OLEFIN COPOLYMER VI IMPROVERS AND LUBRICANT COMPOSITIONS AND USES THEREOF
TECHNICAL FIELD: [0001]The disclosure relates to lubrication oil compositions and additives for
internal combustion engines and to methods of operating the engines with the compositions to provide
improved engine performance. BACKGROUND: [0002]The viscosity of lubricating oils is typically
dependent on temperature. With an increase in oil temperature, the viscosity of the oil generally
decreases; as the temperature of the oil decreases, the viscosity of the oil generally increases. At high
temperatures where moderrp@%s‘?t%%grgﬁéﬂt@ Wﬁﬁggﬁ f5Waintain viscosity within
specified ranges to prop%”? it NE gk g%?‘@]é‘gﬁ’g ) f%@%‘w‘: the lubricating oils may
be exposed_to low temperatures from the environment when the engines are shut off; in these
conditions,Tl%%%gﬁ%&% %l must be low enough so that the oil will flow when under engine
starting coggit'ons. The acceptable oil viscosity rapges for high and low temperatures are specified by
the SAE 7308%thndard. O%flf HCaling SIS a G SR IN Y RghPenEarT s ardivseify used in
engines. Sheatndtesashigbrasdfts:| bavetbearteprried ipjiarmitre:The Missosibehavior of
lubricants under high temperature, high shear (HTHS) conditions may have an impact on fuel
economy. ﬁ?ﬁ&oﬁﬁﬂrﬁseﬁ%ﬁ\rl%ﬂ/ ﬁi‘&%?ﬁﬁ‘?%sﬁﬁ%ﬁ BitléL BpiEAily exhibit poor fuel economy due to the
formation of a thicker oil film at the boundary of the engine surfaces. By contrast, fluids with relatively
low HTHS BgOEIidR@i8Yyorm a thinner film thickness thereby exhibiting improved fuel economy.
[0004]Base oils typically cannot meet the viscosity requirements without the addition of additives such
as viscosity{@dek improvErs. Wiseositplirndexdmpmvers Q/iPs)abruepdhextentdmpehiohdhe viscosity
of lubricantg,change with temperature, and ate used to formulate. oils that meet the SAE J300
Standard. SHaD T L e B T T S e G eirom
ethylene-prispipersgursopoimer’s fsotymeth dorpwaiesity drb genaik dstyraine ibutadienegogopmers,
polyisobuty, . 0 thylene- n ers. are typically used to provide. Viscosity
Index Imprg{g/%?séﬁ%%}g%eﬁ[g %%%%s%ﬁ%%%%ﬁ% c@ﬁ%@ %/f s%“gﬁ?%i’o éol?mlgéor%%% rgon grréa];%a M 45 to 85
mole%. Visebsitsiindekhimprereisdderasy florppphptielstcontaiminyiah qutrB0andteYsethylene are
commonly used.andireauite afelalively higherysageQnlreat ratqdp ojls In.order fomeet 3AE J300
requirements; however, Viscosity Index Improves derived from po?ymers I%ontammg %lgher than about
65 mole% EHWISHE S 8EebIasaERe Mecgtne ey redhire rewditioragbeoritwsitratd theoli in order to
meet SAE 1300 yequiremants sI0RBHNs MR elwiene PahITSsS:5SrcthyIene sanients, of 65 mole%

to 85 mole% ethylene, are used to imprgve low temperature properties of [ubricating oils, Without
being boundB§PABSHYLitvisWeirivarEtiatoatish forh perattrus: gargrsesspailisgethyISAE content are
thought to yndergaiptramolecular contraction or folding, leading to a lower viscosity of the oil, when
compared to a low ethylene (-60 mole%) amorphous polymers that do not exhibit such behavior. As a

result of suti’Bdlymer betERIE TS YenpiSPa e Pripertiss, $i5eh Hee it ohs BRaNReSinfulator)
viscosity, aemdnpsoveieddoueves, ladigh etiyleneveohmerphain mayalsriatenagt wihgther chains,
or with waxgu%omgonglptg thatfaéggor%aiged in the oll or‘?g sition, leading tg gel formation. Gel
formation is GHARir S8 PHERE ANEEE H AR BPRFHE At HE o ERC %) (P IERSMEY WATEh may lead
to engine faituiegabo prefientdamanter-nfoleduladtintesiaciens HEp ATHS-WaosiGeMBONaNk interactions,
high levels of r point depressant may be added to the oil, Higher.levels of pour point depressants
serve to miﬁélg 8eE Hot 5(?)%:8 Ster sf(lff\){éj e por%?é%r.l ﬁfo%%f&ggo?&}irﬁéw,%%ggﬁmd% provide
viscosity médifiesrfesiuirieanByampesiti dhsdhattenabiévwie lobri€aHES campoditionssidomeet the SAE
1300 standards while proyiding Jubricant.compositions that exhibit improved fuel economy, low
temperatureal g}%%"el%ri!fggﬁ élc\rf%cgrj‘gfgﬁignyf%% Bé%g ior r%vljﬁ/l%e ﬁ@?f&%?a]ln a first aspect, there is
provided a k#8fidhting oil Besapokitiynicdivprising: meatjtrecareustofaibotiubricatingovisdasity; and a
minor amouypt;of at leastigng Qlefin,copalymerhaying. a: r.average molecular weight greater than
about 10,000 up to about 300,000, wherein thlé@;_llle i%{ cép%?%?n%”r' is glr%tgﬁtsal with & glgré?ﬁ?\qéercsomponent
substantialld&vbits et RyiRIfuRCbIsAIitiAY §rosis ebinprisint (hpegvimiistdstitteadzaromatic
compound, apd.(B), &eompoyngselactad fiam the greupyeensizing obaGR:GA%Llgin,aRolvalkylene

compound, and mixtures thereof, wherein a mole ratio of A/B in the reaction mixture Tanges from about
0.25:1 to alBRSVE arfdoRSHARYC ahfisor Emdaht Bent asesrednbivmraied lefiropsolymer,
styrene-isoprene copolymer, methacrylate copolymer, or styrene butadiene copolymer have number
average molecular weight greater than about 50,000 up to about 300,000, wherein the olefin
copolymer has an ethylene content ranging from about 60 to about 85 mole percent of the olefin
copolymer. 1



[0007b]In a second aspect, there is provided an olefin copolymer viscosity index improver comprising
an extruder reaction product of: (a) an olefin copolymer backbone, wherein the copolymer has a
number average molecular weight ranging from greater than about 10,000 to about 300,000; and (b) a
grafting component substantially devoid of carboxylic functionalizing groups comprising (A) a
vinyl-substituted aromati compound and (B) a component selected from the group consisting of
C5-C30 alphaplefins. internal glefing. polyisgalky nd inations thereof, wherein the olefin
copolymer h s%n ethyleﬁ‘oég}co%tenﬁ?gngi’ng frgm g)%%%gao tos%gg&r%o etﬂgé}%gnt o) Otﬁﬁvgf’éaﬁ%i copolymer.
10007clInre tiebesirees. there is provided a method for improving fuel economy in a vehicle,
comprisingeLating an NGRS AMRNELINE e MPREREL A0 TIROSHIOR SOMPRANG, A maor
amount of oil of lubricating’viscosity;"and a minor amount of at léast one olefin copolymer having a
number avii&ge R iRaion engity fater i Atatisne tondo0 ap TechbswrBo0sc0sawherein the olefm
copolymer s, grafied with-2 g¢afting component substantially. deveid gf, B@%{J i fumienalizing
groups comprising from about 1 to aboel]{g:%O weight percent of (A) a vin;%gs _st'lgtuqte(}%rol?hgaatic
compound2&fi ég)rﬁot%ﬁ%d}@%éréc%é@%mytﬁée@r@% wshaistmacttia s IcBerokstige arpolyalkylene
compoundgaid-mixtires; thergatand pptiorally. BapinahAmAURLoTatIeast /ng.nan-qrafted olefin

copolymer, styrene-isoprene copolymer, methacrylate copolymer, or styrene butadiene copolymer

have numgglpé%%@@ﬁﬁ%l@&ﬂla]?%@ﬁf GresBIB NGB8 bow 6p BRkBewB0en000, Svherein the
olefin copalysner, kas rAatbyiens, coptant kBRGING:Fom abaut80ito ahaut 83 melepereent of the olefin
copolymer. 10007d1In a fourth aspect, there is provided an extruded non-dispersant olefin copolymer
comprising 2OEEGHSABEduct of: (a) an olefin copolymer, wherein the copolymer has a number
average mglegsjlar weightid anghneikosngmaielefaan abeiity 10,0820t 800,009; ands(b) a grafting
component s bgtaggi lly devoid of, carhoxylic functionalizing groups comprising (A), a vinyl-substituted
aromatic cgfﬂ% BT IR BT BB On BT S8 e (280 FBWFTRR G SEPPEDHStin g BHEE€ 30 Ripha olefins,

internal olefifiionobasnabsyieh e, thssk-mixtirasHresgohavheren thepelafinconaymerhasan ethylene
content ra qi [¢] fﬁ)}@ about 60 to Qb%ut § mole gercent of the olefin copolymer. [0008]bl accordance
with exem &y SHUBHRRES 16 olRBIElre pPBURIE RERELEH ol COMpLRHiGh SHE Methods o

operating deaifitgrombdombustiossenginentoopirovide imoprsired enginsvopeiatienalgperermance. The
lubricating com ooslil'%iorgﬂincludeﬂﬁ tac{'naAO{ g}rgﬁhobupgofholtlj flubrica%in visc Sit\é; a %ﬂnor amount of at
least one olefmn:copolyTar Raving a hUmber average morecaiar %ig&ﬁf: HerRAPEET 10,000 up to
about 300,888 khelotefamgepolymerdsegtafietiovits (A) R (doiyl-aubktitietharviatiescompound, and
(B) a comp legted.] the gr consisting of a. C5-C3Q olefin, an infernal olefin, a
polyalkylenle ogr\ﬁ%pgéuﬁnit(éi?‘,g étrglg ’c%?fb?n%ﬁ ns ?t%?é@fg;rwch%%fﬁa %8?&?5%%%?’ A%fgom%é%raé%%tion mixture
ranges fromr asshit 9225 towpeiysuts hatm ks |gbriettidg iviltberepositiuporidyno ptisiiadytingttide a minor
amount of ghlgast One-RPRAKAfIGH QIEHR.CoRAl Tef: %Xé@@&l&%&?ﬂ%ﬁ?ﬁg e methacrylate
copolymer, or styrene butadiene copolymer have number average molecula welg]h% greater than about
50,000 up 8 é!ﬁfo@p%@@@bl.%@p@ﬂdeﬂﬁotﬁem%@pfﬂ&m;eem&m?mempth@@igmsuqéepmides an
olefin copofypgtwiscosity JaRxIRRIeY et ThsIRNIncaRakTer i an ?é%'i’sd%fr%%%?o%]&ﬁ?dum of (a)
ing fro

an olefin copolymer backbone having a number average molecular weight rang greater than

about 10,008PT8sesb ERg0bcOBIicAng () £YraftiHehepnspeln <nt mesrLpie denrsisabsititet aromatic

compoundaftaasaitiageaprensnbrrlesdedfrm C5-C30 alpha olefins, internal olefins,
polyisoalkylenes, and combinations thereof [00010] Another exemplary embodiment provides an

extruded nEMibpersantsroiiiRgsofifiar tharieh Ve REG A ISHIs B IR HIF | 6in Ebeaymer, wherein

the copolymesfasalRumhemaverage mpirediatovpightisanging.kamrgreater than about40,000 to
about 300,0%(1; and gbg a grafting component substantially devoid of carboxylic functionalizing groups

including (A1 iRyP e Bt PO nTARP BN TS UM arr (BT a ERD e e RSERS I oriPthe group
consisting effpbriide atpharidefingl plethalbiefirbapolyisoalkylenes, and mixtures thereof [00011.1Yet
another exemplary embodiment of the disclosure provides a method for improving fuel economy in a
vehicle. The method includes lubricating an engine of the vehicle with a lubricant composition including
a major amount of oil of lubricating viscosity; and a minor amount of at least one olefin copolymer
having a number average molecular weight greater than about 10,000 up to about 300,000. The olefin
copolymer is grafted with about 1 to about 30 weight percent of a combination of (A) a vinyl-substituted
aromatic compound, and (B) a component selected from a C5-C30 olefin, an internal olefin, a
polyisoalkylene, and mixtures thereof. The lubricating oil composition may optionally include a minor
amount of at least one non-grafted olefin copolymér, styrene-isoprene copolymer, methacrylate
copolymer, or styrene butadiene copolymer have number average molecular weight greater than about
50,000 up to about 300,000. [000121 Accordingly, a primary advantage of the exemplary
embodiments may be improved low temperature properties without forming gels at high temperatures.
Another advantage may be reduced need for pour point depressants in lubricant compositions

containing the grafted olefin copolymers described herein. Yet another advantage of embodiments of
tha dicelociirea mav be areaatar fiiel economyy DETAI ED DECRIPTION OE EXYEMPI ARY



grafted olefin copolymer viscosity index improvers (VII1s) having improved high and low temperature
properties. The olefin copolymer VIPs described herein may be used in a variety of applications
including, but not limited to, engine lubrication, transmission oils, and industrial oils. [00014]A primary
substrate for making the VII' s described herein is a copolymer is derived from ethylene monomer and
one or more C3 to C23 alpha-olefin monomers. Copolymers of ethylene and propylene are suitably
used to make the copolymer. "Copolymers" herein may include without limitation blends or reacted
products ofgtgRg¢nd one or more C3 to C13 alpha-olefins. The copolymers may optionally include
dienes or polyenes. Thus, the tetins "polymers" and "copolymers", as used herein may also include
terpolymers0¥i@lother Hiyh&rsicRaerdr formns Pleridedthiuteirmsmipolymeardsiid Lonpodimmer” are used
generically to enco F{a}p# mers,.terpolymers or interpolymers. Such materials may
contain amounts ofr%%r?g;g ro e ﬁwﬁ%@r%fgﬁg%g%ns%qnoﬁg%% ﬁ\g’ BASic characteristics of the polymers are
not materially change@if00BIBLTthé rhlska-elefmeisuitnéforise ineplasediprepyene to form the
copolymer or to be used incempinationwith stbylgns %gglgrq@f}gép%ﬁotgog%%&t% qlymer include
iolefi ,D-

