' It. DELI VERI NG MOLYBDENUM FROM A LUBRI CANT SOURCE | NTO A FUEL COVBUSTI ON

SYSTEM' FIELD OF THE I NVENTI ON The present invention relates to an
~ apparatus and nethod for delivering nolybdenum froma |ubricant source
into a fuel “conbustion systemor to the exhaust therefrom By the S present

" invention, nolybdenumfromthé lubricant will interact with phosphorus,
sul fur, and/or .lead from the conbustion products. Ml ybdenum can al so
enter the conbustion systemin the | present invention as a conponent of

b3 . . . .

the fuel being burpedrviERiNg fio n e mol ybdenum J scavenges or

i nactivates harnful materi al sIn%E%EEE QEF o %ﬁggﬁﬁﬁgewhgovw or
conbustion products, and which can-ot herw'se te8 X?gﬂ'}t I c converters,

sensors and/ or autonotive on-- 10 board di agnosti c devi ces. The invention
t hus pPrIEBLYEOFTHE INYENDIog "Pr ovi ng conbustion efficiency of a fuel being

conbusted in a conbustion unit through the introduction therein of
.ol ybdenum TRéSrefdn® ffRhtdd e .al so.l'ead.to jnproved durability of
exhaust after ﬁtreat ment systég&%%m%d&#&%wm probl em
exi st s fiokh 4 W8P lSd in ich the fuel contains, or acquires,
or . produces upon colh trﬁs@é%ér??ﬂ%gﬁ%m&? fBee! ?EJFha(lg.%“:mz%d)?Y?laltfur,

oi son or degrade catalytic

Conver PRRaRRRGHD, oo RMAE Rl [P aehl B Brerertvith sbophorys, nuaiian onal
probl efgad BomtRAldth¥os Hr%gu&so : M:}) y et?l}u? c;nnaléoheentgr ?I:engogjbulsjﬁr:)?les;sitfrzg ?Ill f)'.{'le |
; ) present invention as a (:vgmponent of the fuel being burned. In this invention, the molybdenum |
_ scavenges or inactivates harmful materials which have migrated into the fuel or mmb@on
products, anq which can otherwise poison catalytic converters, sensors and/or automotive on-
10 - board diagnostic devices. The invention thus provi.des -a method for improving combustion
efficiency of a fuel being combusted in a combustion unit through the introduction therein of

- molybdf:num. The present invention can also lead to improved durability of exhaust aﬁcr

treatment systems.

1s.  BACKGROUND OF THE INVENTION
N ) o A problem exists in fuel combustion systems in which the fuel contains, or acquires, or -7

. prt_)duces‘ upon combustion, one or more metal (e.g. lead), sulfur, and/or. phosphorus
_contaminants that can poison or dggrade catalytic converters, sensors, or on-board diagnostic
devices.
| : 20 | An additional problem is created by such contaminants in thé form of undesirably
, ‘_iﬁcreased levels of certain combustion producis or by-products in the exhaust. -
| Yet another problem from such contaminants is a detrimental effect on afier treatment

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




i ncreased | evel s of certain conbustion products or by-products in the
exhaust. Yet another problemfrom such contamnants is a detrinental effect
on after treatnent systens. These contam nants can include.el emental
Rhosphorus, |ead and sul fur, or conpounds thereof in the fuel, or in the
air. The contam nants can also get into the fuel, or the conbustion
chanmber, or the conbustion exhaust stream fromthe engine |ubricants which
of ten c%gt a:a&ni phosphor us- cont ai ni ng and sul fur-containing additives, and
| ead cortheranids tlasfiel opdnalle #t.t Whe €IS SO Bars égqn e qddi tion, the
conmbustion in a waste incinerator of waste engllt e \é\? egle\}\ﬁr?hcowme oi |
cont ai nichgmberyrod thib damnburibh BftiaG: ke H:80LH,0X additi.ve. Jt is a
wel | - known phenonenon that vehicles aﬂ%%?ﬁiﬁ%gé%cﬁg iwélﬁé's EftA%onsune,
t hat 1 s phbgpheRgicottatiiiBand bt udSed; ricant .for the engine or noving
parts of a conbustion system Vari %@d%%{?eﬁ\%gzeagf?‘g?oqﬂgfaﬁsgﬁ?tF‘é&?'ihng oi |
t 0 ent ecombestioh BRIGH Ry S _ [or. it.s .exhaust stream Clearly the
vari ous conponents or add%lﬁd\alfe@gm’%gﬁnébﬁshﬂfff“caaWB‘FFm@FQBW&?%CWOH
coNsUNediPsidHHRE 1120 gnent.s.or additives can have del eterious
effects on the combustio §§§?%%¥gm Uhrigity of antioyjdaptadditwst nent system and
. em ssions. I isiaSadi 0 esirable to inhjbit, reduce or prevent the

del eterious inter act%frlog{ln}t;)b%n %%nﬁﬁ%ﬁ?}gcl%ﬂwth@%ﬁb%%%?m$ eadumad/ or
sul fur f4diSiRnt; he.l ubric .source, air or fuel or otherw se
entering the cg%gg%é%r?ﬁﬂ%‘%%%@%%@FfofH@e@&%@smomgemwcomhusﬁmto '
t her eby, &énpr\ga\ﬁ%r‘}t C talsyst oi soni ng, after treatnent system mal function,
anjl i ncteased em S8 Q&S x5 cetfugiktoleNigERIEIcONbustion spsteraf andspget , t here

I'S pr OX:';:I%%Q ? nmet h(gd-"I or reducing the deleterious effect on exhaust
en ssi ShEvarHed ™ ((defrydhe varjoys components or additives in the Iubricating oil also are

10 consumed or burned and these components or additives can have deleterious effects on the

combustion system’s catalysts, aﬁe£ treatment system, and emissions.
It is therefore desirable to inhibit, reduce or prevent the deleterious interaction of
- (.:omponents (such as phosphorus, lead and/or sulfur arising from the Iubricant source, air or fuel
or otherwise entering the combustion process) with —the combustio-n exhausgsiream to thereby
15 prevent catalyst poisoning, after treahqent system alfunction, and ix;creascd emissions.

SUMMARY OF THE INVENTION .

In a first aspect, _there is provided a method for reducing

the deleterious effect on exhaust emissions after treatment and
control devi f ne i e
devices o . at least o contammant selected from the group consisting of phosphorus
- x

lead, sulfur and 'c:oinpounds th_empf in an exhaust stream from the combustion of a



control devices of at |east one contam nant selected fromthe group
consi sting of phosphorus, |I|ead, sulfur and conpounds thereof in an exhaust
stream fromthe conbustion of a 2 hydrocarbonaceous fuel in a conbustion
system |l ubricated by a | ubricant, said nmethod conprising the steps: (a)
| ubricating the conbustion systemw th the lubricant conprising a najor
anount of a base oil of lubricating viscosity and a m nor anount of one or
nore adgi,tives cqﬂg&%ﬁLng (i at | east one organosul fur conpound, or at

b

| east -GHESH Ee8) &t LSO SIHe AFtenblubBeated bysmnlabri¢ant, jsaidtméthadt one

nol ybdenum.source', (b) conbusting in the conbustion systemthe

hydr oc &PB8HSEHESPYel "t o produce conbustion products conprising at | east
one material selected fromthe group consisting of sulfur, |ead,

phosphor us, @nd ¥britaeths combngon;sygtan witnhahbiicent sheprighy D e Bnshith at

‘ (Zeast one of the sulfur, |ead, phosphorus, and conpounds thereof in the

| onbus ©f dhassod of bbsicatingoisebsityt dnd ampiybabenurvf o ©F akSadMifivesdbmbRaag Gpne of
the sul fur, |ead, phosphorus, and . conpounds thereof. In a second aspect,

t her e fllegst ord aedoavifia ppapainds or ﬁﬂememéd}gmoggoﬁﬁmlﬁ SoldhH g above,
sai d apparatus conprising (a) a conbustion chanber adapted to cobust a

. hydr oclapisbizast eneimolybiddnum(dopread; means to i ntroduce the hydrocarbonaceous fuel
into the conbustion chanber; (c) a nmeans to convey conbustion product from
‘the ¢ q_nb ust(bpn chablisting in the combustion system the hydrocarbonaceous fuel to produce
combustion products comprising at least one material selected from the group consisting of
. sulﬁn', lead, phosphorus, and-compotinds_ thereof;- |
(¢}  contacting the molybdenum with at least one of the sulfur, lead, phosphorus, and
compounds thereof in the combustion products, |
whereby the molybdenum interacts jwith at least one of the sul_ﬁlr, lead, l;hosphorus, and

i

compounds thereof,

In a second aspect, there is provided an apparatus

for performing the method as defined above, said apparatus comprising

(a a .corhbustion chamber adapted to combust a hydrocarbonacéous fuel; -
®) a means to introduce the hydrocarbonaceous fuel into the combustion chamber;
(c)  ameans to convey combustion product from the combustion chamber;
: r | d =a ;ubﬁcant comprising a major @omt of abase oil of lubricating viscosity and &
minor amount of one or more .adéitives comprising (i) at Ieast one organosulfur
compound, or at least one organophosphorus compound, .or both, and (ji) at least
one molybdenum source; and - .

