2002L011 -1, LUBRICATING OL COVMPCSI TIONS The present invention relates to
| ubricating oil conpositions. Mre specifically, the present invention is
di.rected to lubricating oil conpositions that provide inproved 5 |ubricant
pe.rfor mance in diesel engines provided with exhaust gas recircul ati on (EGR)
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reduction in NO, emission is achieved by cooling the exhaust gas before it is returned
to the engine. The cooler intake charge allows better filling of the cylinder, and thus,
improved power generation. In addition, because the EGR components have higher
specific heat values than the incoming air and fuel mixture, the EGR gas further cools
20  the combustion mixture leading to greater power generation and better fuel economy

at a fixed NOy generation level.

Diesel fuel contains sulfur. Even "low-sulfur” diesel fuel contains 300 to 400
ppm of sulfur. When the fuel is burned in the engine, this sulfur is converted to SOx.
25  In addition, one of the major by-products of the combustion of a hydrocarbon fuel is
water vapor. Therefore, the exhaust stream contains some level of NOy, SOy and
water vapor. In the past, the presence of these substances has not been problematic
because the exhaust gases remained extremely hot, and these components were
exhausted in a disassociated, gaseous state. However, when the engine is equipped
30  with an EGR and the exhaust gas is mixed with cooler intake air and recirculated
through the engine, the water vapor can condense and react with the NO, and SO

components to form a mist of nitric and sulfuric acids in the EGR stream. This



2002L011 -2- phenonenon is further exacerbated when the EGR streamis
cooled before it is returned to the engine. In the presence of these
agids, it has been found that soot levels in lubricating 5 oil conpositions
build rapidly, and that under said conditions, the kinematic viscosity
(kv) of | ubromaoiing oil conpositions incrpease to unacceptable |evels, even
I‘nethe presence of relatively small levels of soot (e.g., 3 w. %soot).
Because i nciphesemenontib fiirthen exacestaosi whertitic BGR kyeand {saiotedirférein@nce, and
can even cause engine failure, the use of an EGR systemrequires nore
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addi tion of dispersant does not adequately address the problem Therefore,
it woul d be advantageous to identify lubricating oil conpositions that
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In accordance with a first aspect of the invention, there is provided a
| ubri cat i nglutsicanivipgnssy adversily affeqss penferamanicenqand warl ey ¢avserengine failud, esel
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vi scosity, one or nore nitrogen-containing dispersants’ in 25 which greater
than 50 % (by weight) of the total amount of dispersant nitrogen i s non-
basi c, wherein al f di spersant .contributes.no nore than
about 3.5 mmol téﬁ%etf%ilet %‘8‘80312&%?&)‘%%%8&%8 “gef“t’h' ﬁ'\tbglﬁiitbn% I COPOSIIoNS or nor e
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phenate, salicylate, or phenate and salicylate. 30 In accordancé with a
second asped®eeibfound shat by spleridng cartain additivesy speridisally certaim viscosifyrmgodifiers,
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nitrogen, the rapid increase in lubricant viscosity associated with the use of engines

provided with EGR systems can be ameliorated.

SUMMARY OF THE INVENTION

20 In accordance with a first aspect of the invention, there is provided a lubricating
oil compositon which provides improved performance in diesel engines provided with
exhaust gas recirculation systems, which lubricating oil composition has a sulfur
content (of the finished oil) of less than about 0.3 wt. %, and comprises a major
amount of oil of lubricating viscosity, one or more nitrogen-containing dispersants in

- 25 which greater than 50 % (by weight) of the total amount of dispersant nitrogen is non-

basic, wherein the total amount of dispersant contributes no more than about 3.5
mmols of nitrogen per 100 grams of finished oil; and one or more detergents, wherein
at least 60% of the detergent surfactant cornponent is phenate, salicylate, or phenate
and salicylate.

30

In accordance with a second aspect of the invention, there is provided a

lubricating oil composition, as described in the first aspect, further comprising a

minor amount of one or more high molecular weight polymers comprising (i)



2002L011 -3- copolyners of hydrogenated pol y(nmonovi nyl aromatic

hydr ocarbon) and poly (conjugated diene), wherein the hydrogenated

pal y(nonovi nyl aromatic hydrocarbon) segnment conprises at | east about 20
wt-. % of the copolyner; (ii) olefin copolymers containing alkyl or aryl

am ne, or arppggofr oups, nitrogen-containikng heterocyclic 5 groups or ester
| imkages and/or (iii) acrylate or al kylacryl ate copol yner derivatives
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and an anmount of neutral and/or overbased phenate detergent providing said
| ubricating oil conposition fromabout 6 to about 20 nmol es  of phenate
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having dispersing groups; and an amount of nentral and/or overbased phenate

detergent providing said lubricating oil composition from about 6 to about 20 mmoles
of phenate surfactant per kilogram of finished oil, wherein the lubricating oil
composition contains less than 1 mmole of salicylate surfactant per kilogram of

20 finished oil.

In accordance with a fourth aspect of the invention, there is provided a
lubricating oil composition, as described in the first, second or third aspect, further

comprising a minor amount of a low molecular weight soot dispersing compound.

25
In accordance with a fifth aspect of the invention, there is provided a method of
operating a diesel engine provided with an exhaust gas recirculation system with
diesel fuel containing less than 50 ppm of sulfur, which method comprises lubricating
said engine with a lubricating oil composition of the first, second, third or fourth
30  aspect.

Other and further objects, advantages and features of the present invention will

be understood by reference to the following specification.



2002L011 -4 Y BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows
diagrammatically the operation of a heavy duty diesel engine 5 provided
Wizt h an exhaust gas recirculation systemthat is optionally operated in a
condensi ng node in which intake air and/or exhaust gas recircul ation
streans are 20000led to bel ow the dew poi.ng- DETAI LED DESCRI PTI ON OF THE

| NVENTI ON 10 The operation of EGR equi pped diesel engines is best described
with reference to Fig. 1. In such an engine, a portion of the exhaust gas
is directed fromthe exhaust manifold 1 of engine 8 to EGR mixer 2, in
whi ch the portion of the exhaust gas routed to the EGR systemis m xed

W th conbust}i_‘ ID’E R W%@@ﬂ}g;{ﬁ@ 3 to form an air/exhaust
gas Hixture.—g'%gemW, ' t gas and the conbustion 15
air are cool ed iFigahsldur diagrammaticalhylthefdperationloén heavyr digpdiesehenpine bef or e
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is fed to theoidittalbelowtheideivdpdintof engine 8, mxed with 20 fuel and
conbusted. Exhaust not routed to the EGR systemis exhausted through
exhaust outlet 7. Preferably, the diesel engine equipped with the EGR
systemw | | Eﬁ D‘ﬁ'; I@j fﬁT t ' N | ow sul fur content. More
preferably, ess than 50 ppm nost
preferabloy | ess ThospetitiouNEGR eqeipped diksdl ehginesisibegt desaritediwivh refatnde i n
the practice of the invention may range in viscosity fromlight distillate
mi neral oi | stotfsg-He dRypuchan eREING, BPostionsokthe gxhaust @aéé%aﬁf%é ¢ gxhavst

m neral | ubrj ' LS. AUty - di | :,01
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15  air are cooled in an EGR cooler 4 and aftercooler 5, respectively, before being mixed.

Most preferably, the portion of the exhaust gas routed to the EGR system and/or the
intake air will be cooled to a degree such that the air/fexhaust gas mixture exiting EGR
mixer 2 is below the dew point for at least 10% of the time the engine is operated.
The air/fexhaust gas mixture is fed to the intake manifold 6 of engine 8, mixed with

20 fuel and combusted. Exhaust not routed to the EGR system is exhausted through
exhaust outlet 7.

Preferably, the diesel engine equipped with the EGR system will be fueled with
a diesel fuel having a low sulfur content. More preferably, the sulfur content of the
25  fuel is less than 50 ppm, most preferably less than 25 ppm.

The oils of lubricating viscosity useful in the practice of the invention may
range in viscosity from light distillate mineral oils to heavy lubricating oils such as
gasoline engine oils, mineral lubricating oils and heavy duty diesel oils. Generally,

30 the viscosity of the oil ranges from about 2 mm?/sec (centistokes) to about 40

mm?sec, especially from about 3 mm?/sec to about 20 mm?/sec, most preferably from

about 4 mm?/sec to about 10 mm?/sec, as measured at 100°C.



Natural oils include animal oils and vegetable oils (e.g., castor oil, lard
oil); liquid petroleumoils and hydrorefined, solvent-treated or
aeid-treated mneral oils of the paraffinic, naphthenic and m xed
paraffini c-naphthenic types. G ls of lubricating viscosity derived from
coal or shal20ylosb serve as useful base-did{s. 5 Synthetic lubricating oils

i ncl ude hydrocarbon oils and hal o-substituted hydrocarbon oils such as
pol ymeri zed and Natueal pﬂii ywb:die@eunailcelsiané Végel@lc Ollﬁ)aglmﬂssm'@ﬂeb,rd oil);
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di nonyl benzene 2- ethylhexyl benzenes); pol yphenyls (e.g., biphenyls,

t er phenyl s, wa&doyitaﬂedvedﬁmmphdmls jle abndelarlemynwfebbadc plenyl et hers and
al kyl ated di phenyl sulfides and derivative, anal ogs and honol ogs thereof.
15 Alkyléne oxi de polyners and interpolyners and derivatives thereof where
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etherification, €tc. constitute anothér class of known synthetic
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pol yi so-pro ﬁﬂﬁ}, HC 989:&:

di phenyl ﬁ)@l . re&gﬁhﬁ%ggﬁg?&g(gl hawflgbgr(}m%éeeglg )) I ght H%f 1000
to 1500)10 ar(d grmimdecydbﬂzeml tptraddnyihehzmee,simmwlhdmeemfdl(z-or exanpl e, the
acetic acid est m xed Ce fatty cid este oaC|d di ester
of tetraet hy‘?ﬂéﬂﬁ H’IKPEBTCDCQSP%{B]PWE S&& ,ﬁgglpegy b °8Vg %@’ c lubricating
oi |'s conpri SesydiRRoks el miatecﬂdlﬁﬁérﬁ@éﬁiei‘scarﬂcdlﬂflatéé dfphenPulifdes andci d,
succini ¢ aci'd,”al kyl"'succinic acids "and al kenyl™ succinic acids, nalelc
acid, azel aldrmrailvj: apalbgs sl lonalogsbmof.c aci d, fumaric acid, adi pi ¢ acid,

linol ei ¢ acid di mer, mal oni c acid, alkylnalonic aci ds, alkenyl mal oni c
acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol,

dodecyl gl cohol , ARQletie @k U poyiitérs %&%&belﬁi&iyhﬁi&rﬁﬂaﬁf'@ theb£whrteqnie

gl ycol nonoet her, propyl ene lyc eCi fic exanples of such esters
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of polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene
oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers (e.g., methyl-
20 polyiso-propylene glycol ether having a molecular weight of 1000 or diphenyl ether
of poly-ethylene glycol having a molecular weight of 1000 to 1500); and mono- and
polycarboxylic esters thereof, for example, the acetic acid esters, mixed C3-Cg fatty

acid esters and C;3 Oxo acid diester of tetracthylene glycol.

25 Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid,
adipic acid, linoleic acid dimer, malenic acid, alkylmalonic acids, alkenyl malonic
acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,

30 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene
glycol). Specific examples of such esters includes dibutyl adipate, di(2-ethylhexyl)
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of



2002L011 - 6 linoleic acid diner, and the conplex ester fornmed by reacting
one nole of sebacic acid with two noles of tetraethylene glycol and two
nel es of 2-ethyl hexanoic acid. Esters useful as synthetic oils also include
t-hose made from C5 to Cl2 5 nonocar boxylic acids and pol yols and pol yol
esters such ssuoeppentyl glycol, trinmetlyld ol propane, pentaerythritol,
dipentaerythritol and tripentaerythritol. Silicon-based oils such as the

pol yal kyl -, lfeléiaasil dimeo hiydbihe @sinplexr estep dbryidadyyaeycinlgi one meole ok sebatid
silicate oils, cogﬁri se anot her useful class_of synthetic 10 |ubricants;
such oi | s i risidiyith twe molespfitetsaethylencglyeal apd fwo piodgs\af 2ethylbgxanoiq aci¢. - ( 2-
et hyl hexyl )silicate, tetra-(4-nethyl-2-ethyl hexyl)silicate,
tetra-(p-tert-butyl-phenyl) silicate,

hexa- (4- et hyl - ZEstériaubdfabasl syaihsti¢ odasleo irRbide(theseiyddesidmane €, and

pol y(met hyl phenyl ) si | gxanes. O her, synthetic lubricating oils include
liquid edt ermonscarberykispadounl pyelanpd pejyakestpss suchgs neepangylglydolphosphat e,
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| ubricants of the present invention. Unrefined oils are those obtained
directly froma natural or synthetic source without further purification

treatment. For eXHeqyi-based odpsuch asithe polyalkyldpatyarl-r pdyalkoxy-o¥h ret or ti ng
{1 ons: I - . etiive Fee] rom st
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treat nenfp \ViobHichnBe swh diRrigflhdedtraethyl Seddte) @étradddpsordl eilivhtd] te@t-(20 unrefi ned
oils except that the oil is further treated in one or nore purification

steps to i ntitkexyhesiligatentsra-(frmagihyk-2-ethylhepphsilicate Hethr(n-terichutybphenyl)

t echni ques, 1} St b ] t | | base
extraction, S?I ﬁ%& P g?’f%‘?é’ﬁ#@é?@&%@ﬁ@r&@%@%ﬁé&ﬁhjpgﬂm%gdgqg%ﬂ%tsad in the
art. Re- refgoyehetiylphenybsitdxants) eOithby symttatie deiaicatdhgoilainclnletltpidestaedf t 0
provide refined oils but A begin with oil that has al ready been used. in
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| ubricating viscosity may conprise a Goup I, Goup Il, Goup IIl, Goup
IV or Goup V base stocks_or bgse oLl blends of the aforenentjoned base
stocks. Pr eferablf‘gr,cﬁfl refined g |ra15?-ta°9tq4§gaw§eﬁd1 Wl%%caat@r}t&hﬁpwme oup

1T, G oup ljfvention. Unrefined oils are those obtained directly from a natural or synthetic

source without further purification treatment. For example, a shale oil obtained

20  directly from retorting operations; petroleum oil obtained directly from distillation; or
ester oil obtained directly from an esterification and used without further treatment
would be an unrefined oil. Refined oils are similar to unrefined oils except that the oil
is further treated in one or more purification steps to improve one or more properties.
Many such purification techniques, such as distillation, solvent extraction, acid or

25  base extraction, filtration and percolation are known to those skilled in the art. Re-
refined oils are obtained by processes similar to those used to provide refined oils but
begin with oil that has already been used in service. Such re-refined oils are also
known as reclaimed or reprocessed oils and are often subjected to additionally
processing using techniques for removing spent additives and oil breakdown products.

30

The oil of lubricating viscosity may comprise a Group I, Group H, Group I,

Group IV or Group V base stocks or base oil blends of the aforementioned base
stocks. Preferably, the oil of lubricating viscosity is a Group II, Group III, Group IV



2002L0O11 -7 or Group V base stock, or a mxture thereof, or a mxture of a
G oup | base stock and one or nore a Goup Il, Goup IIl, Goup IV or
Ge#oup V base stock. The base stock, or base stock blend preferably has a
saturate content of at |east 65% nore preferably at |east 75% such as at
| east 85% Mbediopreferably, the base stagk, or base stock 5 blend, has a
saturate content of greater than 90% Preferably, the oil or oil blend wll
have a sul f wr Groop 8 base ktokless atdiﬁmré.%er@fﬁcf)ﬂr mintyrel (f2Griohp d bAsebsYocknanglt
preferably less than 0.3%_ by Preferably the volatility of the oil
or oil bl en@nc@gwaéﬁreep G‘FWK@)@E@‘H%PT I‘@JH W%@B@hcb@?ﬁ'@ﬁ]& t han

or equal to y | ess
t han or eque{}ﬁ;%f{g S%@/Jﬁ tn}éf @?g g.«g?garﬁggeg e{lrﬁbg?glgﬁglgyig.b%%s{??%@gb’ably,
t he viscosi tay léasEs¢e,(vh a@ﬁt ledye 899l Mbsthéfehlbgndaa tm_sattobleaﬁba@e&toqh ef erably
at least 100, nost preferably from about 105 t 15 Definitiaons_for

the base Sst digad, hage mr@te(ﬁomsent af grsatsr thay SR oﬁfiﬁr@r Hhc gl pp o dlend
found in th 2
o e OB SR bR g B GTDAR T bl BHP 82 P pr ) T

Fourteenth sl 0.3%)byBaggitber 1996, Addendum 1, Decenber 1998. Said

publication categorizes base stocks as follows: 20 a) Goup | base stocks
contain less than 90 percent saturates and/or greater than 0.03 percent

sul fur and have t { %H@% S
t han 120 using t}%gyk f %ﬁd@gyéf%c?] 4 lﬁlgﬁha%nﬁ %B%ﬂ%%éﬁ%[% c§§
st ocks cient AT E¥5880), idess than eﬂeqiial toO3(E9 prefecably les@thah ak equane25%5 I ess
than or equal to 0.03 percent sulfur and have a vi scosity index greater

than or eqtm‘Pl‘etP@efSbe)h]GSﬂ than of el 0% Ay preferabbilessbam srequabd6%s  ed in
Tabl e 1. ﬁ%@iéﬁg)l%lr%e pﬁé&l@&l&&&%ﬁ?ﬁtﬁé Bll%rr %gfbgf%udt@ afMeRdt 859 %er&lﬁ% %P

per cent satura €ss an or” equal per cent sh have a
vi scosi ty i rewsK 100,aadse praférably fwmabmﬂllOﬁmolao. using the test nethods
specified in Table 1. 30 d) G oup IV base stocks are pol yal phaol efins
(PAO). e) Goup V base stocks include all other base stocks not included in

Goup I,15H 11 Ipeffitibné for the base stocks and base oils in this invention are the same as
those found in the American Petroleum Institute (API) publication “Engine Oil
Licensing and Certification System”, Industry Services Department, Fourteenth
| Edition, December 1996, Addendum 1, December 1998. Said publication categorizes

base stocks as follows:

20
a) Group I base stocks contain less than 90 percent saturates and/or greater than
0.03 percent sulfur and have a viscosity index greater than or equal to 80 and
less than 120 using the test methods specified in Table 1.
b) Group II base stocks contain greater than or equal to 90 percent saturates and
25 less than or equal to 0.03 percent sulfur and have a viscosity index greater than

or equal to 80 and less than 120 using the test methods specified in Table 1.
¢) Group III base stocks contain greater than or equal to 90 percent saturates and
less than or equal to 0.03 percent sulfur and have a viscosity index greater than
or equal to 120 using the test methods specified in Table 1.

30 d) Group IV base stocks are polyalphaolefins (PAO).
e) Group V base stocks include all other base stocks not included in Group I, II,
I, or IV.



2002L0O11 - 8 Table 1 - Analytical Methods for Base Stock PropertyTest

Met hod Sat ur at esASTM D 2007 Vi scosity |1 ndexASTM D 2270 Sul fur ASTM D 2622
ASTM D 4294 ASTM D 4927 ASTM D 3120 Metal -contai ni ng or ash-form ng
detergents function as both detergents to 5 reduce or renove deposits and
as aci d neutzmbimers or rust inhibitors,.ghereby reducing wear and
corrosion and extending engine life. Detergents generally conprise a polar

head with a | ong hydrophobic tail. The poI ar head conprises a netal salt of
an acidic ni c conpound. The salts contain a substantially
st oi chi orretrT%ﬁ%rlrmﬁRalB%"alM’?@%’élf% Basg h case they are usually

descri bed as normal or neutr ang 10 t~typically have a total

base nunber or TBN (as can b(,eirprn@%rtbl(red §§W896) of fromO to 80. A

| arge anount of a netal base Ezumhes | ncorAgTrMBcndoy reacti ng excess netal
d

conpound (e.g., an oxide or hydroxide) with an acidi¢ gas (e.g., carbon

di oxi de). The resulting overb mS@eMBQQASTUbB&WQeS neutral i zed detergent
as the outer layer of a netal e oeaaier—i cel l e. Such overbased
detergents 15 nay have a TBN §P@%o or gr‘ég Q‘bﬂﬁ% fjypically will have a
TBN of from 250 to 450 or nofe. DetergenhSThipi4788Y |be used incl ude

oi | -sol ubl e neutral and overblased sul fonates, phenatles, sulfurized

phenat es, thi ophosphonates, sflicyl ates, Asmnmﬁht henat es and ot her

oi | -sol ubl e carboxyl ates of aFwetal—partiettarty—the al kali or al kaline
earth netals, e.g., barium spdium pot acéSWQ?W ym calcium and
magnesi um The nbst comonly OSed nmetal s are cal ci um and nmagnesi um whi ch
may both be present in detergents used in a |ubricant, and m xtures of

cal ci um and/ or  Netalesntaining dbhashefdrming degergentsifumction ambmhrdbergenmbal
detergents a@g neutral and 25 overbased cal ci um sul{ ng.lt es TBN of
from 20 to 4BGuceFIEmNe deRPsHs andasadd neuiralizens of st pbilitors, noog

phenat es havipg hBNoftbsibh ARl efehing efginl fhfd) Wtk Rlents generally comprise a polar
head with a long hydrophobic tail. The polar head comprises a metal salt of an acidic

organic compound. The salts may contain a substantially stoichiometric amount of
the metal in which case they are usually described as normal or neutral salts, and

10 would typically have a total base number or TBN (as can be measured by ASTM
D2896) of from O to 80. A large amount of a metal base may be incorporated by
reacting excess metal compound (e.g., an oxide or hydroxide) with an acidic gas (e.g.,
carbon dioxide). The resulting overbased detergent comprises neutralized detergent
as the outer layer of a metal base (e.g. carbonate) micelle. Such overbased detergents

15 may have a TBN of 150 or greater, and typically will have a TBN of from 250 to 450

Or more.

