-t 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

- appar at us :and nmet hod for delivering nolybdenum froma |ubricant source
into a fuél ‘combustion systemor to the exhaust therefrom By the S present

i nvention, nolybdenum fromthé lubricant will interact w th phosphorus,
sul fur, and/or .lead from the conbust I on products. Ml ybdenum can al so
Jenter the combustion systemin the present i nvention as a conponent of

“the fuel being bur e, viER T §r n bdenum scavenges or
i nactivates harnful materi al sI Eﬁbbﬂ rRD %ﬁgg ﬁﬁgé”?hﬁot’

conbustion products, and which can ot herw'se 8 Xﬁgﬂ'»‘tlc converters
sensors and/ or autonotive on-- 10 board di agnosti c devi ces. The invention

t hus pPrEaELYEOFAHE INYENDIo MPr ovi ng conbustion efficiency of a fuel being
conbusted in a conbustion unit through the introduction therein of :

.ol ybdenum ﬂ@ﬁeﬁﬁﬁﬁ@ﬁﬁdﬁ\éﬁ&gk@&%gﬁ? so!I eﬂ]ﬁd&d?ﬂlg pved dur.abi | |pt gbf)fem

exhaust after treatnent systens
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or . produces upon co UStIOﬂ one

-~ andg or pRGS . pi son Qr degrade catal ytic
F RRehtth, m‘&%ﬁ@ﬁﬂx{? oar E‘ g?’f F@ter%wtéégf’sphm]!& spuraai/er onal

converters, sensors

probl e I on nts in the formof undesirably
Toud ﬁmq‘ ?E‘%?‘Bﬁ%’? E’g‘?tﬂ F’Fﬁ’ FRtodsncanier ghe Wynbystisasystemiimthche

i ncreased |eve
xhau
; j Shresent 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, anct which can otherwise poison catalytic converters, sensors and/or automotive on-
10 - board diagnostic devices. The invention thus provit!es -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 aﬁcr

treatment systems.

1s.  BACKGROUND OF THE INVENTION
. ) o A problem exists in fuel combustion systems in which the -fucl contains, or acquires, or -7
) pr(_)duces‘ 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
devices.
| 20 An additional problem is created by such contaminants in the form of undesirably
. mcreased 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.




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

| 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 combustion chanber, or the
combusti on exhaust stream fromthe engi ne lubricants which often contaln
phosphor us- cont ai ni ng- and sul fur-contai ning additives, and | ead conpounds
associated with conbustion systemwear. In addition, the conbustion in a

wast e i ribtmefiatior fuek oviagheaitnTheor@iskinGn¥hd] 219 9i cont gini ng 2
nol ybdenum | ubricity or antioxi dant atlzlldl ti vealgb ée?ﬁmpﬁg%l %b’ﬁ%)ﬁ’orrenon

t hat velvhainba, antle %ﬁ&im@@%dﬁ&t%@&ﬁﬂﬁ&%e%%ﬁﬁﬁﬁwﬁ I?‘bé'r qife the eng| ne

bunms, oil used as a |ubricant- for the engin

COfTbUStI_[JhﬂSphSlyﬁ-thﬂﬂa_uMg dnggﬁlﬁg% for ., br| cati.ng oil to enter the
conbustion system ancF'r its gi)éé %s?%és@ aaﬁ‘nd 8%‘?1??}“’151{51 sQditpdwath

conponepbab@tioa sttt g 57 cat 0|I also are 1 g consuned or
bur ned and thesgfgconponent sédgﬁioéfﬁgé%o W%W’&%‘F@?@FPBW@F&%@ on

t he s cowitushIIRVE Y t ter t r eat ment stem and em ssions.
It is therefor evdegltcrgg@@m%adorﬁélﬁéeﬂmpq b‘ﬁ'c‘,’éa’&f‘f"xﬁa&ﬂéﬂéﬂlﬂehe del et eri ous

. interaction IPfsa»@tQpﬂﬁ’%h%n SUChIﬂ'?ai gl}hos horus, |ead and/or sulfur arising

fromthe lubricant so a8 ?"do?th‘éfmﬂl@@t@ﬂﬁz\ﬁmh@m
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i ncreag Iﬁm\ga o30S FYPc_’j THE I NVENTION In a first aspect, there is
pT))w ded a net P%tP"'@@cﬁﬂ?F ubgiggtingiktoentes the cembexﬂoncxylstmj‘mdﬁir ieni ssi ons

%he nt az(gl f ti;'r ol _devices of at |east one cont-am nant sel ect ed
fromt P tHey vagfous pesBpAvents oF addites in tisllibticatmrbit gspadnds
t h?or eog‘>0 in a exhaust stream from the conbustion of a

. NSUIn O.I urned and these components or additives can have deleterious effects on the

combustion system’s catalysts, after 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 combustion exhausgsiream to thereby

15 prevent catalyst poisoning, after treatment system malfunction, and iﬁcreascd 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

contr:
ol devices of at least one contaminant selected from the group consisting of phosphorus,

Iead, sulfur and: compounds thereof 1 an exhaust stream from the combustion of a




2 hydrocarbonaceous fuel in a conbustion system |l ubricated by a | ubricant,
said nmethod conprising the steps: (a) lubricating the conbustion system
with the lubricant conprising a major anobunt 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 organophosphorus conpound,
or both, and (ii) at feast one nol ybdenum source', (b) conbusting in the
conbusthi n.s stemtf}g hydr ocar bonaceous. fuel to produce conbustion
pr oduct S PSABPRACHH gl 11 peumbysHian msteay fubricated byot kibiri¢ant maidheethod up
consisting .of sulfur, |ead, phosphorus, and conpounds thereof; (c)
cont acFPWg“flﬂ%ﬂﬁﬁTe?fidenuthh at | east one of the sulfur, |ead,
phosphor us, ﬁnd conpounds thereof in the conbustion products, whereby the
mol ybdenum (@t er brcating ihe combhstivptsyders with thdbsiednt compriinga mafn shlasus, and
Q‘ conpounds thereof. In a second aspect, there is provided an apparatus.
or pePfabateny of ringingotcasitytetliannidomdymiat oSee r adRSRMesCOMpRAIRL gy (a) a
conmbusti on chanber adapted to conbust a hydrocar bonaceous fuel; (b% a nmeans
to i nt#ideastenadrganogulfio canpomec anislelstiGhe drairdphRBhL&RT IS HIRA &h?oﬂ? a (c) a
means to convey conbustion product fromthe conbustion chamber; ’%{’ -a
. | ubr i c@iwt kbasrpné mblyhdmumsjoarcepmount of a base oil of lubricating viscosity
and a mnor anount of one or nore additives conprising (i) at |east one
or ga?pjs ;J| ft(b)l cmltafpbwﬁdg inthe 3émb@#Esh sfakén He3FIRBABIRS M TGO BAUME: or Dboth,
an i1) at |eas ‘
combustion products comprising at least one material selected from the group consisting of

. sulﬁn', lead, phosphorusz and-pompotinds_ thereof: -
(¢}  contacting the molybdenum with at least one of the sulfur, lead, phosphorus, and
compounds ﬂlereof in the combustioh products, ' |
whereby the molybdenum interacts with at least one of the sulfur, 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 atleast one organophosphorus compound, .or both, and (ji) at least
one molybdenum source; and - .

