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[ 0001] The disclosure relates to |ubrication oi
conpositions and additives for internal conbustion
engi nes and to nethods of operating the engines with
the conpositions to provide inproved engi ne

per formance. BACKGROUND AND SUMVARY: [0002] The
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[0004] Base oils typically cannot meet the viscosity requirements without the
addition of additives such as viscosity index improvers. lViscosity index improvers
(VII’s) reduce the extent to which the viscosity of lubricants change with temperature,

and are used to formulate oils that meet the SAE J300 standard. Suitable Viscosity Index

Improvers are polymeric materials that may be derived from ethylene-proplyene



pol yi sobutyl enes, etc. [0005] Ethyl ene-propyl ene
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compositions that enable the fubricant compositions to meet the SAE J300 standards
while providing lubricant compositions that exhibit improved fuel economy, low
temperature properties, and gelation-free behavior.

[0008] In accordance with exemplary embodiments, the disclosure provides a
Jubricating oil composition and methods of operating an internal combustion engine to

provide improved engine operational performance. The lubricating composition includes



a maj or amount of oil of lubricating viscosity;, a
m nor anmount of at |east one olefin copolynmer having
a nunber average nol ecul ar wei ght greater than about
10,000 up to about 300,000. The ol efin copolyner is
grafted with (A)-a vinyl-substituted aromatic
conpound, and (B) a conpound selected fromthe group
consisting of a C5-C30 olefin, an internal olefin, a
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Com}tzmlpd,l ande(B) asompeurslsckoted droen tbc;gmqprt@nmstmq{ ad¢syCatobefin, an

1nterﬂzﬂ ﬁiﬁé‘%, ygllygl&lséﬁ% ?%ﬁquﬁ?} z%e i %ma%&?st thgre%) Ipleregl a ]il’lOIe ratio
of ABDInGRO rdaptisromabadtrangdd ﬁoﬂl%out[ @@ﬂﬂ)lo houafot Mde 1ubr1catmg oil
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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-Csp olefin, an

internal olefin, a polyisoalkylene, and mixtures thereof. The lubricating oil composition
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[00015] Other alpha-olefins sultable for use in place of propylene to form the

copolymer or to be used in combination with ethylene and propylene to form a
terpolymer include 1-butene, 1-pentene, 1-hexene, 1-octene and styrene; o,0-diolefins
such as 1,5-hexadiene, 1,6-heptadiene, 1,7-octadiene; branched chain alpha-olefins such

as 4-methylbutene-1,5-methylpentene-1 and 6-methylheptene-1; and mixtures thereof.



[ 000161 Methods for naking the copol ynmer substrate
descri bed above are described, e.g., in US. Pat.
Nos. 4,863,623, 5,075,383, and 6, 107, 257, which
descriptions are incorporated herein by reference.
The pol yner substrate also may be commercially
obt ai ned having the properties indicated herein.
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are 15&%@&%@%&3&%{‘% Ad¥ndsS ethd SHIPHEPRbG AN allsH btk BRI doFBfercially

trate is a polyene nononer selected from
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erc et hyl ene and from about 60 to 30
[co0nD] e peEﬂ@mle@fo;@rleﬁB drohigA& a]lpbmaleﬁhecﬁqpnlynwrs mayt pensist of

proportio anot her, enbodi nt bei
frompghogt b3 f gifm § RYEE Sthylpe g Tiog i‘é?“ﬁg? & {52 P?;"g%?eféﬁl% to
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anot her enbodi nent e|n8 from55 to 65 nple EW g
an fin, with
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bemg% %5 tr %5 ln?o g pteggrql[ e%hylene and 45 t%e&t mo?e percent C; to Cy3 alpha-
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 less than 1

mole percent.



[00020] O the foregoing, a particularly suitable

copol ymer substrate is a substantially |inear

copol ymer of ethylene and propyl ene having an

et hyl ene content ranging fromabout 60 to about 85

percent by weight and having a nunber average

nmol ecul ar wei ght from about 10,000 to about 300, 000,

and for exanple a nunber average nolecul ar wei ght of
[000360, 0000f ah2 ORrdthe, as Heti@ndriyneditdtye gebolpekmeabitom: is a

chr omat ogr aphy util'i zi ng pol ystyrene standards.
subsfapigglly1 jinepR é:oa@wy%p Fgisteprad BEBVEN: Pane ap rddmer soptent
rangﬁl%l%lr,ﬁ{ %Butsﬂ@% rBb&: Sﬁﬁé’rcélﬁ byc%l\gﬁf‘ hﬁd‘hbﬁingm R dvBrage
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moiecmlpowrfgb‘r fromapout] Moﬁéo shapp BPG0agndeior xampde p nemheneserage

B35, i TIGER, 4 B 50g BBy O 20 o

chro@&togdpBy ufiRfinB polstiRRec ahfards. copol yner are fed to an

ext ruder si.ngle or .twin screw extrud
[000BHN by r yT}éFrPOIHleFe‘ileS?ﬁ'l%?gra DA%y il ﬁgﬂleh’i E‘a‘iS’QBr %Ufrate may be
conv@ﬁ@:&t'l}n&tﬁﬁgd #fthe i g&(hﬁdd)@ pLlldPed W%epfmmaamoﬁéﬂmer
(agitation) on the polymer substrate for the
may dfy de astipphiecs e prithar ni preggised biadmieeta peamiige friable chopped
1rmlnt ned at the feed section of the extruder to
agg?ﬁﬁﬁ%ﬁ 9t he introduction of air. [ 00023] The ol efin
[0002Z]PO! Y B oriEBymbdditb] lgyound pobatice habsfar@hdrefongs of the olefin

dm xed with any other reactants in the extruder, or
copobiHfs arerfodP 9 THIYENE Eng TEEEP! HIRSTIEVIEgRlT &F & Banbury or