Detergents that may be used include oil-soluble neutral and overbased

sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates, and

20 naphthenates and other oil-soluble carboxylates of a metal, particularly the alkali or
alkaline earth metals, e.g., barium, sodium, potassium, lithium, calcium, and
magnesium. The most commonly used metals are calcium and magnesium, which
may both be present in detergents used in a lubricant, and mixtures of calcium and/or
magnesium with sodium. Particularly convenient metal detergents are neutral and

25  overbased calcium sulfonates having TBN of from 20 to 450, neutral and overbased
calcium phenates and sulfurized phenates having TBN of from 50 to 450 and neutral



2002LO011 -9 and overbased magnesi um or cal cium salicyl ates having a TBN of
from20 to 450. Conbinations of detergents, whether overbased or neutral
or both, may be used. Sul fonates may be prepared from sul fonic acids which
are typicallg obtained by 5 the sulfonation of al kyl substituted aromatic
hydr ocar bons*®geHlas t hose obtained from®he fractionation of petrol eum or
by" t he al kyl atjon of romat i, c hydr.ocar bgns. anpl es |ncluded t hose

obt ai ned by &kQYeabasadmagResiHE of cgiriyanealicylates having aFBN 104 OHI‘!)WenyI or
t heir hal
eir ha Ogeeoﬂl%idaﬁ% (‘ﬁg?%grgﬁﬂs %&ﬁur%%%m}%gmﬂurw &, gﬂ%& i esence of

chl or onapht hal ene e atron may be carried out
a catalyst with alkylati ng agents having fromabout 3 to nore than 70
carbon atons. Th karyl sul fonates usually contajn from about 9 to_about

I
80 or nore carb I’Il? W%%Prép%dirom BiHoatormds ghich agiypically obaingd ®yat ons
per al kylg S&Q%hifbﬁﬁtgg o?r;ag&ggﬁb%um%écﬁ ¥ma éé m}{k&ﬁ%@%&ﬂ%&q&%ﬁ es or

al karyl sul fonic aci neutralize r oXI
al koxi des, chomahefrastiomasioh of pétedleum du b itleedkylayoh dSatbfﬂadehydroﬁarbbﬁ. es,
borates and gthers of the metal. The anount of netal corrpound i's chosen

havi ng r egar Bxamples inclided thase phigined byradkylating beszene, taluenss Xylehg.cal |y ranges

from about 2 0 I f that
st oi chi onet rﬂ%tfy r%egigﬂéngéé‘}%fﬁaﬁﬁ%ﬁgé ?%U‘Jo o he%s(?ﬁ?% andl%u furized
phenol s are mlemaﬂs]aehetmdrohanbhchmmmh Jhe aHMmmprm@tlﬁe caetied ostdnpheind such

as an oxi de or roxi de, and, peutral or r based roducts may be obt ai ned
by met’ho¥d \/\E’I"Fe‘l?ﬁ@gﬁcﬁtﬁlyﬁh‘é’“a kyl%l%f%&ﬁ“ﬁiﬂ“ﬂﬁé’fﬁ’m gb%y" to H@rﬁﬁl@ﬁ d%d by

reacting a p h I rgmgq s 25
hydr ogen sul 11 de at%{s’f @Udﬂ%gplf%é&%grﬁsgalfgé}h% ‘I?‘géﬁ Y r]?tn%rgucts
whi ch are gmoaar@drbgn atomts preferaifly fronpahond 36 tnabetut 66 c2rbon anma)qnlaﬂnyﬂ)l S are
bridged by sulfuyr containi n9 bri dges. Carboxyl ate detergents, e.g.,

sal i cyl at es, SYPSHMR BPWAUG BWIRY- reacting an 30 aromatic carboxylic acid

wi th an appropriate nmetal conpound such as an oxide or hydroxide and
neutral or overbased products may be obtai ned by nethods well known in the
art. Thelar omat | Theroil eolpblsfsuifhaates emalkiryl sdfopinagidsonayebeinewralizehwithn

gﬁfsroat 08, o D& nfroRidel SHEKi RN ABATRL, cdrbSlyiid utiads Ry diBluthidesS ONt &1 NS

nitrates, borates and ethers of the metal. The amount of metal compound is chosen
having regard to the desired TBN of the final product but typically ranges from about
100 to 220 wt. % (preferably at least 125 wt. %) of that stoichiometrically required.
20
Metal salts of phenols and sulfurized phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods well known in the art. Sulfurized phenols may
be prepared by reacting a phenol with sulfur or a sulfur containing compound such as
25  hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are
generally mixtures of compounds in which 2 or more phenols are bridged by sulfur

containing bridges.

Carboxylate detergents, e.g., salicylates, can be prepared by reacting an
30  aromatic carboxylic acid with an appropriate metal compound such as an oxide or
hydroxide and neutral or overbased products may be obtained by methods well known
in the art. The aromatic moiety of the aromatic carboxylic acid can contain

heteroatoms, such as nitrogen and oxygen. Preferably, the moiety contains only



2002L0O11 -10- carbon atons; nore preferably the noiety contains six or nore
carbon atons; for exanple benzene is a preferred noiety. The aromatic
carboxylic acid nmay contain one or nore aromatic noieties, such as one or
Rore benzene rings, either fused or connected via al kyl ene bridges. The
car boxyl i c mopgsbyr may be attached directhgy-.or 5 indirectly to the aromatic
moi ety. Preferably the carboxylic acid group is attached directly to a
car bon at om garbdnhioras;anéxeiptefeibbi the nsoietly caftaims ch dranortcarbonaratéing fobenzene
ring. More preferably, the aromatic noiety al so contains a_ second .
functional exewpls bengens iss piefatred mpjetyyr Shdaremagic sarbpgWig WG MAYEONAM ch can
be attached dir L.rect t # ti.C
Fgﬂﬁgfog ﬁclé‘é arota 'hqéneﬁ 5, .Lnych a8 oAe %gyrﬁgéggé}legﬁ@ Hﬂgst Bftnd'fR5Mdr

noiety. 10 exar%:l es of "aromat1 ¢ c actds are salicylic
aci ds and  sgonhetiéd¢id ali§llnedridges ThetLbdxylis uadietysndyisl siehéydirsddpiri t ut ed
salicylic acid and derivatives thereof. Processes for sulfurizing, for
exanpl e & hyiadiseslysg the aremigtie moigty.d Prederpbly|the casboxylicackl graupis %t@‘:g se

A bowyt s el 8 ST Yoo i ioRhfs RLE Rl s APROCRBEEER Y o o
and in that wagéhe g IMeRRERABY, ke Qbirakio thicty lsdRbohtainish ecoid fidblional n

adm xture with uncarboxyl ated phenol. Preferred substituents in oil -
sol ubl e sal i g9up.cueltasizshydrexy gtopp of gisulfonate grogp, which zan ke pipached dirgetly t ut ed

salicylic acjds,. t L kylL gar van contain 5 to 100,
preferably Q’rfgdl%ﬁ?é‘gﬁggﬁbgﬁIayoﬁﬁn{ﬁge%8%&%@%%45%&oms. Where there is nore
t han oneg al kyl group, the average nunber of carbon atons in all of the

al kyl groups is referably at |east 9 to ensure adequate oil_ solubility.
25 Detergents gendetarred examples of aromasicicarhonyie aads ye spigilicasidsgd o |
conpositions . | 1 g ggﬂ% J ' L X ur f act ant
systens, e. gs.u}ﬁh% eérl]%ﬂgﬂ g%ﬁ tlhglié?gtse%h, %?ﬁ ona y?a/s %%l@g%éﬂ,ﬁ&hg%ﬂ%&
sul f onat e/ saderwytinds@Bereofs Hrbesssdsefor pllAnaims faralxaniplesd kyiroasbylesabstiradd f or
exanple, in pending U S. Patent_ Application Nogé]_ 09/ 180, 435 and 09/ 180, 436
and U S. Pat®@leylio¥id, grekppwsto thase skijfpdgn sheart. 78aliclie aeids aredppically has been
found that, ji ; | f BUIdRmhitt bRgegPgFat i on of a
di esel gfr?gi rﬁég%grr%%g%ﬁ%&ﬁ“ﬁ] f@%’%ﬁlg?@ggstﬁérggll rClﬁcaéhlloh system

phenoxides, and in that case, will generally be obtained, normally in a diluent, in

admixture with uncarboxylated phenol.

Preferred substituents in oil - soluble salicylic acids are alkyl substituents. In
20  alkyl - substituted salicylic acids, the alkyl groups advantageously contain 5 to 100,
preferably 9 to 30, especially 14 to 20, carbon atoms. Where there is more than one
alkyl group, the average number of carbon atoms in all of the alkyl groups is
preferably at least 9 to ensure adequate oil solubility.

25 Detergents generally useful in the formulation of lubricating oil compositions
also include “hybrid” detergents formed with mixed surfactant systems, e.g.,
phenate/salicylates, sulfonate/phenates, sulfonate/salicylates,
sulfonates/phenates/salicylates, as described, for example, in pending U.S. Patent
Application Nos. 09/180,435 and 09/180,436 and U.S. Patent Nos. 6,153,565 and

30  6,281,179.

Surprisingly, it has been found that, in the presence of acids generated during

the operation of a diesel engine provided with an exhaust gas recirculation system,



2002L011 - 11 particularly an exhaust gas recircul ation systemin which
I ntake air and/or exhaust gas recirculation streans are cooled to bel ow
tkhe dew point for at a portion of the tinme (e.g., at least 10% of the
ti-me) the engine is in operation, certain detergents have a significant
effect on thmofi@ie at which kinematic viggosity rises due to the presence

of- 5 soot in the lubricating oil. Specifically, it has been found that
ki nemati c Vvig@&ilidy an 8028 rétitculados opiterh fin Wiilvhiif@ke By afdlor 6EHHAOSEAs1 ONS
in such engines can be controlled, in part, by selecting a detergent

system i n whieelcylatinn sirsams agoopolest todebavotherdsy padatfor atapartion of thedime gent

det er gent's Ay braf 19R Y e BDILRY b s SRR Ao SR s Botery B Wcer u
in to the pigsfAbintieféertn tBO radk hi whieh kaiemafie vigrbsity el dab td/the PPesdhce O
preferably no nore than about 20 wt. % nore preferably no nore than 5 w.

% sul f ondt e s9et brigebricatingeil. Specifivallyoit hins hranfaundihatidnemainviscqsityf er abl vy,

from about - anpiee S Wtpor R REHEise i comBIER i Bl eogfilTPRES Eelllet s
ni nol' s, nostinpagf By sdledtinkadBiabaitsyskemtif wiiei froRQAbSWd0%, & 100% BE tertalal OF

overbased phenate detergent surfactant, and less than 1 mmol of salicylate
det er gent suamheint ahdetpegenksurfagiantis phenate padfensaligplatec dihenatenentrd and

referably, th d rgent system conprd s | fur-free deter.qgent )
et cal arl ettt OGP gants abd S feeto PhoteRRly. Mhrichling &F fomBbsilidRMsetuin o
det er genjy orthepRegéntasietinitiod Svill cBntid tPmofAhhMEbatit 30 vf %, pestérabNaho more

concentrate, in a diluent, such that only a rtion of the added wei ght
represents dhamabquy20ivwigFee nosmprefexably o rere tgamfirm-e% suldonate)deteregnly basedadded

toget her wi gnqhg@?t'gw%!ghe’ﬁ %?%%%QJL g}e'f?r%gﬁff i d@@rg%rgg?ﬁgmmﬁtpr?&gé Hﬁ;/e i s

50% A. 1. detergén use rein, ermwe percen when

appl i ed to dubettingeilt cobpositidwidbfragidibouvetd soat SO hitndlkanweipgéferably act i ve
i ngredient. Detergents conventionally conprise fromabout 0.5 to about 5

w . % pref dremiabout hio abeut 40 mmpls, angsh preferably fgm abgut Jg4e abeptS0anmplsyoft  om
about 1.2t ' ' i Lt f d for
use in al%he;}l\?;g%(%ry&gﬁagee{%@%%?ndg@g%ﬁ%&tf%%?@éﬁ@%n%ﬂ%# ginﬁﬂ?ln&gsg}g‘]a”e}%tgi on
materi al s r afdrgemguifaciant@er Hiddgramn offinishgd lutsricahh) dFurthee prefxablybihe i n oi |,

t hus preventing sludge floccul ation and precipitation, or _deposition on
metal parts.def§TEGN ﬁ¥§ﬁ@§°ﬂ§’é‘f3€ﬁ sulfyr-freg de%ﬁs@ktpa&m%v Sm?@gém Pﬁﬁ%ﬁt i on

detergent.

20 It is not unusual to add a detergent or other additive, to a lubricating oil, or
additive cohcentrate, in a diluent, such that only a portion of the added weight
represents an active ingredient (A.L). For example, detergent may be added together
with an equal weight of diluent in which case the “additive” is 50% A.IL detergent.

As used herein, the term weight percent (wt. %), when applied to a detergent or other

25  additive refers to the weight of active ingredient. Detergents conventionally comprise
from about 0.5 to about 5 wt. %, preferably from about 0.8 to about 3.8 wt. %, most
preferably from about 1.2 to about 3 wt. % of a lubricating oil composition formulated

for use in a heavy duty diesel engine.

30 Dispersants maintain in suspension materials resulting from oxidation during
use that are insoluble in oil, thus preventing sludge flocculation and precipitation, or
deposition on metal parts. Dispersants useful in the context of the present invention

include the range of nitrogen-containing, ashless (metal-free) dispersants known to be



i ncl ude the range of nitrogen-containing, ashless (netal-free) dispersants
known to be 2002LOL1 -12- effective to reduce formation of deposits upon
use in gasoline and diesel engines, when added to lubricating oils. The
ashl ess, dispersants of the present invention conprise an oil soluble
pol ymeri c | oo@2iiai n backbone havi ng fungpional groups capable of
associating with particles to be dispersed. Typically, such dispersants
have 5 ani neeffentivede adduohﬁjnnatlomnf dispopitd wfon Mk 61 pasdling ket dieskl efiginbg pol yner
p The ashl ess dispersant may be, for

giglr(rgloge sel 8’&‘ G‘Y‘#e%dﬁﬂ'ﬁ!ﬂ es%iﬂceés disperspats of therRseseat aventiany des,

d and o and
Ip(TI ygair boxyl ?@E Cl 6?%%1?}1%@%0&5%?@,[1%@’ &["?El oez%hr@g& ﬁlﬁéﬁ&agg{b%yat i ves of
| ong chain hyaj:ablearﬂam;auhgwgttquﬂezaldwmﬁpetseﬂo ’Hypiianjz&ubl@dﬁpét@aﬂtﬁlﬁave

pol yam ne_ noi efies attac eij directly thereto; and Mannich condensation
products ¥or ﬁ@ﬂ‘cbmﬁg@;}@ aamide pRlpr anpisties sitachedito thecpolyraeidhackbene,

f or mal dehyde ggd, 0

di car boxyl i c aC| Bf@fg@é%ﬂ%%é’@éﬂ#?dlsg&@%&qﬁﬁ ?&fgm[ﬁgﬁl 3“’01%&?4 frgmgr oup
(ami ne or amnd:l@Olubl&dahé)estatmhﬁfnwéstémmd&oﬁhjdeﬁ amtboxazblihddef long chain

pol yal kenyl -substituted carboxylic acylating agent will determne_the

number of  nhixdrecsshe Q‘ SBF’&MOWH ang ol ycarboralic agidper adridesitbergef;yal keny!
f 20
ol scul ar welbiftaRRS R lerfab oo Allin b bAR, g Balk ligRbic 20 200 180,

and 300030 subjm:mrhﬁts\/laeingwﬁxﬁﬁdr@ﬁ?&ﬁs atrighed [direétey tibteyo; fahdmlﬁﬁﬁ%ﬂ 2100 to
2500, and nost, preferably from about 2150 to about 2400. The nvol ecul ar

wei ght of a CW@%S@%@MM“&“&@W%M Sondensivg a ieng dhainesubgtitytedihenoloyide ul ar

wei ght of t @JEE‘I‘% epreci se mol ecul ar wei ght range of
the di spersgﬁ)t giepﬁir']d(? éﬁ’c paraneters including the type of

pol ymer used to derive the dlspersant t he nunber of functional groups,
and the type of nucl eophilic r i,s preferred_that _all the

ou | t
di spersant or di Spesrdaheachme °(‘?’prﬂ!?5l5 Jﬂélcmd-mwggém%ﬂmvaum@gwx
di spersa 88Mn Locar bon
pol ymrs%a\?@%ée@y%gégge n%nﬁ%?mgiglﬂglg%n%ﬂ%gﬁ g{nhﬁvf\gr%%f ?k/mﬂ{)f from
about 1500 tpolwilbertyl-36bdituted cabet dicadrlylatihg agertbuilltdefedfiine the AdMber aibr e

preferably fro ut 200Q t bout 300 The pol yal kenyl noi ety from which
di spersants Wﬂ%&qﬁr@mmi ﬁ?hsﬁ

The polyalkenyl moiety of the dispersant of the present invention has a number

20 average molecular weight of from about at least about 1500, preferably between 1800
and 3000, such as between 2000 and 2800, more preferably from about 2100 to 2500,
and most preferably from about 2150 to about 2400. The molecular weight of a
dispersant is generally expressed in terms of the molecular weight of the polyalkenyl
moiety as the precise molecular weight range of the dispersant depends on numerous

25  parameters including the type of polymer used to derive the dispersant, the number of
functional groups, and the type of nucleophilic group employed. It is preferred that
all the dispersant or dispersants used (including all nitrogen-containing dispersant and
any nitrogen-free dispersant) be derived from hydrocarbon polymers having an
average number average molecular weight (M,) of from about 1500 to about 2500,

30  preferably from about 1800 to 2400, more preferably from about 2000 to about 2300.

The polyalkenyl moiety from which dispersants of the present invention may be
derived has a narrow molecular weight distribution (MWD), also referred to as



derived has a narrow nol ecul ar wei ght distribution (NN"), also referred to
as 2002L0O11 - 13 polydispersity, as determned by the ratio of weight
average nol ecul ar weight (My) to nunber average nol ecul ar wei ght (M).
Specifically, polyners fromwhich the dispersants of the present invention
are derived WaIO K Mv Mh of from about 113-to about 2.0, preferably from
about 1.5 to about 1.9, nost preferably fromabout 1.6 to 5 about 1.8.

Sui t abl e hydPArdisprasity, 8 determyined by thegrbg efiweight aeragermelerdar weighh@Msy) to

di spersants ol yners
or | ower nol ecu?éégge@ggﬁﬁ?&ﬁlang% htgﬂﬁg@%gﬂﬁﬁﬁ%ww su%hwmkﬁ’?/flrrgrs

conpri se pol §isRirsan@ ofahé kemlﬂ&naaﬂh&rde@&edﬁaﬁdamwﬁfﬁem%%uﬁlsh@ ol efin
havi ng t he forrrul a H2C=CHR wherein Rl is straight or branched chain al kyl

radi cal conpitioyt 3§, prefesabip from ahowt dSorwbanidl.9.inest ereferahly fpon phewt Icbtn ai ns
car bon-t ca&bg)ﬁgllénsaturatlon preferably a high degree of term nal

et henyl | aturation. Preferably, such polyners conprise

i nterpol yners of ethylene and at | east one al pha-ol efin of the above
formula, wherein 15 Rl is alkyl of from1 to 18 carbon atons, and nore
preferably is al &gdtab&ﬁhsrdfmﬁﬂlous&raolmmpmm the fermagion of therdispersaptsst i | |

of 110 1t 0,2 REREN B sobGle ol olyrtSe lerd A Ok 64l RBQIES S 20

conononers |n exarrp , Prop exene ct ene-

1, 4-nmethyl pﬁéh‘rgﬁﬂeydrdcarﬂﬁﬁem fimll Memlyﬂ;crstcbh@ﬁﬁeﬁ@lymbrs oﬂseﬁ)nasbecene-
1, pentadecene- 1, hexadecene- gadecene- , Ooctadeceney 1,
-(J

nonadeceHe- 1andéerdt ask aneds toKos @@pa fin havingdhe ferena Hofe 5GHRE h‘élem Rl
butene-1, ang E‘giglenn clé:’ ﬂ?%khﬁ@éﬁﬁﬂl ra%ca? ?ﬁﬁﬁ)ﬂ? ¥ T5h S6 3hboR 2R GRE

honnpolyners onnpoly enefpropyl’ene copol yrers,

et hyl ene- but @hereih the polyyiee containp mwheﬂemkwhmmmﬁoh Jprefesabiyna highelegidee,
wherein the polyner contains at |east sonme _term_nal and/or internal
unsat ur at i onof tPF’é‘Pé‘r?‘%@YHQFW%W@“u Aaeferably. such-RRIYIEHEOmPISE of et hyl ene

and propyl engydhslyrbllorenf dithnl 4t fASr che Jﬁgd 41858 6P BBYSfHfnuld Wherein

I nvention may C |n a m-nor anount, e. to C18
non- conjsugaRkid atkydloé friom tenthearbon atbmgeamtmoretpre&rqhﬂpfsmlk)flabf fioat 1 th&

olyners of t i nventjon co ha-ol ef i n hono,
!Ont gr pol yrrer%arh]bq“ %‘P’ﬁ'ﬁ’af’ntﬁ‘i‘ﬁ‘?‘ierprer% ? %fﬁ 1% SAFORN 3Fams- s"?.g?‘%gﬁyl ene and
al pha-ol efi MuseRITAHNAES1Sfin fﬂ&ﬁoﬂ@h%d%@nﬁhbﬁkﬁsﬂﬁclﬁ&é‘tf@ﬁéxaﬁfplé Ifﬁoﬁ@éﬂé”er S

enployed in this invention is preferably in the range
butene-1, hexene-1, octene-1, 4-methylpentene-1, decene-1, dodecene-1, tridecene-1,

tetradecene-1, pentadecene-1, hexadecene-1, heptadecene-1, octadecene-1,

20  nonadecene-1, and mixtures thereof (e.g., mixtures of propylene and butene-1, and the
like). Exemplary of such polymers are propylene homopolymers, butene-1
homopolymers, ethylene-propylene copolymers, ethylene-butene-1 copolymers,
propylene-butene copolymers and the like, wherein the polymer contains at least some
terminal and/or internal unsaturation. Preferred polymers are unsaturated copolymers

