SUPPLYI NG TUNGSTEN TO A COMBUSTI ON SYSTEM OR
COVBUSTI ON  SYSTEM EXHAUST STREAM CONTAI NI NG | RON

FI ELD OF THE | NVENTI ON The present invention rel ates
to an apparatus and nmet hod for delivering tungsten
froma lubricant or fuel source into a fuel conbustion
systemor to the exhaust therefrom By the present

i nvention, tungsten fromthe lubricant will interact
Wi SUPRLYEMG TUMSHTEND ArCOMBUSTICONDYSTEW OR CAGEGBTIAND
- OF THE | NVEXSTEMIEXHAUSHISTIRESM SOSTAMNINGAROMoNMbuUSt | on
systens in which the fuel contains, or acquires, or
produces upon conbustion, iron. Yet, the use of

FIELhOF PARNRVERTRYNds in  fuel is known. The iron
Wﬂﬂ%?%77ﬁf%%ﬁﬁﬁlts formed from ferrocene produce a
© CqRd E(?ésbﬁﬁn@é?ﬁbh Rat8S1td APagpRRittPhAOMEIbE ASiQiclivail idhdsen

sparkplug failure. Conbusting iron also produces

from %rw&tcahtsortfu@tmw irft®h FcD BoriBkstiBn SRAGIER or WEhe RxB&ust d

'ead to several wundesirable results. ironfferrocene
therdieni2! T tHe PRAEENGERMtoN, Burigltenrfroat theQuBineaht il intYael ith iron
I ron conbustion deposits are al so known to foul or
ﬁmumﬁ@ﬁbhﬁhébﬂnmﬂﬁbﬂIlon of exhaust system conponents.
What is needed is a neans to reduce deposits, or the
characteristics of deposits, - -on spark ptugs, val ve
. seats, exhaust system conponents, or the like due to
BAOMGROUNDKMSWHEINVENFEHJin a fuel to be conbusted. It
woul d be desirable to inhibit, reduce or prevent the
del probleiroarste firf feetcoobusticorsystenasrin whichdise fust capdaingwe t o
t he combustion of iron introduced via a fuel, a
acyuitgby ¢reetiuces hporagambuston ey Yeltheatse of ferrocene compounds in

. fuel is known. The iron containing deposits formed from ferrocene produce a-
conductive coating on the sparkplug surface Ieadiﬁg fo sparkpiug failure. ‘Gombusting
'ifon also produces cryﬁals that may fo';m on vaive seats, which COuIdlleadrto several
undesirable resufts. Ironfferrocene is also.a wear agent in intemal combustion mofors.

 fron combustion dépésits are also knan to foul or inhibit the operation of exhaust
system components. |

What is néeded is a means fo reduce deposits, or the characteristics of deposits,
 on spark plugs, valve seats, exhaust system components, or the like due o the
inclusion of iron in a fue! to be combusted. it would be desirable to inhibit, reduce or
ﬁrevent the deleterious effect of iron in an exhaust stream due to the combustion of iron

" introduced via a fuel, a lubricant, the air, or other source.




SUMVARY OF THE | NVENTI ON I n accordance with the
di scl osure, there_.is provided herein a nethod of
reducing the conductivity of deposits fromthe
~combustion of a fuel conprising an iron-containing
conpound, said nethod conprising adding a
‘tungst en-cont ai ni ng conpound to the fuel. s In
addi tion, provided herein is a fuel conposition
Y QR IHE | TON  5cene (in an anount up to
about 35 ironlliter of fuel), and tungst :
e nobacraRanoa il e disehe e e b s BieaUIEEE 3 etod ofeucing
i nhibit, reduce._o revent t.he de ' . s
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system or, conbustion exhaus ; the fuel.
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scavenging iron from
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el I's The present invention

o&ﬂﬁdé@iﬁﬁ e{d‘ﬁiuéf SRtdnPoy Rk RAHUERON BIRROYSbEod Yybthlor ity exhaust
Oof an after treatnent device for a conbustion system
%@cﬁﬁ oh SR aiPaAecht! Fﬁhﬁ&éﬁ. FOaRivh] Previded Rerai s duaREant
S y tﬁ*eéhc%nbus.t%on ofo a hydrocar bonac@gus fuel with
&MP?Q&W&%& athasB¥il &ith Ahih6athotint obfengstonint

sufficient for the tungsten to interact with iron to

t hergRotheEEHB&IMBS, BiePitendinvédtion peovidesct systen fog adding an
after treatnment device. 20 By "tungsten" herein is

- SBaivE syt sMGaisen t6 dipamiilisticool cieblior setvengiag iron from the

- Therefore, tungsten could be el enental tungsten,

1081 @ el deRBBL RN prodingsieeuttiaxirole the somiplstion obhe dieli ng

.organot ungst en, sul phur- and phosphorus-free tungsten
sour tiespresent invention further relates to methods to improve the durability of an

after treatment device for a combustion system, wherein the method includes contacting

. iron produced by the combustion of a hydrocarbonaceous fuel with tungsten provided

" by a lubricant in an amount sufficient for the tungsten to interact with iron to thereby

20

" reduce the amoun{ of iron contacting the after treatment device.

By "tungsten” herein is meant any tungsten compoimd. source or material.
Therefore, tungsten could be elemental tungsfen, organotungsten, tungsten oxide,
sulphur-containing organotungsten, sulphur- and phosphorus-free tungsten sources,

and the like. By way of further example, the sulphur-containing organotungsten
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and the like. Byway of further exanple, the

sul phur-cont ai ni ng organbtungsten 2 conpound may be
prepared by a variety of nethods. One nethod woul d
include reacting a sul phur-and phosphorus free
tungsten source with an am no group and one or nore
sul phur sources. Sul fur-containing tungsten conpounds

compmis b G e R A
' [ 1y, d | ph . |
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tungsten acid, tungsten. trioxi

 or el sogsbr SRR B A SeTEh AP i B8 be the

rekam oL A GUP Tam e SoLgc T o R 4 HRBEh e anc.
compounds i ncl Se without limtation, tungsten
t" WRAUER- et hoxi de, tungsten oxychl ori de,

ts |u|n|g e ngtgg 8 S P ré %ggﬂ‘n(a%hg%%ér% t'yﬁ@ﬁét‘i Eddrées ihdiSuRgsten

fungst en
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I't1ve conmpounds such as,
ha thout limtation, MpWX, CaWwHd, ZnWH4, and * the
’Hdﬁ%. The tungsten can be oil-sol uble or dispersed or

m X eyl Bafodhal MHR%H%O%OEIH&] includ/ aithatt i@nitation, tungsten

tungsten-contal i ng conpounds, and the production of
) Sen bitodak Mahgded lofid & atmgaten pentacarbonyi-N-
h%ﬁﬁ?lca SRR S G 20 710336?2, which is hereby 20
pLRGRIORRGIE ERGRGT Sfidid, turigbneitid, ERflomatic tungsten compaunds,

~ fungsten organoamines, tungsten phosphenes, crgano-oxg-tungstenates.

