DELI VERI NG MANGANESE FROM A LUBRI CANT SOURCE | NTO A FUEL COMBUSTI ON SYSTEM
FI ELD OF THE | NVENTI ON The present invention relates to an apparatus and
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10  BACKGROUND OF THE INVENTION

A problem exists in fuel comb_wstion systems in which the fuel contains, or acquires, or
produces upon coinbustion, 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.

15 An additional pr-oblem. is created by such contaminants in the form of:undesirably
increased levels of certain combustion products or by-products in the e;chaﬁst.
Yet another problem from such contaminants is a detrimental effect on after treatment
w) . syétems. These contaminants can include elemental phosphorus, lead and sulfur, or compoun@s
thereof in the fuel, or in the air. The contaminants can also get into the fuel, or the combustion
20 chamber, or the combustion exhaust stream from the engine or combustion system lubricants
which qften contain phosphorus-containing and sulfur-containing additives, and lead compounds

associated with combustion system wear.



whi ch .,_ofteh contain phosphor us-cont ai ni ng and sul fur-contai ning additives, .
and | ead. conpounds associated with conbustion systemwear. | It is a

wel | - known phenonmenon that vehicles and ot her conbustion systens consune,
that is the engine burns, oil used as a lubricant for the engine or noving
parts of a comjugtiRup. tem Various pathways exist for lubricating oil
to enter the conbust ﬁo%n%)s@ﬁ%g?ﬁmegﬂﬁfbéw °4es apst thestonstus @i Bysteh e adsimt he
vari ous COHRGHE: T:r?g‘u? dditives in the lubricating oil also are 5 consuned
or burned and these %%%‘bsdﬁgﬁlﬁ %ﬁl%ﬁmtifmébcmmdmmuﬂ@@mbf%@nﬁg{iﬁgts on

the conbusiip s catalysts, after treatnent system and em ssions.
It ist her-Zf or (rav %%ésﬁ‘lE E%%Wgyst%qﬁtﬁ’l‘i?‘ﬁ’iﬂpﬁ}ﬁﬂg@ﬂm.tenteﬂhabﬁﬁﬁ&ﬁoﬁ E}%tcﬁﬁh;?}/@rri{sous
salfur

interacti @pnQ 0 nents (such as phosphorus, |ead and/or arising
fromthe I'u b%tég‘%tm%ﬁﬂf@é,ie ¥rioup porhppatnts or addithes BE1BHEAG ] olsflGre

conbust i ogﬂlgmgfg with the conbustion exhaust streamto thereby 10

prevent catal yst: APA resepamenonenteatadaitite Sy tHARA BALL ARG bR o fRd

increasedm%%?si ons. ~SUMVARY OF THE INVENTION In a first aspec?, there is

"provi ded & tf%‘&y?tﬁmsr(‘éﬁlﬁ@m@drheamdﬁisﬁt@ﬁjmnﬁgﬁ t of at |east one

| contam nant s tltlg tég;fflr(io%lr\e group consisting of phosphorus, |ead, sulfur
~ and conpounds ¢ Casihledy mbildd reFlide@ prd Ve nbustion of a

hydr ocar %gﬁg@gg%? fﬁel ]Ln a conbustion syg}t:emﬂélﬂ%%?%]%gltg% nléf/ra(éuq ri cant,

sai d net Jush ayphdsphartie had afddr iy driil, he ,conbusti on system
with the lupricant conprising a major armun'lsa{go ahﬁglébéwﬂ?ﬁsoweﬂaﬂlﬂf%ti ng
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prevent catalyst poisoning, after treatment system malfunction, and increased emissions

SUMMARY OF THE INVENTION

o

IIl - -
a first aspect, there is provided a method for. reducing the

deleteri
_ Tous effect of at least onc¢ contaminant selected from the

said method comprising the steps: )

@

1 ] - - - - - |
- ubricating the combustion system with the lubricant comprising a major amount
of a base oj] icating viscosi minor am

oil of lubricating cosity 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 manganese source;

(b) combustmg in the combustion system the hydrocarboriaceous fuel to produce

combusti ..
mbustion pr.oducts Comprising at least one material selected from the group consisting of

sulfur, lead, phosphorus, and comﬁouhds thereof:

(¢)  contacting the manganese with the sulfur, lead, phosphorus

| | » and compounds
thereof in the combustion products,

whereby the manganese interacts with the sulfur, lead, phbsphorus, and compounds
thereof. ’ B -- -

LY



at | east one organosul far conpound, or at |east one organophosphorus
conpound, or both, and (ii) at |east one manganese source; (b) conbusting
in the conbustion systemthe hydrocar bonaceous fuel to produce conbusti on

products conpr isi east eI ecte

consi sting of ir*suq econd BRE 3 %pﬁoPIOV1dan811%pd’ﬁ{)a L?ntéspetr O&Pé’%‘?“"(c)
contactlngletﬁmdaaﬂa@&ldeabevem ﬁd‘ﬂtabparswawmpﬁﬁ@,d phosphorus, and conpounds
thereof in the conbustion products, whereby the manganese interacts with
the sul fur, ledd) pheopibostion chanberadapeltodembidtangdiocarBotateaussaelond aspect ,
there is provided an apparatus for perform ng the nethod as defined above,
sai d appar at us (bbnphrinsiangjto(iajroduce dihydidcabosdtasd diicl e HesdnitisEs Mmberd

hydr ocar bonaceous fuel; (b) a means to introduce the hydrocarbonaceous fuel
i nto the conbuge) onaﬁib&ibﬁ@onvdy@bnﬁuﬁ&&ﬁ%d&tﬁ&ﬁﬂﬂ%oﬁﬂﬁb&kﬁiélﬁ&b@f galpct from
t he conbustion chanber; and (d) a | ubricant conprising 'a mjor anount of a

base oil of I ulg) Cailﬂbﬁc&it%ﬁﬂﬁhilﬁ 2BRjo? arfBuMQIT a3ARWIE 0f2hib ﬁng{ms&ﬁf
or

additives conprising (i) at |east one organosul fur conpound, east
- one or gan JEROSHMHIBHSE die '8P Rtbiad ddtveb 85 s dt! &
source. .In*a third aspect there‘fs proovi léas&h:eg?%ﬁhs@ﬁl&p%%&%
durabllltyeagf baftbdifk *&ﬁ r tio stem said
‘met hod conpr |Gsn|anfg;lg coélt a t| ng e‘l%drjg}é Jn(a i e co#% |éoﬁ?l“)’lso g‘he'

In a third aspect, there is provided a method for improving

the durability ofJ ‘an after treatment device for a combustien

- system, said method comprising contacting the products of the combustion of a
hydroca:bonaceous fuel ﬁom a eombustwn system with a lubricant contaxmng manganese in an
amount sufficient for the manganese to interact with one or more contaminants selected from the
group consisting of phosphorus, sulfur, lead or compounds thereof in said products to thereby

reduce the amount of one-or more of the contaminants contacting the after treatment device,

In an embodiment, there is provided a method to inhibit, reduce or prevent

the deleterious interaction of components (such as phosphorus, lead and/or sulfur arising from
the fubricant source, any processing aid or adjuvant, fuel, fuel additive, air or otherwise entering
15 the combustion process) with the combustion exhaust stream to thereby prevent catalyst

poisoning, sensor poisoning, after treatment system malfunction, and/or increased emissions.