(¢)  ameans to infroduce the lubricant to the combustion product.
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one nol ybdenum source; and (e) a nmeans to introduce the lubricant to the
conbustion product. 2a In a third aspect, there is provided a nethod for

i mproving the durability of an after treatnment device for a conbustion
system said nmethod conprising contacting the products of the conbustion of
a { hydrocarbonaccous fuel froma conbustion systemw th a nol ybdenum
source in an anount sufficient for the nol ybdenumto interact with one or
nore contam nants sel ected fromthe group consisting of phosphorus,

sul fur, |ead or conmpounds thereof in said products to thereby reduce the
anount of one or nore of the contam nants contacting the after treatnent
device. In a fourtHnagpdwtd wipeste thege pisopraialdd aa methdrbidr wipréviggr ovi ng  t he
conmbustion of a fuel in a conmbustion system as determ ned by reduced

t hermal gravi rBe r flurabilijzl w&i en | ffight trefthente fpdseat fgr ea oborlmiianst i on
particul ate products, said nethod conprising introducing a conbustion

i npr ovi ng anpéktterns saidmkthbd eompmiting tdigactiag HeSirbdudts oF tie ERIBUWIESH S Syst em of
a fuel, whereby the thermal gravinetric analysis light-off tenperature is

reduced(T el at hydrotarbbiecduzeieldtom § caMbuREbA Sy aSndly Bl dufcd)
achi evegl in the absence of the introductiony ~of rmlaybdgnum In a ?ﬁﬁhm

. aspect, ther esufficiehOfr BR0nalyb®RniRCo itetaB Wit Sne Jr'?xgprfe Qb2 Yse&ed from the group

phosphor us- cont ai ni ng, sul fur-containing, or |ead-contalning
per meabi | it y- pgidisGh i si. £XPes o _.the
products fromthe cgﬁ%%?§ %\@ﬁ%&%ﬁ%&%&&%ﬁ’ﬁ% t?]é%&k%] Sﬂﬁ@i‘%"k"ﬁ‘ﬁ&%ﬁ%&f‘“"e

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 of
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




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 sulfur arising from the |ubricant source, any processing. aid or

adj uvant, fuel, fuel additive, air or otherwi se entering 20 the conbustion
process) with the conbusti on exhaust stream of a conbustion unit by the
introduction to the unit or its exhaust streamof an effective anmount of

nmol ybdenum Disciobel ey Ppr t 1 poi,soni ng, sensor poisoning, after
t r eat nent. systen1nalfunct?%ﬁ@aagglgéx&%néFﬁﬁﬁed”edF@§mbns. 2C --- - ---

- - - - - tile &SR GH i system for addihg an effective anount of

nol ybdenum t oa%ﬁgieg%ﬁgﬁ g f?ognrp %?n%fgf‘ff}é?s ﬁ"t??? k3d apd/onndE adsing fromead
and/oqheﬁﬂ%gé%fgﬁfw%éhe fuel or,the products can result fromthe conbustion
~of the fuel. D sclodCuPEFEsSmeaiadiyantyfiel factadditivs aitioir iokheywisé entaring t er

t ppat t vice for a conbustion system wherein the nethod may include
c%ﬁt ag%%r?lglﬂjt%ﬁ%mp‘?%ﬁ?fﬁ)[@ﬂ‘gg@ﬁb“%’@ﬁﬁﬁbﬁﬁstﬁ&wm@awmbuﬂmnthBus fuel with
. a Iubricanf.containLng.nDI bdenumin an anount sufficient for the

mol y bEREYEHeE 1 Hieapilar itgickhaustatream ofen effediveamonanifindigbdiatdo HicBy

prevent catalyst poisoning, sensor poisoning, after treatment system malfunction, and/or

increased emissions.

Tu
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t he group consisting of phosphorus, sulfur, |ead or conpounds thereof in
said products to thereby reduce the anount of one or nore of the

contam nants contacting the after treatnment device. 10 By "nol ybdenunt
herein is nmeant any nol ybdenum conpound, source or material, including but
not likmted to nol ybdenum tri oxi de, nono-nucl ear and di nucl ear and

tyri -nucl ear nol ybdenum sul fonate, nol ybdenum phenate, nol ybdenum
salicylate, nolybdenum -r.arboxylates, nolybdenum dithiocarbat nates,
neutral and overbased nol ybdenum salicylates, neutral and overbased -

nmol ybdenum | i henat es, neutral and overbased nol ybdenum sul fonates, 15
‘amoni um nol ybdile e disgedil uin Mol yRekat efor PdSS| MRl ybdat e, and nol ybdenum
hal i des, am;g&p&g}r;%{shdderi ved f.rom nol ybdenum r eact ed wi th am nes and

al cohol s? rdetuno testha @é8mb@stiooX : eof . .Exgnpl es of commerci al
sul f ur - containi ng%é)fi | sol ubl e nol ybdenu?njegi%rrr%%g%n&%nga‘?hé’% ad andder 100,
Sakur a- Luflerf@gﬂ,t RO e Prects| @5 reselh dr Bathe cantust oL 8@ ful.r om Asahi  Denka
Kogyo K. K., Ml yvan(r) A Mlyvano 807 and Ml yvan(r) 822 fromR T. 20
Vander bi It Conpany, and Naugal ube Ml yFM from Cronpt on Cor porati on.
Exanpl es of cftiesediamé snettfods - oantppbos PROTUSbARE SOl 1y SK%ltelflbl e ol ybdenum

. CONMPOUNGSa et - e . 700, from Asahi Denka Kogyo , and Ml yvan(r)
856B and ia\}bley\?gﬂ'}(gﬂo%kg I Srtlt‘))ﬁ]slﬁ?emﬂger?}aﬂ&é?qg}thlnﬂ@mmﬂ9qnta|ctiug thSprothets

mol ybde wfitheicombhstion bR R hyd in.dhe_Lubricant as_an oil-soluble :
additive that can vol a%@?‘?ég%%ﬁoufﬁéﬁ?éw‘ Werieant cputainimpmelybdeuahianher or

exhaust ambu® si¥icicht 5P, nter, the combustion chanber through "bul k"
consunption, i.e., pasteqi\l/‘zl??/(genaﬂitagge’ﬁ?t vithoms ar piosst eontamiingss seRygted fage 0i |

-higrei n & Rbasisth) @ 0i | . which can be selected fromthe group consisting
. \913 5 par gﬁ ?ni c nggﬁ%"%eSRP?!}”ﬁPl&ﬂfa{;%?r poppuadsphaeofin baid prodays td@tikEy
- est er s,reﬁbqﬂﬁ%yq%t&s& ers, and

neé or more of the contaminants contacting_ the after treatinent 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.



m xtures thereof. Ina preferred enbodinent, the base oil contains |ess than
of equal to 0.03 w. %sulfur, and greater than or equal to 90 wt. %
saturates, and has a viscosity index greater than or equal to 80 and |ess
than or equal to 120. In another enbodi nent, the base oil contains |ess
tthan or equal to 0.03 w. % sulfur, and greater than or equal to 90 wt. %.
saturates, and has a 10 viscosity index greater than or equal to 120. In a
nore preferred enbodi nent, the base oil is substantially sulfur-free. By

"scavengi ng" ReHEL0L nt,.t contacting, conbining with, reacting,

i ncor por at i ng, lgﬂgbrgeg%rﬂ?s} rﬁ%FﬁgfyrﬁeWFﬁ U ubricantys\asiodlsiolupldyaiditiva thantdnh OF
to, adheydiit . onergting wth, affixing, inactivating, rendering
inert, cons ulr#:%%d ﬁgﬁ%%w%‘?{gf‘e @ﬂg’ﬁ'?’ﬂé?%@,amépwmmgq streams Utmhaygalsoosntel Teany

ot her S reby a first materi-al nakes a second nateri al

unavai | a%l"g;uor acI Elglgg\giyﬁ?ai’agﬂ“&‘. CRYSUmPHER i g6 Pas Milve Biidtsaracdunt gisicRthes.
“interact si'3 her ei 'al:ﬁs .meant scavengli ng. By "inactivating" herein is nmeant
stavengi ng.’ B t:R{/]]’ FeayaraRt & bess ofludiich drarbeiseledtsd frmanlic el Qmak eous
f uel S%E%F%E but, not 20 |limted to diesel fuel, jet fuel, alcohols,

et hef's, & RaDhthenyg, axepmplie. molietlpha-slpfitshatritetit uabs, andWolyoP&sters, and .

