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10  BACKGROUND OF THE INVENTION

A problem exists in fuel combustion systems in which the fuel contains, or acquires, or
produces upon combustion, one or more mietal (e.g. lead), sulfur, and/or phosphorus
contaminants that,canApoison or degrade catalytic converters, sensors, or on-board diagnostic
devices.

15 An additional problemA is created by such contaminants in the form of-undesirably
increased levels of certain combustion products or by-products in the eﬂaﬁst.

Yet another problem from such contaminants is a detrimental effect on after treatment
systems. These contaminants can include elemental phosphorus, lead and sulfur, or compounds
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 often contain phosphorus-containing and sulfur-containing additives, and lead compounds

associated with combustion system wear.



whi ch often contain phosphorus-containing and sul fur-containing additives,
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10 prevent catalyst poisoning, after treatment system malfunction, and increased emissions.

SUMMARY OF THE INVENTION

In an embodiment, the presént invention provides a method to inhibit, reduce or prevent
the deleterious interaction of components (such as phosphorus, lead and/or sulfur arising from
the lubricant source, any processing aid or adjuvant, fuel, fuel additive, air or'othcrwise entering

15 the combustion process) with the combustion exhaust stream to thereby prevent_cétalyst
poisoning, sensor poisoning, after treatment system malfunction, and/or increased emissions.

In another embodiment, the present invention provides a system for scavenging
phosphorus, lead and/or sulfur from a fuel or the products resulting from the combustion of the
fuel.

20 The present invention further relates to methods to improve the durability of an after
treatment device for a combustion system, wherein the method includes contacting the products
of the combustion of a hydrocarbonaceous fuel with a lubricant containing manganese in an

amount sufficient for the manganese to interact with one or more contaminants selected from the



fuel. 20 The present invention further relates to nethods to inprove the
durahility of an after treatnent device for a conbustion system wherein
t he net hod includes contacting the products of the conbustion of a '
hydr ocar bonaceous fuel with a-lubricant containing manganese in an anount
sufficient for the nmanganese to interact with one or nore contam nants
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10 . the lubricant 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 example, a
‘manganese level of about 20 pi)m 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
mixtures thereof. In a preferred embodiment, 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. 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
viscdsity index greater than or equal to 120. In 2 more preferred cmbodimcnt, the base oil is

substantially sulfur-free.



paraffinic, naphthenic, aromatic, poly-alpha-olefins, synthetic esters, and
pol yol esters, and mxtures thereof. In a preferred enbodi nent, the base
oil contains less than or equal to 0.03 wt. % sulfur, and greater than or
equdl to 90 wt. % saturates, and has a viscosity index greater than or
equal to 80 and less than or equal to 120. In another enbodi nent, the base
oil contains less 20 than or equal to 0.03 w. % sul fur, and greater than

or equal to 9 b ; . Vj ity.index gr.eater .than or
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"inacti vaf herein is meant scavenging. By "hydrocarbonaceous fuel"
herein is meant, hydrocarponaceoys fuels such as but not limted to diesel
fuel, jet fuety BCESHY s, METIERE 20l eingrsacte herelivis sepntiseavenging, synt heti c
 fuels, such .10 Fischer-Tropsch fuels, liquid petroleumgas, fuels

derived fromibaractiyainet bergin iy mepisprRyeraing. bi of uel s and crops and extracts
therefrom natural gas, propane, butane, unleaded motor and aviation
gasol i nes, arky dydrsrbapaceaisdhel herpinds meanbhydrecarhdmieshug firpls sedh ag boomttai n
‘bot h hydrocarbons of the gasoline boiling range and fuel -sol ubl e
oxygenat &#ited togigselfuelgishfusl, alcolils, gthers, 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 gxygen-containing organic compounds. Oxygenates suitable

15 for use in the fuels of the present invention include methanol, ethanol, isopropanol, f-butanol,
mixed alcohols, methyl tertiary butyl ether, tertiary amyl methyl ether, ethyl tertiary butyl ether
and-mixed ethers. Oxygenates, when used, will normally be present in the reformulated gasoline
fuel in an amount below about 25% by volume, and preferably in an amount that provides an
oxygen content in the overall fuel in the range of about 0.5 to about 5 percent by volume.