mnganese in an anount su

hydr ocar bonaceous fuel from a conmbustion systemw th a | ubricant containing
manganese in an anount sufficient for the manganese to interact wth one
or nore contam nants selected fromthe group consisting of phosphorus,

sul fur, |lead 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 an enbodinent, there is provided 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, fueln, afaiel emtddinicue, thakris provilbhar wsst €6t etaveigingl5 t he conbustion
process) with the conbustion exhaust streamto thereby prevent catalyst
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i ncreased em ssions. 2a |n another enbodinment, thére Is prOVIgé a system
for scav&#yi ng phosphorus, lead and/or sulfur froma fuel or the products

- resulting fromthe conbustion of the fuel. Disclosed are nethods to

inprove the durability of an after treatnent device for a conbustion
system wher ePnclesaé arrembibotlsntayimprook ultke derabilitg Gifi an g férhecaphiad uehi& of the

conbust i r b fuel. with . a |ubricant containin
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or nor e ¢fakd GMMRBRES tsaeﬁ?)%? Sfbo (%[]}151 b group consjsting of phosphorus,
sul fur, lead or conﬁ%un s %herg% |H%§5$%P%ﬁ%ﬁﬁ%?§°WﬁmFﬁ%P%E?m”P€HHbe t he
amount  QfhodREsPhicidRG t he contam nants contacting the after treatnent
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devi ce. By "nmangane
mat erial, including

2b



but not limted to nethyl cycl opentadi enyl manganese tricarbonyl, avail able
as MMI(r) from5 Ethyl Corporation, nmanganese sul fonate, manganese phenate,
.manganese salicylate, al kyl cyclopentadi enyl manganese tricarbonyl,
organi ¢ manganese tricarbonyl derivatives, alkyl cyclopentadienyl
manganese derivatives, neutral and overbased nmanganese salicyl ates, neutral
and over based nmanganese phenates, neutral and overbased manganese -
sul f onat esgronmeqeivesgof phasphory) salfars lead blcongmbidiahdredsn and pdudtsiolBerbiier eof .
~The manganese is preferably present in 10. the lubricant as an oil-sol uble
additive tiedtcedbramminadf dre venmpdrobfithedoabihints@bnhbitQROES beRheniGiagber or
exhaust stream It may al so enter the conbustion chanber through "bul k"

consunption, i By “mangaiesePdickttn Biedfng ordh&HaRisd EQRndunl 88 mateRalORludi
enbodi nent, the fuel or the exhaust rgﬁéits cogbustion isn?reafegmaﬁﬁh a
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Ot AGh ! e 1828 Bt b1 2V Bt can To120E2 an thareby enter the combustion

- chamber or exhaust stream. It may also enter the combustion chamber through “bulk™
consumption, i.e., past valve guides or around piston rings. In one embodiment, the fuel or the
exhaust from its combustion is treated with a low level of manganese, such as for examﬁle, a
- manganese level of about 20 pbm Mn in the fuel or combustion exhaust or less.
15 By “base oil” herein is meant a basé oil which can be selected from the group consisting of
paraffinic, naphthenic, aromatic, poly-alpha-olefins, synthetic esters, and polyol esters, and
k mixtures thereof. In a preferred embodiment, the base oil contains less than or equal to 0.03 wi. “
J . % sulfur, and greatef than or equal to 90 wt. % saturates, and has a viscosity index greater than |
or equal to 80 and less than or equal to 120. In another embodiment, the base oil contains less
20 than or equal to 0.03 wt. % sulfur, and greater than or equal to 90 wt. % saturates, and has a
visco.sity index greater than or equal to 120. In a more preferred embodiment, the base oil is

substantially sulfur-free.



chem cally bonding with or to, physically bonding with or to, adhering to,
agglonerating with, affixing, inactivating, rendering inert, consum ng,
al I oyirng, gathering, cleansing, consum ng, or any other way or neans’
whereby a first material nmakes a second material unavailable or less 5
avai l able. By "interaction", "interacting" and "interacts" herein is neant
scavenging. By "inactivating" herein is neant scavengi ng. By '

" hydr ocar bonac ddU$cagating Hheran is mentibentntiryidg aombamacien uscliste kfogulings

but not limted to diesel fuel, jet fuel, alcohols, ethers, kerosene, |ow

sul fur f uethsmicsllyborstingwithie te, physicallycttndihg whith$¢ bg hREHAP &G RodidiBdrting visti d
petrol eum gas, fuels derived fromcoal, genetically engi neered bi ofuel's and

crops and af¥ingdeativitmgefendming ek talswRg, alloy aeherify cRARSing! %ﬁﬁ&ﬁ&, gotor
IC

and aviation gasolines, and so-called reformlated gasolines wh
typi cal | y anpothar wapot heanb wile@bas Hes matfial Hfked ﬁ%&hh@ﬁa@ﬁﬂ: dngﬂailtﬁﬁg gF1ed
e

d
fuel - sol ubl e oxygenat ed bl endi ng agents, such as al cohols, ers and
- ot her s$ui tazilableoxygen- cont ai ni ng organi ¢ conmpounds. Oxygenates suitable 15
for use in the fuels of the present invention include nethanol, ethanol,

i sopr opanol , thﬂk@@Qﬁwmﬂmhmggxa_ﬁﬁﬁphﬁﬂmggqﬂ%hPhﬁﬁ%%ﬁ&*E%g%%:Xether,

tertiary anmyl nethyl ether, ethyl tertiary buty ed et hers.

Oxygenat es, WhBH“ia&@fatif¥ HerePis Foda bk sent inthe reformnul ated gasoli ne
fuel in an annunt'belo&%%boﬁt 55@§hfm€%P%%§, and preferably in an anount

0.5 10 ahout 5 per ok e bt F T b rminkiPespts igBisncli o "
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biofuels and crops and extracts therefrom, natural gas, propane, butane, unleaded motor and
aviation gasolines, and so-called reformulated gasolines which typically contain both
hydrocarbons of the gasoline boiling range and fuel-soluble oxygenated blending agents, such as
alcohols, ethers and other suitable oxygen-containing organic compounds. Oxygenates suitable
15 for use in the fuels of the present invention include methanol, ethanol, isopropanol, -butanol,
mixed alcohols, methyl tertiary butyl etber, tertiary amyl methyl ether, ethyl tertiary butyl ether
and-mixed ethers. Oxygenates, when used, will normally be present in the reformulated gasoline
J | fuel in an amount below about ‘25% by volume, and preferably in an amount that provides an
oxygen contept in the overall fuel in the range of about 0.5 to about 5 percent by volume.
20  “Hydrocarbonaceous fuel” or “fuel” herein shall also mean gasoline, bunker fuel, coal (dust or
slurry), crude oil, refinery "bottoms" and by-products, crude oil extracts, hazardous wastes, yard

trimmings and waste, wood chips and saw dust, agricultural waste, fodder, silage, plastics and

other organic waste and/or by—products, and mixtures thereof, and emulsions, suspensions, and



other organic waste and/or by-products, and m xtures thereof, and
emul si ons, suspensions, and 4 dispersions thereof in water, alcohol, or
other,carrier fluids. By "diesel fuel" herein is neant one or nore fuels
selected fromthe group consisting of diesel fuel, biodiesel,

