~11 DELI VERI NG MOLYBDENUM FROM A LUBRI CANT SOURCE | NTO A FUEL COVBUSTI ON
SYSTEM FI ELD OF THE | NVENTI ON The present invention relates to an apparatus
and net hod for delivering nolybdenum froma |ubricant source into a fuel
.conbustion:systemor to the exhaust therefrom By the 5 present invention,
mol ybdenum f Fom the lubricant will interact w th phosphorus, sulfur, and/or
| ead fromthe conbustion products. Ml ybdenum can al so enter the conbustion
systemin the present invention as a conponent of the fuel being burned.
I'n this invention, the nolybdenum scavenges or inactivates harnfu
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i nproving conbustion efficiency of a fuel being conbusted in a conbustion
uni t thrﬂgﬁ) bﬁmm!ﬁ t herein of nol ybdenum The present invention
can als ability of exhaust after treatnent systens.
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by- pr Od"igatds frcgnq thtehc%m usl}lon products. Molybdenum can also enter the combustion system in the

present invention as a component of the fuel being burned. In this invention, the molybdenum
scavenges or inactivates harmful materials which have migrated into the fuel or combustion
products, and which can otherwise poison catalytic converters, sensors and/or automotive on-
10 board diagnostic devices. The invention thus provides a method for improving combustion
efficiency of a fuel being combusted in a combustion unit through the introduction therein of
molybdenum. The present invention can also lead to improved durability of exhaust after

treatment systems.

15  BACKGROUND OF THE INVENTION

A problem exists in fuel combustion systems in which the-fuel contains, or acquires, or
produces upon combustion, one or more metal (e.g. lead), sulfur, and/or phosphorus
contaminants that can poison or degrade catalytic converters, sensors, or on-board diagnostic
deviqes.

20 An additional problem is created by such contaminants in the form of undesirably
increased levels of certain cormbustion products or by-products in the exhaust. -

Yet another problem from such contaminants is a detrimental effect on after treatment

systems. These contaminants can include elemental phosphorus, lead and sulfur, or compounds



Yet anot her problemfrom such contam nants is a detrinental effect on after
treatnent systens. These contam nants can include el enental phosphorus,

| ead and sul fur, or conpounds 1t thereof in the fuel, or in the air. The
contam nants can also get into the fuel, or the conbustion chanber, or the.
conbustion exhaust streamfromthe engine |ubricants which often contain
phosphor us-cont ai ni ng and sul fur-containing additives, and | ead conpounds
associated with conbustion systen1mear. In addition, the conbustion in a
waste incinerator of waste engine oil 5 will often have oil containing a
mol ybdethersof ibihe Eiel.yor b thaalri chliedemtamingulis cirvaso get intethe fued) dr-thenwwbusfirenonenon
t hat vehicles and ot her conbustion systens consune, that is the engine
burns, ehdmbesed thescomblustivmiexhavst ftegamtitom thagigine l@brimtsiw#gclpaﬁtmoofaim
conbustion system Various pathways exist for lubricating oil to enter the
conbust ipbespbyrss-erntaining/and silfus-comxinmgstidisveseanh ledd @ampbyndshesoeateadovith
conponents or additives in the lubricating oil also are ] 0 consuned or
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the conbustion systenis catalysts, after treatnment system and em ssions.
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interaction of conponents (such as phosphorus, |ead and/or sul fur arising
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conbustion process) with the conmbustion exhaust streamto thereby 15
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10 consumed or burned and these components or additives can have deleterious effects on the
combustion system’s catalysts, after freatment system, and emissions.
It is therefore desirable to inhibit, reduce or prevent the deleterious interaction of
components (such as phosphorus, lead and/or sulfur arising from the lubricant source, air or fuel
or otherwise entering the combustion process) with the combustion ex.hausf' stream to thereby

15  prevent catalyst poisoning, after treatment system malfunction, and increased emissions.

SUMMARY OF THE INVENTION
In an embodiment, the present invention provides a method to inhibit, reduce or prevent |
the déleterious interaction of components (such as phosphorus, lead and/or sulfur arising from
the Iubricant source, any processing aid or adjuvant, fuel, fuel additive, air or otherwise entering
20  the combustion process) with the combustion exhaust stream of a combustion unit by the
introduction to the unit or its exhaust stream of an effective amount of molybdenum to thereby
prevent catalyst poisoning, sensor poisoning, after treatment system malfunction, and/or

increased emissions,



20 the conbustion process) with the conbustion exhaust stream of a
conbustion unit by the introduction to the unit or its exhaust stream of an
ef fective anmount of nol ybdenumto thereby prevent catalyst poisoning,
sensor poi soning, after treatnent system nal function, and/or increased

em ssions. 2 In another enbodi nent, the present invention provides a system
ftor adding an effective anpunt of nolybdenumto the conbustion of a fuel
for scavengi ng phosphorus, |lead and/or sulfur fromthe fuel or the
products resulting fromthe conbustion of the fuel. The present invention

further rel at to netheds inmprove the durability of an.after..5.
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mol ybde riifRsHt 5yigrfor ABprELYRtiEn svstenny yhersin themicthed nghugdes Fonigpting Ehgrproducts
mol ybdenum sul f onat e, nol ybdenum phenate, nol ybdenum salicyl ate, nolybdenum
car boxy | ¥fitkescompysiesaefiadydencahpricarus e adh 2 Inkrirenigonindnowelybdere inshy bdenum
salicylates, neutral and overbased nol ybdenum phenates, neutral and
over bas eanqwt e etdvsthe mohddenym tSnigranomitueneras inydyel eandamisents seleotel fidsaat e,
pot assi um nol ybdate, and nol ybdenum hal i des, conpounds derived from
mol ybderthergroap consibting bhplesplmegs, suiflir deaotrebmpowds themebinratd moductetd themgbyt ur es
t hereof . Exanpl es of commercial sulfur-containing oil soluble nolybdenum
conpoundsdize ¢heSakamael aeer 130 ofShk conganhivdgs ddnfactiiGathe afierd trdaemehb Beviand
Sakur a- Lube 180
10 By “molybdenum™ herein is meant any molybdenum compound, source or material,
including but not limited to molybdenum trioxide, mono-nuclear and di-nuclear and tri-nuclear
molybdenum sulfonate, molybdenum phenate, molybdenum salicylate, molybdenum
carboxylates, molybdenum dithiocarbamates, neutral and overbased molybdenum salicylates,
neutral and overbased molybdenum phenates, neutral and overbased molybdenum sulfonates,
15 ammeonium molybdate, sodium molybdate, potassium molybdate, and molybdenum halides,
compounds derived from molybdenumn reacted with amines and alcohols, and combinations and
mixtures thereof. Examples of commercial sulfur-containing oil soluble molybdemum
compounds are Sakura-Lube 100, Sakura-Lube 155, Sakura-Lube 165, and Sakura-Lube 180
from Asahi Denka Kogyo K.K.., Molyvan® A, Molyvan® 807 and Molyvan® 822 fromR. T.
20  Vanderbilt Company, and Naugalube MolyFM from Crompton Corporation. Examples of
commercial sulfur- and phosphorus-free oil soluble molybdenum compounds are Sakura-Lube

700 from Asahi Denka Kogyo K.K., and Molyvan® 856B and Molyvan® 855 from R. T.

Vanderbilt Company, Inc.