20 “Hydrocarbonaceous fuel” or “fuel” herein shall also mean gasoline, bunker fuel, coal (dust or
shurry), 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



al cohol s, ethers and other suitable oxygen-containing organi c conpounds.
Oxygenates suitable 15 for use in the fuels of the present invention

i ncl ude ‘net hanol , ethanol, isopropanol, t-butanol, mixed alcohols, methyl
tertiary butyl ether, tertiary anyl methyl ether, ethyl tertiary butyl

ether and m xed ethers. Oxygenates, when used, will normally be present in
the reformul ated gasoline fuel in an anmount bel ow about 25% by vol une, and

preferably in an ampunt thaf provides an oxygen content in the overal
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"Hydrocar bonaceous fuel" or "fuel" herein shall also nmean gasoline, bunker
fuel, coX™eqg %éeﬁ)s %‘r}c“eg ifigry (s grogp gensistipg of digsel fyely hiodissnl.thionieseldpgived fuel,
by-products, crude oil extracts, hazardous wastes, yard trinmngs and

wast e, wyBthetindissel aphmisavmesihereot. A prefamed that thabydrecaronarsovs fueliis age,
plastics and other organic waste and/or by-products, and m xtures thereof,
and enul $bgauially s fehiee.dnvhichrismaant 8 5wl fie eeritens notite exceed ori gverege ebout 30 phol |
“or other carrier fluids. By "diesel fuel"™ herein is neant one or nore

fuel s5 se¥fdea i@ f rom t he group consisting of diesel fuel, biodiesel,

bi odi esel -derived fuel, synthetic diesel and m xtures thereof. It is
preferred thdy fchmbhstionsrdeiybaacepnasatist dbreinsis swhg fantiaaiflyamiuiot by - f r ee, by
which is nmeant a sulfur content not to exceed on average about 30 ppm 5 of
t he f uellimiftichdereiny sty dinsebyplsttenhylanidveh@ppa pablise-elbariehybridsvehiein b twé-or
exanple and not by limtation herein, any diesel-electric hybrid vehicle,"
a gasol i swekebmgitd, any dndotlitdimeshirebmbustioh weits, ficludiog fengangle andywitoe al |
burners or conbustion units, including for exanple and without Ilimtation
her ei n, khiptionmareih, BEtiORFBEburks, st idinkedtark Qficsel flblaederd, dikel Fd] RBEISes, di esel

fuel engines, 10 autonotive di esel engines, gasoline fuel burners, gasoline
f uel 1engiutd@Rotive @IRE! cREiaBY, cBRNRE MbiHusners, gasoline fuel engines, power plant generators,
and the like. The hydrocarbonaceous fuel combustion systems that may benefit from the present
invention include all combustion units, systems, devices, and/or engines that burn 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, reacti.ng, complexing,
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 Iubricants will be continually sought, perhaps



fand the Ji ke. The hydrocarbonaceous fuel conbustion systens that may
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systent or "after treatnent device" herein is meant any systemor 5 device
whi ch cdteheicsonyeater &g iNQy s srisbiaed disgel parienlate Epnnnd icoptinsoustber in a
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treat ment systens include an autonobile three-way
10 associated sensors like O, sensors and NOy 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 invention, 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, sulfur, 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

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



éatalytic converter, lean NOx traps, catalyzed diesel particulate filter
and .a continuously regenerating technology diesel particulate filter.
"After treatnment systend also includes 10 associ ated sensors |ike 02
sensors and NO, sensors. Anal ogous gasoline conbustion after -treatnent
systens are known and are included herein as deriving benefit fromthe
present additvestomprisidg ()i 45 lda dae orgaARORQRtpbRAL oD et 1Bast B drRsRpRIspRodener al
description and the following detailed description are exénplary and
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compound®Ve scavenging thé confaminants, the beneficial results
10 include maintaining catalytic converter performance, maintaining sensor performance,
maintaining LNT performance, and maintaining DPF performance.
When cars are operated with rﬁa_nganese 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 ﬂuoughout 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 wgl%) in
the amount of phosphorus on the catalyst when manganese is present in the exhaust.
Thils 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 forrn impermeable glazes on the catalyst. With less phosphorus on the catalyst, less

emissions “break through”, i.e., pass through as unconverted emissions. Therefore, it is desirable

to have Mn in the exhaust stream.