bi odi esel -derived fuel, synthetic diesel and m xtures thereof. It is
preferred that the hydrocarbonaceous fuel is substantially sulfur-free, by

whi ch i's iispatsions thotebfin vaet A8dhol 6f oth& &iﬁé@ﬁdjd@.nlaﬁvﬁéﬁgﬁgeﬁ%f&n %%agﬁmné of
the fuel. By "conmbustion systeni and "apparatus” herein is neant or

exanpl e andnies fubly selbdtdd féth MR ErhQY Shflstind ¥ aﬁhé%@e'l VRRGE biSdiyd! rdexg %ﬁﬁ&?' e,

a gasoline-electric hybrid vehicle, a tWwo- stroke enginé, any a

bur ner s O@yﬁmﬁ@wﬁsbﬁﬂd%ﬁﬁstﬂe%k%bgﬁef&ﬂdtﬁém BroRffonibd iOfler ol | M LT ON

herein, stationary burners, waste incinerators I ese drners, diesel

fuel b i
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fuel conbygflapr;systens that may benefit fromthe present invention
include all conbustion units, systens, devices, and/or engi nes that burn

fuels. B "C X rein. s .al so. neant an i.nt er nal

and ext e?/nal %ﬁbk%;s%b%}ﬁ)%y(%%}?@é%ﬁe aﬂ%aé%& el 1 HeAs for éﬁ?ﬂqﬁ@a&e‘?@bﬁes j et

engi nes, n ve bur.ners 5 burner
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in mhich be conb t droc rbonaceous fuel. By "contacting"” herein
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coqrdi natl ?erbl ni n adm xi ng, mxing, and the |ike associ ation between
tod or o e Rerein, petlongrchuresss, Sisth dncing oipariessl fagkbupiers Hised fualsoginen or

chan g e ¢ C't'f)motwe diesel engines, gasoline fuel burners, gasoline fuel engines, power plant generators,
and the like. The hydrocarbonaceous fuel combustion systems that may benefit from the present
invention include al} combustion units, systems, devices, and/or engines that bumn fuels. By
“combustion system” herein is also meant any and all internal and external combustion devices,
machines, engines, turbine engines, jet engines, boilers, incinerators, evaporative burners, plasma
15 burner systems, plasma arc, stationary burners, and the like which can combust or in which can
be combusted a hydrocarbonaceous fuel.
By “contacting” herein is meant the contacting, br&ging together, reacﬁ;lg, complexing,
i\) coordinating, combining, admixing, mixing, and the like association between two or more
materials, whether or not a chemical or physical reaction or change occurs.
20 | By “essentially free of phosphorus and compounds thereof” is meant an amount of
elemental phosphorus or a compound thereof which is less than about 10 ppm in the lubricant.
Such low levels of phosphorus are desirable in many current lubricant formulations, and it is

. anticipated that lower levels of phosphorus in [ubricants will be continually sought, perhaps -



20 By "essentially free of phosphorus and conpounds thereof' is nmeant an
anount of el enental phosphorus or a conpound thereof which is |ess than
about 10 ppmin the lubricant. Such low |evels of phosphorus are desirable
in many current lubricant fornulations, and it is anticipated that |ower

| evel s of phpsghorus in lubricants will be continually sought, perhaps 5
requi r ed. TUBPEf A preseirdddens! offhopiosshinthedubirivatttivad aniruintBettvedns! B asouNt
between 1 ppm and approximately 1500 ppm A nore preferred |evel of
phosphor uspirexitiatelyl L0 ippmntA insregmefam@liistel oPglicsEiemusSh Chelpbricands 42 3o@pm By
"after treatnent systenmt or "after treatnent device" hereinis neant any
syst em or betyeeteMi0gpmdndddoe pphact s t he conbustion product (s) froma
conbustion chanber in a manner designed to oxidize, reduce or otherw se

treat the contiptdflentrpmacitedel” of2sAoMtdafnenPddyidd®heBi is WRYntQhy bisid &f | Ons
herein, of such after treatnent systens include an autonobil e t'hree-way
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and a continuously regenerating technol'ogy dies particul ate er.
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sensors and NO sensors. Anal ogous.gasoline co after trea
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" 10  associated sensors like O, sensors and NO, sensors. Analogous gasoline combustion after

‘systens agg dﬂﬁﬁ&ﬁ@ﬁﬁeﬁiﬁ orognuged Der s g;a;@%%sg{?&g%e't %%uﬁogﬁ%%ﬁﬂe tpbd.om t he

treatment systems are known and are included herein as deriving benefit from the present
invention. |

It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are intended to provide further

15 explanation of the present inventibn, as claimed.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

) In a more specific embodiment, the present invention provides a method for reducing the

amount of, or the deleterious effect from, at least one contaminant selected from the group

20  consisting of phosphorus, lead, sulfir, and compounds thereof in an exhaust stream from the
combustion of a hydrocarbonaceous fuel in a combustion system lubricated by a lubricant, éaid
method including the steps: (a) lubricating the combustion system with the lubricant comprising

. amajor amount of a base oil of lubricating viscosity and a minor amount of one or more



Irﬂa mor e speci fic enbodi ment, the present invention provides a nmethod for
reduciing the: anpunt of, or the deleterious effect from at |east one '
contam nant selected fromthe group 20 consi sting of phosphorus, |ead,
sul fur, and conmpounds thereof in an exhaust streamfromthe conbustion of
a hydrocarbonaceous fuel in a conbustion systemlubricated by a |ubricant,
sai d net halditivestandirisingt (Dat Bagess ofganoshiy dogpbinty of REleE? Bgé"&rgh%h A&l
with the lubricant conprising a major amount of a base oil of [ubficating
Vi scosi ty’ aathoandylonbath,ceid (i at Rasthe nfihgdHRESsofrR0®) &Mﬁ&aﬁgﬂ d Sdrllfhstidn A1
| east one organosul fur conpound, or at | east one organophosphorus
conpound, sttefa@hdhydadtdrbohideo glern! DS s usting
in the conggusti on g system t h%tfﬁggégiog?{)%ﬁg%eousq?ﬁdeq%&;égﬁlgtr%lég%telg%gg Sust i on
product s GRsBAl 84188 . i S d, fromthe gro .
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consi sting of sulfur, I|ead,

nt acts n HRAGRAREEEN i f | ea hosphoy us, an onpQunds
?ﬁereofj i %mat&ﬁe con%gstl o%%?%%%@&%é%@? éﬁ}fﬁlﬁg ?Elﬂoﬁ?cgrtg%%% th
t he sul furtheéo‘ﬁﬁ)qstia?lgﬂ&ﬂﬂ E%ﬁeée‘?ﬁt?}g{l}}%gﬁ%g%pd&%&gﬁgé %‘Egg}fgﬁlr,g%f i nter actsl on

bet ween the nmanganese an phor _
t her eof rgﬁaﬂntcs in tcrsqhsc v i.ng of the contam nants, whereby several
e

beneficial" Tesul &S are gnt aﬁﬂ’gd‘.‘_ 1Bgtion befse thmanganesg aad e salfirslead. he

a
beneficial ,results 10 inclyd rraig ntaining catalytic converter performance,
mai nt ai ni RB"%@?%E%P“ ‘é?“f‘%ff‘ﬂ?ﬁ%@%{eo TeHs dtha seRyengiae pldhe enntaawients, avhgreby
mai nt ai ni n% pFr.forr{Ence. Wien cars are operated with nmanganese in the
fuel, for® Q%EE?“@ 1Ak s s arepbtaingdn Sysavensing thecomawinantidibe beesicabideultst 0 i t
|§;s has beep shown that | ess phosphorus is deposited on the car's
catal Y¥i cTEBHE BRingining catalytie gpnverfer pronyraagh mamtsnigg sdnsehmerorhiet, | ess

phosphorus s, | _
mamtamning LNT performance, and maintaining DPF performance.

