shows the results of regeneration tests when base fuels:
urned. Wth unadditized fuel, fi-lter regeneration

322- ﬁg ’I"‘ESIBEZ%‘?%;AWA’?T)?@%BJB%Y & dnnreregdiang TseoerawrePatainauadof uel |,
o0 o DRLL5, B SAASL shomperal ure exceeds approximately 230C
The base fuel used in this example was an ulira-low sulfur diesel fuel
obtained from Phillips. This fuel had a nominal sulfﬁr level of 3 ppin.. The
additive was provided so that the additized fuel had 20 mgMn/liter. The

~ additive used was MMT® (Ethyl Corporation),

CRT-DPF LOGADING DURING FIRST 12 MINUTES

0.5
& 04
-t
n:- )_____._'—.—--“"‘"‘“
£ 03 : — - |
2 i B e
o o e MIVIT
302 et
E / - | —
2 04 .
1643 RPM, 50% Throltle
0 - . ,

e 1 2 3 4 5 6 7 8 9 0 11 12
Minutes )

Figure 1.
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2Z within the filter conbusts, leading to conplete filter regeneration.
Notably, once the soot is burned off, the engine backpressurerenains bel ow
‘that anount of backpressure seen with the unadditized fuel. In other

words, not only does the soot bumoff at a | ower tenperature with the
additi zed fuel, the backpressure remains |ower than with unadditized fuel
as shown in Figure 3. CRT-DPF REGENERATION TEST 2 400 1.5 Inlet Tenps. 350
1 wmBase Fuel 300E Par ax 0.5250 mt mw - O MMI Fuel 200 &
Regeneration occurring at-280"C. -0.5 150 YV Y b un Y< mIn Dd br- NN
nYWN OVYVO NW NN Y Nh WH Percent Throttle

CRT-DPF FILTER LOADING DURING FIRST 10 HOURS

1.4
1.2
o d
o
. Slope=0.06 kPthour.M
% 0.8 | =Y \ -=Base
P-4 /\//‘ﬂu" .
E 0.6 M/ . / ——MMT
E 04 ‘4.'/_.“‘__,._/‘""
= N
2 0.2 /N/"‘“’"’*’*]s:ope-o 02 kPafhour]
1643 RPM, 50% Throttle
0 T ] T T T T

6 7 8 9 10

=]
-
N
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o
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Figure 2

After filters are loaded with soot, it is useful to ‘examine ‘t-l'i'e teﬁiiﬁefa’tﬁ;;é
wliere regeneration (the burning-off of ac‘cumulate'd soot} will occur, 'F'ighr'e'sl'
shows the results of regeneratiori tests when base fuels and addltlzed fiiels are S
_burned W1th unadditlzed fuel, filter regéneration was not observed at -

- temperaturcs exceedlng 380°C. Wlth additized fuel, regenerahon begins when;

_exhaust temperature exceeds appromma’tély 280°C. The accumulated carbb'rl

A A




Figure 3. EXairiiAe 2 ' The exhaust gas after treatnment device is a

catal yzed diesel particulate 23 filter (G DRF). Upon introduction of the

additized fuel into the conbustion chanber or exhaust stream the

manganese i s rel eased and conbines with the carbon fraction of the

particulate nmatter, accelerating the oxidation reactions that take place.

prior to and during accumulation within the-CDPF. Because the rate of -
nd.the soot contains *a catalyst netal, the

soot aggumll tei n.is IBwei gnd.. ] ,
regéneration remper STaPESHy lradingda comnplets, Eltep rogeneraiend Nrdabkpect ed
with the C.DPF and pynaddjtized fuel. Exanple 3 In the applications S
descri BBG® eéﬁaﬂtﬁ E‘s}rﬁe RY: the enginedhapkpasesureawmaint belawthat abl e net al -
conpl exes i ncl udi ng manganese phosphates. A portion of the nmanganese '
r el eas 8P Cf PrckdurERIde SHencwit whadditized fueht ey atties wovidsh not _
| ubri can&-deri ved phosphorus to formthe stable netal phosphates as solid
part i cGR&t dogmthe peet beduofator Igreven serphasphithuhedeilifkéd fRel0td he
~catalyst netal enployed in the CRT-DPP, or the C DPF. The use of these
nmanganbaekprassura remainelovestdibininveithwih Ad ditiet 8 Ghel e skewal Mgl L OR)
. deterioration resulting from phosphorus poi soning. Exanple 4°In the
applications -described in Exanples 1 and 2, the nmanganese Z~+

CRT-DPF REGENERATION TEST

2 . - _ 400

1'5“—@\ ’—r—-—mssn
o.% — - m_fm

(2]
=
<

o]
[4,]
L]

Exhaust Temp, °C

Relative Backpressure Increase,
kPa

\ -
05 [ Regeneralion ocourring at ~280°C. '
’ o o N = 150
lqvgwmqqmwuz-—wugu!v*
Percent Throttie
Figure 3. .
. Example 2 .