0thePﬁﬂJe?H£v1ﬁé‘th%Q A6RRY oFﬁéa@i’h@%ﬁd efmﬁmg "[lheedizsﬁécﬁfe%l of mechanical

copol ymer”is 1n oné enbodinent then i nto anot her
Worleﬁagrt@tmﬂ ogdhe polymsr S@Qﬁaﬁea’fp@ﬂ@ﬂehwéﬁwn Feery ifrogey blanket
can b%omngmu Heﬁ %t {hh %ee%rsa(f:tgdnn(g thg e{%&ﬁlﬁél‘q ?eztfilt: I}}ﬂ%foﬁh{ft on'e a1r.
conponents 1's raf
[OOODQC k bOn"Ehe oitfih kepaiaéi majz dxpnﬂymaf heaﬁmil theditade é)eglgafdtnlxed with
ctg nponent s maK be s Iected fromvi r omat 1 -
any GORDBHREES T0BbeSoraIkE o rarer ARG S P RGeS c Gt ppisture
conteHt r‘ﬂ/{he%éﬁ'ﬁiﬁieﬁap OTROMY léi'lsolé‘ﬁ@ co;idlb@ﬁ& i€ O srRShemdinent ieen fed
the followmng fornula C 2 2 wherein R and R2,
into mtbqrem@dm sectiem T senatate EREHer i perics it cendugiitodiegralting
f,omor an al kyl group having 1 to 4 carbon atons.
péci fic exanples include, but are not limted to
[00024]yr eneA noixstire gt graﬁu:enmpnmtsnsmyktt ghfiwhento the polymer backbone
of thfg _g I n%&&g@? :ﬁlélt ﬁéoﬁ%{)ﬂ%\ér elg}i%}ehegéelected from vinyl aromatic
comfuiBY vLe gl Rdsmesd pbShkERAE, SutamE Ritlyl altddit@ic compounds are

those corresponding to the following formula

react




nmet hyl styrene, p-nethyl -al pha-net hyl styrene,

m i sopropyl - al pha- net hyl styrene, and p-

i sopropyl - al pha- net hyl styrene. [00025] The ol efin

conmpounds that may be used are primarily C5-C30

linear or branched ol efins having internal or-

term nal unsaturation. A particularly suitable olefin

conmponent to be grafted to the copol ynmer backbone is
whegeiis Rbatdmt, irslepandenthesiom eattphierotopfdsent athandiogen atbm @astalkyl

about 90 nol e percent term.nal olefin ojrpri sed af .
grougehavingst (94 Gaion at%ﬁcéﬁﬁn%? CRABRIEs d1CBIdEs < b dmied to
styréﬁla e pkydbk¥hEnemGRARAIMRAE, NBYilRomeke ClrRGsobfdpi styrene p-

N%butenes and highly reac |ve polybutenes haV|nq

isoprapirtseirengy elphgenathylerisher o-metytalphamyithdstyesim mapeghyl-alpha-

5 O P A LR o

immb@@Usmhmn&m@hqmﬁﬁnund is greater than about 45% For
nunber resi dugl vinylidene.double ..
[Oﬂogéﬁds rrE’SV3 P BeCOF‘Hf’(?H?‘iPog‘GE ey e 3¢ @qupﬂglgﬂgl #ﬁcﬁ‘hgnear or

brangmmm halh@ iRRHEEBE agRifi uﬁﬁﬁr&i@' Aipatichidap @mtable olefin’
doubl e bonds in the conpound may be determ ned

compgrient ferhsvgiafiast thdlis copolimer beckbgpe l§>@a?¥b¥témlaﬁb’ rhacqﬂzeeipha olefin
hav1§g§gﬁ a0y ?ﬁ mgfe #%r%?{e%fna%gpg% 'c%np%%s%ﬁ NAH Geddf 99 mole

ation er eo process uci ng suc
pmraammﬁuﬂdﬁ(ﬂakﬁescrlbed for exanple, in U S. Patent

artlcularl sui t e
7 [OOO%I& yi so%ﬁ‘? o aH%Qﬁnﬁ gcoéngogglil 0 a te%j‘&'}‘g rl1ycti)utenes and

highf{P ket ffsolyﬁit&{éfs Haoln@m&hb@fVWea@e Sl & gat ﬂélgmerag@ﬁlg from
ran rom about 1 to about 6 and a nunber average

abowogé@ pheut dOPQ et nraangiTHe Wiibrhigty deactpy Meangiata number of
r631d]a§pgmg[1969192<?4ubleh ﬁoﬁHs HhuE & é:%{lﬂé gé E&a&?{}ﬂ?ﬁ L? AZSS%. For

east one conpon efecte
examplaythe anmbedt dicresidngovimgslean dowdtile bewbst man eange dponelpriut 50 to

sel.g from ol efi ns and/ or, pol. | ene .
abog 3%% & chnBpui R s Rl PEreStoR i Bt hopdg in the
com?&ﬁﬂ%a b® Hbt@lkﬂﬂﬂéd By 21 Lkitownamemtbds sihlas fopex@xplaThRa-Red

romabout 0.5:1 to about 2.5:1, nore suitably from

Specal@é@ﬁomrﬁBM%%éwetlc Bespnangger rrombinagpn geggoli yprocess
for Igﬁ%g%e%gﬁ )c/:l 's 1§’ Hé%éhb‘ﬁ'; QOB fp RO TP OUN Bl ﬁ%' 1152,499.

