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.
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20 chanber, or the conbustion exhaust streamfromthe engi ne or conbustion .
system | ubricants which often contain phosphorus-containing and

sul fur-containing additives, and | ead conpounds associated with conbustion
systemwear. | It is a well-known phenonenon that vehicles and ot her
conmbusti on systy N wnthat is the engine burns, oil used as a
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| NVENTI ON I n ix,first aspect, there is provided a nethod for reducing the

g terefire desitablego inbitet, A pRaeht tﬁ@b%&[;gdusf.r om t he group
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nepis (fushBeiphasphorod, lead hydls; fyel .in a conbustion
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or otherwi i i i
se entermg the combustion process) with the combustion exhaust stream to thereby

10 Iy isoni
prevent catalyst poisoning, after treatment system malfunction, and increased emissions

SUMMARY OF THE INVENTION
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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 -- -
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(a) lubricating the conbustion systemw th the |ubricant conprising a major
anmount of a base oil of lubricating viscosity and a m nor anount of one or
nore additives conprising (i) at |least one organosul far conpound, or at

| east one orgapoph hor us compound, or .both, and (41 t lLeast one
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hydr ocar bortodas defintdlaboee, psadl upearata® nddisprisgi products conprising at | east
one material .selected fromthe group consisting of sulfur, |ead,

phosphor us, andaxomscendsstidnehaenber aflaptetorbabuitadytifveatangacnesaci t h t he
sul fur,. | ead, phosphorus, and conpounds thereof in the conbustion
products, wherdby thensmangdnesduct ticdiydaicarbohdcBotsTge] $ith #i4 cordtR®Gbn chamber;
phosphorus, and conpounds thereof. 2 In a second aspect, there is provided
an apparatus fde) peaiman ©GohVes cofbusiin predudefrbm At RSB aiathbeRRAI at us
conprising (a) a conbustion chanber adapted to conbust ‘a hydrocarbonaceous
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In a third aspect, there is provided a method for improving

==

the durability Of“, ‘an after treatment device for a combustien
- system, said method comprising contacting the products of tﬁe combustion of a
hydroca:bona;:eous fuel ﬁ;)m aweoml;ustion system with a lubricant coqtaininé 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.



In a third aspect, there is provided a nethod for inproving the durability
of, an after treatnent device for a conbustion system said nethod
conprising contacting the products of the conmbustion of a

hydr ocar bonaceous fuel from a conmbustion systemw th a | ubricant containing
manganese in an anount sufficient for the manganese to interact with 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
devi ce. | n anlnepiwig nemtiodintchigr there Ss provided @d satere ttbrodealvenginghi bit, reduce or
prevent the deleterious interaction of conponents (such as phosphorus, |ead

and/ or s ®hesphom; lsidrpdfor subfurtfroen h Bl beme i ' ' r
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adjuvant, fuel, fuel additive, air or otherw se entering

process) fuilt h t he conbustion exhaust streamto thereby.prevent catal yst

- poisoni ng, sensorpoi soning, after treatnment system mal function, and/or

i ncreased em ssions. 2a |n another enbodi ment, there is provided a system
f or scavengi nNgisgerod preometbods| teaichpeuvel /oy desifity roffan@fratrdatidng @évidche product s

resul tingy,f4 e c&g@@l“s ' fuel. Disclosed are nethods to
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2b-group consi sting of phosphorus, sulfur, |lead or conpounds thereof in
said produtts to thereby reduce the anobunt of one or nore of the | _
.contam nants contacting the after treatnent device. By "nmanganese" herein

i s meant any or ganomanganese conpound or material, including but not
limted to nmethyl cycl opentadi enyl nmanganese tricarbonyl, avail able as
MMI(r) from 5 Ethyl Corporation, manganese sul fonate, manganese phenate,
manganese &W@hP eyrisiting ofgihksphorvsysnlfop kad ackembindARGSsTeS Sid plodaktPRMreby

or gani ¢ mahganese tricarbonyl derivatives, alkyl cyclopentadienyl :
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and over based nmanganese phenates, neutral and overbased manganese
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: %I - i3 3ubrisat as an oil-soluble additive that can volatilize and thereby 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.



20 'than or equal to 0.03 wt. %sul fur, and greater than or equal to 90 w.

