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PONERED ENG NE AND METHOD OF OPERATING A DI ESEL 10 POWNERED EN{INEL Tiggs
invention relates to the reduction of NO enmi ssions froma diesel powered
engi ne and¥PuBP¥®ating oi |l conpositions useful for such BECEYEI0HHNRHed

engi ne. 15 Diesel engine manufacturerslare continuously challenged to neet
| ower em ssion standards set forth by the U.S. Environnental Protection
"Agency (EPA), as well as other such agencies worldw de. These standards for
both di esel and gasoline engines mandate limts for unburned hydrocarbons,
20 carbon nonoxi de and nitrogen oxides (NO, ). Current U S. regulations for
di esel engi ne em ssions all ow NOXLEBRISABAYNGODILOFICR 4. 0 g/ bhp-hr. This w ||
be reduced for &t baEZN/4 BOHED YRESIND ZNTs iNETHOD ofFf QPBRyTIORE- Arpresbi.ned
NO, andignon- net hane hydrocar bons erpea&ErEs. <NSTNHe undesirability of NO
conpounds and their ability to further react to produce additional

undesirabl e mat erials n[(ﬁ@ tdiem an, undes), rﬁg& e DY PE OGHCL £f ﬁ@mérﬁfs?i’éﬁ‘é ng

of hydrocarbons. These conpounds and t derivative .réaction
products conpranse whatseals momord yengins rad t bulasic30ihignogl” chapysietbads

have been used or. s ested to reduce or _elimnate NO . A nunber of these
rely upon réﬁﬁq9%1é#¥] c rﬁl?§ﬁ§e£?W?ﬁﬁﬁ EXPalst gas in a system

contai njsng a redqgﬁﬁﬂﬂ_%Qﬁﬁjma@%%ﬁ&éﬁk&%&%@5a§@¢@oﬁ§1ﬁﬁ€99& ,cHéﬁﬁenQBQ
cyanuric 35 acid have been used to selectively reduce t he

exhaust gas tst meats. lofer NO s ieguct i ondast@épssen éoethlhenthexﬁaﬁst gas

system can ke LRSS EL O dEmel S OVELLR cokal vty LTSLhEH Jigyes
agencies worldwide. These standards for both diesel and
gasoline engines mandate limits for unburned hydrocarbons,

20 carbon monoxide and nitrogen oxides (NOy). Current U.S.
regulations for diesel engine emissions allow NGy emissions of
only 4.0 g/bhp-hr. This will be reduced for the 2004 Model
Year to a standard of 2.5 g/bhp~hr combined NOyx and non-
methane hydrocarbons emissions.

25 The undesirability of NO, compounds and their ability to
further react to produce additional undesirable materials
make them an undesirable by-product from the burning of
hydrocarbons. These NOx compounds and their derivative
reaction products comprise what is commonly referred tc as

30 “smog.”

Many methods have been used or suggested to reduce or
eliminate NO,. A number of these rely upon reaction of NO, in
the effluent exhaust gas in a system containing a reducing
agent. Reducing agents such as ammonia, urea, and cyanuric

35 acid have been used to selectively reduce NO, (NO + NO;) in
the exhaust gas streams.

The NOx reduction steps in a effluent exhaust gas system
can take place at low temperature over a catalyst, referred

to as selective catalytic reduction (SCR), or at high
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aid of a catalyst (selective non- catalytic reduction, or SNCR% ? W@@ent
exanple of SCR can be found in U S. 6,203,770 BlI. This patent 3@ Er es the
pyrol ysi s wh msea3{1€ONH2) 2) in a chanber generating ampaorasiousidlezand

i socyanic acid (HNCO) _ 10 These conponents are then m xed wi th NOx
cont ai ni ng exhaust gases froma diesel engine and contacted with an SCR

cat al yst5 resaigemgcure tyiethh@ducthonanfi dNO, acoapelnds. (Sededtivey nioader

t echnol ogi es for. reducin . _have a been devel oped, such as exhaust gas
recircul ati §if¢ é:%bfféhggio?hp?ﬁnéﬁg$hg this method invol ves

recirculating a portdamiofetdig, exhapsgcgases backothnoyahut ke engione ug ng:
pressure pulses created by the exhaust valves. The exhaust gases go
t hrough a cddl er Befdbrreatpgithgle ey vdeeetihbapkrpaveishe fengione (COHNGuYh) t he

inlet. These qg§g§%dilute t e.air/fuel.ch?gﬁg)zo her eb Iomering ?ﬁﬁh
conbusti on f%npé} Ur e HHS %ﬂ%r?%%oka ssTonsT P AFY 0 Ct REd ) -
t echnol myi esTHAMI d@nddreerdasi e amtlen | Apkeaent ahi an, ofonddihiogabxEy§E5ENs

for the exhaust gas, which increases costs and conplexity, while often
reduci ng 2%aSRf e @ fa diars! apotherandnreatrehedt Wathi #pol¢8s caffa 19NER

nmet hod, is 4 qggﬁgﬁi:fﬁgﬂg%cgeghg {gnhggrybgg%%@&%gﬁgs much hi gher than

typi cal diese enper at ur es. € very advant ageous to
find a method of g eiduad g debl esehhcl ) eentssi oadutiam A0di kset ehgbne
that would not require expensive nodifications to the exhaust system of

di esel engi MEET AFYTRER i POt | 28 oPPORREF B2 HsEPGRIFYL 24288l ERG WY i s

provi degy comgyr i §iNGkndhPARE Glls AMhod involves recirculating a portion
of the exhaust gases back through the engine using pressure
pulses created by the exhaust valves. The exhaust gases go
through a cooler before being introduced back into the engine
through the inlet. These gases dilute the air/fuel charge
20 thereby lowering peak combustion temperatures and lowering NO
emissions.

211 of these technologies require the design and
implementation of additional systems for the exhaust gas,
which increases costs and complexity, while often reducing

25 engine efficiency.

Another limitation, that involves the SNCR method, is
the requirement of a very high temperature, much higher‘than
typical diesel exhaust gas temperatures.

It would be very advantageous to find a method of

30 reducing problematic NO, emissions from a diesel engine that
would not require expensive modifications to the exhaust
system of diesel engines.