Fi scher-Tr oPs'ch fuels, liquid petroleumgas, fuels derived from coal,

genet i c ZIFYHeE fsreobe loaiprefinet gaibediardt, dredpse ilnebnetds1as iRl &N I3 Rat ur al
gas, propane, butane, unleaded notor and aviation gasolines, and so-called

r ef or mubaTEr gad ereptersbangr eghality 90 ol % yataaRkAind K294 Biséoshy Hdee g{eggpgmﬁ)f t he

gasol i ne boiligg range and fuel -sol ubl e oxygenat ed bl endi ng dgents, such as

al'yohol & eqltie 8 antldssdbdran equil tabl®e DxaBeRr GRMY@ALEINT. BEARR SuGAIRALINS.
genates suitable for use in the fuels of the present inventron T ncl ude

met handhan entdqasids 0.08 s epiirpind dred® BRI requal 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, consuming, alloying, gathering, cleansing, 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
Fischer-Tropsch fueels, liquid petroleum geas, fuels derived from coal, genetically engincered
' 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



mi xed al cohols, nethyl tertiary butyl ether, tertiary anyl methyl ether,
ethyl tertiary butyl ether 5 and mi xed ethers. Oxygenates, when used, will
normal |y be present in the reformulated gasoline fuel in an anount bel ow
about 25% by volune, and preferably in an amount that provides an oxygen
content in the overall fuel in the range of about 0.5 to about 5 percent by
‘vol une. "Hydrocarbonaceous fuel" or "fuel" herein shall also nean waste .or
used engine or notor oils which may or nmay not contain nol ybdenum

gasol ine, bunker fuel, coal (dust or 10 slurry), crude oil, refinery

"bot t omiiydrueskbbys- q@m@usdlﬁlebsnﬂg?angekn \Adlrs%ﬁ}bﬁa'o péd eﬂ%&‘m x§$ %’cg:&ger‘

trimm ngs and waste, wood chi ps and sawdust Tur

s1 | age, apionslic@rad out RRbR AN SHER gg lcocro 1t ﬁnmd%gg@ ur es

t hereof, and enul si ons, suspensions sper SI

al cohol f[Qj‘seﬁi:th@ﬁI G fuel" herein ant. one or

more fuels sel ect od f?ggﬁhgﬁgﬁggﬁ%glﬁs?% Ls aﬂf’ E@Pr"f’ﬂ@it vesel ,

bi odi esgliz&ieiidon di esel ture thereof It is

preferr ed 1 hat ?ﬁe‘ﬂﬁ%r oc?boﬁ%gﬁéﬂﬂ erifany pmylane Q@’GB efarg bty ptherr ee, by
[ ul te . XC on average about 30 pp in of

t he?ue%d%?{%%gﬁfﬁe %g?ncagegé nqsﬁ ’t“ﬂ’g b‘?@g?ég?PﬁeFﬁPéfﬂ‘ihﬁFF formplated | ude used

or wast friction nodifier or lubricity additive,

t he ol é’lr?u%a:ﬂrll gg?)é g"s?fé@é ‘i&b‘B’i“'@é‘%‘?Hﬁfe&?Fﬂ apaameyntthet present

|nvent|%w8&n al so corre fromsuch a fuel instead of, or in 20 addition to,

the | udftcant " By @8%@5‘?“&?@?&%“‘5%@8&9%0&%@10ﬂ@ﬁ’éﬁ percentgant , f or

. arrple n | imtation herejn, di esel -el ectric hybrid vehlcle
R‘aﬁgasol | ﬁgn @l %Mcgbﬁ%?‘?‘ﬁf% hotcffael” beF dsormee veastyi amasedemgiend al |
burners cg gqj&l tion units, including for exanple and w thout ti

i m t af O H A OF ERAY Dt GoTiain mﬂ@demuﬁoﬂnmbmkcmfml,&oattmaek f uel

bur ner sI 5 ese| f ueI engl nes,
sturry), 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, s;spensions_, and
dfs:pérsio_ns thereof in water, alcohol, of other carrier ﬂﬁds. By “diesel fuel” herein is meant
one or more fuels selected from the group consisting of diescl 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 fiiction modifier or Tubricity 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 lubricant. | :
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



aut onotive di esel engines, gasoline fuel burners, gasoline fuel engines,
power plant generators, and the |ike. The hydrocarbonaceous fuel

conmbustion systens that may benefit fromthe present invention include al
conmbustion units; systens, devices, and/or engines that burn fuels. By 5
"conmbustion system' herein is also nmeant any and all internal and external
conbustion devices, nmachines, engines, turbine engines, jet engines, .
bdilers, incinerators, evaporative burners, plasma burner systens, plasnma
arc, stationary burners, and the like which can conbust or in which can be
conbust ed a hydrocarbonaceous fuel. By "contacting" herein is neant the

cont act i Agnitakion AErLMYsth@@Rl Winers, SRSk LX] 10 coordi nati.ng,
conbi ni ng, admi xi ng,gsm' Xi ng, r%erﬁi the 11 eégtglgg%g%% |%“%%f’%°§ﬂ%aﬁnﬁfle%re
mat er i al sautoddBvd\@Eesddendifds Aerd O i cal reaction or change occurs.
By "essent Cal y free %%] ph%aggﬂorugﬁgﬁg%scggﬁ%%?ﬁ?l LS dower planfeengratgrs,
amount ofnd @k GREN ) [ .C und t hereof ich is less than .
[ 8k Pﬁ%&?ﬁzﬂﬂ&{aﬂé@ug he?coqq?mj 8)“ Hydpat &a\%&?ﬁﬁt Geavthe sty el s

about 10 ppmin the I cant or “resultl
nt lubricant 15 formul ations, and

of - phosPhREMBNAudER] ARG R GUL
it is anticipat eﬁu t hat o&gt?&q W %Stslps’bﬁﬁ"gﬁ% B snginpsthas busmfusloni BY Dbe
tom gon&ipiiald h er s required. A preferred | evel of phosphorus
inthe lu O?HI.BC arﬁ%/] &? gs{g%nhergﬁldﬁ Eﬁgﬁ’gﬂﬁg@ﬁ"? Hpterr andptenilvambisfioa §edcepm
Anore pr tred | evel of phosphorus.in the lubricant is an anount between
Bl e SFehfilesy Biciatass, cvagioraive bresats

500 ppm an GO P BlPe capings Jot FReingrebpilossy ncineratass, ev eb nplagma
devi ce" bhereei n,is ant any systemor 20 device which contacts the
CC-H‘bUSt i O Proy g%mw%ﬂ@aﬁﬂt}wrmn@ﬂ@mmwmmm or iflediiginad t o
oxi di ze,, reduce dgﬁ; of herwi se treat the. conbustion product(s). Exanpl es,
but not hﬁf"m&w hydrogarbonacaeus fuekei n, of such after treatment systens
i nclude an autonobile three-way catalytic converter, [ean NOL traps,
catal yzed di B¥efonientingtherainds mant dire cOniaeRg briagisy @gether, 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 phosphorus 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 preferfed level of phosphorus in the lubricant is an
amount between 1 ppm and approximately 1500 ppm. A more preferred _level of phosphorus in
the lubricaiit is an amount between 500 pﬁm and 1200 ppm.
By “after treatment system” ot “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