% saturates, and has a viscosity index greater than or equal to 120. In a
nore preferred enbodi nent, the base oil is substantially sulfur-free. 3 By.
"scavengi ng" herein is nmeant the contacting, conbining with, reacting,

i ncorporating, chemcally bonding with or to, physically bonding with or

to, adhering tq, agglomerating with, affixing, inactivating, renderi ng
inert, consuni iy, sedvesgingithergaisiteranhigys caltesing, combireNSithYkdigting incofdbatiag Ner
way or means whereby a first material nmakes a second materi.al unavail abl e

or |ess 5 ehpaiqalpbendimywith ottes ghysically'honding kéthae td, Rfieriai e, ag dMrBdradeSwifler ei n
I S meant scavenging. By "inactivating"” herein is nmeant scavengi ng. By

" hydr ocar régiog.oustivating, rehdariajs inerts colaning WY RE A BRAAE QRYUSsi: %x%u&ﬂ%“ S
but not limted to diesel fuel, jet fuelg, al cgﬁ%l s,Hﬁ%t her s,éy’lker osel ’e?lél ow
sul fur fueins otteywapet meank whkeby & Ged ndrialiBaleh § SQ8hd FERASIGRAT 'gﬂal%zor Laui d

petrol eum gas, fuels derived fromcoal, genetically engl neere I ofuel s and
- crops and asaifabkct s t herefrom natural gas, propane, butane, unleaded .notor
and aviation gasolines, and so-called reformnul ated gasol i nes which

typically contBymikSidionhrH@ERRRORR HrehllS: HAIRK MEnPRLIdGG,r 2N0e and
as al conhol s,

fuel - sol ubl e oxygenat ed bl endi ng agents, suc thers and

ot her suitabl eBSBXMQ&fVaEi@%*tiﬂemﬂ%e%&@ﬂeﬁ compounds. Oxygenates suitable 15
for use in the fuels of the present Inveniton include nethanol, ethanol,
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) limited to diesel fuel, jet fuel, alcohols, ethers, kerosene, low sulfur fuels, synthetic fuels, such as
10  Fischer-Tropsch fuels, liquid petroleum gas, fuels derived from coal, genetically engineered
biofuels and crops and extracts therefrom, natural gas, propane, butane, unleaded motor and
aviation gasolines, and so-called reformulated gasolines which typically contain both
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 buty! ether, tertiary amyl methyl ether, ethyl tertiary butyl ether
and-mixed ethers. Oxygenates, when used, will nommally 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



and m xed ethers. Oxygenates, when used, will normally be present inthe
reformul ated gasoline fuel in an anmount bel ow about 25% by vol une, and
preferably in an anount that provides an oxygen content in the overal

fuel in the range of about 0.5 to about 5 percent by volunme. 20
"Hydr ocar bonaceous fuel" or "fuel" herein shall also mean gasoline, bunker
fuel, coal (dust or slurry), crude oil, refinery "bottons" and

by- pr oductdispersiousitherzbf indxdtéradbchol, bﬁ@iﬂérdﬁﬁﬁ:r YYa~ik eBy “M@geflfuef”rﬂcf% ARt Ghe
wast.e, wood chi ps and saw dust, agricultural waste, fodder age,
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and enul si ons, suspensions, and dlsperS|ons t her eo n wat er
or ot her gpfthdtRdidsbisind SixtBiks ke ith% r more
fuels selected fromthe groap cong#g |ng of ?ggl F%ﬁ@ﬁgﬁﬁgﬁwégel

bi odi esel selgtahy sfﬂ-ﬁ?rl-ﬁee @fuaﬁs foaftla %E&!{n c%%ntrﬂbé‘{o%;( Sédt he'\;ez%efagputppigm by

preferred that the hydr ocar bonaceous 'f 'S su
whi ch s gp@apkep sul fur content not to exceed on average about 30 ppm 5 of
the fuel. By "conmbustion systent and "apparatus hereln |s neant for

exanpl e and nog, Ky, bh& t me$IEIn di esel - ectr rid vehicle,
a gasol i ne-el ectri e E}n gét h Paéﬁ reg{llsg}géne a{dYal |
bur ners Ystkon Uit | nch di exanp l"e and gho l'imtation
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fuel englneﬁe 10 auto e di esel gmglnes gasollne fuel burners, gasoline
fuel engl nes. \i’é‘é‘}‘fé“raaf’?ﬁl ion pfts, feludingdor expmpleyrad satioonaceous
ng i.0 stems that may benefit fromthe present invention
|n | ude ta&’(?ﬂil}ﬁ‘é’c"i’ AUt urness, Siagtadncingeaors.clieselinel/ byrneess diesrd Sual lspgingsur n
fuels. By . . .
10 automot;ve 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, bringing together, reacting, 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 -



"c¢onbustion system' herein is also neant any and all internal and external
conbusti on devices, nmchines, engines, turbine engines, jet engines, '
boil ers, incinerators, evaporative burners, plasma 15 burner systens,

pl asma are, stationary burners, and the |i ke which can conbust or in which
can be conbusted a hydrocarbonaceous fuel. By "contacting"” herein is meant
t he cont a&tquiigd. Aiprefgraddevebofhiosphorusdmtteilvulgicatdgl mndungbetwear shinadd ng,
conbi ni ng, adm xing, mxing, and the |ike association between two or nore
mat er i al s apmpetihely K00 pon. A mhemrefadredievdd by phogptloriisaa e 106ridant i§ BRRAGEuRCCUT S.
20 By "essentially free of phosphorus and conpounds thereof' is nmeant an
anount of betwken®Eftmin pdd2phppmis or a conpound thereof which is |ess than
about 10 ppmin the lubricant. Such |low |levels of phosphorus are desirable
in many currerBy fafler ireantntsotanrt ata0BSreadfitht Edvided herdfilik ﬁie%taﬁﬂs}sﬂﬁ%oﬂ ower