The exhaust gas aft"er.treatmént dévice is a catalyzed diesel ﬁéfﬁéﬁléte --
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additive used is one that wll al'so formstable netal sulfates. The CRT-DPF
or CDPFis followed by a | ean-NOx storage device that is sensitive to

sul fur poisoning. A portion of the netal released into the conbustion _
chamber or exhaust interacts with either fuel or lubricant-derived sulfur
to formstable manganese sul fates, thereby scavenging the S02 and SOS and
reduci ng or preventing deposition of sulfur species on the | ean- NOx
storage_device. Exanple 5 The manganese containing additives of the

pr esenfiliehverf?PBh Wnmintsodapieen of dhe aflditive fuel intoahtrentbisstidiem by

r educi ng the sintering of conbustion byproduct netal on the surface of the-
DPF. TrBagiher & exdnagist strtbos; ihenmamgpnese it raleisedsanthyotigss nch fHender
ineffective catalyst sites on the surface of the catalyzed DPF.

" Si nt ecéariph fractiba dfube gartitubashnistiepradeeprads the RRiddifd e e Mhoklke filter
surfaces as a result of the heat in that filter. The nanganese contai ni ng
addi t i teatradteqsiace peiorrowd dtwisigi@nirAalAbn §8hiil h&@-b-‘n@;ﬂf f@@%seas
conpared to the -anmount of sintering when unadditized fuel is urned, and

t her ef gierdteuienseackhtnfifisslis Yowki h8d%hetda6t E&Aéa%sra'éat%iﬁﬁe .:DEFS t he

filter easier to clean because of the reduced sintering of -t yproduct s

to thethd'eddetrerdfioh Rembkld e i§§e@igt§rﬁl—8aﬁv§ g(g Q%qﬁaebec%lﬁﬁaci{eg ng

additives of the present Invention ance eration of a treat ment

SySteWﬁ&C@lﬁPﬁtMﬁﬁﬁaqﬁewehml.i n a DPF but neverthel ess reducing rate

of backpressure increase. nmanganese :

Ezample 3

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

1Y

resulting from phosphorus poisoning.

Example 4
In the ?ibplication's described in .E}::aiﬁples 1 and 2, the manganese

Tz




bi nds wi th conmbustion byproducts, e.g., sulfur and phosphorous oxi des; and.
forns stabl e nanganese conpounds that are then trapped as and with the ash
inthe filter. Surprisingly, it has been discovered that this literal
increase in ash does not increase backpressure. Further, by using a
manganese containing addi'tive, the DPF will need to be cleaned | ess often
and the ash can be nore conpletely removed when it is cleaned. It is to be
understood, that the . reactants_and conponents referred to by- chem cal -nane
anywher e 89 ¥RUSEb s phe dhabiilbalsa lofmsstableatetal widfates. TifeeCRFIDPFwm n t he
singiilar,or ij ural, are identified as they exist prior to comng into

cont act WP haisooHered s derie NQt starege tevioy thabin sensitineto sulftireni cal
type (e.g., base fuel, solvent, etc.). It matters not what chem cal
changes, Poisamisgofnportonsofithtf oetalast¢dsedsnte thanymbiakienptliee@bes ot he
resulting mxture or solution or reaction nmedium as such changes, ,

t r ansf or emhaussirgacias witle aithieo isclasrdubiiRapatdervldrseifilt todbriy s@giag t he
speci-fied reactants and/or conponents together under the conditions called
for pursmamgdreesehiudiates,Stlebsttyf Scavbiging Hf: $63 GRS ; 3R Féﬂﬁ{‘?ﬂg%}s are -
identified as ingredients to be brought together either in performrig a
desired eviritlg ASE6ditioN Jrsy i - allic
conpound;phor in % ormng ‘a d?gl?ﬂr%égs%g%%%@{i P?ét;lne%;l(ig%&gs %nag%g%'ti ve
concentrate or additized fuel blend). It will also be recognized that the
addi ti ve conmponents can be added or blended into or wwth the base fuels

i ndi vi du gz se and/or as conponent s used in, fornmng preformed
addi ti ve%‘lﬂmﬂi ons and/ or sub-conbi nations. Accordingly, even though

t he clai ms heggl %go{neg%ycorxﬁgl%riné %d?:[ﬂ?vsetsaor}ctgg ’pr%ge toi?‘x%ghfio%nég}?s[nce

operation of an after treatment system by reducing the sintering of combustion
- byproduct metal on the surface of the DPF. The sintering of combustion
l?yproduct metals may cover and render ineffective catalyst sites on the suiface
of the c,atalyzéd DPF. .“Sintering” is the fusion of combustion byproduct
particles on.the filtér surfaces as a result of the heat in that filter. The
manganese containing additive reduces the amount of sintéring on 'th_e filter
surfaces, as compared to the amount of sintering when unadditized fuel is
burihed, and therefore increases the effective life of the filter. It also makes the
' _ {ilter easier. fo clean becauseé of the-reducet_:l sintering of the byproducts to the

walls of the filter.
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ingredients in the present tense ("conprises", "is", etc.), the referéence
is to the substance, conponents or ingredient as it existed at the tine
just before it was first blended or nmixed with one or nore other