A lubricating oil composition useful for diesel engine
is provided comprising: a base o0il; and

35 at least one oil-dispersible source of HNCO in an amount
effective to reduce NOx emission from a diesel engine
compared tc a lubricating oil composition without the source

of HNCO.
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useful for diesel engine conprising: & base oil; and at |east one

i socyanate having sufficient volatility to degas fromthe |ubricating oi
‘conposi ti on undeRlser welovertfichel s opekdtls hepicomdi i bnsoinpoahtanpunseéhifiect i ve
to reduce N@%Il i%%% aéﬁ1fron1a di.esel engine conggged .o a lubricating oi

conposition wthout the |365§§ﬁﬁﬁfl?ﬂRQher %ﬁ%%i i%ng met hod of

operating aadi @selst omg Nes OIS Ngvind rogdeei Bgehdt 9ol heidiegetoengyhe a
| ubricating oil 15 conposition; and operating the engine, wherein the

| ubri cati ng t&ioR E&fpdsGisinteigitpriisleCa st HP1, UNGAY APTREAsEnghBe

oi | -di spersi.h| r fqz | n e ' to_r
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Wi t houtl{t he esdusden dirdiNGO.di¥ede f wiridiate ptovpaleddi soaanethedcat ingesali ng a
di esel engi ne conpr.i sing: .an engi ne. body; a conbustion chanber fornmed in
the engi ne GEAYOPIH1OOMMH TR d41f xtiR&F2¥%el 25 and air; a plurality of

cylinders fornedgithe eNHUNKLPDS o Q‘H&@ocﬁeéﬁe%%}_‘gti’ﬁétQndEQHQied in
each of said plurality o cylinders for reciprocal novenent through
successi ve exidust coapdlisitrace strokes, each respective piston defining a
combust i on GhaTher, ol SR s 1K U, B T4e] LBDICaLS g 30t e et hod
15 composition; and
operating the engine,
wherein the lubricating oil composition comprises a base oil,
and at least one oil-dispersible source of HNCO in an amount
effective to reduce NOx emission from a diesel engine
20 compared to a lubricating oil composition without the source
of HNCO.

Yet further provided is a method of operating a diesel
engine comprising: an engine body; a combustion chamber
formed in the engine body for containing a mixture of fuel

25 and air; a plurality of cylinders formed in the engine body}
and a respective piéton mounted in each of said plurality of
.¢cylinders for reciprocal movement through successive exhaust
and intake strokes, each respective piston defining a
combustion chamber for containing a mixture of fuel and air

30 the method comprising:
introducing, into the combustion chamber, diesel fuel and
air;
delivering a lubricating o0il composition to the cylinders;
compressing the diesel fuel in the combustion chamber to

35 ignition with the piston thereby generating an exhaust gas

containing NOx;

wherein the lubricating c¢il composition comprises a base oil

and at least one cil-dispersible source of HNCO.
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in the conbustion chanber to 35 ignition with the piston therétﬁyﬂfd‘ew ating

an exhaust wgpsio4/6@Meai Ni Ng NOX; wherein the lubricating othﬁggmgﬁb&b@n
conprises a base oil and at Ieast one @il -dispersible source of HNCO
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eni ssi ogs ver sus glilgre1f ais acqmw Y W,Olelniand e wANiN thee seope of this
invention. Fig. 2is a graph of NO en ssi ons aver aged over several

experlnentapomwﬁgaﬁéﬁec@ﬁﬁaﬁaﬂiw@amwlthkheﬁﬁ© $©@p®n05|th1&n@hVﬁnthenscope

of the invention_at t |fferent 10 Iev is a Iot of
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of NOx em ssions for engine tests at 15 various speeds for reference oi

and oi | witHihhiRe tigogeopre athdhavigrterdnt omhat | venti bheFentickseeknanst
NG, , eqb55| Q%,I% a diesel fuel engine. One aspect of the invention relates

to the reductlon of NO fromthe exhaust of diesel fuel engines via a 20

NO, reduci ng agem‘tlgl nB3r ad;ucaedal\uta dfheidsubmicat iawgs of br dheintetastdi aselBo

fuel engine" or "diesel engine" includes all co ression-i?nltlon engi nes,

for both moBPFe SpuFpbséseadinatadienFRAFI )0 AT Bt F oRaP YL pafPosés (such
as power plarks) @ﬂg (o} AN %?p HM@ﬁﬁg 19KERergycl e, four-stroke per 25 cycle

and rotary types. The ter iesel fuel” nmeans "distillate fuels" including
di esel fuels neefligg BhésA8THMlot of NOx emissions for engine tests at

15 various speeds for reference o0il and oil within the scope of
the invention.

The invention reduces exhaust NO; emissions in a diesel
fuel engine. One aspect of the invention relates to the
reduction of NO, from the exhaust of diesel fuel engines via a

20 NO, reducing agent introduced via the lubiicating oil. The
term “diesel fuel engine” or “diesel engine” includes all
compression-ignition engines, for both mobile purposes
(including marine) and stationary purposes (such as power
plants) and of the two-stroke per cycle, four-stroke per

25 cycle and rotary types. The term “diesel fuel” means
“distillate fuels” including diesel fuels meeting the ASTM
definition for diesel fuels or other fuels even though they
are not wholly comprised of distillates and can comprise
alcohols, ethers, organo-nitro compounds and the like (e.g.,

30 methanol, ethanol, diethyl ether, methyl ether, nitro
methane). The term “distillate fuel” means all of those
products prepared by the distillation of petroleum or
petroleum fractions and residues. The term “petroleum” is
meant in its usual sense to include all of those materials

35 regardless of source normally included within the meaning of
the term, including hydrocarbon materials, regardless of

viscosity, that are reccvered from fossil fuels. The term



definition for diesel fuels or other fuels even though they are not wholly
conprised of distillates and can conprise alcohols, ethers, organo-nitro
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to the inveliti6h, T&IHEREI NRet DS P OBFsEFGTed AMTeH fetfic &P NOC eniB ons
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conposition to t i esel engine, then running t engl ne under

nor mal 10opedaesry eondnti, orsd thdmadeﬁmng(nhmiémgﬂnermm@dncm®nmabf NOQ
reducti on sgeC|es dlrectbg iinto the c éé%ﬂ% woul d al | ow
reaction of OROFEEARIr E80EHidO8Feci & i eQN At SHRFFRFRAELY™ hPEh
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di esel engine is provided containing ase oil; and at |east one source of
HNCO i n an apoldt agéfipectreeettion edud®. N@d emdssiioy fspemiesdilesdlhengi ne

dt | ub t houyt, f HNCO Th f
FNGD | o 20 BFEPEPGbI § TP SpARERGHE Ion I | B LA THE 1 | conposi {1 on.  The

term "dkspersi bl gocaRansgtiRat st hersawwe f JINCQ-eRto e 1 gh Shid DYl eflor
t hroughout the lubricating oil matrix whether it is soluble, colloidal or
suspended. ®hessduregdlpre HRCProvided containing: a base oil; and

at least one source of HNCO in an amount effective to reduce
NOx emission from a diesel enginé compared to a lubricating
0il without the source of HNCO. The source of HNCO is