1-butene, | -pentene, 1-hexene, 1-octene and styrene; ct.co-d ns'such as exadiene.
1,6-heptadiene, I,7-octadi@HE BraltneldEh s dippE-setmsialichitisa grafting component
-4-methylbutene-1,5-methyipemienar} aneid-orethyhismiens:ds apdmixies hereah.100016]Methods
for making the copolymer ?@bstrate Ze cribeddabove are described, e%. in U.S. Pat. Nos. 4,863,623,
5,075,383, and 6,107,257 “Whith HeSeHpTHE S AOHEEF0 SPRBEMREretRCoy R e refieRot e polymer
substrate also may be corseiwereiafyobiteiredihavinsihe pfaperties inditateddesrii{R0017]More
complex polymer substrat designated as interpolymers, also may b d as the olefin
polymer starting material, %ﬁg&%ygﬁ%g‘ﬁ%%ﬁ% %I'SP%E LS Gomy %ﬁ%%i##g ’i’?ogi%mponent
generally used to prepare AR ipoirerrdm stratiebsy palyéne apondmensklected from
nonconjugated diengsgadrienesnthesnamconionied disng: comagacnLis, one haying from 5 to 14

carbon atoms in the chain. For example, the diene monomer may be charactgﬁggc}%? the presence of
a vinyl group in its structur& 5 EERTRAUAPEPERE arB ey Eormpralriae:. Represemative dienes

include 1,4-hexadiene, 1,Aa-@g&aleﬁexagj@ﬁ@@rdj@y@Ig@gg&@@@@gggigyj@g{ﬁign@ggﬂo@{gpne,
vinylnorbomene, 5- methylgne- -n(t)gbo &r]'ue, 1,5-he}§)tadiene, and 1,6-octadiene. A mixture of more
than one diene may be usedin the rééarzﬁoﬁ? 81 te%%%%l%@ﬁ’%%ﬁﬂ?&% H#BREBRftigated diene for
preparing a terpolymer or hategpobtmémsubistrate ieniide hexadigne: ROQL8bFhestrigng.component may
have at least two nonconjggpct&q Mglﬁet?ﬂr&%ﬁ n%rup to about 30 carbon atoms in the chain. Typical
trienes that may be used to prepare the mterpo?&rﬁner'are 1-isopropylidene-3a,4,7,7a-tetrahydroindene,

1-isopropyjigigragicyclopentadiene. sifuaronisedicyrlpnentadiens: A0s Asia-mathyiene;dmethy1-3-
penteny0[2.2.1]bicyclo-5-heptene. 100019]Ethylene-propylene or higher alpha-olefin copolymers may

consist of fPOMBSITREHBEE FiBI SEFREivPEIRPIEhE and from about 85 to 15 mole percent C3 to C23
alpha-olefin with the,mglejiaigs.in,ong .emhagdiment being fram about 40 to 70 mole percent ethylene
and from about 60 to 30 mole pe%er?ﬁ)f a C3to C23 al%%%-%eeffﬁ?e\%ﬁ%tegaﬁroapg}?ibr% in another
embodiment being #6600 BHFIE gBT centeth fienemttn i 1Bomol8. PG certte® to C23
alpha-olefin, and thespy@posiians in yet another embodiment being from 55 to 65 mole percent

ethylene and 45 to é% moleﬁpercent C3 to C23 alpha-olefin. Terpolymer variations of the foregoing
polymers may contin &t Abb P ERE™TE MuIE FEA B iSO ndnesRiyltc erEAbrigene. Other

termonomer levels greess thansthamole perteritsuld0A26]Qf shedoregaingna Radticujagly suitable
copolymer substratg | ntially linear copolymer of ethylene and propylene having an ethylene
content ranging fro%ﬁg%%nﬁel%ig%é%%%éﬂ% %gf?:g an %%/Sl\%le%ﬁ? ﬁﬁ’(?ﬁ’az\?ﬂ%@ ‘?%ﬁ\ﬁ‘étfe%%rage molecular
weight from about 28060 teohbwmatialoe00aEh ddorbexainpletherrombehaverage rorigeular weight of
100,000 to 200,00 1 i lon. arogr dizing polystyrene standards.
[00021]The polymg)rO gis%ﬁr%ggsgé ;%g?/%ﬁlgeﬁé %%E%%?f%r? %gggg%éfg %tlj g;ét]r%:g,g r%lé);% lgg%%nnyveniently
obtained in the forrﬂfé}f‘@?éﬁgﬁd’@?%@ﬂé’ﬁized polymer. The olefin copolymer may also be supplied as
either a pre-rnixed bale or a pre-mixed friable chopped agglomerate form. [00022]In one embodiment,
ground polymer bales or other forms of the olefin copolymer are fed to an extruder, e.g., a single or
twin screw extruder, or a Banbury or other mixer having the capability of heating and effecting the
desired level of mechanical work (agitation) on the polymer substrate for the dehydration step. A
nitrogen blanket can be maintained at the feed section of the extruder to minimize the introduction of
air. [00023] The olefin copolymer may initially be heated before being admixed with any other
reactants in the extruder or other mixer with venting to eliminate moisture content in the feed material.
The dried olefin copolymer is in one embodimentfhen fed into another extruder section or separate
extruder in series for conducting the grafting reaction. [00024]A mixture of graft components is next
grafted onto the polymer backbone of the olefin copolymer. Suitable graft components may be
selected from vinyl aromatic compounds, C5-C30 olefins, and polyalkylene. Suitable vinyl aromatic

compounds are those corresponding to the following formula R C =CH2 wherein Rl and R2,
indenendanthvs from aarh nther renracent a hvdronen atom ar an allkevl arorim havina 1 to0 4 carbhon



[00026]The polyalkylene component may be selected from polybutenes and highly reactive
polybutenes having a number average molecular weight ranging from about 400 to about 3000 or
more. The term "highly reactive” means that a number of residual vinylidene double bonds in the
compound is greater than about 45%. For example, the number of residual vinylidene double bonds
may range from about 50 to about 85 % in the compound. The percentage of residual vinylidene
double bonds in the compound may be determined by well-known methods, such as for example
Infra-Red scopy Qr C clear Magnetic Resonan r.a combination thereof A process for
producing ?Sﬁgtfc%mpour%sa éﬁdde\z‘éjsc?ﬁg%e’(}w ?5? ggr%%ﬁe? in ﬁ?ﬁogg%iﬁ? 0. % 152 X8R Fatticularly
suitable corfbéimadsaipesidviseianettagng o fatisbtweijht bbsragempletidacweightdo number
average molecular weight-ranging frem 9?8%33{8@98953 gugg@ number average molecular weight
o}

ranging from about 500 to about 1500. [00027] The mixtur grafting components includes at least

one component sele B FMAYiRy Fateriatee CORPoReE meY kviaast onalsomponsnt selected
from (B) olefins and/or polyakylene cempoundshriginanole datio,af A/Bdnthe mixiire ranges from

about 0.25:1 to about 5.0:1, for example, from about 0,5:1 to about 2.5:1, more suitably from about

0.75:1 to about 1.5:1. The AAT5UAtBf JHafth JEERBGhenErEY. Wiy R st eBIpSENd, olefin

and/or polyisoalkylene) thatasengisiftedeonta te-ptessiibetdreapeiymes bagkhongnd-ainthe copolymer
substrate) is important.Forﬂgxambglﬁ,%th% ol Ogly er may include ffgg\ about | cut% to 30 wt% of the

grafting components. [0002 ﬁLhEe grafting reaction o fornt’ Ceelacrg %Feffh“%%iﬂ?ﬁﬂ%‘fé is generally
carried out with the aid of afreetadicapinitidtond Bk inamextiudseirdhasubstaptialbabsence of
solvent. The free-radical injti whi nay. b e component tq the polymer backbone
include peroxides, hydropr;égc?é%&e%f gﬁgg‘%’/ﬁ? gﬁ%&%@%ﬁ%ﬁ%ﬁﬁ} é)uén%d &pnr%e%lr)‘a (f/%hose which
decompose thermally Withﬁ}i‘eﬁ‘?@fg?%ing temperature range to provide free radicals. Representatives of
these free-radical initiiersinle.azeki QB s iU REEOXIGafied olefin copolymer,
2,5-dimethy1-2,5-di(t-butylger9x rghex;’;lrl_e and 2,5-dimethy1-2 5-5i(t-butylperoxy -3-hexyne. The
initiator may be used in an” ABGM RGN RS ABo LTS I S8BREYE by WeRfisbased on the
weight of the reaction mixttmeditesiraiplyl fraem Bbeuhtnd% teabeuntchwweight: [PORL9]To perform
the grafting reaction as a ent- ssentiall | - free bulk process, the graft component,
olefin copolymer, and initizrf?lc%\r{'] égrbé)];lgrt? %Gr?gegn%ot%%ée{ﬁt%ee{(gqéooaﬁv ef:)fﬁ’ﬁatgﬁ é?g‘f 5B twin screw
extruder or other mixer, havihgthetdpabitiopictheating anchefibotingthe disiteddemelof mechanical
work (agitation) on the reagtants farihe Qrafting, ‘The initiator may be added as a solution in the
grafting components or an inert solvent, such as but not limited to mineral oil. In one embodiment,
grafting is qooelzdjted in an exvuderapec PaGcUIaFA D sETevXLLdeR-Adirogen Rignket is
maintained at the feed section of the extruder to minimize the introduction of air. The extruder is

equipped wWith 4 VR S FRLIRRE TATAPEIANSHOEcted grafting components and by-products of the
grafting reaction. [O@?Phg]lglg@gtgg&@%&d%%thﬁegr&gi&gjﬁ%gngrgﬁlgﬂ)@y Q@s}gégcted at one
injection point, or is alternatively injected at two injection points in a zone of the extruder without
significant mixing eTPi&Hah e BREISUEPRNE@IoNthARy PasLIA h thihravedeMifiency of the
grafting and may leggito a lower gel content of the grafted copolymer. [00031[Suitable extruders are

generally known available for conducting grafting, and the prior dehydration procedure. The
dehydration of the poIa? s‘f?ﬁ@"é‘ﬁ?f‘ﬂ%%t t%‘?‘éﬂﬂw§frp??)r@86ﬁ’ﬂésf¥1ﬁ89°8@1€élﬁormed in

separate extruders getypip donsefigsy Akeraativelysubsinglé exruder bavtngioutipléBreatment or
reaction zones may be used tq s ntially conduct the se operations within one piece of
equipment. lllustrations. ?)lf”snui%éa%fe%%xtﬂ%%e{lré%%gps%%sol?t?ﬁ;g ggiaé?nté@ .%?Eﬁé)ae o én§ ,265 and U.S.
Pat. No. 5,837,773 civhich ridsenphivlescaratiacorporstdibirefewhbyrireferenean (a8032¢1n forming the
grafted olefin copolymets.dhe.plefineapolymerasnsrally 4s feduo.plastic pracessipgapauipment such
as an extruder, intensive mixer or masticator, heated to a temperature of at least 600, for example,
150 to 240 C., and %@a@ﬁmwmponents and free-radical initiator are separately fed to the molten
copolymer to effect grafting. In another embodiment, all three of the grafting components, copolymer
and initiator may be fed to the extruder at substantially the same time. The reaction is carried out
optionally with mixing conditions sufficient to effect grafting of the olefin copolymers. If molecular
weight reduction and grafting are performed simultaneously, illustrative mixing conditions are
described in U.S. Pat. No. 5,075,383, which are incorporated herein by reference. The processing
equipment is generally purged with nitrogen to prevent oxidation of the copolymer. The processing
equipment is equipped with a vent in order to facilitate removal of unreacted reagents and byproducts
of the grafting reaction. The residence time in thezﬁ’rocessing equipment is controlled to provide for the
desired degree of grafting and to allow for purification of the grafted copolymer via venting. Mineral or
synthetic lubricating oil may optionally be added to the processing equipment after the venting stage to
dissolve the grafted copolymer. [00033] The grafted copolymer exits from the die face of the extruder

either immediately after grafting, or after shearing and vacuum stripping (discussed below in more
detail) if nerformed in diffarant cactinne nf the ecame aviriider or a canarate aviriidar arrancaed in cariac




[00037]Alternatively, grafting and reduction of the high molecular weight olefin copolymer may be done
simultaneously. In another alternative, the high molecular weight olefin copolymer may be first reduced
to the prescribed molecular weight before grafting. When the olefin copolymer's average molecular
weight is reduced before grafting, its number average molecular weight is sufficiently reduced to a
value below about 250,000, e.g., in the range of about 100,000 to 200,000. [00038]Reduction of the
molecular weight of the olefin copolymer feed material during or prior to grafting, to a prescribed lower
molecular wgjight typically is conducted in the absence of a solvent gr in the presence of a base oil,
using eithe ?h&é% anical, 3%05?,&8? CheicAIThBER L%ﬁﬁﬁ?ﬁ ioaieofiilafé%‘?ﬁéﬁﬁ&%%ﬁerally, the
olefin copolipbresishedtedrpainaltendcondition off eptemperaiutedmitesangeohabeute2R0 C. to
about 350 it | | tg.mechanical shear,.thermally.or chemical induced cleavage or
combinatio%%%%%él%légagr%%&%{ﬁ%%eg%é%é%ﬁn?gﬁon ermed irg & ?8?36 gﬁlﬁ SPBRMEN iETdH TEed to the
prescribed molecular weight. The shearing may be effected within an extruder section, such as
described, e.g., in U.S. Pat. No. 5,837,773, which descriptions are incorporated herein by reference.
Alternatively, mechanical shearing may be conducted by forcing the molten copolymer through fine
orifices under pressure or by other mechanical means. [00039]Upon completion of the grafting
reaction, grafting components and free radical initiator usually are removed and separated from the
grafted copolymer product. The unreacted components may be eliminated from the reaction mass by
vacuum stripping, e.g., the reaction mass may be heated to temperature of about 150 C. to about 450
C. under agitation with a vacuum applied for a period sufficient to remove the volatile unreacted
grafting component and free radical initiator ingredients. Vacuum stripping may be performed in an
extruder section equipped with venting means. [00040] The grafted copolymer may be fotined into
pellets by a variety of process methods commonly practiced in the art of plastics processing. Such
techniques include underwater pelletization, ribbon or strand pelletization or conveyor belt cooling.
When the strength of the copolymer is inadequate to form into strands, the preferred method is
underwater pelletization. Temperatures during pelletization should not exceed 30 C. Optionally, a
surfactant may be added to the cooling water during pelletization to prevent pellet agglomeration.
[00041]The mixture of water and quenched copolymer pellets is conveyed to a dryer such as a
centrifugal drier for removal of water. Pellets may be collected in a box or plastic bag at any volume for
storage and shipment. Under some conditions of storage and/or shipment at ambient conditions,
pellets may tend to agglomerate and stick together. The pellets may be ground by mechanical
methods to provide high surface area solid pieces for easy and quick dissolution into oil. [00042]The
grafted olefin copolymers of the present disclosure may be incorporated into lubricating oil in any
convenient way. Thus, the grafted olefin copolymers may be added directly to the lubricating oil by
dispersing or dissolving the same in the lubricating oil at the desired level of concentration. Such
blending into the lubricating oil may occur at room temperature or elevated temperatures. Alternatively,
the grafted olefin copolymers may be blended with a suitable solvent/diluent (such as, lubricating base
oils and petroleum distillates) to form a concentrate, and then blending the concentrate with a
lubricating oil to obtain the final formulation. Such additive concentrates will typically contain (on an
active ingredient (A.l.) basis) from about 3 to about 25 wt. %, for example, from about 5 to about 15 wt.
%, grafted olefin copolymer additive, and typically from about 75 to 97 wt %, and suitably from about
85 to 95 wt %, base oil based on the concentrate weight. [00043]Lubricating oil formulations for
internal combustion engines as described herein may conventionally contain additional additives that
will supply the characteristics that are required in the formulations. Among these types of additives are
included additional viscosity index improvers, antioxidants, corrosion inhibitors, detergents,
dispersants, pour point depressants, antiwear agents, antifoaming agents, demulsifiers and friction
modifiers. These additives are provided in what is commonly called a dispersant/inhibitor (DI) package.
[00044]0One component of the DI package is a metal-containing or ash-forming detergent that
functions as both a detergent to reduce or remove deposits and as an acid neutralizer or rust
inhibitors, thereby reducing wear and corrosion and extending engine life. Detergents that may be
used include oil-soluble neutral and overbased sulfonates, phenates, sulfurized phenates,
thiophosphonates, salicylates, and naphthenates and other oil-soluble carboxylates of a metal,
particularly the alkali or alkaline earth metals, e.g., barium, sodium, potassium, lithium, calcium, and
magnesium. The most commonly used metals are calcium and magnesium, which may both be
present in detergents used in a lubricant, and mixtures of calcium and/or magnesium with sodium.
Particularly convenient metal detergents are neutr&l and overbased calcium sulfonates having TBN of
from 20 to 450, neutral and overbased calcium phenates and sulfurized phenates having TBN of from
50 to 450 and neutral and overbased magnesium or calcium salicylates having a TBN of from 20 to
450. Combinations of detergents, whether overbased or neutral or both, may be used. In one preferred

lubricating oil composition. [00045]Detergents generally useful in the formulation of lubricating oll
comnncitinne alen inchiide "hyvbhrid" deteracaente formed with mived <ciirfartant eveteme e A



carboxylic acids, anhydrides or esters and the preparation of derivatives from such compounds are

