() *+, e3e7L7@ADMEzK6KTL EGR EQUI PPED DI ESEL ENG NES AND LUBRI CATI NG O L

COWPOSI TI ONS The present invention relates to heavy d 1 DD)
engi nes provided with exhaust gas recirculation (EGR) “ml Mmm “l
such
5

_lubricating g(;z gsl‘yorrposi tions providing inpproved perfornance [Nl
engi nes. Nb# ticularly) the present invention relates (s conpr essi on

ignited internal c - i g:g @%g t ; n whi ch

i ntake air and/or %&RMP?@B?ESE A A%i%ﬂéhm bel ow t he
dew poi nt during operation (cond@BaCOMPOSHEIONSubricated with a

| ubricating oil 1o conposition that provides acceptabl e performance over a
drain period of at least 15,000 mles in such an engi ne. BACKGROUND OF THE
| NVENTI CN Envi'r Ldhe iﬁ@&ﬁﬁin’l%la’f@.‘f&hw di’ugr &i%l:tl it e%%fn% viddd" vk ce
NOX em ssions 15 of conpression ignite I €se I'nternal cohbusti on

engi nes. 5 Thexhaisegas reeicdutati cngEAR)i systems hdtlubricadug eilicompdiMonsprosidings of
heavy duty diesel engines is known as gﬁé})aust _g%s recircul ation or EGR EGR
reduces NOX1BR{aysf fREOBYancs in REGEPBTeHoMOBPATHEAIY hORSSFR ATk haust
gas) into t ' ] ji = ' j i

conbusti on Eﬂge gé){:'& ieggléneif ugg%ﬁggg%% amg;\ te erég%?igbgd;m%o

gener ati on. systeraslili whiwch ifitakd hie and/opéxhadstigas rezircelhfien streainst dve cédle] beloweven
greater reduction inh NOX em ssjon is, achjeved, by cooling, t he exhaust _gas
before it i dhedaw,peiadering eReTaLiQN (ﬁ%ndewéweamdég Ipbricated %ﬁé?g‘é’%“?‘%@‘lbet ter
Filling o tBE6¥libA 4Rk provitsta ;awairm*ﬁﬁn&%maaﬁaﬂgaiwafatllehsadd't' on,
because the EG% corrponeﬁts have hi gher specific heat values than the

i ncomi ng ai 15000 nhiles|in suckt am enginene EGR gas further cools 25 the conbustion
m xture | eading to greater power generation and better fuel econony at a
fixed NOX generation |level. Diesel fuel contains sulfur. Even "l owsul fur”
di esel fuel BOOKGROUMNY OPTHIINVENTION! fur. Wien the fuel is burned in
the engine, This sulfur 15 converted to SOX. 30 In addition, one of the
maj or by- pr oducEnviypnmpetabeansemsihaye lsf te continued affpris tof igdnce NOyeamissiopspor .

Therefore, t exh . StI it al vel . ter
vapor. 15 ¢ ECpRERRH LA VRN RN BARloR Rt MR TarcSH R0l
probl emat i ¢ bhingaisedtd leGucdthaNO, dnissions ciiehviedute didselnalgined @ knowirlast hese

conponents were 2002L009 - 2 exhausted in_a dis-associated, gaseous
state. Howegshauspgastesiprulation grEGR. EGR jsduces N@remissipasdy Hitkpdueieg pesx st ream

I's cool ed b%f)ﬁ’xlbﬁﬁibtle {:o?{x,\f&f?ﬂ{sgﬁﬁhéu‘&t %&E?in%‘ﬂieﬁﬁcon‘ijﬁg aliflfel cﬁ% @b &lcey 2POT
m xture is cool ed below the dew poiht, causing t wat er vapor to condense.
Thi s wat er imadchesenginecanmshiaXchambeBOXhisgrtures peak flané tempesatmicsindNONi tri ¢

and sulfuric acids in the EGR stream ..|n th r n of these acids, it
nas beerdt odRtPrHc Dagitionya i FiRefR ok el I EGRpan YRMEREL 1y

rapi dly, andedudabn HNE) efiddsibrCio AghibV&d Sy cdolifig e Gimbit Gay b&foRsit idrefuyad Of

| ubricating oil conpositions increase to unacceptable |1evels, even in the
1o presence tothercaginei e goelgnintakechargs alipws defter(fdligg of the\gylindersangk thus,

Because i ncr.eas i Vi S h §- e and
oan oven CaBRES pHEE: St o SadiHoR HELRE I SGRIEHBAREI REIEMIER 11
condensi ng gpeteficlhgat Ralued thaf alsd indomingtditahddhelt hixnapetha BGR) ghs fittther @M I €S

frequent lubricant replacenent. API-Cl-4 oils devel oped, specifically for
EGR equiZppedhesammbiistion pustugslspding tq greater Boueracnarstind gad beftes fyel egenamy ound

to be unabl %tﬁﬁx?dj ESenddiicn Rvep! em It has also been found that sinply
addi ng addi t1onal di$persant Is Ineffective.

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 SO,.
30 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 NO,, 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
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-Therefore, it would be advantageous to identify |ubricating oil
conpositions that better performin heavy duty diesel engines equi pped with
ECR systens that 20 operate in a condensing node. Surprisingly, it has been
~found that cting certain additi ve?, specifically certain viscosity
modi fi ers and/'or detergents, the rapid ifcrease in |ubricant viscosity

associ ated w . g ovi.de j . . rate
in a conden;%xhgugﬁ%gﬁgﬁg%sggfaa%gr g%re Q‘Ese%é.tg?glo 6%&%&@&%?@% n
accor dance WitlhamEGR, ahd 8GR satarhliecooledbeforerit istrétarnedits theremgindethea heavy
duty diesel engine provided with an exhaust gtaels recirculation systemin
whi ch i nt aké“@k,rs%a/ﬂtﬁrvmmfuraa%cqomtﬁiqw 145 RQiIRte SaMSIng the W3dred t o

bel ow the d ' a % Qf: ' ' ' i Sl

oper ati on, - SapgFigionliShssEiTlsSpaLe el Qe g 3P SoRREhRs (ol o

conposi t ison mistpf nisicandesubfario acidsivuthe BGR sir¢anof | ubri cati ng vi scosity, and
a mnor anount of one or nore high nolecular weight polyners conprising (i)
copol ynmers of hydrogenated pol y(nonovi nyl aromati c hydrocarbon) and poly
(conj ugat ed di englpe ReERERS RS ik AIRRBEES oAk EAROGEVRI ind0BHRAh

hydr ocar bon) 2002L009 -3 segnent conprises at |east about 20 w.9% of the
copol yner ; (dil gonypasitions dbojld rapadly sanclthstaindenspidcdnditians, the kineamiticeviscosityani de

, nit s t aj ni ng het | i l'i nk d/
G110 acryl AR o oBReing ol FomnoSiBRt fnshesed i opertapi ehElss 6 88 Ber o1 ng.
groups. dllon FreRNESBER1VET shalfEW1s ofSRe(d.2.03 wit % sobly S BebAfe indieised | S

provi ded an ‘engine, as described in the fiTst aspect, wherein the

| ubri cat i ng lobticanb Misoesityiadmersely taffeets perfprmange, andrean everngavseengific fatlureor nor e
neutral and/pver b%sedE(ﬁEt alt-cqgttai ni n.%.det ergents, erein ft om abq_ﬁt 50%
to 100% of tHABUFHY By EGR B FRRALAP @ CPBTPRIEGIPRICNTEIMG 2t AP, ARTHPR

det ergents. dfihe6perhtitgime Wedired fidyuent 1abmeat replactment MPINCI-9dils t here is
provi ded a heavy duty diesel engine provided with an exhaust gas

reci rcul at i alevelppedspecifically éor EGR £ruipped engipgsshatopeeatesin aeendeesing mafet i on
streans are cookedh fodnf ) B Adbfe AR ﬂ{i%%f%le?rf. %%ai agégee]nofféﬁ% tap® time
said engine Ts i n operation, said engine being l'ubricated W a

| ubri cati ng siinplycaddjigsadditiomadispersant isgineffeativer anmount of oil of [ubricating
viscosity, and a m nor anount of one or nore neutral and/overbased

met al - cont ai ni ng detergents, wherein from about 50%to 100% of the one or
more det er gent s AL BRENALGIEBE A antilebfy lodlisntHF I REHAS oil e8mbbkifiGiOr dance
with a fourth aspect of the invention, there I s provided an ehgl ne, as
descri bed i rthatthettehpertorasipdeayy duty didsel anigines ghwipperd with BGR systempothat i on

furth ises.a m . t af : hi gh nol ecul i ght
pol ymer S0corReraT ige tideRBe e, Sumpsiht ifinbeat iR oY sEERYAE ar omat i ¢
hydr ocar bon)cegaincdtiditp@b yspe€ifiballigedraeh WeRay motifers afid/bhaeténgeiiteaae

pol y(monovi nyl aromatic e/d_r ocar bon) segnent conprises at | east about 20
Wt . % of t henetspssi iy dehricap yijcasity psseciatpdovifhyihedise ghengipgsiyovided with EGR y |

am ne, or a(rBygt?n-g.rtﬂéi%f)era@' ro&%ﬁérﬁﬂﬁ(@})@%%&eﬁﬁ&%&k&l iC groups or ester

| i nkages an iTr)racrylate or a ate copol'ynmer derivatives
havi ng di spersing groups. 30 In accordance with a fifth aspect of the
invention, there is praqvided duty di esel engine provided with an
exhaust as 2 e Vi ch intake air

In accordance with a first aspect of the invention, there is provided a heavy duty

diesel engine provided with an exhaust gas recirculation system in which intake air
and/or exhaust gas recirculation streams are cooled to below the dew point for at least
10% of the time said engine is in operation, said engine being lubricated with a

30 lubricating oil composition comprising a major amount of oil of lubricating viscosity,
and 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)



“and/ or exhaust gas recircul ation streans are cool ed to bel ow the dew poi nt
for at |east 2002LU09 - 4 10% of the tinme said engine is in operation,
said engine being lubricated with a lubricating oil conposition conprising
.a nmj or anoy oil of lubricating visgosity, and a mi nor anmount of one
or nore nitrogen-containing dispersants erein greater than 50 wt. % of

t he dispers | i ; W J aspect
of the | nventeitt cpfi@files & IARATBAEAT we. 2 bR CCRIPAEE BIXMES BRihéls oD

di esel engi oentaindng alkyl ovaryl antingdnandde grasps, aitrogendcahtaminglyet¢renydlic whi ch

i ntake air and/or exhayust gas recircul ation streans are cool ed to bel ow t he
dew poi nt f GFOURE oF sier linkagsAnd/ardliv)iagey e, of M(?Fﬁ’é"t? SORWIBffé?%é‘tVPBYES for at
10 |l east 15 : nge of lubricating oil, which method conprises
| ubri cati nghgggﬁ\megxgﬁ?ll{eg %]\'notﬁﬁaa | ubricating oil conposition conprising a

maj or andunt of oil of lubricating viscosity) and a m nor anmount of one or

hi gh I I i ght  pol i Si) ' | . f
ydr ogenat ed. polld eFHATCR T BAGH] EORRE R E o TR PP gat ed
di ene), me%ﬁ%iﬂe}i&%e?&fﬁfeﬁ%ﬁﬁttﬁﬁ &g&avféwpaem tAY lubtieaitgO8IRE dfip SO ARGON)

segnment conprises at |east about 2 % of the copaolyner;” (11) olefin
copol yner s compeisesi aumyingir kynountrofam lor amareasutral andfovkrbaped mesal-containing

ni t rogencont.ai ni ng heterogyl clic ter |inkages and/or (iii)
Rcryl ate or GeeREE MhEEIIm AR 19 K TOOYK of Biscons g5 e GREFEEPIoY gr oups.
20 | n aggor Gaanke Wd/6r salisAuRelrgect of the invention, there is provided
a nethod, asS in the sixth aspect, wherein the lubricating oil conposition
further conprises a mnor anmobunt of one or nore neutral and/overbased

met al - cont ai ni ng_det ergent s erein from about. 50% to 100% of .t he one or
nore detergents P‘écoﬁ‘#gﬁgtwéthaaf\%rg Ps%egi ?ct)l}F e nhg{l,gpfgg At %r.ov’fogg Pr\’eﬁ‘éyc or dance
with a ei ghidityedieRt tngifie plowided Wt ardékhabifigas rdciredandn S@tbndinWhichdntake
operating a heavy duty diesel engine provided with an exhaust gas

recircul ati K a@g‘éx exhaust gasiresirquiptiorstraams aregogledde helowttheydew peit feratat i on
streans ;are - he.; -nQj for . 109 ti.me said
engi ne ilg i rll&gf)ie(%gto}fglr# ﬁj’%‘%g&gf ~3ugF¥e‘§§PQ‘%§I"8&‘S‘?& vﬁnl ﬁ%ﬁel@éﬁ%ﬁ%‘%&%}g&a

| ubri cat i ng hdbricating bit kompodditich camnprisisge s majdrrancaunt ofjoib of b cayingevisdobiby, a

| ubricating ojl conposition conprisin jor .amount of oil, of lubricating
Vi scosi ty, &Rk IRPHEROUShRATE B mBRegal Bl YT L e eBiNtas cd
2002L009 - %etef?eh?s', wherliRfrBin W ofE3 b 96 106% o‘f’ﬂ%’&ierbrfn!id}g‘d@t@%éhts@g/" to 100%
of the one or nore detergents are phenate and/or salicylate detergents. In
accor dance whenataaml/ondaliagpiecietengentsie i nvention, there is provided a

met hod, 2@ as in the eighth aspect, wherein the lubricating oil conposition
further “Conpri ses a m nor anount of one or nore high nol ecul ar wei ght

pol ymers conpri $h B€cotdance ikl &/fsRith aSfechyfihe aeveatios that Y provided ax engingmat i C
hydr ocar bon) and poly ‘gCOI’]j ugat ed di ene), wherein the hydrogenated

pol y( monovi Ay Hessriberhin the Hijkt pestowhsreingebihricating eil sermpesitioisthenhout 20
Wt . % of th%ox(?}gﬂg’ésya”iﬁ{dor GinlotinrSnk Br GRS &e&ﬂaﬁg{lg{?ﬂ pUIfeR! Kyl or aryl
am ne, or am groups, nitrogen-contal ni g heterocy i"C groups or ester
| i nkages andbmpriingi(i) capelymatsefhydedgeyatad pylly adhenevigd layoreaticdsydrocatbong S

havi ng di sper si rqups..ln accordance wiith a tenth aspect of the

nventi g5, - eRGPEY;EonPEAlidans), WhETR RS hYdEEeRae LPONGROOVI FTARAYF di esel
engi ne provindgdeibbh) @BnRKNEHRrSRat I8k ab&i 28WOR of iR &IPolymethiinbidri ake
air and/ or eg aﬁst g)as reci rculnati on straeams are cooled to bel %§v t he dew
poi nt for acopadwmerskontaifing hkkyt omarykamnine corginnide geoups, mipegeatcontainingr at

| east 15,000 without a change of |lubricating oil., which nmethod c ri ses

| tbr | cat | ng Neiasy Bl efRiRsor Roia NeRERL i or L e S Al TG pRERRG o
naj or ampunije@Vatives hfing Bishetoink Gadupdy Vi scosity, and a minor anmount of one
or nore nitrogen-containing di spersants wherein greater than 50 wt. % of
the dispeérsant nitrogen is non-basic. Other and further objects, advantages

and features of .t he esent .| ntion w.Jll.be understood h eferen to
The forl ow ng_ s FbaieoRiaRRE S JUTEMRRR: dhout imbEnitii e Sibodled FhERSARGy 0
shows di agr gigseltengidelproviled Withlad ek Rauso fasrebieaitiodsly Stedi iaSaliciei@ikeaimr ovi ded
w th an exhaust gas recirculation systemthat is optionally operated in a

condensi ng ABAer exhayip gap recirchlation streamsre coeled sa beloydhe dew peiat fortat kngst
streans are 30 cooled to bel ow the dew point. 2002L009




-6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The operation of EGR equi pped
heavy duty diesel engines is best described with reference to Fig. 1. In
such an engine, a portion of the exhaust gas is directed fromthe exhaust
_mani fold 1 ofepef ne 8 to EGR mixer 2, in which the portion of the 5
exhaust gas routed to the EGR systemis mxed with conbustion air provided
t hrough air 4 ik b6 R34S t he
portion of eIQ%aggtthgéltg% %a%éqggﬁek lgon%ﬁstl Onkglﬁ%ﬁ i'rﬁg’f%og?ub (iragédg‘&lﬁgé? cooler 4
and af t er codulsricafing b cpmpbsitieh gomprfing e nixjomagnonnt efloil b Ribripataigevisdaisity, t he
portion of thg exhaust &as routed to the ECR siste and/ or the intake air
will be coolaé agingr arugint of one AT MRLR nifregenseontailing dispessgnis yhersin grgaeTe i t i ng
EGR m xer 10! o of the tinme the engine
i s operated th%?ﬁ?%??ﬁxg‘&g#eg%gﬂﬁrhn&gﬁ}gtr}ogqggxg to the intake manifold 6 of
engine 85 mxed with fuel and conmbust ed. Exhaust not routed to the EGR

systemis exhau ed t rou exhayst out V\hen | ubri cat W t
I ﬁbri cating oi I g lb‘?“f‘ﬁ’easﬁ?"éé’éﬁle ipYALIoN; thETe 18 pEOY1 &‘H&ogan be
operated ovey e@ahn? %%Ev;lg’ut?la%é&l e’nénﬁqgowﬁé@maaﬁle\(hﬁfst k&ax%hrﬁ@ﬂign 20, 000,

nore prefera Iy from about ” 20, dOO "t 0o 'about 40,000 mleS, wthout a required
| ubri cating sgstbmahavtgdl intetke ar dnd/apexhautst gasabcmtgllammcsogamywwblﬂd ton t he

ti f nt 1y f | d i |l at
i neral of | Sl HELR nelBk PEH RS 10 & bt R 3eihoeipidbim sty s b | o
m neral jpubrézat$ 000 wldhsuzad%ahgaumuﬁﬁwlr@ 3B ¥hidH métho$ebRbAtdsMubridaing
viscosity of the 0i | es from about 2 m®/sec (centistokes) to about 40

me/ sec, es p@@ emging vrmth) wisigatingoiha@npesitioncopprifin 2o majfe /agwynt efpwl of

pref or b v ARV A TR £l AR o obond Tind frgtCimolEeRt et 107
lard oil); lpolyhets aentnpﬂkmgl ) ebﬂi?]cﬂymaﬂ &Yﬁdﬂfgeﬁat&eﬁolgﬁﬂémﬁﬁyiw@ﬁtﬁd or
aci d-treated m neral enic and m xed

araffinic
par af fi ni c- fygracAdIoN amq/m!g (ccmllll&atqslfdlp@mrwb%rﬂnﬁge bydregenated pAdY(mang@vinybm
coal or ,ghalg I .ng oils
i ncl ude Eydr o%'glr‘ rf‘ﬁt;l%/s chzgé'ﬂﬁ%rﬂ cog@?tg?sﬁﬁ!tl ﬁ%g%@g&%hfsgﬂkﬁgﬁ@g@#’as
pol ymer i zed (iéipdlefinicopglgmyrsenonzaining hkdyl osar&bargmp, qminmﬂeug;d@n,eﬁtrogen-
pol ypr opyl enes, . | ene- sobut | ene nmer chlorinate
pol ybut y1 enéenafing PesoRylelingceyn® pE e Pes ey (il ofate oFwaesyae
al kyl benzenggpolysfeP dbdRiveE€nin %h%@@ﬁnes t et radecyl benzenes,
di nonyl benzenes di (2et hyl hexyl% benzenes pol yphenyls (e.g., bi phenyl S,

t erphenyl s, al kyI ated pol yphenol s); and al kyl at ed Bi phenyl ethers and
Ayl Aty B Pnery oSl SRuRD IR AR ¥P 0 ARGL05, ABC IOBRARES, ¢ her o

Al kyl ene”oxi de pol'yfers and er pol ey At tves &eS where the

term nal hydnanyd, aglixouﬁssmau@ebeemfmﬁl tHel 16bkidiYing Sil&bhipositioh @irther
etherification, etc., constitute another class of known synthetic

| ubri cat i ng GoMPsisesThEROr Amougs el ee; qTiTeRre BgutEd|apdieyenbrsadanetabemyaiaing
prepared by ol yimRd WiRkldif frofi] attul¥0%1E 106445t (RE ol G Wtergents are

phenate and/or salicylate detergents.