| evel s of phosphorus in lubricants will be econtinually sought’ perhaps 5
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between 1 ppm and approxi mately 1500 ppm A nore preferre
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"after treatment systemt or "after.treatnent rern- s’ neant “any
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herein, of such after treatne {'ens i
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e 10  associated sensors like O; sensors and NO, sensors. Analogous gasoline combustion afier
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



régenerathng technol ogy diesel particulate filter. "After treatnment systent
al'so i;ncl udes 10 associ ated sensors |ike 02 sensors and NO. sensors.

Anal ogous gasoline conbustion after treatnment systens are known and are

i ncl uded herein as deriving benefit fromthe present invention. It is to
be understood that both the foregoing general description and the foll ow ng
det ai | ed deblifivepeinaprisaredi)ex Ragtlons yroanbuluRoRpat, ¥r Qflekst @ﬂg{}%&'lﬁ)phggpg&dugd to

provi de further 15 explanation of the present invention, as clalnme
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ernbodi nent, the present invention provides a nethod for

anount  of , sygemtthehydedcaidhaRbss BEIfte ﬁfodﬁée}%lbnﬁﬂgﬁ nﬁ?ﬁiuc&%m@ﬁﬁé%@lﬁ%p Exgan q

selected fromthe group 20 consisting o osp , lea
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contactin tQ& nanaPe%ﬁ with the sulfur, |ead, phosphorus, and conpounds
t her eof i fcve beneficial results are obtained. By scavenging the contaminants, the beneficial results

(; 10 include maintaining catalytic converter performance, maintaining sensor performance,
inaintaining 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.



the conbustion products, whereby the nanganese interacts with the sulfur,

| ead, phosphorus, and/or conpounds thereof. This interaction between the
manganese and the sul fur, lead, phosphorus, and conpounds thereof results
in the scavengi ng of the contam nants, whereby several beneficial results
are obtained. By scavenging the contam nants, the beneficial results 10
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When cars are operated w manganese .in the fuel, for exanpl e when the
gasol i ne h%gbonmﬂﬁﬁg:ﬁ%ﬁf%gﬁn E‘HB% Bresent px E}%S?‘F & g extpwaln Withlgss t hat

| ess phosphorys is deposited.on the car's catalytic converter. (See Fig.
1y The gr dEReRRris g SOREHTS iscato b cEa oAt e Ipgerisvels efeobbtotis break

t hroughout t he catal yst when Mh has been conbusted in the fuel.

Speci f i caltPspushing catalyst, lepding fojower amiggienst &ris elharrn Big. Yshatthe emdesirabler om
slightly less than 4 wgt% to about 1.5 wgt% in the anmount of phosphorus
on t he ScateAP§aqns inkesver inghpedgent stréam ¢dndngefeba kst conustion o filel

- consistent with prior data showing Mi is conbining in the conbustion or
exhaust stepaigmingsnatgagdsesphorus to form st abl e manganese- phosphorus and
manganese sul fate species that do 20 not form i nperneabl e gl azes on the
_catal yst. Wt hThetstspipospited inFigr dnH@Fig atvadry $993 Togsa Cagli SeliidlBSopdpsank

t hrough”, i.e., pass through as unconverted em ssions. Therefore, it is
desi r abl e ovérd 0608 nlikes bmeiteea bada@its br Gib b&%fﬂwl?iﬁisw mg MiPAREL S£fRdrS exhaust
data showi ng percent em ssions break trough of hydrocarbons, carbon

monoxi de, acchubBing165,060 @iled/hekialtic BSREARS wete BESANEA hlll AR ZEX UL mindY t h

e

0  the weight of phosphorus i)resent 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



phosphorus poisoning, there is inproved catalytic activity and | ower |evels
of pollutants break through the catalyst, leading to | ower em ssions. It
is clear in Fig. 2 that the undesirable 5 em ssions are significantly | ower
in the exhaust stream com ng fromthe conbustion of fuel containing
manganese. The tests represented in Fig. 1 and Fig. 2 were 1993 Toyota
Canry vehic¢les operated over 100,000 mles on either a base fuel or the
base fuel YPEEHgRSigEOWRe ¢f the mangnessras being arudlatriargbrib@nt sHR0 tisd 8%, mbtbGal
catal ytic converters were disnmantl ed and anal yzed to determne 1o the