é'contfnuously regenerating technol ogy diesel particulate filter. "After
treatiment systenf also includes associated sensors |ike 02 sensors and NOx
sensors.. Anal ogous. gasoline conbustion after treatnent systens are known
and are included herein as deriving benefit fromthe present invention. 5
It, is to be understood that both the foregoing-general description and the
followng detailed description are exenplary and explanatory only and are
i ntended to provide further explanation of the present invention, as

.clai med.- C DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTION 10 In a nore

speci fi ¢ @rBodintyntgentiatingteeatlizyi s akQa1aR M. o t hod for, reducing
the anount of, or the del eterious efgict gnf@%ﬁausfgg%§?9WEH§mﬁf?%ﬂ

t r eat mentinelndtsasvaciatid sel@visaRe 0,520 Al N ne, cont am nant sel ected from
t he group consisting of phosphérus;slead,x%%#?%?fhmgﬁﬂ BRpBGsaabysiereof in
an exhausfiestreaasntkyacms 48 kERMPMSE 4rOP R hydrocar bonaceous fuel in

a- conbustion system | ubricated by a PﬁgF?§%%1?a%@?ﬁ“ﬁ@?ﬁ%ﬁﬁpﬁﬂhﬁﬂﬁﬁﬁtthe
steps: (@jvehtiddt.i cating 15 the conbustion systemw th the | ubricant
conprising a major. anount of a base oil of lubricating viscosity and a

m nor sanmount Rfs @R B4 g.g? hLves canpri Si (1), at | east one
organosul fur C corrpou?]rgg%(gtrh a %ggﬁre%%@)ﬁ”&?ﬂ%ﬁmﬁh%@be@dmmmd, or
bot h;  angdethitdd)deddrigh denum source; (b) conbusting in the
conbustion syst empitl ﬁgﬁﬁfgﬁo%%&b%ﬁ%@m°qﬁw apdare intended to ovithefirihen
product Se0iIRE LSk |.east one contam nant material selected fromthe
group cor@i st nrgéfgtgeg%f glrnyerft‘é’ﬁnﬁs%‘l'ﬂ%horus, and conpounds thereof; and
(c). contacting the nol ybdenumw th the sul fur, |ead, phosphorus, and
cOnmpounds thereof.in the conbustion

DEYAILED DESCRIPTION OF THE PRESENT INVENTION

20

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




brodtjcts, wher eby the nol ybdenuminteracts with the sulfur, |ead,

phosphorus, and/or conpounds thereof. This interaction between the.

nol ybdenum and the sul fur, |ead, phosphorus, 7 and/or conpounds thereof-
results in the scavengi ng of the contam nants, whereby several benefici al
results are obtained. By scavenging at |east one and preferably nore or all
‘of the contamnants, the beneficial results include maintaining catalytic
converter performance, nmintaining sensor performance, mdintaining LNT
performance, and nmintaining diesel 5 particulate filter (DPF) performance.

The preggM;r ol ' ; ' a _net had of, inproving.the combustion of
afuel ina Cbggﬁ%tdg?% (r)%fzé;‘sj{?%%\{#eg%%}’er%fpg\??ﬂﬁ W@E@W’o‘?’lﬁgﬂ%‘i&"%@ det erm ned
by red I 1 g i ric analysjis soot light-off tenperature, said
met hod L‘Eﬂ%ﬁ%%‘?@?ﬁ?ﬁ‘ f‘%t"r%ﬁ%ﬁ’t& s&“‘“’&%‘%éé‘ﬁ‘% Anq gndpaderably mrseipt albet the | ybdenum
to the Lon i.n_a.cqnbust. systemof a . lo fuel, .whereby the

t her ml&gﬁgﬁ%ﬂﬁ’ ?}fecbeﬁ%?fll SR 'ingﬂ‘fl‘? t3inipg eatalytic conyeter perfradnges| at i ve to
the thernml .gravi metric analysis |jght-off tenmperature achieved in the"

) .
abs enc MY AHIE St HATRTIEee, GrRintiping d AUNReromHIcs, a8 mainiaining disselt ed wi t h

nmol ybdenum i n e ricant, |ess phosphorus, sulfur, and lead wll be
depésiﬂ%%h%%ﬁ?ﬁ@“éé?E%P Meei ¢ converter. According to the present

i nvention, |ess 15 phosphorus, sulfur and |ead is deposited throughout the
cat al yst whem® REFSeH snvisalion dlsprpsoeidest methodef imiprdvingthe éanebustidmodfdfielinm i s
conbining in the conbustion or exhaust stream w th phosphorus and/or sul fur
to forsP@bugion sygen Serdmprovirid2ihperfremand/ ordetenhipbdiby tedusad thatmal speci es
&hat do not form inperneable or reduced-perneability glazes on the .

at al y gravimptrin apalysis sootiight-elitbinpergiueg said method campridingsintrodRif £N SSi ons can
"break through", i.e., pass through as

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



20 unconverted enissions. Therefore, it is desirable to have M in the
conbustion and/or exhaust stream Thus, the present invention provides a
met hod to inhibit the formati on of a phosphorus- containing, '
sul fur-containing, or |ead-containing perneability-reducing glaze on the
surface of a catal yst exposed to the products fromthe conbustion in a
conbustion unit of a fuel, wherein the nethod i-ncludes contacting
nol ybdenumwit h the products of conbustion of the fuel, wherein the
products contain at | east one nenber selected fromthe group consisting of
“phosphotatalyst exposai tnithiegirodudts fesm SR doribukEE ; oS QX &F Nk terials.
The sul fur-containing materials can 5 poi slggg?)ﬁg&ggﬁﬁwgotﬁbﬁgé&g‘?q e
cat al yshethbinaindespontactingdnslybddaun R, Al | aze 4 s,.formed.o he, surface
of the catalyst. Further egl?dence of gﬁ%@%ﬂgﬁgﬁz"‘?ﬁﬁ?‘a‘r°f§ﬁ%ﬁ1°£§@l°$%t ection
and | ovike peiuESiontin & M¥sCHRAnedbdr e - esence of nolybdepum.in the

i ¥eIE&§%§-Fn%§€en?g‘%?% st ?‘fig’ﬁmﬁist an be

conbustion product of a lubricant or co

drawn feonminidpe sdifit-86@4iHnG ah t s that m),*%bd um can be used to |lo
pr]?t ect plati ngﬁ_m catal ys s@f?éggncsgﬁpﬁ]?g‘g%%?ﬁi : SPt :?@q%ﬂ?m@ﬂhfh@n

ref er Boh BRGEHR Setal hydr odesu ni zation reactions for :
| ower :T‘rlig sulfur in egaggﬁhﬁe ‘gﬁai‘g‘?eg‘leéﬁffl?}éis fureqgntaming glope is fvmed on the

Appr oagh@see bPik i tony and Physi ol ogy of Cobalt Ml ybdenum
Hydr odesul furi zation Catal ysts," Proceedi ngs of the Cinmax