25  of ethylene and propylene and ethylene and butene-1. The interpolymers of this
invention may contain a minor amount, e.g. 0.5 to 5 mole % of a C4 to Cyg non-
conjugated diolefin comonomer. However, it is preferred that the polymers of this
invention comprise only alpha-olefin homopolymers, interpolymers of alpha-olefin
comonomers and interpolymers of ethylene and alpha-olefin comonomers. The molar

30 ethylene content of the polymers employed in this invention is preferably in the range
of 0 to 80 %, and more preferably 0 to 60 %. When propylene and/or butene-1 are

employed as comonomer(s) with ethylene, the ethylene content of such copolymers is



of O to 80 % and nore preferably 0 to 60 % Wen propyl ene and/ or butene-1
are enployed as conononer(s) with ethylene, the ethylene content of such
copolymers is 2002LOL11 -14 nost preferably between 15 and 50 % al t hough
hi‘gher or | ower ethylene contents nay be present. These polynmers nmay be
prepared by B@P&%@r|2|ng al pha-ol efin nonldmrer, or 5 mi xtures of

al pha-ol efi n nononers, m xt ures conprising ethylene and at | east one C3
to C28 al phamsstpieterakii bﬁ@fcemlﬁ apd 50,5 calibgugh bigher erdewesethylege; centents
conprising a e ﬁg&mgpe netal |l ocene (e.g., a cyclopentadienyl-transition
nmet al conpoun a al unoxane conpound. Using this process, a polyner
in which 95 %or nore of the polyner chains possess term nal

et henyl i dene-type unsaturation can be provi ded. The 10 percentage of

pol ymer chai ns  eXHES RAlyRjetsanay beapreparpe Ry prlyarsizingsipha-clefia moneinepor
d by, Y
oo oo it iffheE AL RofoRBR, ¥yl bidbihs Biict dnd Mo cpe

POLY- C( Rl ) =CH3 tovTgy atplin-EGéfin SnonGiner,dn @abpresdnré of @mﬁ@s@dyknenfiiomm atal kyl,
nore preferably Cl to C8 alkyl, and nost  preferably Cl to C2 al kyl, (e.g.,

met hyl or et WPI)OD&WWM@PB?(szctw%mrmnyg-nmgu%n}g@lywmm afrhe
el ect e 1or timrife Bt (U iabebbest Y pol EBFRLAIE 35 o R mobPBEMIE ™! ()

chai ns can cpolyaiep chzﬁﬁsﬂ)dib@éss&éﬂitﬁﬁw ethenyHdeneMiypy nsatiiraddr ¢ aatbeqitovided: The

PCOLY- CH=CH2, and a portion of  the poI ynmers, can contain internal
monounsaf@r aPersentage of pobymer ehainsigrhubiting ysepisphethenylidengunsaturation mapbe

Th t
rotall ocene SREMIP B KTIR Sfectl o oA B B O o G VR B P OE e
Nos. 5, 495, B0 LucPfe bl beohiEicHEdd by &e&aﬁnmwo@y@mm@meﬁem@ i930.

Anot her useful class of polynmers is polyners prepared by cationic
pol yneri zat i G t@Cag adkgﬂmrefmablyﬂmeﬁ&g alleyldimoneplefdeably Ci tonily aﬂgdlwmdrmos[tr om

this class n tenesotalndb ion of a C4
refinery st rgﬁg‘?rulg%(ﬂ ’e(ﬁé B %\%‘Hﬁ‘f’l‘%‘?smt JeRreseni B . |
and an i §9bub&9ﬁe?9ﬁﬁl§n%93hﬁ9@éﬂgﬂ39f tht R’ ARG r RNy depehBiniglh e esence

of a Lews acid catalyst, such as alum num °trichloride or bordn
trifluoride. cmnpmcen@(s)@dcetcdufmsoﬁn thermebypmerizationa A minopempunt gohepolynes i s

petrol eum fegdzt !y ST nb i Rr@naTBhthIZLE, tayl! BESRuhE8S S e OPEE YAER-UrS 205 &¢
a portion of the polymers can contain internal monounsaturation, e.g. POLY-
CH=CH(R), wherein R! is as defined above. These terminally unsaturated
20  interpolymers may be prepared by known metallocene chemistry and may also be
prepared as described in U.S. Patent Nos. 5,498,809; 5,663,130; 5,705,577,
5,814,715; 6,022,929 and 6,030,930,

Another useful class of polymers is polymers prepared by cationic

25  polymerization of isobutene, styrene, and the like. Common polymers from this class
include polyisobutenes obtained by polymerization of a C, refinery stream having a
butene content of about 35 to about 75% by wt., and an isobutene content of about 30
to about 60% by wt., in the presence of a Lewis acid catalyst, such as aluminum
trichloride or boron trifluoride. A preferred source of monomer for making poly-n-

30  butenes is petroleum feedstreams such as Raffinate II. These feedstocks are disclosed
in the art such as in U.S. Patent No. 4,952,739. Polyisobutylene is a most preferred
backbone of the present invention because it is readily available by cationic

polymerization from butene streams (e.g., using AlCl; or BF; catalysts). Such



in the art such as in U S. Patent No. 4,952,739. Polyisobutylene is a nost
preferred backbone of the present invention because it is readily
avai l abl e by cationic polynerization frombutene streans (e.g., using
AI'Cl 3 or BF3 catalysts) Such 2002LO11 - 15 polyisobutyl enes generally
contain reS|H@QF)ﬁnsaturat|on i n anount s 16+ about one ethyl enic doubl e

bond per pol , si tjoned, al o the chajn. A preferred enbodi nent
utilizes pol é?quBﬁ‘l“ﬁe@ rcé’Btaf"r W%‘“F%’&Bd{*ﬂ“@ﬁ@sﬁ AROIHhOBE o

Raffinate | r I m nal
vi nyl i dene 5 o?gtﬁilpni&b%r%ggﬁﬁ?y, ese S)%Piﬁné%cgﬁlﬂn P{erre %Iaés}er%%hl y
reactive pol gmnbodintent wilézes pbﬁid@bﬁl}deubma&dtfmnnarmﬂre isbbityletle e oi #nt  Of

at | east 65‘V 70% nore ref erably st 80%. nost referably, at
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gvgl I zglte under the ferréaiagnarre o@n?go%a mt??gh{%ﬁfﬂg%l%#%ﬂ@éaw sT

(from BP- Anoﬁﬂ}-PIB’hllmmmtﬂmmaiwmyflldbgmmmm bfiat loasy 66%, egp| 70¥e dnare e

eneral ly base a _ h ar bon n of fr ut 1800 to 3000 Met hods
19 or naki %g pB‘FFﬁ gtgﬁﬁ[??%%@%c ‘e“tR VP%HIWEgg?@t RECRagatiqgeof such
functional i Zﬁ%ﬁpﬂ@h@& B@&'fSPe)(aﬁpﬂe ifi ). O"P e N, 15%%9?“%11% 688 (Bno ﬁ as

reaction, ree radi cal Ing using a catalyst ?Eerom
descr| bed beirs\HRIPIB mydmnmxbn)ylamﬂabbllmdmrthbmHMSﬁmsml (fadmonal i zed,

W th ac ik leties (preferably acid or
anhydrl ¥ m)ﬁgtggg@gq @gt}"’é'& i \ﬂ dﬁﬁ'@g"‘gﬂgt es of carbon-to-carbon
unsaturation on the polyner or hydrocar bon chains, or randomy al ong
chai ns using any of the three processes nentioned above or conbi nations

thereof, in any B@qisehmglenépobmeﬁxat oy be auiploygdaod generally bagelt acar bons

W th unsatur 25. aci a rides .or. esters d the

prepar ati on € qt%b@&’?@rﬁ“’%‘cﬁ@&ﬁﬁ@%ﬂd@ &P«S‘ S for %E%Bgﬁ'ﬁob“@lc“ﬁat ent
Nos. 3, 087, 9%6 knéwh./ Po u%sl&é%aﬁ@&ﬁx&t&ﬁéhz’é&% h ﬁﬁ@u&rﬂ@ 35 éhlaﬁﬁaniﬁé;
3,381, 022; 3,442, 808; 565,804; 3,912, 764; 4,

5,777, 025 Sthgthernsb’eng’ repetion, o5 biireg resqalzgmftlsg ysmEA@tm (ma)emd@e

A-1, 440, 219. &scr?& w O hydr ocarbon may be functionalized, for exanple,
with 30 carbox acl pr oducing noieties (preferably acid or anhydride)
by reacting the

The hydrocarbon or polymer backbone can be functionalized, e.g., with
carboxylic acid producing moieties (preferably acid or anhydride moieties) selectively

20  at sites of carbon-to-carbon unsaturation on the polymer or hydrocarbon chains, or
randomly along chains using any of the three processes mentioned above or

combinations thereof, in any sequence.

Processes for reacting polymeric hydrocarbons with unsaturated carboxylic

25  acids, anhydrides or esters and the preparation of derivatives from such compounds
are disclosed in U.S. Patent Nos. 3,087,936; 3,172,892; 3,215,707; 3,231,587,
3,272,746; 3,275,554; 3,381,022, 3,442,808; 3,565,804; 3,912,764; 4,110,349,
4,234,435; 5,777,025; 5,891,953; as well as EP 0 382 450 B1; CA-1,335,895 and GB-
A-1,440,219. The polymer or hydrocarbon may be functionalized, for example, with

30  carboxylic acid producing moieties (preferably acid or anhydride) by reacting the
polymer or hydrocarbon under conditions that result in the addition of functional
moieties or agents, i.e., acid, anhydride, ester moieties, etc., onto the polymer or

hydrocarbon chains primarily at sites of carbon-to-carbon unsaturation (also referred



pol ymer or hydrocarbon under conditions that result in the addition of
functional noieties or agents, i.e., acid, anhydride, ester noieties,

et-c., onto the polyner or hydrocarbon chains prinmarily at sites of

car bon-to-carbon unsaturation (also referred 2002LOL1 -16 to as ethylenic
or olefinic 238 uration) using the hal egén assisted functionalization
(e.g. chlorination) process or the thermal "ene" reaction. Selective

functi onal i ztatas ethybemic deolafinio mpsatatatidn oysingthe helogen asgistesl fynctidhalipdtioni nat i ng
or brom nat ispg&)tgle .unsat ur at ed oI ef i &Opol,yrrer to about 1 to 8 wt. %
preferably 3 CHORRAUN) PRYSHS PfH FPReHMed on the weight of

pol ymer or hydrocarbon, by passing the chlorine or brom ne through the
polymer at a tenperature of 60 to 250C, preferably 110 to 160C, e.g., 120
to 140C, for abobele®ive functibalizapionicen hd:)hgcomplishezl byokalegendting,leag. ogenat ed
pol ymer or hydrocarbon (hereinafter 10 backbone) is then reacted with
sufficiert &B@FQ{%D?%B:‘PSHPSWﬁ |%019? togheut g We fnunber

Ceactant . ariooutys S50 R EAR ﬁ%%’&%%ﬁ%?ﬁﬁé?’? meEBEsty o,

e.g., 3 to Ghyesvashons by padsha the bhlonnadubﬁom'ibé airmeghmébblyﬁmntaaa tenipeeatdRs|i red
nunber of noles of the npnounsaturated car boxglbic react ant er m)le of the

hal ogenat ed AHMe2R8draycterblt Hita 160°G, e.ghéZIP, 145 Retorpboy

nmonounsat ur I r eﬁ]@ﬁ?@'g p Hl]r‘ I,ﬁ] @ﬁsﬂd ddi ng
chl orine toaérﬁgr% ??r%?e]rbﬁlgl &°C ‘ﬁ%&e I na or WBW(H% ps | ncrease
the reactoi viagkbdney isthen rtgcma@htmsuffiahwmmowmﬁthrammmmtcupﬁledf adding

functionalizing reactant, it is,not necessary with 20 sone of the polyners
or hydr ocar JbnEequied srmbes effuperiongbmojeties fothi backhone g efoPgysaturated

particularly, aﬁcﬁ&?ﬁc%a%{aﬁf ot 2’51?6%&@%12%&9&9 J]%E)b@@ier i O%ﬂ%ﬁﬁﬁ?gt@ hi gh

term nal nt ent an reactivity erab ackbone
and the nonlﬂm:ga,t&me&lmhri soctt thatthieiprgduce alsthmed ; w1h cgntaincthe kies:geldlzmmheact ant,

are cont acte vated tenpergture tQ cause an i t her "ene"
Meaction to dtR %9% & Taqu ST ATtk R Mol ot ﬁs?awagtga? ¥edh or

pol ymer faac @QﬂﬁoxﬁénAﬁ’&ﬁaﬁO&k' {he %hél@lﬁﬂe B¥}d FRASRBun A At BboxGhic freteednt onal
noi eties al ong the polymner alns by a variety of nethods. For exanple,

t he pol yner ,aré misesd and heatedrwhile aidinigichoning torthg/hdtengferidlt ed with the 30

nmonounsat ur at ed carboxylic reactant, as described above, in the presence of
a free-

While chlorination normally helps increase the reactivity of starting olefin
polymers with monounsaturated functionalizing reactant, it is not necessary with
20 some of the polymers or hydrocarbons contemplated for use in the present invention,
particularly those preferred polymers or hydrocarbons which possess a high terminal
bond content and reactivity. Preferably, therefore, the backbone and the
monounsaturated functionality reactant, e.g., carboxylic reactant, are contacted at
elevated temperature to cause an initial thermal "ene" reaction to take place. Ene

25 reactions are known.

The hydrocarbon or polymer backbone can be functionalized by random
attachment of functional moieties along the polymer chains by a variety of methods.
For example, the polymer, in solution or in solid form, may be grafted with the
30 monounsaturated carboxylic reactant, as described above, in the presence of a free-
radical initiator. When performed in solution, the grafting takes place at an elevated
temperature in the range of about 100 to 260°C, preferably 120 to 240°C. Preferably,
free-radical initiated grafting would be accomplished in a mineral lubricating oil



radical initiator. Wien performed in solution, the grafting takes place at
an elevated tenperature in the range of about 100 to 260C, preferably 120
te 240C. Preferably, free-radical initiated grafting would be acconpli shed
tn a mneral lubricating oil 2002L011 -17 solution containing, e.g., 1 to
50 wt. 9% prebroably 5 to 30 wt. % pol yngF-based on the initial total oil
solution. The free-radical initiators that may be used are peroxides,

hydr oper oxi defticarndntainiag,e.g.ohtedithets % prefeeabiins yo 30wt polimdrdasedombdel i ng
poi nt greater an abou 100C and deconpose thermally within the grafting
t enperature?! F-‘éﬂg Be free- radicals. Representative of these
free-radical initi ators are azobutyronitrile, 2,5- dinethylhex-3-ene-2,
5-bis-tertiary-butyl peroxide and di cunene peroxide. The initiator, when
used, typically T]mﬁnesaerhdlqal Buitiagors tht naxy beatsesd ere [@roddes hylﬂ'on@mwles,@ﬂdel ght

b d th t t ol ut I |
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preferably 3: afting i's preferably carried out in an inert
at nospher e, mdnchisakepmdanatmctofmhma ftcbaad:eah inigiatoThare azelauyronittileg 25t ed

pol ymer is char aV|n I|c aci or _ester. or
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under st ood, R hid Y fted.
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acid ester r@élgﬁﬂl‘a%liﬁr 'olf@lﬂoﬂgat(duurmﬂwst'ﬁptpfeﬁ}my%tb@ . ClPn gylic

aci d wherein ar boxyl groups are vicinyl, e., located on
adj acent carpreferalypajicdnut ik ingrt ammuphcrgr@ch o3 un@r M%eb@ﬂwke@ng sthel

adj acent carbo 0 25 unsatus.atl.

derivatives T 8?‘5??53%8& ’Q%EMR/@’PF’&Z H%éf%amlg@grsbé‘lxg ngrésteéa)r nono- or
di ester s)50f {nhydridd)ithdietidy EtatiRd dehd the PoBmiEr RALIAL: hpwhg andetitdod,

wher ei n t he car bon carbon double bond is conj ugated with the carboxy

group, 1I.e. of@butshethatssoamfuh@polg;a@ Cmins rempin pugrafied.j The froeadigal gxafiing such
Cl to G5 di
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invention.

20 The preferred monounsaturated reactants that are used to functionalize the
backbone comprise mono- and dicarboxylic acid material, i.e., acid, anhydride, or
acid ester material, including (i) monounsaturated C,4 to C;p dicarboxylic acid wherein
(a) the carboxyl groups are vicinyl, (i.e., located on adjacent carbon atoms) and (b) at
least one, preferably both, of said adjacent carbon atoms are part of said mono

25  unsaturation; (ii) derivatives of (i) such as anhydrides or C; to Cs alcohol derived
mono- or diesters of (i); (iii) monounsaturated Cs to C;o monocarboxylic acid wherein
the carbon-carbon double bond is conjugated with the carboxy group, i.e., of the
structure -C=C-CO-; and (iv) derivatives of (iii) such as C; to Cs alcohol derived
mono- or diesters of (iii). Mixtures of monounsaturated carboxylic materials (i) - (iv)

30  also may be used. Upon reaction with the backbone, the monounsaturation of the
monounsaturated carboxylic reactant becomes saturated. Thus, for example, maleic
anhydride becomes backbone-substituted succinic anhydride, and acrylic acid

becomes backbone-substituted propionic acid. Exemplary of such monounsaturated



30 also may be used. Upon reaction with the backbone, the nobnounsaturation
of the nonounsaturated carboxylic reactant becones saturated. Thus, for
exanpl e, mal eic anhydride becomes backbone-substituted succinic anhydri de,
and acrylic acid beconmes backbone-substituted propionic acid. Exenplary of
such nonounswmbtauost ed 2002LOL1 - 18- carboxglic reactants are fumaric acid,

| traconi ¢ acid, nmaleic acid, maleic anhydride, chloronaleic acid,

chl or onal ei ccagixytic rehetantscary fumaracacid, itaredntiaaci;il maleacacat, rnaicit:@nhyﬂri@ci d,

For egol ng. . lesomalsis #iy Al diingiide. afafis e HthaRiingrics fdmt . " o
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reactant, prefe el ¢ anhydr ‘typically ' wll be used I n an anount
rangi ng frore. abmethyl anidare) ethy] fummarate, 4ml raetbyk fupiG@atet . % excess, preferably

5to 50 wt. % excess, based on the noles of polynmer or hydrocar bon.

Unr eact ed excess nonounsaturated 10 carboxylic reactant can be renoved from

the final disper er
vacuum 11 r oqui TORo Y fouta feioRRPRNE monShisaRRABAcaBAIC Mot
backbone i s prbfefably sialeiahnlnesided typicallnwili bgasedamahmmung-angmgémnmlbom

reactant, such as an am ne, anm.no 15 al cohol, _am dg % m xture t of to
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am ne COITpOL{g] efn%lesd(ﬁ{rﬂo‘f érzdr | xQQsI»sXﬂ&{o%ngﬁiﬂifédse at Ieast
one am ne and can coO one r rmre a tron am ne or other reactive

or pol ariogr agzpsoxylib mtmtrtm'else reeovbé fﬂmytﬂﬂxed‘mrabmlspamm esodoct byg for dxample,
predom nantly hydrocari) m nes in. which the hydrocarbyl group includes

ot her 20 gr oﬁ!rlBEPm%-‘lj“ 119%4%5%9‘:“@‘1“6 dbrequited oxy groups, am de groups,
nitriles, imdazoline groups, and the like. Particularly useful am ne
corrpounds I ncl ude nono- and pol yam nes, e.g., polyal kene and

pol yoxyal kyl ene Plud fpactioredized oﬂt{sohlblea)diylnﬁtﬁx; hyire¢arbersb&kbonedid tien 9., 3 to
20) total carbon atong havi hg about to 12, .suc eferably 3

to 9, rost plesratizad yith 3 nHFOEEBrONKINipS abﬂmphrh%reﬁrtweﬁ@taaﬁe aﬂ&ﬁr N0~

ol ecul s Mas&gr gsaﬂae %Pnﬁﬁuﬁemawqgfaﬁﬂa%a&é?oaaﬁg&wam. Us@ighe such as
t hose prepare y reaction of al kyl ene di hali h amoni a. Preferred

am nes are aimpiuads arepatfared.ctsefirl amine compounidsifgr dénvatigingrfphetionalized

1,2-diam noeIt)o ymers cohl?f)nse at least one amine and can comprise one or more additional amine

or other reactive or polar groups. These amines may be hydrocarbyl amines or may
be predominantly hydrocarbyl amines in which the hydrocarbyl group includes other

20 groups, €.g., hydroxy groups, alkoxy groups, amide groups, nitriles, imidazoline
groups, and the like. Particularly useful amine compounds include mono- and
polyamines, e.g., polyalkene and polyoxyalkylene polyamines of about 2 to 60, such
as 2 to 40 (e.g., 3 to 20) total carbon atoms having about 1 to 12, such as 3 to 12,
preferably 3 to 9, most preferably form about 6 to about 7 nitrogen atoms per

25  molecule. Mixtures of amine compounds may advantageously be used, such as those
prepared by reaction of alkylene dihalide with ammonia. Preferred amines are
aliphatic saturated amines, including, for example, 1,2-diaminoethane; 1,3-
diaminopropane; 1,4-diaminobutane; 1,6-diaminohexane; polyethylene amines such
as diethylene triamine; triethylene tetramine; tetracthylene pentamine; and

30  polypropyleneamines such as 1,2-propylene diamine; and di-(1,2-propylene)triamine.
Such polyamine mixtures, known as PAM, are commercially available. Particularly
preferred polyamine mixtures are mixtures derived by distilling the light ends from
PAM products. The resulting mixtures, known as “heavy” PAM, or HPAM, are also



di am nopr opane; 1, 4-di am nobutane; 1, 6-di am nohexane; pol yethyl ene am nes

such as diethylene triamne; triethylene tetram ne; tetraethyl ene

pent am ne; and 30 pol ypropyl eneam nes such as 1, 2-propyl ene di am ne; and
-(1,2-prop Iene?trr am ne. Such pol yam ne m xtures, known as PAM are

cormercr al | 20948t able. Particularly pré?erred pol yani ne m xt ures are
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di (am nomet hyI) cycl ohexane and heterocyclic nitrogen conmpounds such as
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U S. Patent 053, 152. The functionalized  polymer i's reacted with the
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di sper satit s ERp20%880.Manni ch  base condensation products. Generally, these
products are prepared by condensing about one nole of a long chain
al kyl - substituted nono- or pol yhydroxy benzene with

A preferred dispersant composition is one comprising at least one polyalkenyl

succinimide, which is the reaction product of a polyalkenyl substituted succinic
anhydride (e.g., PIBSA) and a polyamine (PAM) that has a coupling ratio of from

20  about 0.65 to about 1.25, preferably from about 0.8 to about 1.1, most preferably from
about 0.9 to about 1. In the context of this disclosure, “coupling ratio” may be
defined as a ratio of the number of succinyl groups in the PIBSA to the number of

primary amine groups in the polyamine reactant.