~from Asahi Denka Kogyo K K., Mlyvan(r) A Mlyvan(r) 807 and Ml yvan(r)
822 fromR T. 20 Vanderbilt Conpany, and Naugal ube Mol yFM from Cronpt on
Cor poration. Exanples of comercial sulfur- and phosphorus-free oi

sol ubl e nol ybdenum conpounds are Sakura-Lube 700 from Asahi Denka Kogyo

K. K., and Mdlyvan(r) 856B and Ml yvan(r) 855 fromR T. Vanderbilt
Conmpany, Inc. 3 The nol ybdenumis preferably present in the |ubricant as an
oi |l -soluble additive that can volatilize and thereby enter the conbustion
chanber or exhaust stream It may also enter the conbustion chanber
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i ndex greater than or equal to 120. In a nobre preferred enbodi nent, the
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10 viscosity index greater than or equal to 120. In a more preferred embodiment, the base oil is
substantially sulfur-free.

By “scavenging” herein is meant the contacting, combining with, reacting, incorporating,
chemically bonding with or to, physically bonding with or to, adhering to, agglomerating with,
affixing, inactivating, rendering inert, consximing, alloying, gathering, cleaﬁsing, consuming, or

15  any other way or means whereby a first material makes a second material unavailable or less
available.

By “interaction”, “interacting” and “interacts” herein is meant scavenging.

By “inactivating” herein is meant scavenging.

By “hydrocarbonaceous fuel” herein is meant hydrocarbonaceous fuels such as but not

20  limited to diesel fuel, jet fuel, alcohols, ethers, kerosene, low sulfur fuels, synthetic fuels, such as
Fischer-Tropsch fuels, liquid petroleum gas, fuels derived from coal, genetically engineered

biofuels and crops and extracts therefrom, natural gas, propane, butane, unleaded motor and

aviation gasolines, and so-called reformulated gasolines which typically contain both



By "inactivating" herein is meant scavengi ng. By "hydrocarbonaceous fuel™"
herein i s meant hydrocarbonaceous fuels such as but not 20 limted to

di esel fuel, jet fuel, alcohols, ethers, kerosene, |ow sulfur fuels,
synthetic fuels, such as Fischer-Tropsch fuels, liquid petroleum gas,
fuels derived fromcoal, genetically engineered biofuels and crops and
extracts therefrom natural gas, propane, butane, unleaded notor and

avi ation gasolines, and so-called refornul ated gasolines which typically
contain both 4 hydrocarbons of the gasoline boiling range and fuel -sol ubl e
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met hyl ether, ethyl tertiary butyl ether 5 and m xed ethers. Oxygenates,
when’ usder usgiin the Aealnef| thy prseenpinsendion inghudeprethaaply pthenoltigaprongalof-PHandyel i n
an anount bel ow about 25% by vol une, and preferably in an anount that
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about 5 percent by volune. "Hydrocarbonaceous fuel"™ or "fuel" herein shal
al so smeand wastdeetimrs. u Satigamaigs, véep psedppilbrormall s bepreesnt wele wiormalatedot cont ai n
nol ybdenum gasol i ne, bunker fuel, coal (dust or 10 slurry), crude oil,

r ef i ner yatdiot thoshid areavabuny bedow dbait 85%dyudbm, kndepeefemblysip ahamaridbd wast es,
yard trinmmngs and waste, wood chips and saw dust, agricultural waste,

f odder, motiagen opygsitdotentAthe wehdfudighe ramgaatiteuthitozbooys perodudys, and
m xtures thereof, and emnul sions, suspensions, and dispersions thereof in
wat er,  alof@h®! <Hydfocaibbricedrfuéle br fhiel HereinByall slicemedn Wased dr heat @igineis meant
one or nore fuels selected fromthe group consisting of diesel fuel,
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about 30 ppm

trimmings and waste, wood chips and saw dust, agricultural waste, fodder, silage, plastics and
other organic waste and/or by-products, and mixtures thereof, and emulsions, sﬁspensions, and
dispersions thereof in water, alcohol, or other carrier fluids. By “diesel fuel” herein is meant
one or more fuels selected from the group consisting of diesel fuel, biodiesel, biodiesel-derived

15  fuel, synthetic diesel and mixtures thereof. It is preferred that the hydrocarbonaceous fuel is
substantially sulfur-free, by which is meant a sulfur content not to exceed on average about 30 ppm
of the fuel. Since the fuel useful in the present invention may include used or waste oil having a
molybdenum friction modifier or lubricity additive, the molybdenum in the scavenging and
protection achieved by the present invention can also come from such a fuel instg_ad of, orin

20  addition fo, the hubricant.

By “combustion system™ and “apparatus” herein is meant, for example and not by

limitation herein, any diesel-electric hybrid vehicle, a gasoline-electric hybrid vehicle, a two-

stroke engine, any and all burners or combustion units, including for example a_nd without



of the fuel. Since the fuel useful in the present invention may include
used or waste oil having a nolybdenumfriction nodifier or lubricity
additive, the nolybdenumin the scavenging and protection achieved by the
present invention can also cone fromsuch a fuel instead of, or in 20
addition to, the lubricant. By "conbustion systeni and "apparatus" herein
is meant, for exanple and not by Ilinitation herein, any diesel-electric
hybrid vehicle, a gasoline-electric hybrid vehicle, a two- stroke engine,
any and all burners or conbustion units, including for exanple and w thout
5 limtation herein, stationary burners, waste incinerators, diesel fuel
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resul ti g cewhutiet 2 bydrecgphonagsops fusly | evel s of phosphorus are desirable in
many current |ubricant 15 fornulations, and it is anticipated that |ower
| evel s of ph&¥pRete@ingnhegisis masnt shagontacting, bringing together, reacting, complexing,

10 coordinating, combining, admixing, mixing, and the like association between two or more
materials, whether or not a chemical or physical reaction or change occurs.

By “essentially free of phosphorus and compounds thereof” is meant an amount of
elemental phosphorus or a compound thereof which is less than about 10 ppm in the lubricant or
resulting exhaust stream. Such low levels of phosphorus are desirable in many current lubricant

15 formulations, and it is anticipated that lower levels of phosphorus in tubricants will be
continually sought, perhaps required. A preferred level of phosphorus in the lubricant is an
“amount between 1 ppm and approximately 1500 ppm. A more preferred level of phosphorus in
the Iubricant is an amount between 500 ppm and 1200 ppm.
By “after treatment system” or “after treatment device” herein is meant any system or
20 device which contacts the combustion product(s) from a combustion chamber in a manner
designed to oxidize, reduce or otherwise treat the combustion product(s). Examples, but not by

way of limitations herein, of such after treatment systems include an automobile three-way

catalytic converter, lean NOy traps, catalyzed diesel particulate filter (“C-DPF”) and a



continually sought, perhaps required. A preferred |evel of phosphorus in
the lubricant is an anount between 1 ppm and approxi mately 1500 ppm A
nore preferred | evel of phosphorus in the lubricant is an anount between
500 ppmand 1200 ppm By "after treatnment systent or "after treatnent
device" herein is neant any systemor 20 device which contacts the
tonbustion product(s) froma conbustion chanber in a manner designed to
oxi di ze, reduce or otherw se treat the conbustion product(s). Exanples, but
not by way of limtations herein, of such after treatnent systens include
an aut onRRidudiP FeendMavhg t6hBlody Hiesd PRYEHLE Fite). 8 NRatmbiiADSem AL YZEed
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phos phoFti2langtign g the presgnt mventiop, @3, ds thereof in an exhaust stream from
t he conbustion of a hydro carbonaceous fuel in a conbustion system

| ubricated by a lubricant, said nmethod including the steps: (a) lubricating

DETAILED DESCRIPTION OF THE PRESENT INVENTION

10 In a more specific embodiment, the present invention provides a method for reducing the
amount of, or the deleterious effect on exhaust emissions after treatment and control devices
from, at least one contaminant selected from the group consisting of phosphorus, lead, sulfur,
and compounds thereof in an exhaust stream from the combustion of a hydrocarbonaceous fuel
in a combustion system lubricated by a lubricant, said method including the steps: (a) lubricating