25
In accordance with a eighth aspect of the invention, there is provided a method
of operating a heavy duty diesel engine provided with an exhaust gas recirculation
system in which intake air and/or exhaust gas recirculation streams are cooled to
below the dew point for at least 10% of the time said engine is in operation, for at
30 least 15,000 without a change of lubricating oil, which method comprises lubricating
said engine with a lubricating o0il composition comprising a major amount of oil of

lubricating viscosity, and a minor amount of one or more neutral and/overbased



-10 oxide, and the alkyl and aryl ethers of polyoxyal kyl ene polyners (e.g.,
nmet hyl pol yi so- propyl ene gl ycol ether having a nol ecul ar wei ght of 1000 or
Bi phenyl ether of poly-ethylene glycol having a nol ecul ar wei ght of 1000 to
- 1500); and #p@pegeeand pol ycarboxylic estegs thereof, for exanple, the acetic
acid esters, mxed C3-Cg fatty acid esters and CG 3 Oxo acid diester of
tetraet hyl engigll dmelining detRhREWhérdin Ao ab6htED & 16099 oP el dhelov Bidrgat i ng
oils conprises the esters of dicarboxylic acids (e.g., phthalic acid,

succi ni ¢ aciddtergenksydre phensteansl/ercsialicylatadetgrgestsyl succini ¢ acids) malefic
acid, azelaic acid, suberic acid, sebasic acid, fumaric acid, adipic acid,
|l inoleic acid dinmer, malonic acid, alkylmlonic acids, al kenyl nmalonic 20
acids) with a vaja&dorddice Wi iheh dsBed of tHeUhVentidhCBBR!is pRIVIdEd AheBba)] -
dodecyl al cohol, 2-ethyl hexyl alcohol, ethylene glycol, diethylene glycol
nmonoet heb, P8 tpthesightiyhspeet, Whesirethefubricatingrpil eemppsition further eemptiseslaudes

di butyl adipate, di(2-ethyl hexyl.). sebaca di.-n-hexyl funmmarat di oct yl
cebacat e dmEgaDgnt of bR pLRSy gk FRRGHIE yefit BDFER PR ot e

di decyl pht kapalymersdifaiydfspghate@palgahénoviii arorkititytlydescatbod asd polyof 25
linoleic acid diner, and the conplex ester fornmed by reacting one nole of

sebaci ¢ aci dcanjugateddiens)| whergin the hydregenatesdrolymanevinyharomatic hiydwsatbpn)

made T om caoietbppata st ik 20 87 g2 LR By Rt PR BB oS e

as neopaot ylcogtainisy alkPicortaiylraphify, o? lapiidpgioaps, pRfdgeicphtainih@®heterocylclic

di pentaerythritol and tripentaerythritol. Silicon-based oils such as the
pol yal kyl -, Spps &F gster linksgosandaiieerypae Phalkylacndate copplpmer degivativessi | i cat e
oils conpri - : class of synthetic 2002L009 - $ lubricants;
such oils i ?i‘g‘(‘ﬁggg g{s#@se%qhgkll’s'si licate, tetraisopropyl silicate,
tetra-{2ethyl hexyl)silicate, tetra-(4-nethyl-2-ethyl hexyl)silicate,

tetra-(p-tert-bytyl - phen 5% silicate, . . . .

e ( 4- et hy! - 40 BPOTURTEK JHich EnchRers of gy onion thysi Bipied apethod of

pol y(nethyl BB%Mh%ﬁ hbAPARY dieEIBEInS YR I8d with HR bkkaist £ rBtitculdiidnl ude
liquid esters of phosphor ous-containing acids (e.g., tricresyl phosphate,
trioctyl pheystmtiewhitihcntake airsindfor exhahstgas peairplation strearhsiareaodlegdd yneri ¢

t et r ahydr of yrans nr ef i r.ef | d re-refined oils can be.used in
ubr  cant s SPRvge gPEGaTrn vttt 1% EiinifshEDe B i ok Blionc s B ned
directly frogasel13)e00waho@ra chafgd\eft lubrid@ing @il GRich hétBod compiists lutitivhtihg cat i on
treatnment. For exanple, a shale oil obtalined directly fron1retortu§g

oper at i ons; Spidtenging yitha lubgsatingRilicompesitiancomnsising ampjor amoynt of gl efst er oi |
obt ai ned,di I f 1 j A4 ; t her treatnent
woul d bgoan lﬁﬁyg ?%gigg%s?t? ﬁﬁaﬁr{rl]édé%%%dlugp%r e sqlqm g\rpﬁtk%g nr éﬁr}ln{g% oils
except that didpersants wiherdim gtelater thaneit ved % of the dispersamtrmtrogeni is nombasio. st eps to
i nprove one or nore properties. 15 Many such purification techniques, such
as distillation, solvent extraction, acid or base extraction, filtration
and percol ati on (jh& HAFURNErObIRRS 8dwhtdge®ond fRaful& GiTthe prASEinveaHoP Wi are
obt ai ned by processes simlar"to those used to provide refined oils but

begi n with belundérstoot by referengelio the dollawiog spesificationce. Such re-refined oils
are als% known as reclainmed or reprocessed oils and are often subjected to
additio glly 20 processing using techniques for renoving spent additives

and oil br eFRIBIMDESCRIFTION OF PTHE DRAWINGSat i ng viscosity may conprise a

Goup I, Goup IT, Goup IIT, Goaoup TV or Goup V base stocks or base oil

bl ends of the affig driaws dinggapmatcallydbe gperatiqsr ofr bgayy dutiediesel engine

| ubricating_ yi I | . I I up V base
stock, or ap}r(réé&%ﬁ%{ﬁ%?)é%?g%? Q%él}rﬁu&at@gﬁy%%ﬁléh aé%ﬁ%i?qnaﬁgé gerggegc gand one
or nore a Geondenking niddeln whidh infikewfr and/op exhaustigas\fediGdationaticamd A base
stock, or base stock blend preferably has a saturate content of at | east
65% moBR praeled imbslowithe dew pointoy npst preferably at | east 85%
Preferably, the oil or oil blend will have a sul fur content of less than 1
% preferably | ess than 0.6% nost preferably less than 30 0.3% by weight.



‘Preferably the volatility of the oil or oil blend, as nmeasured by the NOACK
test (ASTM D5880), is less than or equal to 30% preferably |less than or
equal to 25% 2002L009 -9 nore preferably less than or equal to 20% nost
preferably h&ﬁﬁ%ﬁhan or equal 16% Preferably, the viscosity index (Vn of
the oil or end is at |east 85, preﬁerably at | east 100, nost
preferably f,

t ' [Wal! t he base stocks and base
0|I5|nth|¥h DééR& Mﬁopﬁtﬁﬁl f d in the Anerican

Petrol eum | nst i mht:e;pépaabﬂ oPEUR éuiipped helnoduig dids¢] enigiies & begt @dderibed
Certification System', Industry Services Departnent, Fourteenth Edition,
Decenber 1996th rafeaeriegienFiz. 1pde swghan engow, a%ﬁ@“@&ﬂﬁ@@@ﬂ%rﬁa&m@@éﬁﬂzes base
stocks as f I rcent
aturat oo Aol sxhsEinafliolR bt AR SCR ripl £y riint BAoR ol U

i ndex grgat exhdusegasaduted ttathetEGB@ysaﬂﬂ i$ mixedtvigincokBustion A ;irdslﬁdécemtought hods
specified in Table 1, b) Go Il base stocks contain greater than or equal
to 90 per cefir iglgt? #ofosm w/q@apgsg@s T, (Preferably.ithe portion of exhayst gas| f ur

and have a I 120
using the t ég h%él §p‘§§é& % Ed lh ?ﬁlgéﬁ i&ﬁé{?{ ﬁd‘&f%g?@‘é}b%g%ﬁgétm%
contai n grebgtfore bdnag rmxedecMakt prefeﬂ{bl)peha:mtlons of tlneakhmsagak roated td tien or

equal to 0.03 percent sulfur d )have. a viscosi |ndex reater t han or
equal to 12@@&%@ et wgf%a&ﬂibée?qlpé eremsuch fhat she ey N

base stogks ;Hr%a‘l% f Y/ t de all
ot her bgge gt oﬁ&)get%%lltl C ug IhRl rnﬁ g\tglj%w iﬂ;e @'“Pf:kﬂnt fop%ﬁﬁt/ 19%% t!hgilh{é
Anal yti cal Mitdngile it operiBzde 'Iﬁ'e(alrkxﬁaum m]ietelte m@dhocﬂl&ammummb bf

2007 scosi L L GEXASIM R ARl SSHLL M AT R ZRFPATTMA AT ReSE ST O

exhausted through exhaust outlet 7. When lubricated with a lubricating oil
composition of the present invention, such an engine can be operated over at least
15 about 15,000, preferably at least about 20,000, more preferably from about 20,000 to

about 40,000 miles, without a required lubricating oil change.

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
20  gasoline engine oils, mineral lubricating oils and heavy duty diesel oils. Generally,
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 mmzlsec, as measured at 100°C.

25 Natural oils include animal oils and vegetable oils (e.g., castor oil, lard oil);
liquid petroleum oils and hydrorefined, solvent-treated or acid-treated mineral oils of
the paraffinic, naphthenic and mixed paraffinic-naphthenic types. Oils of lubricating

viscosity derived from coal or shale also serve as useful base oils.

30 Synthetic lubricating oils include hydrocarbon oils and halo-substituted
hydrocarbon oils such as polymerized and interpolymerized olefins (e.g.,
polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes)); alkylbenzenes



"2002L009 - 10 The viscosity index of the base stock is increased, or

i nproved, by incorporating therein certain polyneric materials that
function as viscosity nodifiers (VM or viscosity index inprovers (V).
~Generally, pglyppric materials useful as,viscosity nodifiers are those

havi ng nunber average nol ecul ar wei ghts ZNh) of from5 about 5,000 to about

250,000, Dr gf 1 kot esBr@b A adbOvIBhchs, aRHIIbERNE0GioIrDT € pr ef er abl y

f rom about 150, 0 These visctosity nodifiers can be
grafted wit bthyltekyl)benzewdsriodyphesyls ke.gs biphenylsxephényls, atklybftédc anhydri de,

and the grafted nateria n he.reacted wt for e I m nes, am des,
ni t r ogen- CORP]S’PH?‘?RBS h@iJe?‘E@ﬁt?B'd&P‘l?B#ﬁfdgﬂa@‘E?Iké{ﬁtﬁénﬁn’ah%gﬁﬂﬁ‘?% and

mul tifuncti @B ativieS RiddsandReirol s therof( di sper sant - vi scosity nodifiers).
Pour point depressants (PPD), otherw se known as Tube oil flow inprovers

(LOFI's) $ower the tenperature. Conpared to VM LOFIs generally have a | ower
nunber aver age cul ar, weight. Like VM, LOFls. can bhe afted wt

Grafting. 15 mat Akt SidnBolmers mdTRemunetsaPd ARV ERS frael W fie e
grafted mat gdrjihal ‘h@ﬂrdi?l £138p3 BfleWebh molfiledbiadiR icatidH, BRRrifieali diS &tc.,

ni trogen-contai ni ng heterocyclic conpounds or alcohol, to form

mul tifunct i oomstitute@hotherclasspf kpawn synshetinlubricatinggils., Thesgaire exemplifiedrby, can
be determ ned, b rious .20 _known t hni1 ues, tOnefc nyeni eni net hod i s gel
per meat i on ERPSKYERYPIE RO RERETEPRT Y PUSe A At ¢! P ot chreiieng
wei ght dp st bkide! arfinthe afkgt ﬁmi&rsmet_haee)fwblywyamylenelpolﬁmeﬂéi(é.% agthynd D. D.

y

Bly, "Mdern Size Exclusion Liquid Chronatography”) John | ey and Sons,
New Yor k, 199byjso-papyleee glyselfaher havingd meleculat weightnfQO0Rer dinheayl olear ght |

particul arl _ gg: Fl [ j : ' [ Ire 125
osnonetry (§£é&9e4tg}.vl,%% %gggg)aﬁlaggﬁl%ﬁp\gé%ﬂﬁ?@g@%ﬁ@ﬁt ﬁg{ﬁégﬁ ag'g used
as the "hi gholyohiboxyliv espers shersof, fof exdmplp)thes acdtici aoidassterg)miked Colfytoer s of
hydr ogenat ed pol y(nonovi nyl aropmatic hydrocarbon) and poly (conjugated

di ene), MeP@ﬂﬁsémé@?&l%ﬁcﬁﬁ‘l (tﬁﬁmﬁmgﬁ‘a’%r omati ¢ hydrocar bon)
segnent ;conpri ses at |east about 20 wt.% of the copol yner (hereinafter

"Polymer (i) "). Such polyners can be used in lubricating oil conpositions
as viscosity nodirotler suitabde class af symibetdd hibrigatingilsaiolmpriaes the estemxadnpl e, SV

151 (Infineym USA L.P.). Preferred novi.nyl ar i c .hydrogcar hon noponers
20021009 - 1 Sepamafic Pl (k. BRRAE AL SPettitine Y1 Sbehle e qmd AsPEhe,

al kyl - subst kdéifi€ asilly, 1f416ic aeldk @elais Hbid! fubefi€ dcidl bedieacill] finlaridapid hal ene
and al kyl - substitut ed Vi nyl napht hal ene. The al kyl and al koxy substituents

may typi cal p§ipicoagidhilineleic agid dimes, malogignid. plkmalopicaacidsaplkgnyl maglenict o 4

car bon ong,. : I i e, if
present % nan3‘§ClP %}%%ﬁ']ﬁ S;gﬁ%gt{%%gﬁ gﬁglgrg‘gg? @%?%8’?‘%?&%&%2&%?‘2%? e ogltl%ij ugat ed
di ene nonongreshylaedylhlcoholf &hyleaé ghicol) diettiylenecglyenl nsonoadher, ipaspylete t hose
conjugated dines containing from4 to 24 carbon atong, such as 1, 3

but adi ene, BS6BPe Seecife saspplenel sucBesiprsyarindes dhwtyl sdippenfi2-athylhstylhdi ene,
3,4 to di metlylad, cﬁzﬁlﬁé@ﬂ 'fl?rﬁﬁraﬂzf'gio%tyi"séga%ﬁt@?/éli‘s%o&' P&Eﬁ@é,%ﬁ@ode@?ﬁiz@fa&é?d are
bl ock copol yners conprising at | east” one po yzm)ngw nyl "aromati c

hydr ocar bonyidstyd phthatute, alidecglbplithalate, gieicpsy] sebrcagathe @-athytbgxyddiester oPr ef er r ed

bl ock cqpol yners are.sel ected fromthose, of e for.nmul a AB erei.n A 15
Cepresents HpletEoR e aIe (OBRskERER ISRy SEARRB IR pole P asattic

hydr ocar boneidRyiflPRF SRS f fetfab®lene gl RO sitiwiAmbley oP2lethyileXahsig akRd
diene). Preferably, the poly(conjugated diene) block is partially or fully

hydr ogenated. Mre preferably, the nonovinyl aronmatic hydrocarbons are
styrene and/ or | 2@ . substitute tyr articul.arl t yrene.
Preferred conj u?éi%sdusgﬁgﬁééy'&b%uct%gss S%‘é’ﬁ{ﬁgf:g?%&maﬁﬁﬁﬁoﬁl %56&’1 2carbon atons,
nore pref er aldnbcdrbexplit dcfistndPohels Aidqitiyol esters such as neopentyl glycol,

30 trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or

polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic



-1 soprene and but adi ene are the nost preferred conjugated di ene nononers.
Preferably, the poly(isoprene) is hydrogenated. 25 Bl ock copol yners and
sel ectively hydrogenated bl ock copolynmers are known in the art and are
~conmmerci al | || abl e. Such bl ock copol ynmers can be nade can be made by
ani oni c pol§ﬁ§¥ ation with an alkali nméfal initiator such as

I al
30001 has. | bfanASaRERHS e Rl AR, syt Mheadfe o 4P o)
of the bloc %tmmlylo@iﬁbatﬁ&mw-&(ﬂtmiz-aﬁyMcmmlﬁgwaih@ -téﬂ-@uﬁﬁlﬁhynilp a

degree such that the residual ethylenic unsaturation o bl ock 1s

reduced to atlicaiss he@e(%mﬁtbyb%sﬂwﬂlmxabdgsﬂaxanﬁomlywh%ﬂpxm\aeql ably at nost
2002L009 1@8&@‘%{ e;thee‘n Hﬁe@t Rer's ﬁlletxpﬁjb%% %@fﬂﬂ&ﬂ&é 1iQlla eltgfs

hydr ogenat i p ymars may ng a‘vari e

wel | est abl iphbsghopsusaeatiiting acitlsicH. @guhyaﬂyb@mspmat@mnwyltmmsﬂrmemnylof such
catal ysts as Raney N ckel, noble netals such as platinumand the |ike,

sol ubl e t r asster phdecyinhgsphonicacidaad palymericierahydiofvnyst s as described in
U S. Patent No. 5,299, 464. Sequential polynerization or reaction with

di val ent coupling agents can be used to formlinear polynmers. It is also
known that a codmhhﬁgsdam‘ntdfamhrésmffnednsﬂdcambesmsed ibjubticantp of shewptreseat i on of

a nononer having twp, se aratel zabl e vinyl 10 groups such a

di vi nyl benz dyen lenpparﬁfﬁ)e gtlaﬁlyeﬁgmfﬁ ?fﬂagr%&wwaawmlossm hefifout 50
Dijp I

arns. a@GurEﬁ ngih\sgif ﬁ?&or dafién ﬂgﬁ%{eﬁt CF&%%MRE?? di0oft oBHgﬁJd' ona

gr oups, and ng star polyners are nown and such
material s adéeethafromxiewrigugoperatioans) petroleiuw\oﬂebtaimbdcdlmsﬂ;y fbmpdistiliatios; ersef ul

in the practice of. the esen |nven areoefln

cont ai ni ng &F@b@‘??"ﬁﬂ‘eag%‘ﬁﬁ@y Wﬁﬁ“"bfm gl Wi oﬁ%%gr t&‘?‘ﬁg’aﬁn%r oups,
Ni trogen- CORfGHdIbE in LifeBh&rvit! Reﬁwmrssaxegmﬁﬁa& 5 uhrefikRUAE dxBeptehdtahd &il
“Polymer (ii)"). The ol efin copolyners can conprise any conbination of

ol ef i n nononefustheheated in gner mmnﬁwtmmpé i@ iraprave pn¢ exmpreqprepastiter
a-ol efi ! ha@?ﬁ?%‘gg guﬁﬁgétlo?ﬂgcl% s%cl?a.? BLSHII%%O%LCI}tEFt;%QVgn %%91@ Iy an

a-ol efi carbon a and s nost ene.
i's well knowase &x@felionl#ilgatitn zﬁidfpehﬁmﬂlo&hrmle Rh@We to thosd ﬁcﬁmdﬂsm thelgk Re-
propyl ene, often include other polynerizabl e nononers. i cal of these

ot her rmnonﬁ@féneér%lsﬁ&\o@anfﬁeﬁpweﬁﬁewbaﬁ&wh@ge nicd to arqv rgfinedhoils bytni t i ng
exanpl es 25b@gm%hﬁbi‘ﬂ'€ﬁ ﬁ%?dlﬁe ﬂ%s&&&ﬁ%m d&?mé §u&?¢§%ﬁﬁé@o@ﬂe also
e acycli1c

1, 6-oct adi ene ranc | enes suc
5- et hyl - 1, &nbwxas rech@med o¥ reprmssteyllmlk afid aret aftbinesabjected to additionally

LT el LS R 0E, 2SS Bl USR8 s
1, 4- cycl ohexadi ene; 1,5
The oil of lubricating viscosity may comprise a Group I, Group II, Group III,
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
25  or Group V base stock, or a mixture thereof, or a mixture of a Group I base stock and
one or more a Group II, Group III, Group IV or Group V base stock. The base stock,
or base stock blend preferably has a saturate content of at least 65%, more preferably
at least 75%, most preferably at least 85%. Preferably, the oil or oil blend will have a
sulfur content of less than 1%, preferably less than 0.6%, most preferably less than
30 0.3%, by weight.