25 Another class of high molecular weight ashless dispersants comprises Mannich
base condensation products. Generally, these products are prepared by condensing
about one mole of a long chain alkyl-substituted mono- or polyhydroxy benzene with
about 1 to 2.5 moles of carbonyl compound(s) (e.g., formaldehyde and
paraformaldehyde) and about 0.5 to 2 moles of polyalkylene polyamine, as disclosed,

30 for example, in U.S. Patent No. 3,442,808. Such Mannich base condensation
products may include a polymer product of a metallocene catalyzed polymerization as
a substituent on the benzene group, or may be reacted with a compound containing

such a polymer substituted on a succinic anhydride in a manner similar to that



about 1 to 2.5 noles of carbonyl conpound(s) (e.g., fornmal dehyde and

par af or mal dehyde) and about 0.5 to 2 noles of polyal kyl ene pol yam ne, as
discl osed, 30 for exanple, in U 'S. Patent No. 3,442,808. Such Manni ch base
condensation products may include a polymer product of a netall ocene

catal yzed paboznerii zati on as a substituerg-on the benzene group, or may be
reacted with a compound containing such a polyner substituted on a

succi ni ¢ anlgsbribéd in 1.$ PatemtDo. 3j442)808. Esamples obfud0G@ializéd arklfor descri bed in

U S. Patent Nq. 3,442,808. Exanples .of, functiopalized and/or derivatized

of o i bl y AEREatpA OfRn BAlymee PR bRtees Y AlGress Feeheh sitems &F o
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present inve are y non-pol'yneric (e.g., are nono- or
bi s-succinim des). The total anmount of dispersant contributes no nore than

about 3.5 mols, preferably no nore than about 3 | es, re .preferably
no nore Fhan abdbte dispsrsant(s)iaf|the preseRt invsglen ﬁ‘@rprﬂfe%%P&DVmeﬁl{%ﬁed oil.
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ni t rogen-contai ni ng di spers whi ch greater than about 50 wt. %
preferably greater than about 60% nore preferably greater than about 65%

nost preferably greater than agbout 70% of the total. G amqunt qf di spersant
nitrogen is non-'lg"&é?té‘l gpoyniof SPF@@’&FW@%—“B&’&?'@@%%%B?%&PW%%i c

ni trogen of raﬂi,{ﬁoolgﬁfm&% 3 S PRORARbRerdb b adré AR B 08 - basi ©

by reacting e ni'trogen- contal ning dispersant w a suitable, so-called
" cappi ngoagemhols ofaitveehipon H00 gramsnif finished ol o Prefemeddispérsans sahuds liveve been
"capped" to reduce the advers fect such _djspersants . haye.on the
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known. O t ‘o6 AR . i
nown NEokt Wt % DDA ERAL? mm%ﬂmw,?gorgwgfnﬁbggﬁ%h@r fan about

di spersant am no group asic noleties .g., r imdo groups)
are nost  sui5Yaphest pilfierablyaéadtartharf alboun 70%ozfahe toal tamoninhgf dispassant ant and
al kyl acetoacetate hyl, acet.oacet at.e for

exanple, in n@j_rqg._cnpaggf},-géfﬁggft.tllg DTG 74 non- a%%g*%@ _ ip%ge"%f%wégf%%%ofhe _
For exangl e o e O ety o1 ar Stuet of 25 &
ni t r ogen- corbaiairiingdispepant setht a suitable; kecalindi "capping agany|- réorageﬁmall% e
described | r}ﬁtlroge:n-containing dispersants have been "capped" to reduce the adverse effect such
dispersants have on the fluoroelastomer engine seals. Numerous capping agents and
methods are known. Of the known "capping agents”, those that convert basic
20  dispersant amino groups to non-basic moieties (e.g., amido or imido groups) are most
suitable. The reaction of a nitrogen-containing dispersant and alkyl acetoacetate (e.g.,
ethyl acetoacetate (EAA)) is described, for example, in U.S. Patent Nos. 4,839,071;
4,839,072 and 4,579,675. The reaction of a nitrogen-containing dispersant and formic
acid is described, for example, in U.S. Patent No. 3,185,704. The reaction product of
25  anitrogen-containing dispersant and other suitable capping agents are described in
U.S. Patent Nos. 4,663,064 (glycolic acid); 4,612,132; 5,334,321; 5,356,552;
5,716,912; 5,849,676; 5,861,363 alkyl and alkylene carbonates, ¢.g., ethylene
carbonate); and 4,686,054 (maleic anhydride or succinic anhydride). The foregoing
list is not exhaustive and other methods of capping nitrogen-containing dispersants to
30  convert basic amino groups to non-basic nitrogen moieties are known to those skilled

in the art.



U.S. Patent Nos. 4,663,064 (glycolic acid); 4,612, 132; 5, 334, 321;

5, 356, 552; 5,716,912; 5,849,676; 5,861,363 al kyl and al kyl ene carbonat es,
erg., ethylene carbonate); and 4, 686,054 (nmal ei c anhydride or succinic
anhydride). The foregoing list is not exhaustive and other nethods of
cappi ng nitradgdstont ai ni ng di spersants-2p- 30 convert basic am no groups
td non-basic nitrogen noieties are known to those skilled in the art.
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di spersant o?ruchlfg'ﬁelﬁ@aﬁlesieé@‘mem fonesamplg, ingd 1. PatepidNes. 3005458t 53740510
oreferably rrRSbbHE §OTboYy A Soptiatie iy FshEpBidlish stvey e ™"

| ubri catisng (EJMM;W 09/781. omOWreﬁheauiemspm@hteaemt pidagebsbist s usef ul
in the formulation of |ubricating 25 qil 05|t|ons of _the present

i nventi on i rrerRamyls, suehrasisdvaxylie aWéK&PﬁU(ScBPrﬁ% 8% 3,096/06068.6P6 88 pol yner
backbones hayifig) M) s0jge £05 5892068 8845, 918 9N 37 ah& ABHE1 malonates.

It is further preferred that the dispersant or dispersants contribute, in total, from
20 about 0.10 to about 0.18 wt. %, preferably from about 0,115 to about 0.16 wt. %, most
preferably from about 0.12 to about 0.14 wt. % of nitrogen to the lubricating oil

composition.

Low molecular weight soot dispersants useful in the formulation of lubricating
25  oil compositions of the present invention include low molecular weight (compounds
derived from polymer backbones having M,, of less than about 450) nitrogen-
containing compounds, and aromatic oligomeric species. Low molecular weight,
nitrogen-containing compounds that function as soot dispersants include, for example,

compounds of the formula:

(OH)y (Ry)q

| Ry
(R3)z—(Arﬁ—( C— N: ) @
X

Ry



cont ai ni ng conpounds, and aromatic oligoneric species. Low nol ecul ar

wei ght, nitrogen-containing conpounds that function as soot dispersants

i mcl ude, for exanple, conpounds of the formula: (OH)y (R4)g 1l - 1 | 40 4
2002L011 -22 wherein Ar is a nono- or polynuclear aromatic noiety; Rl and
R2 are indepgpggnt!y selected fromH and),Cl- C30 hydrocarbyl groups
optionally containing one or nore hetero atom; selected fromN, 5 O and S
R3 is a Cl1-C20 hydrocarbyl group; R4 is Hor a Cl to C9 hydrocarbyl group;
and gis lor 2; xisl1lto3d, 10y is fromlto 2 tines the nunber of
aromati c ri md®rdim ArAriaammoisrp@ymlqlcararmmﬁtanoistwal to the nunber of

remai ni ng substitut ydr ogens .on.a e rein the
conbi ned nunber of Sl‘ﬂ eﬁ’?ﬁ‘dﬁiﬂy @e@%ﬁ%ﬂ% MYFAC%E%‘E l80 With
the proviso that a th%ﬂj hoﬂe[l n%ﬁlaghﬁéofﬁoﬂh&ém afRPieMe N frbmW RL tO

form 15 a substitu unsu |tute 6 menbered oxazihe ring; with the
further proviso thathNm&n a hydroxyl group attached to Ar conbines with
NRL to forma subs 't,ut?g nsu |tut ed 6 nenbered oxazine ring, and z
is 0, R is not H ®udh? rF%@B ﬁg%rl bed in co-pending U.S. Patent

Application Serial gQ %ﬁq)raqg{tg@@?gmrﬁ?n?&# andy preferred conpounds of

Formula (1) conpriset Manni ch b product of al pha- or

bet a- napht hol and aqlxerig:rahal n primary or secondary amne in the presence
of a carbonyl corrpound ((5 , formal dehyde). Such conmpounds may -be added
to lubricating oil %?tlons of the present invention in anmounts of

fromabqyt 0.1 to abquirohP1 ¥4 2 titkes HEhRhGRof aldinAe BHERYA ArO4nd r om about 25
0.1to agout 2 W . B/? m())re pre ercgb 'y fromabout 0.1 to about 1.5 wt %

nmost preferably fromiskeotto@n2mber epmlito the Ruwber 6f regaitingisub@tigitable 1. 0 wt .
% based on the . .
hydrogens on aromatic moiety Ar; and
wherein the combined number of carbon atoms in R;, Rz, R; and Ry is less than 80
with the proviso that a hydroxyl group attached to Ar can combine with N-R; to form
15  a substituted or unsubstituted 6 membered oxazine ring; with the further proviso that,
when a hydroxyl group attached to Ar combines with N-R, to form a substituted or

unsubstituted 6 membered oxazine ring, and z is 0, R; is not H.

Such compounds are described in co-pending U.S. Patent Application Serial

20  No. 09/746,038. Particularly preferred compounds of Formula (I) comprise the
Mannich base reaction product of alpha- or beta-naphthol and a long chain primary or
secondary amine in the presence of a carbonyl compound (e.g., formaldehyde). Such
compounds may be added to lubricating oil compositions of the present invention in
amounts of from about 0.1 to about 10 wt. %, preferably in an amount of from about

25 0.1 to about 2 wt. %, more preferably from about 0.1 to about 1.5 wt %, most
preferably from about 0.2 to about 1.2 wt. %, such as 0.3 to 1.0 wt. %, based on the
total weight of the lubricating oil composition. When used in combination with a
high molecular weight nitrogen-containing dispersant, it is preferable to adjust the
amount of the high molecular weight dispersant such that the nitrogen contributed to

30 the lubricating oil composition from the combination of the high molecular weight
dispersant and the low molecular weight nitrogen-containing compound remains
within the range of from about 0.10 to about 0.18 wt. %, preferably from about 0.115
to about 0.16 wt. %, most preferably from about 0.12 to about 0.14 wt. %.



total weight of the lubricating oil conposition. Wien used in conbination
with a high nolecular weight nitrogen-containing dispersant, it is
preferable to adjust the anmount of the high nol ecul ar wei ght dispersant
such that the nitrogen contributed to 30 the lubricating oil conposition
fromthe comgpiaid on of the high nolecul 34 weight dispersant and the |ow
mel ecul ar wel ght nitrogen-containing conpound renmains wthin the range of
fromabout 0.10 to about 0.18 w. % preferably fromabout 0.115 to about
0.16 M &% nost preferably fromabout 0.12 to about 0.14 wt. % 2002LOL1
-23 Aromat’i c ol | Aomaticoligpmerie spepiesfuseful in the dormtatigneefilabrieating @8r i cat i ng
oil conpositions.,of t present invention include ¢ of the

formul a: T- CRPROSIUOR? 0513‘3rPf%“M?’%ﬂqwnéa‘éH@%°‘P%°d’é‘§é ﬁg%ﬁ;ﬁﬁ{?@pr esents an
aromatic noiety selected from polynuclear carbocyclic noieties,
nononucl ear heterocyclic noieti and po] ynucl ear heterocyclic noieties,
said aromatic noiety being optiopally supstituted by | to 6 substituents
selected fromH, -OR, -NRYLH)FIL-CH ., -(L-(AgD)T), -S(OWRL, -
(C2)-(2)-R1L and -(2)y-(CZ2),,-Rl,\whereinjwis O to 3, each Z is

I ndependently 0, 10 N(RI)2 or S} x and ¥nare independently 0 or 1 and each
Rl is independently Hor a linear or branched, saturated or unsaturated
hydrocar byl group having from1l to about 200 carbon atqns, optionally
nono- or Spol Yhesesarh A defdopprdenty sepspscptsad AP HaAc MOy é“g?%ﬁfl P - OR2,

-N(R2) 2, F, - . 5 - ; -(ngaZ%[E—-

wherein w, x?%%"‘%?&r Ear g?éic%mel |er§éélg§%ﬁ(§]\?§e%ﬁc ?@gc lzlijgﬁb}/‘é? oca ! ﬁé;‘?a(gup
having 15 IlheteroedabictmdiOfess suid aronsdtiensoieydeing optionaliy eyestideed by 1 o 6i nki ng
noi ety conprising a carbon-carhon_single bgn [ | i pking @ . each T
i s i ndependesyopytugnts sglectedfram H, ‘cﬁ,‘hcﬁg(,th’ % &%5( %y%&&f%(ﬁzysioggy-m or
(2y- (C2),, ey ein Bh, X Al S fr) ' d 20 n
is 2to abouqd%b% R ed@?e&’é&?‘e%‘é%h%g%ggﬂgﬁ S?é?%? anﬁg?ﬁggﬁ%ﬁlﬁ are
connect emh t ONER; ) @e&tx dhdly arkiimdypemdzindy i0es 1(dnd eackiRa is intlependéntiyhd or at al

e O o Ao L 0T LD 10, Gl AR L b s 1403550
200 carbon atoms, optionally mono- or poly-substituted with one or more groups
selected from —OR3, -N(R3),, F, Cl, Br, I, -S(O)wR2, -(CZ)x-(Z)y-Rz and -(Z)y-(CZ)x-
R,, wherein w, X, y and Z are as defined above and R; is a hydrocarbyl group having

15 1 to about 200 carbon atoms;
each L is independently a linking moiety comprising a carbon-carbon single bond or a
linking group;
each T is independently H, OR;, N(Ry)z, F, Cl, Br, I, S(O)wR1, (CZ)x~(Z)y-Ry or (Z)y-
(CZ):-R;, wherein Ry, w, X, y and Z are as defined above; and

20 nis 2 to about 1000;
wherein at least 25% of aromatic moieties (Ar) are connected to at least 2 linking
moieties (L) and a ratio of the total number of aliphatic carbon atoms in the oligomer
to the total number of aromatic ring atoms in aromatic moieties (Ar) is from about
0.10:1 to about 40:1.

Compounds of formula (II) are described, for example, in co-pending U.S.
Patent Application Serial No. 09/746,044. Preferably, Ar of formula (II) is naphthol
or quinoline, with naphthol being most preferred. The compound of formula (IT) may
be added to lubricating oil compositions of the present invention in amounts of from

30 about 0.0005 to about 10 wt. %, preferably in an amount of from about 0.1 to about 2



0.10:1 to about 40:1. 25 Conpounds of formula (H) are described, for
exanple, in co-pending U S. Patent Application Serial No. 091746, 044.
Preferably, Ar of formula (lI1) is naphthol or quinoline, wth naphthol

bei ng nost preferred. The conmpound of forrmula (I1) nmay be added to

| ubri cati ng motLoabnpositions of the presegt invention in amounts of from 30
about 0.0005 to about 10 wt. % preferably in an anmount of from about 0.1
to about, 2 m%@m;ﬁﬁcmblyﬁbmmet@ﬁm ebaiv[l\p Wt%mraisoprefe@ablytfmmﬁhmt 1.5

wt % nost-prefer fro about to aboyt 1.2 % sSuU 0.3 to
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The viscositjy; Egﬁ.lg &ﬁﬁo Rfe stock is increased, or inproved, by
|ncorporat|ng therein certain poI ymeric materials that function as
viscosity nodifiers (VM or viscosity index inprovers (V. Generally,

polynmeric materigls useful, viscosity nodifiers are those having nunber
aver age ol ecul ﬂwwﬂtgneﬁ)oféke bqssﬁsOC5waressqgeerwramﬂaSYZ5o 000,

preferably fi
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mul tifunctiofal,y r W :
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ni trogen-contai ni ng heterocycl I c conmpounds or 'al cohol form

mul tifuncti MmmﬂpmnmunmwmhoWanlnfmqmal Wpmsity mpdifiers Ma, can
be determn ng v r| ous nown techni ques. One convenient nethod is gel
perneation c ('@gvé\ﬂp %5 which additional | y provi des nol ecul ar
wei ght djsstributi on | nformatl on (see W W

Pour point depressants (PPD), otherwise known as lube oil flow improvers
(LOFIs) lower the temperature. Compared to VM, LOFIs generally have a lower
number average molecular weight. Like VM, LOFIs can be grafted with grafting
materials such as, for example, maleic anhydride, and the grafted material can be

20 reacted with, for example, amines, amides, nitrogen-containing heterocyclic

compounds or alcohol, to form multifunctional additives.

Polymer molecular weight, specifically Mn, can be determined by various
known techniques. One convenient method is gel permeation chromatography (GPC),
25  which additionally provides molecular weight distribution information (see W. W.
Yau, J. J. Kirkland and D. D. Bly, "Moedern Size Exclusion Liquid Chromatography”,
John Wiley and Sons, New York, 1979). Another useful method for determining
molecular weight, particularly for lower molecular weight polymers, is vapor pressure
osmometry (see, e.g., ASTM D3592).
30
One class of polymers that can be used as the "high molecular polymer" of the
present invention is copolymers of hydrogenated poly(monovinyl aromatic

hydrocarbon) and poly {conjugated diene), wherein the hydrogenated poly(monovinyl



Yau, J. J. Kirkland and D. D. Bly, "Mdem Size Exclusion Liquid

Chr omat ogr aphy”, John Wl ey and Sons, New York, 1979). Another useful

net hod for determ ning nolecular weight, particularly for | ower nolecul ar
wei ght polyners, is vapor pressure osnonetry (see, e.g., ASTM D3592). 30
One cl ass oR0@EdPIners that can be used @25 the "high nol ecul ar pol ynmer" of
the present invention is copolymers of hydrogenatgdwgr%é( nonovi nyl
aromatic hyeroatis kysigcashen) segment cemprises:at deagh ahogs 20 the cppolymer
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vi scosity nodi fpl ers and are commercially avail able as xanpl e, SV151
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i ncl ude t hosgoleaulk i@ ptegehtdinay emge Grona il md Bgarfdrie preferablyhecar bon at oms, such
as 1, 3- butadiene, isoprene, piperylene, nethyl pentadi ene,

2- phepyllﬂl, 3- but adi ene, 3,4- dimethyl -1, 3-hexadi ene and o

4, 5-diethyl -1, 3‘@%fe?féh%pﬁiu§&t§d ch‘ﬁte%?}c{/n‘gﬁle?sr eglnl(iﬁ kheCBRRAMYSTES fSsueR kkdrill'g at

| east one pol y(nonovi ny romatic rocar ) bl ock and at | east one poly
( conj ugat ed ifi¢cladeihost oakugatéd ditmesrcedtaniing kroood & Jdearbomatomsesusbtasd, B+ om

t hose of the formula AB, wherejn A epresents bl o ol r qf

pr edoni nant |Bptaskens %HWF@PC%BW?‘@Y%W@&&?’t?gPB%“Y%5@“’#@?‘&% grff's a bl ock

of predom ”%ﬂﬁ{e&gﬁ’ﬁ@lmf;{aaf&lygﬁd@@-cﬂéﬁs}ﬁi,-s&rnﬁﬁafeably, the pol y(conj ugat ed
a y

di ene) block 1s riia or fully hydrogenated. More preferably, the
nmonovi nyls aromati ¢ hydrocarbons are styrene and/or al kyl -

Preferred are block copolymers comprising at least one poly(monovinyl
aromatic hydrocarbon) block and at least one poly (conjugated diene) block.
Preferred block copolymers are selected from those of the formula AB, wherein A
represents a block polymer of predominantly poly(monovinyl aromatic hydrocarbon),

20 B represents a block of predominantly poly (conjugated diene).

Preferably, the poly(conjugated diene) block is partially or fully hydrogenated.
More preferably, the monovinyl aromatic hydrocarbons are styrene and/or alkyl-
substituted styrene, particularly styrene. Preferred conjugated dienes are those
25  containing from 4 to 12 carbon atoms, more preferably from 4 to 6 carbon atoms.
Isoprene and butadiene are the most preferred conjugated diene monomers.