y ene t are rated onto he
A pptiagany bmaidibtaomhgumd ibacpddpipebudne eraying reragio paf] \nglnt average

a npor t ant 7.exanpl e, .t he
mol GBS IWyTka hombievtrge piodtrCiam e PRoRE BOBGogyu) i about
and & H@mﬂér%ﬁ/éﬂag’fgmolé:@ﬁlﬁ@ﬁ@fghﬁran £i90 08 abbbes@riahibounng 500
reaction to formthe grafted ol efin copol yners

[000gher al The misfrg of Befngi QOWPPH@‘Z%H%P“B’FS S flpsk qn%oaaaonent
seledt®l EbALQN Vil Rtblatid bRl Wﬁ b4t bR cSHpsecANtdl®hed from

(B) olefins and/or polyakylene compounds wherein a mole ratio of A/B in the mixture
ranges from about 0.25:1 to rabout 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 amount of grafting components
(e.g., vinyl aromatic compound, olefin and/or polyiscalkylene) that are grafted onto the

prescribed copolymer backbone (i.e., the copolymer substrate) is important. For



absence of solvent. The free-radical initiators which

may be used to graft the conponent to the polyner

backbone i ncl ude peroxi des, hydroperoxi des,

peresters, and al so azo conpounds and preferably

t hose which deconpose thermally wthin the grafting:

tenperature range to provide free radicals.

Representatives of these free-radical initiators are
exan@A@ bt Wopsliyinet ntay Mictuderonpesbouti tlewt% to 30 wt% of the grafting
~ 2,5-dinmethyl -2,5-di(t-butyl peroxy)hexane and
componsnlgi net hyl - 2, 5-di (t - but yl per oxy) - 3- hexyne. The

bey tiat ' ' tRETBM e HoPSiyfe@Ms generall
Hmu%@out dﬁ%b§3?¥%%§%§§?1§3?%§ wel E%dgased gnyﬁﬁe So _y
carrige pyfhwittothetaiirboff @ fet-rasttcal initkaterria bubkeigianapsiryder ip theabiiential

0. 2% t bayt 1% by. wei.ght _ f
absefeeiibig Ry et e rodi e T ETopahinep Ak o5 isRb Rl Mmponent
to thi":l()b?&?mtar bhdkbend iddkuder paesides, thydropeakides opperentand also azo

ol efin copolynmer, and initiator are.in e ... -
compayiat e nPrefsably othase avitishy d@?‘,’mlé‘?s@. the b, Jiithing the \grafling

tempeff Wt T PRV idR e b BEaldl RresentBVds Y tHebefreaRAR] inftiators
of heating and effecting the desired | evel of '

are mwbhiyrindaile, wheuwmyl( pgoxide 8Fydiethyhd.SrdiGbrayinesosydhexppse and
raftji T hRiqtdat or . : :
2.5 B BN RGPS o P B el ip an amount
rangi®@| fi@n taboi WOl 586 tdoaioun 0% by micightbised wh nisr akigbi bf the meaction
._one enbodi nent , ting is conducted i'n an extruder,
““m%ﬁd*ﬁgﬂﬂV@@Ph@FWgég%WPﬁgggﬂéagySyl bder. A nitrogen
[pookdanket g ?eﬁa‘:rrp fra gﬁﬁﬁiﬂ?trea{cﬁ%n fag @hoBRAL freN00¢ssélRIly solvent-
extruder to mnimze he introduction of air. The

free dutly prrwessi sheguathsetpanent alefia neopplymeacnd irdtiator are in one

al of _u ed g j St .
em Rl o SRS 32 0B SOABORSY GBRD o cve miver
havi@n tiehedpabitino di eating bl cffeatfngi thg desingglotewelt sf meyhamecal work

.injected at one_ injection point, .ar is alte tively..
(it o rgﬁét%%f%ﬁ“le%rﬁ U Ssr S e Gk be e ¥ Soltion
in th&XtdAHAEEomMnERO W a8 et dulwAntsudH X M@ nBt Bmitéd o @RSRObLE. In

zone. Such injection may result in an_ inproved-

one emppdimente\grafting hie coprdiptering amexthyr |aBd drartisulptlygéyin screw
o) S0l s (SR oL ASERAY i
the iatvodlietivh g ajyr dhei exgruderaiscequipped nvitr a dehty o &tilitate removal of
rocedure. The dehydration of e pelynmer .substrate
nred o S samBe By A e oGl BERIRE B8 er 1 or med
[000B6] Se€PamaiRiRX bhbogintent Qhe BRflidy S@hpoAsnts may be injected at one
Al'ternatively, a single extruder having nultipl

injecfipe aeih 9t isgHieratrely dHedehddwadgicHionpoEds ing! 408° of the extruder
. Lally. ¢ t te EALLRNS W, thL ik ;
w1th§lﬁg§‘lgrlﬂhl:§4t ol?{lxgm% ?%cheanyaﬁsplﬁﬁp%ﬁ. SRELHALLRA m‘é‘% brlgéelﬂ‘t in an

ece | ustrations of suit
imprexddr effieiescyaothsedraftiogtand neayglead itna U@ @hconidig. of the grafted
862,265 and U.S. Pat. No. 5,837,773, which
Criptions are incorporated herein by reference.
[00031] Suitable extruders are generally known available for conducting grafting,

copo.