5 and (c) contacting the nmanganese with the sul fur, |ead, phosphorus, and
conpounds thereof in the conbustion products, whereby the nmanganese -
interacts with the sul fur, |ead, phosphorus, and/or conpounds thereof.
This interaction between the manganese and the sul fur, |ead, phosphorus,
and conpounds thereof results in the scavenging of the contaninants,
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t he anDunt Qf hosphorus on the catal yst when nanganese is present in the
exhaust . g LaPEAEIst ent with prior data showing Mi is combining in the
conbustlon or__exhaust strean1_mﬁth.£hos phorus to form stable
manganese- phoSisHestrepissratedan Gign b aed el % were 189%Eovota Cavanty wehicleg Operated f or m
i nperneabl e gl azes on the catalyst. Wth | ess phosphorus on the catalyst,
| ess em €T &P 00 pdesionteitheradiese fupl as the pasiict Hivotiy meddniiter.oAdter t ed
em ssions. Therefore, it is desirable to have M1 in the exhaust stream 7
Fig. 2 rephuasieins00msilesdbe catditbwionverperwen tisemtidiand sndlyzed ko dderaiigh of
hydrocarbons, carbon nonoxi de, and NO. based on M being present or absent
in the cthh ax(gght offihobpliogspresent at discrete points over their length. The catalysts were also
analyzed to determine their efﬁqiency, 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, wherein .cars burning gasoline
conFahﬁng Mn from the fue! additive MMT® at 8.3 mg Mn/liter produced lower CO and NOx
emissions compared to cars burning a baseline fuel without the manganese source MMT®. (See -
Fig. 3, which utilized: 22 vehicles (paired); 1993 Ford Escort TLEV, 1993 Toyota Camry, 1992
20 Crown Victoria, 1993 Honda Civic TLEV; vehicle 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 poi soning, 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 enmissions are significantly |ower
in the exhaust stream comng fromthe conbusti-on of fuel containing
manganese. The tests represented in Fig. 1 and Fig. 2 were 1993 Toyota
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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 scavenged 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



8 differentiate the source of the nanganese as being a fuel, or a l|ubricant
since these two material are sinultaneously conbusted far upstreamfrom
the catalyst. In another test, the total suspended particul ates (TSP)
exhaust gas particulate em ssions were collected fromtw separate Ford
Taurus vehicles while operated over seven cycles of the 5 EPA Universal
Dynanmoneter Driving Sequence (UDDS). The filters were anal yzed at Law ence
Li ver noriein¥ativengdd Yyabembisdafigre Yark aigidds S6RUhONbIRBEEEI L RBcAHS) 10
determ ne the species of manganese present in the exhaust. The data in
Tabl e | csh®usionkgst@nal ysis results, wherein the predom nant nanganese
speci es are phosphates and sul fates, showing that the nanganese is

conbi ni Ng Wi RoRNSNRARKE, BRORLEULT BmdRhsTan! ' e engine
| ubricant 10 %nd fuel . Tabl ebl?{&hl\/angnz}mese S%%cf‘ﬂg‘%q%%%lg%‘reg S&?V‘gt % of the

exhaust BabkikH@Es bels hhﬁhﬁbﬂ‘ﬁ?\?,&éﬂ% Be For@ﬂ' d @{arﬁﬁrrfgs%g%% d%f?wlﬁ ﬁgﬁﬁeﬁe s

analysis in Tabl'eé 1 has 'a 95%"con Imt o

ana . . % TT"Sho t
Vet i o S R A g P PSR el T P2
ut 11 26olBuldiE 2006 oA 0ol S AL RRIBONRGERYS, L HEloccfhyapot e

enbodi nment, ‘am nan el ng scav sent
[ ti .1 ginate f th hyd fuel .
R e R R s e

embodiment of a method of the present invention is achieved when lubricant containing

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 cham‘ber. In this m;anner,
the scavenging occurs outside the combustion chamber of the combustion system.
K | In another embodiment of the present invention, the manganese volatilizes from the
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;aby 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



9 bei ng scavenged by the manganese can originate fromthe |ubricant used to
lubricate the conbustion system In one enbodi nent, the |ubricant-borne
manganese which will scavenge the contaminant(s) can bl eed, "blow by",

fl ow, seep, be forced or conpressed, be drawn, sucked, or. 5 aspirated or
ot herwi se accidentally or deliberately get into a conbustion chanber of the
conbustion system In this enbodi ment, the contam nant(s) encounter and

i nteract wi t Hhtihén anegheytestes d9YWUFdrd Jawns wist aperatddevensberstyicles opthe EPas,
wher eby 'scavengi ng occurs. Thus an enbodi nent of a nethod of the present

i nvent i dAPPS. dbtfuelesdd diving tetting icomtained®d iy Minfliter. Thegmiessl wedanks around a
val ve in the conbustion system such as for exanple and not as a 10

i mi t at icsankbase bidhg plaosphartsadomcentrhtion afil 06Mpyerih Thistotal alavssofiphogphors hadot i ve
engine. In this manner, the manganese is caused to encounter and interact

wi th t henagmeastommhédJuringtier ed yescdev@ngicd 9y neePbAatsr TSP axansidAtésions
enbodi nent, the manganese is caused, deliberately or inadvertently, to