~ disclosed in U.S. Pat. Nos. 3.087,936; 3,172,892; 3.215,707, 3,231,587, 3.272,746; 3,275,554,
3,381,022; 3,442,808; 3,565,804; 3,912,764, 4,110,349, 4,234,435, 5,777,025; 5,891,953; as well as
EP 0 382 450 BI; and CA-1,335.895. 1000481A suitable dispersant composition is one comprising at
least one polyalkenyl succinimide, which is the reaction product of a polyalkenyl substituted succinic

anhydride (g.¢,..BIBsA)andra Rolyaming, (CAM) that has a coupling ratio-of from about, 0.65 to about
1.5, for exampl%j, from about 0.8 to abo]ut 1.'?, a%dggiégirgb y1 %gn%rg onl?t%iéitgeg%%o%%elﬂﬁﬁfﬁe context of
this disclostfeotEaphngirgtionwiirbevaeinetodralrtivetdithersaimberotisudcifyd@roypsin the

PIBSA Lo thepfiaelh Prifeny aming AokRs It heRalkaming epetntIBadslAnalhap class of high

molecular-weight ashless dispersants comprises Mannich base condehsation products. Generally,

these prodUCHERIE Braparfed by uBpRIBHsipgAEblieahd erorubcansindnerin Gik{hsolsdtituted mono- or
polyhydroxy-henzenewith ahoaichiaeopolee ol cAtboRY SOmPaIRS (g Lifamaldehyde and

paraformaldehyde) and about 0.5 to 2 moles of p(éllézlkylene polyamine, as disclosed, for example, in

U.S. Pat. N8! 8048 8isgreasiin MhkriHie repaseEun dbreaian Priveikastiidy iResbbrigaseigwigr product of

a metallocepaataliechponeHZaioR-RY A SuhEHUSRALER (e ReBZENS JIRIP.QFEaY g, reacted with
a compound containing{%uch a polymer substituted on a succinic anhydride in a manner similar to that

described if SRt NEEHEZHPEDS. ORNEF Lt B AR B S FAROAYE e EriBiutspe P adigne Nos,

4,839,071; 4:338,0¢2h#b 716FE; kB 104187 Ik ikt 313665690 44536 3200 hB63,8641t4,612,132;
5,334.321; §0%5(%E52; 5,716,912; 5,849,676; 5,861,363; 4,686,054; 3,254,025; 3,087,936. The
foregoing list'IS not exhaustive and other methods of capping nitrogen-containing dispersants are
known to thii§@%killed inithexarth &OBRSHAAGitiabadi anlditiveisemaycheiurcorporase dhinterting

compositiong of g AISRESH IRERaRls RACURLPSirmancs requitements 10,88 Tt Sxamples of

product of (a) an olefin copolymer backbone having a number average molecular weight
ranging from greater than about 10,000 to about 300,000; and (b) a grafting component
including a vinyl-substituted aromatic compound and a grafting component selected from
Cs-Csg alpha olefins, internal olefins, polyisoalkylenes, and combinations thereof,

{00010] Another exemplary embodiment provides an extruded non-dispersant
olefin copolymer that is a reaction product of (2) an olefin copolymer, wherein the
copolymer has a number average molecular weight ranging from greater than about
10,000 to about 300,000; and (b) a grafting component substantially devoid of carboxylic
functionalizing groups including (A) a vinyl-substituted aromatic compound and (B) a
component selected from the group consisting of Cs-Cy, alpha olefins, internal olefins,
polyisoalkylenes, and mixtures thereof.

[00611] Yet another exemplary embodiment of the disclosure provides a method
for improving fuel economy in a vehicle. The method includes Iubricating an engine of
the vehicle with a lubricant composition inctuding a major amount of oil of lubricating
viscosity; and a minor amount of at least one olefin copolymer having a number average
molecular weight greater than about 10,000 up to about 300,000, The olefin copolymer
is grafted with about 1 to about 30 weight percent of a combination of (A) a vinyl-
substituted aromatic compound, and (B) a component selected from a Cs-Csg olefin, an

internal olefin, & polyisoalkylene, and mixtures thereof. The lubricating oil composition

[F®]



additives which may be included in the lubricating oil compositions of the present disclosure are metal
rust inhibitors, viscosity index improvers, corrosion inhibitors, oxidation inhibitors, friction modifiers,
anti-foaming agents, anti-wear agents and pour point depressants. Some are discussed in further
detail below. [00051]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 zjnc salts are most commonly used in lubricating oil
in amounts B 406 @%Fgfélr’gglf/ &E@g Y0 ga%e&%ﬁﬁé’ﬁ%ﬁ@%%?@&&ﬂ%& #@8REating oil

compositiont;[@e52}Particalariydesirabterincgattnctudézinediby droeatbyl dithiophasphates thatmay
be represented by the following formula: wherein R and R’ ma e same or different hydrocarbyl
radicals corllltaa‘f%frlw% Pglfna\iefggfg?(%%?g%la‘tﬁ? L i et 3})7;558 %é% H{Héﬁﬁ%ﬁﬁﬁgﬁ:@ ‘such as alkyl,
alkenyl, aryl08@yRilkyl, alkerydrdmetivyelpaliphsiticl vadiegtso {00 58 ldatiantintibitats meabtioxidants
reduce the'}l% gc?v %yg&qy& ra U 04 er'q@gl? In service. Oxidative deterigration can be evidenced
by sludge in t%e lu riicant, vgsnll‘é%-%iéé) I(iglzl‘%%aoésits o%%%’%né?ﬁl%elﬁf%{iﬁéé ger%l’ﬁi}a%‘fé%%su f}(f]t?oe{/vth. Such
oxidation intilReiEssladehimttked phehdis, pikalineleadtpreetaltsaits ditatkylptenpitiivesters having
preferably C@ifihe alvl.sie.chris clamncayeheoetaullide. ol sqlhls RienAes apd
sulfurized phenates, phosphosulfurized or sulfurized hydrocarbons or esters, phoséhofbus esters,
metal thioc&bReAETEs o Sbfbrs edpp aracorn aeries el gesreibsd in U.S. Pat. No. 4,867,890, and
molybdenum-containing compounds. [00054]Aromatic amines having at least two aromatic groups
attached directly to the nitrogen constitute another class of com&ounds that is frequently used for

antioxidancy - BSBESABERIE PRy e X EY R LR Y FEBMBIMIENTESd embodiments of the

present disghoaung are freg oftiaseIGAMRALALE VWi eed atieRmMOUWE R ALamatic ARiges may
range from abqut 0.1 to about 1.5 percent by weight of the total weight of the lubricating oil

compositioT AP HEHA R RS G ORE b AYGHn QRIS HAY BRvHrenimpEYEd. high. 6 or more

based on thevotahyeighteqirthe dibicaingl eiincespapsition/ (00052 iBapressntative,exanariesof
suitable viscosit modgierséare g\Polgso(fu r%/Eleng, cogo merg of ethylene a%éiac{)ropylene,_ .
polymethachyVAIEEY e MBSt ok Wit &> B Sy B P a AR PR B AFBBYIRsISRid and a
vinyl compatiisdamaterpalyrinesiof styrene and acrylic' esters, and partially hydrogenated copolymers of
styrene/iso tyrene/butadiene, and ispprene/butadiene, as well as the partially hydrogenated
homopolymlfrgrﬁsﬁg“il utadief(r‘]g rénr}ar?ls%%%ﬁaé? f@oﬁﬁg‘fﬁ%ﬁsﬂ %(?é}sﬁﬁ%r?gegr?c? %‘éﬁ iécaoﬁ%jl%élgﬁrents that
are compatibldewithdtHeothér itgrediemsiof thd fimal il may &lsoobéindhidedeExamples@f.such
materials i r - and di- higher £ acids, for example, glyceryl monooleate;
esters of I;r(?g%? In géglyé/%;?gg%/ﬂ% ag(r:l%:isE \%l‘? 8%5%%%‘;%%&&%&%%%% e%'s%lgcr‘)el K dimerized
unsaturatgd'@mgh@?ﬁﬁé%&g&ﬁgﬁd%&lmzﬁlm@%o%m;iffmlfalkog]yml@ed atiylustbstituted
Mono-amingg, Aiamings Riher amingsairexrmple. gffo
ethoxylated Ig] lOP\\N egther amirl;;;?q.s [00057{%her‘rﬂ}§§ﬁiﬁagiqﬁog mod[fi&éyn%%még%};%ﬁgg%%@ﬂ%metalic
compounds&BAca s ERgaM%-RBKHBERNU , oPghssa A earApHRTS aadise
organotungsieeLCHRP AWt Rushapeamameialliedisto H&Of?df%m&%é!s@lgﬁ%’i% ahfigxidant and
ample

antiwear credits to a lubricating oil composition. As an ex of such oil soluble organo-metallic

it

compounds AEFRSaY e AERIOAEA & Lafossisied! Witorareapiatedhaiame papebrages,

dithiophosphkipatemeranhaiesptiaxanthaies swuifidess and thedike, andumixwresiherssiRarticularly
useful organo-metallic cyﬁ%ou%%?gnclu e mol .bdenu%édithiocarbarnates, dialkyldithiophosphates,

alkyl xanthdt&S BHa ik RS ORI SR s b 5 BB 8 6 Ese oil soluble
titanium and0Rtiggten caibeylatpsa-[0O0ESKatkMs "aiksiolyhiet et "gispekaibles used ierein do not
necessarilycigdci&a&%thg%t e ggmﬁggr}dsc%rm ab?%éttii\(/)%s %r&so‘%ltéie, diss&)IvabIe misc;ibIF, or capable of
being susp&naed i th& oilin il Bropartiche CHse dd e SHoowelst, BRAES 40 FiPirbtance,
soluble or steblyl dispersibldan dibtenaniextersuffitientin éxaretheinintendee effectdioitims
environmeny i ieh t i:] Ic . eQwe ditional _incorporation of other additives
may also prglrln%il;lgilgc?o’%rp%%%%%%g}rﬂ%%?%d\%%’o?yfgg%%ﬁ% Iélgjg%!]\?é{? I éls??gha[?%é)%ﬁg%%ur point
depressantss StHERRISaUkEBVR a8 ftiBarsitRow bt dvax it bipicnevertheniminimsuheterperature at
which the fluid will flow or can be poured. Such additives are well known. Typical of those additives
that improve the low temperature fluidity of the fluid are C8 to C18 dialkyl fumarate/vinyl acetate
copolymers, polymethacrylates, and maleic anhydride-styrene copolymers esterified with C8 to C20
alcohols. Foam control may be provided by an antifoamant of the polysiloxane type, for example,
silicone oil or polydimethyl siloxane. 4



[00060]Some of the above-mentioned additives can provide a multiplicity of effects; thus for example,
a single additive may act as a dispersant-oxidation inhibitor. This approach is well known and need not
be further elaborated herein. [00061]When lubricating compositions contain one or more of the above-
mentioned additives comprising the DI package, each additive is typically blended into the base oil in
an amount that enables the additive to provide its desired function. Representative effective amounts
of such additives, when used in crankcase lubricants, are listed below. All the values listed are stated

as mass pe active i dient..Table 1 Addjtive Mass % (Br M Typica Metal
Detergents @ﬁ 5.0 0. ab gso %fsﬁ%%é‘rgts é “1 tOH y(1)n yokte t&oa‘rj%glrgbr% ? l[?)ltor d% 5.00to

1.5 Metal Ditwydribedrioyd. Dnhﬁa@ﬁmﬁhaﬂeﬁﬁﬁﬁﬂmmﬁtﬁﬁ@ﬁmﬂcﬁmﬁmﬂ tovbih Q&trtptRi®: Pour Point

Depressant%g %n%%r%grfge%]}zgore}risby reference. The polymer substrate also may be commercially
obtained having the properties indicated herein.
[00017}  More complex polymer substrates, often designated as interpolymers, also

. may be used as the olefin polymer starting material, which may be prepared using a third

component. The third component generally used to prepare an interpolymer substrate is a
polyene monomer selected from nonconjugated dienes and trienes. The-non-conjugated
diene component is one having from 5 to 14 carbon atoms in the chain. For example, the
diene monomer may be characterized by the presence of a vinyl group in its structure and
can include cyclic and bicyclo compounds. Representative dienes include 1,4-hexadiene,
I.4-cyclohexadiene, dicyclopentadiene, 5-ethylidene-2-norbormene, vinylnorbornene, 5-
methylene-2-norborene, 1,5-heptadiene, and 1,6-octadiene. A mixture of more than one
diene may be used in the preparation of the interpolymer. A suitable nonconjugated
diene for preparing a terpolymer or interpolymer substrate is 1,4-hexadiene.
[00018] The triene component may have at least two nonconjugated double bonds,
and up to about 30 carbon atoms in the chain. Typical trienes that may be used to prepare
the interpolymer are 1-isopropylidene-3a.4,7,70-tetrahydroindene, 1-isopropylidene-
dicyclopentadiene,  dihydro-isodicyclopentadiene, and 2-(2-methylene-4methyl-3- .
pentenyl){2.2.11bicyclo-5-heptene.