Preferably the volatility of the oil or oil blend, as measured by the NOACK test
(ASTM D5880), is less than or equal to 30%, preferably less than or equal to 25%,



~cycl ooct adi ene; and 1, 5-cycl ododecadi ene; d. nmulti-ring alicyclic fused and
bridged ring dienes such as tetrahydroi ndene; nethyltetrahydroi ndene;

di cycl opent adi ene; bicyclo 2002L009 - 13 (2,2,1)-hepta-2,5-di ene;

al kenyl , alg§htggne, cycl oal kenyl and cygl oal kyl i dene nor bor nenes such as
5- met hyl ene- 2-nor bornene (M\B), 5-ethylidene-2-norbornene (ENB))

5- propy| ene g5l BrdFerab16ss tharl Srfuadio!2068) encht PREQAIHIES than or equal 16%,
5- (4-cycl opent yenyl ) - 2- nor bor nene; 5cycl ohexyl i dene- 2- nor bornene. O the

non- conj ugatPeefexablye thet yigsiosiy index €¥ D, of dhepibor eibblend is atdeast 8, gueferabhyeatof t he
doubl e bonds | strained .ri ar.e r . The nost preferred diene is
5 ethyli deniqaégh@HB’PﬁBﬁ‘rg“ %N%j%.m*’f‘??é’?iﬁ%ﬁh{‘&’gf dinme (w. basis) in the
copolymer 1o can be from0%to about 20% wth 0%to about 15% bei ng

preferred, and 0% to about 10% being nost preferred. As already noted, the
nost preferred &efmitionsdpothe base stecksang baseeilsin this mventiorhare thecsamgaaset hyl ene

content of the copagl. r .can be,as ,l ow.as.. 209 a i.ght...basi s.., The

preferred m't‘*h‘?sﬁ_%?hp"gi[‘ﬁ%eeﬁ@eé‘%‘{ g?‘l OIFLEH&%S%‘E%C g%?/? pﬂbﬁgﬁtg’np Pb@gg’i‘: r%elb m ni mum
is 30% The igbnkig Ehe CRitifiatios SPitemt’, BdistdbSdigicasDbpaitinés, BSfiteaitha Wei ght
bas, preferably the maxi num ethyl ene content is 85% nost preferably about

80% Pr ef er &dition, Deecrabesfi9R6.cAddandumar ks Resembernt 998 o Saisdqpiplicaipn eateporiggs 9o
et hyl ene, re fromabout 50 to about 70 wt. % ethyl ene. The

nmol ecul ar \r;ngf'sgehs?&%ﬁglgnggeﬂr&(‘és\?er age) of the olefin copolyner can be as | ow 20
as 2000,jobut the preferred mnimumis 10,000. The nore preferred mninumis
15,000, wth the nost preferred m ni num nunber average nol ecul ar wei ght

bei ng 20, 000. | @) G&oupcl hasg stgckseantaip dessthan AQperrenbeaturaies and/er gisatst thagy
L 0 ; , Sl \ .
15000, 000, i t b O taeF sbfurdld n30a viERG RS dredlpt W B BhisD i St

especi al |y pr ef éess etthnr E20gsingfthe tasbmethd8s speeifaegdn fableclul ar wei ght for the

ol efin copol yne of t resent invention.is fromabout 50,000 to about

500, 000. 01 et 1 08 G0 ThorEE akSisenfab fer R LD of PR SO AR Mg o
ni trogenscont ai NésgehapQrdguillth 6108 fdefeetit sulfiFai€ hawdl PRCHIGIHRIx HEatéthae) 0
t he pol yner 30 backbone. The nitrogen-containing noietiés are

conventional | y of equabtd 80 and lgsshan R2@Rusing thertestrmethody spaeifie®in Tahde 1.

Format R R ncoror g etk Copifin aldindy Rl ST d 1 | ¢

al kyl . The most ¢ MrorEgtilas 0f03 percenibulfirandhhid 4 Videssitgindex greflbrthd®9 - 14
OCP viscosity nodifier involves the free radical, addition of the

ni t r ogen- cont ai 9F AgRabER 120 weingthe tesh mathodsspseitied makablohe. The

ni t r ogen;cont ai ni ‘ﬁpha fsrgg' i t he pol yner using a
doubl e Egnd wth&?gg? e pé y%%kgf&@l%%%%ﬁgﬁgA%znd of the dine portion
of an EPDM pol yeGrouyV lbase stecksiingduddal ptheybase stock$inat included in Group [, 11,

II0, or IV.

Table 1 - Analytical Methods for Base Stock

Property Test Method
Saturates ASTM D 2007
Viscosity Index |ASTM D 2270
Sulfur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120

25



-5 conpound providing a bridging group containing a double bond (e.g.,

mal efi ¢ anhydri de as described, for exanple, in U S Patent Nos. 3,316, 177,
3,326, 804; and carboxylic acids and ketones as described, for exanple, in
_U.S. Patent ,MNg, %, 068, 056), and subseqqquly derivati zing the
functionalized polynmer with the nitrogen-containing polar noiety. A nore

conplete list o I z 'Nal s?&:?(ﬁ iﬁ@% O reacted with
thgpf unctional i fzrgg v&%ﬂ%g&%@?%@% In rg,ﬁﬁ?%s%cﬂghl cxgdsa’i n of

di sper sant s incbipdratingtheieonceiriamepbl BBPxc anatkriatstthatdendtion dsorscosity modifiers
material s ar nown in the art and are avail able commerci al.l .g., HITEC
5777 aval | aBYMDF SHeeRm RS St cossdlbe pobebonueral pietilish
Staaten M negRlosidl inblifitR rEthodd RavifynEhbt 58l hidfid i IRIEHTEVIA) SOR6AT i g

about 50 wt. % ethyl ene and having a nunber average nol ecul ar wei ght
bet ween 30, abdut 20020 abod 250 D00 cpreforatly femedtiont $5,00Qitd aboubA0D,600, matred wi t h

i heyl di am d h i t ] 20.The thi I f
Dol yrrer < usBrsrably trita Shotf 20 oD s aBctRa spOREc These ikt odiiete@Rent e o
al kyl acryl agpaf&)awwgfﬁfm%%wﬁm Véch f3280r Reardlp pﬁ&ﬁi&%h?aﬁa&%n& %Qhﬁ@& ter

"Polymer (iTi)"). These polynmers have been used as mul fifunctiona
di spersant wiatarad carybemsdéted svith, for examaplecamings, asiitless oitpagentcontainingind | ower

I I i ght I f thi h . d mul . ti I
i sper sant / HedrsyBE ddfFiim® of sk hol B oS HuERd R odR ittt "
exanpl ejo AC@{%gant-Qﬁéosi(yanmigggyt of RohMax USA Inc.) The acrylate or

nmet hacryl ate nononers and al kyl acrylate or nethacryl ate nononers useful in
the formation of Polyner (iii) can be prepared fromthe correspondi ng

acrylic of et NaELyRi ABIASD e Luderly RGPS BBl AW Aibrbls O

derived using we NOWnN ron chni ques. "FOr ex acrylic
aci d can 30(IbOF) tweoreke feynpariteiec Coyipasddyte i VMahOFikegenerallyilave afowdrhy| ene
cyanohydrin or_ by the polynerizatjon of_ ~3-propiolactone and the,

dest r uct i venwmber average spelegulqnieeigh ke VM If(BEIgIC% ps grafted with greftingacry| i ¢

aci d cans be pre ’ fé}{ang_flé‘riﬂéléi Ky dtde fﬁﬁg?xh Bl thyl
a- al kyl i nyl ket oﬁlgh\?»%/’tﬁ met ’hypogI?Po*’clmt e’s?gid@ﬁfrrati nggl al'chil bE®

hydr OEygspbmazlteEoTiﬂn ifor elwda?iplqp hnﬂlpﬂs?amkleglelﬂﬂrogdnetmntahuingyndteml;vzﬁmg ac e'él 0 Be
cyanohydri n. acr es or _methacryl ate mmnoners can be prepared by
reacting thgogpﬂégsPEB%BE‘?IN&‘@“BI“&‘BHEI”&P‘E% agﬁg"%?cr ylic acid or methacrylic
acid in a conventional esterification catalyzed by acid, preferably

p-tol uene sulfonic acid and inhibited frompolynerization by MEHQ or
hydr oqui none. SBbolyasr enclédwdr weightl spreefically M whn he deteomined by vadowst ai n from

about 1_to about. 30 carb atons .in th L kyl carban chain. Typic

oo 62 o RERES <eRnSRF neeoRniet facfiad 1§41 ERicEPn CBRIosH B GIPO) o
et hyl al C0hWhicthHitionﬁilf@MdesQﬁél&éulﬁ wale disttib@tdtinyormation ek Wi wodecy|
al cohol , undecyl _al cohol, dodecyl al cohol, tridecyl alcohol, capry

|
al cohol , | a¥eyiJ. & Kiskland and P D Bly.aMasdemn Sizp Excligionliquid (uemptogeaphyty |

eyl e aci IR Wy AR SO New WG 1574); Dehcfhek Aiehul ool &Gy
met hacr yl at emlecaixs peight\srrticul ditye for 1aeernthaleenl powyight solymyrsh swapotpibssure

average 15 nol ecul ar wei gh 10,000 - 1,000,000 and preferably the
mol ecul & m@?fgﬁ‘i‘lﬁ%ﬁﬁ&qg»ﬁgﬁ%é%-zoo,ooo - 600, 000. To provide an

acrylate or nethacrylate with a dispersing group, the acrylate or

met hacryl ate nonomer is copolynerized with an am ne-contai ni ng nononer or

t he 20 acryl at eOne class bpolymatsehateian be wa¢hastbe Vhigh malequianpolignerSof e t 0
contain sights suitahle.for grafti &%ﬁnd tB’%Mﬁ ne-c.onf ai ni ng branches are
grafted ont BreS$ IMNEPHOR 5900 eﬁ%f’f/] PEANR BopgYRXt PR3 rononer s.
Exanpl es of h?dfb&ﬁb&ﬂ%@'p@_l)“?o BHEB fenlel) Y HEHEN Eﬁ%m&aéﬁ‘pﬁ&(ﬁfé%&ihﬂm ed
25 ol efins such as p-(2-di‘et hyl am noethyl) styrené; basic

ni t r ogedd coatomiatic hydiesaonrsegment empnisgs at isast\ahent 20wt @ ofithg tepolynér y

t urat ed substi t ugnt ~a%. the vinyl i di . the wvinyl
byr ol | done gtk SPemEt iy Subh Robuiet efis 1SR it Wb R bRy 1 i ¢ aci ds
such as di Néhiyésiibn’ Qe vinebsifEnbaifiers aidereesmmetcrAIR, dAvaabble asTopértniled basic

am nes such as all i\5I am ne. 30
SV151 (Infineum USA L.P.). Preferred monovinyl aromatic hydrocarbon monomers




-Preferred Polymer (iii) materials include polynethacryl ate copol yners nmade
froma blend of alcohols with the average carbon nunber of the ester
between 8 and 12 contai ni ng between 0.1-0.4% nitrogen by wei ght. 2002L009
-16 Most prejpiped are pol ynethacryl ate gopol ymers nade from a bl end of

al cohols with the average carbon nunber of the ester between 9 and 10

cont ai ni ng REIHWERNHE fnftidR ¥ Rich'R&EHal® InclRieGRiredd, alkyHgbstitutdd '@yl of N-N
D net hyl am noal kyl methacrylate. Lubricating oil conpositions useful in the

practice of atkexypubstisuted styvenst viopl eaphthalenepod pheyl-sybsjitut¢d vinyl gaphthalengr a

m xture thereof ., in amopunt ..of from aho 10 . bqut % based on
pol ynmer wei 3???;*‘“??@ ngakg¥%P%Pg‘ef]{sdﬁr?yatgg{#ﬁbggnggée;%%ﬁﬁ%? 6%3%/&”. at%/an’m)st
preferably frereraBiordma. 13 4 CArfaCAtdmS.. Thevhumber oilalle/ BRAIKYLY Yubsit@hqessi Ng
the multifunctional conponents; specifically Polynmers (ii) and (iii); said

conponenfs amaeqedEpresent.guayifange oy bipch and it preterabdy oa& t he | ubricating
oil conposition fromabout 0.0001 to about 0.02 wt. % preferably from
about 0.0002 to about 0.01 wt. % nost preferably from about 0.0003 to

about 0.008 wt. Plefefredcénjogfed diene sishomets yseful in theifdrtation)of such mtheetidlses
t hereof, need not conprise the sole VM and/or LOFl in the lubricating oil
conposi t i on inclvde Besregoningates diepes soptgining fem; 4ied4 cagipnaitems, suelyavlydrer VM

and, for ex I Y Vi C ek _be used
" conbi nat PARdFRSrstehd s ERe, rhyIRERAGLE, SARBEE S ebRIgeT Y OF e
pr esent 1pnvdithéthyl-hByheadiendindo45aietiylt h3-actadiehecat i ng oi | conposi tion

wherein the 20 high nol ecul ar weight polynmer is a mxture conprising from
about 10 to about 90 wt. % of a hydrogenated styrene-isoprene bl ock

copol yner, and flfr%h@@ﬁ}étbl&& $<%o§£l§€§§ c&gf)fsﬁi?%%l'a%bﬁygﬁlgg@ﬁﬁé\jiﬁﬁd OCP.

Met al - cont ai ni ng or ash-formn rgen nction a detergents to
25 reduce orromaiveydieadsin) blarkand st lraestena@olyr (@bnjpgated diene)siock.nhi bi t or s)

t her eby redyci r.and .corrosi on angd_ext endi epgi n ife Detergents
general |y cg’ﬁfﬁﬂgﬁﬁb89&@%&&*%@?%‘%&8@%%?&33%@*3@8?&%t wheggin ‘gol ar
head conpri $&sesntsd Block pblymef ofPredsinfliafitl pERIEn SR ArdiaticTiRirébsn) MY
contain a substantially stoichionetric anount of the netal in which case

t hey are usatepyeseits ableskdf psedominantlyqroly sonjugatedaliens). and 30 woul d
typically have a total base nunber or TBN (as can be neasured by ASTM
D2896) of fromO to 80. A large anount of a netal base may be incorporated

by reacting exce@séferiblylthe phhgated diene Pblook isqrirtidllyrorduldy hdrbgematdd. an
aci di c gas g\&.’g. , carbon dioxide). The resulting overbased detergent
conprises n rp&r;fg@(yl)@élgeeqng@q,\tmyl aromatic hydrocarbons are styrene and/or alkyl-

20  substituted styrene, particularly styrene. Preferred conjugated dienes are those
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.

25 Block copolymers and selectively hydrogenated block copolymers are known in
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.

30

The poly(conjugated diene) block(s) of the block copolymer may be selectively
hydrogenated, typically to a degree such that the residual ethylenic unsaturation of the

block is reduced to at most 20%, more preferably at most 5%, most preferably at most



-2002L009 - 17 as the outer |layer of a netal base (e.g. carbonate) mcelle.
Such overbased detergents may have a TBN of 150 or greater, and typically
will have a TBN of from 250 to 450 or nore. 5 Detergents that may be used
_include oil 6@ | e neutral and over basel%asul fonates, phenates, sulfurized
phenat es, t & k! sphonat es, salicyl ates,*“ahd napht henat es and ot her

cart h motal 270 gt g infirfRrih 19 R Bt e b d R o TheRang

magnesi um tBpolyiets MEYHO Gdryied 6esir 2V ricty 6f woll establishediproeediesineludinghi ch
1o may both be present in detergents used in a lubricant, and m xtures of

cal ci um and/hydroggpation;in thepresense ef sieh cataiystscas Raney Nickelawoblefnetalstsyeh as
detergents . d. i . e, j of from
20 to 450, Mg} ddthe BRE, BBk Ihtrat Ghdld: APETMRANGIED O o
havi ng TBN @ksdribedifn0.3.Pakmd Nans,20@4d64.al and over based nmagnesi um or cal ci um
salicylates having a TBN of from 20 to 450. 15 Conbi nati ons of detergents,
whet her overbased or neutral or both, may be used. In one preferred

| ubricating oil § 5 : : fani.cy aci ds
whi ch ar e Cypi cAPRURE) boifherHId RO T AR A RERRAFlnd AT ETE
aromati ¢ hydo éorat limdas pelyalersadt istadsckmiwtrathaeaiclplihg aget lcen be fortried asiton of
petrol eum or, by the al kylation of arqQmati c hydrocaybons. Ex |.es, i ncluded
those obt ai r‘i’éIdK%Q"lé(m?Wﬁtan&f ABORRINT, at’%d@’ﬁé?%(%[?’r@?“ﬁ%@?ﬂ%gwmﬁ‘e,

di phenyl,,0r i<l L i . | uene
and chl olp onzgg(ﬂfdﬁasflgﬁé.agﬁ}ggg{z% atﬁifgﬁdﬁngepgéﬁg%ﬁ}gg out ?ﬁo?tﬁgog‘{bg{slgnce of
a catal yst WOtanmal By atdi myltizglent couphing agents comtamiog 2 t3 8tfonctinnel groaps, d6d 25
carbon atons. Th | karyl sul fonates usuglly contain from about . 0 about
50 or nor e GAstBes oliomaine siE pebmsr e Mslh kol ndsuet, mals3ials o vaifabln ot o
per al kyl sybgfmdrsiaRgl aromatic nmoiety. The oil soluble sulfonates or

al karyl sulfonic acids nay be neutralized with 30 oxi des, hydroxi des,
al koxi des, carbonates, carboxylate, sulfides, hydrosulfides, nitrates,

borates and et he f .t | . [ osen
havi ng rlggard téé(?‘ﬁ%n%gg’% g@"?’&&"’g@ g?lﬁgﬁlfutp% ?chggc;éﬁlgf %gu &;{ 5‘8‘?“%‘?#@6 ranges
from about b copdBenett (OCPY ¢urtdifingldispensing grafps sudh avalkyVor @yl drhine, or
stoichionetrically required. 20021009 -18 Metal salts, of phenols_and

sul furized PFHEfREDURS, MIERZEHAOBEINPE hRISFACYEHC SHONRS A esigs hinkpges dacaeinaftey)
conpound SuG s \OX j ‘ oduct s
oy be obt ai ey CEl Pl AEARYGRAYRER ARTRRBHN My AR HBI S 5
be prepar ed nyhohgss, tbub greangst ecinoniyt dthglehé and atrleast 6nd dthér @-ohdfh, rThegat
compound such as hydrogen sul fide, sulfur nonohalide or sulfur dihalide, to
f or m pr G8ucteashprepther Eolpfinapanmyeris conyeatorallyap groletindavingshioctd carbon npr e
phenol s are i . a0k 0g i

ot or gont s, o 46 ol bretthanfi BB EDADS WEP Brodn BobBiBRVOAtinene
carboxyl i c aaltighet b-clefiim) PuchisipRdpylet) aftercinelide dthed Ppolynidizable rondenesy.