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

di scl osure. The fact that the substance, conponents or ingredient may have
lost its original identity through. a chem cal reaction or transformation
during the course of such blending or mxing operations or imrediately
thereafter is thus wholly immaterial for an accurate understandi ng and
appreéeciation of this disclosure and the clains thereof. At numerous

pl aces. %@?@Mut this specification, reference has been nade to a.nunber
of U S. Patents, published foreign patent applications and published

t echni cal papﬁqéma?*éggérgg Qggt%ﬁﬂ?%?ﬁﬂ@%%ff %H?ﬁe n‘%%ﬁlré(%&g% RO 2 ed in

full into this dis rein Imvention is
suscepti S rlatl Qn knits et ef t he

f or egoi n@%ei‘@r |%%ﬁfggﬁ%% IXﬁl%nt eSP{ﬁ tbg Efccﬁ*e?a E%ESE%‘E} %‘1 a&é&?

constru helnv ntothe articul ar. exe |f|cat|ons 27
pr esentgg ﬁ’é‘?‘é‘?rﬁiﬁﬁf&?gm ?lﬁgrra a?%pﬁeﬁf‘é TePDe! RoFARERISSeas set
forth in the egsw cl ai and the equivalents thereof permtted as a
matter of PRVt fonbastion bEPrefusts: efd THlwand phesphyranisergdsand

enbodi mepts to public, and to the extent any disclosed nodifications
or alt er@Iengt ifﬁ‘i/mr?é‘tganpﬁﬁ epBInojYds thafijarsithen feappeshes andowish ¢haiash, t hey

are consjidered to be part of the invention under the doctrine of
eqU| val ditthe 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 sin@lai.or plural, are identified as they exist pﬁor to coming into
c‘:on.tat.:t.with another substance referred to by chemical name or chemical type
(e.g., base fuel, solvent, etc.j. It matters not what chérni'cal changes,
transformations and/or reactions, if any, take place in the resulting mixture or

~ solution or reaction medium as such charniges, tl'ansf(;nnations and/or
reactions are the natural result of bringing the spéciﬁed reactanté arid/or
-Eqmponents tdg&hér undeér ihe conditions called for pursuant to this _
dis¢losure. Thus the reacﬁﬁts and components are identified as ingredients to

be brought tdgether either in perfohning a desired chemical reaction (such as

we




What Is Clainmed Is: 1. An em ssions control systemfor the after treatnent
of a diesel fuel conbustion process exhaust stream conprising: an exhaust
passageway f-or the passage of an exhaust stream containing exhaust
‘byproducts fromthe conbustion of a-diesel fuel conprising a manganese
conpound, a catal yzed diesel particulate filter |ocated within the exhaust
passageway and adapted to contact the exhaust stream wherein the exhaust

st ream conpri.ses manganese. C ound which conplexes with at |.east one of
the ex haﬁ)s S 8@3&% %lgg%ﬁél?%tﬁg‘g%pﬁ@neaﬂpél Poip EiRg a desizgd zenhpdisitiet

particul ate,filter .enhanced by at | east one of. the follow ng: reduction
in the i%b‘ﬁ@ta%?nﬁéﬂ Ui conceiEatenexadditiced dueldend)y sttemill aleddet i on in t he
rate of soot accunul ation, and reduction in the tenperature at which the
soot is TERPBIZEEIhRE the addititecomprpratncam be reldgdasidendagd ontador wit@n

I norgani ¢ manganese conpound, and wherein the additive being free of a

pl at i nunthfrbess fslaindigidsmlbypér samndfier gs componRatstised iRforhadd num

pal | adi um rhodium ruthenium osmum and iridium 2. An em ssions
control Eiefemmededdiser chebinatialaind lor wWikehibihhgoss.e %%onfdiﬁgl leSen,
selected fromthe group consisting of biodiesel> biodiesel - d |yi’vednf uel ,

SRS e il end e RS AL R e T
, ppm of “Sulfur.