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

2a



(d) -a lubricant conprising a major anmount of a base oil of |ubricating
viscosity and a mnor anount of one or nore additives conprising (i) at

| east one organosul fur conpound, or at |east one organophosphorus
conpound, or both, and (ii) at |east one nolybdenum source; and (e) a
means to introduce the lubricant to the conbustion product. 2a In a third
aspect, there is provided a nethod for inproving the durability of an
after treatnment device for a conmbustion system said nethod conprising
contacting the products of the conbustion of a { hydrocarbonaccous fuel
froma conbustion systemw th a nol ybdenum source in an anmount sufficient
for 'the nol ybdenumlno ai nkied aespesti ttherons  @rovivdsd ea methedifor inpmdvingsel ect ed from
the group consisting of phosphorus, sulfur, |ead or conpounds thereof in
sai d products e fuehlihy of eemcaftert reatmpueviet fohea oromipsiéonof t he

contam nants contacting the after treatnent device. In a fourth aspect,
there is provisggemasaiimbihdd obmprigin®vintgting G wediRuSIfit cabibmdidiieta I N a
conbustion system as determined by reduced thermal gravinetric analysis

li ght-of T t embedmtarbenaeéousdiidl fFdnh 8 BorBistibs H}si’érﬁwitﬁraQHM?Béenuﬁlado oBE BP&nount
conprising introducing a conbustion inproving anount o nol ybdenumto the

. conbusti on i nsefficieAbfes tHe@Rol§Y M 8 finttrab @it oﬂ@l&ﬁ:@é 8&%}5%&%&&? ﬁgm the group

gravinetric analysis light-off tenperature Is re tive to

thermal . gravigRistiag 613?&(%%{1&& IsGthle Rhd of @Iﬁ%ﬁ:ﬁ%@regf 1@1i sglxﬁepclio&u%tsttg (t?he?é?)syerg&?ce

of the introduction ybdenunt
the amount of one or more of the contaminants wntacﬁng the after treatment device.

-

In a fourth aspect, there is provided a method of improving

the combustion of g fuel in a combustion system, as determined

by reduced thermal gravimetric analysis light-off temperature of combustion pa;ticulafe
products, said method comprising introducing a combustion lmprovmg amount ;)f ‘
mblybdenum to the combustion in a combustion system of a fuel, whereby the thermal .

gravimetric analysis light-off temperature is reduced relative to the thermal

a‘_r_ime‘tri naloyora 15 P o o S .. - -
it ¢ analysis light-off temperature aceved in the absence of the mtroduction

of molybdenum.

In a fifih aspect, there is provided a method to inhibit

the formation of a phosphorus—containing, sulfur-containing, or

lead-containing permeability-reducing giéze 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 consistin
of .phosphoms-containing, sulfur- :

containing and lead-containing materials.

2b




In a fifth aspect, there is provided a nethod to inhibit the formation of
a phosphorus-contai ni ng, sulfur-containing, or |ead-containing

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 method
conprising contacting nol ybdenumw th the products of conbustion of the
fuel, wherein said products contain at |east one nenber selected f romthe
group consisting of phosphorus-containing, sulfur-containing and

| ead-containing materials. 2b Disclosed is a nethod to inhibit, reduce or
prevent the deleterious interaction of conponents (such as phosphorus, |ead
and/ or sul f Dischsédi ng fqg o e ubri.cant_source, any processing. aid or

adj uvant ,. fuel, fuel addi?%g%? é#rqﬁ?&gtﬁgﬁ esé”ed?@?@ﬁg 20 the conbustion

pr.oceshg dokeRod ' exhaust. streanrof a conbustion unit by the
i ntroduction ?ghﬁﬁggﬁﬁgﬁ%%ﬂ ﬁ?%ﬂﬁgﬂﬁmﬁ%w@FP ked apd/ax yubr priging frotmt  of

mol y bgeniiitfe LAELED revent . cat gl yst: poi soni ng, sensor poisoning, after
-t r eat nent sélzﬁs)l% Léﬁ?ér%#ﬁﬁ%ﬁ%ﬁg “Hﬁﬂ'/a&luva?‘ng%ebé@é@d%ﬁfggirmgﬂwMe entering - -

----- : i sclosed js_ a systemfor adding an effective anmount of
n%?ybgéﬁﬁhﬁﬁgﬁyﬂgnﬁﬁﬁﬁﬂgﬁﬂ@ﬁ”ﬁ@“%ﬁm@%hmﬁbﬂﬁ@maﬁ@mgmmgnbhomﬂﬂgﬁh6, | ead

. and/ or

1ntroduction 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.

2y “
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sul fur.fromthe fuel or the products can result fromthe conbustion of the
fuel. Disclosed are nethods to inprove the durability of an after treatnent
device for a conbustion system wherein the nmethod may include contacting
the products of the conbustion of a hydrocarbonaceous fuel with a

| ubri cant containi ng nol ybdenumin an anount sufficient for the nol ybdenum
t;0 interact with one or nore contam nants selected from the group _
consi sting of phosphorus, sulfur, |ead or conpounds thereof in said products
to thereby reduce the amount of one or nore of the contam nants contacting
the after treatnent device. 10 By "nol ybdenum herein is neant any

‘ol ybdenum comflsendisclesdir &2 ar syher joal addidgNCGlnUdipdg; but not limted to

nol ybdenggcéigri01(%;;;1’%te1;d mono- nucl ear and di nucl ear and tri-nucl ear

nol ybdeni I e oy thel €61bh s Bl I enum,sal.i cyl ate, nol ybdenum
-r. arboxy] at es é%bdenum di t hi ocar bat ﬁlé?%%g?“y“g‘g“ﬂ’%%ﬁh°mr§v§ﬁ%§%@r

nol ybdendm & 0%5%) 1o the produgty e remltl foviethb aseishstivaloy le@aum | i henat es, o
neutral and overbased nol ybdenum sul fonates, 15 amoni um nol ybdate, sodium
nol ybdat e, potassi um nol ybdate, and nol ybdenum hal i des, conpounds deri ved ’
from mol ybderRifflosedcred owittolls ami n@groadd 3l QRRtkR, @nd,conpinations and al

cr

.M Xt ur espeheneRs; es. of commercial sul fur-containing oil soluble
ol ybdenl‘J3 m conp‘](;)]aen sgg%gu%gﬂfﬁsgﬂmgﬂ@“ {iisonetgdnay include eonteSbng tBapradatsl obe

165, andf Smicumbudtionera 8l gg,@o hi. Denka Kogyo K. K., Mdlyvan(r) A
Mol yvano 807 and Mol yva%(rrog'&g- ?']Sﬁfegew‘ 2 lubnsantsantaining molpbdqpmmyin aand

‘Naugal ulaaodd kivfiMehi 8P4, n rporation. Exanples of commercial sul fur-
and phosphorus-f reee gﬁ DS%%%“@%WWGHH%WWHMHMI&&H%& 700,

- fnom As@Bigrdas kA vo KK . and | yvan(r) 856B and Ml yvan(r) 855 fromR
o \9 Vander boi@Ft Cé#rﬁ%gﬁgp Ig%?REqms,s > Iead or compounds thereof in said products to thereby

red i
uce the amount of one or more of the contaminants contacting the afler treatiment device.

10 v * herain 3 i
By “molybdenum® herein is meant any molybdenum compound, source or material,

mcludmg but not limited to molybdenum trioxide, mono-nuclear and di-nuclear and tri-nuclear

molybdenum sulfonate, molybdenum phenate, molybdenum salicylaté, molybdenum
boxylates ithi '
~tarboxylates, molybdenum dlthmcaxbam:iltes, neutral and overbased molybdenum salicylates,

neutral and overbasejd molybdenum phenates, neutral and overbased molybdenum sulfonates
15 fum : i ]
15 ammonnm molybdate, sodium molybdate, potassium molybdate, and molybdenum halides,

compounds derived from molybdenum reacted with amines and alcohols, and combinations and

| ,,_) i mlxtures thereof, Examples of commercial sulfur-containing 6i1 soluble molybdenum

- 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 from R. T.
‘_ 20‘ Yand‘erbilt Company, and NaugalubelMolyFM from Crompton Corporation. Examples of
| _cOmmefmial sulfur- and phosphorus-free oil soluble molybdenum compounds are Sakura-Lube
| 790_ from Asahi Deqka Kogyo KX., and Molyvan® 8568 and Molyvan® 855 from R. T.
Vanderbilt Company, Inc.