Thi rdl nter | .2 Conferenge on the Chem stry and Uses of Ml ybdenum Ann
‘Arbor, M cﬁf*h%ﬂ%ﬁde%& ‘.’é%‘,“sli , Syjfur and lead proteoiien and lowei anbissias dolseeddi t,

| ybd ' he .ex st after treatnent system can be expected to
anv e ng}]ewg e}a%elicg Of BORPO R, IR tﬁ% compbustiariprogiedt of & brican or fiel contlivibglat e
- "PbMoO4" melting goint 1065 C), also known as wulfenite (Cotton, F. A,
and w%ﬁ{yh?é%’ﬁf“ “éf‘,%e s the literatugmthattegherthatimolybdenfiialvaiEt tiedie  John
' W{Oey & fSotnﬁ. . New York, p. 805). and prevent |ead
_ protect platinum catalysts from sulfur 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”
(. (molting point 1065 °C), also knovm 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



) | i SSi : i The nost
)OI ing of the exhaust em ssions after treatment equipnment. 20
'Pﬁ%gf?gn?'ore of nol ybdenumis nolybdenite (MS2). By virtue OT'LQF‘
"natural stability" of MvS2a this nmaterial would be the nost |i syelled
speci.,es forming as a result of the nol ybdenum sul fur interaction sp ed
out in this invention. Mol ybdenum oxi des, when heated in the prfﬁfgg 2
sul fur source, give MS2, which is the npbst stable nol ybdenum su t
--------------- - --- --- - --- high tenperatu&ei Accorg}ngufﬁufb;tggé
this sulfide has a crystal lattice of close-packe ayers nun1atoné

C eat | PRl BRI ) OSBRSS o ot g

Therefore, by scavenging sul fur, e restu . t
: talyst poisons. 5 The presen
vent] on t haa s o R BBl R R PO Enied bR BABaSIon ot r oam d
scav ' [ hates, an
: b I n hem up as sul fides, phosphates,
Pcavenoanacaialy shuBg AL B Nl IR L RPRAD 22 Sul L des, phosphat
e oo : trated in the follow ng exanple. Exanple:
$HL?i;?ﬂggg%?kg%%??%gha“;@$BOTQ%§0 testing was used to determine the effeft
Itives on the tenperature of maxi num soo
oxi dation. PAFEERRaRE 'a%PS%?%és\égﬁﬁmm@nbdemggmﬂm@ﬁb@mm net 11
[ ops EPA transient emi ssions cycle was collected on a
uar 2 TR 3Rt bot o1 & \ng e sl phckphyintand d eyt ZODP | 1
_qﬁarté 'Live acka é | eirent al anal ysis of the oil gave the foll ow ng
o8 ?t ghi‘eﬁ" P ‘Ff ‘50%@"0 7 B tigipgafurtPhineptissians coded 43 derbetshrited (4000) . zi nc
rgzg7) Horpn 40?), cal cium 15 (3614), and magnesium (18). The base fuel
sed wd@ %Wlﬁ%uﬁ’%&i?% di esel fuel with 388 ppm by

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

A

10 the fuel éoluble metal additives on the temperature of maximum soot oxidation. Particulate
matter (PM) generated from a 1998 Cummins M-11 engine operaied 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 fuel, 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.
~-From a plot of weight loss vs. time, the temperature at which the maximum soot oxidation rate

occutred was determined. The TGA results of the four sefs of j)articulates are ﬁlotted in Figures

10



.catal yst of any nature, tor exan‘B}

\NEI g.ht sulfur. Fromthis fuel, three additional fuels were made by adding

strontium ‘manganese, C and nol ybdenum at.20 ng netal per liter fuel,

.respectivelly. -For each separate fuel, PM generated during three consecutive

EPA Heavy-Duty Transient cycles was collected on a single filter using a

Pi er burg PS2000A particul ate sanpling system TGA was then perforned on 20 -
smal | sections of each PM | oaded filter using a TA Instrunments Mdel 2950. -
The sanple tenperature was increased at a rate of 20C/ minute under air at
anbi ent pressure for all runs. Froma plot of weight loss vs. tine, the
terrperatg&ez aFﬁ whi ch the maxi num soot oxidation rate occurred was

det er m nk& 2. ThigufGAshoesuhd metaf adifiRed BUhp §RELFrRhitcPaF&:hGUL:ALES are plotted in
Figures 10 | & 2. Figure 1 shows the et al %ﬂ&fﬂ??{/@@%l%ﬁg%?ﬁ&ﬁg}e liter
of fuel satelresufts galewdated Bhy@witnbeic cHRTE: L SF ik cul at ed jn.gravinetric
efficiency of the respective netals. Bgt ﬁ%%ﬂ%@ém?ﬁt&\tﬁl gf’h;ﬁ‘g'é‘ﬁ ghow

scavengiﬂm;aﬂhmcawn%u{gtﬁélﬁ]mmgg Qi dro he fue] and oil 'used, the
nol ybdenum al so | owered the |ight @Pﬁgg}nn%%r% ﬁghﬁgﬁfg’ﬁ‘@e‘ﬁ’ﬁ@% that of the

base f usholflifehug)ald lbWerkd e ] num Nt aj ni ng system (498 C).
These results shc?w t hat aftgr%flts%g@e glllaﬁggg)éﬁl)f ﬁ%,onb%' tase fughtpS68E8H from

t he sonithat OMtheXRRBILNSY. resiltant.. mol ybdenum products are al so
active in carbon b%onut ?:Jﬁgdg% %te%@gbeéum%eﬁgﬁngwt aflghscavengingi ng as

shown i pulfirgsHo8Shoku 288l Rad fbmilSecd rﬂggtfog]?%gﬂ{%i) q%fr@,%!si]h; ¥q§él§£h§n%g;b?l£fm ?e Sle|

parti cub@iiBcth hjelf F)...Qr a diesel oxidation 10 catalyst, and/or a Ieah
tr a% (L NTlinl,e ﬁea %ﬁﬁ%ggl% 8“32@?‘%&8‘81?@’ &vd sgltin a figstherisaat kxavebiag ps ot ect ed

rom t hg, oul; osphorus, and, | ead poi soni ng and therefore retain their
per f or man gdéll ‘%y\%’f &21 oéﬁﬁlgo r{gﬁlﬁgmfsﬁ’é’nﬁfﬂ%bl@ﬁ@m csntaipe gatalystof any hdtaresfst em

Thi's signiti ool ybdenum synergi sm wi th the systemcatal ysts in soot
1"93%‘1““"0%5 ‘E‘*&a“%{%}ﬁ@% Pefisulsiefilen iR, dreniédstltoxtdation

oxi dation rs’an unex
10 catalyst, and/or a lean NOy trap (LNT), then these émission control units would also be protected

from the sulﬁ:;, phosphorus, and lead poisoning and thérefore retain their perfonnaﬁce‘ 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 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 present invention, the contaminants being scavenged by

the molybdenum cgn originate from the l_ubricant'used to lubricate the combustion system.
In one .embodhnent, the lubricant-bome molybdenum which will scavenge the

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

11




“t'he mol ybdenum that woul d be added to the lubricant 15 It shoul d be 7
‘understood that the contam nants being scavenged according to the present
‘invention by the nol ybdenum fromthe |ubricant 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.lnvention by the nol ybdenum can originate fromthe hydrocarbonaceous fuel.
20 In yet another enbodi ment of the present invention, the contam nants

bei ng scavenged by the nol ybdenum can originate fromthe |ubricant used to

| ubricate the conbustion system In one enbodi nent, the |ubricant-borne

mol ybderaspiratéd atotiirkise acidenndl of Belibef @i 'iﬁlalatcéz%))ﬁﬁig»ﬂ cmu%%g r{l ow-by” .
flow, seep, be forced or conpressed, be drawn, sucked; or ? aspirated or