Still additional tungsten compounds may be in the form of nanozlioy tungsten
Idbﬁcant additive compounds such as, without fimitation, MgWOy,, CaWQy, ZnWO,, and
the like.

" The tungsten can be oil-sofuble or dispersed or mixed in a lubricant or fuel.

- Available tungsten-containing compounds, and the production of the same, are

| illustrated in International Publication Nurber WO 200’_!1009022, which is hereby |

incorporated herein it its entirety.

In a lubricant, the tungsten can be present as an oil-soluble additive that can be

intfoduced to the combustion chamber or exhaust stream. For instance, tungsten can

be introduced via a lubricant film on a cylinder wall or through a PCV valve (in
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In a lubricant, the tungsten can be present as an
oi | -soluble additive that can be introduced to the
conbusti on chanber or exhaust stream ‘For instance,
-~ tungsten can be introduced via a |ubricant filmon a
cylinder wall or through a PCV valve (in 3 enbodi nents
-where the lubricant is used in an engine). It may al so
enter the conbustion chanber through "bul
empodisuants Waere the bricaphistused fan eRATRS 'td?avaﬁlmef tB? ston
rings. The iron to be scavenged b t he tungsten
commgEneRATERT BOHIRCDUS IBHEPCS. L& BER) vANHE SHIBF oragpund
i ron-contai ni ng conpound, or iron source wthout
pigtPRIgH i on. For instance, iron introduced to, or
accunul ated in, a Iuggicant

o e ot ke stayonged by e runsﬁts?ﬁ@r Pfinb8pEa e tompoynq is
whi ch b | ted f
arpraf%r%m o i o agHeR B RmP oA I ré’%@ﬁ\f@?@h@'{‘%ﬁf@f‘?ﬁgf
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contains less than or equal to 0.03 w. % sul fur, and
Wgi#eater than or equal to 90 wt. % saturates, and has

A i S b e S
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Sixipig PLA e oA Slond oy pha (R0l oyt i dtie and
'p{;ﬁa Sl g%te\% %‘?\aﬁazzﬁrés ofg r Iguaé rgr[afe?rﬁa Rnfloditneng %@ﬁaée%ﬂl%ﬁtams

erre the base oil is

e Iﬂ'?a{nat{}te ﬁéﬂ té( o%s'vfrtu% deﬁre and Batet BREHEG0A to bEREI % shirates,

he contacting, conbining with, reacting,

ai'\ﬁ 2L g Q[s@&éli&%de‘k@%ﬁt&%éd 0Pl f&QBG’&ddhesﬁJ th&Por equal to 120. In

Si ca onding wwth or to, adhering to,

- aﬂG%PéFﬁB@duhe& Wettﬁ\seéf! Ebathing Jesk i dreqlihing 0.036ewd% sulfgr, and

I nert, consum ng, alloying,
greater than or equal to 90 wi. % saturaies, and has a viscosity index greater than or

equal to 120. In a more preferred embodiment, the base oil is substantially sulfur-free.
. By “scavenging” herein is meant the contacting, combining with, reacting,

incorporating, chemically bonding with or to, physically bonding with or to, adhering to,

. égglomerating with, affixing, inactivating, fendering inert, consuming, alloying,

gathenng, cleansmg, consuming, or any other way or means whereby a fi rst material
makes a second material unavailable or less avallable
By “interaction”, “interacting” and “interacts” herein is meant scavenging.

By “inactivating” herein is meant scavenging.
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gat hering, cleansing, consum ng, or any other way or
means whereby a first material zo nmakes a second

mat eri al unavail able or | ess avail able. By
~"jnteraction", "interacting" and interacts” hereinis
meant scavenging. By "inactivating" herein is neant
scavenging. 4 By "hydrocarbonaceous fuel' herein is

Itngaf?yit bepeAassp e @?ffeyfﬁj'ﬁi%ﬁs?ﬁf@da S Q‘térf%és‘,%%“e"?‘d"s
AL A B B o
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propan avl a
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agents, suc as alco ethers and other suita

. coRBhARRT MRSk HIENR G | ﬁ%@bﬁ‘ne BRI ndcﬁiél%ﬁﬂeﬁﬁcygenated

-sui tabl’e for use i he fuels of the present

= ble‘nﬁh‘@ RigeRE, 4URG a4 AfohBisNEth&R AN otk Baikdle oly§@PLERENMY organic

but anol , m xed al cohol's, net hyl tertiary butyl
coﬁnbh@r'ids Oﬁfdehéﬂé}é s@iale mh&y In thé ARts of tidpresdrtt idveation include
butyl ether and m xed ethers. Oxygenates, when used,

metharo!, Eti=iBl, issphpansiesnnindl imikbe akefiak, mﬁﬁagtl egtigrabolyl ether,
fuel in an-anpbunt bel ow about 25% by vol une, and

- .terlﬁi&@fa@ciw hlefhyl ethar ethybiertiany batyl qtticanand esixairetivoryg @xygenatés,

content in.the overall fuel in the range of about 0.5
whed usba,ukill bopeilg s prdsentialtoeresionmaildtied ghsolin inotia @ @uunt
fuel™ or "fuel" herein shall also nean waste or used
betovwgalmait 86% hyowbimey iahd priérahlyimgn amonafythat providastasi axygen
tungsten, gasoline, bunker fuel, coal (dust or
coptent inythe overalifuebinithe raafie oéalyout Bitto ahett Sepedcent by volume.
by- products, crude oil extracts, hazardous
“Hydrocarbonaceous fuel” or “fuel” herein shall also mean waste or used engine or

motor oils which may or may not contain tungsten, gasolme. bunker fuel, coal (dust or
slurty), crude oll, reﬁnery "botioms" and by-products, crude oil exiracts, hazardous

wastes, yard trimmings and waste, wood éhips and saw dust, agricultural waste, fodder,

éilage, plasfics and other organic waste and/or by-products, and mixtures thereof, and

emulsions, suspensions, and dispersions thereof in water, afcohal, or other carder

fluids. By “diesel fuel” herein is meant one or more fuels selected from the group