When cars are operated with rﬁanganese in the fuel, for example when the gasoline has
MMT® Fuel Additives added to it, its has been shown that less phosphorus is deposited on the
car’s catalytic converter. (See Fig. 1) The graph in Fig, 1 shows that less phosphorus is |
15 - deposited fhroughout the catalyst when Mn has been combusted in the fuel. Specifically, Fig. 1
illustrates a greater than 50 % reduction (from slightly less than 4 wgt% to about 1.5 wgt%) in
the amount of phosphorus on the catalyst when manganese is present in the exhaust.
ThlS is consistent with prior data showing Mn is combining in the combustion or exhaust stream
with phosphorus to form stable manganese-phosphorus and manganese sulfate species that do
20 not fozm impermeable glazes on the catalyst. With less phosphorus on the catalyst, less
emissions “break through”, i.e., pass ﬁough as unconverted emissions. Therefore, it is desirable

to have Mn in the exhaust stream.



15, - deposjted throughout the catal yst when Mh has been conbusted in the
fuel. Specifically, Fig. I illustrates a greater than 50 % reduction (from
slightly less than 4 wgt % to about 1.5 wgt% in the anmount: of phosphorus
on the catal yst when nanganese is present in the exhaust. This is

consistent wwth prior data showing M is conbining in the conbustion or
rus and

exhaust streamgW4h phosphoru o,.fotrm st abl e .manganese- phgspho

manganese sul f a‘lut‘lg’lI %rc r?:lseélgs efﬁﬁ%llfsts%f%a SHgWIRRP efchFgrﬁn?"ﬁng‘"é“r’ ﬁ‘é"é’é%‘é‘gﬁ%&‘fg’édﬁﬁmbﬁ“@
catal yst. W,th |l ess. pbho rus on the catalyst, |less _em ssions, "break

t hrough", §genm %t @{}Ewaaeé %Mﬁﬁ?}@g pregent ay absend psthe sxhaugl oVish less | s
desirable .to.have Mi in jhe exhaust stream_ 7 Fig. 2 represents exhaust
data showi HRgSHReRisRisomne.dhers isdmpraved catalpiinastisiy anddpwerdevalnef pollutanis break
monoxi de, and NO, based on M being present or absent in the exhaust. Wth
| ess phoéEWB%g‘eﬁ%étnleﬂ@Pg frlever qmissionsr dieeleaan Higy? thet theunddsigbland | ower
| evel s of pollutants break through the catalyst, |eading to | ower

em ssi @ns.enjigsions agy signifiqaptiyjogver in thterhanst etreantewiingibe the @mibustions fasge

- significantly lower in the exhaust stream com ng fromthe conbustion of

fuel contcaptpining manggeasese. The tests represented in Fig. 1 and Fig. 2 were
1993 Toyota Canry- vehicles operated over 100,000 mles on either a base

fuel or the badbe festelreppisarste@inFigy dutl/Fig. Lavere AIBoyoR Cathiy vettit1egopple)00
mles, the catalytic converters were dismantled and anal yzed to determ ne

1o the weiogtt100f00p hikphoeittr pbes @il obthe She T pRisBY 1 MdAver. A#gi r | ength.
The catal ysts were also analyzed to determne their efficiency, as

e 5 e ofn ek e LI GHOAE L
- 10  the weight of phosphorus present at discrete points over their length. The catalysts were also
analyzed to determine their efﬁciency? as measured by the percent of emissions breaking through
unconverted. The vehicles operated with Mn in the fuel (from MMT®) had less phosphorus
deposited on the catalytic converter, resulting in less emissions breaking through unconverted.
Further evidence of phosphorus protection and lower emissions achieved by the presence
15  of manganese in the combustion product of a lubricant containing manganesé can be drawn from
a 1992/1993 EPA Waiver Fleet test run by Ethyl Corporation, whereiﬁ .cars burning gasoline
con}aining Mn from the fuel additive MMT® at 8.3 mg Mn/liter produced lower CO and NOx
s - emissions compared to cars burning a baseline fuel without the manganese source MMT®. (See P
Fig. 3, which utilized: 22 vehicles (paired); 1993 Ford Escort TLEV, 1993 Toyota Camry, 1992
20  Crown Victoria, 1993 Honda Civic TLEV; vehiéle selection based on Automotive Company and
- EPA comments, Public Docket A-92 41, November 9, 1992; mileage acc. fuel ~ 300 ppm S ~

gasoline detergent used — MMT splash blended; emissions testing on all vehicles completed with

the same certification fuel.) The surface of the catalyst in the converter is not able to



deposited on the catal ytic converter, resulting in |ess em ssions breaking
t hrough unconverted. Further evidence of phosphorus protection and | ower
em ssions achi eved by the presence 15 of manganese in the conbustion
product of a lubricant containing nanganese can be drawn from a 1992/ 1993
EPA Wi ver Fleet test run by Ethyl Corporation, wherein cars burning

gasol i ne %%g;eal ning Mh fromthe fuel additive MMI(r) at 8.3 ng M/ liter
produced | Hi§ Gowexof theringnganess as beipg adubliw adetralisinek tgsarvhasstbige
fuel w thout the nmanganese source MMI(r). (See Fig. 3, which utilized: 22
vehi cl es (%ﬁﬁmwﬁﬂwmwﬁmemm%@yota Canny, 1992 20 Crown
Victoria, 1993 Honda Cvic TLEV;, vehicle selection based on Autonotive
Conmpany and ERpamgimmnésst, she tBabjiispended patiodat& TSD) exliav® BheFarfoulatkO8rissifhd eage
acs. fuel - 300 ppm S - gasoline detergent used - MMI splash .bl ended;

eni ssi ons wastaliegted froai twovsepriratt BordChuRlsecEdlc¥ivhile ofdific SN s&!‘éﬁ%&cﬁéﬁgﬁ@n
fuel.) The surface of the catalyst in the converter is not able

di f f er ent iEFVeULiverstl@ynamofiktet DeiviRHRFRASEAS "ﬂﬂ thet rem?(fl pbri cant
since these two material are sinul taneousl y corrbust e eam from

the cat al Yatwrent®LaRRhNE NatifSdl LabBideOtRly &F%EWQ?%E&IJFW%E? ci,leg?rgu 1Ps,

exhaust gas partl culate em ssions were~'co rom

Taurus veRp&iast mﬂhéﬁie&%&@ﬁﬁg 8%\[/)6%] u§$ 111%‘?11)18& shd\Gs the %zgg‘smg)igl i) S al

Dynanomet er Driving Sequence ers Were an wrence

é'eglii i ne TR he“ﬂﬁé‘é%e.h%?ﬁ%?%%%ﬁé ol éf?éjﬁlﬁsp et %ﬁs&%" At howikk e | n
T 1
Sgecies aranmb s AR SBGR Bs LR hichd Becied B e Iicon

?’JOEbI antgaﬁﬂﬁﬂ phosphor us and sul fur which is deri ved fromthe engi ne
ubri can

Table 1 | Manganese Speciation by XAS (Wgt % of the exhaust particulates)
Vehicle Phosphates + Sulfates
1 84
15 2 82

The mass analysis in Table 1 has a 95% confidence limit of +/- 5%.