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



[00032] In formng the grafted ol efin copolyners, the
ol efin copolyner generally is fed to plastic
processi ng equi pment such as an extruder, intensive
m xer or masticator, heated to a tenperature_of at
| east 60, for exanple, 150 to 240 C., and the
grafting conponents and free-radical initiator are
separately fed to the nolten copolynmer to effect
to sgquahtialig .cohducanht h@pa@t&b@@én&'&ﬁﬂs vathin tdneepiecd dfhequipment.

grafti mpone rrer an Lt at b
Tlusiasfpre 1 HEDERETIES a5 S stk & lgq@ NG tnd Us.

Pat. MO § 22241 QRich AesiplibiRthre RibrpoRiddRadih By Wf&r@nd@ Xi ng
conditions sufficient to effect graftlng of th

[06032]ef i n Inclopoing teq grafted owﬁné@mlamﬁethﬁm e rre@ﬂp@lm gﬁ’ﬁ"dally
is fe@ [& Iialgisltlr(]:%éa[?gﬁnp eL u?é‘r d ﬁéhn&él aglg%%fﬂﬁér&&ml:gg Itn{.fﬁi%\bO?tl‘rlla\éﬁcatﬂr,

eSCTI
heatéii ﬁ?ﬁteﬁﬁ)aratwhlocf hlt et 60°N Gorgremptee d50Tetoed4h® 16y, and the grafting

comb G SR o e P S LSS IRl oo

oraftfi@P OlnYdHether Iﬁsom@ﬁ ﬁ'tﬁﬂe A dhd BRNngi é’on?ﬁbkibrﬁ@ yadpoMirieh and
a vent in order fa litate renoval unreacted

lnltlat@ag@rh%fed mithwpﬁm et @lbétﬁnwa theysage ipgy Fcaenstipn 1s carried
out I@t%%naﬁ gﬁlfl%v}l pggc&hgﬁn{){ﬂsg rsﬂ%‘fﬁg&g?gr?e 3%[8?@ 8¥ She olefin
copotymnadrs. | D@rnal&dllmowaighbwdﬁaronpmdi drattiag iaonpoformhé ngldifan@dlSIY,
.., _capol via,.ventin nt.het

ilusiFgtye %H&lﬁl&@owl}l%wegﬂ%%ﬁ%ﬁr G5 PHoet 50733, which are

i hRERSR:-AE RAMERERR! Bid céslaig gt &t &@erall® purged with
mcm%l ssol vé tht?chr afted cop%fo l6)0033 gi’%e ?elljfted

nitrogerpisl prreent exidaion pbHier mobm@ff“é}é"epfﬁﬁesﬁlﬁé eastlpms*afe%s equipped
w1th & %’ € ob RS rak Gh g%l & Lﬁlfr%fi %Q ' red) en%fén%rb)ijpcﬁﬁﬁﬂsr& the

vacuum st rippl ng (di scusse
graﬂdgt stiattjoni f Tihe riesidered time di fthe rpeodesses eq@psedf ist gmtrolled to

oGP BELAASE el SREERS ) A OAOAEY b o

copoBPFuGs 96hting 0Q@3ddal &h W@Etlhlﬁt@:aﬁﬁ@ﬁﬂ iny dpaynalysiee Rkled to
carried out in the presence of a hydrocarbon

the psesiessitta cquieRnb alkeriiemy apgng e to dgsolvisdle galtqdscogolymer.
[000{3@0 I'ud agﬂjﬁ%@a&[ E Iyflet RRAE 'ffon? QRP AN AR e Sdfcci!sﬁe 3e§§trggeroélther

wer a es and al kynes (e.g.,
1mmed1kta]yeaﬁes eciftiog diefiand)earing @nc&tva@luhy sirippiag tﬁ@lﬁ@m{@l bplow in

mor& R S bshed BB R oG DR B0 2 VERARR Brtruder

amﬁg@a W REiegwan eld @;trubéfdﬁ QGRheMEIng & @ndudyc| 0 h exane) ;
etones; or any comnhi nation of t hese. So] ven

[Oﬂoé‘ﬂaftl nihamggpivieg denction taay ialsoabf cagisds P et e}ﬁbB‘i?éeme of a
hydrBLARHP BALLE. ; @ﬁ%ﬁ%mr%@ A% Aay %@rl!ls%é 1951ude .open-chain

pressuri ze tors. 9 [00035] The nol ecul ar wei ght
aliphafic thmpouralf tsech o4 €bion lcwmlkms, sHegnep @nd atkyaesd(agy, Cs to Cs

er mal mean
alkm%esr%aﬂéjts%ﬁaqeﬁ,e?ré)g}ahc Oﬁﬁ{(yﬁég (? v coﬁlpm?r{ds a}lavmg a benzene
nucleus such as benzene and toluene), alicyclic hydrocarbons such as saturated cyclic
hydrocarbons (e.g., cyclohexané); ketones; or any combinations of these. Solvent
grafiing may be conducted in a pressurized (above atmospheric pressure) reacior or a

series of pressurized reactors.