~ingredients in the present tense (“comprises”, “is”, etc.), the reference is to the
substance, componernts or ingredient as it e;ﬁstcd 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 o‘r ingredient may have lost its original identity through
a chemical regction or transformation during the course of such bI'ending 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 te'chnic.al papers. All su_ch cited documents are expressly

; _in‘cor@o'rat'égi-iﬁ full into this disclosure as if fully set forth Herein. |
' This invention is susceptible {0 considerable variation in its practice.
“Therefore the foregbing deséﬁptidn is not intended to limit, and should not beé

construed as lirniting, the invention to the particular exemplifications
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4. An em ssions control systemas described in claim1, wherein the

i nor gani ¢ manganese conpound is selected fromthe group consisting of-
fluorides, chlorides, bromides, iodides, oxides, nitrates, sulfates,
phosphates, nitrides, hydrides, hydroxides, carbonates and m xtures
thereof. 5. An emissions -control systemas described-in claim1, wherein
t he manganese conpound conpri ses about 1 to about 30 ngWn/liter of fuel.
6. An enmissions control systemas described in claiml, wherein the
conbustion byproduct is selected fromthe group consisting of

parti cul L&, %gﬁt .ungurne spot, . 29 unconbusted hydrocarbons,

partial l é oS PEEEIRPRPEE a &r, whnbisdniendagier e aptrond, is asksedforths of
ni t rogen. %? An _em ssions control systemas described in claim1l1, wherein
the conblistiofRsuing daims andethecepivaleass théreahpeitnitiddaagemdent ofla®, An
em ssions control systemfor the after treatnment of a diesel fue

combusti on priRenteedorsnot inteddrp dutipatesimodisalosed lealsédipasiageway f or

t he passage _of an exhaust stream containing exhaust Dbyproducts fromthe
combust i BAPBE, anditetlet ektait agnpisciised modHGa6A8 ©reARAHBEs may not

conti nuously regenerating technol ogy diesel particulate filter 'l ocated

wi thin therax kdlisitiinthageopy oANHe AR dhtP (OB AGHCHLLIEKD UM of £
wherei n the exhaust stream conprises a nanganese conpound I ¢ch conpléxes
Wi th at inveationnmddr thieedeothinesdt HAGALHES S, Whereby the operation of the
continuously regenerating technol ogy diesel particulate filter is enhanced
by at least one of the following: reduction in the inpact of poisons on
t he em ssions control '

2




system- reduction in the rate of soot accunulation, and reduction in the
tenperature at which the soot is oxidized in the filter, wherein the
manganese conpound is an inorgani ¢ nanganese conpound, and wherein the
additive being free of a platinumgroup nmetal selected fromthe .group
consisting of platinum palladium rhodium ruthenium oxmum and iridium

9. An em &l ﬂ#&dr | system as described in claim8, wherein the diesel
fuel is ‘Z@aglc%ts%g' rof% t he group consisting of biodiesel, biodiesel -

derived flel, Andemisgionhetoniradli system ffoel thel6fterAtreatmadi ons dasser dlelsyst em
as descri, ' ' : ' l.esel fuel contains |ess than 20 ppm
Elylof bR oW S e

of sul fur m SSI ONS con s described in claimS8, y\/nerei n
t he i norgani c am@nbaurst g@seagayEyNidr ithe pabsageecdl fm @xhalst streampcantainingt i ng  of

hoohat ogrBlk bl BT SRLESE s RIT NG R Al BhES
t hereof . ddmpomdeni ssions control systemas described in claim8, wherein
e, T8 SS o OPRRUCARE RSP b B e T R S
t he conbuatd adaptdsltproodtact thesxhalst streamf r om t he group consi sting of
DSl oo 0 MBS AR, HHTRRESS SRR I e wibtes o
ni t r ogen. cotwplexs veth atdeast one i theodxhaysit wprakictic steidhe thd opethtinofdhe Wher ei n
the Conbucsattélgzréd ai\égélewalftigﬂlg{éeﬁltecrolrsrp(rerji[r;sa%%eg t;ye%p -](L..\Ia%t osnteocrnta -ﬂ'n% go?l\é{v?n%':
reduction in the impact of poisons on the emissions control system, reduction in the
rate of soot accumulation, and reduction in the temperature at which the soot is
oxidized in the filter,
wherein the manganese compound is an inorganic manganese compound,
and wherein the additive being free of a platinum group metal selected from
the group consisting of platinum, palladium, rhodium, ruthenium, osmium, and

iridium.

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

synthetic diesel fuel.

3. An emissions control system as described-in claim 1, wherein the diesel fuel

contains less than 30 ppm of sulfur.

4. An emissions control system as described in claim 1, wherein the
inorganic manganese compound is selected from the group consisting of fluorides,
chlorides, bromides, iodides, oxides, nitrates, sulfates, phosphates, ' nitrides,
hydrides, hydroxides, carbonates and mixtures thereof.