‘consisting of diesel fuel, biodiesel, biodiesel-derived fuel, synthetic diesel and mixtures
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wastes, yard trinmm ngs and waste, wood chi ps and saw
dust,. agricultural waste, fodder, silage, plastics
and ot her organi c waste and/or by-products, and :
'm xtures thereof, and 20 emnul sions, suspensions, and
di spersions thereof in water, alcohol, or other
carrier fluids, By "diesel fuel" herein is neant one
or nore fuels selected fromthe group consisting of
thetbdfs i is hrsdmedthatdhebyrgcaliiondéeous fucliis skibsientipliesulfur-free, by
synthetic diesel and m xtures 5 thereof. It is
whithed eeadch sulfat conteat hotdy eceedon avaragasatioybo ppm of the fuel.
substantially sulfur-free, by which is nmeant a sul fur
congy htonttaistiomsystere’sandSapravaitsdierein iuneart, ippmeawple and not
fuel. By "conmbustion systeni and "apparatus" herein is. -
byriertation lieseincerrdieast-glediia bybridyehiclesrigaselir-aipstris; ybrid yghicle,
di esel -electric hybrid vehicle, a gasoline-electric
a twpkatioble eadine,|any and all bumetssr corbudioniupls. ingliding far expmple and
burners or conbustion units, inc[udinq for, exg1 | e and
withiotHimitatipn hereliy, stetonnsy byrRerssvatie KisHelA ﬁf&r‘ﬁ%ﬁ‘% ! At
incinerators, diesel fuel hurners,

St RLenDiEs BHOPIE dpsLergingsrtne fieliners. sane fuel
g v Shoums ST P
e e BB bR B B AR A R i ovstin
urgl%éjm%%fﬁ, 3%%/@%F5n Ir%?a?rgelts gtibgiyng csa%.u ﬁ%f‘a“rc]:?lﬁxusﬁon s&stgtr\'l’ herein .

any an

salfg e ep e SRR SRl ST engines
a5 B s RO Bt b s e
it SRR Rlerfydp et B AR AR o m et
c%n%ﬁ%fgo&lg&tg@g@g%%%}gonwd%ag t oget her, reacting,

ornpl'exing, dinating, conbining, adm Xxing,
m Xi Iﬂp"coﬁtggtlrif Releidie nf3afhe 8b#t8&ing, bringing together, reacting,

complexing, coordinating, combining, admixing, mixing, and the like association

between two or more materials, whethe_r or not a chemical or physical reaction or
change occurs.

By “essentially free of phosphorus ahd compounds thereof” is meant an amount
of el_emental phosphorus or a compound thereof, which is less than about 10 ppm in the
lubricant or resulting exhaust stream. Such low levels of phosphorus are desirable in
many current fubricant formulations, and it is anficipated that lower levels of phosphorus

in lubricants will be continually sought, perhaps required. A preferred level of
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between two or nore materials, whether or not a

chem cal or physical reaction or change occurs. By

"essentially free of phosphorus and conpounds thereof"

i's meant an anmount 20 of el enental phosphorus or a

conpound thereof, which is |ess than about 10 ppmin

the lubricant or resulting exhaust stream Such | ow

| evel s of phosphorus are desirable in nany current
phdspharus amnthe fubricarit &t arcarsourd bdtween spramend aprapdaatelyat500 ppm.

| ower | evels of phosphorus in lubricants will be

_ A mma pietersdd ipved ofpfiosphrus Inetbs lubsigantisen amopitdeyaegpoo ppm

| evel of 6 phosphorus in the |ubricant is an anpunt
and&2®eepm.1 ppm and approxi mately 1500 ppm A nore
- preferred level of phosphorus in the |ubricant is an
amByfefttrdtenteent spseppean “afipidreatvenisienice Hyereigag @eant any

treatnment systeni or "after treatnent device" r&g{i@-j&amber

 systgmee denicawdyicts cenjadte fesombusHenPRArs) Fem @R

S

- conmbustion product(s) froma conbustion cha\gubgr [
' en piodutes)

t he conbustion product(s The after treatnent, system
Thi ot aRBOMSSERTRAY RRYFIoBor CRREIRY: GSBrIE: RERRop Y ey

BEMRIG L N AT e A
B L L
ol BB i S SRR PR SO S ey
o ARG B BB TR e 250 bend Vo

er treatnent

N@%%éé%qrfs ? é@a%wgﬂgéﬁﬂe c?ﬁﬁuéﬁﬁlaﬁgﬁge%@éﬁféé}ts%ﬁbsg&é kN&ADand

resent 1 nvention.

or TSl 0 iccRRlboh B R FRrabIF0GHR, descr i pti on

it is to be understood that hoth the foregoing general description and the
following detailed description are exemplary and explanatory only and are intended to

provide further explanation of the present invention, as claimed.

'DETAILED DESCRIPTION OF THE PRESENT INVENTION

fn a more specific embodiment, the present inventidn provides a method for
reducing the amount of iron in, or the deleterious effect of iron on, combustion systems
or combustion exhaust after treatment and control de\iices, resulting from the

combustion of an iron or an iron-containing compound through the use of tungsten. The
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is follow ng detail ed description are exenplary and

explanatory only and are intended to provide further

expl anation of the present invention, as clained.

DETAI LED DESCRI PTI ON OF THE PRESENT I NVENTION I n a

nore specific enbodi nent, the present invention

provi des a nethod for 20 reducing the amount of iron

in, or the deleterious effect of iron on, conbustion
tungaget exebe axdded dorb fisd fodre enthbaustad erfte edubiricaniopeigblegyith the

control devices, resulting fromthe conbustion of an
combustiorosystemi.i r on- cont ai ni ng conpound t hrough the use of

tungsten. The 7 tungsten can be added to a fuel to be

c oirbu stmgowdstand arganbmietsdlisirommempepads,such gsrgrrocene, are

conmbustion system |Iron conpounds and organonetalq %
knowndinr edansoenaaceraent br etber benefitsdgee. eg-<U-ScRalGRt Mgy 4.139.348,

oct ane enhancenent or other benefits (see, e.g.,.US
the RiiscinstreNg whiphig bershpincorporatied by &f2rBacs 8 s pripifL Fariptene

hereby incorporated by reference in it entitet(}.
[FefiesHebLentepises e pspetadiepyings bovest &1 e gpesiE stk gf 2

rings bound on the opposite sjdes of a centr iron
cortreb forAenT 1 PRGN BIGRAIREG SAUvEh FPARAL MG ound.

The irontferrocene cgg’be present in

roubipssh{ o R}l By
o BTH‘%CfF‘%%fUS'fcaP;P?ﬁ’eFF%a%@lfm% olf 4o iR 5B a5
e viterst e T Seple (b AREN's, gl d 4elu OB arkies o

i oG Fpnereoys |y ATREAOAER .t IE " hust i on

SR AR a8 S k. o

I Ng -vi SCOSI a m nor

 coRIRYEN QbteRTitPihe B EaRULhiH YRS 2SREBF dibuHd ofa bASRISAN

lubricating viscosity and a minor amount of one or more additives comprising a tungsten
source; (b) combusting in 'the‘combustion éystem the hydrocarbonaceoqs fuel to |
produce combustion produéts comprising iron; and (c) contacting the tuﬁgsten with the
combustion products (which include iron) whereby the tungsten interacts with the
combustion products. In one embodiment, the tungstén contacts'thé.iron inthe
combustion products, and fhis interaction between the tungsten and the iron in the

combustion products results in the scavenging of the iron, whereby several beneficial