~encount evert¢ blectod bmhanalyatd ©)deteinite RASSHIRM@INEO A HIspHo R prdsB on@RbUSt i on

products 15 containing the contam nant(s) are conveyed away fromthe

conbust ifiiter. cl &b ésternlifiedi thit Shd MalBSatio of fHRsSHOAKIH HalghnBsCi the PHP SidS vale
conbustion chanber of the conbustion system |n another enbodi nent of the

present eqiivelBLititd Br coniBer¥MABAARSEe ¥t dsé BRmEA® Bodshfed ﬁﬁ@fg}n?@éltan@aﬁj IS
carried over into the conbustion chanber containing the fuel. In yet

anot her BARGHIBENTabIE DALSCHBUEL iBRr S e PN bddsa6id & HRbiaRAT Al Bhe mass

recirculating 20 process, whereby vapors in a crankcase are recircul ated
into ei thRsotddth thoiiles Mani fol d of the

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

The present invention provides in another embodiment an apparatus for performing a
method for rcdlucing the amount of, or deleterious effect of, at least one contaminant selected
from the group\éonsisting of phosphorus, lead, sulfur and compounds thereof in an exhaust

20  stream, wherein the apparafus contains (a) a combustion chamber adapted to combust a
hydrocarbonaceous fuel; (b) a means to introduce the hydrocarbonaceous fuel into the

combustion chamber; (c) a 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

11



conmbusti on chanber. In this manner, any |ubricant containing the
phosphorws, sulfur, and/or lead contam nants is caused to encounter and
interact with manganese in the conbustion or exhaust. 10 Thus, in another
test, a 1997 Ford Taurus was operated over seven cycles of the EPA UDDS
The fuel used during testing contained 8.3 ng Mn/liter. The engine oil used
in the crankcase had a phosphorus concentration of 1000 ppm The total

nmass of piaspiiungsr 8k addBRESARERISHE TS dieskt day ('eriEhoEllﬂﬁerc@L%f)oMﬁ,r & ARLE" M ned

by mass-bal ance. TSP exhaust em ssions 5 were collected and anal yzed to

det er mi néelSRE@BosHosHHAGAREHEuRL) B BIID RN AN USRI BEE M AedRburcd i The - It was

determ ned that the nolar ratio of phosphorus to manganese on the TSP

filters éb@&ahﬁ@éﬂﬁﬁh&%nﬁa&éﬂ%ﬂ%%&ﬂﬁ%@e&dsgﬁ Hhhe mass of those el ements
consuned through fuel and oil consunption. T Te 2 illustrates the nol ar

L, RO T ek R R AT
00 PRl SR SO M, LS .27
e | o RS U S SR B B OPLEN R L, 1
lead, s Lﬁiﬁﬁbrca.r%&ﬂatgg %%Hﬂlgesd tinggirézeo%s, éurfﬁlgirz]edeh)itrl]&lggdt phenols, sulfurized alkylphenols, |
neutral metal-containing sulfonate detergents, overbased metal-containing sulfonate detergents,
neutral 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 mixtures thereof, .-
It has been observed that a significant reduction in the amount o.f phosphorus detected on
a device such as a catalyst can be achieved when manganese from methyl cyclopentadieny]
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 after 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



20 stream wherein the apparatus contains (a) a conbustion chanber adapted

to. conbust a hydro carbonaceous fuel; (b) a neans to introduce the

hydr.ocar bonaceous fuel into the conbustion chanber; (c) a neans to convey
conmbusti on product ‘fromthe conmbusti on chanber; and (d) a |ubricant
conprising a maj or anount of a base oil of lubricating viscosity and a

m nor Il anmount of one or nore additives conprising (i) at |east one \
or ganos utbut do notdivpid thegbresent imstenti@ast  one or ganophosphorus conpound, or both, ~
and (ii) at |east one manganese source. The apparatus can further contain

an after tredthermbdémens oftheyyseathveAdaowili Bithpbretie tiRDAGIdIBAtheQft t he
present invention, the organosul fur conpound in the 5 |ubricant can be

sel ect edidrh ophsideeation 0B he epstFicatibn) Fighfes sl hratficea 1Rl iBfdnfisn disslbdd bR If at s
and vegetable oils, sulfurized unsaturated esters and am des, ashless and

metal  copidénded that B bRicHRAN MRS SuresBERBhdidi EA kBhAdhang), §8th sl lsidez €d