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

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

byproduct is selected from the group consisting of particulates, soot, unburned soot,
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15. An emi ssions control systemfor the after treatnent of a diesel fuel
combustion process exhaust stream conprising: an exhaust passageway for the
passage of an exhaust stream containing exhaust fi byproducts fromthe
conbustion of a diesel fuel, a catalyzed diesel particulate filter |ocated
wi thin the exhaust passageway and adapted to contact the exhaust stream

wher ei n t BeedtiR e a I LDk Into it, th dditive
conpri si ngﬁc a nah%ltang]?g _cor!ragg%’ndB\?\E@@ﬁ%‘ﬁﬁﬁtg&em&%@@sl eacgf"béjﬁgedgf t he
exhaust  Byfspearbens; andieidenf nitiegasper ati on of the catal yzed di esel _
particulate filter is enhanced by at | east one of the follow ng: reduction

i'n the inmpact of poisons on the emssions control system reduction in the
rate of ,rsrgot afe @missigriseniralrystestas tesoibied in cihim 1 cmfpereiatthe eombustianch t he

S00t IS OXjfh j L e : ' nganese conmpound is an
I nor gani C@ﬁggr{ggﬁtggg%@ n%ﬁr#of%%r%‘%@?@? b\g\?ﬁgaaddi tive being free of a
pl ati num group netal selected fromthe group consisting of platinum

[ hogl : ' ' g di 16. AAn em ssi.ons
Bontrol st omoShyselth et R or NG, i éfimenl rsd) SRl RIS
sel ect ed gandfristioe prpcespexhanst steamy complisiogt esel ,  bi Iodi esel - derived Lugl n
| [ ] SSI ontrol system as gdescribe
1 ai m 18, o pdrs! BEReoclial tor'fe ieRs &l B2LR gl sriem BTG S hERR ur 15,
An eni ssikymsodists fran theyeonshustion dies diesdddelicomprisingnathangahesetampdigd, nor gani ¢
MNganese, %BHHRHGQW' %géﬁérﬁﬁﬁgegechﬁgl{)ngytr %es%? %% icﬁ%?es Iﬁﬁérl i?)gat%]::l \];Jilﬂ’ll'gr? rthg ©s

chl ori des,
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 by at least
one of the following: reduction in the impact of poisons on the emissions control
system, reduction in the rate of soot accumulation, and reduction in the temperature
at which the soot is oxidized in the filter,
wherein the manganese compound is an inorganic manganese compound,

~ and wherein the additive being free of a platinum group metal selected from the
group consisting of platinum, palladium, rhodium, ruthenium, oxmium, and iridium.

9. An emissions control system as described in claim 8, wherein the diese! fuel
is selected from the group consisting of biodiesel, biodiesel - derived fuel, and
synthetic diesel.fuel.

10. An emissions control system as described in claim 8, wherein the diesel fuel
contains less than 20 ppm of suifur.

11. An emissions control system as described in claim 8, wherein the inorganic
manganese compound is selected from the group consisting of fluorides, chiorides,
bromides, iodides, oxides, nitrates, sulfates, phosphates, nitrides, hydrides,
hydroxides, carbonates and mixtures thereof.

12. An emissions confrol system as described in claim 8, wherein the manganese
compound comprises about 1 to about 30 mgMn/liter of the fuel.
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broni des, iodides, oxides, nitrates, sulfates, phosphates, nitrides,
hydrides, hydroxides, carbonates and m xtures thereof. 31 19. An em ssions
control systemas described in claim15, wherein the manganese conpound
conprises about 1 to about 30 mgWh/liter of fuel. 20. An emi ssions control
system as described in claim215, wherein the conbustion byproduct is

sel ected om | Sl f Leul.at es, soof,. unburned soot,
unconbust gg hyg\b %ﬁ%ﬁ%ﬁs@ﬂggir %)lsgﬁ}ﬁ ? Q (‘;j 8%%%%{1 gnd&%iyhg’p‘@%errsgr@? 00'5'5 H%l?gt ed
hydr ocar bb:_ﬁypd'{m;ﬁﬁ gsieaied from the tarareconsisting Aﬁpmlﬂahes,lm?od:,an?umedsamt,_em asa
loan NO. S OrTAB | Pyatbabehs, | BEal PRSI, SRt oreorihlor or

t r eat ment hysirogarbenss and pxides ofgvinbgest i on process exhaust stream conpri sing:
an exhaust passageway for the passage of an exhaust stream contai ning

exhaust byproducts fromthe conmbustion of a diesel fuel, a continuously
regener at 14hg t Aulemigsiagy contesledystear 6 dedcribed fri dldier 8, lvareadina dheVedbiistioh he

exhaust pég@é}g(ﬁw ' ted ct the exhaust stream wherein the
exhaust stream asrgér}g%_ %lgtll‘%lih\glget1 m%g%}%%e%ﬂ'cfﬁo it, the additive conprising
a manganese conpound whi ch conpl exefs Wlhth at | east Ione of threat gghaust.
byproductg; whgrehy:. t:he. o | P cont i nuoys regen
t echnol og§5'di e’g'él Qﬁg%n ﬁ%u g"ltirg_f fSS’?fteg} f?'l’s%é%ha@ﬁ%e@e%?'e\ét qﬁeass'eﬁﬂe o thle
f ol | owi ngeombustion picoess exhahst stne)alfmd:onqinsmgt sonis on the e(rjn f;hogfi g(r)]nit Lot e
system rg | ' te Q oot accunul afi on, and, redu
t enper at u@‘ggg@du\%ﬂpé%ab%ga% g%ttﬁfz é)asgage of an exhausE sfredam containing exhaust