hydr oxi de and neutral or overbased products may be obtai ned by nethods well
known in t hypiqal ofithesegtheramnpromers arenaprcanjgatgdlienes suthassbs fdllawiagi d can
contai n heteroe . c s nitrogen and oxygen. Preferably, the noiety
cont ai ns onﬁ§ﬂﬁ§8@§F§gn aegns; nore preferably the noiety contains six or
nore carddon atons; for exanple benzene is a preferred noiety. The aromatic

carboxylic acid nay contain one or nore aromatic noieties, such as one or
more benzene rings, &iraightchaisdignessuchas bdcheyadiene and,postadignegges. The

car boxylic noiety m ah j e lsndl | : omatic
noi et y?/ Pr eferablyby t?égggﬁ%%? ?@cg%pgﬁéér %llfgafsssqg%tgjgﬂfggpe%gdl%gg-l y to a
carbon atom on t he ar alimethyl-ino-edtadiersey 87-dimethyd-d;, Boctadienerarahmixed isanersene
ring. Mre preferably, ft he aronmati Ca"giro‘iiﬁltﬁa/ al.so contains a second
functional group, sucH& yéi_"?TWFB‘k"y 8PC'8¥ul f onat e group, which can
be attagped direct!y sigid il ARGENY diefedsuchal /3-SlciReRiMibhe 1F-0mati ¢ noi ety.

cyclooctadiene; and 1,5-cyclododecadiene;

d. multi-ring alicyclic fused and bridged ring dienes such as
tetrahydroindene; methyltetrahydroindene; dicyclopentadiene; bicyclo-



25 Preferred exanples of aromatic carboxylic acids are salicylic acids and
sul furized derivatives thereof, such as hydrocarbyl substituted salicylic
acid and derivatives thereof. Processes for sulfurizing, for exanple a
“hydrocar byl _- Eggstituted salicylic acid, are known to those skilled in the
art. Salicy?gg ids are typically prepaF%d by carboxyl ation, for exanple,

by the Kol be - Schmtt,RrQGess,  of;. 39. Xhgles nd 4 n.that case, wll
general ly be obtai ned,(Zﬁoﬁﬁgpfaf’ﬁ'ﬁleggdﬁpg@g’t‘f“gﬁlrﬁlbré%r‘ﬁg §<1t° rﬂ]llkgnﬁ/iat“ﬁ

uncar boxyl at ed phenol cyclodk9BddHehorbotfenePsedhedsrEicthyeati X wBohend 0i | -
soluble salicylic acids are al kyl substituents. In alkyl - substituted

salicylic acids, the &MNB), greshiylidenerdznorboiaenssENBodripEdnylenetZynarhgmene,

Phan one. 41 kyl “or oup, TPRYISea2 hitnblent 3 AR RpRiGen S Fubaifge: 57 ™ ©

al kyl greups is prefercgbloliegilidessdnotbdraerensur e adequate oil solubility.
Detergents generally useful in the formulation of l|ubricating oil
conpositions al so include "hybrid" detergents formed with m xed surfactant

systens, e.dg., sal:i . J / .

sul f onat e/ sal i c%ﬁg}s@{ g%ljg%%f%%%lgﬁ%sstﬁglﬁgﬁg%% @gﬁ}%&ﬁ%{nelgg atalgaségg% Plf bed,
f or exanpl ethe doubkrisbndg il h Sraifad sng ardppeferred.i The iMost. préfefréddiefid s Snd

09/ 180, 436 and_U. S. Patent Nos. 6, i, 3, 565 aqr},d,G, %81, 179. . Sﬁrpri singly, it
has been f oftylidener2-nprhorneae (ENBAn dhe gmouns Qi dicge¥t-hagig) iathe fgpolymehe

operati g OfLafbdEBHYOS S \!I(\%ﬂié %@%, i So bt i1§%%e§<\1g Qe&?reamfw% t§as

recirculation systemin I ntake air and/or exftaust gas recircul ation
streans ar eabmull@6k banprlostprefeeredeispdieady fiated,dbe nestgirefefied ofefinhe ti ne sai d
engine is in o(ﬂeratj on, certair] det.ergent s h?}\éf? a si&ni&'&gant qffect on the
rate at whi ERPRYRENSEHYIGRCRIGRYIERE. / VEEREe Sty IaneSOpIFRE LT8R COROIETSE €3l { he
| ubri cati ngp@hl lowrheRI% oA @l Waight Basid2 The Pecterr@V Rishitial etBPlelié EGTTELIE
viscosity increases due to soot in lubricating oil conpositions in heavy
duty di esel abowyi248. ph ovard peefoiirediminimuphis 39f. gbke maximusn ethyleoe cogtentarani n

bl ow b Bk BEES 08 G Py BRGpl<ffebIhe b 53 ToFebPR 5%, °

operation Casbprefirittg hboif|8NJ% OPrefephBl g th plesial copblyi@recditdie froaniboty s em i n
whi ch from about 50% to 100% of the one or nore detergents are 25 phenate
and/ or sal i &/Tawe Rethylene, @Prwsfes%lgwoaw&u{;ém%@bqﬂhgﬁ%mte%rﬁéwlm and
over based detergents are preferred. Preferably, lubricating oil
conpositions useful in the present invention will contain no nore than
about 30 wt. 9% The efcdecatdryweaight{pumbéereveragbpof the 6lefih.copolymer earpbedsioabl y no

nore than 5 % sul fonat e detergent ed.on the total weight, of
det er gef? . g%ﬁQQO,?)gt BP ﬁﬁ%q(j@fmf"gnhﬁéomeﬂ@%’é‘?ﬁpfﬁfe’ﬁér@m M ¥ive, to a
| ubri catingi9obe, wih afédhéétPﬁ'ef&%tpﬁmifrﬁhﬁnuﬂmerqnvdﬂagyﬁmecuw%i%\m%:mgnI y a

portion of the added wei ght represents an active ingredient ( . For
exanpl e, defepgenit isrbslicved it the magjainepumberGyenage solechinr weight cambegsial

wei ght of djil uent,,i hC " LLive" | 0B A. . tergent. As
used herei n?ngﬁﬁxg lg%mméi gﬁg%gcg?‘%%“ﬁ{"a?gﬂ‘ﬁ%ﬁ’%@ﬂ@g%ﬁ‘ié‘g‘ ﬁ% néosget er gent
or other adedférVdﬂ mexifiugn béing AEowa50j000 0Anaspécidlly pefeeddedige dhafugibeent s
conventionally conprise fromabout 0.5 to about 5 wt. % preferably from
about 028 t aveasgsynolscgarweighy forsg olsfin capel pmersiaf the prsssnt inveptionisfrant 3 wt .
% of a Iubrwﬁga@o@it&amgébb?on formul ated for use in a heavy duty

di esel engi ne. Spersants nelnt'ain in suspension materials resulting from
oxi dation during use that are insoluble in oil, thus preventing sl udge
floccul ation and_precipitation, ééli Qn on netal parts.

or 1o depQqs
Di spersants usefMffn ¢ppohaners arbhe rey er@ﬁéﬂ\ﬁ? 5%?!1%?%@%9*%%&%5@- t he
range of ni tRERME R tolbde.g3 2RAAS hnfifB LRLRI G Shniflh 1B BicSH ek OV {0 be
effective to r%gﬁggﬁ or rratl?gﬁggf%prgep’csi‘glﬁts upon use H? ggg I ee};nd di esel
engi nes30 whbackbhadnte dliemnitrogen-cattainipganodistiesTdre casventionallybfthe faramisRaY- t he
present invegpiion conprise ,0il. soluble palyneric Long chain backbone
havi g { uncRRonaReGLRS o 1 ipdrPoncenly Bl R A9 AR S t o be
di spersed. Jphiafiglaiines D et fOrmBRRRUNHIRVR, WhtreR R'0H Re-Aé GRRjicor am de
pol ar noieties attached to the polyner backbone, often via a bridging
group. The gronpean eiich pre is atkyl.khe mest coomaxmeibiod forsformingsdmiitifumational
soluble salts, esters, am no-esters, am des, imdes and oxazolines of |ong
chai n hydrocarbon-substituted nono- and pol ycarboxylic acids or anhydri des
t hereof; 2o thiocarboxylate derivatives of | ong chain hydrocarbons; |ong
chain aliphatic hydrocarbons having pol yam ne noieties attached directly

t hereto; and Manni ch condensati on products fornmed by condensing a | ong
chain substituted phenol with formal dehyde and pol yal kyl ene pol yam ne. 25

T . T o,



-2002L009 - 21 dispersant is generally expressed in terns of the nol ecul ar
wei ght of the polyal kenyl noiety as the precise nol ecul ar wei ght range of

t he di spersant depends on nunerous paraneters including the type of polyner
_used to deriyg di spersant, the nunbeL of functional groups, and the
type of nucleophilic group enployed. 5 T‘e pol yal kenyl noi ety from which

di spersants ﬁg% : ecul ar
wei ght di st r@%utnll&gﬂﬂ{ ﬂﬁtﬁef \s(lgﬂltreke?[‘l erre a{ﬁgﬂgagﬁgoﬁ%érﬂﬁrgﬁrgg%é&ﬁ?H}Hg

det er mi ned moletrhmoleattomhmpoly\meglbrtckhm dife mwdbgenudontainvag ghlar (ddifty tan beinber

G Spor sant s RcHSHIOThERUAST ek RoTpis ponaibh e Relves Ciweh 4570 P about
1.5 to aboutsfghddieRd E&ﬁBEQEXn EPOM EBB&’Her, orbyliBaciing\he ﬂol?memﬁh apreferably

fromabout 1.6 to about 1.8. Suitablé hydrocCarbonS or  polynmers enployed in
t he for nat i compound prajiidipg rdaidging pHougf cankainipg @slenbleibond fi¢.gomaleic| ude

Fam Ty of - sdishyqrls Ratesotien, R sl R 8- BrehoGy Ao 1] £5768003md " one

C3 to C28 alghpx9li€htils BRYkdiOndsiS deQiibEY erot@;&nssrt?lanSrméht Ro. 450681058 \A%ght_
or branched chain al kyl radical co grl sing to 26 carbon atoms and erein

t he pol ynmer andisubsequerdbyrdesivatizing nctmm@hzqsﬂrmlymﬁr with dfegtitpgen-contdining
degree 20 of_term.nal gethen uratio Pr ef er abl such .pol ymer s
Conpr 1 se i nREANYRS: & BRTeremPERdis AP S ainite oRlsRnd LA GRIE°, e
above f ofpmul Bactih@itRithe finclicnafizéd/ OCPfaré d&tibed AydirCie Adduaicar, and nore
preferably is alkyl of from1l to 8 carbon atons, and nore Ereferably still

of from 1 t dlispesantso M'é\lﬂﬁ%ﬂs:tloﬂﬂgﬁéﬂﬁ?é ;and austhodsfppfeamingsuc and
ot anart * 2 KHWHIf xhd Bt SR Brabld SbnERfuy (8 o0 HITRE: 777008 8R]e Brom

t et r adecene-Bthylg@srporieion and PA 1060 adwodune of DutvhBtamacMigen), oct adecene- 1,
nonadecene-1, and m xtures thereof (e.g., mxtures of propyl ene and
butene-1, and the like). Exenplary of such polyners are propyl ene

homopol yiger s, _bupeRfred RPAPAHYIBRE Sicfiff LOYAIFHREHRIORAIHiRE Sbdif B WA S

ethylene butene copol yners, o propyl e ut ene copol yners an the i ke,
wher ei n t he atigilemeeanddaning mmberlaea:age sieeulae wuglmbeta\redl‘l d9,000 and 26)000
unsaturation. Pref rrers e un ted c yer s t hyl ene and
propyl ene arfi® 15% ﬁéﬂ?ﬁiﬁdﬁ ‘i.‘“"“l'?‘?zeaqt‘?ﬂt@ ﬁgﬁg agnng ﬁ‘?‘i tF’ﬁ’i/entl on
may contain(ﬁsﬂ&ﬁg{amynt e. g 0.5to 5 m)le %of a & to Clg non
2002L009 - 22" conjugated diolefin comonomer. However, it is preferred that
the polyners of this invention conprise only al pha- olefin honopol yner s,

i nterpolynmers ofnal ylgne and
2l pha ol 311 1 corbRGAd shisChPLiRERERS f ME PrdbELPRKRER: Biriabas

enpl oyed i n dchyjlste Ionul&lylacquateeopcslyﬁﬁr a:hi\aamves lidvéng disgszsing gfbutp@ (mex%ftand
nore prefer ablﬂjl 0tg % \Wen propyl ene and/or hytene-1 are enployed as

conononer (s) P Wrétlﬂy)t dhiese POlEmEESHiAve RecTtnsd @f m ‘Ff“é‘ﬁ'é‘l’t‘aégﬁﬁ?ﬁﬁﬁrs i s nost
preferably Rglys ml)ﬁ.hfﬁ'i]éjm‘rlg?%atﬁg ﬂﬁm@n‘t@ﬂ@ and ﬁo&&"iﬁéle@&lﬁy\bﬁgﬁt contents
may be present. o These pol yner e prepar ed pol yneri z

al pha- ol ef i rpohpnersef thiptypahavebes uséd w mhh}foﬂmi‘mal dtspamsaat/L‘.QF«Er Sncht ures

conpri si ng et | ene and at l ast | C3.to al n the
ot coenceor PR AR SRS bl AL > P ofBareictob,

cycl opent adlmmha;t UBASknt, P Orhe Riryihte @R W@la@%@h@é BRPARPEaceARRR AN

Using this process, a polyner |n whi ch 95 % or nore of the 15 pol yner

chai ns possea@hmylmenmon@mre pgefbiarthe fqrp@tlgmgél’qlmr Giti) cahbebereparg@ fided. The

t | h h £ t
ey be. dat enhr FETReRARY B fe O PsthebiyRie o£8 B Dt RRVERNGs) SHOF adgtinbd "
| nt er pol ynergerivéd tidih§ wel kn6wnianl RofiventibRal ¢¥ubinafiies.r Fale&amplé taerytle raaidloan

POLY-C(R 1 )=CH2 wherein Rl is C1 to C26 alky preferably C1to C1lg
al kyl) rére q@mr@mbbyya@mtlwd@yseﬂ ad dehamtxmm ethilepe syanchiydsin on by thccz

al kyl, (e.g.,.neth i Yr ent t he

chain. The @H&f%e‘tzéh f@Tpri{méla%ongpﬁ heéﬂa Gtwe d?st%\]i@ﬁ B‘Er’i’&pﬁﬁeg t he
conononer ( s)fofgh&ylie ﬂcﬁlo Méthferylic 4di@ cWﬁ&bh&éb&%r efmﬂi;l@oéxlaﬁﬁigrﬂ of the
pol ymer chains can contain termnal ethenyl, i.e., vinyl, unsaturation,

i.e. POLY-CH=CH2, and a portion of the polynmers can cont ain internal
nonounsaturation, e.g. POLY 25 CH=CH(R 1 ), wherein R 1 is as defined
above. These termnally unsaturated interpolyners may be prepared by known
net al | ocene chem stry and may al so 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.



30 Anot her useful class of polynmers is polyners prepared by cationic

pol yneri zati on of isobutene, styrene, and the |ike. Common pol yners from
this class include polyisobutenes obtained by pol ynerization of a C4
refinery str aving a butene content of about 35 to about 75% by w .,
and an i sobd content of about 30 2B02L009 - 23 to about 60% by wt.,

in the presence .of ew s acid tal yst ch a | ym. num trichloride or
boron trifl Wﬁﬂ&’@ytng?% ‘é’ﬁ@ﬂ%ﬁ M?ﬁ%ﬂﬁsﬁ %F@&%m PR BECenes

i S petrol eungd ASrus Raf v heetdr é tocks are

di scl osed i ﬁ%ltdﬁgﬁlz?lti&?uch ggmioﬁﬂ& S.Hygg?g’eﬁ?é N%e.t 4,952, 739. Pol yi sobutyl ene

Is a nost preferred backbone of the present invention because it is readily

ilable b tiopi | i zation f but t . g, i ng A1C13
oy Bra cat ol yer oy a5 o Bisk 3t B TRmAr AR o3 AR ty edengtfls "
unsat ur aki ogekife iy al@hoPRRH theoReyIRS dtyd mhethdﬁzné acidend coffentiohal NET

chain, positioned along the chain. A preferred enbodi nent utilizes

pol yi sobut ylesteefipationenatadyzed b agids prederablynitojucan sukferie agid @nd inhibiteddftgmnat e |
t t . ' i, S0b | | L1h L nal.. v nylid
e oG5 SRR SRS U MR Bt Y O

pol yi sobut y IngsiBacryiePt&itainfeoth aBoltelr téiabaht 30 daybdndaomds apmhiealllyl edrbah | east
65% e.g., 70% nore preferably at | east 80% nost preferably, at |east

85% The pr epainatliypicabexamples qf stapting alcpholyjinghyde megthylialgohel gyl alcohad, U, S.

Pat ent ) . I S - an I |

avai | ab:}lg ui}éﬂé’f?%{cég&t P&;g{aﬁg(ﬁel@dsl @%&éﬁl&(—%} ﬂ@@&g%@%ﬁ%{@g@%{w % rom
BP- Anoco) . Ridoibks dbdecyl aloehdqotridedyl aldohal, capay] dieohijlhnybacelic?, meristyhl | y
based on a hydrocarbon chai no?f from about 1800 to 3000Q. Methods for naking

pol yi sobuty| Bob eergﬁfllccmm rRalpitekalerhol andstearyl gleohaln Ihe siarineAlephe)
t : . . " " L
al ogenat | 0?&& Be Seacfeld vt &@%Igcfmqtl 012 @?gfa@lgfhg%hd Jg ?&T% gﬁggélg%éﬂﬁtgg ?‘l(‘l) ree

radical grafting using a catalys er oxl w. The
hydr ocar bon nmthaeoylytes resprctivdy.e These abeyldte polymensaimay ddye murgber awerape 25

carboxylic acid producin I et ( bly acid . or. anhydride | eties)
sel ecti V2l yn?ﬁlecéﬁ%ré’%e‘%tfts MB&Q@S‘%J@%‘%@MW&?%H tlaﬁ.lmpt/? u‘f}f)Y‘@%F or
hydr ocar bon rg3aii§ fronP4bo PO - 60000, chai ns using any of the three
processes mentioned above or conbinations thereof, in any sequence. 30

Processes for reacting polyneric hydrocarbons with unsaturated carboxylic

aci ds, anhydrid [ . r Lk QNg. Of i iyes fromsuch
conmpounds are dﬁzocqqg‘élggtaﬁ 35@?%90{3%? tehﬁ%&&?é %S%a(%gpe@%sé g%/Q%E_) ,egg‘:ﬂga cor
3,215, 707; gnetlabryidé mehoinet iy édpolyinetied with andamiht.cdntiinitg fbaomeBor the
3,565,804, 3,912,764; 4,110, 349; . . L
20  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

chain by polymerizing amine-containing monomers.