_ results are obtained. The beneficial results include reducing engine or system wear

related to the iron, maintaining catalytic converter performance, maintaining sensor

performance, maintaining LNT performance, extending the life of a spark plug, reducing
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15 source; (b) conmbusting in the conbustion systemthe
hydr ocar bonaceous fuel to produce conbustion products
conprising iron; and (c) contacting the tungsten with
the conbustion products (which include iron) whereby
the tungsten interacts wth the conbustion products.
. I'n one enbodi nent, the tungsten contacts the. iron in

the conbustion products and this interaction between

condiRtiviy T @6inBlstidn deh&ratddrduposits, bihe maptaging diesél particulate filter
products results in the scavenging of the iron,

(OPFhg&nasey dn ahothenahbadimbnt, thedud! campesitiosiani 9EPriST Re
beneficial results include reducing engine or system

mefafid br otgghahadlic tung$ten coropountai nt ai ni ng catal ytic
converter performance, naintaining sensor . .
peWiahraces opaatedavith toggstemingae rngrimﬁ eefuekjass e mﬂ' be
the life of a spark plug, reducing a conductivity

depositd it the argerasalpicampnuetis iAcsordaado e mﬂhiﬂﬁa‘@ﬂe§§$ iron

particulate filter (DPF) performance. |n another

* is depbeigi theaughoutibe atelyst whebshasten (Whha%'aﬁ?ﬂrqog@uﬁted in or with

metal lic or organonetal |ic tungsten conp

 theduels Tungstesje cambigingiin fe; GHSISERN arexAgstp F’ES%?'T‘ 8’&H1”°8 fo form

fuel, less iron will be s dep03|te
spasissdhatidociot ormémpemeaples rerucgd PEm qﬁf@%ﬁ"" tho catalyst.

o e o R e B O g -
e o AL LB g e w n
copBag e RghEl TIPS TP € O e
| TPELTE b'rpgqf,gﬂﬁw?n i ARG D04 R 1) P B B3hARA o B

as unconverted

PEUE T R q&za@gz)w%mc SRl dobl

e présen

th%gy B(E}Iﬁ Qomihe Xérﬁﬁ&sﬁ%n 42 g&qb&s%oh ki Bt 4 rulel] @ubfa%ﬁ"ﬂfehﬁéﬂmd
includes contacting tungsten with the products of combustion of the fuel, wherein the
products contain iron.

The addition of tungsten via the fuel of lubricant also lowers the conductivity of

combustion-derived products such as spark plug deposits compared to deposits formed

from combustion of fuel freated with ferrocene alone. Reference is made throughout fo
the term “reduced” in the context of the operation of an engine, a spark plug, or the

combustion of a fuel. The term “reduced” means a reduction in the operation of a

- system relative to the operation of a similar system that has an iron containing

compound but does not-have a tungsten-containing compound combusted in




based, perneability-reducing glazes or crystals on the
surface of a catal yst exposed to the products from
the conbustion in a conbustion unit of a fuel, wherein
the method is includes contacting tungsten with the
products of conbustion of the fuel, wherein the
products contain iron. The addition of tungsten via
the fuel or lubricant also |owers the conductivity of
combiaing with fedean cpelpiniRbeRiBrAINd (9E funplied Mg adulyicagt to the
deposits conpared to deposits fornmed. from conbustio
compisRafroRess 2r EXalst HiraaBh - BedHesd pasTationda s et ncludes,
made t hroughout .tg 20 the term "reduced” . in the, .
but jsdint iftedio. thededyripa M %ﬁ-naw%shoféwa%r%, angfog 65?43108%5‘}"9
tion of a fu "r?duced" nmeans

h l,.
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pros R AR Rrb e e Togreion SRR et atiphersprtaining
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I res a educt 1 on

o | i
AR I oo R R, RS R B,

_add;qﬁ&%gég&gpom& i '@nn&hﬂ%ﬁ;&gphggg;, n&&ﬁ%leﬁf%ﬁff{?{t—?gaegf‘aﬂm-

: waf SRR LGRS UG-8 tSiniy l’oﬁén@&ng&éﬁ g&hpound may be

nvention, 1 ncluding el enmenta ungsten,

prePARAMRLAARGREES MmN WireGRBhad Mol indlid@38aiHE 8Suphur-and
sul phur- and phosphorus-free tungsten sources, and the

phdspk8rus!fite tdelibtdn QitirceWith MM AdiRdigrdpindaine @ mordIAgHEN
oxi des, nono nucl ear and di-nuclear and tri- nuclear

- solrbétd St @far-sorthinng tengsteN@BipRandd iyht Sso B thel tbactiohloé aguiphur-

avai l abl e for use. By to -way of further exanple, the
fres WngBtehs6oMmE it ancanding g RLip Wh g3hieRNTCHOND HNd] optiyhally a second

éulphur source.

Examples of sulfur- and phosphorus-freé tungsten sources include tungsten
acid, tungsten trioxide, ammonium ortho tungstate, ammonium metal tungstate,
animoniﬁm pa;atungstaté, sodiurh fungstate, potassium tungstate, and fungsten
halides. | |

Still additional tungsten corhpounds include, without limitation, tungsten

hexacarbonyl, tungsten ethoxide, tungsten oxychloridé. tungsten pentacarbonyl-N-

pentylisonitile, tungsten sificide, tungsten acid, cyclomatic tungsten compounds,

tungsten organoamines, tungsten phosphenes, organc-oxo-fungstenates.
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prepared by a variety of nethods: One nethod woul d
i ncl ude reacting a sul phur-and phosphorus-free
tungsten source with an am no group and one or nore
sul phur sources. Sul fur-containing tungsten conpounds
m ght al so be the reaction of a sul phur- free tungsten
source wth an am no group or a thiuramgroup and,
optionally, a second 15 sul phur source. Exanples of
- subfitsdditng! ahgsaharmsounds enaly beds therforsoofrmaasalloy dunggien
tungsten acid, tungsten trioxide, amoni um ortho
{ubridaRaddRive compotrsiauches akittouhlisitaiion, MoWRedPaW Ry, Z0WO,, and
par at ungst at e, sodi um tungstate, potassium tungstate,

the®iel tungsten halides. 20 Still additional tungsten

conpounds include, without limtation, tungsten
he e aurdystenl cantberogsolvbleceridispetted of MivgdtinA lwg;amwoa fueie,
tungsten pentacarbonyl -N- pentylisonitrile, tungsten
Avssiiabledintgsfertconipinieg corpelndg pioduetigng¥é thesame, are
conpounds, tungsten organoam nes, tungsten. . .
ilugirtepindniesationa anﬁ@k@:'?luﬁ@ﬁt \WR-2003/00902 25 igh s hereby
addi ti onal tungsten conmpounds may be in the form of

incogored bgreindhigandifety-| ubri cant additi ve conpounds such
as, wWthout limtation, -

| | Reherrfemylipies additives i B%/g%vﬁ%bé‘zcﬂa %ﬁfl%‘%“’ﬁgf\‘ﬁ‘gg%%%g%#"gf
B s anA e SPRAE S RB PR BBy detiegersfectve
et P e bRERTiselo e SBtan st o ihBibn phayst atter
et Pytem; dvnsserob irirRa el e g UEn o iy BB

can be less than or equal to 36 mg of tungstenfliter of fuel, for example less than 25 mg

- of tungsten/iiter of fuel, ahd as a further example about 1 to about 20 mg of

tungsten/liter of fuel.