20 preferably dispersible in the lubricating oil composition.
The term “dispersible” means that the source of HNCO can be
distributed throughout the lubricating o0il matrix whether it
is soluble, colloidal or suspended. The source of ENCO
preferably is an isocyanate having sufficient wvolatility to

25 degas from the lubricating ©il ccmposition under normal
engine operating conditions. The term “sufficient volatility
to degas” can be the isccyanate in its original form or at
least one of its decomposition components. Decompesition
components can be the isocyanate, or the source of HNCO,

30 where at least a portion is cleaved to release the cyanogen
functionality (NC) under normal operating conditions found in
the combustion chamber of the engine. Examples of preferable
isocyanates include compounds represented by the formula:

R—- (N =C=0)4

35 wherein R represents a hydrocarbyl group having 4 to 30

carben atoms, hydrocarbyl group being preferably alkyl, aryl,

or arylalkyl group, and x is an integer of 1 to 4, more



preferably is an isocyanate having sufficient volatility to 25 degas from
the lubricating oil conposition under normal engine operatinpg@endigi ons.
The term"sufficient volatility to degas" can be the isocyanate in its
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where at |east a portion is cleaved to rel ease the cyanogen functionality

(NC) under pocrgl-2BREr 3t bRY xcondifisens Eedndphy chie;cprbustian;ghanber of
t he engi ne. Exanpl es of preferable isocyanates include CTonpounds

r epr esent edmpyhiyhentodmplenyR -di{iNec@mai@ x 35 wherein R represents a
hydr ocar byl greup,having 4 tq arbon_at ons, hydrocarbyl ., group_bein

pref erabl y alkylghgrfpy St %ﬁjﬁgﬁﬁfﬁﬁﬁ%ﬁﬁfa%ﬁ$ﬁxlFspﬁﬁS¥ﬂFe68rngaTm&8t4,
more 1 9 DEG£2@061WEs20041003h1 6, PG LSO 29220 o6 Bepref erahl yyl or 2.
Most preferably the isocyanate is nethylene di phenyl diisocyanate. The
source of HNEDIbL i BeEFaraed 9 aiphesehtledstanl adbupy weight Peastd onidhiey

wei gt opr etecahl Y atyleast 5%y, Wi Al o 1T Soppeler pply at | east 1.0%

by wei ght based on wei g ubricating ol conposition.

Practical | ypribeisaunege athddNGDofe iSOGNI@LIEr MByobeapaesenhy ba pReadBint
where the lubricating oil is effective for its intended purpose as a

| ubri cant tR&t 2aPsAMRUAR AR 16t b ioicavng el ght BhseatoNet Rer its
!ubrlcatlngigkgngggpgyﬂédyg é§5Jifﬂﬁﬁfééa%tﬁﬁhéupé'fﬁt 9afdblinEOBROFL QN
is substantially ree of conpounds reactive wth the or 1socyanates to
a level that bhewsdghde bafsddNCOD drhe sodyainad gsng scavacbapbeitbdon,reduce the

NOx | evel generated_at the _engine. The presence of, HNCO can be detected by
known anal yELEARTABLNOGLS A Hfdi TRF PP <pebtTIRYIPt &t et hodSURABAAT L8 those

skilled in theecabk. compounds reactive with the HNCO or isocyanates to a
level that the source of HNCO or isocyanates is available to
reduce the NOx level generated at the engine. The presence
of HNCO can be detected by known analytical methods including

20 spectroscopic methods known to those skilled in the art.

The base o0il component of this invention may be selected
from any of the synthetic {lubricating) oils or natural oils
or mixtures thereof. Base olils may be classified as Group I,
Group I[I, Group II+, Group III, and Group IV base oils as

25 known to those skilled in the art. In certain instances,
usually depending on the final use of the lubricant
composition according to the present invention, Group I is
preferred, in some instances Group II+ are preferred, and in
other instances, Group II and III are preferred.

30 Typically, group I base oils contain less than 96%
saturates (as determined by ASTM D 2007) and/or greater than
0.03 percent sulfur (as determined by ASTM D 2622, D 4294, D
4927, or D 3120) and have a viscosity index greater than or
egual to 80 and less than 120 (as determined by ASTM D 2270).

35 Typically group II base oils contain greater than or equal to
90% saturates and less than or equal to 0.03% sulfur and have
a viscosity index greater than 80 and less than 120 using the

above noted test methods. Group II+ base o0ils may have a VI



The base oil conponent of this invention may be selected fromany of the
synthetic (lubricating) oils or natural oils or mxtures ther%jﬂﬁ:ﬁﬁge oils
may be classified as Goup I, Goup Il, Goup Il+ G oup IIIJ up IV
base oi |l svas20B/06n0ewn to those skilled in the art. |n cert@/usa0mBaamMOES,
usual | y depending on the final use of tthe |ubricant conposition according
to the present invention, Goup | is preferred, in sone instances Goup |I+
are preferred, thrdhigh erlderofi Msteaantesspaxoupnd le amd, | Aboatelpleferred. 30

Typically, grou base oils tain |l ess than 90% _sat yrat as_det er i ned
by ASTM b 208 CaRdFor G di Ktre D5 BurbeRt” BrFOF (ol 88: BFnFAEA by
ASTM D 2622¢0D94294r cont492tueitdd 320)1 a9 thawe arvegaesi £y pndex greater
than or equal to 80 and | ess than 120 (as determ ned by ASTM D 2270). 35
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and less th or._equal .to.0. 03% sul fur hav, i SCOS] i nde reater
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at the high end of the VI spectrum e.g.,_ about 120. Typical[g, Goup Il
base oils contai AN§r 35Er AHdn BY SRETen iy pedtent afuPaity amd3l8ss

than or equ%nttqs@o%%o (%hﬂzf{gs aﬁdé%\/%e r%%eS%PSJOt Yo d NAaX: &L Erﬁkg“/sqr

equal to 1 using the tests noted above. Typically group ase oli'ls
are pol yal phaollébi negcPAOC.. The base oils may conveniently have a viscosity

of 3.8 Centistokes 2/,s) at 100, degree C to 26 ntistokes (mn 2/s) at
100 degree C. NapéFE&gg:P iﬁuﬂqﬁiPQﬁﬂ Mk | PV gg?ﬁﬁFﬁbi?IQllTS (e.qg.

castor,isl ar qeq'gl.),_ Lhguid patse eumyoil syand pdydspeehi peds spkvent -treated
or acid-treated m neral
hydrorefined, solvent-treated or acid-treated mineral
lubricating ocils of the paraffinic, naphthenic and mixed
paraffinic-naphthenic types. 0Oils of lubricating viscosity
derived from coal or shale are also useful base oils.