Examples of amine-containing monomers include the basic amino substituted
25  olefins such as p-(2-diethylaminoethyl) styrene; basic nitrogen-containing
heterocycles having a polymerizable ethylenically unsaturated substituent such as the
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.
30
Preferred Polymer (iii) materials include polymethacrylate copolymers made
from a blend of alcohols with the average carbon number of the ester between 8 and

12 containing between 0.1-0.4% nitrogen by weight.



-20021. 009 - 24 4,234,435; 5,777,025; 5,891,953; as well as EP 0 382 450
Bl;, CA-1, 335,895 and GBA-1, 440, 219. The pol ynmer or hydrocarbon nmay be
functionalized, for exanple, with carboxylic acid producing noieties

(pref erablyzg&,_gog)r anhydri de) by reactipg the polynmer or hydrocarbon under
conditions that result in the addition of functional noieties or agents,
i.e., acid, anhydride, ester noieties, etc., onto the polyner or

hydr ocarbon chains prinmarily at sites of carbon-to-carbon unsaturation

(al so referred tMostprefeired ateipolysnetbaasylate eopalymersimadé frain ablend of dleohnd$ ogen

feacti on.  10MEPEavPORE pifien RufrrolabF e e s L SEE e Plajhgigphiee™ o"e
hal ogenat i n@.2-6.25% nittokel by Meight providbddiiitRformbf NN Dinscthpamifsligi- ol ef i n
polymer to about 1 to 3 wt". % preferably 3 to 7 w. %chlorine, “or

br om ne, Shageethagrylatee wei ght of pol ymer or hydrocarbon, by passing the
chlorine or brom ne through the polyner at a tenperature of 60 to 250C,
preferably 110 to 160C, e.g., 120 to 140C, for about 0.5 to 10, 15
preferably 1 to Iibreutisg oil BEmpeEiERNRERY iPME pHREcObS thi Praremt il Ghtion
(hereinafter backbone) i1s then reacted with sufficient nonounsaturated
react ant caantain Belymen(ihdii), ki) eampduretherpels itoan gt jof fram sheuePil@dot o

Ll 1y anodpolih e, AGSUIGR pithiel cftf A0 préte R ABRlpofi 0.2 WabRu 100 |
that theaopr aetigd, nedst piefeablyifidm alsot 8i Ntotdbeutie8 wtesh, Mlrdheativaly iafdistabsing of

t he nonounsaturated carboxylic reactant per. nole of the hal pgenated
backbones. Ahe Bukifunciional campongnisiksrsriically Pelymennii apd i)y saideepmapansaiey | i c

reactant ar %&é@&t%%iﬁiﬁ?&;&ﬁ) ichﬁteﬂ%itﬂgth%%tﬂ{éaﬂﬁ% bﬁ_cbﬂx‘f;ogﬂé? g&g@?ri al.

VWil e chlorination norm ps 1 ncrease the reactivity o I ng
ol efin 25 pabyued.800# tolabowtrhiwat %y prefealabil v fioim abost 00002 to sbont 0100, wtl %,1 s not

necessary with so f the pol or. h arbons_cont e ted fQr use in
ety e moky BitEraRly fhofn ebouy 0003 b Raod Y0EA Har SEbesy Rolymers )

hydr ocargon %ii%’}‘ﬂii?&d%ﬁéﬁ% thRrddf kel %bﬂ'bdiﬁﬂ%riéé%éi sG1O VNt RhdRPELOFE & tHeVi T Y-
Preferably, therefore, the backbone and the nonounsaturated functionality

react ant, elabricating bdxpmpositien.cindrother M, sushtas apa-dungtiopalizeidelefired
tenperature to .cau n_knitial er ) r.reaction akﬁgﬁ‘.llace. Ene
reactions arC8P?<‘X8‘\ﬁ,§W aﬁ%gﬁiﬁégjﬁlgﬁkrﬁmﬁﬁqgﬁ?rﬁ 3?%%% °8§&¥‘L0'1e§/ YEekbone
can be functhe@ged iZ&intiyatioanHeswith! Fohexdhplefa rﬁdanfzuhqrtﬂésemgahé efthal ong the
pol ymer chains by a variety of methods. For exanple, the polynmer, in

sol uti on or PreseBGNVeNtiosAYY balibpeatgd withadlubfieatingioil Gommasitiontwhesein dhe

car boxyl,,c r I . A f i cal
ot et G Bk Repiaf SefiRF A BRSO Rue obmii et T ZIOR 19110 pbigR e

el evat ed t erfpef ahydmgemtedayreaerdgmpodnedibonk copolyntey, AENIE)mM pbedtelOablabodt?0 t o
240C. Preferabl free-radical .initiated grafting would be acconplished in
a mneral | r"i")c/gt??ﬂjﬁBFPo%agﬂzﬁquiﬁcont aining, e.g., 1to 50 w.%
preferably 5 to 30 wt. % pol yner based on the initial total oil solution.

to The free-radical initiators that may be used are peroxides,
hydr oper oxi des, Metal-eonsainimgos ashiforning fletergonts fungsiva asibath deiergents ki | i ng

poi nt gr.eater.than about.,100C and deco thermal.ly.withi,n the grafting
Penper acr e el o7 pEREtk debats Pls SEROIREA iz LR oty renGodictnd
free-radi calwdaphid edredstortdifd extenditig/dnpinid lifel ®etetgénts BeriralBl doyhiRg aJofire- 2,
5-bis-tertiary-butyl peroxide and _di cunmene peroxide. The initiator, when

used, typi cdiehd with alepghydrophpbictailatTherpolarthgad sompiss ametalsalt ofapacigia ght

based on th I h i 1 J1d A o)

af oresai d rmr%%ﬁ(’g%%muéga gd%g é?%‘gi"??%g%‘é'{éﬁ %r?? t%#ézilbf@%&éﬁlgﬁfér ieae{wngg?c al
initiator aitke metllin whiehvieghéy atusoallypdgeribéd dsrmmmaberieufralsalts tmd30: 1,
preferably 3:1 to 6:1. The %{!afti ng is 20 preferably carried out in an

i nert aBfospridtypicaliy have afitelbase pumber pri BN Kasgande measuted Dyl ASTY gr af t ed

pol ymer is q%,%q) i j | i aﬁﬁ!.s ¢ hydri de)
noi eties ran om6 gz’g{r{”g‘gﬁé’?ﬁ ép?r%ggﬁga%lg%%e&rl&c al %g):wibteq@éeﬁ%rg%g rst ood,
of course, témting exeesometdh eompbymife. g hai odde enisydroxide)with enl acidicazak (£g.,

radi cal grafting describhed above can be. ysed for the other polyners and
hydr ocar bon§a@PgldI‘fB“%r)eg fifesy. q&ﬂ?@FhﬁS&%36%&%?%@#%&6%#3%5%%% ed

reactants that are used to functionalize the backbone conprise nono- and

di carboxylic acid material, i.e., acid, anhydride, or acid ester material,
including (i) nmonounsaturated 4 to C o dicarboxylic acid wherein 30 (a)
t he carboxyl groups are vicinyl, (i.e., located on adjacent carbon atons)

and (b) at |east one, preferably both, of said adjacent carbon atons are
~part of said nono unsaturation; (ii) deri vati ves of (i) such as anhydrides

— = ~e~ 1 o . - o . N



-preferably mal efic anhydride, typically will be used in an anount ranging
from about 15 equi nolar anmount to about 100 w. % excess, preferably 5 to
50 wt. % excess, based on the noles of polyner or hydrocarbon. Unreacted
_excess WDHOUB@%@{ ated carboxylic reactans can be renmoved fromthe final
di sper sant |3 by, for exanple, stri % ng, usually under vacuum if

requi red. 20 The functionali 0i | -sol ubl e pol r ¢ hydrocarbon backbone
[t hen der Mol Ut rerdt d metetae e £ 3atbaniie okl iphperep 38Rt Shch
as an am ne m#amdvea TBNQF 1566t geatedanlitydictlly willia®eh TBN of 6 250 to 450
correspondi ng derivative. Am ne conpounds are preferred. Useful am ne
conpounds f & ¥ei vati zing functionalized polyners conprise at | east one
am ne and can conprise one or nore additional am ne 25 or other reactive or
pol ar groups. These am nes nmay be hydrocarbyl am nes or may be

pr ﬁdom' nantly hmtagﬁmgmat mﬁiyrbeaxséd\imlmélerommmdémaﬂ?bv@bma i ncl uq:es

ot her groups, e.g., hydroxy groups, al koxy groups, am de groups, nitriles,
i mi dazol i ne sglf@npg@ﬁ, Phﬂt&‘tqsh%ﬂﬁ,’ifﬂ@? PW%‘?%‘@MP?‘P@*’GB@F%ISW%@,éﬂ%ounds

i ncl ude nongq; ] 0 £ I

pol yam nos. dPPBSrREA RS bil b fbie RELIIHEE B P ARIGHEE O R3S or

car bon at onmlkudivie eartinhetils, &.gl ,batidm, Sodibmapotassivm,1zhivpt, ebkivab)and3 to 9, nost
preferably foam about 6 to about 7 nitrogen atons per nolecuyle. M xtures of
ami ne conpouRREResH. Jheanest gemmonly wied metals ake calciure ang magnesiama WBIEhLy
reacti on,of iLali 1 1 Pr of orr j

2002L, 008 - "B AFBE iR ih dfclichls {REFRNA RioriChl Si digh BF SN andior

1, 2- di am noathdgaesipml withl sadinmo Padizalesly chnderderametalhicteagants dretediralmndohexane;

pol yet hyl ene ani ne uch as. diethyle ri.amne. triethylene. tetramnne;
Dot T act hyl omecHBmeCrHaan safanase) Srving PSR dh £ e f, ndleal 354 gFepfedne

di am ne; andatiu pherdndd/aaR%h ARSIl prRAABEhavEInSYBR dT3toA B0 RE 450 Xhd'h&itral KnOWN
as PAM are conmmercially available. Particularly preferred pol yam ne

m xt ures ar endioxerbased miagnesivm drycabtiigmisalic¢ytajes hrying ayRBNeofcfgorn 201to AR
products., The resulting.m xtures nown _as _:heavy". P, or AM are al so
P omer 131 1 oyintinear oikienlst Be B PEE R RRed BERAHrst 08 That ke s 3R o o
HPAM ar e deskipbstebred RibrieataiEdiEcompostdion. Patent Nos. 4,938, 881; 4, 927, 551;

5,230, 714; 10 5, 241, 003; 5,565, 128; 5,756,431; 5,792,730; and 5, 854, 186.
O her useful am ne conpounds include: alicyclic diam nes such as

1, 4di (am nonet h p"?iﬁrfb | LG Qnt G0 : q;ﬁ;g% h as
i m dazol i nes. A#g%ﬁ?g%{tg%gea?)&?%gﬁ ass %‘?ﬁ’%ﬁ]ﬁﬁ‘ﬁg afngs 'E” rl}%éhp%?%@%@ an ﬁef el-at ed
am do 15 amthesilfwmatioisaf aikgdubstitute® . ardraitirtiydierarbofhs 8Gch &1thosedot@difiedl07;
4,963, 275; and 5, 229,022, Al so usable .is trjs(hydraxynethyl)am no nethane
(TAN) a2 dedtatn BisdracHotstion ol peuRieoRb by pi5ansp of MomacybRocartprs, 576,
and UK 989, 4)3m nﬂélhéli@atﬁoséé@ﬁnéd b afklafi8s bersede A0S yialeUr €d am nes

may al so be used. Simlarly, one may usé condensed anmines,” as described in
U. S. Pat ent naphthgleas liplayl arrtheif halogéroderivaives shoh psrhlorabenzeneeact ed wit h

the am ne compound usin onvent.ignal t.echpigues as.describe or exanpl e,

US| Pt GHPTRGLeS SRR R AR ATy BER 1l b 3oy Yibinn80s K00 A

preferred dipsgencodtta GepRWith ARylatin®AgentHiigirorg adbut EeshortBappd Yal kenyl

25 succinimde, which is the reaction product of a polyal kenyl substituted
u

succi ni @Sanispdonaoms Fhe alkarplyalfongtes usupbly\eoptaiefrommbput 9t abent 8@ ok oupl i ng

ratio of fr t I I to about
171 ot prtrE By i, AR srom ABou Yo ShaR 60 <ol R AGRL e, |,
di scl osur e, stibstityted agpmaticimoietyay be defined as a ratio of the nunber of
succinyl groups in the PIBSA to the nunber of 30 primary am ne groups in
t he pol yam ne reactant. Another class of high nolecul ar wei ght ashl ess
di spersants co j L gﬁgﬂq [: 00 Ly, these
oroducts are p@fg?@?oﬁ@y l'éc'%lﬁn gﬁ%? ?1)(5 IR0 eil ﬁﬁy%%eu&:"ﬁ%ﬁ%lhy

30 oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides,

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.



2002L009 - 2% about one nole of a long chain al kyl -substituted nono- or
pol yhydr oxy benzene with about 1 to 2.5 noles of carbonyl conmpounds) (e.g.,
f or mal dehyde and par af or mal dehyde) and about 0.5 to 2 nol es of polyal kyl ene
_pol yam ne, as disclosed, for exanple, in U S Patent No. 3,442,6808. Such
Manni ch bas@%@5Pfensati on 5 products neyl&ncl ude a pol ymer product of a
net al | ocene catal yzed pol yneri zation as a substituent on the benzene group,
or may be reacted with a conpound containing such a pol yner substituted on

a succini ¢ anhy %&QPTJI@ oPPﬁ@{&[LeJnd%hIﬂlhEéd aﬁl%n%l}& ate pHes&Ed B?i’eaﬂcﬂorlpwfﬁh anat ent

No. 3,442,808. Exanples of functionalize nd/ or ‘derivatized olefin

pol ynmer s synppmpiiatednetsl cognpond stahcasraa oxideadnhytroxydet andmentral croveshmsed bed i n

the publications identiified ra.. The dispersant(s f .t he present
nvent i on aPEBRLBRADE GbRERT BE P ortLRB IR e f SuifisfEea PhESSH tnay

bi s- succkni Hed@sparedly Ra&iy 4 Sisbndl WRB S8/ 6f ol shFuHEhtdiRREohipohd Slthdseat er
t han about 50°'wt. % of the nitrogen is non-basic. The normally basic

ni t rogen of hydtogeyewlfide,suifunmegolilisie or sulfurglibalide o foum gradudtsvdhiclbarsi ¢ by
reacting the nitrogen-containin i.Spet t wth,a socal.led "“cappjin

agont " con RS HF He EbBpBihds ol B E biehulaRl SR g BRI e <
reduce the agy@inhes Biidgs! such dispersants have on the nitrile seals used

in 20 engi nes. Numerous cappi hg agents and nmet hods are known. The reaction
of a nitrogen-containing dispersant and twitoneric acetoacetate (e.qg.,

et hyl agetoaceta i,s. describ ' LS ent Nos.
2, 839 070 4. 839%&&3@# detgreehith o.b. %ﬂaé’ésc?%@%@o%?ﬂag’sﬂP?g%ggﬁf%%m ai ni ng
di sper sant afsndty dsbdxyliaacid aitt &1 dfpeoiititélmetal 6empoindahch boan 6xideRt e, in
U S. Patent No. 3,185, 704. Capping of 25 nitrogen-containing dispersants
with epoxi d&ydijoxidecandmenisdl orroyerbasespspaucts maybeoblained iy meshods well kneyun
3,373,021 ar vosel ? f WCdar el t ai ni ng

di sper sant %@oﬂgﬂﬁgﬁ&gg@ﬁy@gﬂﬁawe ‘ﬁ%‘g@?,?}gﬁﬁﬁa‘ﬁ . Patent Nos.
3, 366, 569 ( heteydatorns,suttels nitpgatandikygen Bre€iahl9Hhe ylisty chnaiml@nt)) ;

4,612, 132; 5,334, 321; 5,356,55@; 6%716,912;.5 849, 676, 5,861, 363

car bonatlés, Carbgn atqms; gnase, preferably,the,mofely Coritaiat S:0r morg CAPPR QMY &G de or
succi ni ¢ an!@%%bﬂ%hze%e%?ﬁg%cd%n@i%?y.gﬁ% drBRAAE LarbdBAic RILCHAY BSnthinSt 1S
not exhaustive and other nethods of capping nitrogencontai ni H%Edl spersants
are known t one homereoimatid maietielscsugh as one oMoted®azenexingsreither fusegor pose of

b the or o cnibeistVif i idhe BLREEE ThE HRRIR Ibisl mel Bl ARl ity off oot °°
engi nes pr ovadiRdtlyd the aFmaisiheitty. tPrefersty fitt @rboxylic a6iddeasy i3 Gtthehea.

ni trogencont ai ni ng di spersants in which greater than about 50 wt. % of the
ni t rogerOi s directhictocicagan 3amy qn thy arammatici rRpiety, surbrasararban atem opithe o¢i d,

epoxi des an dz}%i&i)i | k\g%-g. OGR! ﬁfe%g&ﬁa@c mofty¥iso g&ﬁ&fﬁ@%%h@én‘a)fun&fo%al

preferred. I on tirves“may be i1 ncorporated 1nto the conpositions
of the invegtoupnsioh asmadiydeoxyagroum ot @sulfomatecgrowp oehiclecan beeattohed dicechly net .
Exanpl es of addjtiyes 10 which may be included in the lubricating oil
conposi ti on8F “Fﬁtly I cazhen ?tﬂ%ﬂ{ﬁhﬁﬁm&?‘glcrﬂ}?’ﬁfy'r ust inhibitors, viscosity
i ndex inprovers (other than polyner i, iii and/or iii), corrosion
inhibitors, oxidation inhibitors, friction nodifiers, anti-foam ng agents,
ant i wears agent s Xmefepediexamples ofchspmatic carbexylistdeids ardisalicybi¢ 9eids and | ) . Sone

di in further detail. b 5 Di hyd | ..di .t hi ophosphat
Tetal sal s St detitveg Sedtor SEh Ay dRer SRl sk LA The
netal may bdedvative&eleteod! PRdcksdel Pt sGHGfiZingEfofbxarffle alhydidtdrbyl | aasdtitutdd,

mol ybdenum manganese, nickel or copper. The zinc salts are nost commonly
used i n | ubsilisaliv agidoire knawa ke these skifledin the grtg Galipylicr acidsrg typicallyo 2 w. %

20 based upgn th ot al i.aht. of I i Gat il. co i td on. They may
be prepar ed PIR araegcbé'rc&?ﬁoé‘&ﬁ%gphfog 5’6%&5 E%E{rh’f’ 3@0&9%%@ %‘%ﬁ’rﬂf ng a

di hydr og@r bPheﬁﬂxﬁd&p&ﬁiﬂQﬁlﬂMbh@, aill geridRlIB e obtainad,| norylly éag dilesht,Gh one or
nore al cohol or a phenol with PISS and then neutralizing the formed DDPA
with a zi ncad®ixtergdth wmearboxylaadpherokyi t hi ophosphoric acid nay be nade by
reacting mxtures of primary and 25 secondary al cohols. Alternatively,

mul tiple dithi ophosphoric acids can be prepared where the hydrocar byl
groups on one are entirely secondary in character and the hydrocar byl
groups on the others are entirely primary in character. To make the zinc
salt, any basic or neutral zinc conpound could be used but the oxides,

hydr oxi des and carbonates are nost generally enpl oyed. Conmmercial additives
frequently contain an 30 excess of zinc due to the use of an excess of the
basi ¢ zinc compound in the neutralization reaction. 2002L009 The
preferred zinc di hydrocarbyl dithiophosphates are oil soluble salts of to