3'The nol ybdenumis preferably present in the lubricant as an oil-sol uble
additive that can volatilize and thereby enter the conbustion chanber or
exhaust stream It may al so enter the conbustion chanber through "bul k"
consunption, i.e., past valve guides or around piston rings. By "base oil"
herein is nmeant a base oil which can be selected fromthe group consisting
of 5 paraffinic, naphthenic, aromatic, poly-alpha-olefins, synthetic
esters; and pol yol esters, and, mxtures thereof. Ina preferred

embodi ment, the B Il .contains |ess than of equal to 0.03 wt. % sulfur,
and greater than %?ﬁd gg%%fsIfrgtteﬁ’bpmrfzse%@é]ﬂ‘i}i"hﬂé@gt,asaindrﬂkmbxbkadldiihfeﬂiatyani ndex

greater Q. | to 80 and | ess than or equal to 120. In another
ermbodi mﬁ@%ﬂﬁe}gﬁ Sy, oeer %?Odﬁlr‘?ﬁﬂ%%mb@mwxbausfmm Ttondy: 0% aster 196 sul f ur
and gre n;or. equal .to 90 w. % saturates, and has a 10 viscosity
i ndex gf‘;é’g’{bé‘%&t Chiimber trgueh %PB‘ £oRUmpHon, i o past paleé guidexbrantyad pEetingt he
base oil iﬁ “gubsh, tially sulfur-free. By "scavenging" herein is neant the
cont acti ng.” cobP i{iﬂ@e"\}\n‘strﬁ?aﬂit @ heseioilgvhi¢henbe seledtédifiom thd @ ois edoksiétiipodydi ng
vvit'hsor to hysical Ly bonding wth or to, adhering to, agglonerating wth,
af fi Xi ng,™1 HACT PR Hy ropateaolhgphaeletins, somstioedcrs, allpelonaergahder | g,
cl eansing,, consuning, or 15 any other way or neans whereby a first material
makes a BEREH eﬁéﬁ’ﬁe?‘i aprefpmeed gitibadinent thel bassoil @validsas thanB¥ cqidltEH gstion”,
“interagting” and "interacts" herein is nmeant scavenging. %y ’ )
"i nact i V&t ‘%@'ﬂn%éﬁ%ﬁﬂhmsomaaitto 90 ax.en gatifiiesBhd haY SVRCAID ARAS gﬂ:ﬂ& frug!
herein is nmeant hydrocarbonaceous fuels such as but not™ 20 imied to
dipsel 9rsgraltp 89 atdiets,tha arehediso 1260, NBY SotHeLERRRMBent) BN o W nt il S
s%t hetic fuels, such as

than or equal to 0.03 wt. % sulfur, and greater than or equal to 90 wt. % saturates, and has a

10 viscosity index greater than or equal to 120. Inamore preferred embodiment, the base oil is

substantially sulfur-free.
By “scavenging” herein is meant the contacting, -comi)ining with, reacting, incorporating,
chemically bonding with or to, physically bonding with or to, adhering to, agglomerating with,
affixing, inactivating, rendering inert, consu-ming, alloying, gathering, clea;sing, consuming, or
15 ~ any other way or means whereby a first material makes a second matérial unavailable or less
ayailable.
_) - By “interaction”, “interacting”.and “interacts” herein is meant scavenging.
By “inactivating” herein is meant scavenging,
"By ‘_‘hydrocarbonaceous fuel” her.ein is meant hydrocarboraceous fuels such as but not
| 20 limited fo diesel fuel, jet fuel, alcobols, ethers, kerosene, low sulfur fuels, synthetic fuels, such as
_ Fischcr—Tropséh fuels, liquid petroleum gas, fuels derived from coal, genetically engiricered
: bio_ﬁlels and crops and extracts therefrom, natural gas, propane, butane, linleade-d motor and-

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



Fi scher-Tropsch fuels, liquid petroleumgas, fuels derived from coal
genetically engineered biofuels and crops and extracts therefrom natural
gas, propane, butane, unleaded notor and aviation gasolines, and so-called
reformul ated gasolines which typically contain both 4 hydrocarbons of the
gasoline boiling range and fuel -sol ubl e oxygenated bl endi ng agents, such as
‘al cohol s, ethers and ot her suitable oxygen-containing organi c conpounds..
Oxygenates suitable for use in the fuels of the present invention include
met hanol , et hanol, isopropanol, t-butanol, m xed alcohols, nethyl tertiary

butyl etydrocarberistof te)paddiik bEERE Lk el | Lary. butyl ether 5 and
m xed et heros. | &yggﬁat es, m%ﬂﬁégd, e ﬁ‘ﬁi@%@ﬁ%ﬁ{n&e@ﬁe&ﬁlggéﬁ ’sf’ﬁu%
5%

r ef or mulakiohels, @&k Bhef Sffable BxAlnTIRHM e ghout by vol une,  and
preferably in an anount t hat pro&%ﬁgs aﬁﬂgéﬁﬁgﬁnggﬁ? hﬁhpéqﬁ%§%W@W%ll
fuel i nféige ARG RicRlof BRUseh Wikie ReRSLGoMt, By . vol ume. . - .

"Hydr ocar bonaceous f uel ™ or ';?‘l’fté]ﬁm?ﬁg@e? %c{sﬂﬁ%?’lc%lé%lsﬂgrgﬂaﬁﬁbéwm’ used

engi ne BiixedBoBb1s Shdifyl WH; L not .co i n mol.ybdenu gasol i ne,
bunker fuel, coalsq?&%é;eé}gégfgg’gfﬁ?ﬁ’ ,ar%?[ﬂﬁénegﬁﬁ,c&ﬂéfp%gwa% Btykster and

by- By OduGi SixeS LS . @ racts, hazardous wastes, yard trinmngs. and
waste, wood Chi pg&agjd!y ggﬁv%éeﬁs‘fvfwnalﬁ?cﬁéﬁ{l PWI%E‘F@?M g esformyflatedie pl astics
and ot her;ar ' t e, and/ or g -products, and m xtures thereof, and
enulsi&%%,Isdggg%g?%ﬁéyggaawagwg §? 36%’ ardeferablydama amonnicthatol | or

ot her {égmjluids. Bx." Iresel fuel™ herein is neant one or nore fuels
sel ect F ot HEETEE I8 Mg wveraflJud in e sagp of ghent 0.5 iqationt B percent by

.biyodi esel - der‘jﬁ/g% 15 fuel , synthetic diesel and m xtures thereof. It is
'*pDef er r'éd That™ éarﬁ?‘?ft"‘é?iﬁ W neic desd S herein shallalsoguesatwaste aaubed engirfewr- f r ee, by
whi ch istneaﬁt a.sul fur content not to exceed on average about 30 pp in of
the fuBtotorgiisohishipay oramay pot pentain molybdenns gesoling, buaker ifoh, coal(distor ude used
or wast oSI having a ' )

10 slorry), crude oil, refinery "bottoms™ and by-products, crude oil extracts, hazardous wastes, yard
trimmings and waste, wood chips and saw dust, agricultural waste; fodder, s-ilage;, plastics and
other organic waste and/or by-products, and mixtures ﬂ1ereo.t; and emulsions, suspensions, and
di"'s:persio_ns thereof in water, alcohol, of 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 sulfor content not {o exceed on average about 30. ppin

) of the fuel. Since the fuel useful in the present ifivention may include used or waste oil having a

molybdenum fiiction modifier or Iubricity additive, the molybdenum in the scavenging and
protection achieved by the present invention can also come from such a fuel instead of, or m
20 addition to, the ubricant. |
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 and without



mol ybdenum friction modifier or lubricity additive, the molybdenumin the ..
scavengi ng and protection achieved by the present invention can al sa cone
fromsuch a:fuel instead of, or in 20 addition to, the lubricant. By
"conbustion systemt and "apparatus” herein is nmeant, for exanple and not by
limtation herein, any diesel-electric hybrid vehicle, a gasoline-electric
hybrid vehicle, a two= stroke engine, any and all burners or conbustion
uhits, including for exanple and without ti linmitation herein, stationary
burners,; waste incinerators, diesel fuel burners, diesel fuel engines,
autonotive di esel engines, gasoline fuel burners, gasoline fuel engines,
power pl dintitagemBérainOstationaP Whrhdd vhastiSnei y&ir rponaceaus fuel |
conbustion systens that may benefit ?‘?omtﬁlteg’%reée%gglﬁ “r?%gifﬁs?ldﬁgieﬁﬁlp%le al |
conmbust i @ftotititSdiesY ShARS, o A6 ESH ngihes that burn fuels. By 5
"combusti on systent he?ei hE S Al sglbr‘r@%g!f ggasr?;?/m‘gﬁﬁie%ﬂgfmf’rﬂo@’? Nt geRereitser nal
conbust i apd BeYik&EThe h AT ngimes.. turbi ne engines, jet engines, .
boi | ers, incinerat o?s?ﬁg%porg?aﬁggieggorﬁﬁbeu on S&&?&ﬁﬁmﬁ/ﬁsﬁ*%ﬁ@wﬁemﬂm@sm
arc, st ajdvefnnditd the like which can conbust or in which can be
conbusted a hydrocaﬁ%ﬁ’g}:bglgﬁ%n%@lsygt QmSW?%EPWW@“%@PW%Wa@Ythe
contagti g Lol t.oget her. reacting,, conpl exing, 10 coordinating,
conbi ni ng, mgggntg(’)%%kg,gmmg%eﬁ‘g’? alse, prepitany %&ﬂg@mlav giterpd opmbnstiondedeesor e
material g ch\M}?teger or. not a chem cal, or physical reaction or change occurs.
By "essenti al Ty B WGP BRI Engingg, bailery ineinsratons esaforative bmant plasna
anount qf el enent aJ IShosphor_us or a conpound thereof which is I ess than
aéaout 10 BFASTS S, Blasp pice siationgpy buriesy land thy like Ivdinhtcas bombust oSucthidhoan! evel s

~ph hor r irable in man rrent |ubrican
o) posq)e%mtillusz%ledealcliyef able in many current | ubricant

rocarbonaceous fuel.
By “contacting” herein is meant the éontacﬁng’, bringing together, reacting, complexing,
10 coordinating, combining, admixing, mixing, and the like association between two or more
materials, whether ornota chemical or physical reaction or change occurs.