Tungsten can be supplied to a lubricant at any treat rate without !irnitatioh. in
another embodiment, the tungsten in the oil composition is preferably provided inan
amount of from abouf 10 ppm to about 750 ppm, such as 10 ppm o 350 p-pm,.more
preferably-from about 30 ppm to about 200 ppm, and still more preferably in an amount
of from about 50 ppm to aboﬁt 100 ppm, based on the total weight of the lubricating

composition. Tungsten may be supplied to the fuel, the lubricant (if any), or both

compositions.

11
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i nvention, the tungsten containing conpounds are

enpl oyed in any desired or effective to anount to

achei ve benefits to the conbustion system or

conbusti on exhaust after treatnment system An

exenplary treatnment rate of the tungsten containing

conpound can be less than or equal to 36 ng of

tungsten/liter of fuel, for exanple less than 25 ng

of, tungsten/d ARh-@htahind EdiiftunexBeing e

aﬁ%ﬁou%eoﬂggﬁﬁdfgét%é‘ﬁnotungsten/l%r of fuel. is

Jungst e thiRniich By the BirigeRAtiront the lubritardar fuel
scavpgq%iswcp;@ﬁkﬂﬁﬁenﬁ%g‘?‘} on i'n l%(anot h(g? embodi ment, the

ungsten | li2edG@ HHRASibuSHon 6F i Bfdescattiopageos ifuldd

m“‘%ﬁ"@ﬂ&gg%hﬁ%\tgggfﬂ$ reom about 10 ppmto about 750 ppm

S YR hrBhe OB AlTeR:, BRGroRRirofebRtainpgebmpobids Heirgracatrnged

30" ppmto about 200 ppm and still nore preferably in

"~ a aigg_g@%t prﬁé?—:fnt frveimonlty the RAgaEMCALodei¢ rd@Ghepm

on the total weight of the |ubricating 20

" hyd shddoBfuelungst en may be supplied to the fuel, the

ubricant (f any), or both conpositions. 11 It shoul d
beyRd 8hsthesinbdiiherdtio terpesent invertionctbe irah Af ¥py-containing
conpounds being scavenged according to the present

contpduRas b&iRg Byavehged byws tungstenean bfiginkte fiorctha fubgigantysed to

could originate fromthe air utilized in the
lubabihetdofbustiontdyetehy dr ocar bonaceous fuel . I n anot her

enbodi nent, the iron or iron-containi g conpounds

beilh gns embediged:, tre: lapipantharge tLogsae Wy dhgcaverasibeon
by the tungsten can. originate fromthe

corhardinantis)ran bleed L Hldwaey”, flavn sgen. berieresder CRHRIBRSEe YW,

the pr esent. invention, the iron or iron-caontal nngon
suckedpausgatbd bnothewdsecangisgnislly erelipermiRdt & 1A com
ch:rrﬂlagrl or; %teecofn:b%rgﬁghhseysltel:i?r Ih? 1?1?9} er#t?o%?mét?t, the contaminant(s) encounter
and interact with the tungéten during 'or after the combustion process, whereby ‘
scavenging occuss. Thus an embodiment of a method of the present invention is
achieved when lubricant containing tungsten escapes around a valve in the combustion
system, such as for examble and not as a limitation herein, an intake valve or an
exhaust valve in an automotive engine. '!r_l this ménner, the tungsten is caus_sed fo
encounter and interact with the (;ontaminant(s), whereby scavenging can occur.

In another embodiment, the tungsten is caused,; deliberately or inadvertently, fo

encounter the contaminant(s) in a passageway through which the combustion products |

containing the contaminant(s) are conveyed away from the combustion chamber. In

12
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| ubricate the conbustion system 10 In one enbodi nent,
the |l ubricant-borne tungsten which will scavenge the
contanmi nant (s) can bl eed, "blowby", flow, seep, be
forced or conpressed, be drawn, sucked, or aspirated
or otherw se accidentally or deliberately get into a
conbustion chanber of the conbustion system In this
enbodi ment, the contam nant(s) encounter and interact
L with the tungsten bEidR AL BBustibie cifpitar of the @ombustion
this (pAAES ?S%Véa?'gﬁofgﬂéég%g%&%g occurs. Thus an
enbodi nent of a nethod of the present invention is
Sys_t%’Ehi eved when | ubricant containing tungsten escapes
around.a v | VeRion, HsXintiStersiobliias ffoo the
ex375P eﬁﬁ'ﬁhﬁ{g?‘e@s&% ‘?r%g%gﬁ on herei n@%n i nt ake
valve .o ‘ V@ MRislich @Rnddt esmiinve terfgéine. | n
lub"ﬁ?tfnﬁéér}%a:rﬁ?dﬁ%wﬁ%sten is caused to encounter and
i nfef Lt D i the BhiBiktioR systaiefintey axtuliverats ng
ca‘h g@%ﬁorﬁ%fé%"ffn anot her enbodi rr‘lént, the tungsten is
cansed  deli RREAILGWIPSS i 8 8@REdsenid oirtilateintmeitiiee the
recif e&%cgﬁ'{ am nant(s? i‘r)1 a passageway through which the

'inta@Q'HI%Hﬁa' QPHR @eHbekgon dHRRibatl.NiMGistrhanneq renguitibricart coftaiing

onveyed away fromthe conbustion chanber. In 12 this
iroanEEﬁ-géed th BRCAUMBM @RE iHieraBioeity tangstidrsindie> cdrabustiorborsexhayst.
chanber of the conbustion system In another .
- enpoghdBRbodifnchh e tie éxhaastifioorits combusiiongs trepted with a
volatilizes fromthe Ilubricant and is carried over,
low 18¥e of Hifgaantush aofor ekanpler a twgsten lvatpfieheut29apm Yin the
- yet another enbodi ment, the conmbustion systemutilizes
suePormbueti®i éxhaustairiess] at i ng process, whereby vapors in
a crankcase are recirculated into either the intake
maniHisinderiontalse achiekerd tatolstanetaion and copRMINGRLFFUPNAINY
any |ubricant containing ' . L
when the fuel combusted contains an oil having a tungsten compound, without extra

tungsten being defivered to the combustion unit or its exhaust from a lubricgnt source.
The present i_n{(ention provides in another embodiment an apparatus for

performing a method for reducing the amount of, or deleterious effect on e);haust

. emissions after treatment and ‘control devices of, iron in an exhaust stream, wherein the