. hi ndered phenol s, sulfurized al kyl phenols, neutral netal-containin

sul foﬁatﬁd@ﬁﬁ%ﬂﬁehﬁm@ﬁ%&%ﬁﬁ&kﬁ@&@ thé RIHo Y dgmsul fonate detergents,
neutral metal-containing phenate det'ergents, "and overbased netal - contai ni ng
phenate detergents, 10 or conbinations and m xtures thereof. According to
anot her enbodi nent, the organophosphorus conpound in the lubricant can be
sel ected fromthe group consisting of primary, secondary and aryl neutral
and overbased zinc dial kyldithi ophosphates (ZDDP's), trial kyl- and
triaryl phosphites, m xed al kyl/aryl phosphites, alkyl and aryl
phosphor ot hi ol t hi onates, and al kyl and aryl phosphor ot hi onates, and

conmbi nations 15 or m xtures thereof It has been observed that a
significant reduction in the amunt of phosphorus detected on

13



'a device such as a catal yst can be achi eved when manganese from net hyl
‘cycl opent adi enyl nmanganese tricarbonyl is in the exhaust streamfroma
conmbustion system Specifically, reductions i-n the anmount of such

cont am nants above 20% by wei ght, and nore preferably 20 reductions in an
anount £ % (i)oo by wei ght detected on the after treatnent device
w il be resent invention. This produces a dramatic and

hi ghly siraple,benefif .int i mproyed durability of such after
t r eat ment de\af%) 818151105 ?Or 9‘%‘\“@%&3& %‘i“é"?g’g‘é Bﬁﬁéﬂ%tﬁ‘@sﬁﬁ”@@%témﬂam?‘??ﬁ@d Fomthener
illustrate aspects of th resent jnvention 12 but do not limt the present
i nvent i FIOURY “"&#(P&P?Pg‘ﬂ&ﬁﬁﬁ‘d?ﬁ B‘F‘ﬂ“é@ﬂ“@%ﬁ’qfdﬁh apphaugy streaspBip@nt t o
those skjlled in the art fromconsideration of the specification, Figures
and pr adbs eambystionef 3 hxdecprbopacgpusdiel du e corabustion system lubrigateddiyedubridant ¢ he
specificatjon and Figures be considered as exenplary only, with a true

“scope Faidpethed ¢omprismeithesienivent i on bei ng i ndicated by the foll ow ng
clainms. 13 WHAT IS CLAIMED IS 1. A nmethod for reducing the del eterious
effect of at (Measlubspatingdhr eombvatinn systb orithdhs hubrivanhcompyising roginsamsainng of
phosphorus, |ead, sulfur and compounds thereof in an exhaust streamfrom
t he contietbiagapibsf lubrpptingviasdsitharsleouinof aredunt of enean mivwsddditives yarhyrining (i)
| ubricated by a lubricant, said nethod conprising the steps: (a)
| ubr i catat tegstidne organbutfir amwysd, emanlehdt ohherghadphosphotus canpoungj stdhoth, Bid or
amount of a base oil of lubricating viscosity and a m nor anmount of one or
nmor e addii) ahlesst orenparnganasg sdurde;
(b)  combusting in the combustion system the hydrocarbonaceous fuel to produce
combustion products comprising at least one material selected from the group consisting of
sulfur, lead, phosphorus, and compounds thereof;
(c) 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



at | east. one organosul fur conpound, or at |east one organophosphorus
conpound, or both, and (ii) at |east one manganese source; (b) conbusting
in the conbustion systemthe hydrocarbonaceous fuel to produce conbustion
products conprising at |east one material selected fromthe group
consisting of sul fur, |ead, ghqsphorus, and conpounds thereof; (c)
contacti‘hg t Haemeatpsrad slaimil wherpia the suifon; lea cdhdsphohe.ant cpmpoundmthersofiipounds
thereof in the conbustion products, whereby the manganese interacts with

t he sul fie comleustion piedugiheriginate o tedmpriiantds  thereof . 2. The net hod of
claim1l1, wherein the sulfur, |ead, phosphorus, and conpounds thereof in the
conbustion products originate fromthe fuel. 3. The nmethod of claiml1,
wherein the sul fur, |ead, phosphorus, and conpounds thereof in the

conbust i®n prikductisdafichimaf whdreianheaixhausssatainris éssentisliyrbressf phosphbrus lagd f uel .
14 4. The nmethod of claim1l, wherein the sulfur, |ead, phosphorus, and