- byproducts from the combustion of a diesel fuel,

a catalyzed diesel particulate filter located 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 catalyzed diesel particulate filter is
enhanced by at least one of the following: reduction in the impact of poisons on the
emissions control system, reduction.in the rate of soot accumuiation, and reduction in
the temperature at which the soot is oxidized in the filter,

wherein the manganese compound is an inorganic manganese compound,

and wherein the additive being free-of a platinum group metal selected from the
group consisting of platinum, palladium, rhodium, ruthenium, asmium, and iridium,

16.  An emissions control system as described in claim 15, wherein the diesel fuel
is selected from the group consisting of biodiesel, biodiesel - derived fuel, and
synthetic diesel fuel.

17. An emissions control system as described in claim 15, wherein the diesel fuel
contains less than 30 ppm of sulfur.

18. An emissions control system as described in claim 15, wherein the inorganic
manganese compound is selected from the group consisting of fluorides, chlorides,
bromides, iodides, oxides, nitrates, sulfates, phosphates, nitrides, hydrides,
hydroxides, carbonates and mixtures thereof. '
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oxidized in the filter, wherein the manganese conpound isS an inorganic
metal conpound, and wherein the additive being free of a platinum group
netal selected from the group consisting of platinum palladium rhodium
ruthenium osmum and iridium 23. An em ssions control system as
described in claim?22, wherein the diesel fuel is selected fromthe group

consi sting19f bpgdi biod S i : I i C odl esel
fuel. 24. lg emAgslielg%giog(s)n%@gﬁofzﬁ)ss%eénnsd%sd%grs‘%ér&?t')neda%] ﬂ‘ c?%?%%{n \}vﬁéerei n
t he di esel Mapgiese §AMAPYRA ¢asmpgiseh ghowd fombout 3GmokMofiter 8pfues. An eni ssi ons
control system as described in claim?22, wherein the inorganic manganese
compound is_selected fromthe group consisting of fluorides, chlorides,
broni des, #®di 0BR, eispigas  caofitrof saystem sag fdeserbedpliro siidion 4S5, whereinddhs

hydri des, ¢ | ri ' 1 eplSsi ons
control sysﬁ?njsgas‘h g)ggrggiggelgo%zé C af'ﬂﬁ‘zEﬁex%%‘??hg?@%%%@%%@%% (g:r%o'rirt’pound
conpri ses WHBHAed] spgt almamimstady diocedonaf patially-oembustad hydrenarbngsisons

control  sysirllss HRRKEIRAG, drit GlidisBrAfrogehier ei n the combustion byproduct
is selected fromthe group consisting of particulates, soot, unburned

soot, unconbusted hydrocarbons, partially-conbusted hydrocarbons,

conbust ed Mdromrm%onﬁg%nggjzcg?aﬁm 4y td'e%g%goﬁﬁi% i 981 Sgi&es grtrol

system as described in claim “wherein t on system furt her
conpri ses @mMkugHoneriem Birhigeceranises a lean-NO, storage device.

22. An emissions control system for the after treatment of a diesel fuel
combustion process exhaust stream comprising:

an exhaust passageway for the passage of an exhaust stream containing
exhaust byproducts from the combustion of a diesel fuel,

a continuously regenerating technology diesel particulate filter located within
the exhaust passageway and adapted to contact the exhaust stream,

wherein the exhaust stream has an additive introduced info 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 by at least one of the following:
reduction in the impact of poisons on the emissions control system, reduction in the
rate of soot accumulation, and reduction in the femperature at which the soot is
oxidized in the filter,

wherein the manganese compound is an inorganic metal compound,

and wherein the additive being free of a platinum group metal selected from
the group consisting of platinum, palladium, rhedium, ruthenium, osmium, and
iridium.

23. An emissions control system as described in claim 22, wherein the diesel fuel
is selected from the group consisting of biodiesel, biodiesel - derived fuel, and
synthetic diesel fuel.