100019] Ethylene-propylene or higher alpha-olefin copolymers may consist of
from about 15 to 85 mole percent ethylene and from about 85 to 15 mole percent C; to
(.3 alpha-olefin with the mole ratios in one embodiment being from about 40 to 70 mole
percent ethylene and from about 60 to 30 mole percent of a C; to Cy3 alpha-olefin, with
the proportions in another embodiment being from 60 to 85 mole percent ethylene and 40
to 15 mole percent Cs to Ca; alpha-olefin, and the proportions in yet another embodiment
being from 35 to 65 mole percent ethylene and 45 to 35 mole percent C; to Cys alphé—
olefin. Terpolymer variations of the foregoing polymers may contain from about 0 to 10
mole percent of a nonconjugated diene or triene. Other termonomer levels are fess than |

mole percent,



Antifoaming Agent0 to 5.0 0.001 to 0.15 Supplemental Antiwear Agents 0 to 1.0 0 to 0.5 Friction
Modifiers 0 to 5.0 0 to 1.5 Viscosity Modifier 0.01 to 10.0 0.25 to 3.0 Basestock Balance Balance
[00062]In the preparation of lubricating oil formulations it is common practice to introduce the additives
in the form of 10 to 80 wt. % active ingredient concentrates in hydrocarbon oil, e.g. mineral lubricating
oil, or other suitable solvent. [00063]Usually these concentrates may be diluted with 3 to 100, e.g., 5
to 40, parts by weight of lubricating oil per part by weight of the additive package in forming finished

ubricants, &g, sgpnkeassmafor fls. I, PUrRe.aeRNEAAeS. AlsaHise iR ke the handiing

of the various materials less difficult ward as well as to facilitaté solution or dispersion in the
final blend.sWheisntial yglafeed edefityespotyrady ol andsbaliyy lsaefipiogedhirihacsrroata’ to 15 wt.

% concentrate, for exaMMle. (s Wbrisalingsqikfragtian. Wone smbasiment. hsmmauntof concentrate

in a finished lubricating oil is from about 0.05 weight percent to about 15 weight percent of the total
lubricating BIRFOBEE AT EA! Gramet e AR BOHBIRMRIS P #1dpraddni eiaBIBS 8 WM GEMErasy be used in

admixture with.a lsbe &ui?@@eoﬁtoqbomm@in@@mm oflubgigatingaisaesityeinchegingmatural
lubricating oils, synthetic lubricating oils and mixtures thereof [00065]Hence, the base oil used which
may be usél RS FREEHTBHHEENS RIAYSBASSIIERSE"HDm any of the base oils in Groups I-V as specified

in the Ameriggue Hetroleupndnstituter (AR iBasenit nterehanggabiihoGhicelinegaushpase oil groups

are as fOHO\c/:\é%:le}?esneﬁ}? (i)lb%riggg) 1%;{1%] ?o!’rr? (r} %?oﬂn%ré)ru ellilétized polymer. The olefin copolymer
may also be supplied as either a pre-mixed bale or a pre-mixed friable chopped
agglomerate form.
{60022] In one embodiment, ground polymer bales or other forms of the olefin
copolymer are fed to an extruder, e.g., a single or twin screw extruder, or a Banbury or
other mixer having the capability of heating and effecting the desired level of mechanical
work (agitation) on the polymer substrate for the dehydration step. A nitrogen blanket
can be maintained at the feed section of the extruder to minimize the introduction of air.
[00023] The olefin copolymer may initially be heated before being admixed with
any other reactants in the extruder or other mixer with venting to eliminate moisture
content in the feed material. The dried olefin copolymer is in one embodiment then fed
into another extruder section or separate extruder in series for conducting the grafting
reaction.
[00024] A mixture of graft components is next grafted onto the polymer backbone
of the olefin copolymer. Suitable graft components may be selected from vinyl aromatic
compounds, Cs-Cyq olefins, and polyalkylene. Suitabie vinyl aromatic compounds are

those corresponding to the following formula
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Group IVall polyalphaolefins (PAOs) Group V411 others not included in Groups I-TV I1Groups I-Ill are
mineral oil base stocks. [00066]The base oil may also contain a minor or major amount of a
poly-alpha- olefin (PAO). Typically, the poly-alpha-olefins are derived from monomers having from
about 4 to about 30, or from about 4 to about 20, or from about 6 to about 16 carbon atoms. Examples
of useful PAOs include those derived from octene, decene, mixtures thereof, and the like. PAOs may
have a viscosity of from about 2 to about 15, or from about 3 to about 12, or from about 4 to about 8
cSt at 100 C, Examples of PAQs inclu ¢St at 100 C poly-al solefins tat 10
poly-alpha-g%%lrﬁlslmgn?]n r(rf:llf){(tUlrne%se egflgg‘?ﬁftﬁr{é‘g% %fﬁé‘%ﬁ{g, %v?t%%%%%%c‘%%g%é}%@ a-olefins
may be usextoujdGa8TIT Hetbaseavhiomaiots. ar pit deriveafrden Fidubderbiopschosynthiesized
hydrocaquagr FiEChBr:HoRsER Rthesizerdvaiocaons if Rade o mpiiesis gas gontaining H2
and CO using a Fischer-Tropsch catalyst."Such hydrocarbons typically requiré further processing in
order to be i@@,@ﬁmdstrﬁél%aé@@rwbés&mpﬂe,WWM@%@%@W‘%:hwm%Méﬁﬁ@d using
processes di inuU.S ) G 4&1%, 6 ; T, ispmerized
using proce(fgsllggls9 %?grc%ggbaﬁﬁ]@g%%ggﬁNo& 4, 4?{%7%%?@%%@%%?%g&%ﬁﬂﬁ%gﬁ)ﬁsses
disclosed inPErehtiNG:BEBIE05 %r hydroisomerized and dewaxed using processes disclosed in
U.S. Pat. Nam©£13,17 116 0305304 Rk SidE5 84 9mlB086 8lkdarefined nrafined, and racafingd oils, either

natural or synthetic (as well as mixtures of two qr more of any of these) of the type disclosed
hereinabovgr el lFdm YRS ELEBIST (PR SRR LI thode PABHSIEY cﬁ'r’ét@ﬁifj’f% ™8 natural or
synthetic squagowiiiautiy gheikpusiticatiomnveainactbbes Bxampiesrnighaleail obpainettdirectly from
retorting op. rations,f%etr leum oil optained di{ecﬁ%/ fTorP iprimar distillati nt(g egtgg oil obtained
directly fromt 8 FErihiER Prole B8 AP S A HHAH: FUHHE: FERREM WAlITHE an THiSfined oil.
Refined oilgare:similarta theleitefined oils except they have been further treated in one or more
purification 0 imprgye on ore properties. Many, suc rifigation techniques are known to
those skille@t@% art suﬁ::%eagogg%kn?%&t?gc Pé)r%l,e g%eég%ars éfgs]ﬁ%%éo?ﬁ)glcig% Uaiéhee%X%Pzﬁ?ction,
filtration, percgibtioracate:. Repblinedsolisvare ebtambett by prgcesséssimilacighthosgirsdtbto obtain
refined oils liegh o, refi s whi ave.he Lk in.service. SuC ined-oils are
also known%%&#eﬁ)aéirﬁse b%?‘?e%}l%cgzggﬁ éil? 2%1? %ﬁeﬁ %%yﬁg%%a@%%ctgigdﬁgﬁgﬁﬁiques

directed to resitwhlGh sidancadoitle doodatamikassnanenil bregriswwhaprebestst {00069 The base oil
may be combined.with an additive, coOmRPSHoNRR ARG BREFIUE RO dUREN SRS IR fosarayide a

crankcase lubricant composition. Accordingly, the base oil may be present in the crankcase lubricant
com positiorﬂn@w%%daﬁb%ﬁﬁ@aﬁg%m%dﬁm@%wfd%%@ s peerd Ohoadd sl Wieight of the

lubricant copgppeitian n{Q0GLQAlAmeReetherriivaniagescthsdarafied alebn Sepglvmeas-desgcribed

herein, have been observed to%vide improved high and low temperature properties in lubricant

formulationSPTHESE O FE fiks THALEE WrriFHeB SALRHSE VS RS LI N K ST atd PIEEE) viscosity,
mini-rotary visgaowien yiseastytviRYdd R1IJeddiphd eonpetatpre, High Sheamyiseositys2Siwar Stability

Index, and Temperature Cycled Gelation (TCG). Kinematic viscosity (KV be measured as
deseribed i ARG A4S BT i o PG ) A &) s Ecrbed in
ASTM D-5293IsMRY #8 hmaynientreasured astestibed thtASEMDAGAAHdigH Teniperature High
Shear (HTHS), Viscosity may be measured as described in ASTM. D4683/D5481, Shear Stability Index
may be meggéraelauéns? %%%Vcerl d %@UHWS@L} .%&ﬁrﬁ?@t@?g yC e%? é%eqlé%%)%g?TCG) may be
measured HPPIaging the ikinaxtem pef aftnidiqy clingrohantb encivbiereitelrgperataredspariat from high
to low temp t ' il ] I re condition: if no gels are
obsorved | e T e ot e ey e el o
lubricant cofRp @it stadimaitigithlerngrafregangs jmarinda sesilsedtre rdinMayp PreVitEis indication
of the fuel acapamy.eriaimanse pliNaibiieaa! raeasiien sURdasdioh shagrdmesopolymers

[

experience what is termed as temporary shear by elongating in the shear field. As polymers are coiled
up in oils, st8affcHitdralies rﬁla?ﬂbr‘é\?gﬂt PRIy rhers froRe UHed @ L sEr BRI FERAEIRE shear field
in the enging, PolymetsHamindsHpdisieasicfingrraneeimaanause the.oito dermaadhiskge oil film at
the boundary of the engine surfaces; a thicker oil film is known to take up, more energy in movement
which may RIS TOwWETRISIEoRBH Bu(4S with? r ERRRIEH TowT AT ikt dBIRP BRBYide R Tower film
thickness and thus may provide better fuel economy. EXAMPLES [00072]In the following examples
(1-10), an ethylene-propylene copolymer containing 80 mole % ethylene was fed to a twin screw
extruder. Monomers and 2,5- dimethyl-2,5-di(t-butylperoxy)-3-hexyne catalyst were metered into the
extruder at the wt% shown in Table 3. The process}ng temperature in the extruder was controlled to
between about 180-230 C. The resulting grafted polymer was recovered at the end of the extruder
through a die and cooled underwater. The grafted polymers of examples 1-10 were dissolved in a
Group 11 110 N base oil at 6 wt% polymer in the base oil. The viscosity at 100 C of the polymer solution
was measured by ASTM D445. The molecular weight of the samples was measured by gel

permeation technology using polystyrene standards. These results are shown in Table 4. Table 3
Cambnle Raca Pnlvvmaeaer



Monomer 1 Monomer 2 Monomer 1 wt% Monomer 2 me4 Catalyst wt % 80 Mole % Ethylene-

Propylene Copolymer | C 1 0/C12/C14-Alpha Olefin Styrene 10 6.18 0.24 CI 0/C12/C14 Alpha Olefin
Styrene 10 6.18 0.48

example, the copbiymer may include from about 1 wt% to 30 wt% of the grafting
components.

[60028] The grafting reaction to form the grafted olefin copolymers is generally
carried out with the aid of a free-radical initiator in bulk in an extruder in the substantial
absence of solvent. The free-radical initiators which may be used to graft the component
to the polymer backbone include peroxides, hydroperoxides, peresters, and also azo
compounds and preferably those which decompose thermally within the grafting
temperature range to provide free radicals. Representatives of these free-radical initiators
are azobutyronitrile, dicumyl peroxide, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane and
2,5-dimethyi-2,5-di(t-butylperoxy)-3-hexyne. The initiator may be used in an amount
ranging from about 0.005% to about 2% by weight based on the weight of the reaction
mixture, desirably from about 0.2% to about 1% by weight.

[00029] To perform the grafting reaction as a solvent-free or essentially solvent-
free bulk process, the graft component, olefin copolymer, and initiator are in one
embodiment fed to an extruder, e.g., a single or twin screw extruder or other mixer,
having the capability of heating and effecting the desired level of mechanical work
(agitation) on the reactants for the grafting step. The mitiator may be added as a solution
in the grafting components or an inert solvent, such as but not limited to mineral oil. In
one embodiment, grafting is conducted in an extruder, and particularly a twin screw
extruder. A nitrogen blanket is maintained at the feed section of the extruder to minimize
the introduction of air. The extruder is equipped with a vent to facilitate removal of
unreacted grafting components and by-products of the grafting reaction.

[00030] In another embodiment, the grafting components may be injected at one
injection point, or is alternatively injected at two injection points in a zone of the extruder
without significant mixing e.g. a transport zone. Such injection may result in an
improved efficiency of the grafting and may lead to a lower gel content of the grafted
copolymer.

[06831] Suitable extruders are generally known available for conducting grafiing,
and the prior dehydration procedure. The dehydration of the polymer substrate and
subsequent grafting procedures may be performed in separate extruders set up in series.

Alternatively, a single extruder having multiple treatment or reaction zones may be used



Cl 0/C12/C14 Alpha Olefin Styrene 20 12.36 0.48 CIO/C12/C14 Alpha Olefin Styrene 20 12.36 0.96
C 1 0 Alpha Olefin Styrene 15 11.13 0.43 CI 0 Alpha Olefin Styrene

to sequentially conduct the separate operations within one piece of equipment.
Hlustrations of suitable extruders are set forth, e.g., in U.S. Pat. No. 3,862,265 and U.S.
Pat. No. 5,837,773, which descriptions are incorporated herein by reference.

[00032] In forming the grafted olefin copolymers, the olefin copolymer generally
is fed to plastic processing equipment such as an extruder, intensive mixer or masticator,
heated to a temperature of at least 60°, for example, 150° to 240° C., and the grafiing
components and free-radical initiator are separately fed to the molten copolymer to effect
grafting. In another embodiment, all three of the grafting components, copolymer and
initiator may be fed to the extruder at substantially the same time. The reaction is carried
out optionally with mixing conditions sufficient to effect grafting of the olefin
copolymers. If molecular weight reduction and grafting are performed simultaneously,
illustrative mixing conditions are described in U.S. Pat. No. 5,075,383, which are
incorporated herein by reference. The processing equipment is generally purged with
nitrogen to prevent oxidation of the copolymer. The processing equipment is equipped
with a vent in order to facilitate removal of unreacted reagents and byproducts of the
grafting reaction. The residence time in the processing equipment is controlled to
provide for the desired degree of grafting and to allow for purification of the grafted
copolymer via venting. Mineral or synthetic lubricating oil may optionally be added to
the processing equipment after the venting stage to dissolve the grafted copolymer.
[60033] The grafted copolymer exits from the die face of the extruder either
immediately after grafting, or after shearing and vacuum stripping (discussed below in
more detail) if performed in different sections of the same extruder or a separate extruder
arranged in series with the extruder in which grafting is conducted.