wei ght of PhéisyHereguslp cambustedder wiskcmefrempix citdysaver their | ength. The
catalysts were also analyzed to determine their efficiency, as neasured by
the percent of Ieaiatisir test thertemkéuspenibd pargdulated XTSRY it pasihetiot@ild &hBSons
operated with Wh in the fuel (from MMVI(r)) had | ess phosphorus deposited

on the catwirytilizcied fror iwarsepdrats Bbid TinisVehiSks waile §€e‘r‘&8§0\@i 8&th Rec1L Yo
unconverted. Further evidence of phosphorus protection and | ower em ssi ons

achi eved IBPA UsivpsadBi@momblr ghvmrmmwmmsﬁ%mgég%&%gxpt of a

| ubri cant contai ni ng manganese can be drawn from a 19 Wi ver

Fl eet t estLatwhe®Yiveitiore NeBHRAT 884 Rihe ﬁ%&g@ﬁ%@g&%@ﬁ%@i ?Cll %&%ﬁ%&e e

containing Mh fromthe fuel additive
I CO i NS . ' | i f
el L ) pay de SR AT e RS
hi cl o[ 6461 : JLEV, .1993 Toyota. Ca ,. 1992 20 Cr
Vi ctor a “ROSURHR predotianhihemyR bieokk Y riginditer N pee Bna Lok vo

Co , . Public Docket A-92 41, No 9, 1992; m |l
ag??""?ﬁef‘”@"% 8 SRR v P hgr a6 G e ik s oy St ensiecfbmnt
e *Sshgnsm&ﬁ%&[ng on all vehicles conpleted with

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



the sane certification fuel.) The surface of the catalyst in the converter
is not abke to 8 differentiate the source of the manganese as being a fuel,
or a Jubricant since these two material are sinultaneously conbusted far
upstream fromthe catalyst. In another test, the total suspended

particul ates (TSP) exhaust gas particul ate em ssions were collected from
two separate Ford Taurus vehicles while operated over seven cycles of the

5 EPA Uni beingBdavédpea bR iBingbhds¥ cAQorRaauensn thd IRRRant VB8 td lubli&kSphier e

anal yzed at Lawrence Livernore National Labs using X-ray absorption

spect r oscegbisidysteh. det ermi ne the species of manganese present in the
exhaust. The data in Table 1 shows the analysis results, wherein the

pr edomi .nant nqgg,ﬁg@_ﬁlgoigﬁﬁﬂ)gﬁlﬁﬁﬂ%w%%?%&c%&ﬁtsg&m%qﬂy ng that the

manganese i s conbi ning wth phosphorus an ur Ich Ts derived fromthe

orol e | bkt Bl Uiy 205, LARORRSSS. S0EEHAL) SHaBNOURIYL %
shoul d belhdEd okl Re AT oA T 2L Sl BrodPi ng to the
Phe air R, 8 By BRSO Tale S maaFarsoandcugas T ok 1
anot her emqg)n%gxilergg %fmé Qreaﬂ%g g[e%mn 1?3?1%:81 prt?:)%jesg,g whereby scavenging 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
{ H 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, wher;:by 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



t .

scavenged according to the present invention by the nanganese can origi nate

from the ‘hydrocarbonaceous fuel. In yet another enbodi nent of the present

invention, the contam nants 9 being scavenged by the nmanganese can

originate fromthe lubricant used to lubricate the conbustion system In

one enbodi nent, the |ubricant-borne manganese which will scavenge the

contam nant (s)_ can bl eed, "blow by", flow, seep, be forced or conpressed,

~ be drawn, suckBus, iprnothe tegi 98¢ Edrdoravntsiveaswipsreted ovérdevenalytiys off the EPA

| del i berately get into a conbustion chanber of the conmbustion system In

~ this enmbotiPR$atThetfed usashvtusing testing entairred GUinhe Mialier. | THeahgit oiMubddl ih e

\ manganese during or after the conmbustion process, whereby scavengi ng
occurs. Téraskease had aipboiphent cafcemtrativh b0 th00fppid) ETHY teEERAss oD pIRRphdHEs drll -

| achi eved when | ubricant containing nanganese escapes around a valve in the

~ conbust i omaspastserpnsaiet dagng e xR deteaiifed 9} mas-talink. | TIN dxdhisP BnishbA: N,

an i ntake val ve or an exhaust valve in an autonotive engine. In this

- fanners e colkdRgAnas endlfized 386G iR BN BFRAREIanARDnl Bﬁcﬁgﬁ&hs Weddit bie

contam nant (s), whereby scavenging can occur. |n another enbodi nent, the

manganesefilies. Raws ekerniabd Mef @t Bllr Bltiolof gﬁé@ﬁ&tﬁﬂ{ol HManghfse GHAYIP lte%sg'ﬁ%

contam nant(s) in a passageway through e compustion produc

cont ai ni NGuiARNCHJE BdThAB R with fic HRRY %&e%@en&rcgﬂgu%%ﬁ tﬂﬁg%ﬁ%f;jas oil

chanber. I'n this manner, the scavenging occurs outsi

chamber Qlonlibe6RMPUL b Bl Bl ndd BB AU BN at Qlard i RE SRR

i nvention, manganese vo ITirzes Trom
collected on the filters.
T
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;