Ot hor w semansiceyiet] in G dibddibal bk VorBhinkdfP R BAIPHAH B ENRTRE" Of The

conbustion system In this enbodi nent, the co and

I nt er actmolytdenim AuriAPbnPELHe Xosbikide g%:o f \Rrﬁér%ﬁ}{)}?a ecl)l%glg %%(Ial(l)‘%f %ﬁsge%;f esent

wher eby scavengi'ng occurs. Thus an di men a

i nvent i @mbbsinRahbRMESGhMS N Hﬁéén?ﬁx%ntﬁﬁg% %Pévggwgﬁ@%%gg um:; e.g g a g es aroun d.

a valve in the conbustion system suc or “ex _ _

engi ne. "IN by o e bt ATl Y o BB RAlRER Y ok Sple s 499 or ac

embodi moaae P ke VLS B8 R D &ffomyiesonginsoy Bribiieapest o 10

encount ] t(s) in a passageway .through which the conbustion
oduct g{e Ilr(l:(g (%?lgn}b %gaap %«re& té 8%\%039565%{&”(1@53%&%%% (OB BEpagtfshy wherebi t he

' orrbustécgpen harrber.culr.n this

g can o6

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



_rmanner, the scavengi ng occurs outside the conbustion chanber of the
conbustion system In another enbodi nent of the present invention, the
" nol ybdenum vol atilizes fromthe lubricant and is carried over into the
conbustion chanber containing the fuel. 15 In yet another enbodi ment, 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 |ubricant containing the
phosphorus, sulfur, and/or |ead contaminants is caused to encounter and

interact wt ti-ﬁlgol%bgenulm igﬁt he combustion or exhaust. 20 In one -
enbodi ment, the T USHORBFSP ALK safalystirespation snd cmbroshand scavengimpesicadhe t h a
| ow | ev A of {‘ngl bdenum such as for exanple, a nol ybdenum | evel of about
20 ppm NBLiCAmPYRedGonfains an Wlaming rineniylsietim somprunt esishouf.é ik Bdlyidengnt i on -
al so achi .evgglécat al yst protection and contam nant scavengi ng when the fuel

combust QHBEJREredto the cambustien wnit ox itvexhausteuna hbHREY SR t hout extra
mol ybdenum peing delivered to the conmbustion unit or its exhaust froma
| ubri cant sotfCREFESCRhEvEttongmovideyneadotlen embwméﬁ%niaﬁp%ﬂgﬁ%m Jrent an
apparatus for performing a s . nethod for reducing the anbunt of’, or
del ef-er Msthed fyrreducingthe sinqun tof;eniestieriow: bt e RB R Mions ARG QRLGL!

devices of, at |east one contam nant selected fromthe group consi st ng of

phos photiskconfrald¢vices v, atrleast dn Ssdldee: i st stream
phosp DA HRAS sl dLRIITRm IhB ﬁ@%gg

 wherein the apparatus contains (a) a conbustion ed to conbust

- a hydr celwsploms Bodsulfueind dopoandi 8RR £iDan d hydr ocar bonaceous
¢ueI into the conbustion chi;%r)ger; (c) gﬁ#éégﬁ%&?%}ég%hé’gée@é%c@m i on

a;rgg gf tcg?tamm (Weconthubtici! dhambenaaRed io othbud 4 hg'ﬁlroicgrg&%acgo%s ré ;S(i))nagmgansrr% or
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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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 .least"
one or ganophosphorus conpound, or both, and (ii) at |east 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 |lubricant can be selected fromthe group
consi sting of sulfiuized olefins, sulfurized fats and vegetable oils,

sul furized unsaturated esters and am des, asliless and metal containing

di t hi oc diabgifithisphosphites (ZDNRe), trialloth :ad eliRglphsiphiay inbed ahar,{ng,g; @&Ls gpol s,
sul fini ééefg@h;&pgmeﬁgol s, neutral netal-containing sulfonat etergents,
over bas obrspborthivdthionkies,2al QIk AR £6 : .

net al - cont ai ni ng sul furi zed phenate lé(gt er'gzgﬁ%@pgn t%%trt%géngcfombmatmm

met al - cormiximestheresful f uri zed phenate detergents, or conbinations and

m xtures thereof. According to another enbodi ment, the organophosphorus
conmpound i n It i3ehdrefbrei leRiMed SR : . he group consisting of
prinmary, secondary and aryl ngﬁﬁﬁegﬁggggélﬁ‘g@g t%ag%gn_lﬁ%an?rcﬁucuomg

di als cythelambine phpisdbiRir@sde nVdevich k@l Yl - and triaryl phosphites, m xed
al kyl / aryl phosphites, aelee%%a%gﬁazjdegrc%F@%hﬁoéﬁﬁtgﬁgﬁﬁl(%f'#ﬁ%gt@?? and al kyl

and ar ytholphRamies Rl & 25 [ [mations or juxtures thereof. It is
t her ef or%pbel i eved th%@%%%%a%p%%@%o TORSHOR SE Ry $ﬁ9§%§oﬁdacf@gm thecant

reduct iggfdbuh : hot detected _on a device such as a
C—at al yst ca{lbftggcgac [ evegﬂl bgirllc Q@%?’?W&%@rﬁ“g?’qﬁprﬁﬁéibgkﬁémﬂ%ﬂ?@am from a

onmbusty} : 0 biically: .reductions in the anopunt of such
cont am%ﬁgg?@fgt)g{/%o/gg%%db}&b g1 flet%g%i??&g‘éa%‘?f@eé@fﬂt devicedvilltbe eelieved an

anount f ..609% t.0 % by,. wei.ght detected on the after treatnment device
Will bg?ghé’f Ir%yé?étgg\@nhon.gﬂus Wi prodgces a dramatic and highly desirable benefit in the g

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

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

is intended that the specification and Fi gures be considered as

exenpl ary-only, with a true scope and spirit of the invention being
indicated by the following clainms. 15 C 14 WHAT IS CLAIMED 1S 1. A net Hod

for reducing.the deleterious effect on exhaust em ssions after treatment
and contYERARMHEMIE ISt | east one contaninant selected fromthe group
consi sti ﬂg of phosphorus, Ilead, sulfur and conpounds thereof in an exhaust
stream f fom t ReREBebigs relatingthe deletuidusodfirbanataeuentitls 408 R4RERUSET On
system | ubricated by a lubricant, said nmethod conprising the steps: (a)

| ubr i cat PARFFY Heviessebaidedsboncspatuminant selecteld @ Ak AP borARE kﬁfr,rll{)& 1?0,{,1?1 or
anount of a base oil of lubricating viscosity and a m nof a Ght "of one or
mor e addieefetfuaadsoingiungs tejeof AitanexBaist HREMFRANO SkEkioSgFpound, or at

| east one organophosphorus conpound, or both, and (i11) at 1east one

EDI y bdenhydrearionaseoiiiclin aboabistign systdad RibREH a@gﬁc%){g Loide g

ydr ocar bonaceous fuel to produce conbustion products’conprising at |east
one nat e¢dmyirisigltiecdtapd: fr om t he group consisting of sulfur, Iead,
phosphorus, and conpounds t hereof;