Preferably, the poly(isoprene) is hydrogenated.

Block copolymers and selectively hydrogenated block copolymers are known in
30  the art and are commercially available. Such block copolymers can be made can be
made by anionic polymerization with an alkali metal initiator such as sec-
butyllithium, as described, for example, in U.S. Pat. Nos. 4,764,572; 3,231,635;
3,700,633 and 5,194,530.




substituted styrene, particularly styrene. Preferred conjugated di enes are
those 25 containing from4 to 12 carbon atons, nore preferably from4 to 6
carbon atons. |soprene and butadi ene are the nost preferred conjugated
di'ene nononers. Preferably, the poly(isoprene) is hydrogenated. Bl ock
copol ymers atf2i} ectivel y hydrogenat ed-Bbfock copol ymers are known in 30
the art and are comercially avail able. Such bl ock copol yners can be made
can be made by anionic polynerization with an alkali nmetal initiator such
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pol ymeri zation or reaction wt ent coupli'ng agents can

formlinear gutiybelia U.BtPatentdNs$,209464.t hat a coupl i ng agent can be forned
in-situ by the polynerization of a nononer having two separately

pol ymeri ¥abl e vinyl groups such a divinyl benzene to provide star polyners
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agents contai ni ng nctional groups, and ne ormng star
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commercially.

A second class of polymers useful in the practice of the present invention are

20  olefin copolymers (OCP) containing dispersing groups such as alkyl or aryl amine, or
amide groups, nitrogen-containing heterocyclic groups or ester linkages (hereinafter
"Polymer (ii)"). The olefin copolymers can comprise any combination of olefin
monomers, but are most commonly ethylene and at least one other o-olefin. The at
least one other o-olefin monomer is conventionally an o-olefin having 3 to 18 carbon

25  atoms, and is most preferably propylene. As is well known, copolymers of ethylene
and higher o-olefins, such as propylene, often include other polymerizable monomers.
Typical of these other monomers are non-conjugated dienes such as the following,

non-limiting examples

30 a.  straight chain dienes such as 1,4-hexadiene and 1,6-octadiene;
b.  branched chain acyclic dienes such as 5-methyl-1,4-hexadiene; 3,7-
dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-octadiene and mixed isomers
of dihydro-mycene and dihydroocinene;



| east one other a-olefin nmononer is conventionally an a-olefin having 3 to
18 carbon 25 atons, and is nost preferably propylene. As is well known,
cdpol ymers of ethylene and higher a-olefins, such as propyl ene, often
i ncl ude ot her polynerizable nmononers. Typical of these other nononers are
non- conj ugay®e Uglenes such as the followmng, non-limting exanples 30 a.

stTai ght chain di enes such as 1, 4-hexadi‘ene and 1, 6-oct adi ene; b. branched

chain acycl ic di gnessmyRinsydRl fivhe!sudh heKadiyeRhiexaliche; 1,5-
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bi cyclo- (2,2,1)-hepta-2 di ene; al kenyl , aIkylldene cl oal kenyl and
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di enes containing at |east one of t he doubl e bon a strained ring are

preferred. The npst pﬁeﬁepmghﬂméﬁmrbgﬂﬁneeiWXCMWWHMTMM@EIQB) The
anount of diene (wt. g ‘B‘F ? mer can be fromO0%to about 20%
with 0%to about 15% t‘f@? E’ﬁ’rl W Egr 05’5 “0% to 15 about 10% bei ng nost
preferrggd. As already noted, the nost preferred olefin copolyner is

et hyl ene- propyl ene. The average ethyl ene content of the copolynmer can be
as | ow as 20% o@fahm:gmnjba@utdlemypwelﬂxenwddmmstwm%rﬁent i's

about 25% referred m mis % cont ent
can be as ﬁ? g‘?f’“ﬁ'& Sbfhaa‘f@!&?‘bﬁﬁg Bra?sprgép%lr-% er a%mt ﬁ?éf@nr%ypﬂn%%rlg hyI ene
content is gpiideke-IMsiboplicicGEND)Y ThbattioufOp dlaiee(fvﬁr beslsy in tHeopblyfrien
copol ymers contain from about 35
can be from 0% to about 20%, with 0% to about 15% being preferred, and 0% to
15  about 10% being most preferred. As already noted, the most preferred olefin
copolymer is ethylene-propylene. The average ethylene content of the copolymer can
be as low as 20% on a weight basis. The preferred minimum ethylene content is
about 25%. A more preferred minimum is 30%. The maximum ethylene content can
be as high as 90% on a weight bas, preferably the maximum ethylene content is 85%,
20  most preferably about 80%. Preferably, the olefin copolymers contain from about 35

to 75 wt. % ethylene, more preferably from about 50 to about 70 wt. % ethylene.

The molecular weight (number average) of the olefin copolymer can be as low
as 2000, but the preferred minimum is 10,000. The more preferred minimum is
25 15,000, with the most preferred minimum number average molecular weight being
20,000. 1t is believed that the maximum number average molecular weight can be as
high as 12,000,000. The preferred maximum is about 1,000,000, with the most
preferred maximum being about 750,000. An especially preferred range of number
average molecular weight for the olefin copolymers of the present invention is from

30 about 50,000 to about 500,000.

Olefin copolymers can be rendered multifunctional by attaching a nitrogen-

containing polar moiety (e.g., amine, amine-aicohol or amide) to the polymer
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Preferred are low ethylene olefin copolymers containing about 50 wt. %
20 ethylene and having a number average molecular weight between 10,000 and 20,000
grafted with maleic anhydride and aminated with aminopheyldiamine and other

dispersant amines.

The third class of polymers useful in the practice of the present invention are

25  acrylate or alkylacrylate copolymer derivatives having dispersing groups (hereinafter
"Polymer (iii)"). These polymers have been used as multifunctional dispersant
viscosity modifiers in lubricating oil compositions, and lower molecular weight
polymers of this type have been used as multifunctional dispersant/LOFIs. Such
polymers are commercially available as, for example, ACRYLOID 954, (a product of

30 RohMax USA Inc.) The acrylate or methacrylate monomers and alkyl acrylate or
methacrylate monomers useful in the formation of Polymer (iii) can be prepared from
the corresponding acrylic or methacrylic acids or their derivatives. Such acids can be

derived using well known and conventional techniques. For example, acrylic acid can



grafted with mal eic anhydri de and am nated wi th am nopheyl di am ne and ot her
di spersant am nes. The third class of polyners useful in the practice of
the present invention are 25 acrylate or al kylacrylate copol yner
derivatives having dispersing groups (hereinafter "Polynmer (iii)"). These
poI yners havenobyggn used as nul tifunctionagh _di spersant viscosity nodifiers
in lubricating oil conpositions, and | ower nol ecul ar wei ght poI ymers of

this type habepﬂ@pmdwadld@@hymbltysi& umﬁblwmu&im amdgg%ﬂ It By the

polyners are commercially avail abl e as, for exanp D 954,
product of SDOIF@IGNE%IM ﬁ-nr@p)olmeae@dyhed@tr@mmdm@d;atwaxféhmmimr@ and
al kyl acrylate or .net hcﬁgtg#h‘late non. mer useful.in_the fo n of Polyner

(iii) can belPPATEAEA Falic aridcap (E’F‘?P@“é’cl? forEXamp f) $fc acids

or their derjuahi eAkylISHel k%ﬁin@%r qu,e Y. o ?Jaga dl‘d](ir!%b

conventi onal ﬁlé'hnl gues. “For exarlrp e, ?18 acl d antmg L 011 g{éﬁb
prepared %y aaid diith gphepdplmiryspentaxide; @ehydho&tznmaetomtclyad(ﬂiydnnyanohydrl n or by
the polynerization of P-propiolactone and the destructive distillation of

the polyner to formacrylic acid. Methacrylic acid can be prepared by, for
exanpl e, oxidizin | I orites;
dehydrati ng hydro%@so t@%%%qg&g%avﬁl?ﬁﬁ%ﬁ&é %?b% egento g‘iﬁ@
hydrol yzi ng desatd peinmyyaloblyal with thAlakwhcacrd)dranahmyhmdhaca y¢m¢cauamhoner S
can be prepared, reac he . . desjr pri cohol, h the rylic
acid or net h&t§ F‘%aE°%E?‘8fYFgF‘§YE%ﬂaEﬁ*&F§§&P't° F‘ﬁ#qné“a%ql@)ﬁmi ZFP
acid, pregfer ltﬁnqﬁﬂ(g 1Al 0

pol ymer i izﬂatlga&%lgﬂzl\%éﬁ(% Bp{i}; hgﬂsﬁﬁlrsju e %’{3 r)g%%at es or al kyl
met hacryl at eme&mcny&tes dantaim &bmﬂbom l to alhmuuBOIeﬁrb@aratmm mttheralkyhca:rhm al kyl
carbon chai yni cal. exanpl es of, st | gohol s .i ncl ude t.hyl

a1 conol , et hgliais) EHiGH sXABPIRy PI sPiBRAIcons IR pFIoGE BSH Leguely eos] et

i so-octyl al &ﬁﬁo.ileolio? %@ﬁﬂcoﬁbf:%@@i aIcHHtSieEMJoctﬁ|aFc,%H91| 1soﬁ&5§ﬂ’§bébhé!| ﬁfPJHéS:}

tri decyl alcohol, capryl” al cohol, "lauryl alcohol, myfistyl” 15 al cohol
pent adecy!| atleatind] dodgeylraleohbl, atidesbalcelral, @peselra]ﬂohal dairyll alcohiob mayristyli ng

Gesirod Hor yraoih et lebep il Heskpbond Gealjl donel T ol atilbl e

may have nunggrbedé@dted®ithiBlydic aelr oriiétBairflid 4414 t®fordthe Absired acBsteHRY and
preferably the nol ecular weight range is from about 200,000 - 600, 000.
methacrylates, respectively. These acrylate polymers may have number average

molecular weights (Mn) of 10,000 - 1,000,000 and preferably the molecular weight
range is from about 200,000 - 600,000,
20
To provide an acrylate or methacrylate with a dispersing group, the acrylate or
methacrylate monomer is copolymerized with an amine-containing monomer or the
acrylate or methacrylate main chain polymer is provided so as to contain sights
suitable for grafting and then amine-containing branches are grafted onto the main

25 chain by polymerizing amine-containing monomers.

Examples of amine-containing monomers include the basic amino substituted
olefins such as p-(2-diethylaminoethyl) styrene; basic nitrogen-containing
heterocycles having a polymerizable ethylenically unsaturated substituent such as the

30  vinyl pyridines or the vinyl pyrrolidones; esters of amino alcohols with unsaturated
carboxylic acids such as dimethylaminoethyl methacrylate and polymerizable

unsaturated basic amines such as allyl amine.



20 To provide an acrylate or nethacrylate with a di spersing group, the
acrylate or nethacrylate nononer is copolynerized with an am ne-contai ni ng
nononer or the acrylate or nmethacrylate main chain polynmer is provided so
as to contain sights suitable for grafting and then am ne-contai ni ng
branches ar eognafited onto the main 25 eB@in by pol yneri zing

am ne-cont ai ni ng nononers. Exanpl es of am ne-containi ng nononers include
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bl end of 2al cohgfﬁ’\ﬁilffﬁfs"?ﬁa %@ﬁ&%ﬁ%ﬁ%ﬁcﬁ . ?rsﬁ&ﬁé%gié%%ﬁgﬂ?@éﬁf% and
12 cont ai ni ng;h efRefhgl cArbBn Atftribet HOGL Rstey bitReed and 10/@Shtaitig Ktvech ar e
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nitrogen by weight provided in the formof N N D nethylam noal kyl -

met hacryl at e‘.m‘fg‘:rll'}i'g‘?'i cating oil conpositions useful in the practice of the
present invention contain Polynmer (i), (ii), (iii), or a mxture thereof,
in an amount of from about 0.10 to about 2 wt. % based on pol yner weight;
nmor e prefter abl y Ewbrinatingoil compositiondhasgful in the practice o the presemé iySnYor r om

about 0.3 to_abou . 8 L% Al ternative i p.di |

Tl t1 £ unct i oFRBNE Bt (DS ugiE bF R Bkl mlephdf o8 PRhCSE frddibouc 01019
conponent s lzhoat WAl %S Billed R PolyHhétOvdlght; BBOprRERiIN fronPabidie Ol24oraboat 1 ng oi |
conposition fromabout 0.0001 to about 0.02 wt. % preferably from about

0.0002 to abwut%.omost praferably fermabop 3 ko ahauy Ofrwim7aboliermativelp n discussing:
0,000 15 U GERD ST Smbdtne i B Y S
conposi t {50n, ard Peeseitrovidig Miti6Fentsonteant td thedubrivathg o donipefition omoabyouer VM
A 20 T Or 0 to aboat 092 wi. %o, oxcterably Frors abot 0:000370 abomt 0.01 . %, st
used in » P y
preferably from about 0.0003 to about 0.008 wt. % of nitrogen. Polymers (i), (ii) (iii)
and mixtures thereof, need not comprise the sole VM and/or LOFI in the lubricating
oil composition, and other VM, such as non-functionalized olefin copolymer VM and,
20  for example, alkylfumarate/vinyl acetate copolymer LOFIs may be used in
combination therewith. For example, a heavy duty diesel engine of the present
invention may be lubricated with a lubricating oil composition wherein the high
molecular weight polymer is a mixture comprising from about 10 to about 90 wt. % of
a hydrogenated styrene-isoprene block copolymer, and from about 10 to about 90 wt.

25 % non-functionalized OCP.

Additional additives may be incorporated into the compositions of the invention
to enable particular performance requirements to be met. Examples of additives
which may be included in the lubricating oil compositions of the present invention are

30  metal rust inhibitors, viscosity index improvers (other than polymer i, iii and/or iii),
corrosion inhibitors, oxidation inhibitors, friction modifiers, anti-foaming agents, anti-
wear agents and pour point depressants {(other than polymer iii). Some are discussed

in further detail below.



conbi nation therewith. For exanple, a heavy duty diesel engine of the
present invention may be lubricated with a lubricating oil conposition
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about 10 to about 90 wt. % of a hydrogenated styrene-isoprene bl ock
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The preferred zinc dihydrocarbyl dithiophosphates are oil soluble salts of
20  dihydrocarbyl dithiophosphoric acids and may be represented by the following

formula:
- S
RO
N
P—S | Zn
/

| R'O Jdo

wherein R and R’ may be the same or different hydrocarbyl radicals containing from

1 to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,

25  aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R’
groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl,
decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,



formula: SP S Zn LR OJ 2 wherein Rand R may be the sanme or different
hydr ocar byl radicals containing from 1 to 18, preferably 2 to 12, carbon
atons and including radicals such as alkyl, alkenyl, 25 aryl, arylalkyl,
al’karyl and cycloaliphatic radicals. Parti cuI arly preferred as R and R
groups are afoB3L0 l{:jroups of 2 to 8 carbonr33tons. Thus, the radicals may, for

eXanple, be eth r opy ropyl, n-butyl |-but | ,..sec-but anyl ,
n- hexyl , i- h@ﬁt}aw}'cyrqloaewl Promawﬁuteaﬂdéwrder&wawl so¥@blbwn91qies@f|

henyl, but ls I
Eutee]%yl : :Jny%r r)tho obt a| n o |e sc%‘ﬁ&)? ﬁh]the ﬁﬁﬁeﬁg&ﬁm{)ﬁa&é@b&g@g&a@@ggﬁ“y
atons (i.e. #&boanf oRgjeaten Thezmbtdih)dnm&maithmmospﬁawdah tigeefore¢dmprive  about

5 or greater. The. zinc di hydrocar,tﬁl/ di t hi ophqgsphat e can therefore conpri se
zi nc di al kyl Zig¢ isflop Hubiorhespbates:nEhgpresent inventien may bepagtioyiaryaseful when| y

of 1 rom dpouiel ¥G5 Mbhifrk UG RARRRRE pERTHAR 1A AR BBBIT 8P 1o, =® ©
about 0.10 véboub®. IWte%ppm‘fﬁahlylfybm abtwt qabm)mmnomo weved|l Mibretpreferably,

| ubricating oil corrp05|t|on wi Il be | ess_than about 0.08 w. % such as
from about cthephespharitsdevs! e%ﬂwlub%aumoeﬁpal@pwaﬁn“ﬂ%bsllqselﬂsancﬂbout008

ant i oxi dant Swf%”s%@la&?ﬁoﬁa%@ﬁﬂ@ﬁs ?(I aﬁabu@ﬁr(ﬂlwto% s to deteriorate in

service. Oxidati've deterioration can bée evidéenced by sludge in the
| ubri cant, varnish-1ike dep03|ts on the nmetal surfaces, and by viscosity

gr owt h. Such oxjidati.on | bitors, i ncl ude_ hi ndered enol S | kal i ne earth
netal sal%s of Q?‘%@PB‘P}HH&‘E%? geatioxidants redne P%FB?%!%D’)P @S‘H‘F‘@f@lsztoal kyl

si de chai ns, &éljidi-héérih RENG Jliﬁﬂr@'de I‘dtiq)‘ﬁ’c Ee?fi%{#@d%roc fitnend

sul furized p enat es, phosphosu |ze or su urlze bons or
esters, p hoslphncmﬂsraemslmmke demisits oh theametabsurfices ,and by vm::om)bgmmlmp&mh

d d b U. 4, 890, d
ﬁgrggggnanf (S:‘E?ﬂ %fqr’l’: ‘HE‘%H Bﬂﬂ%ﬁnéﬁpg%&l? %ﬁg%%{%ﬁ%@ﬂ&oﬁ east two
aromat i ¢ or oupMpALoNHRASKeR ubfld prelefaH Ve (51C1] ABANI &XMals! i Guanot her cl ass

of corrpound 'S frequentlf/ used
uble phenates and sulfurized phenates, phosphosulfurized

nonylphenol sulfide, oil so
or suifurized hydrocarbons or esters, phosphorous esters, metal thiocarbarnates, oil
soluble copper compounds as described in U.S. Patent No. 4,867,890, and

molybdenum-containing compounds.

20 Aromatic amines having at least two arormatic groups attached directly to the
nitrogen constitute another class of compounds that is frequently used for
antioxidancy. While these materials may be used in small amounts, preferred
embodiments of the present invention are free of these compounds. They are
preferably used in only small amounts, i.e., up to 0.4 wt. %, or more preferably

25  avoided altogether other than such amount as may result as an impurity from another

component of the composition.

Typical oil soluble aromatic amines having at least two aromatic groups
attached directly to one amine nitrogen contain from 6 to 16 carbon atoms. The
30 amines may contain more than two aromatic groups. Compounds having a total of at
least three aromatic groups in which two aromatic groups are linked by a covalent
bond or by an atom or group (e.g., an oxygen or sulfur atom, or a -CO-, -SO;- or
alkylene group) and two are directly attached to one amine nitrogen also considered



anti oxi dancy. Wiile these materials nmay be used in small anounts, preferred
enbodi nents of the present invention are free of these conpounds. They are
preferably used in only snmall anpounts, i.e., up to 0.4 w. % or nore
preferably 25 avoi ded al t oget her other than such anount as may result as an
I mpurity fro0dwdt her conponent of the-@8Bmposition. Typical oil soluble
aromatic amnes having at |least two aromatic groups attached directly to
one ani ne niarpgte apdnes Janing ableay two ummgmnpsaatmhed dlmﬂSGOmmE‘QEMy

contain nore.than t aronmatic ou ounds havi

onst ¢ nree HeomareRe REEHR icdh M tani A R g sfctert Bl Ry
coval ent bomyloqdwamyl Ak &xY, AFyl ey ubyl( @cﬂmmn@nhﬁﬁ'ﬁﬂﬁ@n@hltﬁﬂéﬁﬁﬁs afm or a
-CO, -sS2 kyl ene gr oup) and two are dlrectli/@gttached to one anine
ni trogen al sa;n@tmgfdey surh2dlopluble arogutic amimastliavingrat feast tvpdromate gloupst t wo

vl cal | sHBEREL 405 o Gt St et BeblaaiFbreanaaedi T oy #iachie ™ ©

cycl oal kyl, t. aryl oxy, acyl, acylam no, hydroxy, and nitro groups.
The anount of any such oil soluble aromatic am nes having at |east two
aromatic groups 5 attached directly to one amine nitrogen should preferably

d 0.4 % d Pr ef I I
Compost 11 ons. i n' SEESARBESGHtH SeERationt © rom e EER om about

0. 05 to aboUhventitn: co%!aupflﬁﬁﬁib%ﬁi(y 05 E&%@@glﬂrt %, #aﬂ:féﬁbly%@ﬁ@%u@ YW % nost

preferably fromabout 0.20 to about 1. . %o henolic anti oxidant,
based onl® heabput awtuii, glest preferably ﬁumahoat 0.38 t@ﬂbolxtdrﬁ:)‘dt; i% pbpben@lien nor e

f bly, | t da t
Pvent on " cBaIR, REmd m e AR o ehtd T oGRS Forublsinbat HeRsBoE,  and
conpri se | eSgrefebibly, QuBricatihg o%cohx%&@iﬁoﬁﬂld Qoidah@ witk thiPre@ht inbentiotbr i cating

oi | conposi t I on, aromatic am ne antioxidant. Friction nodifiers and fuel
econony agertontaimphenplis agioaidantin thegmonnt set forth above; ng#wnm&esle@fthmhglf i nal

?rlulnorer:1 %/efls > SYP%?”&}%?&? aﬁ’f’yt%rg@s? ore Zdégl}&a{ﬁgé s Icgﬁlgogl fono- ot?Je %,r yIest ers

of 20 | oiag cdmgibRidaad. ycar boxylic acids wit h di ol s for exanple, the butane
diol ester of a dinerized unsaturated fatty aci d; oxazol i ne conpounds; and
al koxyl at ed al kyl -

Friction modifiers and fuel economy agents that are compatible with the other

ingredients of the final oil may also be included. Examples of such materials include
glyceryl monoesters of higher fatty acids, for example, glyceryl mono-oleate; esters of
20 long chain polycarboxylic acids with diols, for example, the butane diol ester of a
dimerized unsaturated fatty acid; oxazoline compounds; and alkoxylated alkyl-
substituted mono-amines, diamines and alkyl ether amines, for example, ethoxylated
tallow amine and ethoxylated tallow ether amine. A preferred lubricating oil
composition contains a dispersant composition of the present invention, base oil, and

25  anitrogen-containing friction modifier.