15 the combustion s;ystem with the lubricant comprising a major amount of a base oil of lubricating
viscosity and a minor amount of one or more additives comprising (i) at least one organosulfur
compound, or at least one organophosphorus compound, or both, and (it) at least one
molybdenum soﬁrce; (b) combusting in the combustion system the hydrocarbonaceous fuel to
produce combustion products comprising at least one contaminant material selected from the

20  group consisting of sulfur, lead, phosphorus, and compounds thereof; and (c) contacting the
molybdenum with the sulfur, lead, phosphorus, and compounds thereof in the combustion
products, whereby the molybdenum interacts with the sulfur, lead, phosphorus,. and/or

compounds thereof. This interaction between the molybdenum and the sulfur, lead, phosphorus,



15 the conbustion systemw th the lubricant conprising a major anount of a
base oil of lubricating viscosity and a m nor anount of one or nore
additives conprising (i) at |east one organosul fur conpound, or at |east
one or ganophosphorus conpound, or both, and (ii) at |east one nolybdenum
sourcte; (b) conbusting in the conbustion systemthe hydrocarbonaceous fuel
to produce conmbustion products conprising at |east one contam nant
materi al selected fromthe 20 group consisting of sulfur, |ead, phosphorus,
and conpounds thereof; and (c) contacting the nolybdenumwth the sulfur,

| ead, phosphoru i ; t ts,
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t he benefici.al results_include maintaining.catalytic converter performance,
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mai ntai ni ng diesel 5 particulate filter (DPP) performance. The present
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conbusti on sisten1for i nprovi ng DPF performance, as determ ned by reduced
thermal  gr aVheesanginyemiopiss pEydtes pimgrtodof pmprevipe thercgpibustioniof a feal vy
conprising introducing a conbustion inproving anount of nolybdenumto the
combust combistion systamb (93 inprevisg P meprpante af detprmipgidiyanduceth thermar nal
gravinetric analysis light-off tenperature is reduced relative to the

t her mal goavinrdtrie analysissaoal Keht-offit¢nyperatoref saidompibeheampsismghnieadudings t he absence
of the introduction of nolybdenum Wen cars are operated w th nol ybdenum
in the kobbatiantmpiorisg aplhespiionlddesut fothg camtghstion in a combustion system of a

10 fuel, whereby the thermal gravimetric analysis light-off temperature is reduced relative to the
thermal gravimetric analysis light-off temperature achieved in the absence of the introduction of
molybdenum.

When cars are operated with molybdenum in the lubricant, less phosphorus, sulfur, and
lead will be deposited on the car’s catalytic converter. According to the present invention, less

15  phosphorus, sulfur and lead is deposited throughout the catalyst when Mo has b_een combusted in
or with the fuel. Molybdenum is combining in the combustion or exhaust stream with
phosphorus and/or sulfur to form stable molybdenum-phosphorus and/or molybdenum sulfate
species that do not form impermeable or reduced-permeability glazes on the catalyst. With less
impermeable glaze on the catalyst, less emissions can “break through”, i.e., pass through as

20  unconverted emissions. Therefore, it is desirable to have Mo in the combustion and/or exhaust
stream.

Thus, the present invention provides a method to inhibit the formation of a phosphorus-

containing, sulfur-containing, or lead-containing permeability-reducing glaze on the surface of a

PEHODEod of i nproving the conbustion of a fuel in a



| ead will be deposited on the car's catalytic converter. According to the
present invention, |ess 15 phosphorus, sulfur and lead is deposited

t hroughout the catal yst when M has been conbusted in or with the fuel.

Mol ybdenum is conbining in the conbustion or exhaust streamwth
phosphorus and/or sulfur to form stabl e nol ybdenum phosphorus and/ or

ol ybdenum sul fate species that do not formi nperneabl e or

reduced- perneability glazes on the catalyst. Wth | ess inperneable glaze
on the catalyst, |less em ssions can "break through", i.e., pass through as
20 unconverted em ssions. Therefore, it is desirable to have M in the
conbust FEHYHFEPEE odhepreductsien iip combystiontip a combustipe upihofnfiel whenetntheles a
met hod to inhibit the formati on of a phosphorus contai ning,

sul f ur - BsAedinsiudgs captactipgprolybAeraimivitly the eraduets iof ¢anybusideiuef theyfugl, ahereim t he
surface of a 8 catal yst exposed to the products fromthe conbustion in a
conbust themradurts cerftaig af lgagt onevinemberrseletted fmstthogroim cinsidtisg efiphoadiviusg

nol ybdenumwit h the products of conbustion of the fuel, wherein the

pr oduct sordainingsplfatcontasing anidearestnginisginettiad. Thomlfiheomaioing netamisshiing of
phosphorus- contai ning, sulfur-containing and | ead-containing material s.
The sul peisencbatdiva nretplnafitisy ¢atdlgst ehcthér @absosulfnheoraaihing glaze isabsndfontthe

catal yst whether or not a sulfur-containing glaze is forned on the surface
of the mafaat ybthe cdtaiysther evi dence of phosphorus, sulfur and | ead protection
and | ower em ssions achieved by the presence of nolybdenumin the
conbusti on phetecdvidéhceof phbsiheaR] sulfir AddabadgRBkaioniang oW kxRERAsIARHEABd be
drawn fromthe literature that teaches that nol ybdenum can be used to 10

pr ot ect bpihaipiddePe ©Rindlybaérunt MR SoththudfioRb&RPbMPIubfcaneéi 08 ¥ ha
reform ng reactions, and also in hydrodesul furization reactions for

| ower i ngoBBlidiuim da0 be A% MRGn %ditaiat%&ethatfteg%?&-tha(t%myﬂa%ﬁfﬁ Ran bREEW

Approaches to the Anatony and Physi ol ogy of Cobal t™ Mol ybdenum

10 protect platinum catalysts from sulfur poisoning in refinery naphtha reforming reactions, and
also in hydrodesulfurization reactions for lowering sulfur in gasoline and diesel fuels. (B.
Delmon, "Recent Approaches to the Anatomy and Physiology of Cobalt Molybdenum
Hydrodesulfurization Catalysts," Proceedings of the Climax Third International Conference on
the Chemistry and Uses of Molybdenum, Ann Arbor, Mich., Aug. 19-23, 1979, p. 73-84.

15 As an additional benefit, molybdenum in the exhaust after treatment system can be
expected to scavenge lead to form the white colored, well-known normal molybdate “PbMoQ4”
(melting point 1065 °C), also known as wulfenite (Cotton, F. A., and Wilkinson, G.; “Advanced
Inorganic Chemistry, Fifth Edition, John Wiley & Sons. New York, p. 805). and prevent lead
poisoning of the exhaust emissions after treatment equipment.

20 The most important ore of molybdenum is molybdenite (MoS;). By virtue of the “natural
stability” of MoS,, this material would be the most likely species forming as a result of the
molybdenum-sulfur interaction spelled out in this invention. Molybdenum oxides, when heated

in the presence of a sulfur source, give MoS,, which is the most stable molybdenum sulfide at



- Hydrodesul furization Catal ysts," Proceedings of the Cimax Third

I nternational Conference on the Chem stry and Uses of Ml ybdenum Ann
Arbor, Mch., Aug. 19-23, 1979, p. 73-84. 15 As an additional benefit,

nol ybdenum i n the exhaust after treatnent system can be expected to
scavenge lead to formthe white colored, well-known normal nol ybdate

" PbMoO4"  (nelting point 1065 C), also known as wulfenite (Cotton, F. A,
and W1 kinson, G; "Advanced Inorganic Chem stry, Fifth Edition, John
Wley & Sons. New York, p. 805). and prevent |ead poisoning of the exhaust
em ssions. after treafnent equipnment, 20 The nost inportant ore of

nol ybdeﬁﬁlﬁf@p%ﬁfb fferang ‘%:f‘ég‘)% fEV syltide fhas W%tﬂéarm%fGMP'Pa@ﬁélﬁYbﬁSt y" of
MbS2, this terial would be the post |likely species forming as a result of
the " o) BB AS Groppe {epRAl REETHIF 1BISETiFS@ORed by molyedenwuaHmison.