2>

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

1t



| ubricant and is carried over into the conbusti on chanber containing the
fuel. In yet another enbodi nent, the conbustion systemutilizes a '

del iberate recirculating 20 process, whereby vapors in a crankcase are
recirculated into either the intake nmanifold of the conbustion chanber. In
this manner, any |ubricant containing the phosphorus, sulfur, and/or |ead
contam nants is caused to encounter and interact with manganese in the

conbust i 0Rmeint@fBad\Siimord Addils compridRoti %r[l)%gs?%{ﬁ’ or@ndSRr EQhShuh@ U 14GS
e

oper ated .over seven cycles of the EPA . uel used during testing

t ai d i . i i s i had
cont ai nedefs & obphphbii®ompdad ?}%Bﬁ?mﬂ i) Htslgegf bk L{x&%a?&% Eﬁgﬁ%ﬁzﬁe ad a

phosphorus concentrati on of 1000 ppm The total mass -0 rus and

nManganese,y qﬁﬂﬁﬂﬂk}aﬂm%??%@?%ﬁﬁﬁﬁ%ﬁt53‘g%pﬁﬁﬁngy mass- bal ance. TSP

exhaust em'ssions 5 were C anal'yze 0 determ ne nass_of
ol ar rati o of XeRaaa e OREaRRn Ol dliceehd ik Fiap the PRSI SRt d e
and oi 1 B Bhbellelel BEmIRS Bl oo RRBGe P EareD oI DGRt Hebns e
Gper at | ory EERPECHR S oo NG S e eh RS BNIORE SRR o8 Rat | 0
AR TR R R SRR .
neutral metal-containing 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



met hod. for reducing the anount of, or deleterious effect of, at |east one
contam nant selected fromthe group consisting of phosphorus, |ead, sulfur
and conpounds thereof in an exhaust 20 stream wherein the apparatus
contains (a) a conbustion chanber adapted to conbust a hydrocarbonaceous
fuel; (b) a neans to introduce the hydrocarbonaceous fuel into the
conbustion chanber; (c) a neans to convey conbustion product fromthe
conmbust i obuiclvaisbkinit theypiesehtihvéntiodbr i cant conprising a major anount of a
base oil ‘of lubricating viscosity and a mnor 11 anmount of one or nore

addi tives conpoiht éibddimerdd of tB@flesd BivestbARAR B hpParmPINALRAKIIRA iPhe h@ast
one or ganophosphorus conpound, or both, and (ii) at |east one manganese

source. Thgm ARAMAASrURpEALEABE, RNt RMbial §B8he ﬁm&im&ﬁm&éﬂ Oft
system According to one enbodi nent of the present invention,

Or 9an0S Ul i ifuefeRARRHTHE oplifidifon Fnd 1E0E BOLrEAB, eﬁﬁsé&bgﬁkggg&@gﬁlmﬁe HopeP

consi st ng of SU| I ns uri ze ats an e ol

b L L T e U A

sul furized al kyl phenols, neutral netal-containing sulfonate detergents,
over based netal -contai ning sul fonate detergents, C neutral netal-containing
phenat e detergents, and overbased netal -containi ng phenate detergents, 10
or conbi nati ons and m xtures thereof According to another enbodi nent, the
or ganophosphorus conpound in the lubricant can be selected fromthe group
consisting of primary, secondary and aryl neutral and overbased zinc

di al kyl di t hi ophosphates (ZDDP' s), trialkyl- and triaryl phosphites, m xed
q{kyl/aryl phosphi t es,

-
N H
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al’kyl and-aryl phosphorot hi ol thionates, and al kyl and aryl
phosphor ot hi onat es, and conbi nations 15 or m xtures thereof. It has been
observed that 'a significant reduction in the amount of phosphorus detected
on a device such as a catal yst can be achi eved when nmanganese from net hyl
cycl opent aghre, i pRganesg tricarbonyl is in the exhaust streamfrom a
conbustio e Specrt+cal |y, reductions in the anmount of such
contam nants alhove,20% by, wei ght, and nore preferably 20 .,. reductions in
an anount ‘qof f%o’i‘??%&élrcﬁg%%ggg" drkstertous idect of ddeashoneitentaminant selegted fiom the
device w | be achieved by the present 'invention. This produces a dramatic
and hi ghl FURLopsisng of phessnerus,lead; sulfur asd comneuadsrtherpofiin gn exhaysisheat from
treatment devices or systens. The acconpanying Figures 1, 2 and 3 further
i || ust r at dherogaustionst ahydrosabareeoysdyal in & ombustionsystedolubritated; ryj at lubivent,
present invention. O her enbodinents of the present invention will be
appar ent s¥dmednd coriprisiad thestapse art  from consi deration of the
specification, Figures and practice of the invention disclosed herein. It
is intended thé) thiubspiogthecambustioasystdzh githelse lnbricansingelsing aa8ajex@nanar y
only, with a true scope 5 and spirit of the invention being indicated by
the fol | oof mbasebiliofbubritatingHAE ok 40 AlnNER dnfouht offondek Motk ddartiveeeissirRmgt(he
del eterious effect of at |east one contam nant selected fromthe group
consi st } ngt ledst pitosphaisulsur codPeunds ol htleastbrit i BARPHRERo@GRhind br 8Hexiaaust
stream from