Other known friction modifiers comprise oil-soluble organo-molybdenum
compounds. Such organo-molybdenum friction modifiers also provide antioxidant
and antiwear credits to a lubricating oil composition. As an example of such oil

30  soluble organo-molybdenum compounds, there may be mentioned the dithiocarbamnates,
dithiophosphates, dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and
mixtures thereof. Particularly preferred are molybdenum dithiocarbamates,
dialkyldithiophosphates, alkyl xanthates and alkylthioxanthates.



substituted nono-am nes, diam nes and al kyl ether am nes, for exanple,

et hoxylated tallow am ne and ethoxylated tallow ether amne. A preferred
| ubricating oil conposition contains a dispersant conposition of the
present invention, base oil, and 25 a nitrogen-containing friction

modi fi er. O298Okhown friction rodifiers3%onprise oil-sol ubl e

or gano- nol ybdenum conpounds. Such or gano- nol ybdenum friction nodifiers

al so provide antioxidant and antiwear credits to a lubricating oil
conposition. As a d f i 2D

conpounds, there %@@@%Hﬁ%ﬁlﬁ%ﬁ%{ %I(lﬁl? I oclc:lgﬁél}arrat e?,m"%l%%gﬂggphat es,
di t hi ophosphiongioaad. Thaeselratrponundswilkaadtheittes basieihitiogess corapolindes rheaseredand

i Xt th f. Particuyl f. d | ybdenum di t hi bamat es,
i 1 Kyl i £ RS SMRrI 604 Bk 2 08 b e P A P 8 end 01 1 1
~34_Addi 1 0nggloed bidndiphaib Al BhaRARAY BbIYBMD Sodiimdfidih ard HorleagH M

conpound.” These conpounds ‘react W a basic nitrogen conpound as
measur ed bymélsbilhte.cmil dfhesGlkaline Me2f Holybdatest androthr oxdvodeausnsilts,reeg.,

G o e A YR b i AR B o
Vocer . NoRURLe s o Rtenintborap W 00O BT o i B ¢ ol ybdenur
conpounds. 10 Anong the nol ybdenum conpounds useful in the conpositions of
and” No(RSC2) 4 Aees U Fenk SRHBRIRGHD TUbE CRB SRS (RETPRD
consi sting %B}ﬁ#néﬁydg?%@gra Indtf tRGoahkgxyal kyl, generally of from1l

to 30 carbon at y 2 to 12 carbon atonms and nost
preferably alkyl of 2 to 12 Max(RORSauend. Especially preferred are the

di al kyl di t hi ocar bamat es of Wﬁ m Anot her group of organo-nol ybdenum
conpounds useful in the |ubr 82‘20 conpositions of this invention are

trinucl ear rphatbreolih AERBURSD scRERAHOM Ik ghbifkonsiaing SRR Aall§BSKI 2

and m xtures thereof wherein the L are independently se i gands
havi ng o¥Sgarandglisxpyalkyl, genezally i fiont &ta 3carbes atems and iporferablyrdstot1g carbon
atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the

dialkyldithiocarbamates of molybdenum.

Another group of organo-molybdenum compounds useful in the lubricating
20 compositions of this invention are trinuclear molybdenum compounds, especially those
of the formula Mo:S;L,Q. and mixtures thereof wherein the L are independently
selected ligands having organo groups with a sufficient number of carbon atoms to
render the compound soluble or dispersible in the oil, n is from 1 to 4, k varies from 4
through 7, Q is selected from the group of neutral electron donating compounds such as
25  water, amines, alcohols, phosphines, and ethers, and z ranges from 0 to 5 and includes
non-stoichiometric values. At least 21 total carbon atoms should be present among all

the ligands® organo groups, such as at least 25, at least 30, or at least 35 carbon atoms.

The ligands are independently selected from the group of
30



render the conpound soluble or dispersible inthe oil, nis fromlto 4, k
varies from4 through 7, Qis selected fromthe group of neutral electron
donati ng conmpounds such as 25 water, am nes, al cohols, phosphines, and
ethers, and % %Igtf}qes fromO to 5 and i ncludes non-stoichionetric val ues.
At |east 21 t% carbon atons shoul d b€3§r'esent anong all the |igands’
organo groups, such as at least 25, at least 30, or at |east 35 carbon
atoms. The ligands are independert+¥X—seirected from the group of 30 2002LO
11 -35 X Rl, X1 -R 2, X2 X1\/R 3 Y, X2 X1~R1 4 , X R2 2 andX 1°'R1L 5, XO
2R2 and m xtures thereof, wherein X, X1, X2, and Y are independently
selected fromthe group of oxygeg.and sulfur, and wherein Rl, R2, and R
are independently selected from )\

—R 2,
X2
X, R
\
Ve’ s
X

and

and mixtures thereof, wherein X, X, X, and Y are independently selected from the
group of oxygen and sulfur, and wherein R;, Rz, and R are independently selected from

5  hydrogen and organo groups that may be the same or different. Preferably, the organo
groups are hydrocarbyl groups such as alkyl (e.g., in which the carbon atom attached to
the remainder of the ligand is primary or secondary), aryl, substituted ary} and ether
groups. More preferably, each ligand has the same hydrocarbyl group.

10 The term “hydrocarbyl” denotes a substituent having carbon atoms directly
attached to the remainder of the ligand and is predominantly hydrocarbyl in character
within the context of this invention. Such substituents include the following:

1.  Hydrocarbon substituents, that is, aliphatic (for example alkyl or alkenyl),
15  alicyclic (for example cycloalkyl or cycloalkenyl) substituents, aromatic-, aliphatic- and
alicyclic-substituted aromatic nuclei and the like, as well as cyclic substituents wherein



5 hydrogen and organo groups that nmay be the sanme or different. Preferably,
the organo groups are hydrocarbyl groups such as alkyl (e.g., in which the
carbon atom attached to the remainder of the ligand is prinmary or
secondary), aryl, substituted aryl and ether groups. Mre preferably, each
| i gand has t%@%§%he hydrocar byl group. 186Fhe term "hydrocarbyl" denotes a

substituent having carhon, ato directly attached to the remainder of the
ligand and i eﬁng%‘fﬂq‘éﬂF‘li g"ﬂﬁﬂ&ﬁ%b@?rx?’hoﬁ‘hﬁﬁﬁ _ t {5 20y Voupdicatedt ext  of
this invent 'ﬁ@f%t%ﬁ?gﬁyweﬂkp%%'dﬁ@dﬂé?&lﬂﬁ follow ng: 1. Hydrocarbon

substituents, almphatic (for” exanpl’é al kyl or al kenyl), 15
alicyclic (for exanple cycloal kyl or cycl oal kenyl) substituents, aromatic-,

al i phatic- and icyglic-supstituted omatic nuclei and the |ike, as well
25 byel | ¢ subst | fuenSiRSLRHrosaEBneRIstRRat Hat b HhsemabHEs B9a ¢ hr ough
anot her porty bdn ﬁﬂsgﬂﬁ&ﬂﬂi)ﬁéfcghn%xtcﬁﬂiﬁﬁﬂ%nﬂi&h%&%@éﬁerﬁiébﬁ'tue”ts may

together forman alicyclic group). Substituted hydrocarbon substituents,

that is, thomedamninastynhygocadryd charinteirod ther dwbstitgens.uPbosetskilled in the attevilldmet ext
of this invention, do, not alter e predom nant | drocar byl character of"
Che. Subst | B Oh paledke e 4G bl raperralighiaro s TR, Giap: LFBho o or oups
(e.g., hal o, ,eR3R&6! Aklhe gﬁ[ﬁuﬁ?@yﬁ&d{?ﬁlﬁny&&.‘?o’ al koxyl, nercapto,

ul T oxy,

al kyl mer capt o, tro,” nitroso, s et¢.). 10 3. Hetero substituents,
that is, substituents which, while predom nantly hydrocarbon in character

ithin the context of. this_invention, cqntain ato t.her .than  carbon
\pl)mr eslent % a chatn oﬁeﬂef‘?lﬁ‘blfﬂrﬁm ’%Blﬂﬁﬂ?éﬁsﬁnﬁwg’ﬂﬁWBmeﬁportantIy,
the organo %Jtasm:m ih BRarhd1&aRitin BRV@nRxB6H thisGhwition ¢BRE@M Adm§ 8thBPRan 15

atons to render the conmpound sol uble or dispersible in the oil. For

exanpl e, t hecarhomqueseof ingaahbinror ingptheirwise gompoged of catbon atlgeser al |y range
bet ween about 1 to about 100, preferably fromabout 1 to about 30, and
nore preferably between about 4 to about 20. Preferred |igands include

di al kyl di t hi ophopitaiagtly, thedrgiiNdrbapsof théigands Bhveyd sliffidied @afbaraticarboand of
t hese di al kyl di t hi ocarbamate is nore preferred. O ganic 20 |igands
cont ai ni ¥g takemsto repdes thg compougd seluble of disperpible injthesoih rFor gxample aibe Brabes

servi 10 25 oAU M0y V) BB ARk Brnpllite o |1 0

inthe art w I ze e conpounds of the pfesent
i nvention r gsefefably femebbutointotbont Iametbmbaprafgrablyisetapdar shout 4 tecabohe2®@e t o
bal ance the core's charge. . L.
Preferred ligands include dialkyldithiophosphate, alkylxanthate, and
dialkyldithiocarbamate, and of these dialkyldithiocarbamate is more preferred. Organic
20  ligands containing two or more of the above functionalities are also capable of serving as
ligands and binding to one or more of the cores. Those skilled in the art wiil realize that
formation of the compounds of the present invention requires selection of ligands having

the appropriate charge to balance the core’s charge.

25 Compounds having the formula Mo;S,L,Q; have cationic cores surrounded by
anionic ligands and are represented by structures such as

8wy 8
J
we N
N

6

and



25 Conmpounds having the formula Mb3SkLI, Qx have cationic cores surrounded
by anionic ligands and are represented by structures such as and 2002L011
-+«37 7, and have net charges of +4. Consequently, in order to solubilize
these cores the total charge anong all the |igands nust be -4. Four
nonoani oni ¢ d00mands are preferred. Wtheput wi shing to be bound by any
theory, it is believed that two or nore trinuclear 5 cores may be bound or
i nterconnected by neans of one or nore |jgands and the Iigands may be

mul tidentate. Such structures fal | cope of this invention. This
I ncludes the case of a nmultidenta ayr g nultiple connections to a
single core. It is believed that @x gen a sel eni um may be substituted
for sulfur in the core(s). 10 G| - ubI83 or spersible trinuclear

nol ybdenum conpounds can be pr epar Ing in the appropriate

l'i quid(s)/solvent(s) a nol ybdenunmMeoly ce su s (NH4) 2Mb3S13n(H20), where
n varies between 0 and 2 and i ncl ude oi chionetric values, with a
suitable ligand source such as a tetra hi uram di sul fide. Qther oil -

sol ubl e or dispersible tr| nucl ear nolyb num corﬁ)ounds can be forned during

a 15 reaction . in the |at sol ve t bdenum sourc uch as
o1 7 (Net) MBS aYR e haEes s eprce el o bwiet SobpizR e ﬁ?rﬁs»‘ilﬁ\ tofal Ll 11 de,
di al kyl di t hi lgg.[yﬁ ] &H‘Qﬁ caﬂ%n stracting
agent such cy%ni e %lr}stﬁllﬁrﬁ}tﬁghfygrﬁ', 13or substit ut 3?1 &éfﬁrggp

Al ternati veIWjﬂlmttwi'shﬁug;tcdzcrboundbylanbetiumysuIls‘bﬂhehai tlhdlEtv&ajrtmczreluinmk:ar :
[M]2] I\/b387A6 a. counte n, and 20 is al.o s s d,
b of 1 3 PSR R IPRPIR G BY oA cug o moe ighnds i te gands

di al kyl di t h' RaPbLAIRIdEn A, Suh Mcﬁh@ﬂaﬂﬁhm%dkrbfmﬁuﬁgﬂdhpmﬁé e

liquid(s)/solvent(s) to forman oil-soluble or dispersible trinuclear
mol ybdenum docipdasrbi caph of apitolentatetligand hqun@lnmhiplemnnm;onb@amgle@nmrpl e,

aqueous or nj.c. A _compoynd's il sol.ubilit ersibili may be
T denced Hy SRSy TR OGRS sfletimaiey U ol S BRE g ol e 1
t he conpounds of the present invention, at |least 21 total carbon at oms.

shoul d be present anong all the ligand's cfjano groups. Preferably, the
ligand s6urce cHodeplubleor dispersilesrianglearumelsbdessmugomeonds cagge prepared by

reacting in the appropriate liquid(s)/solvent(s} a molybdenum source such as
(NH4);M03S13-n(H,0), where n varies between 0 and 2 and includes non-stoichiometric
values, with a suitable ligand source such as a tetralkylthiuram disulfide. Other oil-
soluble or dispersible trinuclear molybdenum compounds can be formed during a

15  reaction in the appropriate solvent(s} of a molybdenum source such as of
(NH4):Mo3S;3-n(H20), a ligand source such as tetralkylthiuram disulfide,
dialkyldithiocarbamate, or dialkyldithiophosphate, and a sulfur abstracting agent such
cyanide ions, sulfite ions, or substituted phosphines. Alternatively, a trinuclear
molybdenum-sulfur halide salt such as [M']2[M03S;A¢], where M' is a counter ion, and A

20  is a halogen such as Cl, Br, or I, may be reacted with a ligand source such as a
dialkyldithiocarbamate or dialkyldithiophosphate in the appropriate liquid(s)/solvent(s)
to form an oil-soluble or dispersible trinuclear molybdenum compound. The appropriate

liquid/solvent may be, for example, aqueous or organic.

25 A compound'’s oil solubility or dispersibility may be influenced by the number
of carbon atoms in the ligand’s organo groups. In the compounds of the present
invention, at least 21 total carbon atoms should be present among all the ligand’s

organo groups. Preferably, the ligand source chosen has a sufficient number of



carbon atons in its organo groups to render the conpound sol uble or

di spersible in the lubricating conposition. The terns "oil-sol ubl e" or

"di spersi bl e" used herein do not necessarily indicate 5 that the conpounds
or additives are soluble, dissolvable, mscible, or capable of being
suspended i n200XOIbi| in all proportions-3%hese do nean, however, that they
are, for instance, soluble or stably dispersible in oil to an extent

suf ficient tearkoneatoms ireits organe graies teefenderthe pompeunsspluble aedispersibigdnch t he

oil is enployed.. My.eover. the additional incorporation of other additives
may al so per ?“tfrf?é“:')?%‘é?lgmsbthonof hi gher 10 levels of a particul ar
additive, if desired. The nol ybdenum conpound is preferably an

or gano- nol ybdenum conpound.  Moreover, the nol ybdenum conpound_is
preferably sel ecTheitetmsoil-pelubled op “disparsiblet’ upel lgreia degiof peeassarily indicate

di t hi b NbDTC | 15 di t hi ophasph | yhd :
i thi ophdspPHEE ComBPYHIRARRLAR Heeeloble s E R FISk B RAP Of being
mol ybdenum syyshdriiRd 0 the'Birih WiGropdtBbRO ThedD 86 meiah Sovievet, Yhattthesy 48] fppdenum

conpound is present as nol ybdenum dithi ocarbamate. The nol ybdenum conpound
may al so be iastan¢e;selublgror stablpbdispersibledmodlundn exenrabicicritogxes thadtkanpl es of

sui tabl e viscosi,t I.fl.ers ot her t.han.Rol r.s (i (kk).and (iii) are
pol yi sobut yI @@ge%gﬁgqq%@rese%gowﬁ%183@1@}]@!gﬁdbﬁngi?g?d. %Qr%{, (é%r yl at es,
et hacr yl at eadpisay iRbfporARAVNOMR additi ve'mb aRb peAhie theofloraidiobtigeraci d
and a vinyl conpound, interpolyners of styrene and acrylic esters, and
partial |10 hybvdgeﬁap@l@icubpmﬁ)@im,sffdﬁSll‘Qd-yrene/ i soprene, styrene/ butadi ene,
and 25 isoprene/ butadi ene, as well as the partially hydrogenated

honopol ymers of butadi ene and isoprene. A viscosity index inprover

di spersant funct i PRembhibdemin oitipsERBistprefeaBBxan dng’ﬁii@ﬁﬁilytﬂi&duﬁ&‘coﬁlpound.

di spersant. Exanpl es of viscosity index inprover dispersants 30 include
reaction proMiesgoyenthemplybdenum compansl is peefesphly selestedyfremn the gfp¥Pocar byl -
substituted pong..-or-dicar [ Ld ' car byl substituent
conpri ses acoéﬁfélmrllg 8?9?3) b:ﬁgﬁ‘\é&ﬁt&ﬁhg%aﬁahﬁg%]g?w% @%gé%tn?ﬁl ndex i nproving
propertigs tditHibshosphui@anslgbdenum dictieptadsphibie, mobbdeming xamiete, i mprover

di spersant may be, for exanple, 2002LOL1 - 39 a polymer of a C4 to C24
unsat ur at ed ®elybdenym thipxanthate, snelybdsnugmn subfideandmixtyres therenfe Host

preferably, the molybdenum compound is present as molybdenum dithiocarbamate.

The molybdenum compound may also be a trinuclear melybdenum compound.

20 Representative examples of suitable viscosity modifiers other than polymers (i),
(ii) and (iii) are polyisobutylene, copolymers of ethylene and propylene,
polymethacrylates, methacrylate copolymers, copolymers of an unsaturated
dicarboxylic acid and a vinyl compound, interpolymers of styrene and acrylic esters,
and partially hydrogenated copolymers of styrene/ isoprene, styrene/butadiene, and

25  isoprene/butadiene, as well as the partially hydrogenated homopolymers of butadiene

and isoprene.

A viscosity index improver dispersant functions both as a viscosity index
improver and as a dispersant. Examples of viscosity index improver dispersants
30  include reaction products of amines, for example polyamines, with a hydrocarbyl-
substituted mono -or dicarboxylic acid in which the hydrocarbyl substituent comprises
a chain of sufficient length to impart viscosity index improving properties to the

compounds. In general, the viscosity index improver dispersant may be, for example,



nmono- car boxylic acid or a C4 to Cl0 di-carboxylic acid with an unsaturated
ni trogen- containi ng nononmer having 4 to 20 carbon atons; a polyner of a C2
td C20 olefin wth an unsaturated C3 to Cl O nono- or di-carboxylic acid
neutralised with an am ne, 5 hydroxyam ne or an al cohol; or a polyner of
ethyl ene wit #P08L&3 t o C20 ol efin further39-eacted either by grafting a C4
to C20 unsaturated nitrogen-containing nononer _thereon_or by grafting an

unsat ur at ed 2 PPiymsEeha Gado fer ynsaturaied eyiennd vimd alogbel oraderiol (g ubsatwased! i c
acl d oroups BlonbRErdofid flaBFAE, 1 E @lkaAflxdfie ald Hifan GlaRFall nittdaiC! - A
conpoditidh co

preferred |ubricating ol ntarns a di spersant conposition of
10 the presecsntainingthominerhasingdi to,20a5tbon Ho1as;apdlymensfexC) T Q\0ddfin

di spersant. Pour point depressants, otherw se known as |ube ail flow

i nprovers ( L@ithyan unsapgated Gato o maner oedirarbaxyhie agid ngptralised ety an raing; | |

flow or can ot : r

conpou ndséd e@)gdrrf?%ﬁg%g{?%?ggo ol ?}n@&?@@{ ‘lgfl %%lk?%%lcsgg g'le ? P&@g‘%ﬁ%

i nprove the feavted eithertat gtafting lalC CotGhy ahsatiratetl nitrakearcontanih® moabgetli al kyl
fumar at e/ vi n&y acet ate cgpol yners, and pol ynet hacryl ates. Foam control can

be provi ded ¥§rean ofRYigrafHipg AR upsatyrgied geidyonite Bie Srhackbone andthen e
a : it . _ ) D
Sadi 1 ves. careing ORI i or ShosUIAE gratPl 20 ad it L Bt

si ngl e addi t alesholpi peeferredlubridatipesibeothpaitichodontiind nlispersatt compositiomppPr oach
Is well known and need not be further el aborated herein, In the present

i nvent i off i t thedyesst Inveniioabase oY, pnfha MIgROSAY IRGRX IMPFRVERSPRTSABS ai nt ai ns
the stability of the viscosity of the blend. Thus, although polar group
contai ning additives achieve a suitably |ow viscosity in the pre-bl ending
stage it has bePourghdsrdeprtsiants; othereise knpes at lubn il fiow aapevers (LOFEpsi ty

when stored for r ol onged peri ods. ditives which are effective I n
control |1 g 1otes c BiogR i eResmgie at whichitbe BSici el thgoE s b PRARGSHBons
functional i ZgghilVes282%EN RRoWh.! DR MRm BE cSPpThitR deforteld Gbawd QSSP(SISrmer

anhydrides which are used in the preparation of the ashless dispersants as
her ei nbefsor e(iidl), typiesd additizeOthaGiriprovidthe W terhpasatupaflnidgy ob theddiid iareSs toont ai n

f - ment i ddit i h additive is _typicall
bl ended 1 nt oC A BySERAFRIT YL ALt BhRO R T R el R i Y
provide its @@t foviledby bR BntifoRRRHESTARE pbliyvito@hé Bfjel fR eRBMPIY!, §ili6bne oil
or polydimethyl siloxane.