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

15 f?rmwations, and it is anticipated that lower levels of phosphorus in lubricants will be
(r continually sought, perhaps required. A prefer_red level of phosphorus in the Iubricant isan
“amount between 1 ppm and approximately 1506 ppm. A more preferred _level of phosphorus in
‘the lubricaiit is an amount between 500 pﬁm and 1200 ppm.
By “after treatment system” of “afier 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 afier treatment systems include an automobile three-way

catalytic converter, lean NO, traps, catalyzed diesel particulate filter (“C-DPF”) and a



15« fornulations, and it is anticipated that |ower |evels of phosphorus in

l'ubricants will be tom continually sought, perhaps required. A preferred -

| evel of phosphorus in the lubricant is an anmount between | ppm and

approxi mately 1500 ppm Anore preferred | evel of phosphorus in the

| ybricant is an anmount between 500 ppm and 1200. ppm By "after treatnent

systeni of "after treatnent device" herein is neant any systemor 20

devi ce which contacts the combustion product(s) froma conbustion chanber

i n a manner designed to oxidize, reduce or otherwi se treat the. conbustion

pr oduct ( sientimmslylregenedatihg rotin @Y Rk d1al 1 © erein, of such after

treat ment systens include an z;lﬁggrmbi I%}t}tchlra{egefilv%%y Al?:eépg?wli[&@yﬁﬂﬂi%‘?? er,

| ean NOL inclages aswalatddys#edrsdike 38 lsea 4 ilter,C C-DPF) and_a 6
N d{i‘ﬁ Noglts&sfa}s %0W gaseling combygtion

conti nuously regenerating technol ogy dies parti
rs.like 02 sensors and NOx

t r eat mentafleyiséamiént 3yi€ns B KhAAEH RIS RS STy

sensors.. Anal ogous. gasoli ne conbustlﬂ%ir‘]ﬁé‘gl?etr%?a‘? °§‘§}“ﬁé’ﬁlﬁeﬁ§§‘§@éhgprg$@t known
and are iimehtisied herein as deriving benefit fromthe present invention. 5
It is to be understood that both the foregoing general description and the

foll owi ng detqd 408 48 | PR e exenpl ary and explanatory only and are
i nt ended to proviode fu%tgtﬁg?ﬁlhgébg? %‘ﬁgfrle%?qgﬂenf’ deseripion end the &llowing  as
cl ai med. d&itda Ak I THE PRESENT | NVENTION 10 In a nore -
speci fic enbodi maEt optgﬁgﬂblg I%'S:@%W@?ﬁ?‘%ﬁmﬁ@ﬂ@/%éﬂe@emmgddé firthereduci ng
the anyMan@fion gﬂ%ﬁgﬁg‘gl{ngt%@roh?a%sda%;%ct on exhaust em ssions after

treat nent and contr

DEYAILED DESCRIPTION OF THE PRESENT INVENTION

106 In a more specific embodiment, the present invention provides a method for reducing the
amount of, or the deleterious effect on exhaust emissions afler treatment and control devices
~ﬁom; 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 Iubricated by a lubricant, said method.incIuQipg th:; steps: (a) lubricating
15 the combustion system 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 (ii) at least one |
| molybdenu? soiucc; (b) combusting in the combustion system the hydrocarbonaceous fizel to
produce combustion products compris:ing at least one contaminant matetial selected from the
20 group consisting of SillﬁJ'I', lead, phosphorus, and compounds thereof; and (c) contz;cﬁné the
molybdenum with the sulfur, lead, phosphorus, and compounds thereof in the combustion
pl;oducts, whereby the molybdenum interacts with the sulfur, lea;d, phosphorus,-and/or

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




“from at l'east one contaminant selected fromthe group consisting of

phosphorus, |ead, sulfur, and conpounds thereof in an exhaust streamfrom

t he conbustion of a hydrocarbonaceous fuel in a-conbustion system :

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

15 the conbustion systemwth the |ubricant conprising a ngjor. amount of a’

‘base oil of lubricating viscosity and a m nor anount of one or nore

addi tives conprising (i) .at |east one organosul fur C conpound, or at |east

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

sour ce; ' e, tion stem t he hydrogar bonaceous f uel
arldPr o it dr 9esgﬁs§ip%)égwéenlggnlg r?g tcoiltglgg}antg“\ghegém sgyeral. ¢

to produce coffbustion pro s comnpf

mat er i <6 from.t 0 _qro consi sting of. sul fur, |ead
phosph?%eﬁgﬁélgﬁ%i&g% r%%o‘{?ﬁa&‘g"%t r?ﬁ’rsg%ePéﬁﬁﬁatW% RElerably pypse ﬂb‘i‘lﬁ‘&}%um with

t he sul .| ead hosphqrus, a conpoynds thereof in the conbustion
produc téso,ma\ﬂ]l‘%r e ylefq%elfﬁﬁq ﬁfﬂ%’&%ﬁ?ﬁ"gﬁ%ﬁ%g ftalRte goavertsr performagesy
phosphorus. . and/or caonpounds thereof. This interaction between the
mol ybd SARATALHRE ﬁeﬁ%‘”i’ﬁ‘&? ncq, maptaiping LHopestormange aad meinteivima digsels t her eo
results in the_sc i ng of the contam nants, whereby several beneficial
resﬂl t?agfcédaﬁ%@ﬁ?rﬁég!@)gw?%w&ﬂging at |l east one and preferably nore or all
of the contam nants, the beneficial results include maintaining catalytic
converter perf BFGIHH e entionalsopipyilesp methedof ipprdvingthecanbustiomotd fubhig al NT
performance, and mai ntaining diesel 5 particulate filter (DPF) perfornmance.
The pr cemhustionsrsten Sor impayingrRRE prerformance; malitenfinedby sadizeeg thémat onbust i on of
@—_fuel in a conbustion systemfor inproving DPF perfornmance, as deternined

y red@simetne ppalysiGogt highitwiftenperatosd, yd method torhpristig iafrbducaigrer at ure, said
nethod conprising introducing a

combustion improving amount of molybdenum to the combustion in a combustion system of a

10  fuel, whereby the thermal gravimetric énalysis light-off temperature is reduced relative to the
thermal gravimetric analysis light-off temperature achieved in the abse;lce 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 throughouf the catalyst when M6 has been combusted in
or‘with the fuel. Molybdenum is combining in the combustion or exhaust stream with

bhosphorus and/or sulfur to form stable molybd'epum-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 througldl 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 formatibn of a phosphorus-

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



conbustion inproving anobunt of nol ybdenumto.the conbustion in a conbustion
systemof a 1o fuel, .whereby the thermal. gravinetric analysis |ight-off
tenperature is reduced relative to the thermal gravinetric analysis
light-off tenperature achieved in the absence of the introduction of

.ol ybdenum Wen cars are operated with nol ybdenumin the lubricant, |ess
phosphorus, sulfur, and l|ead will be deposited on the car's catalytic-
converter. According to the present invention, |ess 15 phosphorus, sulfur
and | éad is deposited throughout the catal yst when Mo has been conbusted in
or wi t heatdigst expoled tvitieypodirt kdrb UeSRHRLNG, ;i . top or .exhaust
‘streamwith phosphoré%band/or sulfurEﬁgﬂgg?%ﬁé?%ﬁﬁ%gﬁﬁi9tﬁ§ﬁﬁﬁgﬁﬁﬁggﬁorus

and/ or mﬁhycbiilehtlm@%&t%oEMMQEP@PQQW{%Q@éQP gﬁ’ tﬁ%&% e or in gl aze

reduced- perneability glazes on the cata

on t he thapoby@as cont@b& 164 &ﬁ:ﬁé}ﬁbé}%e&?@g &?Ag tﬁqegéf‘?l‘gig%ﬁgisfk@e-; pass through as-

20 unconverted em ssions. Therefore, S Sﬂqusn t he

conbus tdofainaipd hdfur-8SAHS, k Thus. th esent invention provides a
method to inhibit the fo r?a???%ﬁ%@‘%%%‘b‘%@%ﬁ@?SBQW%%tﬂlwegmatenalscan

sul ur yoRBh SeRbiRG: - |l ernmeahi lity-reducing gl aze on the
surfacéﬁof a cat aln;é;l%ls éﬁ%gseg 3%%‘!"{*1‘1%‘!@"96?8 TGogtaming sleamis fermied onithe a
conbusgﬁlmegph%cgt&]g& fuel, wherein the nmethod includes contacting

ith t

nol ybdenum wi products of conbustion of the fuel, wherein the
selected fromthe group consisting of

products c ' | east, one nmenher ror
‘phosphor us ?F%rg{r? %‘iﬁéﬁnﬁ%%s@ﬁfﬂlﬂgse g‘ﬁg‘é iPAd lvgd pietecliersanddowerndnmissignsmeliievadal s .
(':Fhe subf Her F%Eﬁcaiogi nE{B{fﬂt erjals can 5 poison the active netals of the
atal ys ether COMOHBHeIIL R the, porabystion piodert of abricant bofirbcbntiinibge  sur f ace -
-of the | yst.
| mggtlﬁen)(un can be drawn from the literature that teaches that molybdenum can be used io

10 protect platinum catalysts from sulfiir poisoning in refinery naphtha reforming reactions, and
also in hydrodesulfurization reactions f01; lowering sulfur in gasoline and diesel fuels. (B.
Delmon, "Recent Approaches to the Anatomy and Physiology of CobéltMolybdenum -
Hydrodesulfurization Catalysts," Proceedings of the Climax Third Internatipnal Conference on
the Chemistry agd Uses of Molfbdenum, Ann Arbor, Mich., Ang. 19-23, 1979, p. 73-84,

15 " Asan additiongl benefit, molybdenum in the exhaust after treatment system can be
expected to scavenge léad to form the white colored, vlvell-.lmown normal molybdate “PbMoQy4”
- (melting point 1065 °C), also known as wulfenité (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 molybﬂenum is molybdenite (MoS,). By virtue of the “naM
' _stalﬁlit}'"’ dfMoSz, 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