(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 combusti on of a hydrocarbonaceous fuel in a conbustion system

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

| ubri‘cating the conmbust i on systemw th the lubricant conprising a major
anount of a base oil of lubricating viscosity and a m nor anount of. one or
nore additives conprising (i) at |east one organosul fur conpound, or at

| east one 4or gafpiotipt of dsinc bjwerinithe snlfinptend, phogphors,iahd atmpemss thoreef in
manganese source; (b) conbusting in the conbustion systemthe

hydr ocar btraosbustichpedducts apigieitedeom thedithrixahion products conprising at | east
one material selected fromthe group consisting of sulfur, |ead, :
phosphorus, and conpounds thereof; (c) contacting the manganese with the
sul fur,. |ead, phosphorus, and conpounds thereof in the conbustion

product s, swherElymbthed SRIGRNE Shoidit B 8ghsirbiin Esfk%seiﬁmﬁae df$RSphorus and
phosphorus and conpounds thereof. 2. The method of claim 1, erein the
sul fur, | ggsbouBlio@BREr US, and conpounds thereof in the conbustion products
briginate fromthe fuel. 3. The nmethod of claim1, wherein the sulfur

| ead, phosphorus, and conpounds thereof in the combustion products
originate fromair used in the conbustion of the fuel 14 4. The met hod of

chaim 1, her ol hleusup ity e BURSPHREHS A ARIRSHIAR WSRO 1T

t he conbusti on products origrnate Fﬁca
treatment system.
( . 7. The method of claim 6, wherein the after treatment system is selected from the group

consisting of a catalyzed diesel particulate filter and a continuously regenerating technology

diesel particulate filter.

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

15



5. The.nmethod of claim1, wherein the exhaust streamis essentially free of
phosphorus and conpounds thereof. 6. The nethod of claim 1, wherein the
conbusti on system further conprises an after treatnment system 7. The

met hod of claim6, wherein the after treatnent systemis selected fromthe
group consisting of a catalyzed diesel particulate filter and a

continuousgly r bPGaits L ' rtdgul ilter . 8 The
nmet hod of cl ai %ﬂ%ﬁ%@gﬁktﬁﬁgh %oe%g%lgth 9 %rﬁc?agé/c;sn? %r%&l gl%islg%gg{led‘ r?l}léhﬁgcrﬂ'? group
consi sti ni . i |;electrnic hybrid.vehicle aspline-el ectr]

ybr o- verrBgtEYe Ber Bl BRI Bt Rt apvn B L Rs T Sl on
units, stationary burner te incinerators, . diesel . fuel burners, diesel
fuel engi ﬁ%‘ {sﬁgea%'sg%llqw/éﬁgﬁrg@ b S@ﬁlbel%‘ﬁz%s,ls’ ﬁgl?ﬂrﬂﬁ‘é’s?fhé'fﬂsbléﬂ’-\%l’?de&ﬁ’s%ﬂsi ne
fuel engi.nes, .power plant generataqrs, any and all internal and_ external
combust i oﬁleiﬁe‘%?rigﬁggmﬁﬁeﬁi %?ég?cﬁé ﬁﬁs%@g%dahl%fﬁﬂﬁ pict croyi apd extrachs therplipm.cnatural
boil ers, incinerators, evaporative burners, plasma burner sx\;;v':;em_s, pl asma
arc, stat B¥nEOPasy PHEies ilgalgd goier@ad atiphion geslinet pformulaed gasolies shickan be
conbusted a hydrocarbonaceous fuel. 15 9. The nmethod of claim 1, wherein

t he hydr ot%itahefhdgdrgcarbens of thegapaline bailing emge l fyeloupublawygenstddibipndingdi esel
fuel, biodiesel, biodiesel-derived fuel, synthetic diesel, jet fuel,

al cohol s, ageatshgaselinekbynksefiel, coad(dusinrishirry), waide oilsrgfitdre ' bastomst ks by-products,

Fi scher-Tropsch fuels, liquid petroleumgas, fuels derived from coal,

genet i cal ¢mdenipextectsduzivdoisuedsts anel cinonagsdad vextel woddschifiena taw dustnat ur al

agricultural waste, fodder, silage, plastics, organic waste, and mixtures thereof, and emulsions,