Mol ybdmﬁm PXi es, when heated in the presence of a sulfur source, give
MbS2, TRITS oY fervApEne S tee soilimamsaduet. e % is@raiectiog Hieghhavshafer at ur e.
According to Cotton, this sulfide has a crystal lattice of close-packed

| ayers UBHMEH PiiEmAfoangately 8 apISoRs- t ri gonal prismatic interstices occupied by
nol ybdenum at onms. Therefore, by scavenging sulfur, the resulting product,
MbS23 is prol BcHIEssgt inkention Hug sstabifshesrthatttheemolrbdenumyis therofbostionatredry st

poi sons. 5 The present invention thus establishes that the nol ybdenumin

t he conBrazensshcdaysamiutasabehifesthontuply sitlfiges) photates, 4oy Idadinngylidagg up as
sul fi des, phosphates, and |ead nol ybdates. These product conpounds then
parti ci phese pfaduttrompomdsrhangiagivipacofatthelin amissienmovatrslads @embikutald in fel | owi ng
exanpl e. Exanple: Thermal gravinmetric analysis (TGA) testing was used to
det er m frdlowhre exbinelet of 10 the fuel soluble netal additives on the
tenperature of maxi num soot oxidation. Particulate matter (PM generated
froma 1998 Exampyile Shidndal geniphdite QRBHERYTGAQ RestifewhdSusEPR defcdie@Rd effect of

10 the fuel soluble metal additives on the temperature of maximum soot oxidation. Particulate
matter (PM) generated from a 1998 Cummins M-11 engine operated on the US EPA transient
emissions cycle was collected on a quartz fiber filter. The oil used was a heavy duty diesel oil
with ZDDP in the additive package. Elemental analysis of the oil gave the following results in
parts per million (ppm): Phosphorus (1264), sulfur (4000), zinc (1437), boron (407), calcium

15 (3614), and magnesium (18). The base fuel used was a number 2 diesel fuel with 388 ppm by
weight sulfur. From this fuel, three additional fuels were made by adding strontium, manganese,
and molybdenum at 20 mg rnf_:taj per liter fuel, respectively. For each separate fuel, PM
generated du;ing three consecutive EPA Heavy-Duty Transient cycles was collected on a single
filter using a Pierburg PS2000A particulate sampling system. TGA was then performed on

20  small sections of each PM loaded filter using a TA Instruments Model 2950. The sample
temperature was increased at a rate of 20°C/minute under air at ambient pressure for all runs.
From a plot of weight loss vs. time, the temperature at which the maximum soot oxidation rate

occurred was determined. The TGA results of the four sets of particulates are Iﬂotted in Figures

10



em ssions cycle was collected on a quartz fiber filter. The oil used was a
heavy duty diesel oil wth ZDDP in the additive package. Elenental.

anal ysis of the oil gave the following results in parts per mllion (ppm:
Phosphorus: (1264), sul fur (4000), zinc (1437), boron (407), calcium 15
(3614), and magnesium (18). The base fuel used was a nunber 2 diesel fuel
wth-388 ppmby weight sulfur. Fromthis fuel, three additional fuels were
made by addi ng strontium mnanganese, and nol ybdenum at 20 ng netal per
liter fuel, respectively. For each separate fuel, PM generated during
three consecutive EPA Heavy-Duty Transient cycles was collected on a single
filter using a Pierburg PS2000A particul ate sanmpling system TGA was then
per f or méd*dn Pgurs dehewsibe metnd sddifives ar mematal pedier dfifiel ehile Eiguee s the

I nstrunments Mbdel 2950. The sanple tenperature was increased at a rate of
20C/ mi nfewee Ryl caliufateshin grayiresitic pifisisaen of thotespettivermetals. Bethdtigaesshot of

wei ght loss vs. tine, the tenperature at which the nmaxi num soot oxi dation
rate odkalpfedcsveseide thersnifiend pipephfiGAcoring fiom thé fiehandfolursed ehes of

particul ates are plotted in Figures 10 1 & 2. Figure | shows the netal

addi t i veérelybdenyn aiso ddweped the ligroftitmpereturadyi 158 °Eifgur hatbfsiovisé Al (6SAPE)
results calculated in gravinetric efficiency of the respective netals. Both
Fi gubes tethevef thhaplybitrem enmidngsysgnt @68 ¥0) Mhescaaditpiipspharafer &atdngthef r om
the fuel and oil used, the nolybdenum also |owered the |ight off

t enper atsulf, phositwtus, Ghd kahfrbmale @intubttonhabasl yyelem( 8 Pesulidnt difbdbhah of the
nol ybdenum cont ai ni ng system (498 'C). These results show that after

scavengiprgiucts afefdldo, acfitoineadiod SumaticthbBity bdRIR TRk $6dt 0 GiRayst
system the resultant nol ybdenum products are also active in carbon

bur nout shdvellindiguteANehd B S kHe rrfissfork bkt Eyse@DlontBWeT dafBysRST an$BAMRL, &
Figures | and 2. If the em ssions control system contains a Catalyst of any

nat ur e, ek@fiple SXRAMMRUSIS &R AL 83cY pdrRARRES R IDIFHbes Bl skl ate filter
(DPF), or apgli esel o;isgé%@on i cateallj§st, arlld/(gj? aﬂl ean SN’%?’F‘H?@&% (LNT),

t henot hesglyshRPdraNe£000] Rip YN SH¥PHES AlisHnRenPsIAREHERd also be protected

from the sulfur, phosphorus, and lead poisoning and therefore retain their performance level so
long as the molybdenum scavenger is in the system. This significant molybdenum synergism
with the system catalysts in soot oxidation is an unexpected bonus to the sé‘avenging benefit of
the molybdenum that would be added to the lubricant.

15 ‘ It should be understood that the contaminants being scavenged according to the present
invention by the molybdenum from the lubricant can originate from the air utilized in the
combustion of the hydrocarbonaceous fuel. | |

In another embodiment, the contaminants being scavenged according to the present
invention by the molybdenum can originate from the hydrocarbonaceous fuel.

20 In yet another embodiment of the present invention, the contaminants being scavenged by
the molybdenum can originate from the lubricant used to lubricate the combustion system.