'F:urth‘e‘r evi dence of phosphorus, sulfur and | ead protection and | ower
"em ssions achieved C by the presence of nolybdenumin the conbustion
product of a lubricant or fuel containing nolybdenumcan be drawn fromthe
literature that teaches that nol ybdenum can be used to | o protect platinum
catal ysts fromsul fur poisoning in refinery naphtha reformng reactions,
‘and al so in hydrodesul f nization reactions for |lowering sulfur in gasoline
and diesel fuels. (B. Delnon, "Recent Approaches to the Anatony and

Physi ol ogy of Cobalt Ml ybdenum Hydrodesul furization Catalysts," -

Pr oceedibigsieaperitie. ChédoBdind B dliont r}aﬁ'o al .Conference on the Chemstry
and Uses of Mblybdenum Angn- Ar(g{g?f@lksfl c @?Hﬁf’g‘?rysrll@ﬁ?‘ﬁg?"fl Pagked figregd. 15
As an addkilfi®Rhs RRAGHD tivofR ¥ umin the exhgust after treatnent system
can be expected to scéavgﬁgew%gﬁﬂt"o%'fsﬁ?eﬁf’?ﬂ@" streolyblegpmatong| | - known
nor mal  MakHREA LS sc: . | ti oint 1065 C), also known as wulfenite
(Cotton, F. A.,%ﬁd%ﬁ%@%%r&“@&g&%&%ﬁﬁu%qu%mmgtl@wechmm;ex Fifth
Edi ti ongreal@bi sWl New York, p. 805). and prevent |ead poisoning
of the exhaustswetnrﬁégﬁo%gﬂ%t?%lﬁmlsr eat nent equi pnent. 20 The nost inportant
ore §f noly l.s._mol.ybdenite (MS2). By virtue of the "natural
stability" gﬁﬁ %g%}?g%?‘hef‘bg‘h&%?ﬁ ishgs thay thsanalyfulenara tin thelceinpustipreiresn f or mi ng
as ar f e | enum sul fur interaction spelled out in this
i nvent ?%%&ﬁgﬁ cﬁ%ﬁ'@hﬁfﬂqﬁ’@i‘? Lyingfhem preastselides, phodphatps, ead had npfytaassl f ur
source,,n%isé/e 3/b§2 whi gh is the nost stable nmol ybdenumsulfide at 9

| °5¢ procuct compounds theu participate fisthghintegripémaiconiteol aAdaasidiragd Lot t on,
thi S S#J Ii de has :i\ crystal lattice of close-packed |ayers of sulfur atons
reati g L& &P’ Dri smatic i nterstices occupi ed by nol ybdenum at ons.

Example: Thermal gravimetric analysis (I'GA) testing was used to determine the effect of

10 the fuel soluble metal additives on the temperature of maximum soot oxidation. Particulate
matter (PM) generated from a 1_998 Cummins M-11 engife 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 ﬁth 388 ppm by
weight sulfur. From this fuel, three additional fuels were made by adding strontium, manganese,
\ and molybdenum at 20 mg mc?tal per liter fuel, réspectively. For each separate ﬁlel; PM
| generated dunng three consecutive EPA Heavy-Duty Tra.ﬁsient 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.
B From a plot of weight loss vs. time, the temperature at which the maximum soot oxidation rate

occurred was detennined. The TGA results of the four sets of j)articulates are ﬁlotted in Figures

10



.fher.éforei by scavenging sulfur, the resulting product, MS2, is protecting

t he exhaust after treatment system from catal yst .poi sons. 5 The present

.invention tthus establishes that the nolybdenumin the conbustion stream

scavenges catal yst pollutants by tying themup as sul fides, phosphates, and
| ead 1ol ybdat es. These product conpounds then participate further in :
em ssions control as denonstrated in the follow ng exanple. .Exanple:
Thermal . gravinetric analysis (TGA) testing was used to determ ne the effect
of 10 the fuel soluble netal additives on-the tenperature of maxi mum soot
oxXi datlog&ga%tlcull a};m;’ matter (PM generated froma 1998 Curmins M 11
engi ne o t Etguon! shoevsile: mBA AddaRes B s cgl]ected on a
o ] P B Bl ¥ L gh i oo | 1

quartz fiber filter. The oil used was a hea

t he addlaameeansk:dgﬂateﬂxﬂﬁesﬂﬁua{nc%ﬁ?&éh%k%gﬂ,h B%SE&"?J:L’E ﬁvggﬁﬁe g{n g% Igg%\é\n{))ng

resultsﬂlmr; parts per mllion (ppm zi nc
(1437) rftar fo4Oehlzing@Re Sl e 1 The base fuel
used was a nunber 2 diesel fuel wﬁﬁﬁﬂ%ggﬂﬂ%mﬁ%gﬁ %&f@‘ﬁ‘ﬁ E@?P‘Flﬂ“ From t hi s

fuel, tmudgbdegdtintalsonaketd rontjum nmanganese,
and ol ybdenum at 20 n%r rrgitegllgmggeﬂrete ‘ter ?E’é?g ?gg"&bﬂ“?ﬁqéw ?ﬁéﬁc)

sepasat o fhiedf th&M ta@x‘(;jﬁ onsecut i ye EPA Heavy Dut y
Transi ent cycles v(\)/aggaglf)“lﬂli ect %%Qte},f' 4§g @ rﬁ‘lﬁ"sletr%‘i” t3,ghiowyfhat aficescsvengin@S2000A

parti cukahg, d m@&;&m% hﬁn erformed on 20 snall sections _Of

each PMloaded filter using a Ut yeteR) the gsultantme lybdempine
t enper ahidiBcVaD 4 rate of 20C/ m nute under air at anbient
esSurfé for all g@&%@@éﬁ%@ﬂ?g ?'gt"h‘c’)’?“%?%ﬁes‘llfdsg further soohdowering as

nper agﬂdw;-“ﬁ é’l‘ﬂ?f Xh the .apxi mum soot oxidation rate occurred was '
det er mi ned. arng?ull STI“SF’I‘?ES FHel Sistem contaipan catalustal esy satarepfopt t ed in

Fi gur esexample a continuously regeneratmg diesel particulate filter (DPF), or a diesel oxidation
10 catalyst, and/or a lean NO, trap (LNT), then these emission control units would also be protected
from the sulﬁ:r, phosphorus, and lead poisoning and thérefore retain their perfonnaﬁce‘ level so
long as the molybdenum scavenger is in the system. This s:gmﬁcant molybdenumn synergism
with the system catalysts in soot oxidation is an unexpected bonus to the scavengmg benefit of

the molybdenum that would be added to the lubricant. . -

15 X It should be understood that the contaminants being scavenged according to the present

(\: invention by the molybdenum from the Iubrican} can otiginate ﬁom 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 Ppresent invention, the contaminants being scavenged by
the molybdenum can originate from the lubncant used to lubricate the combustion system.

In one .embodunent, the lubncant—bome molybdenum which will scavenge the

. contaminant(s) can bleed, “blow-by”, flow, seep, bé forced oi compressed,rbe drawn, sucked, or

11




"10 | & 2. Figure 1 shows the netal additives in ng netal per liter of f uel
‘while Figure 2 show the sane results calculated in gravinetric effi.ciency
-of the respective netals. Both Figures show that after scavenging the

sul fur and phosphorus comng fromthe fuel and oil used, the nolybdenum

al so 4owered the light off tenperature by 157 C fromthat of the base fuel
(655 © 5 to that of the nolybdenum containing system (498 C). These
results show that after scavenging sulfur, phosphorus, and lead fromthe
conmbusti onl exhaust system the resultant nolybdenum products are al so
active in carbon burnout chem stry and result in a further soot |owering as

- shown i mspirget etieraisd atkidenfallybe d@iesdIP RS iR chBbustita LRIGEBFalNS 2

catal yst of any nature, for exanple, a continuously regenerating diesel

parti culcatbuitiontsgsteth DT Yhis @hbalidbRSBE coht ,_;,gli? " VSt ncéé r a lean
NOx trap (LNT), then these em ssion cgntro aﬁﬁ??sg\/\u%gﬂt@dalﬁtg%cﬁ‘@l "Ot ect ed
from t henslybdertim daRSS NNt fhe cBRBuLS i.sQni therefore.retain their
per formance | evel so Ior?g gg thegnngpgloggges’rslﬁ%rs as\%ﬁeél%]rngiogcqrﬁ B W st em

T Sat| ShibbERRE ofMARMANPER I XA B Sillon M AN P W R Etiibg e SO

oxi dation is an unexpected bonus to the Scavenyi :
ol ypde pmoRideatin ¥Q! fgﬂE&“ ubricant 15 .1t shoul d be understood
that the contam naﬁ%s el ﬁg%@g%ﬁﬁégﬁn{é‘ggwﬁsﬁeé"’tsgcqz}?é%‘p‘?"ég@handini%@rﬂi on
by the pREMBSIERUR, lubricant can qriginate fromthe air utilized in
the conbustion o ’afrnhe %\éﬁr%ec%'raﬂgﬁ%é’ﬁto‘{gvef‘ﬁ autpmolyenge. chuibisimenmer, t he

i to the present invention by the

t anm i . d .
E"glnygdmeﬂ%%%}é%ﬁl&%q6%8%?6?%%6%%&%’3r Ja Bebyith fs cenamimplés), whaelbn yet anot her

nmbodi ngcg%n%;ngtctggoggugsent i nvention, the contam nants being scavenggd by

In another embodiment, the molybdenum is caused, deliberately or inadvertently, to
10 encounter the contaminant(s) in a pélssageway through which the combustion products
~ containing the contaminant(s) are conveyéd away from the combustion chamber. In this
manner, the scavenging occurs outside the combustion chamber of the combustion system.
in anoﬂ}er embodiment of the present invention, the mc;lybdenum volatilizes from the
Iubricant and is carmried over into the combustion chamber containing the fuel.