20 Alkylene oxide polymers and interpolymers and
derivatives thereof where the terminal hydroxyl groups have
been modified by esterification, etherification, etc.,
constitute another class of known synthetic lubricating oils.
These are exemplified by polyoxyalkylene polymers prepared by

25 polymerization of ethylene oxide or propylene oxide, the
alkyl and aryl ethers of these polyoxyalkylene polymers
(e.g., methyl-poly isopropylene glycol ether having an
average molecular weight of 1000, diphenyl ether of poly-
ethylene glycol having a molecular weight of 500-1000,

30 diethyl ether of polypropylene glycol having a molecular
weight of 1000-1500); and mono- and polycarboxylic esters
thereof, for example, the acetic acid esters, mixed C3-Cg
fatty acid esters and C;; Oxo acid diester of tetraethyiene
glycol.

35 Another suitable class of synthetic lubricating oils
comprises the esters formed by reacting dicarboxylic acids
(e.g., phthalic acid, succinic acid, alkyl succinic acids and

alkenyl succinic acids, maleic acid, azelaic acid, suberic



| ubricating oils of the paraffinic, naphthenic and m xed
paraffinic-naphthenic types. Gls of lubricating viscosity de :Qéﬁg ig%om
coal or shale are al so useful base oils. 20 Al kyl ene oxi de polg d

i nt er pol yr@bggw3}ﬂeri vatives thereof where the term nal pAygip¥hBsPUPS
modifie

have been by esterification, gtherification, etc., ~constitute
anot her class of known synthetic lubricating oils. These are exenplified by

pol yoxyal kykeng, polygeis REeRar ednby-125 aRAldy Meldzatd on-0f, eim&ﬁgfc oxtdg or
propyl ene oxide, the alkyl and aryl ethers of these pol yoxyal kyl ene
polymers (@lmer, methyhipobyidsoplépyhedengloy eollds hexl kavw hgrnahoniwer age

| ecul i ght. of : 1000, _di phenyl et f poly- ethyl | havyi
ol ccul ar WEFEAT! of 800 1B06LC36 APy e or 4o ol JBi By KHE TSl y CRPHTL
having a nohecshal, @eieby10k1260031500)kt haitheiBN0-aBdhd0) Ve Poxyd i c

esters thereof, for exanple, the acetic acid esters, mxed C3-CB fatty
aci d est er sghnge E13drbhrérdedpesred BPNOSTNEE hyl iy 1 ey ol yedb) Anot her

suitab class of.synthetic lubricatin ils .co i ses. .t sters formed by
Foncti1E i BeRO T OEbhEs BY ALY SRS SR g el S
succi ni ¢ aciifds2agehyah&eny) subatake,aeiids - heahai cacithtazelsber@ri d,
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acid, funmarFePacitie, adi pFeogtyd, AEPASILSI c dddis@dediera Zeved ot cdbeFy

al kyl mal oni i al i i ds) w v.ald f 10l s
(e.g., but yﬁghgllq%:g o : ﬁg%{:ﬂgkggh%ﬁéﬁgédgéfwctg%c\gihoﬁﬂ%é’e% ’ylﬁléig./? al cohol ,
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Speci fic exanpl es_of these esters include dibutyl adipate, i (2-ethyl hexyl)
13 5

sebaca dPE e hek§T MUY af 82C41 B8t PP &8 c&tfe,sed?al%’dbcatﬂga‘?etﬁét@fo
di i sodecyl gzelatgsr gbPeh¥thylene glycol and two moles of 2-

ethylhexanoic a;}d.
Esters useful as synthetic cils alsc include those made
from Cs to Cj; monocarboxylic acids and polyols -and polyol
20 ethers such as neopentyl glycol, trimethylolpropane,
pentaerythritol, dipentaerythritol and tripentaerythritol.
Silicon-based oils éuch as, the polyalkyl-, polyaryl-,
polyalkoxy, or polyaryloxysiloxane oils and silicate oils
comprise another useful class of synthetic lubricating oils;
25 they include tetraethyl silicate, tetraisopropyl silicate,
tetra-{2-ethylhexyl) silicate, tetra- (4-methyl-2-ethyl-hexyl)
silicate, tetra-{p-tertbutylphenyl) silicate, hexa-(4-methyl-
2-pentoxy) disiloxane, poly({methyl}siloxanes and
poly(methylphenyl) siloxanes. Other synthetic lubricating
30 0ils include liguid esters of phosphorus-containing acids
(e.g., tricresyl phosphate, trioctyl phosphate, diethyl ester
of decylphosphonic acid) and polymeric tetrahydrofurans.
These lubricating 01l compositions may typically contain
other additives such as oxidation inhibifors (antioxidants),
35 dispersants, and/or detergents. The lubricating oil
compositions may also include other lubricant additives that
perform specific functions not provided by the main

components. These additional additives include, but not



pht hal at e, di decyl phthal ate, dieicosyl sebacate, the 2- ethyl hexyl diester
of linoleic acid dinmer, and the conplex 15 ester fornmed by reagbkg% ﬁwe nol e
of sebacic acid with two noles of tetraethylene glycol and t Ledlbor 2-
et hyl hexamebcoeeiodilcEst ers useful as synthetic oils al so porusshesthese nmade
fromC5 to Cl2 nonocarboxylic acids and pol yols and pol yol 20 ethers such as
neopentyl glycol, trinethylol propane, pentaerythritol, dipentaerythritol
‘and tripentaenytadi tol . coSirbisdamn haseac ididrs suchs@assithel pddyaldgytovers

pol yaryl -, pol yal koxy, or polyaryl oxysi| oxane oils and silicate oils
conpri se ang‘t’ﬁe’i‘wé%ﬁws&l'a?§ & ¥’§;3L|’5‘tthéi[eilib“’:lﬁf‘d"rrift:%(ti%’g}"bi l's; 25 they

i ncl ude tetﬁﬁ@iﬁ%id§£h5%?h%sp%%ttre%i,s%Q{i%o-)(-}ea%} ld &, tolf A= £ dat fydihexyl )
silicate, tetra-{4-nmethyl-2-ethyl-hexyl) silicate,
tetra- (p-tezrndloyl phéayipnsioidddtier shex &y id-atetchyddd ik igems oxyd @k sit Oxade,

| t hyl ) si | | 1) si . Qh t heti
Plbt | cat i gt 3000F T s e heP BRI era 2t s B dhoVivarie: coMaiH act ds
(e.g., 10ri coesdht PPASPAAL B4 tbiis0G ] RROS phat & xhietdy|caster  of

decyl phosphoni ¢ aci d) and gol ynmeric tetrahydrofurans. These lubricating oil
conposi ti ondNkagxigpnEal | phepmtdion cosrvamdsadiand/as A e exmplidn.