degradi ng or reducing the nol ecul ar wei ght of such
copol yners are generally known in the art. The
nunber average nol ecul ar weight is reduced to
suitable level for use in single grade or multigrade
| ubricating oils. [00036] In one enbodi nent, the
grafted copol yner has an initial nunber average

nol ecul ar wei ght rangi ng from about 10,000 to about

[000390, 000THpABIcePaPveichosf e ghdfied dgafmfdopalgnfeemy ibemedukal by
one enbodi nent, to prepare an addltlve |nte
mechpgécal, rthermlt Pig FBpeicali Meanst RE acHFB! aﬁbzﬁﬂhmq“es for

degr@#‘iﬁ%@gu dﬁ%ggﬂgéolgﬂble\@ﬁblgi%ltghtsof &N %@;%199&1@ at‘éjgéi‘ieraﬁ?rkﬂgwn in

to a 200, 000 ‘as” neasur ed 9
the qJEr ﬂ‘ham]umber: Ay apmget mg}ealp;lhnywelggt isgregadey 5o ypdatee level or use in

rat {ig g00037] Al ternatively,
Smg% (ﬂﬁl 4 8%0 ¥ the high nol ecul ar wei ght
[6008kef i n ImmWﬁmmythb%rﬁm&ogolmlet hmeoausitial nimber average
anot her alternative, the

molesplgt iweiahb pEleyee fromepope 1§ P‘P@fo %@&bé@éﬁ%%“ﬁ%gf’mﬂmon of the
gaﬁﬂ??&{cﬁ@?d IHD!)I%C WnBbdinhghb Hiepfae ean Qz:[cﬁtfn;é Hﬂendwfﬁir use in

n copol ymer's average nol ecul ar weight i s
multrgaﬂmu thefeopalymgrafiuribeg average molrselar weighbigeeduced down to a

rangg 8% e% z@%w %@% b%%]%lbfgf)l (s:lmee%dr c},]lé)??éf ﬁ)glqneta Oﬁgﬁrgtnﬂﬁgraphy

usmé@&ly&?&n& Gal%(i)ﬁldﬂ@(hnd{nQQOSS] Red ucti-on of t he

: cul ar weight of the olefin co r
f“‘)oﬁﬂt eri aAltelé}&TFYetlﬁg gitipe A r‘i"é‘“@‘?"af’fﬁ’ﬁé‘nﬁ’t ’6‘0 C‘%ar weight olefin

copdiyid C{n'a nﬁﬁ!ﬁ%%l?r e hihithert MREdAYE, Ythe Shigh molecular
con ucte |n t e absence of a solvent or in the

weight eleincepdimar mag be dirst redised p Bietpheseribasonalesuar weight before
th t
araligler o, e SPRY SPaMER LRy e, SRIRYRE Ayt SEAEEE pfore

* grafitndyls trRhbed BekirideomoRrtular tveigheisadulifi@eritly fethaced aogevabie below

about 200 C.  to abau 5 is then
aboug 57804, e -1 theaargshf ?Utéﬁgﬁpo %@%éﬂ?r ly or chenical

[OOOBﬁ]d ucedpehRAYAGE Y mERBRANREILRNoCOfhe PRI JBBARMer Bl ichaterial
e copolyner intermediate (or olefin copolyner) is

durm&@luuem to grafting, pr e sraséried lonverapoieadanieqighitypiqly is conducted

in ths? aer:ﬁcré d,ma g?l?«g d)%flfx%ﬁé %ﬂasgﬂ rkgna g%eeﬁkblﬂgxgreé%%cﬁfe%mcal

thermélll @ dﬁen‘sm:ral mﬁdaﬁQSmarscﬁnH,nnﬂImnpof diesdl nivanei rGdngrally, the olefin
refere Al ternative ni cal ear i o r

copAL | q@ateggp ? GraliEn 50114%0%@6@??%%% WE Bpgs of Al B c.

to abdudS3507 it 1685t WHRh subfeBSs Y6 tn@hadiyal GhER! tHEBEAIBNbIC 8lemical
means. [00039] Upon conpl etion of the graftln

indueesheleavags oy reafrbinagor ssoldemeansa yatik the £opelyaet g}tennedlate (or
oleﬁlnncloiai)lg%l%@ 19% cluy toa{h% &%%?HH&%&@%EM%G%{ e §1f%%ﬁ§‘ﬁlay be

effedlﬂi‘miﬁlhﬂnrﬁrSem};deb a:cabm rauplatie dea‘cribcﬂetegrmdg.tStegaInNnaéﬁ?)'? 773,
whic yde\:/s%ggtlijoms are mcorporated herein by reference. Alternatively, mechanical
shearmg may be conducted by forcing the molten copolymer through fine orifices under
pressure or by other mechanical means.

[00639] Upon completion of the grafting reaction, grafting components and free

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

10



stripping, e.g., the reaction nmass may be heated to
tenperature of about 1500 C. to about 450 C. under
agitation with a vacuum applied for a period
sufficient to renove the volatile unreacted grafting
conponent and free radical initiator ingredients.
Vacuum stripping may be perforned in an extruder
section equi pped with venting neans. [00040] The