(1)  Ilubricating 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 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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(¢) centacting the nmol ybdenumwi th at |east one of the sulfur, |ead,
phosphorus, and conpounds thereof in the conbustion products, whereby the
mol ybdenum i nteracts with at | east one of the sulfur, |ead, phosphorus, and
. conpounds thereof. 2. The nethod of claim1, wherein the sulfur, |ead,
phosphorus, and conpounds thereof in the conbustion products originate
fromthe fuel. 3. The nmethod of claim1l1l, wherein the sulfur, |ead, -
phosphorus, and conpounds thereof in the conbustion products originate
fromair used in. the conbustion of the fuel. 15 4. The method of claiml,

wherein the sul fur, |ead, phosphorus, and conpounds thereof in the

conbusti an pr eflGES.QLE Yl e fromthe lubrjicant. 5. The nethod of claim 1,

wherei n t he exhaust sﬁggﬁﬂ??’sw}g&%is‘iﬁwe%E@Sﬁhorph@mbm}vmdmﬂerecﬁﬁpounds
erein the conbustion system further

t her eof . & ol ofd of clajmi1, wh
n tppI(frg fﬁ%ﬂ?&g%gﬁgﬁﬁiMGﬂ¢he nmet hod of claim6, wherein the

conprises an after
after treatnent systemis selected fromthe group consisting of a

catal yzed diesel particulate filter and a continuously regenerating

t echnol ogy dh%seltgﬁﬁlbgulate filter. 8 The nmethod of claim 1, wherein
t he conbUsti o §’§/e§1i‘ iCAIRd, Bdergin the odmesh strgmas pssemiily ifet bPBhddhhdand

di esel -elo%:tori 'ﬂ brid vehicle, gasoline-electric hybrid vehicle, a
t wo- st r okK& P g?f& ?Ofany and all burners ar conbustion units, stationary

burners, waste incinerators, diesel fuel burners, diesel fuel engines,
autonoti ve di esel engines, gasoline fuel burners, gasoline fuel
0. i o= .
( 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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engi nes, power plant generators, any and all internal and external
.conmbust i on devi ces, machines, engines, turbine engines, jet engines,

boil ers, incinerators, evaporative burners, plasma burner systens,

pl asma-are, stationary burners, and devices that can conmbustor in which can
be conbusted a hydro carbonaceous fuel. 16 9. The nmethod of claim1,
wherei n the hydrocarbonaceous fuel is selected fromthe group consisting
of diesel fuel, biodiesel, biodiesel-derived fuel, synthetic diesel, jet

fuel , al cBhol sThe nedlivelref clake 1 pSRsEn theWdasdehd les, s.synthetic fuels,
Fi scher-Tropsch fuel's, liquid pet roleceﬁgm gas?ﬁac%(ﬁlgf‘%] asesﬁ%étgg%@% EoRP,

genet i caldoysigtingiof dizsel dud)) tR6diedeE bﬁ‘»ﬁﬁs&fdgng%datﬂg %Eﬁ[zﬁlg@igﬁ ﬁ n rg‘ﬁéc];gg%'o at ural

gas, propane, butane, unleaded notor and avi ati'on ga P | at ed

gasol i nesthets, kéroseneTb@istliRahdls R | the gasoli.ne boiling range
and fuel -sol ubl e oxygenat ed bl e%'g}iiﬁ%%g%%?ﬁ%‘ %3%58?5}‘?%’ i‘%‘HﬂRQFOI?‘H’éE?SacoaI

(dust or fidlsuldrivkd fr6mUYE], PideticAlSSHxE09Le QL Mot or oils which may or nmay
not contai.n mol ybdenum rgefei ne?ygg]g%?%dgbﬁ%ﬁdﬁﬂ#?fﬁpspﬂnﬂﬁﬁ’ﬁ‘%s,ﬂl@ﬁeﬁﬁ@,mﬂm
extract s galCphpa BQUSe, WARS rd tri o ngs. and waste, wood chips and
sawdust agrli?gl tural wastec%an}&c{)% e?l?Vlg?qnagﬁg‘imﬁ?’é%@mﬂte‘%g@ahm% e, and
‘m Xt ur escdith 86k hyadidd | g suspensi ons, and di spersions thereof in
water, al cohol . and oz'%rﬁ‘g?r[é O?gr% eorlmf:ﬁgﬁagfan%?ndﬁﬁdﬁﬁb@%ﬁxﬂrgmﬂtﬂdmm' ng
t he net &f o6l 1o ida ratus conprising (a) a conbustion chanber
adapt ed %nc’o%buge% ?/’3@863%%%&0%5@@% §BIde oflpysedenginerr mador ailsivddelce t he
hydr ocar.hg fuel. in { he ‘combusti on chanber; (c) a neans to convey
gerrbust ilg %ﬁ%@ﬂr&t °€‘§%‘H1B%°ﬁ§bdma 5h"toHams and bydrodactsydndeahéxtaorpr i si ng
maj or }gl,"agltg of . a l%%ge. oi| of lubricating viscosity and a- m nor anount

of one OF-HOTS "HAFt andivegte woodhipsead savoest, agdertasd Wast,

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

| east one nol ybdenum source; and (e) a neans to introduce the lubricant to
t he 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 treatnment systemis selected fromthe group consi-sting of a
catal yzed di esel particulate filter and a continuously regenerating

technol ogy diesel particulate filter. 13. The apparatus of claim 10,
wherein the apparatus is selected fromthe group consisting of any -

di esel -el ectric hybrid vehicle, gasoline-electric hybrid vehicle, a

two-strokeg engine, an and . al | burners or conbustion units, stationary.
burners, ‘Wast f’ﬁ@?af?é%sa? am 1d; ‘é‘%@?lﬂﬁhﬁeaﬁebtrcatmmt,systbmsiﬁelecfe!d&?oneﬂﬁigHﬁffj,

autonoti ve diesel. engi nes, gasoline fuel burners, gasoline fuel engines,
power pl SRPSSHRERER &?‘%Wé‘?d d&?ﬁ‘ﬂ perécuit¢ filtertapd nabnthmdustiiepemadting WHBHSIbiP N
devi ces, .machi nes, engines, turbine ‘engines, jet engines, boilers,

i nci ner aflis® ,Paﬁlfﬁ%@rfa?eif»ve burners, plasma burner systens, plasma are,
stationary burners, and devices that can conbust or in which can be
conbusted a hydrocarbonaceous fuel. 14. A .nmethod for inproving the
dur abi Ii'i%pof an. after treatnent device for a conbustion system said

met hod ¢ r i Elierapparetus af ¢cleing 10, hdefinely @paraths ik Bﬁe&&ﬂf?&ﬁﬁﬂeﬁé}}gﬁg co%sisti%?fc e in

hydr ocar bonaceous fuel from a conmbustion systemwith a no enum's

an anmourany diestl dleitdnhytriarvehiok, FRbVRIGBGHR: hfbrddVehlcACH %—Etp%k%ré %%1'?1 L y ag? %ﬁq |

contami nants selected fromthe group consisting of phosphoru

| pad or aldmpousosciiRisEoR uhits, KRR RENES Svab eiﬁcﬂfe iedyge, pthe amount of

oﬁg or nore of the contam nants cgﬁ{ act| Ag RS %ag&%’t#lees rﬁﬁgmur’ﬂfé%l%éeé& '
1uel 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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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 anount of phosphorus detected if nolybdenumis not
contacted with said products. 16. The nethod of claim 14, wherein.the
anmount of sulfur detected on the after treatnment device is reduced by an
anount of from 20%to 80% by weight, relative to the anount of sulfur

det ect ed 4isf mi'h]é/bdt%n i,S. ni)t contacted with said products. C 17. The

met hod of ~cl ai Ay P OGAEHAHI4, mbercinthe emornt bEptwspiereatcadtcann i) t er

treat rrenthiead%vgé:e. IS rgduced by an anount of from 20%to 80% by wei ght,

rel ative To tHe™eXitiRiedused bE abament of fred 20% tro0%tgemssnt) &laﬁ@éto%‘ﬁﬂﬂfd

wi th saird.products, 18. The nethod of claim 1, wherein the organosulfiu
corrpoundofﬁhots Wﬁﬁﬁwf@érftmi’&’b@@m@wcoﬁta@éﬂﬂﬂesagjﬁuau&gnsi sting of