20 Some of the above-mentioned additives can provide a multiplicity of effects;
thus for example, a single additive may act as a dispersant-oxidation inhibitor. This

approach is well known and need not be further elaborated herein.

In the present invention it may be necessary to include an additive which
25  maintains the stability of the viscosity of the blend. Thus, although polar group-
containing additives achieve a suitably low viscosity in the pre-blending stage it has
been observed that some compositions increase in viscosity when stored for
prolonged periods. Additives which are effective in controlling this viscosity increase
include the long chain hydrocarbons functionalized by reaction with mono- or
30 dicarboxylic acids or anhydrides which are used in the preparation of the ashless

dispersants as hereinbefore disclosed.



such additives, when used in crankcase |ubricants, are |listed below All
the values 5 listed are stated as nmass percent active ingredient.

ABRDI TI VEMASS % MASS % (Broad) Preferred Metal DetergentsO0.1 - 150.2 - 9
Corrosion Inhibitor0-50 - 1.5 Metal Dihydrocarbyl Dithiophosphate0.1 - 60.1
- 4 Anti oxi dze0130. 01 - 2 Pour Poi nt De@dessant0.01 - 50.01-1.5

At i f oam ng Agent 0-50. 001-0. 15 Suppl enental Antiwear AgentsO - 1.00 - 0.5
Friction Mdifi e%@dubriqati@gvmpo&itioqs avnthid pre O pore-of 1hdatx®e-mentioned

the. present IUGHer R cragiivas QRicAHy Bl i e abd fon SER b e o

preferably | ggsdufine t@EfBﬁdths%&si&d fillfetiSn.g- Rep’r@sehﬁbﬁ%e EfTedtive- aftbubits of 1) - mor e

preferably | ess than about 0.20 . % nost preferably |ess than about
0.15 wt. % o$ucbuidﬂiﬁves m@ma@imramko@sd\l@bukammam listéd helow. tAdbthenialues
formul ated | catl %qeml co t onrg ﬁé-l | ubricating viscosity plus
all additive §t° #e §t2 asrﬁ')‘a?frfg a YENgede—l ch as no greater than 10,

preferably no greater than 8. 15 It may be desirable, although not

essential, to prepare one or nore additive copncentrates conprising
additives ( tes sonetines being ref &0 as addptdyegpackages)
wher eby sevpral additives can be added si rrul(ltB'}Q usly to tfPrc dio fprm
the lubric —eotpesti-on—tray—erprey— om 5
to 25 mass pMetnidletergtity 5 to 18 nmass % tiypiledbly 10 to 18.2ress % of |t he
concentrate nder being oil of gio ating viscophty.c 2002LO11
-41 This in ch 8516&%1& fc Fur-ther—orderst b{i gy refererce ?axifﬁne +eH-pwi ng
exanpl es, W Dlhydrowby@mhleplpmph&eby weli @bt 6 unl ess ot h@idwidse notefl and
whi ch Antioxidant 0-5 0.01-2

Pour Point Depressant 001-5 0.01-1.5

Antifoaming Agent 0-5 0.001 -0.15

Supplemental Antiwear Agents 0-1.0 0-0.5

Friction Modifier 0-5 0-15

Viscosity Modifier 0.01 - 10 0.25-3

Basestock Balance Balance

Fully formulated lubricating oil compositions of the present invention have a
sulfur content of less than about 0.3 wt. %, preferably less than abount 0.25 wt. % (e.g.,
10  less than 0.24 wt. %), more preferably less than about 0.20 wt. %, most preferably
less than about 0.15 wt. % of sulfur. Preferably, the Noack volatility of the fully
formulated lubricating oil composition (oil of lubricating viscosity plus all additives)
will be no greater than 12, such as no greater than 10, preferably no greater than 8.

15 It may be desirable, although not essential, to prepare one or more additive
concentrates comprising additives (concentrates sometimes being referred to as
additive packages) whereby several additives can be added simultaneously to the oil

to form the lubricating oil composition.

20 The final composition may employ from 5 to 25 mass %, preferably 5 to 18
mass %, typically 10 to 15 mass % of the concentrate, the remainder being oil of

lubricating viscosity.



I ncl ude preferred enbodi nents of the invention. 5 EXAMPLES The ability of
a conposition to control soot-induced viscosity increase, and thus, the
ability of a conposition to maintain soot in suspension, can be neasured
usi ng bench tests, such as the test nethod described herein. Base oil and
addi tive 1008d#pbnents are bl ended to phdvide a fornulated oil. Carbon
black powder is then added to the fornulated oil. The kinematic viscosity
at 100 C of the carbon black dispersion is nmeasured using the test nethod
described in ASTM. . s in the
heavy duty diese gﬁ‘g‘%&%‘g‘?@? %%%@%ﬁ%@ég{ﬁ?ﬁ%ﬁ? ?éc))tfr(l),tﬂghg{)&rr'gg#i son was
made bet weerexsimpiedaivhereir AL patd are parts bpseight, unldss bthatwisgnoted andmhich t i ons
in the presence and absence of 1 wt. % pure sulfuric acid, using the

car bon bl ackinglade pprfersedemiodiments of shedaVebionp| ack), as described supra.
Detergentss were bl ended with base oil containing dispersant, antioxidant
and anti'wear agent (ZDDP). The results of the conparison are set forth in
Table 1. 20 EXAMPLESxanpl e No. 123 Det ergent TypeCa PhenateCa Sul f onat eMy
Sul f onat e TBN250295400 Det ergent Amount (w. 9% 3.02.02.0 CB Kv @ 1Q0C
(cst) 44. 418. 120. Bheehilay of W@Pfé@en(t%E?l)ticé@%t?f?i'g?%%ﬁ%S‘@BmR{Faﬁw cid Kv @
122. 0297. 627, B L0 I .

detergents t%u%k?ég%@elégﬁ?ec@?po? ewg?: :rrgnﬂi\%g r%oﬁya%gﬁnggﬁrﬁﬁjlﬁf@é%sgﬁﬁ

Al t hough t heusirgeberichtidses, sudhf a3rthé estiatihiod doscsibed hereite dBase ddliymeradditive

soot -i nduced kinematic viscosity properties in_the absence of the acid, t he

2002L 0L 110. 4 X9RREERSATOPIe orpbalife BEprmiaisd Pibc Ca08 WPk aOReE B b

viscosity Ofadfd[a((f B8 4R GBrmtfih@d bA* he kinematic viscosity at 100 °C of the carbon black
dispersion is measured using the test method described in ASTM D445.

To demonstrate the response of detergents in the heavy duty diesel engines of
15  the present invention, a comparison was made between kinematic viscosity increase
of lubricating oil compositions in the presence and absence of 1 wt. % pure sulfuric
acid, using the carbon black test procedure (3 wt. % carbon black), as described
supra. Detergents were blended with base oil containing dispersant, antioxidant and

antiwear agent (ZDDP). The results of the comparison are set forth in Table 1.

20
Table 1
Example No. 1 2 3
Detergent Type Ca Phenate Ca Sulfonate Mg Sulfonate
TBN 250 295 400
Detergent Amount (wt. %) 3.0 2.0 2.0
CB Kv@ 100°C (cst) 44 4 18.1 20.3
CB/Acid Kv@ 100°C (cst) 166.4 315.7 2974
CB Kv -CB/Acid Kv @ 122.0 297.6 277.1
100°C (cst)

As shown in Table 1, the response of the detergents to the presence of the acid
were dramatically different. Although the use of the sulfonate detergents provided

25  superior soot-induced kinematic viscosity properties in the absence of the acid, the



% In contrast, the kinematic viscosity of the |ubricant containing the
phenate detergent increased only 275 %to a still acceptable 166.4 cst. 5
The response of a lubricating oil conpositions fornulated with commerci al
detergent inhibitor (D) package containing dispersant, detergent (calcium
phenat e ancoocaloci um sul fonate), anti-oxygant, antiwear agent (ZDDP) and
antifoamant to the presence of 1 w. %sulfuric acid in a carbon bl ack
test (3 wt. pressacbofadid asiled msn idersasei ih &iheataticoviscosity efdfingmarldds ota Hekd of
an identical lubricating oil conposition, in to which greater than 50 % of
the di spersakt I%F??‘Bag?éﬁg 3?1@“%2\5%‘&“%’2-‘1&1%’@8‘:%“0? § ﬁPE'E“ébﬁ)i ng) wth

e (oL RALOARGAGLER ofhsoR b hSuRLEccdBb)d Mddcel ovi [n Tabl e 2

Tabl e 2 Exanp spersant Anobun 9.09.0 Di spersant Cappi ng
Agent NoneEAA Di spersant Nitrogen (wt. % 0.1080.73 finished oil Basic

Nitrogen 3.851.5 (mmol esl 100 finished, oil) % Non-Basi c ,N5Q70 Di spersant
Hydr oxyl G oups Hp@%p%ﬁﬁ?@&bmeﬂ#gwgw@ 0 ﬁl?ssr}eﬂnﬁe@w %@F@% 518. 4

Craut omer | ¢ APaToe (EAP ackafettntle dtealty dfbfelin CARIDIRARE) 0y
t he data of andhdakivin stlfenate)eamiroridait, atéwens agent {ZADEP) and antéfivatniant to the
presence of 1 wt. % sulfuric acid in a carbon black test (3 wt. % carbon black), as
described above, was compared to that of an identical lubricating oil composition, in
10  which greater than 50 % of the dispersant nitrogen was rendered non-basic by
reaction {capping) with EAA (ethyl acetoacetate). The results are set forth below, in

Table 2.
Table 2

Example No. 4 5
Dispersant Amount (wt. %) 2.0 2.0
Dispersant Capping Agent None EAA
Dispersant Nitrogen (wt. %) 0.108 0.73
finished oil
Basic Nitrogen 3.85 1.5
(mmoles/100g finished oil)
% Non-Basic N 50 70
Dispersant Hydroxyl Groups 0 2-3%
(mmoles/100g finished oil)
CB Kv@ 100°C (cst) 23.5 18.4
CB/Acid Kv@ 100°C (cst) 158.8 63.4
CB Kv -CB/Acid Kv @ 135.3 45
100°C (cst)

15 *tautomeric hydroxyl groups in egquilibrium with keto- groups

As shown by the data of Table 2, the presence of the acid caused a kinematic
viscosity increase 576% in the lubricating oil composition containing the uncapped
dispersant. In contrast, the presence of the acid cansed far less of an increase in the

20  kinematic viscosity of the lubricating oil composition containing the capped

dispersant.



viscosity increase 576%in the lubricating oil conmposition containing the
uncapped dispersant. In contrast, the presence of the acid caused far |ess
of an increase in the 20 kinematic viscosity of the |ubricating oi
conposition containing the capped dispersant. 2002LOl1 -43 To denonstrate

t he advant age®iofl t he present invention;4&-conpari son was nmade between the
ki'nematic viscosity increase of carbon back treated lubricating oil in the
presence, and in the absence, of 96% sul furic acid. The addition of the

acid (1 w. %5 of ,96% sul furiec acid hmul ates_conditjons. i n heayy, duty
di esel engine pr"g‘?/ﬁi%%f’swetlﬁe ﬁfﬁvaﬁéﬁeéﬁ}’:‘?}gﬁ{%ﬁ@fﬁ}m@&%h& gorggaﬁldsgﬁs“f a%gn%ﬁde.
In the testiygyaashé kiRshalle vRBbsitydndease%f@hrboa bagitrbAted lubtRatimdsieth the

| ubricating oil conpositions fornulated with commerci al detergent

i nhi bi tor (Dirgsepesslandin derbsanae.f WTspdiusigracid. deheadgition of theypeid (hwvpHenat e

and cal ci_um sul f.onate), anti-axidant,..ant.l - r 1 - .

ant i f oamant 03#8%28@%&@ 31m%8qe€§%¢ql%grgilg8§§m&%§§|& ?%%s&@ﬂlgﬁ bel ow.
SV151 is a siif SNEGR SRRICORAMAE a dvriiehsihf endde OTR {HRftestitigniebiSibed below,
ACRYLAO D 954 is a multifunctional polynethacrylate viscosity nodifier

avai l abl e ¥ win%Rofeatkonblack was adderpc laricating ail pampositions formylated witht | onal

OCP 15 viscosity nmodifiers .avail a rcial | poration
and Dutch Stcé’gf'%‘?{m ?}Sﬁemrlgié%gg{ @/@Pé&mgggg%gﬁ%éﬁ%ﬁ&%#g mﬁl ated oils
cont ai ni ng tBASRNYplshate dnd caltth bilsrate)ditcbxidi, &atWeid ddeht(ZDBPrarpe of
the present invention, was conpared to that of a formulation containing a
convent i @nalantifesmang aed 2 seramerad] pobmeriypsasity modifiey. goshewndkeleWabl e from
ORONTTE, a division of ChevronTexaco). In each of the 20 fornul ations, the
anount of viscosity nodifier was adjusted such that the lubricating oil
conposi tions al |SVLEl isfal seemegdiand Sopblyrgeraniailablé fronninfinalmVSAL.R2. 5 to 16.5

cst), as specified in ASTM D445 test nethod. The r,esultso(c:)iI t he i:% ari son
are shown BAFBYLQIR $3dys @ multufunetiopal polymethacrylpte viscQsity modifier availa

from Rohmax USA Inc. HITEC 5777 and PA 1160 are multifunctional OCP

15  viscosity modifiers available commercially from Ethyl Corporation and Dutch Staaten

Minen, respectively. The performance of formulated oils containing these viscosity
modifiers, which are each within the scope of the present invention, was compared to
that of a formulation containing a conventional, non-functionalized OCP copolymer
(PTN 8011, available from ORONITE, a division of ChevronTexaco). In each of the

20 formulations, the amount of viscosity modifier was adjusted such that the lubricating
oil compositions all qualified as a 15W40 grade oil (initial kv of 12.5 to 16.5 cst), as
specified in ASTM D445 test method. The results of the comparison are shown
below, in Table 3.
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2002L011 -45- As shown by the data of Table 3, the presence of acids

i hcreases the soot induced kinematic viscosity of the lubricating oil
conposi tions containing the conventional OCP viscosity nodifier by 875 %
(Exanpl e 7),2000.01628 % ( Exanple 9), and4gesulted in extrenely high

absol ute kinematic viscosities (211.1 cst to 324.0 cst). 5 In contrast,

| ubricating oil Amnhmui by theslatzooft Bibld highpleyense of atills incrdapesethelsgoti i ) showed

t % |l e 6) .t. 88 %
(Exanpl o 16)ndocsidSHmtuast ispet ok e SitsRite A epopoREBassarritBe B of ¢ 1 om
28. 14 cSt 1Qy mmg%ﬁbcpmscogftﬁﬁioaﬁ}&% 895 9B lExRR%1ENS, % 1874 %:dman@m t her

mat eri al s descri erein are 10 hereby incorporated, in their entirety,
into this spmdlrésmaﬂumnxﬂngtmlyh@mhselutedunpusm v:smsxtteez(zu beit ta§24.0 cst).

"conprising”. a plu of defined. co onents retog Lru L&

i ncl udi ng colﬁ'ﬁ@&r?frttajlﬁg’n%/ tmRositiops Bntfnll?é“ lymers ( r{}P 91)35 fi ned
component s ThHenBfeh 80 KififnatR 5 FOF GITP 9% ERIMpIR S 1d288% ExafPR Bl On  of
t he present 1 nvention have been described in tﬁe fof egoi ng speci fi cation.
VWhat 15 appl iandaacteptshle absolite kineeiatic iviscosityi valyesof\fmone28. 14 sstrtot7 1189 dst
construed as limted to the particular enbodi nents disclosed, since the
di scl osed enbodi nents are regarded as illustrative rather than limting.
Changtes ][ra%/hbe rfpﬂ@cthwo&lﬂesi?f APdidiRel aktieiéhmadiber tatbiAY HesdBiBad hérefh freom t he
spirit o e invention

10  hereby incorporated, in their entirety, into this specification by reference.

Compositions described as "comprising” a plurality of defined components are to be
construed as including compositions formed by admixing the defined plurality of
defined components The principles, preferred embodiments and modes of operation
of the present invention have been described in the foregoing specification. What

15  applicants submit is their invention, however, is not to be construed as limited to the
particular embodiments disclosed, since the disclosed embodiments are regarded as
illustrative rather than limiting. Changes may be made by those skilled in the art
without departing from the spirit of the invention.



2002L0O11 -46- CLAIMS 1. A lubricating oil conposition having a sul fur
content of |ess than about 0.3 wt. 9% said lubricating oil conposition
conprising: (a) a mgjor anount of oil of lubricating viscosity; (b) an
anount of nitrogen-containing dispersant contributing no nore than about
3.5 nmol es ofooliasi c nitrogen per 100 gragg-of said |ubricating oil
conposition, wherein greater than 50 wt. % of the total anount of

di spersant @LAIMEN is non-basic; and (c) a m nor anount of one or nore

neutral and/ overbased mnetal - cont ai.ni . det er.gent s, rein fromabout 60%
o 0006 of t he”t B dabricafios Al OMPABEER JE¥ine SSUINLRRPER Of E55 {haR SRR PGy

salicylate. &. -1 Cadh | 9&9@%-{, .on of claiml1, wherein
di sper sant noi%f ?%g&d#gﬁﬁ%%?)\ééﬁgggl%%&sal éo%posi tion by dispersant, or a
m xture of dfa3per sanje admunyefbil oblubritatthgodsoobign pol yner s havi ng an aver age

M of from about 1500 topgbout 3000, .and _ sai d diritgi rsant, or 'xtgre of
di spersants ®nt r ihameuntof nkegggnicoptaining disgergant co ﬁBB%g BO BIPT¢ F3mha8Mut

0. 10 t0 about 0. 18 sthunofts 8 bl Y3EEh pAIAVR ks bhEYd RibBkatghPbigt Of the

| ubricating oil conpositron Ing oll conmposition of claim 2,
wher ei n basi ¢ ni t comysositich, sherdin gichteo gan-S0ont % of the tatalspeouwnt of dispersander ed
non-basic by reacting said nitro e(P- contai ning di spersant with a conpound
sel ected from al kiHTOSeIS 598 ‘F'eg'i' formic acid; glycolic acid; alkyl and

al kyl ene car@ﬂnat L rindPnfduat Bﬂiﬁ/edéﬂ rﬂ@rg%ggﬁ%ﬂid%ﬂ)as%¥ﬁl-h&ﬁainﬂl The

| ubricating conposition of claim3, erei n di spersant provides the

| ubricating oil cdetergents;whereintfiorh aboataidGuto 100% ofithe wotal7amomitof détergest oxy|
per 100 grans of finished oil. 5, The lubricating oil composition of claim
1, further conpri@*r*?ﬁta&t’rﬁHIPSPatSﬁ’B‘yﬂfsai’GVP e or nore high nol ecul ar wei ght
pol ymers conprising (i) copolynmers of hydrogenated pol y(nonovinyl aromatic
hydr ocarbon) and poly (conjugated diene), wherein the hydrogenated

pol y(rmonovi ndl  afhevabricatingriboampasitjonsefgriant 1, ovhemein dispesaninitogen ig 7

provided to said composition by dispersant, or a mixture of dispersants derived from
hydrocarbon polymers having an average M, of from about 1500 to about 3000, and
said dispersant, or mixture of dispersants contributes to said lubricating oil
composition from about 0.10 to about 0.18 wt. % of nitrogen, based on the total
weight of the lubricating oil composition.

3.  The lubricating oil composition of claim 2, wherein basic nitrogen of said
nitrogen-containing dispersant is rendered non-basic by reacting said nitrogen-
containing dispersant with a compound selected from alkyl acetoacetates; formic acid;
glycolic acid; alkyl and atkylene carbonates; maleic anhydride and succinic
anhydride.

4.,  The lubricating oil composition of claim 3, wherein dispersant provides the
lubricating oil composition with from about 1 to about 7 mmols of hydroxyl per 100

grams of finished oil.

5.  The lubricating oil composition of claim 1, further comprising a minor amount
of one or more high molecular weight polymers comprising (i) copolymers of
hydrogenated poly(monovinyl aromatic hydrocarbon) and poly (conjugated diene),
wherein the hydrogenated poly(monovinyl aromatic hydrocarbon) segment comprises



at | east about 20 wt.% of the copolyner; (ii) olefin copolyners containing
al kyl or aryl am ne, or am de groups, nitrogen-containing heterocyclic
groups or ester linkages and/or (iii) acrylate or alkylacrylate copol yner
derivatives having dispersing groups. 6. The lubricating oil conposition of
claiml1, whepegimsisai d oil of lubricatinggyviscosity has a saturates content
of at least 90. 7. A lubricating oil conposition of claim2, having a OVNor

SW vi scosi t yat GeagtlébouB20 161 the @bpslgmer; (iiy olefin sbpdlmemfcontmng alkyl or
substantially free of sul fur-containing henite detergent. 9. Q
| ubri cati ng @V} m@@wzmm%wps,dma?gﬁnfonmmpa PLEFQGHEH %qOHQS ?%ﬁﬁ?f wkageso. 01

comosi 1 on AisF iy eshaRBP AR ALIE chith e ARGV el HE GUREURE BB o

from about 100 to about 1000. 10. The lubricating oil conposition of claim
1, further conprisi ng fromabout 0,01 w. %to about, 1({% % .based on
the total weﬁ ght Thsr lubrieatingioil composios; af Cl?étﬁﬂo redmsaid gyl of Jubricating,; i ¢

hylr 0y - Conl k0B TRLAERA Bhebl M (OY (ROQ 11 L RL m (R 2

C N %. ynucl ear aromatic rml ety; R and
R2 are mdependently selected fromH and Cl1- C30 hydrocarbyl groups
optional |y containing one or nore hetero atom; sel ect ed am N, O.and S;
R3 is a Cl- G20 hiduicating pil gpmppsiting of claim &y hayinga DY exS WyHseasity gladeyr oup:
and g is 1 or 2; xislto3; 2002LO1l1 - 48 y is from1l to 2 times the nunber
of aromatic rings in Ar; and z is zero to a nunber equal to the nunber of
remai ni ng sufist i Atitidating bil domgesison of elainrd] substaniialy/frée of sulfiir-ehataming t he

conbi ned nunmber of carbon atonms in R, R2, R3 and R4 is | ess than 80;
phenate detergent.