[00034] The grafting reaction may also be carrfed out in the presence of a
hydrocarbon solvent. Hydrocarbon solvents that may be used include open-chain
aliphatic compounds such as Cgy or lower alkanes, alkenes and alkynes (e.g., Cs to Cy
alkanes such as hexane); aromatic hydrocarbons (e.g., compounds having a benzene
nucleus such as benzene and toluene); alicyclic hydrocarbons such as saturated cyclic
hydrocarbons (e.g., cyclohexane); ketones; or any combinations of these. Solvent
grafting may be conducted in a pressurized (above atmospheric pressure) reactor or a

series of pressurized reactors.



1511.130.86 C16 Alpha Olefin Styrene 15 6.95 0.27 C16 Alpha Olefin Styrene 15 6.95 0.54 9
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[006035] The molecular weight of the grafted olefin copolyrﬁcr may be reduced by
mechanical, thermal, or chemical means, or a combination thereof. Techniques for
degrading or reducing the molecular weight of such copolymers are generally known in
the art. The number average molecular weight is reduced to suitable level for use in
single grade or multigrade lubricating oils.

{00036} In one embodiment, the grafted copolymer has an initial number average
molecular weight ranging from about 10,000 to about 500,000 upon completion of the
grafting reaction. In one embodiment, to prepare an additive intended for use in
multigrade oils, the copolymer's number average molecuiar weight is reduced down to a
range of about 100,000 to about 200,000 as measured by gel permeation chromatography
using polystyrene calibration standards.

{60037} Alternatively, grafting and reduction of the high molecular weight olefin
copolymer may be done simultaneously. In another alternative, the high molecular
weight olefin copolymer may be first reduced to the prescribed molecular weight before
grafting. When the olefin copolymer's average molecular weight is reduced before
orafting, its number average molecular weight is sufficiently reduced to a value below
about 250,000, e.g., in the range of about 100,000 to 200,600.

[00038] Reduction of the molecular weight of the olefin copolymer feed material
during or prior to grafting, to a prescribed lower molecular weight typically is conducted
in the absence of a solvent or in the presence of a base oil, using either mechanical,
thermal, or chemical means, or combination of these means. Generally, the olefin
copolymer, is heated to a molten condition at a temperature in the range of about 200° C.
to about 350° C. and it is then subjected to mechanical shear, thermally or chemical
induced cleavage or combination of said means, until the copolymer intermediate (or
olefin copolymer) is reduced to the prescribed molecular weight. The shearing may be
effected within an extruder section, such as described, e.g., in U.S. Pat. No. 5,837,773,
which descriptions are incorporated herein by reference. Alternatively, mechanical
shearing may be conducted by forcing the molten copolymer through fine orifices under
pressure or by other mechanical means.

[60039] Upon completion of the grafting reaction, grafting components and free

radical initiator usually are removed and separated from the grafted copolymer product.

10
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The unreacted components may be eliminated from the reaction mass by vacuum
stripping, e.g., the reaction mass may be heated to temperature of about 150° C. to about
430° C. under agitation with a vacuum applied for a period sufficient to remove the
volatile unreacted grafting component and free radical initiator ingredients, Vacuum
stripping may be performed in an extruder section equipped with venting means.
[60040] The grafted copolymer may be formed into peliets by a variety of process
methods commonly practiced in the art of plastics processing. Such techniques include
underwater peIIetization, ribbon or strand pelletization or conveyor belt cooling. When
the strength of the copolymer is inadequate to form into strands, the preferred method is
underwater pelletization. Temperatures during pelletization should not exceed 30° C.
Optionally, a surfactant may be added to the cooling water during pelletization to prevent
p.eliet agglomeration.
[60041] The mixture of water and quenched copolymer peliets is conveyed to a
dryer such as a centrifugal drier for removal of water. Pellets may be collected in a box
or plastic bag at any volume for storage and shipment. Under some conditions of storage
and/or shipment at ambient conditions, pellets may tend to agglomerate and stick
together. The pellets may be ground by mechanical methods to provide high surface area
solid pieces for easy and quick dissolution into oil.
[60042] The grafted olefin copolymers of the present disclosure may be
incorporated into lubricating oil in any convenient way. Thus, the grafted olefin
copolymers may be added directly to the hubricating oil by dispersing or dissolving the
same in the lubricating oil at the desired level of concentration. Such blending into the
lubricating oil may occur at room temperature or elevated temperatures. Alternatively,
the grafted olefin copolymers may be blended with a suitable solvent/diluent (such as,
lubricating base oils and petroleum distillates) to form a concentrate, and then blending
the concentrate with a lubricating oil to obtain the final formulation. Such additive
concentrates will typically contain (on an active ingredient (A.l) basis) from about 3 to
about 25 wt. %, for example, from about 5 to about 15 wt. %, grafted olefin copolymer
additive, and typically from about 75 to 97 wt %, and suitably from about 85 to 95 wt %,

base oil based on the concentrate weight.

It
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[00043] Lubricating oil formulations for internal combustion engines as described
herein may conventionally contain additional additives that will supply the characteristics
that are required in the formulations. Among these types of additives are included
additional viscosity index improvers, antioxidants, corrosion inhibitors, detergents,
dispersants, pour point depressants, antiwear agents, antifoaming agents, demulsifiers and
friction modifiers. These additives are provided in what is commonly called a
dispersant/inhibitor (D1} package. |

[60044] One component of the DI package is a metal-containing or ash-forming
detergent that functions as both a detergent to reduce or remove deposits and as an acid
neutralizer or rust inhibitors, thereby reducing wear and corrosion and extending engine
life. Detergents that may be used include oil-soluble neutral and overbased sulfonates,
phenates, sulfurized phenates, thiophosphonates, salicylates, and naphthenates and other
oil-soluble carboxylates of a metal, particularly the afkali or alkaline earth metals, e.g.,
barium, sodium, potassium, lithium, calcium, and magnesium. The most commonly used
metals are calcium and magnesium, which may both be present in detergents used in a
lubricant, and mixtures of calcium and/or magnesium with sodium. Particularly
convenient metal detergents are neutral and overbased calcium sulfonates having TBN of
from 20 to 450, neutral and overbased calcium phenates and sulfurized phenates having
TBN of from 50 to 450 and neutral and overbased magnesium or calcium salicylates
having a TBN of from 20 to 450. Combinations of detergents, whether overbased or
neutral or both, may be used. In one preferred lubricating oil composition.

[60045] Detergents generally useful in the formulation of lubricating oil
compositions also include "hybrid" detergents formed with mixed surfactant systems,
e.g., phenate/salicylates, sulfonate/phenates, sulfonate/salicylates,
sulfonates/phenates/salicylates, as described, for example, in U.S. Pat. Nos. 6,153,565,
6,281,179, 6,429,178 and 6,429,179,

(06046} Dispersants maintain in suspension materials resuiting from oxidation
during use that are insoluble in oil, thus preventing sludge flocculation and precipitation,
or deposition on metal parts. Dispersants useful in the context of the disclosure include

the range of nitrogen-containing, ashless (metal-free) dispersants known to be effective to
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0 550 156514 97725 [00073]The following three polymers were used as comparative examples to
demonstrate improvements of the present invention. Comparative sample A was a 60 mole %
ethylene-propylene non-grafted copolymer that was dissolved in a Group Il 110N oil at 7.7 wt%.
Comparative sample B was a 80 mole% ethylene-propylene non-grafted copolymer that was dissolved
in a Group Il 110N oil at 6.5 wt.%. Comparative sample C was the same base polymer used in the
preparation of Invention Examples 1-10. Sample C was processed through the extruder under the

same conlfins.ag, ARG ded iUl (%%ﬁ%%%ﬂ&%yﬁ%fe%o%ﬂ@&%&em%dﬁéme-

Comparative sample C was dissolved | ION oil at 6 wt%. [00074]The polymer solutions of
the samplesubfiTable Bland the three comparative polymers solutions were used to formulate SAE

5W-30 oils. i 9jls contgined10%qf a-dispersantinhibitor pagkRgs2- Q30 AhdpgueRoint
depressant. The polymer solution was adjusted to a treat rate to obtain a kinematic viscosity of about
10.9 cSt, andhos remagitie RS HF XN SHE Mt 45t ePaHE Btat (6 I B 71911999 ratio. The

oils were evaluated fOrKInaMaLE Vilscosity 200 Co&aS8at330 MR TRt 3513 stigh
Temperature Hsl%zh Shear (HTHS) at 150 C and the Temperature C;gcled Gelationéglig:G test.
[

[000751The resuftft the/ evattiatishis brine ‘sarpled 2B Cahd! #:18"ale Showh 1’3’5?@5. The active

polymer reciredoms forgwalass thewils @t Ervalsriscosity: was muabsiagasfor the polymers according to
the disclosirgvgi mples 1-10), w};\gcs viscosities oftSampIes %1-10 were 46(%-]102% cP better than
the compar % e sample A. e VRS tie BPia lgrérﬁﬁle%n L0 W s S miER in?%?oved over
the comparativelkampleuéeifinadd THBidf thetitampias -pddowddaaredeibion ougrsthetdd THS of all
comparative, SRS AR100 A merouamenian ish espAT el an eadine peraina i these

oils. The temperature cycle ion of the Sa S efe improved overthe comparative
sample B afieh aboth O6fvhickbare 80.nwietangtlryléne: mopylérie toopulyinets zaddissardlknown to be
crystalline rials pr, to tion; However, careful.selection of the grafting, meonoeys and their
charge leve g%,%s%%\%ﬁ g)sgg[? tﬁ%gégtglyéﬂglv:ﬁéwgs réqltjllriedd ?rs1 o%elr’to pa‘%ﬂ%e tempe?r{gture cycled

gelation evalefaionasThustivcah the sondierdet theriehie polypacrs GecBIBMY to the disalosupé lower the

treat rate, i@gﬁg{}{? %WXS HHS anddiGRedermance of the SAE SW-30 oils. Table 5 Sample
Wt% Polymer Solution Wt% Active Polymer KY, cSt at 100 C CCS, cP at-30 C MRV, cP at-35C
[00049] Another class of high molecular weight ashiess dispersants comprises

Mannich base condensation products. Generally, these products are prepared by
condensing about one mole of a long chain alkyl-substituted mono- or polyhydroxy
benzene with about 1 to 2.5 moles of carbonyl compound(s) (e.g., formaldehyde and
paraformaldehyde) and about 0.5 to 2 moles of polyalkylene polyamine, as disclosed, for
example, in U.S. Pat. No. 3,442,808. Such Mannich base condensation products may
include a polymer product of a metaliocene 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. Pat. No.
3,442,808, Other suitable dispersants are described in U.S. Pat. Nos. 4,839,071;
4,839,072; 4,579,675; 3,185,704; 3,373,111; 3,366,569; 4,636,322; 4,663,064; 4,612,132;
5,334,321; 5,356,552; 5,716,912; 5,849,676, 5,861,363, 4,686,054, 3,254,025; 3,087,936.
The foregoing list is not exhaustive and other methods of capping nitrogen-containing
dispersants are known to those skilled in the art.

[00056] Additional additives may be incorporated into the compositions of the
disclosure to enable particular performance requirements to be met. Examples of

additives which may be included in the lubricating oil compositions of the present
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disclosure are metal rust inhibitors, viscosity index improvers, corrosion inhibitors,
oxidation inhibitors, friction modifiers, anti-foaming agents, anti-wear agents and pour
point depressants. Some are discussed in further detail below.

[00051) 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. %, based upon the
total weight of the lubricating oil composition. |

[00052] Particularty  desirable zinc salt include zinc  dihydrocarbyl
dithiophosphates thatmay be represented by the following formula:

o e

s

Sp—s| a

Ry
4

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.

[60053] - 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 Cy» alkyl side chains, calcium nonylphenol
sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized or sulfurized
hydrocarbons or esters, phosphorous esters, metal thiocarbamates, oil soluble copper
compounds as described in U.S. Pat. No. 4,867,890, and molybdenum-containing
compounds.

[00654] Aromatic amines having at least two aromatic groups attached directly to
the nitrogen constitute another class of compounds that is frequentily used for
antioxidancy.  While these materials may be used in small amounts, preferred
embodiments of the present disclosure are free of these compounds. When used, the

amount of aromatic amines may range from about 0.1 to about 1.5 percent by weight of
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the total weight of the lubricating oil composition. A particularly useful amount of
aromatic amines may be from about 0.4 wt. % or more based on the total weight of the
tubricating oil com]ﬁosition.

[60055] Representative  examples of suitable viscosity modifiers are
polyisobutylene, copolymers of ethylene and propylene, polymethacrylates, methacrylate
copolymers, copolymers of an unsaturated dicarboxylic acid and a vinyl compound,
interpolymers of styrene and acrylic esters, and partially hydrogenated copolymers of
styrene/isoprene, styrene/butadiene, and isoprene/butadiene, as well as the partially
hydrogenated homopolymers of butadiene and isoprene.

[60056] 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 mono- and di-esters 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 dimerized unsaturated fatty acid; fatty-acid imides; oxazoline compounds; and
alkoxylated alkyl-substituted mono-amines, diamines and alkyl ether amines, for
example, cthoxylated tallow amine and ethoxylated tallow ether amine.

[00057] Other known friction modifiers comprise oil-soluble metalic compounds
such as organo-molybdenum compounds, organo-titanium compounds and organo-
tungsten compounds. Such organo-metallic friction modifiers may also provide
antioxidant and antiwear credits to a lubricating oil composition. As an example of such
oil soluble organo-metallic compounds, there may be mentioned the carboxylates,
dithiocarbamates, dithiophosphates, dithiophosphinates, xanthates, thioxanthates,
sulfides, and the like, and mixtures thereof. Particularly useful organo-metallic
compounds include molybdenum dithiocarbamates, dialkyldithiophosphates, alkyl
xanthates, and alkylthioxanthates. Other organo-metallic compounds may include the otl
solubie titanium and tungsten carboxylates.