(‘ It should be understood that the contaminants being scairenged according to the present
invention by the manganese from the lubricant can originate from the air utilized in the
20 combustion of the hydrocarbonaceous fuel. In another embodiment, the contaminants being
scavenged according to the present invention by the manganese can originate from the

hydrocarbonaceous fuel. In yet another embodiment of the present invention, the contaminants



10 ‘and-fuel. Table 1 Manganese Speciation by XAS (Wt % of the exhaust
particul ates) Vehicle Phosphates + Sulfates 1 84 15 2 82 The nmass
analysis in Table 1 has a 95% confidence linmt of +/- 5% It should be
understood that the contam nants being scavenged according to the present
i nvention by the manganese fromthe |ubricant can originate fromthe air -
utilized in the 20 conbustion of the hydrocarbonaceous fuel. In another

embodi menbeing faverdal dyitRanita ek 05h oriSRERSRhARERaHE REd tPbRGPRES eNt

i nvention by the nmanganese can originate fromthe hydrocarbonaceous fuel.
I n yet angihgistigarbaeigrent of the present invention, the contam nants 9
bei ng scavenged by the manganese can originate fromthe |lubricant used to

| ubricate the m%g’@%&ﬁﬂgn§ﬂ§t1@%ﬂcaﬁt%0%%§{r%_ﬁ%% g@&th,wih@?a‘)eg&rt}l%ant - bor ne

manganese which will scavenge the contam can bl'eed; | ow by",
ot hor wi S BuaraaRlsL Pl e QRET ony JFnch et ST el e PeREPLGE e
AR R e i e e
vent) ont TR So85" ihBis FobREok. EL TR RS coaHerBadgsetpasbar ound o

val ve in the conhustion system  such as for, exanple and not as a
manganesgtaunng or aﬂe¥ ﬁle combustion process, wherebyns})cavenging occurs. Thus an

embodiment of a method of the presént invention is achieved when lubricant contaﬁﬁng
' (@_‘} manganese escapes around a valve in the combustion system, such as for example and not as a
10  limitation herein, an intake valve or an exhaust valve in an automotive engine. In this manner,
the manganese is caused to encounter and interact with the contaminant(s), whereby scavenging
can occur,
In another embodiment, the manganese is caused, deliberately or inadvertently, to
encounter the contaminant(s) in a passageway through which the combustion products
15  containing the contaminant(s) are conveyed away from the combustion chan&aer. In this m—anner,
the scavenging occurs outside the combustion chamber of the combustion system.
. | In another embodiment of the present invgntion, the manganese volatilizes from the
g\ lubricant and is carried over into the combustion chamber containing the fuel.
In yet another embodiment, the combustion system utilizes a deliberate recirculating
20  process, whereby vapors in a crankcase are recirculated into either the intake manifold of the

combustion chamber. In this manner, any lubricant containing the phosphorus, sulfur, and/or lead

contaminants is caused to encounter and interact with-manganese in the combustion or exhaust.

10
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iQ limtation herein, an intake valve or an exhaust valve in an autonotive
engine. In this manner, the nanganese is caused to encounter and interact
with the contaninant(s), whereby scavenging can occur: In another

enbodi nent, the manganese is caused, deliberately or-inadvertently, to
encounter the contami nant(s) in a passageway through which the conbustion
products 15 contai ning the contam nant(s) are conveyed away fromthe
conbust i on chahierin apethetiest, arkIA Ford Tauhes weapenigi pycrcevnrcyciosiofthe EPAhe
conbusti on chanber of the conbustion system In another enbodi ment of the
present i BB iThe fudl nsedrhmiga testeg conbaitteld18i3ag Mrt/tier.t Tie enpinboil @ssaltindnd i s
carried over into the conbustion chanber containing the fuel. In yet

anot her eabudasednt! 2 phbsphomsbosthteaion v 1 GO0 ppix. | THEAStaBmEE lof Pessphdtus and
recirculating 20 process, whereby vapors in a crankcase are recircul ated

into eit hmangaheseicoisaked dafing b ¢sDivert AeermGASDMS bR batRSTOINP exhiust BhisidRaNer
any | ubricant containing the phosphorus, sulfur, and/or |lead contam nants

I's causedwtre colletdnhe anaydd kdddratie s 0f ABAGABRSA bRoshus RERHBLA @R OF
exhaust. 10 Thus, in another test, a 1997 Ford Taurus was operated over

seven cyciies. Rfwdsastefaifed HRRRe mblE rdid el ph&?ﬂorgyfoi rﬂﬂﬁg%% bfMhe Etfﬁ{ePse\gaSB .3
Cc a

mg Mnh/liter. The engine oil used in the ankcase a phosphorus
i
t

concentr aeIgiuﬁfBleﬁﬂc tobP QM%aTJ‘\%% ﬁfe%as%%s%fele%&%&%gﬁ%u#%g %@gﬂ%@%&%ﬁ

consuned during the test were term y nmass- aus

1 SSi : nal dt t i f d
phosphor el ins PubiEE W 0B BRIGHR %08 o h T G R ARRERSSE, 70
of phospQBpaﬁmﬂﬁﬂﬂgﬁﬁggese on the TSP filters was equivalent to or

cennensura e W e itass of those el enents consuned through fuel and oi

10
Table2  Vehicle Operation, Oil Consumption, Manganese Consumption and Molar Ratios
Ratio of P:Mn Measured P:Mn on Filters
15 ' 0.27 0.32

The present invention provides in another embodiment an apparatus for performing a

method for reducing the amount of, or deleterious effect of, at least one contaminant selected
N
from the group consisting of phosphorus, lead, sulfur and compounds thereof in an exhaust

o,
]

20  stream, wherein the apparatus contains (a) a combustion chamber adapted to combust a
hydrocarbonaceous fuel; (b) a means to introduce the hydrocarbonaceous fuel into the
cembustion chamber; (c) 2 means to convey combustion product from the combustion chamber;

and (d) a lubricant comprising a major amount of a base oil of lubricating viscosity and a minor

1t



consunption. Table 2 illustrates the nolar ratio of P: M consuned as
calcul ated and the mass <collected on the filters. 10 Table 2 Vehicle
Qperation, Ol Consunption, Manganese Consunption and Ml ar Ratios Ratio
of P:Mnh Measured P:Vh on Filters 15 0.27 0.32 The present invention

provi des in another enbodi ment an apparatus for performng a nethod for
reduci ng the anmount of, or deleterious effect of, at |east one contam nant

sel ect ed ahb@iNof bRe EHALE a80RedsThinpAsiRE (PRASRIMUSeanb&dflr coiHpIul, &M 1east
conmpounds thereof in an exhaust 20 stream wherein the apparatus contains