In one ‘embodiment, the lubricant-borne molybdenum which will scavenge the

contaminant(s) can bleed, “blow-by”, flow, seep, be forced or compressed, be drawn, sucked, or

11



fromthe sul fur, phosphorus, and | ead poisoning and therefore retain their
performance | evel so |ong as the nol ybdenum scavenger is in the system
Thi s significant nol ybdenum synergism wth the system catalysts in soot
oxi dation is an unexpected bonus to the scavengi ng benefit of the

mol ybdenum t hat -woul d be added to the lubricant. 15 It should be
under'stood that the contaninants being scavenged according to the present
i‘nvention by the nol ybdenum fromthe lubricant can originate fromthe air

utilized in the conbustion of the hydrocarbonaceous fuel. |In another
enbodi nent, the contam nants bei ng scavenged according to the present

i nventi ﬂﬁ?!% 3 h Q] eous fuel.
20 In yg¥p2%6%ﬂ§} Q%%%%ﬁ%ﬁg?r@%%&hggé tPﬁ?g&%ﬁ@FQ%QE e con gnlnants

bei ng SCC%}(‘}%E&%% %ust f}g th”:?erx%) tﬁg‘ con ineanc?urg mt rlécl?trvln alnt used to

| ubricate e co |on T oha e FHE Iu rlca Borne

nol ybdenu ich w cont am n eed, ' bl ow by",

(T on  cam bt diing o ef;ﬁ’ﬁ%Peé%S ign Peéesa»r‘mﬁ hysthielBe gr R Tk 2 oy o
othermnse a cid aII el i ber at el i nt i on.chanber of the
Conbust | GIOSHRTER 4 gth ?(ﬁ?%tﬂsﬁeaedﬁtwaﬁ%%n?whea e uReRRR R CiSar o and

i nteract t he num durin after the onbustlon pr qcess

wher oy e@a@%awﬁacaa R A A S S e
|nvent|on 1s. achieved mhen | ubri cant containing 5 nnlybdenun1escapes ar ound
a val ve 98 hewsimy R infadh valys Pt xbiishv Ay InGR 2RBREYLengiYy- nbit thiggmapner,
limtation herein, an intake valve or an exhaust valve in an autonpotive
engi ne. thimelybdervanissaused foraconmtey BEb MtRII #7118 AhrontarinaaHe UhePy and i nt er act

with the contami nant(s), whereby scavenging can occur. In another
enbodi meEREVENgRS cHpP¢Bdenum i s caused, deliberately or inadvertently, to

In another embodiment, the molybdenum is caused, deliberately or inadvertently, to

10  encounter the contaminant(s) in a pessageway through which the combustion products
containing the contaminant(s) are conveyed away from the combustion chamber. In this
manner, the scavenging occurs outside the combustion chamber of the combustion system.

In another embodiment of the present invention, the molybdenum volatilizes from the
lubricant and is carried over into the combustion chamber containing the fuel.

15 In yet another embodiment, the combustion system utilizes a deliberate recirculating
p;'ocess, whereby vapors in a crankcase are recirculated into either the intake manifold or the
combustion chamber. In this manner, any lubricant containing the phosphorus, sulfur, and/or
lead contaminants is caused to encounter and interact with molybdenum in the combustion or
exhaust.

20 In one embodiment, the fuel or the exhaust from its combustion is treeted with a low level
of molybdenum, such as for example, a molybdenum level of about 20 ppm Mo in the fuel or

combustion exhaust or less.
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10 encounter the contam nant(s) in a passageway through which the
conbustion products containing the contam nant(s) are conveyed away from

t he conbustion chanber. In this mnner, the scavengi ng occurs outside the
conbusti on chanber of the conbustion system In another enbodi ment of the
present invention, the nol ybdenum Vol atilizes fromthe |lubricant and is
carried over into the combustion chanber containing the fuel. 15 In yet
anot her enbodi nent, the conbustion systemutilizes a deliberate
recirculating process, whereby vapors in a crankcase are recirculated into
either the intake manifold or the conbustion chanber. In this manner, any

| ubri cant conihid inva@oh BRo PEAGRE QktkIgst ppotbdiieh anPEMaMinar S@Veiil WHINANL S 1S
caused to encounter and interact wth nol ybdenumin the conbustion or

exhaust . fu2lohibueB@ et Havink Randielen@h cbbfoud NRdRHut git&%&l%@deﬁgng ustion

is treated with a low level of nolybdenum such as for exanp
mol ybde rlﬂeﬁﬂé d%:‘ﬁ_%re&)fo tﬁ@@&ﬁbﬁ@orpﬁ)fm Mts'thatuQﬁ‘fJnﬁj g iubﬁﬁant S&H&U stion exhaust or

| ess. 12 This invention also achi eved catal yst protection and contam nant

scavengi ng WheR okl itWehor SERHSR U FRAHASAR B Lol 1Y 2 Al ybdenum

conpound, w thout extra nolybdenum being vere e PeonBust fon unit

or itss exbaNPlor FdaRBhA tHeboubAm! or?ﬁl&e%%u? I Bl §3& e&%giﬁg%&f%g}r?%tgl\é%tdes In

anot her enbodi nent an apparatus for pertormng a ne cing the
o, S eSS B B N P PRLOD A o
oo e R0 S e A B SR B o
couS! R b S B S LSRR S moe ey
introduce the hydrocarbonaceous fuel into the combustion chamber; (¢) a means to convey
10 combustion product from the combustion chamber; (d) a lubricant comprising a major amount of
a base oil of lubricating viscosity and a minor amount of one or more additives comprising @) at
least one organosulfur compound, or at least one organophosphorus compound, or both, and (i1)
at least one molybdenum source; and (€) a means to introduce the [ubricant to the combustion
product. The apparatus can further contain an after treatment device or system.
15 According to one embodiment of the present invention, the organosulfur compound iﬂ the
lﬁbricant can be selected from the group consisting of sulfurized olefins, sulfurized fats and
vegetable oils, sulfurized unsaturated esters and amides, ashless and metal containing
dithiocarbamates, substituted thiadiazoles, sulfurized hindered phenols, sulfurized alkylphenols,
neutral metal-containing sulfonate detergents, overbased metal-containing sulfonate detergents,
20 neutral metal-containing sulfurized phenate detergents, and overbased metal-containing
sulfurized phenate detergents, or combinations and mixtures thereof.

According to another embodiment, the organophosphorus compound in the Iubricant can

be selected from the group consisting of primary, secondary and aryl neutral and overbased zinc
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10 conbustion product fromthe conbustion chanber; (d) a |ubricant
conprising a maj or anount of a base oil of lubricating viscosity and a

m nor anmount of one or nore additives conprising (i) at |east one

or ganosul fur conpound, or at |east one organophosphorus conpound, or both,
and (ii) at |least one nol ybdenum source,-- and (e) a neans to introduce
the lubricant to the conbustion product. The apparatus can further contain
an after treatnent device or system 15 According to one enbodi nent of the
present invention, the organosul fur conpound in the [|ubricant can be
selected fromthe group consisting of sulfurized olefins, sulfurized fats

and Vegﬁilﬁjﬂﬂiﬂli@fiﬂoggha&@ timp%gdrianaﬁawrtﬁa@ﬂ)hsﬁhﬁéssn%qaﬁfﬁ@&?phcgﬁﬂegss and

met al cont ai ni ng i t hi ocarbarnates, subsfituted thiadiazol és, uri zed

hi nder echlighenPar$i phdspHoksthid RitoRdtdsy hRNEIAA LS aryﬂﬁf&ﬁlﬁl‘o@%ﬁﬁés’ ‘%ﬂb@ﬁaﬁﬁgms

sul fonat e detergents, overbased netal -containing sulfonaté ergents, 20
neutral Jyetigdurs@kaeni ng sul furi zed phenate detergents, and overbased
net al -contai ning sulfarized phenate detergents, or conbinations and

M Xt ur es L Ne@o oGO betidied i Y1k IS or Ui Hﬁﬂﬁnﬁé@gggﬁﬁ%%% u%{fc{)}g{élug f

compound in the lubricant can "be s rom up consi's

G al ey TS ARG B R B b a B PEHL B AL BRRT B aclibuebibs, i e
and ar oY RRERRR b Rl e ol BV RORS G NhsctinlE Tt eriaBnae | L
Feduct | G ST o RS P A8 BRI abi BOrauEHOY YIRS BaRh 8 &
Combust B By UL S B P SR S0 CENBon B GR T Bpe Sateved
contaniggq#s above 20% b i and nore preferably reductions in an

wei ght , ! . )
anount G IBRICB 0 THOB OIS Y 1&@?"&}%33 ddraratisqnd higphylesirablsrbepefitdn thent  devi ce

Wi | be.achiqy
10 1mprove

glgrability of such after trc:atment devices or systems.