I nhi bi tors éf}fféB?ﬁé Sggﬁ%gﬁ,mﬁs gRILRA Sf'odxg%g{ag{éarl et el e 1%%%%.' ves that

| ubri cating oI [ CONpPOSI S ‘may “al'so 1 rclu ‘ubrican

perform spegshitepianaktengentl phevuded BHoit kedmile, ci®anenicre These
addi tional additives include, but not 1 9 DEC 2006 WD 2004/ 003116
PCT/ US2003/ 92829p1abe, sPppRated ©&d/edr rosifomatthiditardentd scosity i ndex

ol opnochh ALEbe Lo B8 RS N S o cnoing oy <
friction nodohbessiofuchabberaddirtievied rarthedesorifedody for containing a
) mixture of fuel and airf an intake air system for delivering
intake air, including at least one of air and a mixture of
air and fuel, to said combustion chamber; an exhaust gas
20 system for directing exhaust gas that may contain air and the
combustion products of fuel from said combustion chamber; a
fuel supply system connected to the engine for directing fuel
into at least cne of said intake air system and said
combustion chamber; a plurality of cylinders formed in the
25 engine body, said cylinders comprising an inner edge; a
respective piston mounted in each of said plurality of
cylinders for reciprocal movement through successive exhaust
i and intake strokes, each respective piston defining a
| combustion chamber for containing a mixture of fuel and air,
30 said piston having piston rings that provide sliding seal
between the outer edge of the piston and the inner edge of
the cylinder; a respective rotatable crankshaft operatively
connected to said respective pisteon for reciprocal movement
through a top dead center position as such delivers power to
35 the drive train; and a sump (crankcase) formed in the engine
body for containing a lubricating oil and surrounding the
crankshatt. The cylinders contain an inner wall (or inner

edge) and an outer wall where the Inner circumferential wall



in US Patent Nos. 5,320,765 and 6,528, 461. Suitable 10 oxidation
inhibitors include, for exanple, copper antioxidants, phenolic conmpounds,
and/ or anini ¢ conpounds. Suitable dispersants include, for exh¥pEe 006

succi ni m deg 2008misufPl e detergents include, for exanple, @R Rhod¥R:E220
salicylate, phenate, and/or sulfonate dgtergents. 15 The diesel engine
typically conprise: an engi ne body; a conbustion chanber fornmed in the

engi ne Body shief-oaankaithicNgidt JoH XtitHe ﬁsﬁd&?'rﬁﬁ'@sat¥pi@ﬂll9t ake pkessygtem
for delivering intake air, including at |east one of air and a m xture of
air and fuel® Pse¥ard dowbdsrldichanpererameEkhestughsinotBgscembhsition

directing e g hat | ir ﬂﬁg . €O LQn: RLO ts of
fuel fron1sgﬁgﬁ%%ﬁbggf%b%j%ﬂgﬁgiﬁgﬁglq?%%lss pp$€§§§§t§§¥§%%%§%§édgﬁ§ t he
engi ne for domeakingnf @eld tHonteegt liudasicaomen@fosai dninhakeuapr £feymt em and

said conbustion chanber; a plurality of cylinders forned in the 25 engine
body, said ¢§PKABEr $NEOMbISsIGRFRAT iiter2 Eye; B1er 6QPREEF VR prREBRERD AL ed

in eachoof gabdepkyealdotb i oty e snd U< 41651 PEQERL BPYEEENt oL hEgugh

4
successi ve exhalst —and Intake stro es, each respective piston ﬁefinlng a
conbusti on phamber mberescopt @ined mipwr Mibe urel iofdéuel thadvalupe30fsahd pi ston

havi ng piston rings that provide sliding seal between the outer edge of the
piston and CRECHANGPIOGHETSRT (RERAAT Ml n PG eOpechTvETBL ApLBRE dnd

crankshaft ERERALIYeLY uneoFeRd dpunaid JresReshbye PishoRsi6h Lgalprocal
novenent through a top dead center position as such delivers power to 35

the drive trapreaadoa stmexes)ankse)cdmruyaidiom ehenengtaerspddyingr the

contaiggng a Iub%icatkn% %blra%% %yrnggpq;qgﬂ&gg crankshaft. The cylinders
contai ri”an AREF “R&rH° ( F9 fier Eédﬁg) an&zan outer wall where the inner
circunferential wal khk HhePHC2QR6 tWR 2004003 1iliby BT 4i52003082082800£10

operating a diesel engine such as described above comprising
an engine body; a combustion chamber formed in the engine
body for containing a mixture of fuel and air; a plurality of

20 cylinders formed in the engine body, said cylinders
comprising an inner edge; a respective piston mounted in each
of said plurality of cylinders for reciprocal movement
through successive exhaust and intake strokes, each
respective piston defining a combustion chamber for

25 containing a mixture of fuel and air is provided that reduce
NOx emission levels from the diesel engine the method
comprising:
introducing, into the combustion chamber, diesel fuel and
air; |

30 delivering a lubricating o0il composition to the cylinders;
compressing the diesel fuel in the combustion chamber to
ignition with the piston thereby producing (generating) an
exhaust gas containing NOx;
wherein the lubricating oil compesition comprises a base oil