(2) & COMbSibAbEAPIRGE cABRRNE brbBtC AT b ast BIhARALROBARE S, Uel ()
1 4 et e il ORal ey

a neans to intfroduce the hydrocarbonaceo fue ustion

hanber ; ' th nbust i
CHTRET | LAk O A B oSORSRER RGOl om (1 cOmDUSL on
[ubr caln0 ¥ RSBR a0 BT A TR R 0B R0 NG e

conprising (i) one organosu co

h bot h d.(ii N t .
The abper et St BB o Riane Bl g%%ﬂfx%bﬁu?%a%eﬁé‘iﬁﬁn%%ﬁtﬂﬁ?%ﬂéélﬁ fem
di enbadi f t, ti t )
Compound THFSPRE o1 O ApteCrafd FLOR BRI, PR BUDGRGIBARE St i ng of

sul furized olefins, su]furized fats and . vegetable oils, sulfurized
unsat ur at Hll@éfbmfe&ﬁaL%lmf adiazples §§1%§m9d Rioelszed plssols; Filiyggzed alkylphenols,
di t hi ocar bamat es, substituted thiadiazoles, sulfurized hindered phenols,
sul furiz é@ugplmtﬁlr@ﬁ@pgx}g sulfonate detergents, overbased metal-containing sulfonate detergents,

neuiral metal-containing phenate detergents, and overbased metal-containing phenate detergents,
10 or combinations and mixtures thereof.

According to another embodiment, the organophosphorus compound in the lubricant can
be selected from the group consisting of primary, secondary and aryl neutral and overbased zinc
dialkyldithiophosphates (ZDDP’s), trialkyl- and triarylphosphites, mixed alkyl/aryl phosphites,
alkyl and aryl phosphorothiolthionates, and alkyl and aryl phosphorothionates, and combinations

15 or mi;iturgs thereof. '
It has been observed that a significant reduction in the amount of phosphorus detected on
a device such as a catalyst can be achieved when manganese from methyl cyclopentadienyl
{’“ ‘manganese tricarbonyl is in the exhaust stream from a combustion system. Specifically,
reductions in the amount of such contaminants above 20% by weight, and more preferably
20 . reductions in an amount of from 60% to 80% by weight detected on the afier treatment device
. will be achieved by the present invention. This produces a dramatic and highly desirable benefit
in-the improved durability of such after.treatment devices or systems.

The accompanying Figures 1, 2 and 3 further illustrate aspects of the present invention

12



neutral netal -containing sulfonate detergents, overbased mnetal - containing
sul fonat e-detergents, C neutral netal -containing phenate detergents, and
over based netal -cont ai ni ng phenate detergents, 10 or conbinations and

m xtures thereof According to another enbodi nent, the organophosphorus
conmpound in the lubricant can be selected fromthe group consisting of
primary, secondary and aryl neutral and overbased zinc

di al kyl di b dopeehipktabesrededbermion. trial kyl - and triaryl phosphites, m xed
al kyl /aryl. phosphites, alkyl and aryl phosphorothiolthionates, and al kyl -

and aryl phospbgeodibdanaddor BOPreSHIHvERIGNGNR be dfpalint 15 (hbdé'Rllel PO . |t
has been observed that a significant reduction in the amunt of phosphorus

det ect ed §9m Bnffthicdh T W ipaSnictoaAl Bhwe! afidRadbte G RVEHiIMMNBRIBNEANESR
from nmet hyl cycl opentadi enyl manganese tricarbonyl 1s in the exhaust

streamfr i . LA - i [WeP oot of
uch cont Ay eade T e BRFRE S PSS bl aklateod ol BEHRP [y, Bich 2 EulEBHE
reductjong.q . . A 0 9 ight detected on the after
treat n%nt gncﬂe@frggf&l\g\nwhgg%%‘#@Egté%w{l%gﬁ?o%g%ﬁ%%hventi on. This produces
a dramatic and highly desirable benefit in the inproved durability of such
after treatnent devices or systens. The acconpanying Figures 1, 2 and 3
further illustrate aspects of the present invention 12 but do not limt
the present invention. Oher enbodinments 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 exenplary
%?+y, with a true scope

-
N H
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5iand spirit of the invention being indicated by the following clainms. 13
WHAT |S CLAIMED IS I. A nethod for reducing the deleterious effect of at

| east one contam nant sel ected fromthe group consisting of phosphorus,

| ead, sul fur and compounds thereof in an exhaust streamfrom. the
conbustior\WﬁA,I;\.I r Lkggaceous fuel in a conbustion system | ubricated by
a | ubricant; To¢=conprising the steps: (a) lubricating the

a maj or anmount of a base

conbustion system wi the |ubricant, conprisin ,

oi | of lubricat} W&‘m}%’ E‘E 62(?”99‘3 eiet‘?ﬁ% igg%ﬁtrﬁfﬂ'ﬁ east onsrrenigmingpt selogisd ifopy e
conprisin i at . | east one organosul fur conpound, or at |east one

or ganopho %ﬁﬁ%%@lﬂ&%ﬁ@ﬁaﬁph%%ﬁdwﬂ@h #nd qamppunds thesgeftin amexhansi gaerss fom

source; (b) conbusting in the conbustion systemthe hydrocarbonaceous fuel
to producéie gy Qi?@ hydengarbprace@insngl &1 neprabustiomssisteonlgbricatedrtiyal lusidang t ed
fromthe group consisting of sulfur, |ead, phosphorus, and conpounds

t her eof ; ¥ medhndzonipriging e stapsiganese with the sul fur, |ead, phosphorus,
and conpounds thereof in the conbustion products, whereby the manganese
interacts with(@he lwbtifaling tHeeathbupivo spitan udth tendbdempaunadiingtahesecfmoudt The
met hod of claim11, wherein the sulfur, |ead, phosphorus, and conpounds

t her eof i nfa bdse ot @ffinbsicating yiscositycind a@iiingy adadu@t S ok herd ddlﬁitiveégeoxﬂﬂ}@i:@ﬂ)hOd
of claim1, wherein the sulfur, |ead, phosphorus, and conpounds thereof in

at least one organosulfur compound, or at least one organophosphorus compound, or both, and

(ii) at least one manganese source;

. (h ®) com'busting in the combustion system the hydrocarbonaceous fizel to produce
combustion products comprising at least one material selected from the group consisting of
sulfur, lead, phosphorus, and compounds thereof:

() contacting the manganese with the sulfur, lead, phosphorus, and compounds
thereof in the combustion products,

whereby the manganese interacts with the sulfur, lead, phosphorus, 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.