[00058] The terms "oil-soluble"” or "dispersible" used herein do not necessarily
indicate that the compounds or additives are solubie, dissolvable, miscible, or capable of
being suspended in the oil in all proportions. These do mean, however, that they are, for
instance, soluble or stably dispersible in oil to an extent sufficient to exert their intended

effect in the enviromment in which the oil is employed. Moreover, the additional
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incorporation of other additives may also permit incqrperation of higher Ievel$ of a
particular additive, if desired, |
[06059] Pour point depressants, otherwise known as lube oil flow improvers
(LOFT), lower the minimum temperature at which the fluid will flow or can be poured.
Such additives are well known. Typical of those additives that improve the low
temperature fluidity of the fluid are Cy to C,g dialkyl fumarate/vinyl acetate copolymers,
polymethacrylates, and maleic anhydride-styrene copolymers esterified with Cg to Cog
alcohols. Foam control may be provided by an antifoamant of the polysiloxane type, for
example, silicone oil or polydimethyl siloxane.

[00060] Some of the above-mentioned additives can provide a multiplicity of
effects; thus for example, a single additive may act as a dispersant-oxidation inhibitor.
This approach is well known and need not be further elaborated herein.

[00961] When lubricating compositions contain one or more of the above-
mentioned additives comprising the DI package, each additive is typically blended into -
the base oil in an amount that enables the additive to provide its desired function.
Representative effective amounts of such additives, when used in crankcase 1ubricants;

are listed below. All the values listed are stated as mass percent active ingredient.

Table 1

Additive Mass % Mass %

{Broad) (Typical)
Metal Detergents 0.1to 15.0 0.291t0 9.0
Dispersants 0.1 t0 10.0 1.0 t0 6.0
Corrosion Inhibitor _ 0t05.0 Oto 1.5
Metal Dihydrocarbyl Dithiophosphate 0106.0 0.1t04.0
Antioxidant 0to 5.0 0.01 t0 2.0
Pour Point Depressant : 0.01to 5.0 0.01to .5
Antifoaming Agent 0t0 3.0 0.001 to 0.15
Supplemental Antiwear Agents 0to 1.0 0to 0.5
Friction Modifiers 010 5.0 0to 1.5
Viscosity Modifier -1 0.01t010.0 0.25t03.0
Basestock Balance . Balance
[00062] In the preparation of lubricating oil formulations it is common practice to

introduce the additives in the form of 10 to 80 wt. % active ingredient concentrates in

hydrocarbon oil, e.g. mineral lubricating oil, or other suitable solvent.
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[00063]
parts by weight of lubricating oil per part by weight of the additive package in forming

Usually these concentrates may be diluted with 3 to 100, e.g., 5 to 40,

finished Iubricants, e.g. crankcase motor oils. The purpose of concentrates, of course, is
to make the handling of the various materials less difficult and awkward as well as to
facilitate solution or dispersion in the final blend. Thus, the grafted olefin copolymer
would usually be employed in the form of a 5 to 15 wt. % concentrate, for examplé, in a
lubricating oil fraction. In one embodiment, the amount of concentrate in a finished
lubricating oil is from about 0.05 weight percent to about 15 weight percent of the total
lubricating oil.
[60064] The grafted olefin copolymers of the present disclosure will generally be
used in admixture with a Jube oil base stock, comprising an oil of lubricating viscosity,
including natural lubricating oils, synthetic lubricating oils and mixtures thereof.

[60065] Hence, the base oil used which may be used as described herein may be
selected from any of the base oils in Groups I-V as specified in the American Petroleum

Institute (APD) Base Oil Interchangeability Guidelines. Such base oil groups are as

follows:

Table 2
Base Oil Group'  Sulfur (wt%) Saturates (wi%)  |[Viscosity Index
Group 1 > 0.03 And/or <90 80 to 120
Group 11 < 0.03 And > 90 30 to 120
Group IIT < 0.03 And > 90 > 120 -
Group TV all polyalphaolefins (PAOs)
Group V all others not included in Groups I-IV

'Groups I-111 are mineral oil base stocks.

[000606]

olefin (PAO). Typically, the poly-alpha-olefins are derived from monomers having from

The base oil may also contain a minor or major amount of a poly-alpha-

about 4 to about 30, or from about 4 to about 20, or from about 6 to about 16 carbon
atoms. Examples of useful PAOs include those derived from octene, decene, mixtures
thereof, and the like. PAOs may have a viscosity of from about 2 to about 15, or from
about 3 to about 12, or from about 4 to about 8 ¢St at 100° C. Examples of PAOs include
4 ¢St at 100° C poly-alpha-olefins, 6 ¢St at 100° C poly-alpha-olefins, and mixtures

thereof. Mixtures of mineral oil with the foregoing poly-alpha-olefins may be used.
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0.642 10.90 5749 15755 0 2.6 Pass [000761The polymer solutions of samples of Table 3 and the
three comparative polymers solutions were used to formulate SAE 10W-40 oils. The oils contained
10% of a dispersant inhibitor package, 0.2-0.5% of a pour point depressant. The polymer solution were
adjusted to a treat rate to obtain a kinematic viscosity of about 15.5 cSt, and the remainder was a
mixture of Motiva Star 4 and Star 6 oils in a 28.44/710.56 ratio. The oils were evaluated for Kinematic
Viscosity at 100 C, CCS at -25 C, MRV-TP-1 at -30 C, High Temperature High Shear (HTHS) at 150 C

anFI the Ter[gwmure Cyltpl@;d E&@%&oﬂg@m) ziﬁfslé-iIT hﬁmm@f theseevalpatiorgHkesshawn in Table
6. [000771The active polymer reguired to formulate the oils at equal viscosity was much lower for the
polymers of SURBIESE-10 fHAF 1O Baih 8L K EE RSOGO LB BIEEFHHIEEL 10 were

400-795 cPcbefigiitaan.fah¢ampasaijve samipieTAoddt MRV Viscositicsydfdbetsamplerdlii0 was also

much improved. over comparative sample A. The HTHS of the Samples 1-10 showed a significant
reduction oVeltfe %ﬁalfé iRe] Stﬁggcé%%réi%ti% gs%rﬁsp?glsl ,&,S é%%r% gg,%f}licaﬂlﬁge }éaﬁq]f%w%rzi\/](%ement in fuel
economy ohadiretzgine Operating widhotbeneilival Samplesoteids Thectesaperatlrd.cYeled\gelation of the

samples 149 papympioved o comparatlys, samela .08 Gnholh luiich weteq 80 mole %
ethylene-propyléne copolymers, and were known 0 be crystaﬁlne matenials prone to gelation.
However, chi&futseEctioh Biithégeaftifgofdnodesrsxandisingimebentiesidiasiosed wdll-as Bifithe catalyst

level, was requirag insgeder 1 pass e tempeiaiue. cyeled aelationevalialion Thysdt gap be
concluded that the polymers 6f Samples 1-10 lowered the tréat rate, improved CCS, MRV, FITHS and

TCG perforiemédod thid SNBE130r61L0 Table 6 Sample Wt% Polymer Solution Wt% Active Polymer
KY, cSt at 19868t CS, cOilridedC MR, and rerefined oils, either natural or synthetic (as well

as mixtures of two or more of any of these) of the type disclosed hereinabove may be
used in the base oils. Unrefined oils are those obtained directly from a natural or
synthetic source without further purification treatment. For example, a shale oil obtained
directly from retorting operations, a petroleum oil obtained directly from primary
distiliation or ester oil obtained directly from an esterification process and used without
further treatment would be an unrefined oil. Refined oils are similar to the unrefined oils
except they have been further treated in one or more purification steps to improve one or
more properties. Many such purification techniques are known to those skilled in the art
such as solvent extraction, secondary distillation, acid or base extraction, filtration,
percolation, etc. Rerefined oils are obtained by processes similar to those used to obtain
refined oils applied to refined oils which have been already used in service. Such
rerefined oils are also known as reclaimed or reprocessed oils and often are additionally
processed by technigues directed to removal of spent additives, contaminants, and oil
breakdown products.

[00069] The base oil may be combined with an additive composition as disclosed
in embodiments herein to provide a crankcase lubricant composition. Accordingly, the
base oil may be present in the crankcase lubricant composition in an amount ranging
from about 50 wt% to about 95 wt % based on a total weight of the lubricant
composition.

106070} Among other advantages, the grafied olefin copolymers, described herein,

have been observed to provide improved high and low temperature properties in lubricant
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cP at -30 C MRV, Yield Stress HTHS, cP at 150 C TCG .88 0.917 15.52 6189 30274 0 3.92 Pass B
15.89 1.03 16.00 N/A-53698 30 N/A Fail

formulations. These properties include kinematic viscosity (KV), cold crank simulator
(CCS) viscosity, mini-rotary viscometer viscosity (MRV-TP1), High Temperature High
Shear Viscosity, Shear Stahility Index, and Temperature Cycled Gelation (TCG).
Kinematic viscosity (KV) may be measured as described in ASTM D-445. Measurement
of Cold Cranking Simulator (CCS) viscosity is described i ASTM D-3293. MRV-TP1
may be measured as described in ASTM D4684. High Temperature High Shear (HTHS)
Viscosity may be measured as described in ASTM D4683/D5481. Shear Stability Index
may be measured as described in ASTM D6278. Temperature Cycled Gelation (TCG)
may be measured by placing the oil in a temperature cycling chamber, where temperature
is varied from high to low temperature over a time period. Oil is observed at the tow
temperature condition; if no gels are observed it passes the test; if gels are observed, it
fails the test.
[00671] The HTHS viscosity of lubricant compositions containing the grafted
copotymers described herein may provide an indication of the fuel economy performance
of the lubricant composition. Under high shear rates, polymers experience what is
termed as temporary shear by elongating in the shear field. As polymers are coiled up in
oils, stearic hinderance may prevent the polymers from uncoiling and aligning with the
~ shear field in the engine. Polymers having such stearic hinderance may cause the oil to
form a thicker oil film at the boundary of the engine surfaces; a thicker oil film is known
to take up more energy in movement which may lead to lower fuef economy. Fluids with
relatively low HTHS viscosity provide a lower film thickness and thus may provide
better fuel economy.
EXAMPLES
[00072] In the following examples (1-10), an ethylene-propylene copolymer
containing 80 mole % ethylene was fed to a twin screw extruder. Monomers and 2,5-
dimethyl-2,5-di(t-butylperoxy)-3-hexyne catalyst were metered into the extruder at the
wt% shown in Tabie 3. The processing temperature in the extruder was controlled to
between about 180-230° C. The resulting grafted polymer was recovered at the end of
the extruder through a die and cooled underwater. The grafted polymers of examples 1-10
were disséived in a Group I 110 N base oil at 6 wt% polymer in the base oil. The

viscosity at 100° C of the polymer selution was measured by ASTM D445, The
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15.12 0.907 15.47 5604 20320 0 3.85 Fail 1 11.95 0.717 15.51 5482 19440 0 3.47 Fail 2 12.50 0.750
-15.48 5586 19181 0 3.34 Fall

molecular weight of the samples was measured by gel permeation technology using

polystyrene standards. These results are shown in Table 4.

Table 3
Sample Base Monomer 1 | Monomer 2 | Monomer 1 | Monomer 2 | Catalyst
Polymer wt% wit% wt %
C10/C12/C14 Styrene
1 Alpha Olefin 10 6.18 0.24
C10/C12/C14 Styrene _
2 Alpha Olefin 10 6.18 0.48
C10/C12/C14 Styrene
3 Alpha Olefin 20 12.36 0.48
C10/C12/C14 Styrene
4 80 Mole % | Alpha Olefin 20 12.36 0.96
Ethylene- C10 Alpha Styrene
5 gmp?lene Olefin 15 11.13 0.43
OPOYIET 1 010 Alpha Styrene
6 Olefin 15 11.13 0.86
Ci6 Alpha
7 Oleﬁg Styrene 15 6.95 0.27
C16 Alpha
8 OIeﬁEr}l Styrene 15 6.95 0.54
G None Styrene §; 10.00 0.39
10 None Styrene 0 10.00 0.78
Table 4
Viscosity, ¢St GPC
Sample at 100° C Mw Mn
1 1130 330704 206953
2 925 299709 185569
3 1012 306588 150765
4 562 238432 124232
.5 997 259022 110050
6 586 179463 108209
7 1130 318837 167503
S 870 287800 179883
9 8§37 206792 65936
10 550 156514 97725
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312.14 0.729 15.46 5788 17245 0 3.28 Pass 14.08 0.845 15.57 5725 16789 0 3.21 Pass 5 12.14
0.729 15.46 5785 17101 0 3.35 Fall

[60073] The following three polymers were used as comparative examples to
demonstrate improvements of the present invention. Comparative sample A was a 60
mole % ethylene-propylene non-grafted copolymer that was dissolved in a Group II 110N
oil at 7.7 wt%. Comparative sample B was a 80 mole% ethylene-propylene non-grafted
copolymer that was dissolved in a Group II 110N oil at 6.5 wt.%. Comparative sample C
was the same base polymer used in the preparation of Invention Examples 1-10. Sampie
C was processed through the extruder under the same conditions as exémples 1-10, but
no monomers or catalyst were added to this sample. Cbmparative sample C was
dissolved in a Group Il 110N oil at 6 wt%.

[06074] The polymer solutions of the samples of Table 3 and the three comparative
polymers solutions were used to formulate SAE 5W-30 oils. The oils contained 10% of a
dispersant inhibitor package, 0.2-0.3% of a pour point depressant. The polymer solution
was adjusted to a treat rate to obtain a kinematic viscosity of about 10.9 ¢St, and the
remainder was a mixture of Motiva Star 5 and Star 6 oils in a 87.71/12.29 ratio. The oils
were evaluated for Kinematic Viscosity at 100° C, CCS at -30° C, MRV-TP-1 at -35° C,
High Temperature High Shear (HTHS) at 150° C and the Temperature Cycled Gelation
(TCG) test.