35 and at least one oil-dispersible source of HNCO. The source
of HNCO is preferably an isocyanate having sufficient
volatility to degas from the lubricating oil compositicn

under normal engine operating conditions. In general,



5 surrounds the piston. The piston rings typically are present to prevent
the fuel/air m xture and exhaust in the conbustion chanber frqmiraling
into the sunp during conpression and conbustion and to keep lubricating oi
in the sunwdnomosimsaki ng i nto the conbustion area. The ceuabusbin@banber
is 10 where the conbustion and conpressiton takes place. As the piston noves
up and down the cylinder, the volune of the conbustion chanber changes
defini ng th@n@mdwnﬁn\umlnnﬁzmnhg&ﬁfﬁmmuﬁ®©lpar ob fhél0cpstiustinobechanber
(expansi on and/ npreSS|o ﬁ%% kes The conbustion event occurs during
the 15 compréss T PR oSt TSRS AOR hatREtRod 16FOPRB RSt ant

i nvention, n e n SGHKiLbe,

conpri sing %éﬁﬁgﬁgghg) 5%9%&%&%0%g%%3%§§ éﬁgggérﬁ?%?%édgﬁnggh§33n ?ngPngdy
for contai niepg arrrhﬁgﬁé@ otmflléﬁl 1@NGh i 1erﬁ)LR_:}kW1?c!'§ﬁ/or9{aI?Qoﬁé’iﬂzn scforned
in the engine body, Said cylinders conpr|5|ng an inner edge; a respective
pi ston nounttée ifmedacts idf rﬁnxhxﬂanedliwt@fthglcpﬂendetsr Tesppratalkres

novenent, through suc e i.ve exhaust d i ntake strokes, .each _respective
pistonn]é}'efll‘?'f 3%5 & S defrerte O%%“%oﬁ?%?%?ﬂ@ gt %ﬁﬁuﬁBe f 3f&el and
air is proviy at | gvel s, f4 amyt he t he
nmet hod corrp(rirgglle% , |lns'f’{(riil ﬁdcsi %fn@t% c?/nb{Jstl on hrz‘a]ﬂnt)fi@agr‘"’3 |aé§(2%q%eﬁ
and air; 3Qedeldesersga gt ot i g mhé t@@DOS|ThencymlhherCyblnders

conpressing the diesel fuel in the comhustion chanber to gnition with the
pi ston t her ddPisEdducingg {egk B Pati hgiuEh e%&h%%s?Pﬁ’éétéBﬁt SPﬁfihﬁlF{I@E to a

Moast one o Erest e Y P EeRe IR OARY RSP oo Es @PHhEl oty
an isocyanat e havjing s f1iiGhetny ol |irﬁx}é’nﬁ901@@9?55155/06135:931hU|th@%§ﬂ ngtoi |
ConpOSItlonls theorized that a NO, reducing component degasses from the
oil.proximate and/cr on the inner edge of the cylinders while
the engine is opeiating (at the temperature of the
cylinders) and reacts with the combustion gas. It has been
20 found that when the source of HCNO is added to the
lubricating oil, the concentration of NOx emissions in the
exhaust gases of a diesel engine is reduced compared to
emissions from the same diesel engine operated with a
reference 0il without the source of HCNO. The lubricating
25 0il is introduced into the sump or crankcase. The
lubricating oil contained in the bottom of the sump is
generally delivered to the cylinders that may be deposited
proximately and/or on the inner edge of the cylinders by
means of the crankshaft and the piston. The present
30 inventicn will be illustrated by the following illustrative
embodiment, which is provided for illustration only and is

not to be construed as limiting the claimed invention in any

way.

35 EXAMPLES
Test runs to evaluate lubricating engine oil
compesitions for reducing NOy emissions were performed using

an industry standard diesel powered test engine.



under normal engine operating conditions. In general, 1 9 DEC 2006 WO

2004/ 003116 PCT/ US2003/020220 11 5 pressures in the range from1300E(p#s t o
1000 psi can be reached at the end of the conpression stroke. Through the
conpressi on process, the air can be heated up to 537 C (1000 F) or higher, -
whi ch is high enough to spontaneousl|yzignite the fuel as it is injected
into the cylinders. Tenperatures 10 of the conbustion gases foll ow ng

i gni tson @fstheafibghete ahic@herpiniis W §§n8l§hc$§iﬁﬁgg_ G362%kaF) a few
crank-angle degrees after ignition of the fuel. The cylinder is typically
heat ed duehggnsuc¢hComg) ngacpersad ng corndiddtonsti® diesehpengineecih the
range of 300-OF (149C) to 500 OF (260C) 15 Wthout limting the_invention by
any cert aFimPRBOFYCRFt T8 REGTE, &P Iist HNAOY RiEF g ¥ofipbRéktidegasses

fromthe cOhlePtBXLmBLeARdLA-00 e A6l LdaR.0bnt e cYldl.ndals while | the
engine is operating (at the tenperature of the cylinders) and reacts with

t he conbuskhensgasysktemhassbheenifiGd dqundddratmavheie thezsoupoia OFOHCNO i s

added.to the |lubrjcatin il, e concentration of em ssions_in the
ohanlt Cgae8eopi Ehe b BRadn it i SR e Tob R S Cor BePaRELPr B t he

same di esgbyengiBegopetatedaii) Aetkef epgpas)oil W thout the source of
HCNO. The lubricating 25 oil is introduced into the sunp or crankcase. The

| ubricating oi FTheoavailnedion thetsomam ofontdhectsdmpis sng geher &blyodehgver ed
of the cyFPRASFETB)S RBAnS P ERE (PaMAEhAc i the pi ston. The. present 80
i nvent i onTkkl obe/Fhkust r at edmiy ridie 116} lami gk 14 Usti B Veoreabedégent ,
which is provided for illustration only and is not to be construed as
i mi P ng LRE4E| dineali pReADEo®iiln wasy Uuspey as reference oil. A test
lubricating composition was prepared by combining a
commercially available, fully formulated, 15W40 diesel engine
oil with 0.5 % by weight of an isccyanate, methylene diphenyl
diisocyanate(MDI) (Dow Chemical Company, Midland Michigan},
20 based on the weight of the lubricating composition. Fuel for
the test runs was an ASTM reference diesel fuel.
The evaluation tests were conducted according to the
following procedure.
Test Description: A modified CAT 1P ASTM test method was
25 performed to generate NOxX emissions. Stages 4 and 5 of the
CAT 1P BASTM test method were run for two hours. NO, emissions
were measured during the testing period every 6 minutes. The
NO, emissions data were recorded usind the SCOTE test system
data logger. All test runs were performed in duplicate and
30 the data were averaged. Results from the evaluation testing
are graphically depicted in Figures 1 and 2. Figure 1 is a
graphical representation of NO; emissions versus time for the
reference o0il and the test lubricating ©il composition
containing €¢.5 wt.% of MDI, based on the weight of the
35 lubricating cil composition. The results as shown in Figure
1 demonstrate that the MDI containing lubricating oil
composition significantly reduces NOy emissions generated by a