The ghadated @RRRLYITEm4ayB e bedintinated drdmtibe pedcion smyg by vacuum

vari ety of process hods nnDnI r i ce
stripgipg, Gf-- %lr%a%&tcrle% DFHRRYE é? hepte c?ﬁmP%gtHFﬁ %f?i@“ﬁ 1%& E:d L Sbout
4SO°U@dFﬁd’@t [tatRB! Wih I Z &R agpliBP I8 Plpesdd dBcient to remove the

tization or conveyor “belt coollng Wiaen the
vola@b rlelm@tcwdograﬁtlhe coopohsniend| fsee ridigelyinatiador werediontsi niVecuum

referred £
sipBak S s 2eTTam o ip s AT eB0fh bhipp SR Gtg means.
[6003é10ul d Tigt g@ﬁ@ﬁﬁ@)o%eﬁmayﬂnt foenal iny, palesinfactratt ofimycess
be added to the coolin ter. during. pel I zation to
methﬁﬂ%%ﬁmonlﬁarﬁwe%abthsﬁg&é@ Rlgics p BEOIE: 14’1‘@{1 i<Ppighes gplude
unde%&t@rr pARA-AENERRH GARGhY B@l‘leﬂ%@ﬂldne&rscdn%ﬁ)@ 'B)\él@)é@&hdgo When
' dryer such as a centrifugal drier for renoval

the swmgh of el dopelsmenis ibedeqoite étffé@l inte sirapésc thed?refﬁrrafé meéhod is
voI o
unde?g E%%§¥%t}08ns lge?%tglfeg%éﬁgg ﬁ%ﬂ&lzﬁﬁﬁp E‘F?d?l‘g] ngjftqgfc%ed 30
Opuafﬁﬂxywsurﬁﬂndt kY BS addedltd EHeS:onhlyg Wemddurmgq:@ﬁbtmm«)mtoq)revent
and stick together. The pellets may be ground by
'Pdk%%%ﬂ%ﬁgﬁ WP et hods to provide high surface area

[000&3' | d_PHRCRSin@rofeRsYr ARHqscRdd Sipdhatast fpleﬂéts liibehveldd to a
0042] The grafted olefln copol yners of the present

dlyerdwblaagmeetrlml fdder fontenrqyel @ﬁ‘@@FGE nitedletsupai ‘éea?qlﬁ@teé i a box
n onveni T
or Y B0 b S SR SSEL S o st
and/@i khipiyeti stp@mbieny condidomss glelleta gmbheends mmgglnmt:ta@ and stick
Iubrlcatln oil at t qﬁpe3|red | ev

rouctii LI ReER Y DRI TBr g RS 10 PEASHeigh sygface area

sohd(ihéceﬁrﬁ% eRHCHE qalck@RBNtSARRS aflur e or el evat ed
enperatures. Alternatively, the grafted olefin

[000@2;]po| yniltes grafiedb eolddive r@pel yigietsh of g5 praspg disclosure may be
1nco%8{ nﬁl‘{t(q 1 ({Ahfxé Sc%‘l hlsaa?xg ?Anlé@ﬁlhlﬁa% 19 PRRE (R g?af@ﬁdoleﬁn

eum orma concentrate
copol}l'ilﬁrﬂs blagrichi emlged tihectlydndhmiubatcanvg vihpy dlﬂpabmgamtdlssglvmg the

Jo he . f f
sam 3B REFERE U P e BrE Y BSAPBR R QAR nto te

lubnb:ﬁﬁl[gQﬂl #RY obéurlat )rochﬁ%rﬁﬂerﬁtﬁ%ﬁ&l@w&@teh@eraﬁbﬂut ARé&matively,
for exanple, fromabout 5 to_about_ 15

the @il%th i [cepalymens gary, he Plenderith\iesuitahlg seivgniéd wa such as,
on AR G A8 0 3 L0 b B
the cvatgittate Wﬁh[dJﬁMiaaltlnngﬂuto atbitaig thé KfinglofomnblatiponSuthradditive
couc!anr}[}a ésnv%hl typggl n?zrllm ?0 Ial?gg’tlv%smgr% 1en% 8Ae fi) basis) from about 3 to
about 235 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.
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herein may conventionally contain additiona

additives that wll supply the characteristics that

are required in the fornul ati ons. Anong these types

of additives are included additional viscosity index

i nprovers, antioxidants, corrosion inhibitors,

detergents, dispersants, pour point depressants,

anti wear agents, antifoam ng agents, denul sifiers and
[000BB] Ct i oputifdiifig 61l ormileRas &ddhkindbsomlatipn engueadsidascribed

what is commonly called a _dispersant/jnhibitor (D) .
hereapagnaveitioneliy fortsia a@%ﬂ%ﬁﬁ éﬁ‘fﬁg‘&s e é’\fl@)ﬁuq?g%‘ii‘ﬁgagfﬁgg%mcs
that TRE BlquiON R BSnRiatRa- T LB thesd O 1RE GANMAAIRBS are included

functions as both a detergent to reduce or renove
additieqpbsviscosigndndex ampepyend, anéemidaals, Zeorrogiony ipbibitors, detergents,
Ly L R S At
frictionCinadigiess. | - Blaksebdddithestaral pravideduerblged sehmonlgt edled a

. phenates, sulfurjzed phenates, thiophosphonates,
de@ﬁ?W@VW%#%épDéﬁé“ﬁﬁphthenates and other oil-soluble

(00098 POXYHAL €5mBbncdt BEHR! DI Bakhie W Ahleval lcbaidldgadr asRHorming
al’kaline earth netals, e.g., “barium sodium )
detergontabsii fungtions ek both 2 dei¢reenirip reduge ARMOIP daposith andasan acid
comonl y _used. cal ci i . .
e GRTR ky 50 Teb Bbe B Gt M RAIEY o i
life. | Dbetgean tthatang, be xiadriasiudd oit-ablablemeanal/ ad avadpasesli subfonates,

wi th sodiu Particul arl conveni ent t al
phergist cyaree Bhegaifie dhoposplienaifs iyl i epghhenates and other
0il-s8 bl ARMR 1R \F rlgmgtﬁf}' pakticufab19 e ANih oft afkalimestihahet@Rde.g.,