24, An emissions control systems as described in claim 22, wherein the diesel

fuel contains less than 30 ppm of sulfur.
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29. ‘An em ssions control systemfor the after treatnent of a fuel
conbustion process exhaust stream conprising: an exhaust passageway for
t he passage of an exhaust stream contai ni ng exhaust byproducts fromthe
conbustion of a fuel conprising a nmanganese conpound, wherein the exhaust
stream conpri ses a manganese conpound whi ch conpl exes with at | east one of
t he exhauskgbypr ; al ‘ 1554, Q1 er
t reat ment tszg'st err)?rig %Eﬁlﬁg%%@%y%%lﬁggs%%@gg Tat'rhteﬁ f gﬁ%ﬁﬁhg%@%ﬁgct i on

i n the rat 8135P2ReREt ContReund lisas¢lesied fam hedireup oensising oé flueridssr ehloridesat  whi ch
t he soot i Hed zedi i t I | wh kot n g s an

i norgani c %ﬁfj_&éo%&dﬁ%d,%ﬁ' ig-rl':ﬂzaeish ?‘ﬂ@ké&ﬂd% vie %g’i ﬁgﬁg%%gﬂg?ﬁ%sbl ati num
group net ahydexides, sarbonpales ané mixjureatheresisi sti ng of plati num pal | adi um
rhodi um ruthenium osmum and iridium 30. An em ssions control system
as described in claim?29, wherein the fuel is selected fromthe group

consi sting of gasoline, bunker fuel, coal dust, crude oil, refinery
 bottoms' 26 bARPERIMEHS EARIF Uystd e Uskrisll iRCham. B2 aLAGHR 4RS! oS
yard trimm ngs and waste, wood chips and saw dust, agricuftural waste or

tillage, pRagaIess campovicheamprisgaabeutialotaboaid() mgMbiitgpobtiedusl, and ni xt ures
thereof, and 33 emnul sions, suspensions, and dispersions thereof in water,
al cohol, or other carrier fluids. 31. An em ssions control system as
descri bed i24- cl Annem@sionkeeaitiol tdystenueds deseheds & arigiol2Znewhedein Ane

em ssi ons combifsBbn DYSAMREE SREd RER 12 §loftb BorQstind 6 Bhrchiffs! Skt
unburned soot, uncombusted hydrocarbons, partially-combusted hydrocarbons,
combusted hydrocarbons, and oxides of nitrogen.

28. An emissions control system as described in claim 22, wherein the

combustion system further comprises a lean-NO, storage device.

29. An emissions control system for the after treatment of a fuel combustion
process exhaust stream, comprising:
an exhaust passageway for the passage of an exhaust stream containing exhaust
byproducts from the combustion of a fuel comprising a manganese compound,
wherein the exhaust stream 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 by at least one of the following:
reduction in the rate of soot accumulation, and reduction in the temperature at which
the soot is oxidized in the filter, |
wherein the manganese compound is an inorganic metal compound,
and wherein the additive being free of a platinum group metal selected from the
group consisting .of platinum, palladium, rhodium, ruthenium, osmium, and iridium.

30.  An emissions control system as described in claim 29, wherein the fuel is
selected from the group consisting of gasoline, bunker fuel, coal dust, crude oil,
refinery "bottoms” and by-products thereof, crude oil extracts, hazardous wastes,
yard trimmings and waste, wood chips and saw dust, agricultural waste or tillage,

plastics and other organic waste and/or by-producis, and mixtures thereof, and
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conprises coal dust. 33. An em ssions control system as described in claim
30, wherein the fuel conprises crude oil. 34. An em ssions control system
as described in claim30, wherein the fuel conprises agricultural waste.

35. An em ssions control system as described in claim30, wherein the fuel
conpri ses hazardous waste. 36. An em ssions control system as described in

claim 30, whedsd, %t}%efngﬁhs é?ﬂna%begrgi% 8rtr9é\'l}\gbfcin%%re 'alciizol o ORIl $34R2PS
control systemas described 1'n clai M 3 , erein the Tuel = conprises
refinery bBvigddns. 38. An enissions control systemfor the after treatnent
of a fuel conbustion process exhaust stream conprising: an exhaust
passageway for the passage of an exhaust stream containing exhaust

bypr oduct s3#+ omAnhemissienaisonisel eyfstem fage desaiibed i relaime3@xwhersin dter &sin has an

additive i pihpsicesbifee it, the additive conprising a nanganese conpound
whi ch conpl exgs w%bg{e'least one of the exhaust byproducts, whereby the
operation of the em ssions after treatnent system is enhanced by at | east

one of thegjol | gpi bR WB ki Rorh N PQP&I%%d 95 PRhS S\gﬁ&egﬁlﬂ% ) Ssions

. o

s . .
control system re%c?l on 1n hseysr at e of "soot  accumnul ati uction
i n the tenpanpsgseogkdushi ch the soot is oxidized, wherein the manganese
conpound is an inorganic netal conpound, 34

33. An emissions confrol system as described in claim 30, wherein the fuel

‘comprises crude oil.