single cylinder diesel engine. NO; emissions were reduced to



35 EXAMPLES Test runs to evaluate |ubricating engine oil conpositions for
reduci ng NO, em ssions were perfornmed using an industry standa1§DFt9 I
powered test engine. 1 9 DEC 2006 12 5 Test Equi pnent: A Caterpll ar?ﬁ)

singl e cyl wadams/oishict est engine (SCOTE) was used to eval paigisbfigndisse!
engine oil conpositions. The SCOTE engisne did not have any catal ytic
converters or any apparatus to |ower NO em ssions. The exhaust system was
nodi fi ed tolaccopardat @ea ziiNdGA NPm)l0rsensorietde sfgnahsopphhecgsenner
was inputted to a portahle NOx neter (e.g., Horiba NOx neter, Japan). The
eval uati on T8$EEeREFeddnduct ed using the following |ubricating oi

conposi tion and kugkeqles geg@%éréﬁ SHARAG I 4 Y giﬁé@éeth%u!ehfect
formul ated 15 15W0 diesel engine oil was used as reference oil. A test
I'ubri cat i ngotonmpdsetreanr WaS proeparmed-aiy aotnmiig eniconmersiwlinyg aviee | abl e,

fully fornmul ated, 15Wi0 di esel .engi ne. oil ith 0.5 % by, weight o n
ey anat o S B T R L R oo SRR (A et Ehatdar bsihtns
M dl andoM chiigar)k, 120 hagedon thg,Meighin Plothe-dibsscalbng eopPegktion.

Fuel for the test runs was an ASTM reference diese _fpel. The evaluation
tests were evbdequedtatesitdingg weyra refaptddwing priocetuy ecofastcially

Description._A. iLfie T ASTM .t est d s_25. perfornmed generate
NOx enissioﬁgélgggégé %ugﬁg g%ﬁmQ%ﬁ§ei;ﬂ#§ﬁJ@¥ﬁ%f§ES?l%e?%%élﬂ%régFun for
two hours. NOaneElSsi @ith Wer @ easured dud ngsddeahess | ngDperoedievery. €

mnutes. The NOx em ssions data were recorded using the SCOTE test system
dat a | ogger °fARD déscyermis wet®pefasrarb P ldupi¢tabe ahdtie twerdaehinere

g;’er agqq. R%g‘fl' E%E}%%Tt&%%.ev%li%ﬁeonz LAR NG A &, OF2R01 G2 by sfgRhCLEd ! N
gures 1 and 2. gure I's a
for the reference o©il, 1611 ppm NOx, the average of five runs
for the test lubricating oil composition containing 0.5% by
weight MDI, 1486 NO,, and the average of two runs with the
test lubricating oil composition containing 1.0% by weight
20 MDI, 1573 ppm. NOy emission data for the reference oil is
tabulate in Table I. NO, emission data for the test
lubricating oil composition at 0.5% by weight is tabulated in
Table II. NOy, emission data for the test lubricating oil

composition at 1.0% by weight is tabulated in Table III.
25
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Table II - NOy Emissions When Using 0Oil Containing 0.5% by

Weight of MDI

Test Run

NO, in exhaust

{ppmw)

1440

1429

1482

1463

1
2
3
4
5

1615

Average

1486




14 5 Table | - NO, Em ssions Wen Using Reference Ol Test Run NO in

exhaust (ppmy) 1 1563 t 2 1645 3 1523 4 1648 5 1576 6 1570 1%D§§%ﬁﬁ 8
1696 9 1656 10 1668 11 1559 12 1572 13 1694 14 1545 15 1646 Average
1611 Tablwoldo0dQs, EmM ssions When Using O Contai ni ngrOthkedd¥o20b8y Vi ght
of MDI Test Run NO,, in exhaust (ppmw) 1s1 1440 2 1429 3 1482 4 1463 5
1615 Average 1486 1 9 DEC 2006 WD 2004/003116 PCT/ US2003/020220 15 5 Table
111 - NG Em smiars Mien Wsdngrlskicast #hehngsing%oby YenghtindhgVdl 0% by

Weight of MDI

Test Run NOx in exhaust (ppmw)
1 1485
2 1650
Average 1573

Further tests were conducted using a commercially

10 available diesel powered truck engine.
Test Equipment: A 2000 model year Ford F-250, three-guarter
ton pick up truck was used to evaluate the test cils. The
test vehicle is powered by a 7.3L Navistar V-8 diesel engine,
coupled to a four speed auvtcmatic transmission. This wvehicle

15 meets original equipment manufacturers specifications, and
thus does not utilize catalytic exhaust converters or an
exhaust gas recycling system. The exhaust system was modified
slightly to accommodate a zirconia NOxX sensor, the signal of
which was input to a portable Horiba NOx meter. A Campbell

20 Scientific data logger was used to record NOx data.

The tests were conducted using the following test oil

and fuel.
Test 0il/Fuel: A reference o0il and a lubricating oil
composition were evaluated in the diesel powered truck

25 engine. Reference o0il was a commercially available, fully
formulated 15W40 diesel engine oil. The test lubricating oil
composition was prepared by combining a commercially
available, fully formulated 15W40 diesel engine oil with 0.5%
by weight (5000 ppm)} of methylene diphenyl diisocyanate

30 (MDI) based on the weight of the lubricating oil composition
according to the invention. The reference oil was used to
establish a baseline reference for NOx emissions. The test

lubricating ¢il composition was evaluated relative to the



Test Run NO , in exhaust (ppmy) 1 1495 2 1650 Average 1573 Further tests
were conducted using a commercially 10 avail abl e di esel power efi hw(ﬁ{ﬁ]

engi ne. Test Equi prment: A 2000 nodel year Ford F-250, three-qua@ Bn

pi ck up tryekoadspged to evaluate the test oils. The teperNSNSh G2
powered by a 7.3L Navistar V-8 diesel qggine, coupled to a four speed
automatic transm ssion. This vehicle 15 neets original equi pnent

nmanuf acsur epssspesahti fak eis.ssakth 1lhus dogs NiHedithlgerwat abybenexhaust
converters or an exhaust gas recycling system The exhaust system was