. conpoundsnipoendsdlicresf. 't he 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
claim1l1, wherein the conbustion system further conprises an after treatnent

system 6. TiThe wRkHMAGS Qfairk I dvRerbin W\ REBLRichR§stéth fifithet ER}¥ENUn S¥stem i s

sel ected fromthe group
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, diesel

fuel burners, diesel fuel engines, automotive diesel engines, gasoline fuel burners, gasoline fuel
eng:mes, 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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consisting of a catalyzed diesel particulate filter and a continuously
regenerating technology diesel particulate filter. 8. The nethod of claim
1, wherein the conbustion systemis selected fromthe group consisting of
any diesel-electric hybrid vehicle, gasoline-electric hybrid vehicle, a
two-stroke engine, any and all burners or conbustion units, stationary

bur ner s, 9.was tFheinkthotisfalairh 9, whéréis @he hylibhrbBukcos Fuel i sebred fufl th&RBLH S
aut onotive di esel engines, gasoline fuel burners, gasoline fuel ~engines,

power pl eudbisheErdadsel fhel, FibdieRN $icdlidselldREGIdRL, @Bﬁwﬁéai@géﬂgét fﬁ(ﬁ,”zﬁ bisOn
devi ces, machi nes, engines, turbine engines, jet enginés, boilers,

i NCi ner agthdrs ke¥EROToa! JuvBr ﬁﬁiﬁ,%ﬁﬁctiﬁu%,r@scﬂwﬁ%f)scg ?Xﬁ% it Id gﬁﬂuﬂaﬂﬁ 6%{ ¢

stationary burners, and deviceS that can conbus can

conbust egheB dBNEHIFERK &%ﬂ%@lﬁ&f_éﬁl)f éh%lneer}:é b@fueigh‘:ﬁﬁ gﬁbépglgi Srah Blef %lrlllg \An%ﬁtragg n

t he hydrocarbonaceous fuel 1s selfected fromt roup consi sti ese
- fuel, bigdigs adi 2 ' et i iesel et f.uel,

al cohol sé,hg’ Igt e?’s@%g’r%g%hgﬁﬁg\}/[v%giu;{vg Ei&)n g%épéég’ Itsefloﬁ?lﬁfgﬁalagaﬁolljﬁel?ss‘ymgh

Fi scher - L OB : . S f.uel erived from coal
geneticé%%%ﬂgﬁg?&%§?%%M%$g?%gﬁ%sg%%ﬁggg%gﬁgﬁﬁdg%ﬁfég SoﬁﬁgP@?égﬁ?ﬁW%tura
gas, pr , ade tor, and aviatio oli nes, .reforpul ated
gasol i ne% gﬁ’i gcafe&ﬁ%’gﬁ{nla#r%ﬁb%%fjwy 5 @0?@1&%?‘ ’f?@“eg"g'iBL?Iﬁg iy TR ge
and fuel -sol ubl e oxygenat ed bl endi agents, gasoline, bunker fuel, coal
(dgst ?fxg;ﬁ?ﬁ?ﬁ?d%ﬁ%ﬁgé%PPFEV%g??@$§m?%§FP g Qéﬁ?dﬁgmﬁﬁghﬁﬁi¥¥ﬁ caude oi
extracts, .hazar.dou es ard. trimm ngs and waste, wood chips and saw
dust, &§Ff fieel o %%gg?“e‘%ﬁa_g%@ffé?‘f% Vet Wasts; pad migwres betpahired sEwsiens.and
m xt ures_t her.eof, d enul sjons, suspensions, and dispersions thereof in
wat er, al'CRSAIPRS: ARG IReFGns dherqat &y wateyyplgehol, and other carrier fluids.

10. . An apparatus for performing the method of claim 1, said apparatus comprising
(a) - acombustion chamber adapted to combust a hydrocarbonaceous fuel;
(b)  ameans to introduce the hydrocarbonaceous fuel into the combustion chamber;
(c) a means to convey combustion product from the combustion dhamber; 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 (if) at least one manganese source.