15 In yet another embodiment, the combustion system utilizes a deliberate recirculating

[

(«.{ process, 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 treated 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.

iz



_the .rol yhdenum can originate fromthe lubricant used to lubricate the
conbustion system In one enbodi nent, the |ubricant-borne nol ybdenum which
"will scavenge the contaninant(s) can bleed, "blowby", flow, seep, be
forced or conpressed, be drawn, sucked; or 11 aspirated or otherw se
accidentally or deliberately get into a conmbustion chanber of the

‘conbustion system In this enbodi nent, the contam nant(s) encounter and
interact with the nolybdenum during or after the conbustion process,

wher eby scavengi ng occurs. Thus an enbodi ment of a method of the present
I nvention i s.ﬁl%r}li eved \Agen l.ubri cant containing 5 nol ybdenum escapes around
a valve in the conpiet pnadieed fatalystamotestion end enutamihant saslerpiiip vilféndkhe

l'imtat Ifﬁ‘a he ei%?an,i nt ake val ve or an exhaust valve in an autonotive
engi ne. CPRP&iefaontsins anqilhayise perdrhdenims coapmnd, withoan&ddMdlybdeidn | Nt er act
with the contam nant(s), whereby -scavenging can occur. |n another

enbodi ng’ﬁ{“gr&Fﬁ‘@f%PMM@ Wt gt exlebti fives alubkiyanpPsouigeadvertently, to 10
encounter thg contam nant(s) in a passageway through which the conbustion
products coRReRIRIeRbinyptiongmeddds imaotis) eRbEdiMOt\AR WS ShrANGHr f)érﬁmni%%
corrbustioii'l chanber. In this nmanner, the scavenging occurs outside the
conblst F5Hog errpdicingthe rmowuwlios ﬂeleﬂan&)s%alonleﬂh@g@ﬁgsrimﬁ q&%egﬁ'{;ght of. the
present invention, the nolybdenum volatilizes fromthe ubricant and is

- carri edaslaspttokrevicene, atdeit ohd @btalimmb sl cct ARl mg@g,ubg&?sﬁgggk of 15 I'n yet

- anot her };Snbl?vgllrrg& El;ﬁr;‘:e_conbustlon systemutilizes a dellberate -

r eci r cubospaogus, ceHs; andtehpbinds #RedoTid : S e recirculated into

or oF il i AelsPURS BndiHE e

| fi-ath‘er the intake manifold or the conbustion ner, any

ubr i carentagnsifs)od cvintbystidiecHARBEAIIRPES to DILLLL hyBf8hBlnaceous fuel; (b) a means to

introduce the hydrocarbonaceous fuel into the combustion chamber; () a means to convey

‘10 -combustion product from the comb{lsﬁon 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 (i) at
-least. one organosulfur compound, or at least one organophosphorus compound, or both, and (ii)
| at least one molybdenum source; and (e) a means to introduce the lubricant 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 m the
lubricant can be selected from thf: group consisting of sulfurized olefins, sulfurized fats and
vegetable oils, sulﬁu-ized unsaturated esters and:‘amides, ashless and metal containing
dithiocarbamates, substituted thiadiazoles, sulfurized hindered phenols, sulfurized a]kylphenols,
neutral metal-containing sulfonate dt?fergents, overbased metal-containing sulfbnate detergents,
' .20 neutral metal-containing sulﬁ;rized phenate detergents, and bverbased metal-containing
sulfurized phenate detergents,_ or combinations and mixtures thereof,
According to angther embodiment, the organophosphorus compound in the lubricant can

be selected from the group consisting of primary_, secondary and aryl neutral and overbased zine
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I'ead contam nants is caused to encounter and interact with nol ybdenumin
t he conbustion or exhaust. 20 In one enbodinent, the fuel or the exhaust’

- fromits conbustion is treated with a low | evel of.nolybdenum such as for
exanmpl e, a nol ybdenum | evel of about 20 ppm Mo in the fuel or conbustion
exhaust or less. 12 This-invention also achieved catal yst protection and
.cont am nant scavengi ng when the fuel conbusted contains an oil having a
nol ybdenum conpound, w thout extra nol ybdenum being delivered to the
conmbustion unit or its exhaust- froma |ubricant source. The present
i nventign provides in another enbodi ment an apparatus for performing a s .

t hod flisikykidhisphesphatbe(ZRRRIs), trialkyl-Cind tidr ' Gt
omi 99 e ok bkl and del:ohRisy ’ﬁg){eal egsfgrygﬁ{eb%%ts’am nant

em ssions after treatnment and control devices of,

sel ect edlkykapharyih phgspberpthicdthionates,ngd aficyl Qﬂqﬁ'ﬁ'}ﬂBéf)'ﬁﬂroltlﬁ@ﬁtesséﬂdfcﬁnggﬁgg?sn s (a)

conmpounds thereof in an exhaust stream wherein the apparatus
a conbuetmumredtherbefi adapted to conmbust a hydrocarbonaceous fuel; (b) a
means to introduce the hydrocarbonaceous fuel into the conbustion chanber;

(c) -a neans It s tepsvRbeli&red M YS HieQf _ E he combustian chanber;
(d) a lubricant conprfsi:g a E%Pgﬁﬂgﬁgﬁgpﬁ%?ﬁﬂgggégﬁiS ﬁﬁﬁ¥&FﬁB?F@é?ing

V150! thy ot f el e B lfGS S Y SRR (1) o

| east one organosul fur conpound, or at Teast Pus conpound,
i oduee R i e S IR B e o et pdbons v
oot e RSB ER LR e St (e
. amount of from 60% to 80% by weight detected on the after treatment device will be achieved
by the present invention. This will produces a dfamatic and hlghly desirable benefit in the
10 improved durability of such after tre:atment devices or systems.
Other embodiments of the present invention will be apparent to those skille& in the art
from considefation 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 clatins.

15
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| ubricant can be selected fromthe group consisting of sulfiuized olefins,
sul furized fats and vegetable oils, sulfurized unsaturated esters and

am des, asliless and netal containing dithiocarbamtes, substituted

t hi adi azol es, sulfurized hindered phenols, sulfinized al kyl phenol s,

neutral netal-containing sulfonate detergents, overbased netal -containing
sul fonate detergents, 20 neutral netal-containing sulfurized phenate
detergents, and overbased netal -containing sulfurized phenate detergents,
or conbi nations and m xtures thereof. According to another enbodi nent, the
organopho,g*qr s.compound in the lubricant can be selected fromthe group
consi st i NGRS "nhd})»'condary and aryl neutral and overbased zinc 13

di al I cyl di t hi gphosphates (ZDDP's), triallcyl- and triaryl phosphites, m xed
al kyl / art phésPHheckior reduging the deldterioyd effshoapingt fhielibll MRALEImeanga 2l KY!
and aryl phosphorothi onates, and conbinations or mxtures thereof. It is
t her ef or 898 deXjeag of aldeashnctoontamirmntieldctid fRLEEE Blou BN ‘h@ﬂf@&hﬂ%ﬁ I cant
reduction in 5 the amount of phosphorus detected on a device such as a
cat al yst agubfr aadisompetidntbereof iinyRBaRTReS fioh hBEoERRARYSLF St T eam from a
conbustion system Specifically; reductions in the anount of such

cont am nhyrrecadivoseo @RIty a \vembition RIS 4 Y/ Lons in an
amount of from 60%to 80% by wei ghfaﬁﬁeet ectﬁgﬁéﬁéﬁlﬂg’g%{’ggaﬁe&%@ent devi ce
Wi || be estirsingdbe dtapst he present invention. This will produces a dramatic

and highly desirable benefit in the 10 inproved durability of such after
present, i nvention

devi i . j .of th
t r eat nent e(@ceshﬁhmﬁM@Hﬁﬂﬁmﬁﬁ&ﬂﬁﬁﬁﬁgﬁ%ﬂhﬁﬁ@ﬁﬁ?gﬂg%%ﬁ?sagﬁaPWmaBwn¢he |

wi Ll be apparent to those skilled e arl _ : _
skeci {1 eftibase, oif O VsoBSiB it Sinihr lfsint S04 SrehadfhOS SO, et el 0.

at least one organosulfur compomd, 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
c?mbusﬁon products comprising at least one mateﬁal select;d from the group consisting of
;plﬁzr, lead, phosphorus, and compounds thereof;-
(©)  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, I;hosphorus, 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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I, | 5-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 C 14 WHAT IS CLAIMED IS 1. A net hod
for reducing the deleterious effect on exhaust em ssions after treatnent
and control devices of at |east one contam nant selected fromthe group
consi sting of phosphorus, |ead, sulfur and conpounds thereof in an exhaust
stream fromthe conbustion of a hydrocarbonaceous fuel in a conbustion
system | ubricated by a |ubricant, said nmethod conprising the steps: (a)

| ubricating the conbustion systemw th the |ubricant conprising a ngjor
and a m nor anount of one or

amount-  of a PRSKM int.l ricat.i vi scosjt

nore additives coﬁp?éilgf)ﬁa ?’)Wheé?nﬁ’géglﬁ“dﬁ%da Bﬁ@ah%%lan@ucommmpduhekpoﬁn at

| east ONgreQUoHBRIR (i& us. coppoung, .or. both, and (ii) at |east one

nmol ybdenum sour ce;H%f(g g c())ﬁ'ﬁﬂlg%&‘ﬁh{bﬁéa%onbusti on systemthe

hydr ocar bonaceous fuel to produce conbustion products conprising at | east
one material selected fromthe group consisting of sulfur, |ead,

phosphor ys, dc § thereof; (c) contacting the nol ybdenum w th at
| east ong' of aﬁ%éneg@)d?#gfa‘ﬂnelaa{h%wd%%ﬁm streandis cssentdiy fds of Wsﬁﬂf rud dhdt he
conbusti,(%n Ipro(%gﬁts, wher eby the nol ybdenuminteracts with at 1east one of
the sul fUFPPEEd$fosphor us, and .