-20 25 di hydrocar byl dithi ophosphoric acids and nay be represented by the
followng formula: -30 S ROP S Zn R-O 2 wherein R and R nmay be the sane
or different hydrocarbyl radicals containing from1 to 18, preferably 2 to
12, carbon P(%%O nd i ncluding radical S ch as al kyl, al kenyl, aryl,

aryl al kyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R
and R groups ar : : icals
may, for exanpl eﬁ’r%i’el%{! ﬁ\gcfsﬁ't{t&ﬁtsﬁfégé %B%U%%)f%{)lgﬁ& %tl%lr? ?/ Flgyﬁ'@a%@?n&aﬂ
sec-butyl, aiiyl- snlibsha)tyd salicylieagids, the adkylgroumedyntagtodeycontaic adBe0y| |

2-ethy|hexy|, h but yl phenyl cl ohex cl.o nt |, ropenyl
butenyl. In P(S‘?fpfé‘gw%t%%ﬁ sipeclly léépl?}ét ‘F‘“\ﬂt"?}‘ Xt?ﬁ‘é%ﬁ’étﬁ %m&g %on

atons (i. |1y be about
5 or great eraﬂ(ﬁ%ﬂ)% tnh)g dgeﬁ%gggggé t hi op%tospﬁaﬂgx\%ia l?ﬁﬁﬁe ore conprise
zi nc di abkylprefetabiyogttiessph ad ensurethdeqpatesﬂrsblubduentl on may be particularly
useful when used with |ubricant conpositions containing phosphorus |evels
of fromabout 0.02 to about 0.12 wt. % preferably fromabout 0.03 to about
0.10 wt. % Mor e g oil
conposition w | Iq)%ée@{ngg ?pltl%aln}t t;seggp R } mﬁtlbfsgﬁgﬁtggﬁﬁlgﬁﬂt%ﬁ%dng 05 to
about 0. 08 \lso i%ludb(llqén'idbrdeiergmmfpuned w:thalmxcd)xurMmsyma;eg; he tendency

of mneral oils t eriorate in servic edeterloratlon can be
evi denced b)Pth*ﬁ?/Oé@ i?t‘tshe"“ﬁ’ﬂ é]?ﬂ?tes \?Hﬁﬂ’?%{sﬂ ‘?fepom ts on the netal
surfacesyg ar&ﬁlf@ﬂaté’s‘/ﬁﬁﬁﬁﬁﬂe&/galﬂ:'y&%shas SRebeds Fotixample, mﬂpégtgt]r%re .Si. Pateide

hi nder ed phenol s kaline earth netal salts of al Kyl t hi oesters

havi ng pr ef e&mmg«u@e\w@ 091180432 \aind HPH80ARGiand U. ﬁaﬂ’&wmmqf)oﬁﬂrﬂ)ﬁéﬁmd sul fi de,
oi | soluble es and sul furized phenates, phosphosuifurized or

sul furized ocarbons or esters, phosphorous esters, netal

t hi ocar bamates, oil sol ubl e copper conmpounds as described in U S Patent

| Vo. 4,867,890, and_ nol ybdenum cont ai ni ng conpounds. 2002L009 -31
Aromatic am nes SvERtisieglN it hasteeen doundLthatnin the pgqsewso aﬂdacgﬁwateﬂﬂeeesy to

the nitr, e sed
f or alntl g)g(ll é’é}bﬂ%‘ﬁﬁ l?eﬁ% Bﬁ#a(?%as??%fggﬁe v@g use In él{r]rst'ZIgF’g ge%ggﬂtuslyn -
preferred em‘yadmrmmtﬁclnfntztkbmrmndmlekhaust/gastreclmtﬂz{tmnfsuemnoﬁretdoebd toonpounds.
They are pr y, used | nopunt s, . uUp to 0.4 w. % or
more pref er &\?&ea’eliP‘%ltif?’B@{e\F#éiH%’t‘ﬁéﬁ t‘ﬁ‘ﬁﬁa’éltft?ﬁm&rtﬁﬂﬁ?Pea%t‘oﬁafFrfaé%u?t as
an inpurity cfefe?ﬁ@n?ﬂ?«fv@%rsxﬁf?ﬁ%"ﬂ 8ffbctOh thd RS A WIS kirethatid QisEdhlyGives hd

sol ubl e aromati© am nes having at |east two aronmatic groups attached

directly to tothe presence of sqoogeuheémhncatmg olofreificallysithas besn foundithat The

am nes ntaih nore. than two, aronati.c Sroup ds havin t ot al
o o) Y AR vIRoSisy (hRMhatd R SR R o BORBOG IR R iy
by a coval erdiesepéifgin® proyided wathCii exhagst gamreéﬁcnﬂauorasys&xlyuﬁ\ohﬁh italtd aif at om
or a -CO, -S02- or 15 al kyl ene group) and two are directly attached to one
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xant hat es and al kyl t hi oxant hates. 15 Additionally, the nol ybdenum corrpound
may be an acidi ¢ nol ybdenum conmpound. These conpounds will react with a
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generally of trom bon at ons era carbon atons
and nost pr ebmpaibé yn adl kgrlhbbfpol&ymmcmng ahdin rbaeithoms haﬁﬂgﬁmwbhgd goowgiserred are
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i nvention arghihd iaflifd-8RbhdTr !Hﬂ@é’wlhﬁ%}éﬁwﬂ&ché‘&ﬁ%é ﬁbl'yirh& BaS&®one,
often via a bridging group. The ashless dispersant may be, for example, selected from
oil soluble salts, esters, amino-esters, amides, imides and oxazolines of long chain
hydrocarbon-substituted mono- and polycarboxylic acids or anhydrides thereof;
20 thiocarboxylate derivatives of long chain hydrocarbons; long chain aliphatic
hydrocarbons having polyamine moieties attached directly thereto; and Mannich
condensation products formed by condensing a long chain substituted phenol with

formaldehyde and polyalkylene polyamine.

25 Generally, each mono- or dicarboxylic acid-producing moiety will react with a
nucleophilic group (amine or amide) and the number of functional groups in the
polyalkenyl-substituted carboxylic acylating agent will determine the number of

nucleophilic groups in the finished dispersant.

30 The polyalkenyl moiety of the dispersant of the present invention has a number
average molecular weight of from about at least about 1800, preferably between 1800
and 3000, such as between 2000 and 2800, more preferably from about 2100 to 2500,
and most preferably from about 2200 to about 2400. The molecular weight of a




'2002L009 -33 of the formula Mb3SkL"QZ and mi xtures thereof wherein the L
are independently selected |igands having organo groups with a sufficient
nunber of carbon atons to render the conmpound sol uble or dispersible in the
oil, nis f@@ggﬁgto 4, k varies from4 through 7, Qis selected fromthe
group of ne el ectron donating conpdurids such as 5 water, am nes,
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among al | t%iét%ﬁﬁﬂﬁ%ire&idlﬁﬂ&cﬂbﬂﬂ@%ht g6 ofthe dispbRastidepbndsdin hdagbus30, or
at |l east 35 carbon atons. The ligands are independently selected fromthe

group of lopagaesersincludjoe-thgtype of pelyxaer used tp derivethe dispersanf, the numberpfRo X \
/OR- X ~~ . I Xt ' X2, and Y are

I ndependent yngts@%ael%?(gﬁﬂ}é‘gﬁhgmgggéﬁgl%%?mggg%lgﬁeélr%g%gl fur, and wherein R-,
R2, and R are independently selected from 15 hydrogen and organo groups

that nmay be the sane or different. Preferably, the organo _groups are
hydr ocar byl gr o pelyalkeay mpirty frema which disperpants.ofi the prese dnveationmaytbec hed

to 2002L0Q9.. - ' ] |d INTVWRD) dary),
aryl, subst ?@?}{"'g‘ﬁ"’% ?&&g@hg@g@%%ﬂ@k&%@g@ ﬁ)r ef ejl’ g% R%@iérg@ E&%]gan)cg) has
the sane hygolgdRpérgity,gis dermibied byehdratioyd waight hydragaimolscekar aveigho GV, ) teent

havi ng carbon atons directly 5 attached to,tL he rerIai nder of the_ ligand and
i s predonmi nBWRDPSK a¥gALs Eaplesplar weight{My.; gpecifically, polymers from which the

10  dispersants of the present invention are derived have a My/M, of from about 1.5 to
about 2.0, preferably from about 1.5 to about 1.9, most preferably from about 1.6 to
about 1.8.

Suitable hydrocarbons or polymers employed in the formation of the dispersants

15  of the present invention include homopolymers, interpolymers or lower molecular
weight hydrocarbons. One family of such polymers comprise polymers of ethylene
and/or at least one C; to Cys alpha-olefin having the formula H2C=CHRl wherein R!
is straight or branched chain alkyl radical comprising 1 to 26 carbon atoms and
wherein the polymer contains carbon-to-carbon unsaturation, preferably a high degree

20  of terminal ethenylidene unsaturation. Preferably, such polymers comprise
interpolymers of ethylene and at least one alpha-olefin of the above formula, wherein
R! is alkyl of from 1 to 18 carbon atoms, and more preferably is alkyl of from 1 to 8
carbon atoms, and more preferably still of from 1 to 2 carbon atoms. Therefore,
useful alpha-olefin monomers and comonomers include, for example, propylene,

25  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,
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,

30 propylene-butene copolymers and the like, wherein the polymer contains at least some
terminal and/or internal unsaturation. Preferred polymers are unsaturated copolymers
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 C;3 non-



‘W thin the context of this invention. Such substituents include the
follow ng: 1. Hydrocarbon substituents, that is, aliphatic (for exanple
al kyl or alkenyl), alicyclic (for exanple cycloal kyl or cycl oal kenyl)
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groups which, in the context of this invention, do not alter
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sol ubl e or dnaypbs prebém. i n the oil. For exanple, the nunber of carbon atons
in each group will generally range between about 1 to about 100, preferably
fromabout 1 to about 30, and nore preferably between about 4 to about 20.
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percentage of polymer chains exhibiting terminal ethenylidene unsaturation may be

determined by FTIR spectroscopic analysis, titration, or C*> NMR. Interpolymers of

this latter type may be characterized by the formula POLY-C(R1)=CH2 wherein R’ is

C; to Cys alkyl, preferably C; to Cyg alkyl, more preferably C; to Cg alkyl, and most

20 preferably C; to C; alkyl, (e.g., methyl or ethyl) and wherein POLY represents the
polymer chain. The chain length of the R! alkyl group will vary depending on the
comonomer(s) selected for use in the polymerization. A minor amount of the polymer

chains can contain terminal ethenyl, i.e., vinyl, unsaturation, i.e. POLY-CH=CH3, and
a portion of the polymers can contain internal monounsaturation, e.g. POLY-

25 CH=CH(R1), wherein R is as defined above. These terminally unsaturated
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.

30 Another useful class of polymers is polymers prepared by cationic
polymerization of isobutene, styrene, and the like. Common polymers from this class
include polyisobutenes obtained by polymerization of a C4 refinery stream having a

butene content of about 35 to about 75% by wt., and an isobutene content of about 30
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t he nol ybdenum conpound is preferably sel ected group 25 consisting
of a nol ybdemdasagibedbelest bamat e (MODTC), nol ybdenum

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

30 Processes for reacting polymeric hydrocarbons with unsaturated carboxylic
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;
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10 conposition (oil of lubricating viscosity plus all additives) will be no
greater than 12, such as no greater than 10, preferably no greater than 8.
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tests, such 'SIBPRIARIE Mthe FANSE Of 3%53566%@&%&’ & @ra%yﬁ?@ tﬁgﬁgéﬁdﬁ r&g“ﬂ?ﬁyve
component s a2 RhRARMiate Rtk Wordd bO4EBkpliSRedhla mindfd WbrRhafKopovder is
then 10 added to the formilfated oil. The kinematic viscosity at” 100 C of

t he carbon Isbhitienaostaining, e1g.. ktorffhwfee preferably 3t thS0tvets %o palymeribated onitheed i n
ASTM D445. To. denonstrate the advantages of the present invention, a
conpari son \A%’é‘aﬁ'é’ YSPIMUGR: t he ki nematic viscosity increase of carbon back
treated jhubricating oil in the 15 presence, and in the absence, of 96%
sulfuric acid. The addition of the acid ( 1 w. % of 96% sul furic acid)
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initiator, when used, typically is used in an amount of between 0.005% and 1% by

weight based on the weight of the reaction mixture solution. Typically, the aforesaid

monounsaturated carboxylic reactant material and free-radical initiator are used in a

weight ratio range of from about 1.0:1 to 30:1, preferably 3:1 to 6:1. The grafting is

20  preferably carried out in an inert atmosphere, such as under nitrogen blanketing. The

resulting grafted polymer is characterized by having carboxylic acid (or ester or

anhydride) moieties randomly attached along the polymer chains: it being understood,

of course, that some of the polymer chains remain ungrafted. The free radical grafting

described above can be used for the other polymers and hydrocarbons of the present

25 invention.

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 C4 to C;o dicarboxylic acid wherein

30 (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
unsaturation; (ii) derivatives of (i) such as anhydrides or C; to Cs alcohol derived

mono- or diesters of (i); (iii) monounsaturated Cs to Cyo monocarboxylic acid wherein



.ACRYLC>D 954 is a nmultifunctional polynethacrylate viscosity nodifier

avai l abl e 25 from Rohmax USA Inc. H TEC 5777 and PA 1160 are

mul tifunctional OCP viscosity nodifiers available commercially from Et hyl
Cor por ationZ(ﬁ?EbOthch St aaten M nen, re_age_ctively. The performance of
“fornmul ated oil's containing these viscosity nodifiers, which are each within

the scope Oﬂchetc%oﬂfc%ﬁﬁﬁtqduﬁlé%?%corﬁg%tmﬁ'ﬂ?edca}ﬁb bugpfi.e2 of pemul at i on

contai ning a conventlonal, non-functionalized OCP copol ymer 30 (PTN 8011,
avai | abl e f stoch@RSFTE O add (iv3 demivativeChdivilonith rs €0 Yo Ck alcebalideived he

formul ations, the anmpunt .af. viscosity nodifier s_adjusted such.that the
| ubr i cat | ngTanp SREUET of By “MPftSe of momaunssEiratoq SodoreficereBil Wit al kv
of 12.5 to HQo fha %Te)usecﬁSUE&?feaEﬁ&ﬂwim T BUED tHeSRbndmRE 4t aFAtion BE tHeeSUl t S Of
t he conparison afe shown below, in Table 1. -40 a NN cad H Nno hOO Nov
N O-C w3 ChmougtiGauiraidd sarBoxylic rhactant besomnédatuviteds WhuQforrex@ample, maleic
anhydride becomes backbone-substituted succinic anhydride, and acrylic acid
becomes backbone-substituted propionic acid. Exemplary of such monounsaturated
carboxylic reactants are fumaric acid, itaconic acid, maleic acid, maleic anhydride,
chloromaleic acid, chloromaleic anhydride, acrylic acid, methacrylic acid, crotonic
10  acid, cinnamic acid, and lower alkyl (e.g., C; to C4 alkyl) acid esters of the foregoing,

e.g., methyl maleate, ethyl fumarate, and methyl fumarate.

To provide the required functionality, the monounsaturated carboxylic reactant,
preferably maleic anhydride, typically will be used in an amount ranging from about
15  equimolar amount to about 100 wt. % excess, preferably 5 to 50 wt. % excess, based
on the moles of polymer or hydrocarbon. Unreacted excess monounsaturated
carboxylic reactant can be removed from the final dispersant product by, for example,

stripping, usually under vacuum, if required.

20 The functionalized oil-soluble polymeric hydrocarbon backbone is then
derivatized with a nitrogen-containing nucleophilic reactant, such as an amine, amino-
alcohol, amide, or mixture thereof, to form a corresponding derivative. Amine
compounds are preferred. Useful amine compounds for derivatizing functionalized
polymers comprise at least one amine and can comprise one or more additional amine

25  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
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

30 as 2to40 (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
molecule. Mixtures of amine compounds may advantageously be used, such as those

prepared by reaction of alkylene dihalide with ammonia. Preferred amines are
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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
polypropyleneamines such as 1,2-propylene diamine; and di-(1,2-propylene)triamine.

5  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
commercially available. The properties and attributes of both PAM and/or HPAM are
described, for example, in U.S. Patent Nos. 4,938,881; 4,927,551; 5,230,714;

10 5,241,003; 5,565,128; 5,756,431; 5,792,730; and 5,854,186.

Other useful amine compounds include: alicyclic diamines such as 1,4-
di(aminomethyl) cyclohexane and heterocyclic nitrogen compounds such as
imidazolines. Another useful class of amines is the polyamido and related amido-

15 amines as disclosed in U.S. Patent Nos. 4,857,217; 4,956,107; 4,963,275; and
5,229,022. Also usable is tristhydroxymethyl)amino methane (TAM) as described in
U.S. Patent Nos. 4,102,798; 4,113,639; 4,116,876; and UK 989,409. Dendrimers,
star-like amines, and comb-structured amines may also be used. Similarly, one may
use condensed amines, as described in U.S. Patent No. 5,053,152. The functionalized

20  polymer is reacted with the amine compound using conventional techniques as
described, for example, in U.S. Patent Nos. 4,234,435 and 5,229,022, as well as in
EP-A-208,560.

A preferred dispersant composition is one comprising at least one polyalkenyl
25  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
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

30 primary amine groups in the polyamine reactant.

Another class of high molecular weight ashless dispersants comprises Mannich

base condensation products. Generally, these products are prepared by condensing
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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,
for example, in U.S. Patent No. 3,442,808. Such Mannich base condensation

5  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
described in U.S. Patent No. 3,442,808. Examples of functionalized and/or
derivatized olefin polymers synthesized using metallocene catalyst systems are

10  described in the publications identified supra.

The dispersant(s) of the present invention are preferably non-polymeric (e.g.,

are mono- or bis-succinimides).

15 Preferred dispersants include those in which greater than about 50 wt. % of the
nitrogen is non-basic. The normally basic nitrogen of nitrogen-containing dispersants
can be rendered non-basic by reacting the nitrogen-containing dispersant with a so-
called "capping agent". Conventionally, nitrogen-containing dispesants have been
capped to reduce the adverse effect such dispersants have on the nitrile seals used in

20 engines. Numerous capping agents and methods are known. The reaction of a
nitrogen-containing dispersant and tautomeric 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 formalin and/or
formic acid is described, for example, in U.S. Patent No. 3,185,704. Capping of

25 nitrogen-containing dispersants with epoxides is described, for example, in U.S.
Patent No. 3,267,704; 3,373,021 and 3,373,111. The reaction product of a nitrogen-
containing dispersant and other known capping agents are described in U.S. Patent
Nos. 3,366,569 (acrylonitrile); 4,636,322 and 4,663,064 (glycolic acid); 4,612,132;
5,334,321, 5,356,552; 5,716,912; 5,849,676, 5,861,363 carbonates, e.g., ethylene

30 carbonate) 4,686,054 (maleic anhydride or succinic anhydride); 3,254,025; 3,087,963
(boron). The foregoing list is not exhaustive and other methods of capping nitrogen-

containing dispersants are known to those skilled in the art.
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For the purpose of reducing rate at which the kinematic viscosity of lubricating
oil increases in the presence of soot and acids generated upon use of heavy duty diesel
engines provided with EGR systems that operate in a condensing mode, nitrogen-
containing dispersants in which greater than about 50 wt. % of the nitrogen is

5 rendered non-basic by reaction with formalin, formic acid, epoxides and tautomeric

acetoacetate (e.g., ethyl acetoacetate), are preferred.