* 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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gas, propane, butane, unleaded notor and avi ati on gasolines, reformulated
gasol i.nes which contain both hydrocarbons of the gasoline boiling range
and fuel -sol ubl e oxygenated: bl ending agents, gasoliné, bunker fuel, coal
(dust or slurry), crude oil, refinery "bottons"” and by-products, crude oi

extracts, paza PaEsL V&l L. n n ste, wood chips and saw

dust, agricul ?ﬂggﬁp Wastog‘,%lafl%‘gélg‘Fv #érglf%gag% %?%?%‘%égsﬁelﬁﬂsgﬂdﬁc??gﬁﬁaté? BI9HR)

m xtures thereof, enul si ons, .. spensi ons, and di spersions thereof in
neter ol Conuie ot RRAMERA el Rurod e R gt Sonfuaterehsisiinasebatior n ng
t he net hod. of, cl ai sai d apparatus conprising (a) a conbustion chanber
adapt ed tgheé%lr%ﬂ%cflméelﬂff&r ocar bonaceous fuel; (b) a neans to introduce the

hydr ocar bonaceous fuel into the conmbustion chanber; (c) a neans to convey
conmbusti on product fromthe conmbustion chanber; and (d) a | ubricant

conpri singsa ORI 0Ll of | ubricati viscosity and a

m nor am)g?lt g?h %FP@ or %F%L%E%B’?ﬁ%\%élg{hg SRR lﬁég[‘f‘f‘tﬁ"{jg?mlté%@f’“lb‘f?émmg of

or ganosul COI F ..l east. o ar ganophosphor us conpound, or both,
and (11) o GERTRRURE e Rnice TRRlipERRR AP BE TR svsto opar sntond
further c rising an,after treafnment system 16 12. The apparatus of

ol ai m 11, THREREE O cREbUPR ity SGHiCHARY bUGT. St daciaariierediosel Bl hureers diseg)
consi sti nﬁﬁ f a cat ?I zed diesel, particulate filter and a continuously

r egener at ge”tgg’c?ﬁﬁ‘& Otfive fissel engings, gasoling fuckumers; gasoline fgkengfigapawersplott
claim 10, wherein the afparatus is selected fromthe group consisting of
any di esefDETaY: APy 2l alf interrad apdoxtena) gembustion dévaessy achingb dnginve hirbhe, a

two-stroke engine, any and
%p : engines, jet engines, boilers, incinerators, evaporative burners, plasma burner systems, plasma

s

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.
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all burners or conbustion units, stationary burners, waste incinerators,
di esel fuel burners, diesel 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,
t ur bi ne gin | et .epgi.ne oi lers, incineratqrs, evaporative burners,
pl asnma burqﬁ'er 26%?{5 ?Og‘g 5 Wgﬂ?fnté? %ﬂi“f"ﬂ)‘ﬁé’??’lg'ﬁﬁﬁé“rt  ony ﬂag‘?é\ﬂeé‘é%enf.hat

can conbuator jnq*hi h can be %ﬁgbUSde a  hydrocarbonaceous fuel. 14. A
met hod f of *YHfpF “ﬁ?fc‘fihaél PRAURE?1 g, 2Qe 1o §0% by syeight aglativafp tpamaovat eigulfyr
conbusti o system said, nmethod conprising contacting the products of the
conbusti o etﬁ?tg‘ilf%?lﬁé%ﬁlﬁ‘@meséﬁmﬂﬁl&bﬂ‘faﬂbm a conbustion systemwith a

| ubri cant contai ni ng manganese in an anount sufficient for the manganese
to interact with one or nore contam nants selected fromthe group
consistrng of Egosphorus, sul fur, |lead or conmpounds thereof in said
products 16 t hBieabsthod elhlia Mhwhernmulnt amdund nbleat dateted onfthd ifeer Gesthant nant s
contacting the after. treatnent device. 15. The nethod of claim14, wherein
t he anpounéevife iptedugiddiyim adeneoifdcnnl0% esit be weight, editivend thdawions: dfseadeduced
by an anount of from 20%to 80% by weight, relative to the anount of

- phosphor udetebtidd€ tradgankseianoigness in thedricailesent in the lubricant. 17 16.
The met hod of claim 14, wherein the anount of sulfur detected on the after
treatnment device is reduced by an anpunt of from 20%to 80% by wei ght,
relative to the anmount of sulfur detected if nmanganese is not present in

the | ubrimant . The fmetidoreriiM Qdwhlreit iR dhoddbsultiebRbSurie 1R TtHhnQl sd&ad
detected on the after treatnent
:’ from the group consisting of sulfurized olefins, sulfurized fats and vegetable oils, sulfurized
unsaturated esters and amides, ashless and metal containing dithiocarbamates, substituted
thiadiazoles, sulfurized hindered phenols, sulfurized alkylphenols, neutral metal-containing
sulfonate detergents, overbased metal-containing sulfonate detergents, 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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device.is reduced by an anount of from 20%to 80% by weight, relative to

t he .amount of lead detected if nmanganese is not present in the lubricant.
18. The method of claim 1, wherein the organosul fur conmpound:.in the

| ubricant is selected fromthe group consisting of sulfurized ol efins,

sul furized fats and vegetable oils, sulfurized unsaturated esters and

am des, asi® es Jhamethodtaficlaim At whereindhedhirgamsa sduseeih d, lubridast is seléotsd] from