~overbased” cal ci um phenates and sul furized phenates
bariyyasodigm, PemssoimS lithwns Qalciwny 8od awangsan.r Bhe may commonly used

ver base esium or . ' i ' .
eGSR TSRS VR AT PO 2080 n o
lubriehef hed museurbasddcdeiumneand/valmagnedhan hyithrasodben.us Berticularly

I n, one ferred lubricatin il .c osition. [000
conveReEl eI E GHET de R ah PUorResER G B T E TEN of
from 2Pt £ bGP lhd oCHBRRE ichlcRitS pldnaRs aRE b dRized phdnlatds having

detergents forned with m xed surfactant systens, .
TBNeofy fromphfe i tted safl ineyiraltand ovethasshaeengsiveh gt gacium salicylates

havirz% %fﬁﬁto?/ f?ogl% ig%ytjoai S ombilnations of deteé%ents, _V%lggl,er verbased or

fonates nates/salicylates, as SCFi or
neutek antpltle, maybelhs&l. IRahe phfgred Bulirkadtibe il corBpd38ibnl 79,

429, 178 and 6, 429, 179. 0046 L.spersant s jntain .
100035 <0 pRAETERR iy i Buih (W FPBRABRT cat | Bhcecnd o
com&lsﬁtmg ARCInkMAE "BYSrd NSRBIt forhedi With tkiked Rir@eRt syiems,

S

udge floccul ati on and precipitation, or deposition
e.g.on netriengielpalicylaissper sabtlionaelignatesn t he Swinale(saligylates,

Sulf&gﬁs/gh&%{egéﬁicgla{t&c langsc bie ff)fd@g&ﬁna@é, in U.S. Pat. Nos. 6,153,565,
nitrogen-contai ni ng, ashl ess (metal -free) di spersants
628km@mnpﬁ@Jﬁﬁaﬁﬂﬁﬁ@ﬂﬂﬂ@.to 12 reduce_fornation of

[000 p(r::S Iazjlﬁg,ggr?%ltg Teaittaind o glllslpgr?signn gnagflzr%?se lres%l%%!g et 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

12



| ubricating oils. [00047] Processes for reacting
pol yneri c hydrocarbons with unsaturated carboxylic
aci ds, anhydrides or esters and the preparation of
derivatives fromsuch conpounds 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;
redude Bo3dhatd@Dof dEpoéity uP@b nsbinBPdbp B3 andadicwst [engimss, Brhed Bi@2d to
450 B.1; and CA-1, 335,895. [00048] A suitable
mbﬂ&ﬁ‘tgﬁgé’lﬂéant corrp05|t| on is one conprising at |east one
A kﬁﬁ?{ésse%u%l'n'réﬂcﬁﬁ% [H)rﬁherié Shi#i8cdrBaft iwith unsaturated
product of a polyal kenyl substituted succinic
carb@xyﬂiy chcidge a(ﬂ@@des Pr BSK)s and the pmpgfratwm &f (dopivgtivien dfom such
a_co f t
Comaougds fior (%JC Ose $%51?n a ou’?@é’@g@t o about t_;% %{99’);,”3(32 31,587;
3 2721,6!&6 Bgmls;éSth} ssm 623338;449,898 13056apRdt 3,212, 76 thid 0349t %34,435;

this discl t def i ned
5 778024 8 D55 oo Nl R Bk 510 SHicRP - geofoE i n the
‘ [000&%]BSA tQ LhebRUEGkseii cHhpFRich A R ebMpRGn _natt R@st one

pol yam ne reactant. [00049] Another class of ?
polyatbérat usn@mmwedeg hwhigh Hb dbe reficspr psedviet of anpelyalkenyl substituted

e ISR Sty PR Lo o

fromOiboat bengo abaitnl .8 foy lexanpst fromtabdutn@®Bde about 1.1, and desuably

ﬁomg%):oﬁg 39{tg)c(%’ﬁ‘wb$nég \(I:Mgrtltgxtabfotg}sncéF O 5cc§% ng ratgo may be

deﬁrﬁéra%fé)faﬁﬁl Seiy dgim e & raRedthyl CorbufsOin2theHIBS AOfo the number of
~ pol yal kyl ene pol yam ne, as disclosed, for exanple,

primary agyis:; gPaps inNoe p@yme g@gtanisych Manni ch base

ndens r.od .
g L L
MangighShist uestidesatiot hprobens eengalby pthesr predpctse aree popectd by

with a co oundcotinln.suha I r :
condShiyiag APQIf APoHOlE S8 APHE STaIR FHT U HYEE Mg gF polyhydroxy
benzéﬂlémhtﬁrabb@t 1 hato slesdiéd Bechrbdhyl.cSmpBatd(s)Ne.g., formaldehyde and
808. Ot her suitable dispersants are descrl bed

442,
parafonnald@ydph%nd gyt 0.3 tg3guaiesiol polyaligiteng polyamingy gs gigejosed, for

exa 1%23 %gd’Pat 4%1% 4]4%%8’083 Sﬁggﬁ%g’rich‘lgﬁgg;gﬁg&satlon products may

includle 2Y0] 92 ;pr&u84 8f & ietalloe88 ka®haed po]@ﬁﬁn@ﬁmp as a substituent on
3,254, 025; 3,087,936, he. foregoi ng. | st.

the BARETSE00E Siag: HorCoRigt ot SotoTmapi g einit S%h a potymer

substiufdd QB Nsue B cnihly e ﬂlasrﬁﬁ[rﬁﬂﬁihﬁlaﬂf(ﬂhkﬂwﬁlﬁed iti o% &at. No.
skilled in the art. [00050] Additional additives f%%/g 071

3,44p808.nc Qs reattalle | disRsTIERE esnestibedois GP- fRe Nos.