20

épparatus confains (@)a cohbusﬁoﬁ chamber adapted fo combust a |
hydrocarbonaoéous fuel; (b) ameans to infroduce the hydrocarbonaceous fuet info the
combustion chamber; (¢) a means to convey combustion product from the combustion
chamber; (d) a lubrieant comprising a major amount of a base ol of iubricating_viscosity

and a minor amount of at least one tungsien source; and (e) a means fo introduce the

13
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iron is caused to encounter and interact with tungsten
in the conbustion or exhaust. In one enbodi ment, the
fuel or the exhaust fromits conbustion is treated
w-th a 10 low | evel of tungsten, such as for exanple,
a tungsten | evel of about 20 ppmWin the fuel or
conbustion exhaust or less. This invention al so

achi eved catal yst protection and cont an nant

't-ub:i Y8 Bbuddeaprédiet. f T apsarbtus ca furtbet eintean an a8el

aving a tungsten conpound, w thout extra tungsten

ﬁea?lfén@ge\q%&\@g@ﬁ,_to the conbustion unit or its exhaust
froma lubricant source. 1ls The present invention
Pr A\Uneier bRbodimeit v theaprbsetit disctosens these i pipvided @ method
performng a nethod for reducing the anount of, or

enhSiedifd Bkicetsne edtihg ¢Ootane Rebearsh Nusbid of afis! ggrpfsing adding to
treatnment and control devices of, iron in an exhaust

the filel @A BItufenaiontairiey cammpand tadelyenumpioi$, mifigrams of tungsten
‘conpbustion chanber adapted to conbust a ‘ i

per it bEFBY, e e iren-bomhiningtspmpotsed fedeliveriupre 38 quliofms of
hydr ocar bonaceous fuel into the 20 conbustion chgrrberu; Lt

jron( e liter pEfBk wherebptheggsuingusihasa RessairbiOgiangNymper equal to
conbustion chanber; (d) a lubricant co r:{;ﬁi ng a_ 4 in vet

or gredter thambin andi anothers embpdiment tha RGN isarerierhar £ 9, ppd in ye
and a m nor anmount of at |east one tungsten source;

anatiet if(ie preaterdiand 8.0 i ntroduce the 13 lubricant to the

Comous ot T Sope L a4
T e
(x rapigoren TeAR G c O P aet P 3 Sior oo
ivon, ;%Lﬂng%g{\% Mot il tﬁb@l{]ﬁ?geer{. Ok pfg{g&%%m%@ﬁiﬁ(r@)as @Bscribed
homin mag et Heposit inhibitors, detergents, wear inhibitors, lubricity improvers,

fiow improvers, cold flow improvers, octane enhancers, dispersants, corrosion iﬁhibltors,

stabilizers, oxidation p'reven_ters‘, performance additives and the like fo increase

~ desirable petroleurn properties.

* Other embodiments 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. ltis intended that the speciﬁcation and Figures be considered as

- exemp{ary\ohly. with a true sCope and spirit of the invention being 'indigated by the

following claims.
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iron per liter of fuel, whereby the resulting fuel has
a Research Cctane Nunber equal to or greater than
6.0, and in another enbodi ment the RON is greater than
7.0, and in yet another it is greater than 8.0. 10 In
anot her enbodi nent of the present invention, there is
provided a petroleum additive (for a fuel or
Iubrlcant% conpr|S|ng an iron-containi ng conpound and
Se. tungsten or a tungsten source). The

1. STBSREDS 2 oP e Bt Ao St il ©
ueaa.g.ggf;’e{r%‘a@ﬁa tigiSort g,gﬁ.gggg Pt Y ?drﬁlﬁlsﬂgr?ofa
- hyd lrgﬁ%rrt&%lgt rl gﬁg E’é’ﬂﬂ%ﬁi@@ rsgs\elel]g%n%gtgﬁ aCIGI!JrQ:aBL Q¥d method

| spersan corrosi on

[ nh'Lbith% stabilizers, oxidation pr event ers,
-°°’B%‘F1"’t§’r Aieks: addltlves and the like to increase

t ﬁz‘!ﬂ):)?ggg%%% on W&F%Jst?ﬂ?mtlgh@% britARAMBRRIng aQhajor

e apparent to those
Stﬂ;ﬂﬁ 4 4 ShRdriRibupf o4l ®ast one tungsten
a"“?é% qu aﬁ?f"&éﬂ F g@%gn gﬁacﬁlcer o The G mventi on -
sofft di scl osed hereln It is intended that the
% €cification and Figures be considered as exenpl ary
0”' BihS COMBuSN s§Htfil the RydrbbRboMICROES fa8l to
be| ﬁ%‘%’t@%“ﬁ%} t he ufo ngm ng CFZII ms. 14 WHAT | S
pr&yféé%%&sﬁo& rIuPRBRRtiAg ibeduci ng the del eteri ous
ect on ex aust em ssi ons after treatment and
Contes ol c&%btﬁ@ah@funggt@n with i lccvtiiation pduetem from t he
ustion of "a hydrocarbonaceous fuel in a

| CO”@H&bbyOmewrﬁseéﬁ ihieRiciowittethe kpmbustivhrprodutts.  sai d
" met.hod conprising t he steps:

2. The method of claim 1, wherein iron in the combustion products originates from

the fuel.

3. Thé method of claim 1, wherein the iron in the combustion products originates

_from the lubricanf.-

4, The method of claim 1, Wherein the combustion system further comprises an

after treatment system.
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(a) lubricating the conbustion systemwth the

| ubricant conprising a major anount of a base oil of

| ubricating viscosity and a m nor anount of at |east
one tungsten source; (b) conbusting in the conbustion
system t he hydrocarbonaceous fuel to produce

combustion products conprising iron; (c) contacting
the tungsten with the conbustion products wher e %) the

5. t hohd metyet efclaint 4vderain thetatter Héaimﬂﬁ'b%i‘%f% h‘*
2. The method of claim1, wherein jiron

grogpednsitingof easalyrsdaliese] partiatate fi fF‘i‘roWP“N% trI‘aﬂe iese] oxiggtion
net hod of claiml, wherein the iron in the. c i 0

catalyss chetictiveorditaltinieduction asha %t‘PWYdﬁﬁ?"erﬂhng%ﬁn%rﬁLW Jigse!
gf claim 1, wherein the conbustion systemfurther

parfailgie fikes an after treatnment system 15 5. The method
of claim4, wherein the after treatnment systemis

sel ected fromthe group consi st ng of a catalyzed
di esel particulate fil

6. ox g"(ﬂlgtﬁ(l:ﬁft"f fﬁaﬁzﬂswhe‘?gl té%????@“%%?g& : r?‘?‘* ?9‘8&3? I“‘S’ﬁ‘ the
offrebeifualtivecl A P M e
ARG @?va}%ﬁ*ga“ggeé?Oe@g?%ﬂSﬁ%" B R e, weste
incHIGERtAE, gl iﬁi[}bfﬁﬁqsyge?eg g}r/eggét_ﬂ\ ngtu onjofPe akﬁa%gmes

stion units,

gagttg}?\tﬁl&?g %uéegsl; rg?s?qu ﬁ%rﬂz %%1 Sy} BELESidk Qb Reratbrs %ﬁ}r aﬁﬂ all lntemal_

autonoti ve di ese
. anS e%erna? combustion devices, machines, engines, turbine engines, jet engines,

boilers, incinerators, evaporative burners, plasma bumer systems, plasma arc,
stationary bumners, and devices that can combust or in which can be combusted a

hydrocarbonaceous fuel.