~ thiadiazoles, sulfurized hindered phenols, sulfurized al kyl phenol's, neutral
net al - contth¢ griong corsistii@ofmethylatyelopatidicnybmanganse tioartioayl, 6ok Blpéfadienyl

sul fonate detergents, neutral netal-containing phenate detergents, and

over based mmigabese aitarbonyingrgpiie ihgand el taEGRiybderRati €0 Hiky) 3§ ¢16pntaaid gyl
m xtures thereof. 19. The nethod of claim 1, wherein the organophosphorus

conpound infarighist ddviafi AR ndutral £@l096bERd LAk RSGEIHE, ARSI Sld FWertaled
primary, secondary and aryl neutral and overbased “zinc

di al kyl di thngahespliahes n@&%@%verﬁis&ﬁhﬁ%aﬁcs@ﬁgf%%ﬁ%{ﬁ%ﬂ%&%g%sﬁgﬁ%j %%EW

al kyl /aryl phosphites, al kyl and aryl, phosp I onat es,

and aryl Rhashl@sRtahi aRaLRS thealdd conmbinations or mxtures thereof. 18 20.
The nethod of claim1, wherein the manganese source in the lubricant is

selected from the group consisting of nethyl cycl opentadi enyl manganese
tricarbonyl, alkyl cyclopentadi enyl manganese tricarbonyl, organic

or Vyat 1 vah | it Baba AENYEL ek e o BiE LR i PR o e aRe 28

over based ane henat e neut.r al d over hased manganese sul f onat es,
manganes ep%rgﬁ'@\g& i}?pjﬁbep ,c, arrqalaaé, poFy-alpha—ole ins, synglet?c esters, and %glyoi esters, and

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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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 ygat egne ARG BBcldinY i, YAREi the hPGIR¥arBERédE filehRiBubstantialiyfite 60 80 and
| ess than or equal to 120. 23. The nethod of claim 1, wherein the base oi
contains | than or equal to 0.03 wt. % sulfur, and greater than or
equal to Sgﬁ%&. % saturates, and has a viscosity index greater than or
equal to 120. 24. The nethod of claim 1, wherein the base oil is
substantially sulfur-free. 25. The nmethod of claim 1, wherein the

hydr ocar bqpacequs f uel ntaj ns | I Lipgd of
claim1, %ﬁEre' R °%9§$%5%VS%ﬁg%%%ﬁg%ﬁhéFgégégt chﬁ%la @“?%ggﬂgﬁ

sul fur. 27. The nethod,of claim1l wherein the hydrocarbonaceous fuel
cont ai ns, FBWS| treafpd With PXYESOEY s further treated with oxygenates. 28.
The met hod of claim 1, wherein the hydrocarbonaceous fuel is substantially
free of sulfur and is further treated with oxygenates. 29. The net-hod of

claiml1l, wherein the hydrocarbonaceous fuel contains,]owlevels.of sulfur
28.  The method gf claim 1, wherein the hydrocarbonaceous Elel {s sm)stan 13113/ free o suifur '

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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and is.further treated with low | evel s of manganese. 30. The net hod of
claim 1, wherein the hydrocarbonaceous fuel is substantially free of sulfur
and i$§ further treated with low | 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 nethod for delivering
manganese from a |ubricant source into a fuel conbustion systemor to the
exhaust therefrom By the present invention, manganese fromthe | ubricant
will interact with phosphorus, sulfur, 'and/or |lead from the conbustion
products. In this manner, the manganese scavenges or inactivates harnful
materials which have mgrated into t PBSTRACDr conbustion products, and
whi ch can ot herw se poi son catal ytic converters, sensors and/or autonotive
on- board di agnost PELEERRERE. MAKGANESS eNROM | VMR IGIMNTa B GRS |IBEW t 0

i nproved durability of exhaubtFé#i PONPEIEHRMISEYRReMs. (FIG 1)

The present invention relates to an apparatus and method for delivering manganese from
a lubricant source into a fuel combustion system or to the exhaust therefrom. By the present
invention, manganese from the lubricant will interact with phosphorus, sulfur, and/or lead from
the combustion products. In this manner, the manganese scavenges or inactivates harmful
materials which have migrated into the fuel or combustion products, and which can otherwise
( poison catalytic converters, sensors and/or automotive on-board diagnostic devices. The presént

invention can also lead to improved durability of exhaust after treatment systems.

(FIG. 1)
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