Additional additives may be incorporated into the compositions of the invention

to enable particular performance requirements to be met. Examples of additives

10  which may be included in the lubricating oil compositions of the present invention are
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.

15

Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and

antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum,
lead, tin, molybdenum, manganese, nickel or copper. The zinc salts are most
commonly used in lubricating oil in amounts of 0.1 to 10, preferably 0.2 to 2 wt. %,

20  based upon the total weight of the lubricating oil composition. They may be prepared
in accordance with known techniques by first forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohol or a phenol
with P,Ss and then neutralizing the formed DDPA with a zinc compound. For
example, a dithiophosphoric acid may be made by reacting mixtures of primary and

25 secondary alcohols. Alternatively, multiple dithiophosphoric acids can be prepared
where the hydrocarbyl groups on one are entirely secondary in character and the
hydrocarbyl groups on the others are entirely primary in character. To make the zinc
salt, any basic or neutral zinc compound could be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently contain an

30 excess of zinc due to the use of an excess of the basic zinc compound in the

neutralization reaction.
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The preferred zinc dihydrocarbyl dithiophosphates are oil soluble salts of
dihydrocarbyl dithiophosphoric acids and may be represented by the following

formula:
~ S
RO
N
P—S | 2n
/

| RO

-2
5  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,
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,

10  decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,
methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total
number of carbon atoms (i.e. R and R’) in the dithiophosphoric acid will generally be
about 5 or greater. The zinc dihydrocarbyl dithiophosphate can therefore comprise
zinc dialkyl dithiophosphates. The present invention may be particularly useful when

15  used with lubricant compositions containing phosphorus levels of from about 0.02 to
about 0.12 wt. %, preferably from about 0.03 to about 0.10 wt. %. More preferably,
the phosphorous level of the lubricating oil composition will be less than about 0.08

wt. %, such as from about 0.05 to about 0.08 wt. %.

20 Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to
deteriorate in service. Oxidative deterioration can be evidenced by sludge in the
lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such
oxidation inhibitors include hindered phenols, alkaline earth metal salts of
alkylphenolthioesters having preferably Cs to C; alkyl side chains, calcium

25  nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosuifurized
or sulfurized hydrocarbons or esters, phosphorous esters, metal thiocarbamates, oil
soluble copper compounds as described in U.S. Patent No. 4,867,890, and

molybdenum-containing compounds.
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Aromatic amines having at least two aromatic 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

5 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
avoided altogether other than such amount as may result as an impurity from another

component of the composition.

10 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
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

15  alkylene group) and two are directly attached to one amine nitrogen also considered
aromatic amines having at least two aromatic groups attached directly to the nitrogen.
The aromatic rings are typically substituted by one or more substituents selected from
alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups. The
amount of any such oil soluble aromatic amines having at least two aromatic groups

20 attached directly to one amine nitrogen should preferably not exceed 0.4 wt. % active

ingredient.

Representative examples of suitable viscosity modifiers are polyisobutylene,
copolymers of ethylene and propylene, polymethacrylates, methacrylate copolymers,
25  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 isoprene/butadiene, as well as the partially

hydrogenated homopolymers of butadiene and isoprene.

30 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

long chain polycarboxylic acids with diols, for example, the butane diol ester of a
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I ncreases the soot induced kinematic viscosity of the |ubricating oil
conpositions containing the conventional OCP viscosity nodifier by 875 %
(Exanpl e 2),.0b8.08628 % (Exanple 4), and_8§:§ul ted in extrenely high absol ute
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detergent (cal cium phenate 2002L009

15 Additionally, the molybdenum compound may be an acidic molybdenum

compound. These compounds will react with a basic nitrogen compound as measured
by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent,
Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,

20 hydrogen sodium molybdate, MoOCls, MoO;Br;, M0,0;Cls, molybdenum trioxide or

similar acidic molybdenum compounds.

Among the molybdenum compounds useful in the compositions of this invention
are organo-molybdenum compounds of the formula
25 Mo(ROCS,)4 and
Mo(RSCS>)4
wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyl
and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon
atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the
30 dialkyldithiocarbamates of molybdenum.

Another group of organo-molybdenum compounds useful in the lubricating

compositions of this invention are trinuclear molybdenum compounds, especially those
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the invention. 2002L009 - 43 ddainms: A heavy duty diesel engine provided

wi th an exhaust gas recircul ati oxl systemin which intake air and/or exhaust
gas recircul ation streans are coott to bel ow the dew point for at |east

Y
o]

10% of the tinme said engine is i# FaH RN, sai d2engine being |ubricated
with a lubricating oil conpositig nprising a major anmount of oil of

| ubricating viscosity, and a ni nd2 amount of one or nore hi gh nol ecul ar

wei ght pol yners conprising (i) copolyners of hydrogenated pol y(nonovi nyl
aromati ¢ hydrocarbon) and poly (gpnjugated dkene), wherein the hydrogenated
pol y(nonovi nyl aromatic hydrocar segngpf conprises at |east about 20
wt. % of the copolyner; (ii) ol ef+n petymer s contdxi ni ng al kyl or aryl

am ne, or am de groups, nitrogen- tai ning heterocyclic groups or ester

| i nkages and/or (iii) acrylate oPQaIkyIacryIate copol yner derivatives
havi ng di spersi ng groups.

and

and mixtures thereof, wherein X, X, X»,and Y are independently selected from the

group of oxygen and sulfur, and wherein R;, R, and R are independently selected from
15  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




.2. The heavy duty diesel engine of claim1, wherein said oil of lubricating
viscosity has a saturates content of at |east 75% and said one or nore

hi gh nol ecul ar wei ght pol yners conprises a hydrogenat ed styrene-isoprene

bl ock copolxﬁﬁr. 3. The heavy duty diesel engine of claiml, wherein said
“one or nore %ﬁp%nlecular wei ght polyné?i'conprises a mxture of from

about 10 to about .9 % of ., .a _hydrogenat ed styr.ene-isoprene bl ock

copol yrer, éﬁ%“‘f‘?%‘?ﬂ%‘é%@?ﬂ%ﬁ“‘%‘fspgﬁ’«'s‘m&ggﬁ“%%?‘ﬁ/b%{" %Jﬁastbt}ngﬁl 188%8'% mer. 4.
The heavy duiyugil Qa6 phiferably, &ich Gigaid hab thedagiedlydrocit®yl gtbip.cat i ng oi |
conposition further conprises a mnor anmount of one or nore neutral

and/ over based netal -contai ni ng detergents, wherein fromabout 50%to 100%
of the one or e ¥ . . Loyl etargents. 5.
The' heavy duty o e chifstatyf” G aghe Rt Rl alsoh s A0 2°1 0500, of
the one @r machedad eiegemhinder of thdligaat and Bipeedpanihantlyhydrboarbhkiacardetty di esel
engine of claiml1l, wherein the lubricating oil conpositiaon further

conpri ses a Withinthegoptext ofghis dmention. n3ich substitusgisiocleda the folloyivg:sper sant s
wherein greater than 50 wt. % of the dispersant nitrogen i s non-basic.
2002L009 7. The heavy duty di esel engine of claim®6, wherein said

ni t rogen- cont ai ni.ng Mydrpearbamdubstituents, et i, aliphatio foréxaafplealkylloy alkenyly, |

succinim de and _a cappi hg agent sel ected fromthe group caonsisting of
taut omeri c Abeydiedtargrample syeigalkyl orcyclaalkenyl) sybstitysnts, aromatigy aliphatictand) e

gl ycol i ¢aci r 35@]1- s ;de and
succi ni gman hagj/ﬁg¥(iq%e§ﬁ958‘t%@ﬁem ‘ﬁ%a\?i‘/‘“%{%‘ld I eslg%%ﬁgl?hiéygp@%@g}lﬁqﬁ@? %gléelr"gi n

sai d cappi nghagegis dcompiatddethtangh fancthergiontydn efdhd hgand t(thhtes, any lyb émiicapemlr bonat e,
formalin, formc acid and oxi de. 9. ﬁ heavy duty di esel engi ne provided
with an exhal %ﬂf@fﬁs%ﬁmg‘e‘ﬁ%aﬁéﬁaﬁnégw ﬁﬁf"ﬁ'%i ch intake air and/or exhaust

gas recirculation streans are cooled to bel ow the dew point for at | east
10% of the time said engine is in operation, said engine being |ubricated
with a lubricatidg obubstwteddiydracanbon suhstituentsthat isndhase centaining noh- oi | of

| ubri cat,i_ng ,vi,Scosi an m Nt nt..of. one. or , nmore, neut r al

and/ overbas %%i’f’%ﬁ%?&?"ﬁ%‘g‘“&ﬁ?%‘?fg%ﬁng‘gﬁlm&?TEPH’ q?%%ag?fgﬁ? 50%to 100%
of the one QredvntifarlifttEaRADY cHatackh O Ble@ubstitent. Blist shilled @ Heirehaeps s. 10.
The heavy duty diesel engine of claim9, wherein fromabout SO%to 100% of
the one or rAvaEe efciialle gTayps (eee. Pl soRecially shlgemang flupro, amiro, tkewyl dut v

di esel engi | @& 21N { {ng oil conposition further
conpri ses a'}ﬁ]ergzi rtg’mgmﬁmg{ﬁgb’g?&%féeﬁﬁ?g%ﬁ%l ecul ar wei ght pol yners
conprising (i) copolymers of hydrogenated pol y(nmonovinyl aromatic

hydr ocar hon) and, pol conj ugat ed di .eng%, .Wherejn the hydrogenat ed

pol y( morf8vi nyl %’on&%‘?témﬁyh?"@&‘ﬁfsogﬁ)‘ss WEH?“‘%Uh’ﬁPi ‘é’_ﬁ'&é’f'é‘?’g‘ﬁg‘f Yabout 20
W . % of t heyaRRAFLWAR chatdcker wathd he coMBR! of TR FveMVrEtaHtif afinkdth@thal V!
am ne, or am de groups, nitrogencontaining heterocylclic groups or ester

| i nkages andathonprésent ingchaintoering oherwisacompasedoleagiinatems.der i vat i ves

havi ng di spersi ng groups.

Importantly, the organo groups of the ligands have a sufficient number of carbon
25  atoms to render the compound soluble or dispersible in the oil. For example, the number
of carbon atoms in each group will generally range between about 1 to about 100,
preferably from about 1 to about 30, and more preferably between about 4 to about 20.
Preferred ligands include dialkyldithiophosphate, alkylxanthate, and
dialkyldithiocarbamate, and of these dialkyldithiocarbamate is more preferred. Organic
30 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 will realize that
formation of the compounds of the present invention requires selection of ligands having

the appropriate charge to balance the core’s charge.



.12. The heavy duty diesel engine of claim11l, wherein said oil of

| ubricating viscosity has a saturates content of at |east 75% and said one
or nore high nol ecul ar wei ght pol yners conprises a hydrogenat ed

styrene-i sogé&g&)gbl ock copol yner. 200 09 - 45 13. The heavy duty

“di esel engi claim9, wherein the |lubticating oil conposition further
conprises a mnor anount of one or nore nitrogen-containing dispersants
wherein greater than 50 wt. % of the dispersant nitrogen is non-basic. 14.
The heavy duty dicaggiundslgiviig thé fornalaMé:5,LyQydaet catidhictordstsa@g@ided bt ai ni ng
di spersant is a reaction product of a polyal kenyl succinimde and a cappi ng
agent sel ec@aignicligandsandgrorepresented by stiigtuses sugh@oner i ¢ acet oacet at e,
fonmalin, formc acid, epoxides, acrylonitrile, glycolic acid, carbonates,

e.g., ethylene carbonate) malefic awnuj and succini c anhydride. 15. The
heavy duty diesel engine of clai m31%" whirei ai d capping agent is
sel ected fromethyl acetoacetate, Rthylepe car

onate, formalin, formc acid
and epoxi de. 16. A heavy duty diesdl engne prpvided with an exhaust gas

recirculation systemin which inta j %r exhaust gas recircul ation
streans are cooled to below the d oint f at | east 10% of the tine said

engine is in operation, said engine ing | ybricated with a |ubricating oil
conposition conprising a najor anount | of lubricating viscosity, and
a mnor anount of one or nore nitrogen- tai ni g di spersants wherein
greater than 50 wt. % of the dispersant nitrogen is non-basic. 17. The
heavy dufy dinésel engine of claim 16, wherein said nitrogen containing
di spersant is a reaction product of a polyal kenyl succinimde and a cappi ng

agent selected fromthe group consistingeof tautoneric acetoacetate,
formalin, formc acid, epoxides, acg(“p gl ycolic acid, carbonates,

e.g., ethylene carbonate) nmalefic dr dg% succi ni ¢ anhydride. 18. The
L y:

heavy duty di esel engine of claim rei ai d capping agent is

sel ected fromethyl acetoacetate, h onate, formalin, formc acid
and epoxi de. 19. The heavy duty dy engi of claim 16, wherein the

| ubricating oil conposition further r a mnor anount of one or nore
hi gh nol ecul ar wei ght 2002L009 -46 rs conprising (i) copolyners of
hydr ogenat ed pol y(nonovi nyl aromati c hy®r‘ocar boq) and poly (conjugated

di ene), wherein the hydrogenated pol y(nonovinyl aromatic hydrocar bon)
segnent conpnd baw net chaegestof adho Conequentlydinairderiie salobitize these cofésithe okadf i n

copol yners cpntainin kyl or ar ammne, or am de.groups
nitr ogenconfg‘?‘rﬁ‘? ﬁ@o?g?lgh‘ﬁéﬁ%‘fsirﬁu%%ﬁgf o MESPEHORf r‘%ﬁ@‘g‘s”%mfe&‘d( iii)
acryl ate or wkkook d5shitlgab Be bomd wm? tH&dry itdsibéRSved alydt Do S MBRY tfihildedsr OUPS.
20. The heavy duty diesel engine of claim 16, wherein the |ubricating oil
10  cores may be bound or interconnected by means of one or more ligands and the ligands
may be multidentate. Such structures fall within the scope of this invention. This
includes the case of a multidentate ligand having multiple connections to a single core.

It is believed that oxygen and/or selenium may be substituted for sulfur in the core(s).

15 Oil-soluble or dispersible trinuclear molybdenum compounds can be prepared by
reacting in the appropriate liquid(s)/solvent(s) a molybdenum source such as
(NH,4);Mo3S:3-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

20  reaction in the appropriate solvent(s) of a molybdenum source such as of
(NH4)2Mo03S13-n(H20), a ligand source such as tetralkylthiuram disulfide,
dialkyldithiocarbamate, or dialkyldithiophosphate, and a sulfur abstracting agent such



.conposition further conprises a mnor anount of one or nore neutral

and/ over based netal -contai ni ng detergents, wherein fromabout 50%to 100%
of the one or nore detergents are phenate and/or salicylate detergents. 21.
A et hod of 29(?&%@9“ ng a heavy duty di esp§6§ngi ne provided with an exhaust
‘gas recirculation systemin which intake™alr and/or exhaust gas

recircul ati . : . { | east 10% of
the tine Sa;&gmg%%ﬁ)ﬁg% P@t?wﬁ%?g?%s?ﬁﬁ%@?ﬁ%ﬁ\%[ ggfg{xﬁ%élg,o%%u? Sut a change
of | ubri cat img]ybdenpmvdul fahhalide saitisuwhrap (MY Mds Szl ordiereyl’ Bad abuntegioncandi A h a

| ubricating.oi| .,conposjti commri Si a | O moupt of oi] of lubricatin
viscosity, géﬁﬂhgoﬁ%?hﬁgﬂﬁt"% ’G%B%Fa?%&gnhia%mfgf%‘fﬂ SHPﬂﬁ?ght pol ymerg
conpri si ng %%ﬁyﬁﬂﬂﬁb&’%ﬁa@& &Mﬂ&ﬂﬂ%ﬁﬁ&ﬂhﬂ@iﬂ&%ﬁ@&bﬁ% gg.ge&y&aoeén(s)

hydr ocar bon) poly (conjugated diene), whereinthe hy genate

pol y( nonévi ny forar amail-salutile dr dispersible trimetpae molybdemm smspatnd! dhe apprbpridte 20
wt. % of the copglyner; (jpi). olefin copolyners containing alkyl or aryl
ani ne, or aquEi?i‘;’?{Yfﬂbg’?§h?’tf?§)ed‘@ﬂ‘P ﬁﬂ'gqoﬂgﬂborﬁ@c“érocyl clic groups or ester
| i nkages and/or (iii) acrylate or alkylacrylate copol yner derivatives

havi ng di spersing groups. 22. The nethod of claim2l, wherein said oil of
| ubri cating vi sc®sompounss ail spduhilityt arslispersitility rody be influgscedifothe anmbeni d one

or nore high.nolecular wej ght pol yners conpryi ses a hydr.o at ed

styrene-i sopf & oﬂlag’élks P@?&%ﬁ%ﬂ?@ﬁ grf@'.lo &ngﬁefpﬁﬁa_cwil}%fﬁf%prmg} ein said
one or NI e iAveafioADdt ¥&asl 21 torR icBifblon @wmm&lmmeseﬁeﬁmanmtwwgbaaﬁ'sf rom
about 10 to about 90 w. % of a hydrogenated styrene-isoprene bl ock

copol yner, ®nganorgsanpsb Suefernbly, thedigand sourcochospn vips 3 puisicient purmbgraify ner .
2002L009 -47 f ' erel ri [ i
conposition C?% r%P ﬁg(;r}g%féer%% :l) ?gaé{s%’ gsmnt?rrg%d%%t Jogéﬂbg}r}g g%lﬁl Hfr%odrrgﬁgﬁg{t}?orlg frl

and/ over bas ekt Ribtieatinpaohipositiog. det ergents, wherein from about 50% to 100%
of the one or nore detergents are phenate and/or salicylate detergents. 25.
The nethod of claim 21, wherein fromabout 50%to 100% of the one or nore
detergents are RARNALR SALRIGAL! or «dibersible: iRbbeRkiPlo GbAidlkdhrilyMiGicRn t he
| ubricating oil conposition further conprises a mnor amount of one or nore
ni t r ogen- corthaitis cognEhuapeosatditivesfasy slublerdissobvablehaiscitfle var.capabié of being

di spersant nitrogen. i s non-basic. 27. e thod of claim26, wherein said
it 1 ogen- contsreRpndRe B AR Broportpns, T8 BreBeweyt. ol ey Arkciity

succi ni n de jpyighes, Sohitié BOstaAIP Aispe RIS ik {0 ATRXtéIR sOffRidht EPSGStheiRg Of

taut omeric acetoacetate, formalin, formc acid, epoxides, acrylonitrile,

gl ycol i ¢ aciigtendedreffgatindbe envirpnmest in/which theeibisremplyyedn| Moreovemthedr i de and
succi ni ¢ anhydr.i da.. A f.claimza7 r.ei.n i Lng agent
is sel e%? ed aﬁ?‘(t)l %ggtlﬁégp(ggg‘?%g%&e@ g‘?%@“é‘%ﬁ?‘:l % n%so \r{&%’%ﬁg‘f‘%r?a%grglﬁéfﬁpﬁba?or m c
aci d and epaesieticof afshrtichlareiddiriVepif degieedat i ng a heavy duty di esel engine
provided with an

The molybdenum compound is preferably an organo-molybdenum compound.

Moreover, the molybdenum compound is preferably selected from the group

25  consisting of a molybdenum dithiocarbamate (MoDTC), molybdenum
dithiophosphate, molybdenum dithiophosphinate, molybdenum xanthate,
molybdenum thioxanthate, molybdenum sulfide and mixtures thereof. Most
preferably, the molybdenum compound is present as molybdenum dithiocarbamate.
The molybdenum compound may also be a trinuclear molybdenum compound.