[00075] The result of the evaluations of the samples A, B, C and 1-10 are shown in
Table 5. The active polymer required to formulate the oils at equal viscosity was much
lower for the polymers according to the disclosure (Samples 1-10). The CCS viscosities
of Samples (1-10) were 466-1024 cP better than the comparative sample A. The MRV
viscosities of the Samplés 1-10 were also much improved over the comparative sample
A. The HTHS of the Samples 1-10 showed a reduction over the HTHS of all
comparative samples, indicating an improvement in fuel economy of an engine operating
with these oils. The temperature cycled gelation of the Samples 1-10 were improved
over the comparative samplie B and C, both of which are 80 mole % ethylene-propylene
copolymers, and were known to be crystalline materials prone to gelation. However,
careful selection of the grafting monomers and their charge levels, as well as of the
catalyst level, was required in order to pass the temperature cycled gelation evaluation.
Thus it can be concluded that the polymers according to the disclosure lower the treat

rate, improve CCS, MRV, HTHS and TCG performance of the SAE SW-30 oils.
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6 13.67 0.820 15.52 5530 17059 0 3.22 Pass 7 11.99-0.719 15.46 5394 16933 0 3 37 Pass 2. 58
0.755 15.52 5483 15755 0 3.23 Pass -

Table S
Sample P::T;;?er X::\/f“e :ffé(;osé ﬁ?;’):}é I::/[Iz{:t, BY&E:; Pf:;}:f’ TCG
Solution Polymer "] -35°C | Siress 150° C
A 8.28 0.639 10.91 6241 26513 0 3.10 Pass
B 10.45 0.68 10.62 # N/A 26944 1 10 N/A Fail
C 11.09 0.656 10.89 5912 16812 0 3.02 Fail
1 890 0.534 10.93 5345 19093 0 2.77 Faii
) 9.15 0.549 10.94 5775 | 19569 | 0 2.71 Fail
3 9.00 0.540 10.92 5775 17725 | 0 2.72 Pass
4 16.31 0.619 10.92 5724 17142 0 2.66 Pass
5 9.03 0.542 10.94 5684 18778 0 2.75 Pass
6 10.20 0.612 10.88 5686 | 18707 | 0 2.67 Pass
7 2.08 0.539 10.95 5217 | 17031 | 0 272 Pass
g 9.35 0.561 10.87 5743 19021 0 2.64 Pass
9 950 0.570 16.97 5735 16440 0 2.67 Pass
10 10.69 0.642 10.90 5749 15755 0 2.6 Pass
{00076] The polymer solutions of samples of Table 3 and the three comparative

polymers solutions were used to formulate SAE 10W-40 oils. The oils contained 10% of
a dispersant inhibitor package, 0.2-0.5% of a pour point depressant. The polymer
solution were adjusted to a treat rate to obtain a kinematic viscosity of about 15.5 ¢St, and
the remainder was a mixture of Motiva Star 4 and Star 6 oils in a 28.44/710.56 ratio. The
oils were evaluated for Kinematic Viscosity at 100° C, CCS at -25° C, MRV-TP-1 at -30°
C, High Temperature High Shear (HTHS) at 150° C and the Temperature Cycled
Gelation (TCG) test. The results of these evaluations are shown in Table 6.

{66077} The active polymer required to formulate the oils at equal viscosity was
much lower for the polymers of Samples 1-10 than for Samples A, B, and C. The CCS
viscosities of Samples 1-10 were 400-795 ¢P better than for comparative sample A. The
MRV viscosities of the Samples 1-10 was also much improved over comparative sample
A. The HTHS of the Samples 1-10 showéd a significant reduction over the HTHS of all
the comparative samples A, B, and C, indicating an improvement in fuel economy of an

engine operating with the oils of Samples 1-10. The temperature cycled gelation of the

Samples 1-10 was improved over the comparative sample B and C, both of which were
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9 12.94 0.776 15.45 5575 18577 0 3,29 Fail 10 14.51 0.870 15.45 5538 17423 0 3.17 Pass [00078]As
mentioned above, careful selection of the monomer chain length, its treat level and catalyst charge
amount may be required in order to ensure that lubricating oils prepared with the grafted polymers of
the disclosed embodiments pass the temperature cycled gelation (TCG) evaluation test. In general,
higher levels of alpha-olefins are more effective, longer alpha olefins are more effective, and higher
catalyst levels (which result in increased incorporation of the alpha olefin on the polymer) are more
effective foxprapaing arafiad gepolymersiatnassiitedi&Gdesin Apsrsonshllied inifaart may
appreciate that increasing the foregoing levels may come at a cost and ma ve conflict with other
performancl PAGIRSRIEHR, AIRVAYEY ﬁ?é‘?ﬁfb?gl%%l Et%%ﬁﬁ%ﬁﬁé‘f@%ﬁ%ﬁﬁdoﬁ%m {J&f and catalyst
level needegd+elpasstiat TC6 st cQ00T Witanay-alsa becdpipreeiated thatslubsicatipgraiisecontaining

higher levels of gctive polymer may require more graft.m longer chajn.graft mongmers and
higher cata@fsct{?gv%ei HRE é‘ﬁ%ﬁ%?ﬁplée%? ﬁ%ﬁ%]ér Si%?ngb%#%%%%?gﬁgwgb%' . S ffr%sp?qu-S), where
the levels ofdiverattive palymer wanetow€((abblR 0, 31t pnd Milihpenoomiboanysadpghd:olefin of
Cl10or high%ggglin length was required to pass the TCG test. However, for more viscous 10W40 oils

(Table 6, samples(ﬁl-%), 15 wt.% or higher of a C10 alpha olefin is sufficient, but higher catalyst levels
were required to pass the TCG test. Similarly, itlcarie®e seen from Table 5, samples 9-10 and Table 6,

sample 10 thatstyrene glgne enapied passage of the TCG [eSIE/.I' {owe o agﬁsﬁ witeremore

polymer was gggz gnt ipﬁﬁe/‘gyb'icgﬁf{eo IS KRQ\&40 ol CRabike Sbgé\?hpl ) dditl gf’cata{h levels

were needéd 18 Pncorpooréfé morg rg;g]répmeth}ﬂf’ditheapa%r bagkbong 0BQ&dqerson skilled in the
. olFion of . t

art may appreciate-that-the-wax-contentiof- base oils-may-also-have-an-effect on-the-monemerlevel,

chain Iengh of fhon m«iﬁ;&gnd (‘m%%}'gf levelliedesg ar)ﬂlgmgpnc Sthétrea ﬁ:Qt_ Thég% begéﬁgb_more

waxy base pils fhay:havE 8%reatek-Bropensit-4er intefdttion Witk PblymePchaindY/Pherefdé_the

skilled person niay Uise Enlapproprigie graftiméhomer Skédel artdaxglystlevel toSunterdetisuch

interaction and pass thq ]T G teast§7[90081]}r§ §r11e follogx[@g Satjrég%s 11-%4, an e}lmlene-&rﬁpylane
copolymer - ' — '

2 12.50 0.750 15.48 5586 19181 0 3.34 Fail
3 12.14 0.729 15.46 5788 17245 4] 3.28 Pass
4 14.08 0.845 15.57 5725 16789 0 3.21 Pass
5 12.14 0.729 15.46 5785 17101 0 3.35 Fail
6 i3.67 0.820 15.52 5530 17059 0 3.22 Pass
7 i1.99 0.719 15.46 5394 16933 0 3.37 Pass
8 12.58 0.755 15.52 5483 15755 0 3.23 Pass
9 12.94 0.776 15.45 35735 18577 ] 3.29 Fail
10 14.51 0.870 15.45 5538 17423 0 3.17 Pass
[00078] As mentioned above, careful selection of the monomer chain length, its

treat level and catalyst charge amount may be required in order to ensure that fubricating
oils prepared with the grafted polymers of the disclosed embodiments pass the
temperature cycled gelation (TCG) evaluation test. In general, higher levels of alpha-
olefins are more effective, longer alpha olefins are more effective, and higher catalyst
levels (which result in increased incorporation of the alpha olefin on the polymer) are
more effective for preparin g grafted copolymers that pass the TCG test. A person skilled
in the art may appreciate that increasing the foregoing levels may come at a cost and may
have conflict with other performance requirements, and may therefore select the

appropriate graft monomer, level and catalyst level needed to pass the TCG test.
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containing 60 mole % ethylene was fed to a twin screw extruder. Monomers and 2,5-
dimethy1-2,5-di(t-butylperoxy)-3-hexyne catalyst were metered into the extruder at the wt% shown in
~ Table 7. The processing temperature in the extruder was controlled to between about 180-230 C. The
resulting grafted polymer was recovered at the end of the extruder through a die and cooled
underwater. [00082]The grafted polymers of Samples 11-14 were dissolved in a Group 11110 N base
oil at 8 wt% polymer in the base oil. The viscosities at 100 C of these polymer solutions were

measured Qy@FIM D44k fhe.morculprwaightphihesrmplesivasmeas Ry gekpesmeation
technology using polystyrene standards. These results are shown in Table 7. Table 7 Sample Base

Polymer Md58iePQ YIGHIRISr SIUBHOMET BAREbAORMNBREr SN BaIFA WP ITS #ible %
ethylene- propiieneggpabaier Gs10/Glaiek 4oAlpacOlelinsSiuranew w1 8(0dMe2l, sample

3-8), where the levels of the active polymer were lower (about 0.5 wt.%), a minimum of
15 wt.% alpha-olefin of C10 or higher chain length was required to pass the TCG test.
However, for moré viscous 10W40 oils (Table 6, samples 3-8), 15 wt.% or higher of a
| C10 alpha olefin is sufficient, but higher catalyst levels were required to pass the TCG
test. Similarly, it can be seen from Table 5, samples 9-10 and Table 6, sample 10 that
styrene alone enabled passage of the TCG test. However, in a case where more polymer
was present in the lubricating oils (10W40 oil, Table 5, sample 9) additional catalyst
levels were needed to incorporate more monomer onto the polymer backbone.
[60080] A person skiiled in the art may appreciate that the wax content of base oils
may also have an effect on the monomer level, chain length of monomer, and catalyst
level necessary to pass the TCG test. This is because more waxy base oils may have a
greater propensity for interaction with polymer chains. Therefore, the skilled person may
use an appropriate graft monomer, level and catalyst level to counteract such interaction
and pass the TCG tests.

- [60081} In the following Samples 11-14, an ethylene-propylene copolymer
containing 60 mole % ethylene was fed to a twin screw extruder. Monomers and 2,3-
dimethyl-2,3-di(t-butylperoxy)-3-hexyne catalyst were metered into the extruder at the
wt% shown in Table 7. The processing temperature in the extruder was controlled to
between about 180-230° C. The resulting grafted polymer was recovered at the end of
the extruder through a die and cooled underwater. '

[00082] The grafted polymers of Samples 11-14 were dissolved in a Group II 110
N base oil at 8 wt% polymer in the base oil. The viscosities at 100° C of these polymer
solutions were measured by ASTM D445, The molecular weight of the sampies was
measured by gel permeation technology using polystyrene standards. These results are

" shown in Table 7.
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106.180.4813 '159.270.36 14 159.27 0.72 Table 8 Sample Viscosity, cSt at 100 C GPC

Table 7
Sample Base Monomer 1 | Monomer 2 | Monomer I | Monomer 2 | Catalyst
Polymer wt% wit% wt %
11 9 10 6.18 0.2
60 mole % | 1 0/c12/c1 !
12 ethylene- 10 6.18 0.48
4 Aipha Styrene
13 propylene 15 9.27 0.36
] Olefin
14 | copolyme 15 9.27 0.72
Table 8
GPC
Sample Viscosity, ¢St
at 100° C Mw Mn Pd
11 2063 349649 195647 1.8
12 1348 308647 166081 1.9
13 1681 340985 182133 1.9
14 1425 312701 166967 1.9
[00083] The polymer solutions of the samples of Table 8 and the ungrafted

comparative base polymer solutions were used to formulate SAE 5W-30 oils. The oils
contained 10% of a dispersant inhibitor package, 0.2-0.3% of a pour point depressant.
The polymer solution was adjusted to a treat rate to obtain a kinematic viscosity of about
~ 10.9 cSt, and the remainder was a mixture of Motiva Star 5 and Star 6 oils in a
87.71/12.29 ratio. The oils were evaluated for Kinematic Viscosity at 100° C, CCS at -
30° C, MRV-TP-1 at -35° C, High Temperature High Shear (HTHS) at 150° C and the
Temperature Cycled Gelation (TCG) test. The results of these evaluations are shown in
Table 9. |
[00084] The active polymer required to formulate the oils at equal viscosity was
much lower for the polymers of Samples 11-14 than for the base polymer. The HTHS of
Samples 11-14 showed significant reduction over the HTHS of all comparative samples,
indicating an improvement in fuel economy of an engine operating with these oils. Thus
it can be concluded that the polymers of Samples 11-14 lowered the treat rate and HTHS
performance of the SAE 5W-30 oils. From the results of Samples 1-14, it was

demonstrated that the polymers according to the disclosure were capable of producing
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Mw Mn Pd 11 2063 349649 195647 1.8 19 1348 308647 166081 1.9 13 1681 340985 182133 1.9 14
1425 312701 166967 1.9 [00083]The polymer solutions of the samples of Table 8 and the ungrafted
comparative base polymer solutions were used to formulate SAE 5W-30 oils. The oils contained 10%
of a dispersant inhibitor package, 0.2-0.3% of a pour point depressant. The polymer solution was
adjusted to a treat rate to obtain a kinematic viscosity of about 10.9 cSt, and the remainder was a
mixture of Motiva Star 5 and Star 6 oils in a 87.71/12.29 ratio. The oils were evaluated for Kinematic
Viscosity at00CoiECRRt 030 GrR VnEPrinRbe3d GeHighbampesatiRHigh Shear(liHs) at 150
C and the Temperature E(\:Pif’led Gelation (TCG) test. The results of these evaluations are shown in

Table 9. [06B8A]TRE Be Ry RSKPaRtired to formulate the oils at equal viscosity was

Table 9
Wi% | Wi% | KV, MRV,
Sample Polymer | Active | cStat i(_:?,séocz iﬁgfs,ocg Yield I;I;fggécg
Solution | Polymer | 100° C Stress
A 8.28 0.639 10.91 6241 26513 0 3.10
11 7.12 0.569 10.88 6529 42289 0 2.79
12 7.60 0.608 10.90 6526 36837 0 2.73
3 7.33 0.586 10.87 6411 42713 G 2.76
14 7.49 0.599 10.88 6492 40650 0 2.67
j00085] The SAE J300 standard specifies a 2.90 cP minimum HTHS for W30

oils. It is recognized that the oils made with the polymer of Samples 11-14 have a HTHS
jower than this minimum. In order to make oils conforming to the SAE J300 HTHS
minimum, a mixture of grafted and ungrafted polymers may be used. For éxampie, a
75/25 mixture of the polymer of Sample 11 and Sample A may be used to produce a SW-
30 oil with a HTHS of 2.9 cP.

[00086] It is generally believed that conventional copolymers with high ethylene
content may have relatively high polymer efficiency and better CCS viscosities than the
same copolymers having lower ethylene content. However, such conventional high
ethylene copolymers typically require higher pour point treatment amounts in lubricating
oils in order to avoid gelation. By comparison, the grafted copolymers of the disclosure
may provide better CCS viscosities and MRV at lower pour point freatment rates and
may also improve fuel economy as indicated by the HTHS viscosities of the lubricant
compositions containing the grafted copolymers.