Other embodiments of the present invention will be apparent to those skilled in the art
from consider_ation of the specification, Figures and practice of the invention disclosed herein.
It is intended that the specification and Figures be considered as exemplary only, with a true

scope and spirit of the invention being indicated by the following claims.

15
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by the present invention. This will produces a dramatic and highly
desirable benefit in the 10 inproved durability of such after treatnent

devi ces or systens, O her enbodi nents of the present invention will be
apparent to those skilled in the art from consideration of the
speci fication, Figures and practice of the invention disclosed herein. It

i s intended that the specification and Figures be considered as exenpl ary-
only, with a true scope and spirit of the invention being indicated by the
following clains. 15 14 WHAT IS CLAIMED IS 1. A nethod for reducing the

del eterious effect on exhaust em ssions after treatnment and control

devi ces WHAIS|IAIMEINES cont ani nant sel ected from the group consisting of
phosphorus, |ead, sulfur and conpounds thereof in an exhaust streamfrom
the confust i ém@h%%mﬂmeaﬂb@n&tee@usefmwn ¢xhagst emivbiost dftentireatmentrmnd

| ubricated by a lubricant, said nethod conprising the steps: (a)

| ubr.i catcpﬁyﬂtdh‘ecﬁmfbtjswom eypsmnhsdlértedeon thergramrbngoingof phasghausyaj or
anount of a base oil of lubricating viscosity and a m nor anount of one or
nmor e addéad seéfur amingonipsinmly tidrgof imén &xhasdt sioeaen Homarasuibistionoapound, or at

| east one or ganophosphorus conpound, or both, and (ii) at |east one

mol ybde mydnosabommecout fijel mondumstustign systeinHiabrivatet b$ tildbiicst Stk méthed

hydr ocar bonaceous fuel to produce conbustion products conprising at |east
one mat epmatisisethectepd from the group consisting of sulfur, |ead,
phosphorus, and conpounds thereof; (c) contacting the nol ybdenumw th at

| east one of (d)he lablidatihg tHe@BEhbuHIASPRAGR Wsth t@dbricant comprising a major amount
of a base oil of lubricating viscosity and a minor amount of one or more additives comprising (i)
at least one organosulfur compound, or at least one organophosphorus compound, or both, and
(ii) at least one molybdenum source;

(b)  combusting in the combustion system the hydrocarbonaceous fuel to produce
combustion products comprising at least one material selected from the group consisting of
sulfur, lead, phosphorus, and compounds thereof;,

{c)  contacting the molybdenum with at least one of the sulfur, lead, phosphorus, and
compounds thereof in the combustion products,

whereby the molybdenum interacts with at least one of the sulfur, lead, bhosphorus, and

compounds thereof.

2. The method of claim 1, wherein the sulfur, lead, phosphorus, and compounds thereof in

the combustion products originate from the fuel.

3. The method of claim 1, wherein the sulfur, lead, phosphorus, and compounds thereof in

the combustion products originate from air used in the combustion of the fuel.
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conpounds thereof in the conbustion products, whereby the nol ybdenum
interacts with at | east one of the sulfur, |ead, phosphorus, and conpounds
thereof. 2. The method of claim1l, wherein the sulfur, |ead, phosphorus,
and conpounds thereof in the conmbustion products originate fromthe fuel.

3. The nethod of claim1, wherein the sul fur, |ead, phosphorus, and
conmpounds thereof in the conbustion products originate fromair used in the
conmbustion of the fuel. 15 4. The nethod of claim11l, wherein the sulfur,

| ead, phosphorus, and conpounds thereof in the combustion products
originate fromthe lubricant. 5. The method of claim1, wherein the exhaust

method o of ol Mt Qe e A B PR e Rl T a ¢ o1
treat nmept, s ?41%;15 ond)r?ducﬂ O{Iﬁg‘a@lﬁ%%{hei%al m. 6, wherein the after treatnent

systemis H&i%ting of a catal yzed diesel
particulate filter and a continuously regenerating technol ogy diesel
particul ate filter 8. The net hod of claim1l1, wherein the conbustion system
IS sele%ted $ gr up onsi g of any. diesel-electric hybrid

vehicl e gas ‘?1??8 aff eb9aL], sy 98 austatrea is\geseatigllyidese of plpsrboruapRd and

all burners or stion units, stationary burners, waste incinerators,

di esel SPRIUng ﬁﬁﬁ@? di esel fuel engines, autonotive diesel engines,
gasol i ne fuel burners gasol i ne fuel engines, power plant generators, any
and all internal and external conbustion devices, machi nes, engines,

t ur bi ne eng| nes, ghet eng| nes, boilers, incinerators, evapor ative burners,
pl asma 6ur neFhe method of claim 1, wherein the combustion System further comprises an after

treatment system.

7. The method of claim 6, wherein the after treatment system is selected from the group
consisting of a catalyzed diesel particulate filter and a continuously regenerating technology

diesel particulate filter.

8. The method of claim 1, wherein the combustion system is selected from the group
consisting of any diesel-electric hybrid vehicle, gasoline-electric hybrid vehicle, a two-stroke
engine, any and all burners or combustion units, _stationary burners, waste incinerators, diesel
fuel bumers, diesel fuel engines, automotive diesel engines, gasoline fuel burners, gasoline fuel
engines, power plant generators, any and all internal and external combustion devices, machines,
engines, turbine engines, jet engines, boilers, incinerators, evaporative burners, plasma bumner
systems, plasma arc, stationary burners, and devices that can combust or in which can be

combusted a hydrocarbonaceous fuel.
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systens, plasma are, stationary burners, and devices that can conmbust or in
whi ch can be conbusted a hydrocarbonaceous fuel. 16 9. The nethod of claim
1, wherein the hydrocarbonaceous fuel is selected fromthe group

consi sting of diesel fuel, biodiesel, biodiesel-derived fuel, synthetic
diesel, jet fuel, alcohols, ethers, kerosene, |ow sulfur fuels, synthetic
fuels, Fischer-Tropsch fuels, liquid petroleumgas, fuels derived from
coal, genetically engineered biofuels and crops and extracts therefrom

nat ural 9. gasTh@heRaaef clki ﬁ%eréﬁ'i‘ﬂ‘!é@aﬁj@x@céf%zﬁéeoﬁ@ﬂ:eﬁ‘é'sélteété’d‘frgﬁstﬁ’é &8
refornul at ed gasolines which contain both hydrocarbons of the gasollne

boi | i ng chandiRg @péleééy @let, %&@bﬁbﬁ&ﬁégﬁﬂ@ﬁ&q i %9%&% iDL Mt Fuel SASBbIsNE,

bunker fuel, ¢oal (dust or slurry), crude oil, used endine or motor oils

wWhi ch  ErOkerBRYie, 1O sEIARAIY sJRhMRIGAY Bisch& . wﬁm@%@ﬂﬁpm&}%

by-products, crude oil extracts, hazardous wastes, yar |nn1ng “and

wast e, YRQdLRk PHof Wl @é{ﬂeﬂ%ﬁl&h géérgd"lhhfﬁél@la?mﬁﬁand k9 therePlol9G ural

plastics, organic wast é ures t hereo S|ons suspensi ons,
g\gdapg 'a;af BRRRS b%@§§ ggf%a%eg eI o g&bgdso] Ao Bhfihred 3L gasfoh%s g ds- - 10.
t d t h .b

fuel: (8 amﬁ?%%&ln@df SR e PRy BRI %ﬁl&%@ﬂ“ﬁ%a@fa‘geﬁﬁ%a
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conbust :ag%tcﬁ‘éi B o o a%‘%ﬁtﬂrseaﬁﬁlﬁz@nﬁ%?e‘é?‘?ﬂ‘és eGP SRBGAL BY base
oi | of !ubrlcatln V|scosh%¥ and of aqnugﬁ ofdoqe or, mre additives
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or ganophosphor us conpound, th, and (ii) at |east one nol ybdenum
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roduct .
P fodder, silage, plastics, organic waste, and mixtures thereof, and emulsions, suspensions, and

dispersions thereof in water, alcohol, and other carrier fluids.