( 0. The 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 -
c?nsisting 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, n-lachines,
engin¢s, turbine engines, jet engines, boilers, incinerators, evaporative burners, piasma burner
- systems, plasma arc, stationary burners, and devices that can combust or in which can be

combusted a hydrocarbonaceous fuel,
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cqrrpo,u'nds thereof. 2. The method of claim1l, wherein the sulfur, |ead,
.phosphorus, and conpounds thereof in - the conbustion products originate
fromthe fuel. 3. The nethod of claim1l1l, wherein the sulfur, |ead,
phosphorus, and conpounds thereof in the conbustion products originate
ffromair used in. the conbustion of the fuel. 15 4. The nmethod of claim1,
wherein the sul fur, |ead, phosphorus, and conpounds thereof in the

combust i ogp‘ products originate fromthe lubricant. 5. The method of claiml,
wherei n the exheusthatafehim il swes&a Md Bdtobath et SRIOL Y3 and, conpounds
thereof. 6. The nethod of claim 1, vmlg&ﬂéi n theecgggeﬂgts%gte‘i%?{neﬁfm“?her
conpr i sesoasistiigtof dicsé] foA] 1BdIEseB BRURER-dbrivel] . of cl.gim 6, rein the
after treatnment systemis selected frommt/%gﬁ%]’r u%gﬁl%éﬁssef’é%if%’%‘?&g&

cat al yzeatigrekabsaaa T Gulfatield, ic3lds FGRAL- NUoUs] y regenerating
technol ogy diesel particul ate: itlﬁéhgﬁggﬁ%'#ﬁ%%@sﬁgﬁl%f f‘%‘g‘il’?ﬂ@?"%ﬁ@% ein

t he combifisds @urived EbABohE g&fl : t.h ro consi sting of any

di esel -el ectric hybrid vERi cfagl?%ggé%ﬁ?%anb@@ﬂg@’#&@wgﬂﬂﬁ Freftem, patural
bur ner 5, Poslt e Sute Ynle A Bihor 8 A% o bl o Lenso i vaigh nes.
‘aut onot i ¥énteth 8§18 LvERT ) sol i.ne.fuel burners, gasoline fuel = engines,
power pl ant genergtor%rpg%r?;%%r%s oAing b?ﬁP%H‘?&F“‘%de‘%{@hfaﬂYg%mmdmg

devi ces, JEBG ] . LERAl bi ne, engi nes, jet engines, boilers,
i nci ner ator s&%@?ﬁb&%&%@%ﬁ?&@"ﬁ or 6‘“%’%‘&“{5‘6 rHeysed engine or motor oils which

(‘ may or may not contain molybdenum, refinery "bottoms" and by-products, crude oif extracts

hazardous wastes, yard trimmings and waste, wood chips and saw dust, agricultural waste,
fodder, silage, plastics, organic waste, and mixtures thereof, and emulsions, suspensions, and

dispersions the;eof in water, alcohol, and other carrier fluids.

10.  Anapparatus for performing the method of claim 1, said apparatus comptising
(@ aAcombustion chamber adapted to combust a hydrocarbonaceous fuel;
(®)  ameans to introduce the hydrocarbonaceous fuel jnto the combustion chamber;
(¢  ameans to convey combustion product from the combustion chamber;

r (d  alubricant comprising a major ar-nolmt of a base oil of Iubricating viscosity and a
minor amount of one or more ad&itives comprising (i) at least one organosulfur
compound, or at least one organophosphorus compound, or both, and (i) at least
one molybdenum source; and | .

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

11.  The apparatus of claim 10, further coniprising (£) an after treatment system.

17



systens, plasma-are, stationary burners, and devices that can conbustor in
whi ch can be conbusted a hydro carbonaceous fuel. 16 9. The nethod of
claim1l1, 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
natural  gas, propane, butane, unleaded notor and aviation gasolines,
refornul at ed gasolines which contain both hydrocarbons of the gasoline
boi I'i ng r@nge nd fuel -sol ybl e oxygenated bl ending agents, gasoline,
bunker fuél, cGSFPRAgRI ofglaim) Il whercinghaafter biedtmentsesteigichrted i leredipl S
which may or. may not. contain nol ybdenum refinery "bottons" and

by- pr oduéPERE Gha By zeddipsstpasticuto filteraid usomimibedy regaethtingiwBkhaggy and
wast e, W%Dd chi ps. and sawdust agricultural waste, fodder, silage,

pl astics, testlganticalaigdidtes, and ni xtures thereof, and enul sions, suspensions,
and dispersions thereof in water, alcohol, and other carrier fluids. 10.
An apparatus for performng the nethod .of claim1, said apparatus

conpri si? (a) a conbustion chanber adapted to conbust a hydrocarbonaceous
fuel; (bj~-a paretus of clothut&; wheilhthe bpsadhos | ;
conbusti on <§¢2Zhn¢t;er; (c) a nmeans to convey conbaﬁg(?%tgﬁsﬂg?%o%g%&?érngﬁﬂ%g
conbust i @Y eatric Kybridavehithy hakte-8 bt - MR ar nt of a base oil
of lubricating viscosity andbgf m nor%hﬁﬂgﬁ‘eﬂlg%hﬁo rmrgea%'&f"tain\gé‘gg

g Kgg ri siabichuners at cdmiastion BitsQst Q%MM% i“%i @Ba?%e%cs’r I i@k hSASL, O Dol

nophosphorus conpound, or both, and
tuel engines, automotive diesel engines, gasoline fuel bumers, 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 burner systems, plasma
arc, stationary burners, and devices that can combust or in which can bé combusted a

hydrocarbonaceous fuel.

14. A method for improving the durability of an after treatment device for a combustion
S)‘fstem, said method comprising 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 _compoundsl thereof in said préducts to thereby reduce

the amount of one or more of the contaminants contacﬁng the after treatment device.
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one nol ybdenum source; and (e) a nmeans to introduce the lubricant to the
conbustion product. 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 tje a 9ra%u$8%é .selected_fromthe group consisting of any

di esel -el'éctric. RHP U ¥ vhergipsthe preuns bEgosphorisydetdcBd VA MicGine; 2
two-stro engi he, any. and all burners or conbustion units, stationary
bur ner s, vvatﬂeg{ ‘{;‘WGF f’?é%/‘a{cﬁﬁ] By apjpmgwit of fret 26%rto 80%.bydie@8R! relafitielo ENHLRGS
aut onot i-ve di esel engi nes, gasoline fuel burners, gasoline fuel engines,
power pl 3 Phoség’ﬁé‘rdé%tre@ if raplybdenuimay hoticontenabwitiasi geliganal cormbustion
devi ces, machi nes, "engi nes, turbine engines, jet engines, boilers,

i nci nerators, evaporative burners, plasma burner systens, plasma are,
stationa burners, and devices that can conbust or in which can be

conbust etf-a  Hparediodrofclaim ddushdrein the akrbuntds sVl AR -8 ba IRV régﬂ%nt@e

durability of an. after treatment device for a conmbustion Sy “said

met hod cdiise isredused bnamahouny of fem@OoFk fwdi 8 tion of a.
hydr ocar bonaceous fuel froma conbusti gﬁ%s?s‘?éé%?’vﬁ%@ﬁp‘gt%n%?%%ﬁﬂ#ﬁ%rce in
an am)urﬂefec@diﬁmtﬂj*l&hhmﬁdﬁndth@ntwéd’bﬂm‘yja‘qgwuci&nt eract with one or nore -
contam nants selected fromthe group cohsisting of phosphorus, sulfur,
| ead or conpounds thereof in said products to thereby reduce the anmount of
'({re or nore of the contam nants contacting the after treatnent device.

17. The method of claim 14’. wherein the amount of lead detected on the afier treatment
device is reduced by an amount of from 20% to 80% by weight, relative to the amount of lead

detected if molybdenum is not contacted with said products.
18, The method of claim 1, wherein the organosulfur compound in the Iubricant is selected
from the group consisting of sulfurized olefins, sulfurized fats and vegetable oils, sulfurized
unsaturated esters and amides, ashiess and metal coﬂtaining ditbiécarbamates, s;Jbstituted
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-containing sulfurized phenate detergents, or

combinations and mixtures thereof.