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

di thi oca{egamates, substituted thiadiazoles, sulfurized hindered phenols,
sul furiz aIWlnpﬂﬁmdﬁslﬁmémlwlﬁreiﬁﬂie&hroﬁ@ﬂﬂféﬁlﬂkﬂgtecé&'l)fiﬁﬂ%h?rt?eéﬁr ents,
over bas;gdinetal -cg;é;i ning sul fonate detergents; neutral ne af ?{’?ai ni ng
sul furi o6 fradite areagentt of 8098 0% IvdiRk i ning sulfijuized
phenat e detergents, or conbinations arr?g mxt%’?e{aﬁg%%?mﬂ%@#?é’iﬁ%t hod
of cl ai ifietectedffandyinletinn iond BRRREERIDEHEHANROUND in the lubricant is -
selected fromthe group consisting of pr?mary,' secondary and aryl neutral
and overbased zinc dialkyl dithiophosphates (ZDDP's), trial kyl- and

'ggi aryl phosphites, m xed al kyl/aryl phosphites, 19 alkyl and aryl
Phosphoid: hi Bhdshiters tuimwibit Aol ¥ e LIRERATO QR2kes, and

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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or mrxtures thereof. 20. The nethod of -claim11, wherein the nol ybdenum
source in the lubricant is selected from the group consisting of

nol ybdenum t ri oxi de, nol ybdenum sul f onat es, nol ybdenum phenat es,

mol ybdenum sal i cyl at es, nol ybdenum car boxyl at es, nono-nucl ear and

di -nucl ear and tri-nuclear nolybdenum dithiocarbamates, neutral and-

over based nol ybdenum sal i cyl ates, overbased nolybdenum phenates, overbased
nol ybdenum sul f onat es, anmoni um nol ybdat e, sodi um nol ybdate and potassium
nol ybdat e, and nol ybdenum hal i des, conpounds derived from nolybdenum

r eact ed aliiyl ndaryhemsghoehRbRRBRIS: al?d‘ﬁkﬁ L nations and mixtures thereof.
21. The method of claim1, wherein the %gas)%&gﬁg’}ﬁﬁﬁ‘é’“g%ﬁ%%aﬂ%%ﬁwmn@roup
consi st iongigthires BREREST | Ni ¢, napht henic, aromatic, poly-al pha-olefins,
synthetic esters, and polyol esters, and mxtures thereof 22. The nethod

of claim1, wherein the base oil contains |ess than or equal to 0.03 w. %
sul fur, and greater than or equal to 90 wt. % saturates, and has a

Vi scosi gy, | NMiEXmSEE : [ ual .to 80 and |ess than or equal to 120.
23. The nethod of cﬁtf\t{r]ﬁl ‘?ﬁ?&‘ﬁgﬁq ﬁgﬂ?@’ hgm guree i the dnbricantds selediedfron  equal
to 0. 03y 9 re a reajer.fhan or equal to 90 w. % saturates, and
has a vi E%B%“ﬁc;?ﬁ#%{é‘gf fﬁllpg@flg}mf %‘é’i’f“{?r mOHgﬂP&MtSBIfQ@EPS, polybdenufitghengithod of
claim 1, i . base,qil is substantially sulfur-free. 25. The nethod
of clai -m°%&‘irﬂ1ﬂe“%&h%’%¥% 8%“8&5‘?% elessmae-nednar aiddi-ruoleat edetisuoibar

sul fur. 012? . The.tg}at hgd of claim1l, wherein the hydrocarbonaceous fuel is
- subst afrPT & )‘}'“’Prdé ogfroamates, gputral and overbased molybdenum salicylates, overbased
(_ molybdenum phenates, overbased molybdenum su[fonates, 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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27. The nethod of claim11, wherein the. hydrocarbonaceous fuel contains |ow
l'evel s of 'sulfur and is further treated with oxygenates. 28. The nethod of
claim1, wherein the hydrocarbonaceous fuel is substantially free of "su fur

and is further treated with oxygenates. 29. The nethod of claimi1, wherein

t he hydnnarbonaceous fuel contains low levels of sulfur and is further
treated with | ow | evel s of nnlybdenunt C. 30. The method of claim1,
mhereln the hydro carbonaceous fuel is substantially free of sulfur and is
Furthei. treated with | ow |l evel s of nol ybdenum 31. A nethod of inproving the
combustion of a fuel in a combustion system as deternined. -by reduced

t her mal Qrav c anaIyS|s si.ght-of f tenperature of conbustion

parti cufkt e Jfﬁe tied of claiy Iy whereFrotdhe baseil is suitgtai iy Fodifelfg a combustion
|nprOV|ng amount of nolybdenumto the: conbustlon in a conbustion system(ﬁ
a fuel, whereby the thermal 21 ------ -------- -- gravinetric analysis
Iight-o tgﬁgﬁ£§$g{§_hggﬁeduced relative to the thernal gravinme "c '
anal ysi<s™| i Gd Qi awhereinabdh@it@shr; he, i ntroduction
of nol ybdenum 32. A method to inhibit tggm?%ﬁﬁg??§%9&§5%“”th of sulfhr.
phosphor us- cont ai ni ng, sul fur-containing, or | ead-containing
perneabllltgﬁéedUC|ng gl aze on the surface of a catalyst exposed to the

pr oducté- f r die wivdiod ofrblaint 1 0vherdin TeQBARIS LD ec’()jﬂ o fuel, said method
conpri sing contacting nol ybdenumvmth the prodtc é ¥tﬁ|’eﬁﬁ of the.
fuel , 3

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.

C .. . . *-

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 O.f tmproving-the combustion of a fuel in a combustion system, as determined

by _reduCed thermgl gravimetric analysis light-off temperature of combustion particulate '
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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wherein said products contain at | east one nmenber selected fromthe group
consisting of phosphorus-containing, sulfur-containing and | ead-contai ning
materials. 33. The nmethod of claim®6, wherein the after treatnment systemis
selected fromthe group consisting of lean NO trap, and diesel oxidation
catal yst. 2g2rABSERA Slgﬁl,éh NUM F AL L CANT' SOURCE | NTO A
FUEL CO\/BUSgI'rI ON SYS%H The \ﬁlr%?sﬂeé@ %}ggﬁme?%‘f?dﬁ‘é Yee@$§%wh%ppar atus and
met hod for &eVimand peplysd yiidefimptraane aclicndiis @ abSQI4E 6 tHeMbh@oduchibg!
combusti on ?Mﬁéﬁﬁﬁgr to the exhaust therefrom By the present invention

ro

nmol ybdenum &'Mbricant or the fuel will interact with phosphor us,

sul fur, and/or lead fromthe conbustion products. In this manner, the
nmol ybdepum scaverzggs_ or. inactivates harnful materials which have mi grated
into the fuemehodlgrBubit therfopngstucifs phasghorwhianisiap, lfeEMSRIHA0kSON

catal ytic qepy ; nserns. and/ or aut onoti ve on-hoard di agnostic

devi ces. The p‘?{antéag%@g P%I\q/%e?] %@%‘f% D& gg%zel ‘Fa‘he Py Tacepf a vetalystusapsaditey of

exhaust af tthe piodects Fent the 8¥5b&Hon i a ChiFbudtion 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.  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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