[00087] 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 of the

present disclosure have been described in the foregoing specification. What applicants
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much lower for the polymers of Samples 11-14 than for the base polymer. The liITHS of Samples 11-14
showed significant reduction over the HTHS of all comparative samples, indicating an improvement in
fuel economy of an engine operating with these oils. Thus it can be concluded that the polymers of
Samples 11-14 lowered the treat rate and HTHS performance of the SAE 5W-30 oils. From the results
of Samples 1-14, it was demonstrated that the polymers according to the disclosure were capable of
producing engine oils with low HTHS, and improved fuel economy, regardless of the ethylene content

of the polyrsgshacienged akle,8 Sample:WiipldVik RalymerActive aelutinnRalybienknts cSt at 100

C CCS, cP at-30 C MRV, cP at -35 C MRV, Yield Stress HTRS, cP at iL50 C A 8280.639 10.91 6241
26513 0 3_&})301033(1, since the disclosed embodiments are regarded as illustrative rather than

limiting. Changes may be made by these skilled in the art without departing from the

spirit of the disclosed embodiments.
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11 7.120.569 10.88 6529 42289 0 2.79 12 7.600.608 10.90 6526 36837 0 2.73 13 7.33 0.586 10.87
6411 42713 0 2.76 14 7.49 0.599 10.88 6492

What is claimed is:

I. A iubricating oil composiﬁon comprising:

a major amount of oil of lubricating viscosity; and

a minor amount of at least one olefin copolymer having a number average
molecular weight greater than about 10,000 up to about 300,000,
wherein the olefin copolymer is grafted with a grafting component
substantially devoid of carboxylic functionalizing groups comprising
(A) a vinyl-substituted aromatic compound, and (B) a compound
selected from the group comsisting of a Cs-Csy olefin, a polyalkylene
compound, and mixtures thefeof, wherein a mole ratio of A/B in the
reaction mixture ranges from about 0.25:1 to about 5:1; and

optionally, a minor amount of at least one nou-grafied olefin copolymer,
styrene-isoprene copolymér, methacrylate copolymer, or styrene
butadiene copolymer have number average molecular weight greater
than about 50,000 up to about 300,000, Wherein..the olefin cop_olymer
has an ethylene content ranging from about 60 to about 85 mole

percent of the olefin copolymer.

2. The lubricating oil composition of claim 1, wherein the grafted olefin copolymer
and non-grafted olefin copolymer comprise copolymers of ethylene and one or more

C3-—Cg 3 alpha olefins.

3. The lubricating oil composition of claim 1, further comprising a
dispersant/inhibitor package comprising a dispersant, a metal-containing detergent, an

antiwear agent, an antioxidant, and a friction modifier.

4. The lubricating oi! composition of claim 3, wherein the detergent is selected from
the group consisting of neutral and overbased calcium sulfonate, neutral and
overbased magnesium sulfonate, neutral and overbased calcium phenate, calcium

salicylate, magnesium salicylate, and mixtures thereof,

5. The lubricating oil composition of claim 3, wherein the dispersant COmIPIiSes one or

more polyalkenyl succinimide dispersants.
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40650 0 2.67 1000851The SAE J300 standard specifies a 2.90 cP minimum HTHS for 5W30 oils. It is
recognized that the oils made with the polymer of Samples 11-14 have a HMS lower than this
minimum. In order to make oils conforming to the SAE J300 FITHS minimum, a mixture of grafted and
ungrafted polynigestmayatiecusbchrimarséikanopleaian 75 R Beraix hecteftbe polymer Of-fample 11 and
Sample Am e r .a BW30 il with a HTHS of 2.9 cP. [00086]It is generally believed
that convent%r?a c%%od@!tf%grs% g\#% gﬁ% hoéfhlﬁgﬁ%eé%ntcgﬁ%a}ﬁlanf have relative ynhiﬁ’ﬁdgfg?f/smer efficiency
and better COS¥stssHiesisaannwdidiie. eopoihures baxdnly lower ethylene content. However, such’
conventional high ethylene copolymers typically require higher pour point treatment amounts in

lubricating oils, imrgydgsesaveiginelationiBy ceenarson.the.graled:corahimars alihe disclosure may

provide better Cf%%viscosities and MRV at lower pour point treatment rates and may also improve fuel
economy as MACEE IR FIE R SEHBs BRI IELRIcAHt: WoMhisosTeams Eantaming the grafted
copolymers. [@0087 | Theaisehobtidanhallpatpnisdgrticles asd otbaibmateralscdasesbed herein are
hereby incor%%rat%d c'iQ their entirety, into this specification by reference. Compositions described as
"comprising” a x;ﬂﬁr]fiulilty'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 opeyatign afthgRIEsaNtAiscieRe baveheen desariber. %Q%I%?g&i&@éﬁéﬁﬁ cification. What

applicants submit, however, is not to be construed as limited to the particular em ents disclosed, -
since the disdi5&Ed Sintidaerisdrd A rthsasm GenmtnRg rafridyasrah maTitiPlgaiesges may be
made by thosewskibeddndhe arisidioubdeRarting from the spirit of the disclosed embodiments. What
is claimed is: 1. A lubricating oil composition comprising: a major amount of oil of lubricating viscosity;

and a minor gmpunt of at least one olefin copolymer having a numper average molecular weight
greater than ab(_)u?qf&b%%n&poﬁ)cgglgag 1&88,%%%%9}%%%%% %Feﬁﬁi C%Jpgﬁ/%ﬁego%o fleld with a grafting
component sdirstantizin devsithiof earoxylicyfumotiowializimp grodp sreb B riSiFG:{ A dfininyl-substituted
aromatic compouid -ahsd B)id SORBAFSE %&m&w_@;9%8%8089?%.%?'09 of a C5-C30 olefin, a
polyalkylene compound, and mixtures thereof, wherein a mole ratio of A/B in the reaction mixture
ranges from about 0.25:1 to about 5:1; and optionally, a minor amount of at least one non-grafted
olefin copolymer, stysesterisqpienecapayiendnethassyate.aqpain e, Shsivens diiadiene
copolymer have number average molecular weight greater than about 50,000 up to about 300,000,
wherein the &Eofﬁlﬁmcgp'olymer has an ethylene content ranging from about 60 to about 85 mole percent
of the olefin copolyfaran2olehe kalpritation leitidcompositioeioftctairapd] ywherein thexgmtied olefin
copolymer and nonzgrafted alefin, copalymer ¢ fse.coRgl rs of et nd pne or more
C3-C23 alpha olefins. 3&% The Iubricatiné oil cogr}ln osit%né)ofg) Eﬁﬁaﬁ%{ﬁfﬁgﬁ ’ce?cé)ﬁ;onaptfl)'isa%}gﬁI ta
dispersant/inhibitor %‘i{%é@omprising a dispersant, a metal-containing detergent, an antiwear agent,

an antioxidant, and @ frictiemmodiigsordnT At ubiisating-oil compesition ot glaim, 3 mherein the
detergent is selected from the grqu ?onsistin of neutral and overbased calcium sulfonate, neutral
and overbased ma&ﬁ%‘éﬁﬁrﬁoﬁﬁ%h“age,@eﬁtf‘&fl P B EpEs St RS U PPt e dalBUrh salicylate,
magnesium salicylatempmekimixteces therehk sroiiednbsitatingQitsompasiliemfisiawnl 3, wherein the
dispersant compris e Qr.mar lyalkenyl.succinimjde digpersants, 6..The lubricating oil
composition of clair‘?]?%l?{?vﬁl’h Pe[n r? ?Elegﬁfé%h %ngi?f)el}l%} %é?éléteacfeﬁ%rg tﬂ]geé%nupt%or?sf?s g of non-metal
containing organic fiieediiduiiers:torlsan sardeatlkfdsgofiomodifisrs) dnd mixterpsdhereof 7. The
lubricating oil compgsition Giiafpfnuherein the organometallic friction modifier is selected from the
group consisting of oil soluble organo-titamum, oil soluble organo-molybdenum compounds, and oil
soluble organo-tungsten compounds. 8. The lubricating oil composition of claim 6, wherein the
non-metal contaMiiegolefianpapdiienssalacied Wosiergropcusistingof Ghyereel monooleate, and
nitrogen cont&;n(i)rllgnjrircép%in]glgeifé%r A 96. {;I;he lub igetin%p il ci)rtlgtf)osition of claim 1, wherein the grafted
olefin copolymé)r IS derived from a mix ure%?lzeA(;\nnﬂ?l oAt E‘ompounds and (B) C5-C30 olefins
wherein a mole ratio of A/B may range from about 0.5:1 to about 2.5:1.

12, The olefin copolymer of claim 11, wherein the grafting component has a mole

ratto of A/B ranging from about 0.25:1 to about 5:1.
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10. An olefin copolymer viscosity index improver comprising an extruder reaction product of: (a) an
olefin copolymer backbone, wherein the copolymer has a number average molecular weight ranging
from greater than about 10,000 to about 300,000; and (b) a grafting component substantially devoid of
carboxylic functionalizing groups comprising (A) a vinyl-substituted aromatic compound and (B) a
component selected from the group consisting of C5-C30 alpha olefins, internal olefins,
polyisoalkyleﬁefs, §n‘a‘e§%?% Pﬁa‘%ﬁ?ﬁ Vifier 81*, ?fg?ﬂé%’i?\ ha SR SpRphEinES R @R Rne content
ranging from eluout 60tte Gbintote therténiaftherglefinorapalymeiz11. The olefin copolymer of claim
10, wherein the olefi C ri a copolymer. of ethylene and one or more C3-C23 alpha
olefins 12. The olefingéﬁogpjﬁ)ﬁ)%ghﬂégrﬁgﬁpgﬁﬁfnﬁﬁ%g@ir%st Délgfé?ﬁ]g component has a mole ratio of A/B
ranging from about G 25t EapEHtE: 3t 1cpSt Apeneltitdcrmoivpeoingriuel moohorayeanrg vehicle,
comprising lubricating an engipee! igcvehislewith 2 lubsicant samapsitioncemayisipe; a major
amount of oil of lubricating viscosift%rand a minor amount of at least one olefin copolymer having a

number average moleculaP WEGh iR SAER ter? Bt GBHe LT 1S Sbsufanh DO RM¥rein the olefin
copolymer is grafted with augsefiingleanpanentashstantialbedevoisof ecarhaxyliefHestionalizing

groups comprising from ahout 1.to abhout 30 wejght ercent of AE) vinyl-substituted aromatic
compound, and (B) a com%%%nﬂ)%‘éﬁﬁc% r%%e% ewg%ﬁ%tppgacr?&gs |ﬁ2@ %E%Y Wt a polyalkylene
compound, and mixtures threreasf; anthoptidnaity, Bnmoramonit efatdéastontan@regsafted olefin
copolymer, styrene-isoprefg, capRiyper: methacrylate cRralymer, of stylene butadiene copolymer
have number average molecular weight gsreBéOter thdnegbgﬁt 0,008 up%to%(%out :?85%86 wherein the
olefin copolymer has an efh?l%éaééntent ranging from about 60 to about 85 mole percent of the olefm
copolymer. 14. Theopiiethad, of elaiet baohergindhe.grafied,elefincopalureand aon-grafted olefin

copolymer comprise copo%ryners.of ethylene and one or more C3-C23 alpha olefins.- i5. The method

of claim 13, wherein the IUbTIEERECBHBo B B priESRe B e r SARR/iRTHitd paERERfe comprising a
dispersant, a metal-containinglidetergerynam aatiwveaniagentrase antiexitiantyagd arbietion modifier.

16. The method of claim 1, ig(eia e Ielerost s-SeleiEd fiom e ajodp consisting of neutral and
overbased calcium sulfonate, neutral and overbased magnéesium sul%ona e, néutral and overbased
calcium phenate, calcium k&aligy| &ty ey resinn saitdatenarndavixirés #hersols 1MolEhe method of
claim 15, wherein the dispgsisantreRepisasQpsghanore polyalkenyl succinimide dispersants. 18. The
method of claim 15, wherein the friction modifier is selected from the group consisting of non-metal
containing organic friction modifiers, organometallic friction modifiers, and mixtures thereof 19. The

method of claith TBs whéreirofhagrafted-oletin copebinar gepelyspervisdesiveshirgmradmixture of (A)
vinyl aromati¢ & RO and (B .C5-C30 olefins wherein a mole ratio of Aj ay range from about
0.5:1 to about 2.5:1. %i.%ﬁ?e (r%l]é od of %?gﬁrr%]eﬂ,o\t/ﬁvﬁe?e?ﬁ%hag?u%%?cgﬁ%%&p%é’ﬁbﬁ@é%prises less
than 0.5 weighefescent pour point depressant based on the total weight of the lubricant composition.

21. An extruded non-dispersant olefin copolymer comprising a reaction product of: (a) an olefin

copolymer, whereiRethg£RRrolyMeh2S13, NWhheh auer agsMelecy afgﬁigbtééxﬂgﬁégsfrgm greater than
about 10,000 to about 300,000; and (b) a grafting component substantially devoid of carboxylic
functionalizing G¥StRY AR LTRSS Rt Sir-CoMPRTA G @) & component
selected fromuthegroigpreomsisting @it 2nd 3G-alpharodeffs, internal olefins, polyisoalkylenes, and
mixtures thereof, wherein the olefin copolymer has an ethylene content ranging from about 60 to about

85 mole perceat ¢f the glefin copolymer. 22. The olefin copolymer of claim 21, wherein the olefin
copolymer com'prises a copo?ymer of ghﬁer?reelgn %rﬁ%%r Fﬁ})rlé; é?’;%&%g g‘]i%lﬁaﬂ\é\!feﬁﬁoél.pZS. The olefin
copolymer of ‘CRiFHP2, WWhaveisithadrafkmbpresmponient hafarolevatid ofnd)Bwabginy from about

0.25:1 to abomh@idsium sulfonate, neutral and overbased calcium phenate, calcium salicylate,

magnesium salicylate, and mixtures thereof.

17. The method of claim 15, wherein the dispersant comprises one or more

polyalkenyl succinimide dispersants.
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18. The method of claim 135, wherein the friction modifier is selected from the group
consisting of non-metal containing organic friction modifiers, organometallic friction

modifiers, and mixtures thereof.

19. The method of claim 13, wherein the grafted olefin copolymer copolymer is
derived from a mixture of (A} vinyl aromatic compounds and (B) Cs-Ca, olefins

wherein a mole ratio of A/B may range from about 0.5:1 to about 2.5:1.

20. The method of claim 13, wherein the lubricant composition comprises less than
0.5 weight percent pour point depressant based on the total weight of the Iubricant

compositiomn,

21. An extruded non-dispersant olefin copolymer comprising a reaction product of:
(a) an olefin’ copolymer, wherein the copolymer has a number average
molecular weight ranging from greater than about 10,000 to about 300,000;
and
(b} a grafting component substantially devoid of carboxylic functionalizing
groups comprising (A) a vinyl-substituted aromatic compound and (B) a
component selected from the group consisting of Cs-Csg alpha olefins, internal
olefins, polyisoalkylenes, and mixtures thereof, wherein the olefin copolymer
has an ethylene content ranging from about 60 to about 85 mole percent of the

olefin copolymer.

22. The olefin copolymer of claim 21, wherein the olefin copolymer comprises a

copolymer of ethylene and one or more C3-Cas alpha olefins.

23. The olefin copolymer of claim 22, wherein the grafting component has a mole

ratio of A/B ranging from about 0.25:1 to about 5:1.
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