7.  The method of claim 1 wherein the hydrocarbonaceous fuel is selected from the
group consisting of diesel fuel, biodiesef, biodiesel-derived fuel, synthetic diesel, jet fuel,

~ alcohols, ethers, kerosene, fow sulfur fuels, synthetlc fuels, Fischer-Tropsch fuels, f_ue!s‘ _
produced fro mat least one gaseous reactant, liquid petroleum gas, fuels derived from
coal, genetically engineéred biofuels and crops and extracts then_‘efrom, n.afural gas,
propane, butane, un!eéded motor and aviation gasolines, reformulated gasdlines which
contain both hydrocarbons of the gasoiine boiling raﬁge and fuel-soluble oxygenated

blending agents, gasoline, bunker fuel, coal (dust or slurty), crude oil, used engine or
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gasol i ne fuel burners, gasoline fuel engines, power

pl ant generators, any and all internal and externa
conbusti on devi ces, nachines, engines, turbine

engi nes, jet engines, boilers, incinerators,
evaporative burners, plasnma burner systens, plasma
are, stationary burners, and devices that can conbust

"~ or in which can be conbusted a hydrogaybonaceou
motbueils witch maorenae contai ngsign, Wﬁgﬁ%ﬁ’ﬂ&?rﬂ% Bhd By-products,

hydr ocar bonaceous fuel is selected fromthe
crudsopibexiracksgharrdaus yestep @rd rmraﬁpﬁgléé waste, wood Fip2Hid saw

R R e S
thetic fuel's, Fi ST h fuel | _
s s e STl SR B o A s g i

petrol eum gas, fuels derived from coal, genetically
fiuidsigi neered bi ofuel s and crops and extracts therefrom

natural gas, propane, butane, unleaded notor and

avi ation gasolines, refornul ated gasol i nes which

contai n. bqt h. hydr.oc olling htlid BEmprisin

8. | arfybanf %ﬁ@'k@?ﬂﬁ@%%ﬁg&?ﬁ%ﬁgﬂgl%ér%di%‘%@%gent oraei
- gaspoline, bunker i ( bt aHyHFdcHtbonsdedde fuel;
‘ (”3 us 8@8@3‘?“}?@ CE)]#(%TG% e85 yﬁ

oi 1% or olls which myor may not

contain_tu LG the SR LOtne telayis REREIA Fdm the
crd‘i? ofipagtgﬁegagp%ﬁt% éatg'g'f gl.lés?@V\éSt eg,nﬁi/ygrd trinmm ngs

and wast &8"&%3 | #S ARf788 WiesaHsHrticule filks bhdi @bntinuousty
0

wast e, er, silage, plastics, organic waste, and

m xt ur e§%¢]%gﬁm§ techANEgEdibiet pbanRulatliBgNSi ons, and

di sper si efeof 1 n water, alcohol, and other

car F}% er rfnla?ﬂs‘,jté int@duditha hyaioshitsnidcbup fise! intorthe gombigstion
met hod of cl'ai m 1, said apparatus conprising (a) a

'-%g.gggpsti on chanber adapted to conbust a
Chhy rocar bonaceous fuel; (b) an after treatnent

. SYS{@M 4 heaid fodiontdyashibistiorsyrstientios: the cebesiion chamber,
t he
and

(&) ameans fo introduce the lubticant fo the combustion product.

9 " The apparatus of daim 8, wherein the apparatus is selected from the group
| conéis%ng of any diesel-electric hybrid vehicle, gasoline-electric hybrid yehicle, a two-
stroke engine, any and all bumers or combustion units, stationary bumers, waste
incinerators, diesel fuel bumers, diesel fuel engines, automotiﬁe diesel engines,
' "Q'asoline fuel bumers, gasoline fuel engines, power plant generators, any and alt in_temal

and extemnal combustion devices, machines, engines, turbine engines, jet engines,
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group consisting of a catal yzed di esel particul ate
filter and a continuously regenerating technol ogy

di esel particulate filter (c) a neans to introduce the
hydr ocar bonaceous fuel into the conbustion chanber,
(d) a nmeans to convey conbustion product fromthe
conbustion chanber, and (e) a neans to introduce the
| ubricant to the copbustig

' du t
bolesp. RATEFHPE: SVAREFLA PHIE" %sﬁ‘gt% e syemd dfeshRpaE S L0

stati gy Brips sy gl aral el cEnBgR s f RS b B dhlsed a

st rrgke eng {']l any and all burners or conbustion
hydrgpppanacsply Ghary burners, waste incinerators, diesel

fuel burners, diesel fuel engines, autonotive diesel
engi nes, gasoline fuel burners, gasol i ne fuel

10. éﬂh%I @9@ éqrﬁrﬁ%hgﬁ%tﬁ%{lurgﬁ oRhR bffer t ﬁ'ﬁé‘ﬁ defbd fdr %toﬁﬁﬁﬂétlon

| on evi ces, I nes, engl nes,

a t ur bij
sysﬁeﬁblslﬁ'gh\ T ors @vapgr aﬁé \% v %U%wﬁ{esmmbusmn of a

ers, plasma burner

hydf%:%{b%ﬁgceo% %fﬂéiﬁmg iroh %tol'noé‘ %Mb@%ﬁ‘ §ystem itH adangswas

can-co i'n which can be conbusted a

soulbeth gﬁ%ﬁg‘ﬁ t fot e tuhGstedtdRichREwWiP thel ifBRNY ¥4id @rddoets
rablllty an after tréatnent device for a

tutr? Qé‘the%vrﬁinﬁmf iR dépEisheftaeiigiht sftadreanedtdeviog,

pro ucts of the conbustion of a hydrocarbonaceous
fuel containing iron froma conbustion systemwith a
tungsten source in an anount sufficient for the

11t UNGHESBd iPinhblt Heoimatiohlof Blkenicootaining mndalglitpdeducing glaze
- to thereby reduce the amount of iron deposits

on &Q-;rguﬂﬁ&é 6l tRslystickposcdrte ﬂ‘term'nﬂucﬁh?ﬁmro ¢he combustion in a
combustton unit of a fuel comprising an iron-containing compound, said method

comprising contacting tungsten with the products of combustion of the fuel, wherein said

products contain iron.