30

A viscosity index improver dispersant functions both as a viscosity index

improver and as a dispersant. Examples of viscosity index improver dispersants

include reaction products of amines, for example polyamines, with a hydrocarbyl-



.exhaust gas recirculation systemin which intake air and/or exhaust gas
recirculation streans are cooled to bel ow the dew point for at |east 10% of
the tine said engine is in operation, for at |east 15,000 without a change
of | ubri cat |%&f1‘%§4 whi ch net hod conpri sg,zal ubricating said engine with a
“lubricating onposition conprising a“fraj or amount of oil of lubricating

et al < cont ai AN A BnsE AT SRRy oid I WRIch AP R BRI Bilterses o

nor e det er genétairmoLsutficiontlendh ¢ imipaevisesitpirles éineroyiny sropetfies (bte met hod of

claim 29, wherein fromabout ~0%to, 100% of the qQne or nore detergents are

phenat e det esogenouads. Ingenonab e viseasity sadexmprover dispersant anay; be, fo3 examplesi n

the lubricat] i R i L. O, ne or
4 @cgm%} °P‘9|68E°tstﬁ q‘ﬂ@atﬁ&[éd%{er oF Uﬂ% ﬁl?;élgd”} of'h 'q% to @r@&k&%nx?&e(?

nore high no ar we ol'ymers conpri si copol'yne 0
hydr ogenat edmpad-girboxylid atyd oea Gl € divedrbog plidavid withdn paktuacednyitrggned

dime), wherein the hydrogenated pol novi nyl aronmati ¢ hydrgcarbgon
segnzent conmqngaegsm_atrgqn@aggef haﬁa&fﬁ(zag\(ﬁgrf&wafm%%é Peﬁvaeﬂryﬁé %t Ly ol .
copol yners %ﬂﬁ%ﬂh%&eﬁﬂé ;Pt,@ﬁ%}lo-atgpd}%arb%&gmg néltiiiied witg/agr ine,.

ni t rogen- contal ni ng tero cl'ic groups or ester [i1nkages an 1)
acryl ate or lnldcyiyaariyd ot & aogiol;yorarpatyanerattethydenehweith a s do Eppolafimfurtiieoups.
32. The nethod of claim 31, wherein said oil of lubricating viscosity has a
saturates cdfeted either by srafting a£3dg &a%‘&f‘sé%’%feq)H’éro(SFn'ﬁB‘PtémFﬂﬁjﬂomiP%‘cuI ar

wei ght  pRl Y'RERof BFBY kRfEnSal WlaROABA6&H ohlo/the PBIYNRL BAGHRNE hi®thefOPO! YITEr .
33. The nethod of clai'm 29, wherein the lubricati'ng oil conposition further
conpri ses a meacing carbmxylic a¢id goenps of thur grafied acid svithcorandneaihydradiyspene ent s
wherein greater. than 50 % of the dispersant,. nitrogen i s non-basic. 34.
The. met hod dHodioki mpreiemihiupetshing aifeapapishionte il saBratfin ot
reaction progepiesént idvditiol 2bdse M| andUCEibdUsity ffiel ithproverdiBpétgargent sel ected

fromthe group consisting of tautoneric acetoacetate, formalin, formc
acid, epoxides, acrylonitrile, glycolic acid, carbonates, e.g., ethylene

car bonat mal ef [l d L i t of
claim 3413) wher ei 1?1&15 %%QX gﬁ%%?sr%gg a%%ﬁ&%‘gs]krgoﬁg%@éé g {rigr%agW}P‘e%ggf odckt at e,

et hyl ene carloaeaihe minghimltemperhmrératonkich cheafield eyl fioticor cafi be Houridh Suchf
operating a heavy duty diesel engine provided with an exhaust gas

recircul at i lditives ars Well kpeway Trpisalof thase additiyes batimprovesthe 19%ci r cul ati on
streans are ! i f truhBfstd/vi he tinme said
engine is i n&%glé‘%gﬁ’ ng ?ﬁﬂ\;ﬁftﬁd{ﬁ?@% %E@gwod?élmk?lhfgut aé/gﬁ%?n%ée&%‘fg | ubri cati ng
oi |, whi ch neiphlyshers mpdipshandthdsrylates.i Hoams sputralegn be pravidedzby anbatitifesmang oi |

conmpositjon ¢ risi.ng a major anmount of oil .of |ubricatjng viscosity, and
2 m nor Brolfiineposiokape R ofor Simble gticone il orperydimetyl aftvancy g

di spersants wherein greater than 50 wt. % of the dispersant nitrogen is
non-basic. 37. The nmethod of claim 36, wherein said nitrogen-containing

di spersant is a Yaneef ba apprimentioredaddisives raeprprids adevltipheitieofaifects; cappi ng
agent sel ect [ . .St ri.¢ .gacet at-e.

Formal i n, fonay ior SRuyp, SERYR RN ThiE B o pASL IR BT ORI e o
e.g., ethyl esppraaeh owall khownbrd heedathpe furdeer ehbofatalhereia. anhydride. 38. The
met hod 021‘5 claim 37, wherein said capping agent is selected from

In the present invention it may be necessary to include an additive which
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

30 prolonged periods. Additives which are effective in controlling this viscosity increase
include the long chain hydrocarbons functionalized by reaction with mono- or
dicarboxylic acids or anhydrides which are used in the preparation of the ashless

dispersants as hereinbefore disclosed.



.ethyl acetoacetate, ethylene carbonate, formalin, formc acid and epoxi de.
39. The nethod of claim 36, wherein the lubricating oil conposition further
conprises a mnor anount of one or nore high nolecul ar wei ght polyners
conpri sing (Oéng&ool ynmers of hydrogenat eg, pol y(nmonovi nyl aromatic

"hydr ocar bon) poly (conjugated dine); erein the hydrogenated

pol y(nmonovi nyl aromati c hydrocarbon) segnent conprises at | east about 20
wt. % of the copolymer; (ii) olefin copolyners containing alkyl or aryl
anine, or am de When Ribricairig @@gpositiont aomtaitdne o eic2e yf the labows-AieAtond est er

| i nkages and/or (iii) acrtyl ate aor al kylacryl ate copolyner derivatives
havi ng di speadéxtwgs @aemaidl 1vgpls tmealwettlﬁwddmméheabmad in gp amepnt thakenables

Iubrlcatlng I ri r or nore
neutral and/ g%/édr‘%aseg’sﬂrwla?ltgg%%%ﬁnf}l ‘%‘3 et 3%8 ﬂtﬂ&h%%g? ﬁé%mgﬁnﬁltg gut 50%
to 100% af tsheh additiods, whe:eufbdtmrcmktaeamlmqahenmexsad@ém sAllitleey/ VAt

det ergents.
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3 wt. % of carbon black was added to lubricating oil compositions formulated with
commercial detergent inhibitor (DI) package containing dispersant, detergent
20  (calcium phenate and calcium sulfonate), anti-oxidant, anti-wear agent (ZDDP) and

antifoamant and a commercial polymeric viscosity modifier, as shown below.

SV151 is a styrene/diene copolymer available from Infineum USA L.P.

ACRYLOID 954 is a multifunctional polymethacrylate viscosity modifier available

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

30 (PTN 8011, available from ORONITE, a division of ChevronTexaco). In each of the
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 1.
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conventlona] CP viscosity modifier by 875 % (Example 2), to 1528 % (Example 4),
and resulted in extremely high absolute kinematic viscosities (211.1 cst to 324.0 cst).
5 In contrast, lubricating oil compositions containing Polymers (i), (ii) and (iii) showed

an increase in kinematic viscosity of only 9 % (Example 1) to 288 % (Example 11),

and acceptable absolute kinematic viscosity values of from 28.14 cst to 71.89 cst.

To demonstrate the response of detergents in the heavy duty diesel engines of
10 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 2.

15
Table 2
Example No. 12 13 14
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) 444 18.1 20.3
CB/Acid Kv@ 100°C (cst) 166.4 315.7 297.4
CB Kv -CB/Acid Kv @ 122.0 297.6 277.1
100°C (cst)

As shown in Table 2, the response of the detergents to the presence of the acid
were dramatically different. Although the use of the sulfonate detergents provided
20  superior soot-induced kinematic viscosity properties in the absence of the acid, the
presence of acid resulted in an increase in kinematic viscosity of from 1365 % to 1644
%. In contrast, the kinematic viscosity of the lubricant containing the phenate

detergent increased only 275 % to a still acceptable 166.4 cst.

25 The response of a lubricating oil compositions formulated with commercial

detergent inhibitor (DI) package containing dispersant, detergent (calcium phenate
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SF10% &'10) - As shown by the data of Table 3, 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 caused the kinematic viscosity of the

lubricating oil composition containing the capped dispersant to increase only 244%.

15 The disclosures of all patents, articles and other materials described herein are
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

20  of the present invention have been described in the foregoing specification. What
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.



109 & ()-63s|[:vU410 & W10 & ()- SS 104 & ()- 9 10% & ()- Sf 10% & ()-
9"10% & ()- fl10% & ()-</~|[:vU410 S5!10% & ()- S. 10% & ()- & "10% & ()-
+310% & ()- SY(3 10% & ()- f&L0% & ()-~#vwxy<vU410 Sy 10% & ()- Sy

109& ()-10"10" 10 @: 1096 & ()- S8 1096 & ()- S610% & ()-<\}|[:vUL410 B6&

" L% #&! @PO2LePe 1096+ #&' () - (9G 109% ()- (9G'10% & ()- 9 "10% & ()-
#.9 "10%" & ()-gef ghqvvU410 10% & ()- SMLO% & ()-101"1101"1101"1

D3" 109" 1&' %—'—‘}glow & ()- 6&" 10%#&' #8& ()-vid|[:vU410 S10% & () -

SY10% & ()- s3 K 10% &ez(v)oa‘rdu%ﬁ d&@e%e rovffdem&m&aﬁ Exhau& o:e?eu(chrams%/l[ vUu410
% 10%& ()- @O% & y! T0% & 10% - & ()-

@Y10% & () SEtem:in uztnﬂl mSakg@%aad(oy exhawst g_a@%@rqu)anon strgm &e(cpoledito 1094 & () -

10% & %% 9F! 109% & Ss109% &
Sy1006 & (- PElonb B oy bt I it s Bank R nbrpation et o () - m
@&&#10% " - cﬁ%m@“b&ﬁkQ%I‘fea@d'wnh &dubitdbtingoif ):omgos‘-f#érp&@h ifng a mJaJodioéﬁqoﬁnt/ U410

6J&&" 109! #& f M S 10% & ()-' Syl0% & ()-10!10! 10! f 10% &
510% & () - T.of pjl[jof lubrgating viggositypand aminor aggounpof;one gr rjore btgilonﬂlgmm&' ()-

£ Tovsise ( mgh%@rf%écé&gf%gﬁ) b i el 5. )

| [:-410b#b6 ardmé?f oy {OoMtgnied diehd)Whsteihl i hydro #k& ()
| #10%p8" p&! () - o o e T LS"10% & ()- yS 10%

L! 10% & ()pogy(mw&n(l)momaqbyﬁrepa(ryoq)@wmmwsmq at Agasbheayt 20 w(t)f‘w@ & () -

10068 ()- H 4 RO DR PRI boplingg MO Srid gty or pideergnpy ()

9- 10% & () itrogéh &bﬁ&ﬁlﬁmg heteroogdlit grotfston(ester lilkapes &nd/pr (fl) ddiy]h& orS;

104 & ()- fs 10% f7 109 & vU410 69"10% & ()- f&I0% & ()-
fs10% & () - e(cy)mlm;f ﬂ@}%ﬂi}veﬁ La\%g diSPRrEING BTQUPS{ - vU410 f(MLO% & () -
f&S 10% & () - &Y%#lO%&() f# 104& ()- " 10% & ()- 69"10%¢& ()-

6-T|[:vU410 &y5& 10% & ()- f@10% & ()- f0109% & ()- f/m0% & ()-
& -#10% & ()- 2.109%he l(e)wde’u;tyl«ﬂidBel,engﬁ%(ﬂZ‘O@lm@ wlfbﬁ&ﬂs@)i-o@df hitirfchfig

f Yléoo/;%&&( § ) glsggs]i%w a>§)&fue':jstes7 &ctogg'gr%@ lf(@t 5%%, anui%:gg/&h } %)ére h% Qolecular

#10‘V@ @
0120 B SR el g iy

%i (& ()
@O#10% ! I - & ()- 1&&-#10%W & ()-G &"'10% & ()-Z 6& 10%# #&
9Z7"10% & () - nKL [>2ﬁ? F%‘%@% 11?0 % ) -
10% # & 0- 53/ )Jh%ﬁi ‘q‘{%% t ‘kﬂ"d’(‘ éﬁi%f*/%‘d&mf p‘éor‘#e High
i | i st st 6 G g
0 0 0 - . 0 -
A I e
53" 1090 & (. ﬁr) 0'# 10"# F 10%# & ()- 8@
10% #' & () - &TJ [: vU41 ggtﬁcﬁg@c() D'10%'D& ()- 9 M10%H! & ()-
SO M10% & ()- 9"10%& ()-1 (9"10% " (& ()-1J6i
4.  The heavy duty diesel engine of claim 1, wherein the lubricating oil
composition further comprises a minor amount of one or more neutral and/overbased
metal-containing detergents, wherein from about 50% to 100% of the one or more

detergents are phenate and/or salicylate detergents.

5.  The heavy duty diesel engine of claim 1, wherein from about 50% to

100% of the one or more detergents are phenate detergents.

6.  The heavy duty diesel engine of claim 1, wherein the lubricating oil
composition further comprises a minor amount of one or more nitrogen-containing

dispersants wherein greater than 50 wt. % of the dispersant nitrogen is non-basic.
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system in which intake air and/or exhaust gas recirculation streams are cooled to
below the dew point for at least 10% of the time said engine is in operation, said
engine being lubricated with a lubricating oil composition comprising a major amount
of oil of lubricating viscosity, and a minor amount of one or more neutral
and/overbased metal-containing detergents, wherein from about 50% to 100% of the

one or more detergents are phenate and/or salicylate detergents.

10. The heavy duty diesel engine of claim 9, wherein from about 50% to

100% of the one or more detergents are phenate detergents.

11. The heavy duty diesel engine of claim 9, wherein the lubricating oil
composition further comprises 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 least about 20 wt.% of the copolymer;
(ii) olefin copolymers containing alkyl or aryl amine, or amide groups, nitrogen-
containing heterocylclic groups or ester linkages and/or (iii) acrylate or alkylacrylate

copolymer derivatives having dispersing groups.

12. The heavy duty diesel engine of claim 11, wherein said oil of lubricating
viscosity has a saturates content of at least 75%, and said one or more high molecular

weight polymers comprises a hydrogenated styrene-isoprene block copolymer.
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1 10% 1& () comg%sq{oon %Mer comprises a minor amount of one or more neutral and/overbased

metal-containing detergents, wherein from about 50% to 100% of the one or more

detergents are phenate and/or salicylate detergents.

21. A method of operating a heavy duty diesel engine provided with an
exhaust gas recirculation system in which intake air and/or exhaust gas recirculation
streams are cooled to below the dew point for at least 10% of the time said engine is
in operation, for at least 15,000 without a change of lubricating oil, which method
comprises lubricating said engine with a lubricating oil composition comprising a
major amount of oil of lubricating viscosity, and 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 least
about 20 wt.% of the copolymer; (ii) olefin copolymers containing alkyl or aryl
amine, or amide groups, nitrogen-containing heterocylclic groups or ester linkages

and/or (iii) acrylate or alkylacrylate copolymer derivatives having dispersing groups.

22. The method of claim 21, wherein said oil of lubricating viscosity has a
saturates content of at least 75%, and said one or more high molecular weight

polymers comprises a hydrogenated styrene-isoprene block copolymer.

23. The method of claim 22, wherein said one or more high molecular weight
polymers comprises a mixture of from about 10 to about 90 wt. % of a hydrogenated
styrene-isoprene block copolymer, and from about 10 to about 90 wt. % of an olefin

copolymer.
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26. The method of claim 21, wherein the lubricating oil composition further
comprises a minor amount of one or more nitrogen-containing dispersants wherein

greater than 50 wt. % of the dispersant nitrogen is non-basic.

27. The method of claim 26, wherein said nitrogen-containing dispersant is a
reaction product of a polyalkenyl succinimide and a capping agent selected from the
group consisting of tautomeric acetoacetate, formalin, formic acid, epoxides,
acrylonitrile, glycolic acid, carbonates, e.g., ethylene carbonate) maleic anhydride and

succinic anhydride.

28. The method of claim 27, wherein said capping agent is selected from

ethyl acetoacetate, ethylene carbonate, formalin, formic acid and epoxide.

29. A method of operating a heavy duty diesel engine provided with an
exhaust gas recirculation system in which intake air and/or exhaust gas recirculation
streams are cooled to below the dew point for at least 10% of the time said engine is
in operation, for at least 15,000 without a change of lubricating oil, which method
comprises lubricating said engine with a lubricating oil composition comprising a
major amount of oil of lubricating viscosity, and a minor amount of one or more
neutral and/overbased metal-containing detergents, wherein from about 50% to 100%

of the one or more detergents are phenate and/or salicylate detergents.

30. The method of claim 29, wherein from about 50% to 100% of the one or

more detergents are phenate detergents.
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saturates content of at least 75%, and said one or more high molecular weight

polymers comprises a hydrogenated styrene-isoprene block copolymer.

33. The method of claim 29, wherein the lubricating oil composition further
comprises a minor amount of one or more nitrogen-containing dispersants wherein

greater than 50 wt. % of the dispersant nitrogen is non-basic.

34. The method of claim 33, wherein said nitrogen-containing dispersant is a
reaction product of a polyalkenyl succinimide and a capping agent selected from the
group consisting of tautomeric acetoacetate, formalin, formic acid, epoxides,
acrylonitrile, glycolic acid, carbonates, e.g., ethylene carbonate) maleic anhydride and

succinic anhydride.

35. The method of claim 34, wherein said capping agent is selected from

ethyl acetoacetate, ethylene carbonate, formalin, formic acid and epoxide.

36. A method of operating a heavy duty diesel engine provided with an
exhaust gas recirculation system in which intake air and/or exhaust gas recirculation
streams are cooled to below the dew point for at least 10% of the time said engine is
in operation, for at least 15,000 without a change of lubricating oil, which method
comprises lubricating said engine with a lubricating oil composition comprising a

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



20021009 -49 -

nitrogen-containing dispersants wherein greater than 50 wt. % of the dispersant

nitrogen is non-basic.

37. The method of claim 36, wherein said nitrogen-containing dispersant is a
reaction product of a polyalkenyl succinimide and a capping agent selected from the
group consisting of tautomeric acetoacetate, formalin, formic acid, epoxides,
acrylonitrile, glycolic acid, carbonates, e.g., ethylene carbonate) maleic anhydride and

succinic anhydride.

38. The method of claim 37, wherein said capping agent is selected from

ethyl acetoacetate, ethylene carbonate, formalin, formic acid and epoxide.

39. The method of claim 36, wherein the lubricating oil composition further
comprises 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 least about 20 wt.% of the copolymer; (ii) olefin
copolymers containing alkyl or aryl amine, or amide groups, nitrogen-containing
heterocylclic groups or ester linkages and/or (iii) acrylate or alkylacrylate copolymer

derivatives having dispersing groups.

40. The method of claim 36, wherein the lubricating oil composition further
comprises a minor amount of one or more neutral and/overbased metal-containing
detergents, wherein from about 50% to 100% of the one or more detergents are

phenate and/or salicylate detergents.