19.  Themethod of claim 1, wherein the organophosphorus compound in the Iubricant is
selected from the group consisting of ptimary, secondary and aryl neutral and overbased zinc

dialkyldithiophosphates (ZDDP’s), trialkyl- and triarylphosphites, mixed alkyl/aryl phosphites,
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18 15. The nethod of claim 14, wherein the anount of phosphorus detected on
the after treatnent device is reduced by an anmount of from 20%to 80% by '
weight, relative to the anmount of phosphorus detected if nol ybdenumis not
contacted with said products. 16. The nethod of claim 14, wherein.the
anount of sulfur detected on the after treatnment device is reduced by an
anmount of from 20%to 80% by weight, relative to the anount of sulfur
detected if nol ybdenumis not contacted with said products. C 17. The

net hod -of claim 14, wherein the anount of | ead detected on the after

t r eat memiky! delargEptioSphotAbic RELo PAR 20% t 9 80% by wei ght.,
relative to tha;??rmﬁpnt of Ieagﬁesggl% ect e%@@%@%&éﬁgﬁ‘ﬁﬁﬁg&ﬂﬁcmag@%d
Wi t h saiodnfixiogs eefeof 18. The nethod of claim 1, wherein the organosul fiu
compound in the lubricant is selected fromthe group consisting of

sul furized olefins, sulfiirized fats and vegetable oils, sulfurized
unsaturated esters and am des, ashless and netal containing

di t hi ocag banpges -1 Ut t hj, adi | es, sulfurized hindered phenols,
sul furized al kyl gﬁg&jno s%lﬁl;hég‘{ﬂf’% D%Féﬂ?ﬁgW%§W‘ﬁdn the Inbrigaat is selediel fyent s,

over ba = NI sul fonate detergents; neutral metal-containing
sul fur ?@gg; ap“??gh’ésﬁgﬁgg’ic EP@}@H?‘E{‘“ §W&1 ’@Plyg@f‘@amﬁﬂif@naiqwm&bmmga sehdtesyi zed
phenat r ¢ i nati ons and m xtures thereof. 19. The net hod
of cl aﬁf’ng%?’&‘{ﬂqiglpstéﬁ??’@%W?yg’gﬁBm B%IBW%YM%& BerpbEpkedr amt difmcleabaridasinticles

sel ect qg If Lom t Qﬁq}%r oggrpconsi sting of primary, secondary and aryl neutral
“and over bALEH"Y “YPAPRGT AFYHIL apthevsbracdrsoly FDRshlicylatesg biatbase@nd
{/r'i aryln;l)liogé)hi teﬁ, m xed al kyl /aréll phosphites, 19 _
) Oiybdenum phenates, overbased molybdenum sulfonates, ammonium molybdate, sodium
molybdate and potassiem 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 t0 0.03 wt. %

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

equal to 80 and less than or equal to 120,

23.  Themethod of claim 1, wherein the base oil contains less than or equal to 0.03 wt. %

sulfur, and greater than or equal to 90 wi. % saturates, and has a viscosity index greater than or
equal to 120.
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al kyl *and aryl phosphorothi ol thionates, and al kyl and aryl

p’hosphorot hi onat es, and conbi nations or m xtures thereof. 20. The nethod
of claim1, wherein the nol ybdenum source irn the lubricant is selected from
the group COI’ISI sting of nolybdenum tri oxide, nolybdenum sul fonates,

nmol ybdenum phenat es, nolybdenum sali-cyl ates, nol ybdenum car boxyl at es,

nono; nucl ear and di -nuclear and tri-nuclear nolybdenum dithi ocarbamates,
neut ral and overbased nol ybdenum sal i cyl ates, overbased ol ybdenum

phenat és, overbased nol ybdenum sul f onat es, ammni um nol ybdat e, sodi um

mol ybdat e and pot assi um nol ybdat e, and 'rml ybdenum hal i des, conpounds
derived j‘ro % élenum reacted with am nes and.al cohols, and conbi nati ons
and ni x€ir es FUge of Jam tymdiereist tho bawfoikib aibadtal ethe base oil is
selected fromt he group consi sting of paraffinic, napht%enl c, aromatic,

pol y- al pha-ol efins, synthetic esters, and polyol esters, and mixtures

t her eof 2 ,'él‘réggerr&;dh%d% of llcI aim1, V\/nerel n the base oil contains |ess than
or equ ofglailg I.Whm&hdh;gﬁ@@}

sat ur at es and has a viscosity index grea%?édtaﬁg;‘nlaoﬁ&nqu%‘f’?ﬁ gg%m% | ess
t han or equal to 120. 23. The nmethod of claim 1, wherein the base oil

cont ai r%% Iemtr&gor equal to 0.03 wt. % sulfur and greater than or
equal #8- 90 Them af claini BSwvhepdifl tHas, ,ndex greater than or
equal to 120. 20 24. The net hod of cld§)| mbé&g\?\%e%éﬁl M@f’&el‘) fis

subst afelfagl |y sulfur-free. 25. The nethod of claim 1 wherein the

hydr ocar bonaceousf uel contains |ow |l evels of sulfur.

C

27.  The method of claim 1, wherein the hydrocarbonaceous fuel contams low levels of sulfur

and is further treated with oxygenatcs

| 28. The method of claim 1, wherein the hydrocarbonaceous fuel is substantially free of sulfir’

and is ﬁthher trcated with oxygenates

29.  The method of claim 1, whcrem the hydrocarbonaceous fuel contams low levels of sulfur

and is further treated with low levels of molybdenum.

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

and is further treated with low levels of molybdemun
3. A method of @promg-me combustion of a fuel in a combustion system, as determined
by _reduCed thermgl gravimetric analysis light-off temperature of combustion particulafe '
products, said method comprising introducing a combustion nnprovmg amount of -

molybdenum_ to the combustion in a combustion system of a fuel, whereby the thermal
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26. The nethod of claim 1, wherein the hydrocarbonaceous fuel is
substantially free of sulfur. 27. The nethod of claim1l, wherein the
hydr ocar bonaceous fuel contains low |levels of sulfur and is further
treated with oxygenates. 28. The nethod of claim 1, wherein the

hydr ocar bonageeatsirit I St; Sl I .free aof fur nd i s further
treated wi t%““ao_xygengl';i%I é)éé.lss%%# %?fﬂg%ltaa#o% lgbq‘eg%(fe irﬁ?‘&lj‘,’e ik Bernglne

hydnctar bonag@simetfic atalsimtight sl teowetaaire hehiofeds ifdibser@B AT e i dulagsy t ' eat ed
with low leyels Bée mol ybdenum C:. 30. The nethod of claim 1, wherein the
hydro car bonacesus THel is substantiall y free of sulfur and is further
treated with | ow | evel s of nbl ybdenum 31. A nethod of inproving the
conbusi%ion of a fuel in a conbustion system as determ ned. by reduced

t her maf2-gr Ay ipetagd te inhibit i fgngatgjmef@fﬁhoklﬁrmw-ﬁimﬁiﬁng,fsuﬁﬁfrbéiﬁéihﬂig, or

particul at ge,4 | d..met hod. conpri sing introduci ng a conbustion

i nprovi ng aﬁ%ﬁ%@q%lﬁ&ﬁﬁgﬁ@égggﬁﬁﬁ?@&%&&%ﬁgF‘F&ﬁ’eioflaﬁa Hsxposagdriosyst em of
a fuel, whehepypdbdte fiohehevbmbastionin a combustion i ; ; I.g analysis

| i ght - of f teg}ge,r,at ure i s reduced rel atrinvlels ltO(I)1 utnhteoqar{fgérzl‘rra ({T}gﬁ%gl\?ﬁrre e

anal ysi s | ‘GHPIS5E contachemelypdenaohwith dib pradudieofdosdmstornéf thbidl Nt r oduct i on
of nol ybdeyeid & pnhibit the foryation of a .
phosphor us- cont ai o ﬁg&ﬁé@ I%%t%{ﬁc% Eff %j?ﬁeﬁﬂ?m Selected from the group consisting

of phosphorus-containing, sulfur-containing and lead-containing materials.

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

consisting of lean NO, trap, and diesel oxidation catalyst.
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‘l.ead- cont ai ni ng permeability-reducing glaze on the surface of a catal yst
exposed to the products fromthe conbustion in a conbustion unit of a
fuél, said method conprising contacting nolybdenumw th the products of
conbustion of the fuel, wherein said products contain at |east one nenber .
selected fromthe group consisting of phosphorus-containing, '
sul fur-contai ning and | ead-containing nmaterials. 33. The nethod of claim 86,
wherein the after treatnment. systemis selected fromthe group consisting
of lean NO  trap, and diesel oxi dati yst. 22 ABSTRACT DELI VERI NG
MOLYBDENUM FROM A LUBRI CANT' SOURCE I'NTO A FUEL COVBUSTI ON SYSTEM The '
present. inventiRFLFEIRENG NOQLYBDENIDAIrFROM RntBRidHr fiufs INEd N9 ]
mol ybdenum - from a | ubricant Z&drEle oMBUSTforelsyaigmist | on systemor to the
exhaust therefrom By the ‘present invention, nol'ybdenum fromthe |ubricant -
or the fuel will interact with phosphorus, sulfur, and/or lead fromthe
conmbustion products. In this nmanner, the nol ybdenum scavenges or

onbust § on The Bl GAHEBIS o/ e S RN S A S B e er o s
Vet o S T el o AR 10 B Bt aEaTmaBydRe 1 eat ien
syt @ Beserlt isvefifion] inotybdenum from the lubricant or the fuel will intefact with phosphorus,
sulfur, arid/or fead from tﬁe combustion products. In thxs manner, the molybdenum scavenges ox
( | inactivates harmful materials which have migrated into the fuel or combustion products, and

which can otherwise poison catalytic converters, sensors and/or autometive on-board diagnostic

devices. The present invention can also lead to improved durability of exhaust after treatment

(FIG. 1)
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