modi fied sPight Fpet Braceemmicate faedi meshida INok sehSer, #Tndissghafuel -
whi ch was i nput %Beatggkgawe%gH%N&l%@&N%& ﬁ%cec{redsjﬁ,gca{@b%é 20 palengi i c

data | ogger was uséd to0 recor &7 wer e conduct e ug| ng the
foll owi ng tgsbceblireand fuel. Test G I/Fuel: A reference oil and a
| ubricating oil _conposition were evaluated in the diesel powered truck 25

engi ne. Ref eP8RcReSFFIRALOR ‘comfEsdi A YYe &AHS alt €T WPY yACFORRMLRBIBE 15W0
di esel ygngi [ e I i.cati i |44 s e

conbi nilﬁggaggggn%{% Enlgglgllggf $ltfilj\(/)ailgjlt?fglebrlce?tlhf@tjhl ﬁ“lydafdorrru atsfhe%iﬁgvé\% '?F%sg?ﬁg%@g%e
oil with O0.BBe bysnenght c(506@ sppmeraftatetdrylenshak phengynamosecyanate 30

(MDI') based on the wei ght .of the |l ubricating oil osition _according to
the inventi Eﬁveﬂfﬁg FefEr&neasoitit i i d-ito E%Tiﬁ?% SY PYSERi ndtref¥rence

for NOx enmi §§59esogzggt§1@§ﬁ atl Wy iscald ng i |1 SRAMPOSAd 0N ¥@Sa £y ab Hiahede
relative to the 1 DEC 2006 WO 2004/003116 PCT/ US2003/020220 16 5
resul tant NOrcegissitonokevdlls Sehtraiadendddh) t MOx¥ eflereptens were measured
15 using a portable Horiba NOX meter and data were downloaded
into a data logger. Three test runs were conducted at each
condition on each oil. The results of the steady state
operations are provided in Figure 3. The increased load 1is

|
designated as Hi-load. The result of the EPA-505 test cycle

20 is provided in Figure 4.

25



oil. The programtest fuel was a | ow sulfur #2 diesel fuel. The tests were
conducted according to the following procedure. Test Descriptiohd [Tegblboil s
were "aged" by accunul ating 10 approxi mately 400 over- the- road test nmles
on the vehicle. The test vehicle was operated on a chassis dynanoneter at
several conditions including the EPA-305 test cycle, steady state operation
-at 30 & 55 mph@ | evel road | oad and 55 nph@ increased |oad (2.5% road
grade). NOx em ssions were neasured 15 using a portable Horiba NOx neter and
data were downl oaded into a data |dgger® ¥h¥ed test runs were conducted at
each condjtion oLl s Th .S egdy stat 0 ions are
provi ded :jin Fi gﬂ%rgeg‘?’ﬁgbi ﬁégeggéngj%tg&ﬁciq{s ch]%s?%nat edéacg“ﬁe-]] %Z{c?.qtnfhe
result of 4drepEPALIBOS test cycle 20 is provided in Figure 4. 25 1 9 DEC
2006 17 5 CL A] MS 1, Lubricating oil conposition useful for a diesel
engine conpri sfng®5§ Bilé BPf: and, one or nore conpounds represented by
the formula:  10hR 5r(Ny5rE ToRlboun¥BerehfofehSe@ By dcarpply1gr,0up having 4
to 30 carbon atons, and x is an integer of 1 to 4,” present In an anount of
at |l eHst 0. 1% by weiljht dp=t06)5% by wei ght based on the weight of the

| ubricating oil conposition. 5 2. Lubri.catin il _conposjti according to

claim1 mherethhﬁggénl of 522 éydfﬁﬁﬁééﬁ%rﬁf?ﬁ%(hﬁﬁﬁﬁ%ifig% g@pﬁ?ﬁ?ﬂﬂ to

claims 1 or 2, ;28mwhesglnxthe sanpavadersofethybene di-pBeny! idi kgocyanate.
amount of at least 0.1% by weight up to 5% by weight

based on the weight of the lubricating oil composition.
15
2. Lubricating oil composition according to claim 1 wherein

x is 1 or 2.

3. Lubricating o0il composition according tc claims 1 or 2,

20  wherein the compound is methylene diphenyl diisocyanate.

4. Lubricating/oil composition according to any one of
claims 1 to 3, wherein the compound is present in an amount
of at least 0.5% by weight based on the weight of the

25 lubricating o©oil composition.

5. A method of operating a diesel engine comprising:
introducing into the diesel engine a lubricating oil
composition according to any one of claims 1 to 4; and

30 operating the engine.

6. A method of operating a diesel engine comprising: an-
engine body; a combustion chamber formed in the engine body
for containing a mixture of fuel and air; a plurality of

35 cylinders formed in the engine body; and a respective piston
mounted in each of said plurality of cylinders for reciprocal

movement through successive exhaust and intake strokes, each



4. Lubricating oil conposition according to any one of clainms 1 to 3,
wherein the conpound is present in an anount of at |east 0.5@6bygwgtgmm
based on the weight of the 25 lubricating oil conposition. 5. A netho f
operating a diesel engine conprising: introducing into the diesel engine a
| ubricating oil conposition accordingl& o any one of clains 1 to 4; and 30
operating the engine. 6. A nethod of operating a diesel engine conprising:
an engi ne body; a conbustion cﬂgnber forned in.the %p ine bod for

cont ai Ri NgTESKIEAITE A1TEt I-ATY & SPRPUPFEPTOF §%E@ﬂi rs formed in
the engi ne .Bogdw;i ARG & RSPECE VEF PESE PNanADHNLed ok 8aGhpf said plurality
of cylinders for reciprocal novenent through succeSsive exhaust and intake
strokes, each 1i®tDECWR006. 18150 riekpectilves pishonhdebieni nglisessdnbustl on
chanmber for _containing a mxture of fuel and air conprising: introducing,
into the cBRfu&titon chanber, diesel fuel and air; delivering a lubricating
oi | conposition d@.@Qféiiif}Q_:i to 140 2wt oRg Of1ckainfbsl ot dcxdhe oy ldaders;
and conpressing the diesel fuel in the conbustion chanber to ignition with
t he pil8t onankecsisy qfr cducing hntexhatust thyascy¥indsesof aswe or nore

i socyanates as a NOx reducing agent in 15 a diesel lubricating oi

conposi tion conpomginwpsitmseheidiesel fuel in the combustion chamber to

ignition with the piston thereby producing an exhaust gas.

7. Use of one or more isocyanates as a NOx reducing agent in

15 a diesel lubricating oil composition comprising a base oil.