10.  Anapparatus for performing the method of claim 1, said apparatus comprising

(a) a combustion chamber adapted to combust a hydrocarbonaceous fuel;

(b}  ameans to introduce the hydrocarbonaceous fuel into the combustion chamber;

(©) a means to convey combustion product from the combustion chamber;

(d) -alubricant comprising a major amount of a base oil of lubricating viscosity and a
minor amount of one or more additives comprising (i) at least one organosulfur
compound, or at least one organophosphorus compound, or both, and (ii) at least
one molybdenum source; and

(¢)  ameans to introduce the lubricant to the combustion product.

11.  The apparatus of claim 10, further comprising (f) an after treatment system.
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11. The apparatus of claim 10, further conprising (f) an after treatnent
system 17 12. The apparatus of claim 11, wherein the after treatnent
systemis selected fromthe group consisting of a catal yzed diesel
particulate filter and a continuously regenerating technol ogy diesel
particulate filter. 13. The apparatus of claim 10, wherein the apparatus is
sel ected fromthe group consisting of any diesel-electric hybrid vehicle,
gasoline-electric hybrid vehicle, a two-stroke engine, any and all burners
or conbustion units, stationary burners, waste incinerators, diesel fuel
burners, diesel fuel engines, autonotive diesel engines, gasoline fuel

bur ners,gasoline fuyel i nes ower ant enerators., a and al

i nternal I%ndo%f B RENS %%T Iﬁlgt i’ %’H‘%‘ﬁ@%@@ tr g‘?tﬁég?m %]eﬁ@g?ﬁoﬂ}% BIPEP

engi nes, jet.engines, boilers, .incineratqQrs, evaporative burners, plasma
burner sYSTEHE 6Icﬁt§¥¥ﬁe&r&iﬁ?? pﬁ‘ﬂﬂ?‘% ﬁﬁ?rfngﬁl’cﬂ%tf@?u weEnsiAting sechpglpet an
conmbust %r in thch fan be conbusted a hydrocarbonaceous fuel. 14. A

met hod B BASPANA G he durability of an after treatment device for a
conbustion system said nethod conprising contacting the products of the
conmbustion of a hydrocarbonaceous fuel froma conbustion systemwth a
nmol ybdenum source in an anount sufficient for the nolybdenumto interact
wi th onetdor roF aPRagHEeH chaimt], whereiathapppiuatys irselegied trpm thogrois tonsiyting of
phosphorus, sulfur, lead or conpounds thereof in said products to thereby
reduce AYdiesplalastricdiybed achiele assalingfelachis hybrid setiidlantivostnkeaotimgatyhadaf t er
treatnment device. 18 15. The nethod of claim 14, wherein the anount of

phos phoralidumerse et exntwtiorhanitas stasionany bomersewesidiavinemtors dies et dubnyrsadiessrount
of from?20%to 80% by weight, relative to the anount of phosphorus

det ect edu¢lfengints betemative dicseb¢ngomntgasdlind fl binara) ghsgline dutt kSgines, power plant

generators, any and all internal and external combustion devices, machines, engines, turbine
engines, jet engines, boilers, incinerators, evaporative burners, plasma bumer systems, plasma
arc, stationary burners, and devices that can combust or in which can be combusted a

hydrocarbonaceous fuel.

14. A method for improving the durability of an after treatment device for a combustion
system, said method cornprising contacting the products of the combustion of a
hydrocarbonaceous fuel from a combustion system with a molybdenum source in an amount
sufficient for the molybdenum to interact with one or more contaminants selected from the group
consisting of phosphorus, sulfur, lead or _compounds thereof in said products to thereby reduce

the amount of one or more of the contaminants contacting the after treatment device.
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16. The nmet hod of claim 14, wherein the anmount of sulfur detected on the
after treatnent device is reduced by an anmount of from 20%to 80% by

wei ght, relative to the anount of sulfur detected if nolybdenumis not
contacted with said products. 17. The nethod of claim 14, wherein the
anmount of |ead detected on the after treatnent device is reduced by -an
anmount of from 20%to 80% by weight, relative to the anmount of |ead
detected if nol ybdenumis not contacted with said products. 18. The net hod
of claimSl, Whemeihnd bhelaior bambseld the amounp of pibsphvrisiietcc1eb bh Ganiftet S Sel ect ed
fromthe group consisting of sulfurized olefins, sulfurized fats and

veget ablteateichsdevivelif ietuczé 8y at asaini ba e 2094 ©138%@0vasitdRRivashhessoand
nmetal containing dithiocarbamates, substituted thiadiazoles, sulfurized
hi nder edf plapladras deettdduf inBYdeulik RbRDAlased Wil kLidbrodBégl - cont ai ni ng

sul fonate detergents, overbased netal -containing sul fonate detergents,
neutral metal -containing sulfurized phenate detergents, and overbased

nmet al - cont ai ni ng sul furized phenate detergents, or conbinations and

m xt ur eg6! heTROmethd@of Ak NEWRERiAfe ShelbAsulfthEh &k dhfe %&%&%Hf phorus

conmpound in the lubricant is selected fromthe group consisting o

Pri Mar Y deHECRREREN B Aohht SIS 80,3980y '
diaIkyId?thiophosphates (ZDEP‘s),gé{?gﬁkgp?aggﬁﬁgﬁéggﬁ?Bﬁé@gﬁ??ggwﬁﬁixed

al ky! | atigloo BORSRM IR Rm KhoRbiHloi A prRligaphor ot hi ol thi onates, ~and al kyl

and aryl phosphorot hi onates, onbinatirons or mxtures thereof 20. The
nmet hod of claim1, wherein the nol ybdenum source in the lubricant is
selected from the group consisting of nolybdenum trioxide, nolybdenum

car bowyl Bt es ASR I BTN ERin G SRF LR Froc Bl S et P
di thioc ﬁévt%c?émg‘g‘e%f?JCeJLe)fuaglra?Aou%p(% f{')O\{DeE(S%% %Oe &)V%gf ¥Vl?3{j tr] lf'IC atlsv%ltfl) %lala]lIO?lgf of?é/a%r based

detected if molybdenum is not contacted with said products.