9.  The lubricating oil composition of claim 1, further comprising from about 0.01
wt. % to about 2 wt. %, based on the total weight of the lubricating oil composition,
of an aliphatic hydroxyl-containing material having a M, of from about 100 to about
1000.

10. The lubricating oil composition of claim 1, further comprising from about 0.01
wt. % to about 10 wt. %, based on the total weight of the lubricating oil composition,
of an aliphatic hydroxyl-containing material of the formula:

(OH)y (Ry)q

| R;
®o—tAr-r{c—n ) ®
X

R,

wherein  Ar is a mono- or polynuclear aromatic moiety;
R, and R, are independently selected from H and C;-Cso hydrocarbyl
groups optionally containing one or more hetero atoms selected from N,
Oand S;
R3 is a C;-Cyp hydrocarbyl group;
R4 is H or a C; to Cs hydrocarbyl group; and
qis 1or2;

xis 1to3;



with the proviso that a hydroxyl group attached to Ar can conbine with N-R1L
to form a substituted or unsubstituted 6 nenbered oxazine ring; with the
further proviso that, when a hydroxyl group attached to Ar conbines with
N-RlL to forma substituted or unsubstituted 6 nmenbered oxazine ring, and z
is 0, R2 is2MOH 11. The lubricating o#8-conposition of claim 10, wherein
said aliphatic hydroxyl- contaipni n%hmateri al is a, Manni.ch base product of a

reaction of al pha- ot isifeam 1 4 3 timens the,pembes ff arematic r}g}gsdﬁ,ﬁy;a}d secondary
amnes in the pres.e%% zg{ot% GRINARP ¥ uﬁ?m%%%m}gfremﬁﬂhgmﬂsﬁﬁﬂémg oil
conposition of claiml, urther compri si ng a m nor anount of an aromatic
ol i gonmeric conpound ofhyidacgehs onatomatit-hdietyhgmadn each Ar i ndependently

represents an aromatic noiety selected from_ pol ynucl ear. carbocycljc
moi eti es, movheseia|thasombingd papberof cafoaptams %’ém%hﬂ%l%@ﬁl%ﬁ & yclic

noi eties, saj. | | [ j %ﬁt&%ﬁ . L

substi t uent gahgle g%ﬁ%ﬁ&&o@ﬁ&m%}ﬂd# , rﬁlbﬁt%ﬂhﬁl{h\éf&%
-S(0O),,, R, asubS@ntedof)uyisubbtimna 6 ténbefedbxazinRiingyveith chenfurthérsproviso tiiat, each
Z is independently O, - N(R1)2 or. S, x and y are independent]y, 0 Qr | and
each Rl is iwheapdsonylgroypoittaghed tofgomirngs with Nl tosfafraraawe%i%ﬁeg or

unsat ur at ed (. NQ.: : 200 carbon atoms,
optionally n@%@sg@%éh%ugs{%{nggj%?I}Elﬂ%)}lste(g(%@q%éteﬂgroups sel ected from
-OR2, -N(R2)2, F, d, Br, I, -5(0O,,,R, -(C,,-(2y-R and -(2)y-(C2Z) x-
R2, wherein w, X and Z are as defined abqve

h : C d R2.is.ah byl
group havindl- 1 Tll?%&%%ﬂtmg(%l CORM9BHIOR 105 ﬁléfmé&’ewﬁgr%saﬂﬁé%@%g%&%?;%y

Ui ki : o . ki ;
20091 011 - FoHaFR lafecfadich SERREH AR/ (OB, RARET Pohg or'belihdphdiT ouP
S(O, Rl, (Cahd(ag eiimprihdly or(s€zindaist aminkeiretha pRisenae, ofya, caybosyticainpeunda s

defined above; and n is 2 to about 1000; wherein at |east 25% of aromatic
noieties (Ar) are connected to at least 2 linking noieties (L) and a ratio

of the tot allZ’?“”ﬁfcr}uﬂlficﬁ%n%Wﬂ%hrf?ogﬁiroH% cRiANE firthek BSmPHiLiAL ARhinof Anbiki t Ot al
nunber of aromatic ring atons I1n aromatic noieties (Ar) is from about
0.10:1 to akdah ad@ndtic oligomeric compound of the formula:

T— (Ar)—€ L— (Ar))f T (Im
n

wherein each Ar independently represents an aromatic moiety selected from

polynuclear carbocyclic moieties, mononuclear heterocyclic moieties and polynuclear
heterocyclic moieties, said aromatic moiety being optionally substituted by 1 to 6
substituents selected from H, -ORy, -N(Ry)2, F, Cl, Br, I, -(L-(Ar)-T), -S(O)R1, -
(CZ)x-(Z)y-Ri and -(Z)y~-(CZ),-R,, wherein w is 0 to 3, each Z is independently O, -
N(R:); or S, x and y are independently O or 1 and each R; is independently Hor a
linear or branched, saturated or unsaturated hydrocarbyl group having from 1 to about
200 carbon atoms, optionally mono- or poly-substituted with one or more groups
selected from —ORg2, -N(Rz),, F, Cl, Br, 1, -8(0)wR2, -(CZ)x-(Z)y-R:2 and ~(Z)y-(CZL)x-
R,, wherein w, X, y and Z are as defined above and R; is a hydrocarbyl group having
1 to about 200 carbon atoms;

each L is independently a linking moiety comprising a carbon-carbon single bond or a

linking group;



13. The lubricating oil conposition of claim 12, wherein Ar is naphthol or
qui noline. 14. The lubricating oil conposition of claim1l, further
conprising fromabout 0.05 to about 5 w. % based on the total weight of
the lubricating oil conposition, of phenolic antioxidant. 15. The

| ubri cati ng 2003L0tbnposi ti on of claim 14-49pprising less than 0.1 wt. %

bdsed on the total weight of the lubricating oil conposition, of aryl am ne
ant i oxi dant .eagi6 T inindepersi¢ndy Ho 0 alN{Rg2. & &i»?@rr & OowRis gﬁZ}xéZ),eRgph@Sr

provi ded with_an_exhaust ., gas_recirculati ing a diesel fuel
cont ai ni ng I@é"ﬁ‘fa‘?ﬁ%ﬁmf%mwof" %&4%?{‘3 gsvﬂ%%ggg?’rﬁe@r?bﬁonpri ses lubricating
sai d engi ne ysthrombbiorgopati ng oil conposition of claim1. 17. The net hod
of claim 16, wherein said engine is a heavy duty diesel engine and said
exhaust gas whareinatleast 237 of atometic sanigtigs{Aznkere gppnegted/to at loast2 linking s

recircul ation_. streans.tqo_bel d kDt r 1Q040 of: tinme
sai d engi ne rpgleftiﬁs &pd araio oﬁ(gghﬂ%‘ lﬂ‘ﬁ?\,{feg% ?fﬁ%ﬁagﬁcg@ghpom ll%glr(g ﬁg%érﬁég‘r a
sul fur cont agtmdfotdl @ambehafaraRaté rifg atoms in a¥ematel Moletlbd (A s femaibbut
conposition conprising a major anount of oil of lubricating viscosity, a

m nor anount0.09:1¢mebent 48tkce hi gh nol ecul ar wei ght pol yners conprising (i)
copol yners of hydrogenated pol y(nonovi nyl aromatic hydrocarbon) and poly
(conj ugated di ene), wherein the hydrogenated pol y(nonovi nyl aromatic

hydr ocar bon) 3, sepiERbri6AHR diS@nfsitioRAITC1aMPONY, whoredt AYisraphtiel 6ppol yner ;
(i1) olefin copolyners 2002LO11 -50- containing al kyl or aryl am ne, or
ami de gr oupsquimglineogen- cont ai ni ng heterocyclic groups or ester |inkages
and/or (iii) acrylate or alkylacrylate copol yner derivatives having

di spersing groups; and an anount of neutral and/or overbased phenate

det ergent prpyi diRglubdtatingdil ¢diaidsitibnficlamnyg dsitier eomprisinig dvan dbdirt 0W5about
50 mmol es of phenate surfactant per kilogramof finished oil, wherein said
| ubri cati ng teiaboutchwhFRi haseshor Bistiatahwejght of the dubricaing pd cempesilipe,Afat e
surfactant p ren'o‘fié ololgeclan finished oil. 19. The conposition of claim 18,
further con‘p‘h sirng an anotnt of at |east one nitrogen-containing

di spersant contributing no nore than about 3.5 nmoles of basic nitrogen

er 100 grans of said lubricatin il composjtion, . wherei ater, than 50
P J 15. The lubricating oil com;gos&lon of claim 14 compns%g less thatt 0.1 wt. %,

based on the total weight of the lubricating o0il composition, of aryl amine antioxidant.

16. A method of operating a compression ignited engine provided with an exhaust
gas recirculation system, using a diesel fuel containing less than 50 ppm of sulfur,
which method comprises lubricating said engine with a lubricating oil composition of

claim 1.

17. The method of claim 16, wherein said engine is a heavy duty diesel engine and
said exhaust gas recirculation system cools intake air and/or exhaust gas recirculation

streams to below the dew point for at least 10% of the time said engine is in operation.

18. A lubricating oil composition having a sulfur content of less than about 0.3 wt.
%, said lubricating oil composition comprising a major amount of oil of lubricating
viscosity, 2 minor amount of one or more high molecular weight polymers comprising
(i) copolymers of hydrogenated poly(monovinyl aromatic hydrocarbon) and poly
(conjugated diene), wherein the hydrogenated poly(monovinyl aromatic hydrocarbon)

segment comprises at Jeast about 20 wt.% of the copolymer; (ii) olefin copolymers



w. %of the total anpunt of dispersant nitrogen is non-basic. 20. The

| ubricating oil conposition of claim19, wherein dispersant nitrogen is
provided to said conposition by dispersant, or a m xture of dispersants
derived from hydrocarbon polynmers having an average M of from about 1500
to about 30@092L8hd said di spersant, or-80xture of dispersants contributes
td said lubricating oil conposition fromabout 0.10 to about 0.18 wt. % of
ni trogen, basethining alkyl evaral aming; ghamide growps) nibpEekePMainilg hetesapyadict i on.

R b cat o i ; . : il
2L (e | o s AR B3 B Sirgh i eV GRS R0 Of
nitrogen- C%bﬁgmmrﬁhg PRIupS tindVint inchin€ BNt a5 bee¥edbhskd phemitky |

acet oacetates; tformc acrd; glycolic acid; alkyl and al kyl ene carbonat es;

mal ei ¢ anhy dietetgent proydingisaiddubngatipg oilempesitionfeom ghout &ctoiabguio?] mmoles
conposition gf ,.claim21.  wherein the di spersant. provj he. lubricating
o TP ommost S ahendte Rtfummt Bt Endurhaor ipt Rl 3 B R kidgune 41 ' $50
grams of fi niosdjRAitiinlcontadns 1dd3&hhn P irhiéleiofiGalRiylaté QirRREnk perkiligramaf m 18,
wherein said oil of lubricating viscosity has a saturates content of at

| east 90. 2(fdfigledioil. 51 24. A lubricating oil conposition of claim 20,
having a OWor 5Wviscosity grade. 25. A lubricating oil conposition of
claim 18, substantially free of sulfur-containing phenate detergent. 26.

The | ubricatjgg Phd C(ﬁﬁz’(b&ﬁﬁintdf(lﬂhiﬁf182|f@itlﬁﬂr1:8mpﬁ§11hkhﬁ_ranfdﬁﬁpbf&i1%t bromM about
0.01 wt. %to about 2 wt. % based on the total weight of the Iubricating
oi | conposi thitragen-eantaining|disnersanteonidbwing nocoaredhin apputdidanmolesinf\basly a M

f f bout. oy ubricat. i g
laim 16 T ieesn b 180 Rms S g fbpstife S EmEMade ek 3RS S,
based on t hewt, @ af therb@himeintidfdispeRantaiirbgh i®nbnbagiposi tion, of an

al i phatic hydroxyl-containing material of the formula: (OHy (R4)qg 1 1 ,Rl
(R3)z.Ar CN

20. The lubricating oil composition of claim 19, wherein dispersant nitrogen is
provided to said composition by dispersant, or a mixture of dispersants derived from
hydrocarbon polymers having an average M, of from about 1500 to about 3000, and
said dispersant, or mixture of dispersants contributes to said lubricating oil
composition from about 0.10 to about 0.18 wt. % of nitrogen, based on the total
weight of the lubricating oil composition.

21. The lubricating oil composition of claim 19, wherein basic nitrogen of said
nitrogen-containing dispersant is rendered non-basic by reacting said nitrogen-
containing dispersant with a compound selected from alkyl acetoacetates; formic acid;
glycolic acid; alkyl and alkylene carbonates; maleic anhydride and succinic
anhydride.

22. The lubricating oil composition of claim 21, wherein the dispersant provides the
lubricating oil composition with from about 1 to about 7 mmols of hydroxyl per 100
grams of finished oil.

23. The lubricating oil composition of claim 18, wherein said oil of lubricating

viscosity has a saturates content of at least 90.



R2 X (1) wherein Ar is a nono- or polynuclear aromatic noiety; RL and R2
are independently selected fromH and Cl1- C30 hydrocarbyl groups optionally
contai ning one or nore hetero atons selected fromN, GandS; R3 is a O -C20
hydrocar byl group; R4 is Hor a C, to C9 hydrocarbyl group; and q is 1 or
2; xi slto3; 20p2difrom 1 to 2 times the-dlrber of aromatic rings in Ar; and
z%is zero to a nunber equal to the number of renmmai nﬂgg substi tut abl e

hydr ogens on24ir ofdubricating eilcompositien ofpiaina 2R, havinxv W erctWVriisassity sradear bon
atons in Rl, R2, R3 and R4 is less than 80; wth the proviso that a
hydr oxyl group attached to Ar and N-R, can conbine to forma -substituted

or unsubst i t 28 edAQubBFHRRAE O cONPOsifiOn of BEim W8} Subktastidlly fréesf sulfay-c6
2002L011 -52- when a hydroxyl group attached to Ar and N-R1 conbine to form

a subst it ut ephepate detergentt i t uted 6 nenbered oxazine ring, and z is 0, R2 is
not H 28. The lubricating oil conposition of claim27, wherein said
al i phatic hydroxyl- containing material is a Mannich base product of a

reaction of 2éphghe Mbnbaixagammmm@mmﬁm Glirehed cBMmipfiBihy ffim SRR 0! Y
am nes in the presence of carbonyl conpound. 29. The | ubricating oil

conmposi ti on Wi %ltaabaut @ wif %bh@d anche tatal wejght ofitkolubgsging oil ermpgsitigiomat i ¢
oligoneric c 0 t ent |
rep?esent s a?f%f’gwg? hﬁpﬁlycog'gaf“g%gggﬂ% aw\rll\lggynh& %%%Q(tz’g\% io@&@lgﬁ‘g& Y

noi eties, nopggicl ear heterocyclic noieties and pol ynucl ear heterocyclic
noieties, said aromatic noiety bei ng optionally substituted by 1 to 6
substltuents selected fromH, -OR, -NRl)2, F, d, Br, I, -(L-(Ar)-T),

S(OWR, - 4E )1‘64 fobYic Bing AP cohfstidn g tail 18 WA B Bedel aBout RGN Z

S |ndepend
wt. % to about 10 wt. %, based on the total weight of the lubricating oil composition,

of an aliphatic hydroxyl-containing material of the formula:

(OH)y  (Ra)q

| Ry
®pi—tarfc—n ) ®
X

R;

wherein  Ar is a mono- or polynuclear aromatic moiety;
R; and R; are independently selected from H and C;-Cap hydrocarbyl
groups optionally containing one or more hetero atoms selected from N,
O and S;
Rj is a C;-Cyo hydrocarbyl group;
R4 is H or a C; to Cg hydrocarbyl group; and
qis 1 or?2;
xis1to3;
y is from 1 to 2 times the number of aromatic rings in Ar; and
Z is zero to a number equal to the number of remaining substitutable
hydrogens on aromatic moiety Ar; and
wherein the combined number of carbon atoms in R, Rs, R3 and R, is less than 80;
with the proviso that a hydroxyl group attached to Ar and N-R; can combine to form a
substituted or unsubstituted 6 membered oxazine ring; with the further proviso that,



N(R1)2 or S, x and y are independently O or 1 and each R is independently
Hor a linear or branched, saturated or unsaturated hydrocarbyl group
having from|l to about 200 carbon atons, optionally nono- or
poly-substituted with one or nore groups selected from-0R2, -N(R2)2, F,
a, Br, |, 26620bwR2, -(C2).-(2)y-R2 and-542)y-(CZ)x- R2, wherein w, X, y
afid Z are as defined above and R2 is a hydrocarbyl group having 1 to about
200 carbon ailiEs hylexyllgroup dttadisgito dardndyN-R, Icomibinego foine & pulzstityged ef ng a
car bon-car bon singl e bond or | j nki ng gd[ oup: .each 'li_li S i ndependently H,
OR , N(R1) 2 unsubstifutesp mami rne ngzind z A Repg nhH 2) - (o), -RI;
wherein RI, w, x, y and Z are as defined above; and nis 2 to about 1000;
wherein at | east 25% of aromatic noieties (Ar) are connected to at |east 2
linking noi%gt i eBhe(lbbricatingailr @imposiviontoll elaim2d] wherehesaidaliphatip hgdiogykar bon

atonms in the oligoner to.the total nunber of aromati¢ ring atons |

aromati c roicontaining majerjal i3 Manpigh base M?&W‘Pfﬁée%B%P?@BLT.or&Fm%f’l - 53
30. The | ubrj ' | ] A5etd {minb&i r & ' 6@@&&1@) or
qui nol i ne. ﬂaqﬁ%&aﬁgb?%gwng odl'q(21 onpo%?%r{’@gﬁ%g?s%a@r%rbl ,0 ﬁ(r:t ro
conprising fromabout 0.05 to about 1.5 wt. % based on the total weight
of the lubricating oil conpgsition,. of ntioxi.dant. .32. The

. henal i.c .a
Pubr i cating 2| Easribucatngpikgorosition:ef i S BT FURRRISIAG A MRAT qpoung,
based on tne,tatalr il Aiorilic Ml FBLAGA! coTPOSI tion, of aryl ai ne
. met (0]

ant i oxi dant . operating a conpression ignited engine
provided with an exhaust gas recirculation system using a diesel fuel
containing less than 50 ppm of sul fur, ywhich nmethod conprises |ubricating
said engine with a lubricatin il compesition of c¢laim218. 34. The net hod

of claim 33, wherein sade_e%‘i Lis \Ty duty di dBe engi ne and said
exhaust gas recircul ation systelncools Jntake air and/or exhaust gas
recirculation streans to bel ow the dew Boi nt for at |least 10% of the tine
said engine is in operation.

wherein each Ar independently represents an aromatic moiety selected from
polynuclear carbocyclic moieties, mononuclear heterocyclic moieties and polynuclear
heterocyclic moieties, said aromatic moiety being optionally substituted by 1 to 6
substituents selccted.from H, -OR;, -N(Ry)3, F, Cl, Br, 1, -(L-(Ar)-T), -S(OxRy, -
(CZ)x-(Z)y-Ry and -(Z),-(CZ)x-R,, wherein w is 0 to 3, each Z is independently O, -
N(R;); or S, x and y are independently 0 or 1 and each R; is independently H or a
linear or branched, saturated or unsaturated hydrocarbyl group having from 1 to about
200 carbon atoms, optionally mono- or poly-substituted with one or more groups
selected from —OR;, -N(R2)s, F, Cl, Br, I, -S(O)sR2, ~(CZ)x-(Z)y-Rz and -(Z)y-(CZ)x-
R, wherein w, X, y and Z are as defined above and R; is a hydrocarbyl group having
1 to about 200 carbon atoms;

each L is independently a linking moiety comprising a carbon-carbon single bond or a
linking group;

each T is independently H, OR;, N(R1)2, F, Cl, Br, I, S(O)wR), (CZ),~(Z)y-R or (Z)y-
(CZ)x-R1, wherein R;, w, X, y and Z are as defined above; and

n is 2 to about 1000;

wherein at least 25% of aromatic moieties (Ar) are connected to at least 2 linking
moieties (L) and a ratio of the total number of aliphatic carbon atoms in the oligomer
to the total number of aromatic ring atoms in aromatic moieties (Ar) is from about

0.10:1 to about 40:1.
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30. The lubricating oil composition of claim 29, wherein Ar is naphthol or

quinoline.

31. The lubricating oil composition of claim 18, further comprising from about 0.05
to about 1.5 wt. %, based on the total weight of the lubricating oil composition, of

phenolic antioxidant.

32. The lubricating oil composition of claim 31 comprising less than 0.1 wt. %,

based on the total weight of the lubricating oil composition, of aryl amine antioxidant.

33. A method of operating a compression ignited engine provided with an exhaust
gas recirculation system, using a diesel fuel containing less than 50 ppm of sulfur,
which method comprises lubricating said engine with a lubricating oil composition of

claim 18.

34. The method of claim 33, wherein said engine is a heavy duty diesel engine and
said exhaust gas recirculation system cools intake air and/or exhaust gas recirculation

streams to below the dew point for at least 10% of the time said engine is in operation.