1. The apparatus of claim 10, further comprising an after treatment system.
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:10. An apparatus for performng the method of claim 1, said apparatus
conprising (a) - a conmbustion chanber adapted to conbust a
~hydrocarbonaceous fuel; (b) a means to introduce the hydrocarbonaceous fuel
into the conbustion chanber; (c) a neans to convey conbustion product from
t he conb;gtiqmg?&%'f 1 uhr i onprisin Lor anmount of a
base oil of l'ubricat ng c\ga{ﬂgégg\}r]fle?a%#% %%P%aﬁg?n%%%{&%é“gﬁ s 151 U
addi ti veg SRS 1) 1 0 aorganosul fur conmpound, or .at | east
one or ganopﬂg%poﬁ%rc gtgly%%&rr%%tﬁl ) orat%i(%'?%,an AGOYRPusky regelistafing fechnolagya ne s e
sour ce. T atus of claim 10, further conprising an after

treat nen‘%ésseg/%a?tgcnu?‘%i@efz The apparatus of claim1l, wherein the after
treatment systemis selected fromthe group .consisting of a catal yzed

di esel particulate filter and a continuously regenerating technol ogy

di esel parti qub ardthd dfelaim 18; wilin ARRAPALHS: | oL Gkt

. apparatus is selaisé%ed frgniﬁnt h’ewgroup ngs%ttg%s%leg %ﬁeﬁé\@e‘{oﬁ‘éﬂéﬁoﬁ C
hybri d v@biaeka.c1@asalybhe valias dat dinb YRE: nYEh Qs S8 9ke engine, any
and all gur ners or ggn%ﬁstlao’ unllnt)sé%%isrqg\é%g%h%ﬂ%gr&ﬁ%?tsr(,ﬁ(ev%?tn% any and

engi nes. oumer{ REST b EueRl B fary BLERE, von i oc Soint ] Bfpirin it °°¢

engi nes, urners, én
gener at , L1 nal and,external conmbusti.on devi ces, nachi nes,
engi nes %??SP | nségﬂglﬁgél‘%eds@gljegenlgﬁlgsﬁglasnoélg? %15{)1?‘1“%?% ,gaqult'}?, ﬁ@P SHEGIeS, POBFEPBRG i ve
bur ners, r .systens, plasma re, . stationary burners,  and
devi ces g(eﬂ%?t%{c}g%&tgg ﬁ%& & X%'?I ailqﬁ ewgfngﬁcogg’ﬁs P2 degisesy, %&H“% engings-JBRMSonaceous
fuel. 1?&1 A etthod fo%“lienpr ovi ng the dur.ab f an after treatnent

or a’co i

jlit
devi ce caeines Is, Incinerators, evaporative {)umer , plasma burner systems, 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 fr;)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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system *said nmethod conprising contacting the products of the conbustion of
a - hydrocarbonaceous fuel froma conbustion systemwth a [ubricant
cont ai ni ng manganese in an anount sufficient for the nmanganese to interact
with one or nore contam nants selected fromthe group consisting of

phosphorys, %E%hodlo?@fguﬂhqmy@gtiwéﬂrﬁ &lﬁﬁﬂetgﬁgg%rg %i#%t &?eﬁl her eby

reduce the anpunt of one or nbre o con am nan after
t t oGl t
bhoaphorceeE s Eftuced By al RGHELFAAN Ao B0 o5 YpithotBlie b e ARHEGE Sfom mount
of from A%Pe{{?eh?f'g%a%e%ﬁ&g{e%ﬁe'@ﬁl%Pwn?ht he amount of phosphorus

detecte mangarrese s n e lubricant. 17 16. The net hod of
claim 14, wherein the anount of sulfur detected on the after treatnent
-device is reduced by an amount of from20%to 80% by weight, relative to

t he anmount sul f.ur ed i f panganes not present in the
-l ubri caul[r} I'Irh ﬂf?&ﬂ% ﬁé‘ﬁ' F‘i’ﬁt_{'ﬁa‘%ﬂ]‘@ gieﬁgflﬁ%“ ¢ afi¢r Geatmentiet ect ed
on the t.er tr device_ is _red an anount of from 20%to 80%
by wei gtV l:?lf ?t’an?IH%unéﬁ%ﬁ?ﬁl 28 tP é% bydéﬁléﬁifé’étl?@f tortegragagvatef lead not
pr esent e.lubricant. 18. The nethod of claim11, wherein the
organosﬁimf"a FBQ&%H?REHWGFWOFH@W“&BHP%HHW% selected fromthe group
consisting of sulfurized olefins, sulfurized fats and vegetabl e oils,