18.  The method of claim 1, wherein the organosulfur compound in the lubricant is selected
from the group consisting of sulfurized olefins, sulfurized fats and vegetable oils, sulfurized
unsaturated esters and amides, ashless anid metal containing dithiocarbamates, substituted
thiadiazoles, sulfurized hindered phenols, sulfurized alkylphenols, neutral metal-containing
sulfonate detergents, overbased metal-containing sulfonate detergents, neutral metal-containing
sulfurized phenate detergents, and overbased métal-coutaining sulfurized phenate detergents, or

combinations and mixtures thereof.
19.  The method of claim 1, wherein the organophosphorus compound in the lubricant is

selected from the group consisting of primary, secondary and aryl neutral and overbased zinc

dialkyldithiophosphates (ZDDP’s), trialkyl- and triarylphosphites, mixed alkyl/aryl phosphites,
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nmol ybdenum phenat es, overbased nol ybdenum sul f onat es, ammoni um nol ybdat e,
sodi um nol ybdate and potassi um nol ybdate, and nol ybdenum hal i des,
conpounds derived from nolybdenumreacted with am nes and al cohol s, and
conbi nations and m xtures thereof. 21. The nmethod of claim1, wherein the
base-oil is selected fromthe group consisting of paraffinic, naphthenic,
aromatic, poly-alpha-olefins, synthetic esters, and polyol esters, and

m xtures thereof. 22. The nethod of claim11l, wherein the base oil contains
| ess than or equal to 0.03 wt. % sulfur, and greater than or equal to 90

Wt % Safiyr akdesy] pﬁ%h&%ﬂnﬁth‘i’drﬁﬁa@Sinﬁ)éﬂdgﬂzgﬁ)%rﬂrpﬁ&tp%roﬁﬁﬁ'ﬂte@randpcghll@{na i6hs80 and

| ess than or equal to 120 The hod of ‘claim 1, wherein the base oi
cont ai Ngr JnBSSed MAf2oPr equal to 0.03 wt. % sulfur, and greater than or
equal to 90 wt. % saturates, and has a viscosity index greater than or
equal to 120. 20 24. The nethod of claim1l1l, wherein the base oil is
substantially sulfur-free. 25. The nethod of claim1, wherein the

hydrocawonamqﬂahﬁy@g]c A, ArPiRid MU BAb R PlouRY %H{e gy el e ©f

claim1, whereint roda onaceou 'S su
sul fur the car s fue
cont ai ngél Ou];hC%n ? mc{lﬂ egmnn}“ @b@ dmﬁﬁﬁ Q&‘aﬁﬂﬁ?ses 28.
The netho the h rocarbona eous,fuel . is substantially
e ot et a?eaylﬁfss f%ﬁ)ﬂﬁ’&lm? P%rs?%ﬂ A5 mn%wé%a%@ “nslgar FRITTUCRE of
claim1l r@ﬁreln dr ocar bonaceous fug f Htalns IQM/IeveIs of sul fur
and i s POPRASEM SRR AT Redtirl ad avebese FPBY§ EfRHLFeficylates, overbased

molybdenum phenates, overbased molybdenum sulfonates, ammonium molybdate, sodium

molybdate and potassium molybdate, and molybdenum halides, compounds derived from

molybdenum reacted with amines and alcohols, and combinations and mixtures thereof.

21.  The method of claim 1, wherein the base oil is selected from the group consisting of
paraffinic, naphthenic, aromatic, poly-alpha-olefins, synthetic esters, and polyol esters, and

mixtures thereof.

22.  The method of claim 1, wherein the base oil contains less than or equal to 0.03 wt. %
sulfur, and greater than or equal to 90 wt. % saturates, and has a viscosity index greater than or

equal to 80 and less than or equal to 120.
23.  The method of claim 1, wherein the base 0il contains less than or equal to 0.03 wt. %

sulfur, and greater than or equal to 90 wt. % saturates, and has a viscosity index greater than or

equal to 120.
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30. The nethod of claim1, wherein the hydrocarbonaceous fuel is
substantially free of sulfur and is further treated with |ow | evel s of

mol ybdenum. 31. A nmethod of inproving the conmbustion of a fuel in a
conbustion:system as determ ned Dby reduced thermal gravinmetric analysis

| ight-off tenperature of conbustion particulate products, said nethod
conprising introducing a conbustion inproving anount of nol ybdenumto the
conbustion in a conbustion systemof a fuel, whereby the thermal 21
gravinetric analysis light-off tenperature is reduced relative to the
thermal gravinetric analysis light-off tenperature achieved in the absence

of the introducti,on, of . .mol ybdenu 32. A nethod to inhibit the formation
of a ph%cgphgﬂﬁasm%t o %ﬁ%ﬁ‘%‘g‘: \@‘ﬁ‘iemg‘% besheHinuRgantglly pedf-fregont ai ni ng

perneabi lity-reduci ng glaze on the surface of a catal yst exposed to the
products fromthe conbustion in a conbustion unit of a fuel, said nmethod
~conprising ont act j nol ybdenum wi th the products of conbustion of the.
fuel , wferei eé’é‘gﬁod %9%!&& whezsrthe hydsecarbogageoenfuclpontains lave levels efistfoom t he
group consi sting of phosphorus- containing, sulfur-containing and

| ead-containing materials. 33. A nethod for reducing the deleterious effect
on exhaust em ssions after treatnent and control devices of at |east one
cont ani #ant Semekedpficiaim s waergindphysorrsibonacegusdhel iphbsphirliysieelogad, sul fur
and conpounds thereof in an exhaust streamfromthe conbustion of a
hydrocéﬁ#@haceous fuel containing a nolybdenum conpound in a conbustion
system said nethod conprising the steps conbusting in the conbustion
system t he hydrocarbonaceous fuel containing a nol ybdenum conpound to
produce conbustion products conprising at |east one naterial selected from

the grolfp cdieingthadgpfelaimul Wherpinlteslthdrqans pitestiFuel 266tain0 RPLRVES of HEfe0f |

and is further treated with oxygenates.

28.  The method of claim 1, wherein the hydrocarbonaceous fuel is substantially free of sulfar

and is further treated with oxygenates.

29.  The method of claim 1, wherein the hydrocarbonaceous fuel contains low levels of sulfir

and is further treated with low levels of molybdenum.

30.  The method of claim 1, wherein the hydrocarbonaceous fuel is substantially free of sulfur

and is further treated with low levels of molybdenum.

31. A method of improving the combustion of a fuel in a combustion system, as determined
by _reduced thermal gravimetric analysis light-off temperature of combustion particulate
products, said method comprising introducing a combustion improving amount of

molybdenum to the combustion in a combustion system of a fuel, whereby the thermal

21



wher eby the nol ybdenuminteracts with at | east one of the contam nants

sel ected fromthe group consisting of sulfur, |ead, phosphorus, and
compounds thereof. 34. The nethod of claim®6, wherein the after treatment
systemis selected fromthe group consisting of lean NO, trap, and diesel
oxi dation catal yst. 22

gravimetric analysis light-off temperature is reduced relative to the thermal gravimetric
analysis light-off temperature achieved in the absence of the introduction of

molybdenm.

32. A method to inhibit the formation of a phosphorus-containing, sulfur-containing, or lead-
containing permeability-reducing glaze on the surface of a catalyst exposed to the
products from the combustion in a combustion unit of a fuel, said method comprising
contacting molybdenum with the products of combustion of the. fuel, wherein said
products contain at least one member selected from the group consisting of phosphorus-

containing, sulfur-containing and lead-containing materials.

33. A method for reducing the deleterious effect on exhaust emissioﬁs after treatment
and control devices of at least one contaminant selected from the group consisting of
phosphorus, lead, sulfur and compounds thereof in an exhaust stream from the combustion of a
hydrocarbonaceous fuel containing a molybdenum compound in a combustion system, said
method comprising the steps combusting in the combustion system the hydrocarbonaceous fuel
containing a molybdenum compound to produce combustion products comprising at least one
material selected from the group consisting of sulfur, lead, phosphorus, and compounds thereof,
whereby the molybdenum interacts with at least one of the contaminants selecte_d from the group

consisting of sulfur, lead, phosphorus, and compdunds thereof.

34.  The method of claim 6, wherein the after treatment system is selected from the

group consisting of lean NOj trap, and diesel oxidation catalyst.

22