14



t he combustion products originate fromair used in the conbustion of the
fuel. 14 4. The nethod of claim1, wherein the sulfur, |ead, phosphorus,
and conpounds thereof in- the conbustion products originate fromthe

| ubricant. 5. The nmethod of claim1, wherein the exhaust streamis
essentially free of phosphorus and conpounds thereof. 6. The nethod of
claim1, whereThe mathod ofitlaist 1,ovhesgis the sulfuy, tehd rphosphpns,sed canpahtiethereof in
treatment system 7. The nmethod of claim®6, wherein the after treatnent
syst em i s teeombugbnipraincisteeigipntediom tedsbriiannlg of a cat al yzed- di ese
particulate filter and a continuously regenerating technol ogy diesel :
particulate filter. 8 The nmethod of claim 11, wherein the conbustion system
is selected fromthe group consisting of any diesel-electric hybrid

vehicl e, gasol Tiemehed bf di&sinhy, hicfbin/@B eChRist Mrehhir SinBNE FRUFPAGHHERY 2R
all burners or conbustion units, stationary burners, waste incinerators,

di esel f gsthpdadid@esor di esel fuel engines, autonotive diesel engines,
gasol i ne fuel burners, gasoline fuel engines, power plant generators, any
and all internal and external conbustion devices, machines, engines,
turbine engines, jet engines, boilers, incinerators, evaporative burners,

pl asma bugner . ) I r ur s, and deviges that
can conbuéi or in %ﬁ¥§ﬁ$%%gﬁﬁggma%%ﬁgﬁ%ﬁ@%%gg%éﬁ%%%ar %ﬁ%%%%ﬁ?a?aﬁ?i 15 9.
The ”EthQQmﬁhaﬁL%&§h11 wherei n the hydrocarbonaceous fuel is selected from
the group '

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

diesel particulate filter.

8. The method of claim 1, wherein the combustion system is selected from the group
consisting of any diesel-electric hybrid vehicle, gasoline-electric hybrid-vehicle, a two-stroke
engine, any and all burners or combustion units, stationary burners, waste incinerators, dicsel

fuel burners, diesel fuel engines, automotive diesel engines, gasoline fuel burners, gasoline fuel
engines, power plant generators, any and all internal and external combustion devices, machines, -
engines, turbine engines, jet engines, boilers, incinerators, evaporative burners, plasma burner
systems, plasma arc, stationary burners, and devices that can combust or in which can be

combusted a hydrocarbonaceous fuel.
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consi sting of diesel fuel, biodiesel, biodiesel-derived fuel, synthetic
diesel, jet fuel, alcohols, ethers, kerosene, |ow sulfur fuels, synthetic
fuels, Fischer-Tropsch fuels, liquid petroleumgas, fuels derived from
coal, genetically engineered biofuels and crops and extracts therefrom
natural gas, propane, butane, unleaded notor and avi ation gasolines,.

oot aued oslaedonihal k4 ok L BRERIEES e f LT

boi ling range an e oxygena agen gaso

oy- pr ocuct R TRE LN e e e GlGR s s spbedtient. AR RgTan
, j d 1 cul | , o f g il ,
bl ast | oo CBpEtE-RRlvE ekt srfike N Hodher Tt eRo b plihisnci ons

and di sper.siops. thereof .in ter, alcohagl, and other carrier-fluids. 10. An -
PRI gbcally e

appar at us PHCAY> §aReiHly reminesreddiofels and crepsnd spiEachs thereempnaiaping

(a) a comnbustion chanber adapted to conbust a hydrocar bonaceous fuel; (b) a
means to £ PRBMRCeLYIMES. Hlerdse mofsad avatonigaanlings; refompatedgasolines siicdhanber ;
(c) a nmeans to_convey conbustion product fromthe conbustion chanber; and
(d) a | ubfeniainbothdsriorarbeny of theegasnling beiling rapte andfuslesobible axygénatadibleatlingg
viscosity and a mnor anount of one or nore additives conprising (i) at

| east oneagshgagesslines bunkenfupl ored (dust orafurry),easie odwefioerg dbmphes piibyusroducts,
conpound, or both, and (ii) at |east one manganese source. 11. The

appar at uscrofle @l @itrrthazirdodsheastes opapt irisimiggcand afabel whodxbipsemnt sy ghegm 16
12. The apparatus of claim1ll, wherein the after treatnent systemis

sel ect ed dgrionbtirhlevayte) fifders situge,gitdstigs, ofgafic ©aLE) dd atlxied Hredfntl iefiuls@ing,
fflter and a continuously regenerating technol ogy diesel particulate

fri'ter. - suspensions, and dispersions thereof in water, alcohol, and other carrier fluids.

10.  An apparatus for performing the method of claim 1, said apparatus comprising
(@ - acombustion chamber adapted to combust a hydrocarbonaceous fuel;
(b)  ameans to introduce the hydrocarbonaceous fue! into the combustion chamber;
() a means to convey combustion product from the combustion chamber; and
(d)  alubricant comprising a major amount of a base oil of llibricating 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 manganese source.

11.  The apparatus of claim 10, further comprising an after treatment systerm.
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13. The apparatus of claim 10, wherein the apparatus is selected fromthe
group.consisting of any diesel-electric hybrid vehlc[e, gasoline-electric
hybrid vehicle, a two-stroke engine, any and all burners or conbustion

units, stationary burners, waste incinerators, diesel fuel burners, diesel

I i nes, | | I i.nes, gasoline fyel  burners, gasoline

fuel ongi s, paapeker Ty, SREHE T orP R m e il ir e ed amcike SHa
ti i chines,,engines._ turbine  engines, jet engines,

boi 'er's. 1 aHin 3P s o Y%?}iaﬁ%sfélﬂ‘@%ﬁag%ﬁ‘r‘i%ﬁggaﬁ?ﬂé@ﬁ%ﬁb{ﬁeﬁ@}ﬂ@ﬁf@@h o asim
arc, statignary burners and devices that can combustor in which can be
conbust ed @eggﬁéﬂp&%&r%%ﬁaceous fuel. 14. A nethod for inproving the
durability of an after treatment device for a combustion system said
met hod conprising contacting the products of the conbustion of a

hydr ocar bgpacegy f QN _system wi th | ubri cant cont ai ni ng
r_rgnganes eq?'n a‘gh@f#ouﬁhjfs Og u¥ } :;l (l:f’gﬂ%}l%%#h%taﬁ% %ﬁsnlé é%v%‘g‘éi gﬁmﬁgﬁf %E‘ﬁg‘f;’;ﬁf:f’fs‘g ne
or nore c 7.5, ' rom.t h r .consisting o }
sulfur: | R AR ?ﬁ%@% SPife g’ﬁit"ﬁ" Bi’%gﬁv&ct Eleg Whsranneiibont i e
armount of r nmore. of. the. cont.am nants contacti ng ) : t nent.
devi ce. 15. B‘%gé)rs B CRBRIGPD Upit, ﬁ@%ﬂ‘d a1 g\ﬁg P at“'ijé“%%d %Fﬂ’fs’ @Pscbﬁ’ﬁﬁwt ¢ %flrc;frirl] oo
detected gn,the after treatnent. device is reduce / an anol _ 0
to 80% by ETFHHES: gﬂ“&’t"i"% 1efQ) cpEiBesaERsaline fugibumices Emfmﬁ@b@@ws@om{ plant
manganese i s notﬁBresent.in the lubricant. 17 16. The qethod.of cLa|n114,
wher ei n t HECRHBUARY #7d allinterpal aed ederaal combustion déviens, mackittespngineg bubice is
reduced by an anmount of from 20%to 80% by weight, relative to the anount
o(d sul f ur “PEHEE.eHCBEINES, Doilang dRrdnsatprs, ayeporpiredermers, plasthe birubrsystems, plasma

arc, stationary burners, and devices that can combust or in which can be combusted a

hydrocarbonaceous fuel.