34. An emissions control system as described in claim 30, wherein the fuel

comprises agricultural waste.

35. An emissions control system as described in claim 30, wherein the fuel

comprises hazardous waste.

36.  An emissions control system as described in claim 30, wherein the fuel

comprises organic waste.

37. An emissions control system as described in claim 30, wherein the fuel

comprises refinery bottoms.

38. An emissions control system for the after treatment of a fuel combustion
process exhaust stream comprising:

an exhaust passageway for the passage of an exhaust stream containing
exhaust byproducts from the combustion of a fuel,

wherein the exhaust stream has an additi\}e'introduced into it, the additive
comprising a manganese compound which complexes with at least one of the
exhaust byproducts, whereby the operation of the emissions after treatment system
is enhanced by at least one of the following: reduction in the impact of poisons on
the emissions confrol system, reduction in the rate of soot accumulation, and
reduction in the temperature at which the soot is oxidized,

wherein the manganese compound is an inorganic metal compound,
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and wherein the additive being free of a platinumgroup netal selected from
the group consisting of platinum palladium rhodium ruthenium osmum
and iridium 39. An em ssions control system as described in claim 38,
wherein the fuel is selected fromthe group consisting of gasoline, bunker

fuel, coal dust, crude oil, refinery "bottons" and by-products thereof,
crude oil extracﬁ;’ hazardous wastes, vyard trimm ngs and waste, wood Chl ps
and saw dust Wogrein, fhe adgitivecbeing ﬂ‘rﬁmO&gdolaﬂr\ynagm@sn%tabseiem froirfIganl c

wast e andfrer gh)(;ppb@ﬁba&hg o2 PRIl WASHLREB&iumaMihe HH'J Séé?ﬂﬁ
suspen5|on%[ and di spersions thereof in water, alcoho or et carrler
fluids. URh eni ssions control system as descrl bed i n claim39, wherein

the fuel conprises gasoline. 41. An emissions control systemas described

inclaim erefn the fuel conprises bunker fuel. 42. An em ssions
contr ol %@te "a%mﬁé@ﬁ ioBBHOli $ysiarai 3R descrip ireiclim Hi8, fwhareinctbefuélsies coal

dust 43. delogisl SRNDRR GRRDT nsRIRG YT RRoARS HuhRE D c‘blaf'dm;t?’%r dihgreln the

fuel co rlses crude oil. 44. An em’ssions control m as cr’l bed in
cl ai m 39, "EfiREVePAteRE ?%Iby"%@q'ﬂﬁtﬁ dhsreafy crusigl leﬁm’amm@ardWS wastesyi ssi ons

control sysdanmasngiests wWaad, WBo8!did® 3N %MO%{
hazar dous wast e. 6. An em ssi ons cdoynt roF u@f %g[gglﬂt ﬁé%@r'al%gg’mlé% aim 39,
wherei n thjast Fﬁe"f’”d other organic waste and/or by—products and mixiures thereof, and

emulsions, suspensions, and dispersions thereof in water, alcohol, or other carrier
fluids.

40.  An emissions control system as described in claim 39, wherein the fuel

comprises gasoline.

41.  An emissions control system as described in claim 39, wherein the fuel

comprises bunker fuel.

42.  An emissions control system as described in claim 39, wherein the fuel

comprises coal dust

43.  An emissions control system as described in claim 39, wherein the fuel

comprises crude oil.

44, An emissions control system as described in claim 39, wherein the fuel

comprises agricultural waste.

45.  An emissions control system as described in claim 39, wherein the fuel

comprises hazardous waste.

46.  An emissions control system as described in claim 39, wherein the fuel

comprises organic waste.

47. An emissions control system as described in claim 39, wherein the fuel
comprises refinery bottoms.
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conprises organic waste. 47. An enmi ssions control systemas described in
claim 39, wherein the fuel conprises refinery bottons. 35 ABSTRACT

EM SSI ONS CONTROL SYSTEM FOR DI ESEL FUEL COVBUSTI ON An em ssions control
systemfor the alter treatnment of a fuel conbustion process exhaust stream
i ncl udes an exhaust passageway. The exhaust passageway allows for passage.
of an exhaust stream containi ng exhaust byproducts fromthe conbustion of

a fuel that nese _co \CTThe exhaust stream i ncl udes -a
nmanganese coﬂ#rip%% mﬁm@%ﬁﬁ@ §§§ P H§SEle FIE L ROMBUS BHON X haust
for :

AT
bypr oduct s.An emissions control syste %Ig'grggt?ngnt of a fuel combustion

process exhaust stream mcludes an exhaust passageway The exhaust
| passageway allows for passage of an exhaust stream containing exhaUSt
byproducts from the combustlon of a fuel that includes a manganese

compound. The exhaust stream includes a manganese compound which

complexes with at least one of the exhaust byproducts.
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