sul furized unsaturated esters and am des, ashless and netal containing
di t hi ocar bamat es, substituted thladlazoles sul furized hindered phenol s,
sul furi 28d ailks Ff?ﬁ@ﬁ@[fglalfmwh@ﬁm theoeganesuHunéauimognd i thé bibeitant datlectgént s,
over based netal -containing sul fonate detergents, neutral netal-containing
phenat e fipem e geavpsonsisithg of ewlhaizediolpfistsasul bomtdfbtiand vedemb et céls chetferigdnt s,  or
conmbi nati ons and

unsaturated esters and amides, ashless and metal containing dithiocarbamates, substituted

thiadiazoles, sulfurized hindered phenols, sulfirized 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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m xtures thereof. _ 19. The nethod of claim1l, wherein the or ganophosphor us
compound in the lubricant is selected fromthe group consisting of
prifmary, secondary and aryl neutral and overbased zinc :

di al kyl'di t hi ophosphates (ZDDP' s), trial kyl- and triaryl phosphites, m xed

al kyl /arﬁ/l phosphites, alkyl and aryl, phosphorothiolthionates, and al kyl
and ar yl 2hhosHiesneshod ofielaimd, whergindkavbingandse suircedn theilnbricentss séleteidfom 18 20.
The nethod of claim1, wherein the manganese source in the lubricant is

sel ect edthe gamp corsistige ofipetwhesiclopemiagliafyl metganése tyeattopgin sl @nipbemmtigghese
tricarbonyl, alkyl cyclopentadi enyl manganese tricarbonyl, organic
mangane seanganese tivcalydnyl ergavistnanganeseatkikarboryy dérivativids palicyd myélopmmﬂe se
derivatives, neutral and overbased manganese salicylates, neutral and

over bas enlangmaerg aledeivpd) enwtab snd cvettased mapshesyalibAsed nempYanb&ertasdd onat es,
manganese car boxyl ates, and conbinations and m xtures thereof 21. The

- et hod Oﬁlamgaﬂewlphenam;ﬁli@tml dnll @ virbssed Blahganse S AlfQeted Undnp@iBst BALEHYRME, and
consisting of paraffinic, naphthenic, aromatic, poly-al pha-olefins,

synt het | @negiRibss alﬂndlxn@ésmﬁéreﬁsters and m xtures thereof. 22. The met hod
of claim1, wherein the base oil contains |less than or equal to 0.03 wt. %
sul fur, and greater than or equal to 90 wt. % saturates, and has a
viscosity index greater than or equal to 80 and | ess than or equal to 120.

iscosity in . & or equal
Othe GhetkddBdralm 1VRRLEIhd 1ASe &Pﬁ%elgétéd ﬁ@fﬂtd‘?é §vtuﬂ &g}(%ﬂlattg IHrI a d

to 0.03 wt. % sulfur, and greater than or equal tes, and
has a vi ﬁa‘fﬁ‘ﬁhﬂc}fna{pﬁﬁl@ﬁm%&ﬂ&tﬁﬁ p&l?%ibhg- lefins, synthetic esters, and polyol esters, and

mixtures thereof.

22.  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 wi. % 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.
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 sulfur.
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.equal to 120. 24. The nethod of claim 1, wherein the base oil is
substantially sulfur-free. 25. The nethod of claim1, wherein the

hydr ocar bonaceous fuel contains |low |levels of sulfur. t9 26. The method of
claim 1, wherein the hydrocarbonaceous fuel is substantially free of

sul fur. 27. The nmethod of claim1l, wherein the h ocar bonaceous fuel

cont ai n26. owThewetimdof clsim i,whemimﬂE§YdM¢ﬁmcqqﬂééWbﬁsﬂbWﬂ ey Geatdt es. 28.
The nethod of claim 1, wherein the hydrocarbonaceous fuel is substantially
free of slflif ur and is further treated with oxygenates. 29. The net hod of
claim11, wherein the hydrocarbonaceous fuel contains |ow |evels of sulfur
and is further treated with |ow | evel s of manganese. 30. The net hod of
claim 1, wherein the hydrocarbonaceous fuel is substantially free of sulfur
and is fuf t hahe ife@RidoE cink I, Wiksteih eedlydroodrbomierms éisd corins low levels of sulfur

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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