14. A method for improving the durability of an after treatment device for a combustion
system, said method comprising contacting the products of the combustion ofa
hydrocarbonaceous fuel fré)m a combustion system with a lubricant containing manganese in an
amount sufficient for the manganese to interact with one or more contaminants selected from the
group consisting of phosphorus, sulfur, lead or compounds thereof in said products to thereby

(‘, reduce the amount of one or more of the contaminants contacting the after treatment device.
15. The method of claim 14, wherein the amount of phosphorus detected on the after

treatment device is reduced by an amount of from 20% to 80% by weight, relative to the amount

of phosphorus detected if manganese is not present in the lubricant.

17



17. The rnethod of claim 14, wherein the anmount of |ead detected on the
after treatnment device is reduced by an anmount of from 20%to 80% by

wei ght, relative to the anount of |lead detected if nmanganese is not
present in the lubricant. 18. The nmethod of claim 1, wherein the
organosul fur c¢ ound.ip the |ubricant is selegte fromthe_ grou

consi st i nég'of F‘ﬁﬁﬁ"§8§°18%}4’?¥2*?“’ ?ﬁ‘?‘?‘i‘ﬁd’ff‘%%gﬁtﬁﬁ ¢ affrdreainent.

sul furi zeg .unsaturated esters ftafrF‘]ﬂd am des, ashl ess and netal containing

di t hi ocar B&¥HeER S Eedugerhy 31 Aot ok trm, 40%4 3o, PO by sypishitrelative th ithecranquat ofisaHur s,
sul furizeq al ky) phenol s, neutral netal-containing sulfonate detergents,
over basedosetted f@nmeaness isgotereseatinthe lgbieptent s, neutral netal - cont ai ni ng
phenat e detergents, and overbased netal -containi ng phenate detergents, or
conmbi nations and m xtures thereof. 19. The nethod of claim1l, wherein the
organophosyhorus conmpound in the lubricant is selected fromthe group
consi sti n§’-of Phd methgd ofdlgonidarheraindheaydun efileaddetated onvisr dfes edatmienic

di al kyl di t hi ophosphates (ZDDP's), trialkyl- and triaryl phosphites, m xed
al kyl / ar ydevireds pdincaddyy ananiopht aificna20ph to 096 dp lneioht, bélaivichd theah@ant cfehdal Kyl
and aryl phosphorothi onates, and conbinations or mxtures thereof. 18 20.
" The met hodetarteddf miangahesaib astgirsseittie themitgivagse source in the lubricant is
selected from the group consisting of nmethyl cycl opentadi enyl manganese
tricarbonyl, alkyl cyclopentadi enyl nanganese tricarbonyl, organic
manganese tricarbonyl derivatives, alkyl cyclopentadi enyl nanganese

derivati vess, rEiinicthoddi@l4a! RASEH RPQIARSSIRrSBInbSHIh B3 4&&%&9&@%

overbased manganese phenates, neutral "and overbased manganese sul fonates,

n€nganes iR ERDWIPERSistip ¥ sulfurized olefins, sulfurized fats and vegetable oils, sulfurized
unsaturated esters and amides, ashless and metal containing dithiocarbamates, substituted
thiadiazoles, sulfurized hindered phenols, sulfurized alkylphenols, neutral metal-containing
sulfonate detergents, overbased metal-containing sulfonate detergents, neutral metal-containing

phenate detergents, and overbased metal-containing phenate detergents, or combinations and

mixtures thereof,

19.  The method of claim 1, wherein the organophosphorus compound in the lubricant is
) selected from the group consisting of primary, secondary and aryl neutral and overbased zinc
{‘ dialkyldithiophosphates (ZDDP’s), trialkyl- and triarylphosphites, mixed alkyl/aryl phosphites,
alkyl and‘ aryl phosphorothiolthionates, and alkyl and aryl phosphorothionates, and combinations

or mixtures thereof.
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conmbi nations and m xtures thereof. 21. The nethod of claim1, wherein the
base oil is selected fromthe group consisting of paraffinic, naphthenic,
aromatic, poly-al pha-olefins, synthetic esters, and pol yol esters, and

m xtures ‘thereof 22. The nmethod of claim1, wherein the base oil contains
| ess than or equal to 0.03 wt. % sulfur, and greater than or equal to 90
W . % sat (40at eJhe arethoda$ clainy il swhereinyhe mateanage saerin thednbrivant ie stiated o8B0 and
~less than or equal to 120. 23. The method of claim1l, wherein the base oi
cont ai ns [thsgrotpesmsitingaiiabthylocydlopaitadienymarsyahést tricatbiotlyly Ak ak &tlobdiBdtianyl
equal to 90 wt. % saturates, and has a viscosity index greater than or
equal to I2fhgaidbe trichsony] m@duemaﬁgaaﬂemtﬂmar [ @rivatineg, 4188 @yélbpentadienyl
substantially sulfur-free. 25. The nmethod o claim1, wherein the

hydr ocar bonagaess dérivetivaomiutrhnmdloe¥rbhRY el a@xfes&s‘dhéﬁﬁtes ndfralbhd oﬁ@ﬁ@t hod of
claim1l1, wherein the hydrocarbonaceous fue% i's substantially free

| f 2 C
sulrur. mﬁ%sé@e‘ﬁ@l@s %feut?zh ﬁhd%&abéé@lﬁh%&%dﬁées? gl#?%lg'%g &%Q%%%%X at e % and

contains |ow |l evel s of "sul and is fur

The et ho%ﬁf)m&il@}is%&m&tﬂt’c&ﬁ{efbo?he hydr ocar bonaceous fuel is substantl aIIy
free of sulfur and I's further treated with oxygenates. 29. The nethod of

claim1, wherein the hydrocarbonaceous fuel contains |ow |l evels of sulfur
and is further treated with |low | evel s of manganese.

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

C mixtures thereof.

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

equal to 80 and less than or equal to 120.

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

equal to 120.

7,

24.  The method of claim 1, wherein the base oil is substantially sulfur-free.

25.  The method of claim 1, wherein the hydrocarbonaceous fuel contains low levels of suifur.
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30. The nethod of claim1, wherein the hydrocarbonaceous fuel is
substantially free of sulfur and is further treated with |ow | evel s of
manganese. 20 ABSTRACT DELI VERI NG MANGANESE FROM A LUBRI CANT SOURCE | NTO A
FUEL COVBUSTI ON SYSTEM The present invention relates to an apparatus and
met hod for delivering manganese from a |ubricant source into a fuel

conbust i 0RgSYSTRMSol Of dikith EXftRkSE the AeaRtdrBiacts fltbispubsanilly freveft i on,
manganese fromthe lubricant will interact wi th phosphorus, sulfur, and/or

| ead fromgfghe combustion products. In this manner, the manganese scavenges
or inactivates harnful materials which have mgrated into the fuel or '

conbustion products, and which can otherw se poi son catal ytic converters, -

sensors and/ or autonotive on-board di agnostic devices. The present

oo " 2o heRetiSaSr il TRARERT wd W ARLAbbhoRlus REDERAnSobbveld RN

and is further treated with oxygenates.

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

and is further treated with oxygenates.

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

and is further treated with low levels of manganese.

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

and is further treated with low levels of manganese.
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