12. A methad reducing the conductivity of deposits formed from the conibust_ion ofa
fuel eomprising an i‘ron-containing compound , said method oompﬁsing addinga
tungsten-containing oornpoﬁnd to the fuel, whereby the conductivity of deposits formed
from the combustion of th'e fuel comprising an iron-containing cormpound is reduced

refative to the conductivity of deposits formed in the absence of tungsten.

13. The method of claim 12, wherein the iron compound comprises ferrocene.

i8




11. A nmethod to inhibit the formation of a
i ron-containing perneability-reducing glaze on the
surface of a catal yst exposed to the products fromthe
--conbustion in a conbustion unit of a fuel conprising
an iron-containing conpound, said nethod conprising
contacting tungsten with the products of conbustion of
the fuel, wherein said products contain iron. 12. A
met hod reduci ng the conductivity of deposits forned

fromthe conbustiop of fuyel c r.[si.n _

14. g otlind A GATA 2 UREEINHS sl R Rl b | Fufteyt 36
.adding a tungsten-containing c opnd. to the fuel,
_‘"'“W?@?Se‘%)? tf‘ﬂ%gt%’g PH“QF?VPB‘I‘“%%?{E'@PE%F& med fromthe
conbustion of the fuel conprising an iron-containing

conpound is reduced relative to the conductivity of

deposits fogrnmed in the absence of tungsten. 13. The
15'&?‘1‘?2‘60‘5?"3 O™ 25 "G herein the iron conpound

co riﬁe‘ts ferrocene. 18 14. The nethod of claim 12,
wh& &% he fuel is treated with about 1 to about 36

M b 1980 Oh o AR S 36 RgRoniRRerBHaRer |1 ter

f conposition Conprising a) a fuel
b) e, in an.anmount up to about 35 ny

i r S /etH'%g‘?rnof fuel, and <c¢) tungsten. 16. The .
conmposition of claim15, wherein the hydrocarbonaceous

fuel is selected from the group consisting of diesel .
167 ¥fid colp R AT Craink H 8 UisiEih tRShydi&rt i Leous )il ieddigtted from
di esg?, jet fuel, al cohol s, ethers, kerosene, |ow

O o 908l iy i
gaseous reactant,

fud i AdihSIsPathe@!] RatBR RS low dufilisfugiel ynerdtic fuels, Fischer-Tropsch fuels,

- fuels produced from af least pﬁe gaéeousreactant, ﬁquid' petroleum gas, fuels derived

from coal, geneﬁcally éngfneered biofuels and crops and extracts therefrom, natural

gas, propane, butane, unleaded motor and aviation gasolines, reformdiated gasofines

which contain both hydrocarbons of the gasoline boiling range and fuel-soluble

oxygenated bleﬁding agents, gasoline, bunker fuel, coal (dust or slurry), crude oil, used

engine or motor oils, refinery "bdttoms" and by-products, crude oi; extracts, hazardous

wastes, yard trimmings and waste, wood chips and saw dust, agriculthral waste, fodder,

silage, plastics, organic waste, and mixtures thereof, and emulsions, suspensions, and

dispersions thereof in water, alcohol, and other carrier fluids.
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fromcoal, genetically engineered biofuels and crops
and extracts therefrom natural gas, propane, butane,
unl eaded notor and avi ati on gasolines, refornulated
~gasolines which contain both hydrocarbons of the
gasoline boiling range and fuel -sol ubl e oxygenated

bl endi ng agents., gasoline, bunker fuel, coal (dust or

. ViR oS SRR AP o
abot‘%éya%g%l?taghrﬁlquigF%g%ﬁféﬂl\ﬁfs%neﬁer]%?ro Lfimmings and waste,

agricultural waste, fodder,
silage, plastics, organic waste, and m xtures thereof,

and enul si ons, suspensions, and dispersions thereof
in water | cpho, 0 o4 deddopitbusti®y alfhel
18. ﬁf@g%S_ﬁ‘ﬁf)?&?fi“g'?g é('5'%3 i aiarr%d%g{plg\ifer enle“%]gi he tungﬁs’}%en i s
resent .hn an R meBRompribifg 884G a &hgsten-
co ?'P?ﬁ?gﬂgﬁg&ﬁu@gl@ﬁnﬁhgé’r %Tl}"teer of mT]auel.g 18.~ A net hod
f .ex ' Jdife of a spark plug in an engine
m"@’m@?ﬁ%ﬁgbﬁﬁ%mé‘bomri sing an iron-containing
conmpound; the nmethod conprising adding a tungsten-
contai ning conpound to the fuel. 19. A nethod of
19." £ (AGHoA%s FEHRICG dFgmbinhiSticeth afeRditk Senieihy & fileh goraprising
~conprising ferrocene, the nethod conprising adding a
BHéI%S NS RHd BbrAbiShdCaian & fingSiehenthintng. compbundio the fuel.
t:mmat bg@of enhancél)ng the octane rating (Research Cctane
Nunber) of a fuel conprising adding to the fuel a) a
t ungst en- cont ai ni ng conpound to deliver up to 36
20 N lphdtSsPoferBhndingBetoetanpeating (Reseath Oolaing Narhe) of a fuel
_ i ron-containing conpound to deliver up to 35 -
cobhidindiaduig wfthé fehaetungsterconthiningsiompatied etsielivaiap to 36
resulting fuel has a Research Cctane Nunber increase
milkgiEa of fungstegpealitet diuelfar@l b)2ah. iraipentaininbepraoupt & dgliver up
20, wherein the resulting fuel has a Research Cctane
to B milgrams of iron per fiter of fuel, whereby the resulting fuel has a Research

Octane Number increase equal fo or great than 6.0,

21, The method of claim 20, wherein the resulting fuel has a Research Octane Number

increase equal o or greater than 7.0.

29 The method of claim 20, wherein the resulting fuel has a Research Octane_quber '

‘increase equal fo or greater than 8.0.

23. A petroleum additive comprising
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i ncrease equal to or greater than 7.0. 22. The nethod
of claim 20, wherein the resulting fuel has a Research
Cctane Nunmber increase equal to or greater than 8.0.
23. A petrol eum additive conprising 20 a) an
“iron-containing conpound and b) tungsten. 24. The
additive of claim23, wherein the ratio of iron to
tungsten conprises 1:100 to 100:1. 25. A |ubricant
i red| anlireryceniaBing SPNBOM ten source. 26. The
F'ubricant of claim25, the nanoall oy tungsten source
sdhetigdehr om t he group consisting of MyW4, CaWd,
and ZnwWH4. 21

24. The additive of claim 23, wherein the ratio of iron fo tungsten comprises 1:100 to

100:1.
25.. A lubricant including a nanoalioy tungsten'soqrce.

26. The lubricant of claim 25, the nanoalloy tung'éten source selected from the group

" consisting of MgWO,, CaWOy4, and ZnWO,,
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