I re-l it h C f
483§’b§£ ol S?%?ﬁf‘?@i 393! LY jike?é%@i? 636 ABNES63 064 4.612,132;

5 334’@2’1 *56‘356Eﬁ5l2uﬁ,éﬁ6 PH2; t5t%9l6l]6;r5 &@1,3@9 468,06 6rAB i 4250 hE87,936.
 The oregomg Bgtei%en% exﬂ'a:lgustive and other methods of capping nitrogen-containing
dispersants are known to those skilled in the art.

[60050] Additional additives may be incorporated into the compositions of the
disclosure to enable partééular performance requirements to be met. Examples of

additives which may be included in the lubricating oil compositions of the present
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di scl osure are netal rust inhibitors, viscosity index
i nprovers, corrosion inhibitors, oxidation .
inhibitors, friction nodifiers, anti-foanm ng agents,
anti-wear agents and pour point depressants. Sone
are discussed in further detail below [00051]

Di hydrocar byl dithi ophosphate netal salts are
frequently used as antiwear and anti oxi dant agents.
disclbfife Meé ahetaTeyish éntabitaak kﬁls{tosmy jaddcalnmpreveear ¢drosiphainhibitors,

..or alumnu | ead, é g ybdenum nan?anese
oxidafqahibgprsc Sjsiep, madilersi Hi-WAMNE 23RS AU WEYmRGRIsyAnd pour

pom’r‘@e?gesbeﬂxﬁ %ﬁieca‘?é H@&S@éd m'fﬁ‘rﬂﬁe’i’ﬁé’tﬁﬂ $elgfv. 0. 1 to 10,
terably O. based upon the total

[ﬂﬂﬂﬁﬂu ght thydmearbmbdlﬂn@nhos@am hetalosafio gict Tegrentiyoped 29 antiwear

r ! @I%rgtl a%r?rlgg ‘fl (Sj}ntreﬁx? {)np e pﬁ aﬁcah 0{ hlﬂ?hﬁéde%gtﬁ 'rrﬂa‘fal or aluminum,
lead rtﬁQ &Iﬁﬁﬁj’dlbﬁdn yiaridagedephiclostion golf];mr mﬂhazmchaItAFB@ whogtre@inmonly

and R be the s 0 iffe hydr ocar byl
usedrlaétﬂwﬁ@gcfa%wm&w& Frohtorlg, @fefaféglyg? ?e?%f % %‘%‘bﬂpm the
Uﬁdiémgﬁ%fﬁﬁnmﬁkgﬂﬁgﬁﬁgmhﬁ%hﬁﬂlng radical s SUCh as

al kenyl', aryl, " arylalkyl, alkaryl and

[00052/]c| oél Pashelarly r adtistralile . 7i000581t Otdeds orinen hiddimdscarbyl
dlthl{)%hos taltte%)%egmn}g Be b géjsgﬁentl Qgtheyﬁ(g"%g \i/'fgfnale ; B ner al o! I's

eriora servic eri oration

can be eV|denced b: sludge inshe |lubricant,

varni sh-11i ke deposijts on%ihe tal surfaces, and by
vi scosity grow h. ' é i datj on_inhi bitors include
hi nder ed phenol's, dl kal i ¥&&&th #etal salts of

al kyl phenol t hi oest grs hdving pyeferably C5 to C12

al kyl side chai ns, “um nonyy phenol sulfide, oi
sol ubl e phenates and sulfurlzed phenat es,

wheﬂéthOR rah@ RUnky bi AROsafie cﬁ’Mith&téﬁtZ@droch‘byﬂrramaalb otitaiging from 1 to
phosphar ous esters,  netal géauqrba tes, Oi

18, I%ﬂem?b@ & ppeiarbanioms An ngludigsradic as pligyl, plkenyl, aryl,

aryd[ﬂg,a‘}kﬁ}ﬁ and S0el oA PhaiOIMRIRNUM cont ai ni ng conpounds.
0054 tic amnes having at |east two aronmatic

[000§3Joups @mdamwhdmpmﬂasptlmdamm@dmetthw@ﬂew@mln@al@ﬂs to
anot her cl ass 0 hat | s I

deteli;%r?te D SEYICE. daﬁé%/&g% epeg%hahgf’i‘ rfa% i l%é; eg‘a%'&:%ﬁ E()b léﬁl%g dn the

lubrict S v@rhlsh-Aile ukpssitspsre fier medl senfivod i avelnitys vmﬁosmb! %rowth Such
pr ese di scl.osure gag?free of the

oxiclfiany mpiREorSariBtIAge oRindeiBiaEhEioly ABLliffy Fihgaenl omis of
alky%ﬁl%lthgyegtelts%a@ﬁ%glfﬁeflra@lyp@J folNL alky! M8 8llinsOalcidh HoR@lphenol

tal wel he lubricating oil conp05|t|on A
sulfigarail g@jbl@lplgheugg@a‘ ahd anifinined (;ﬂlenates phosphosulfurized or sulfurized

hydrocarbons ‘or esters, phosphorous esters, mietal thiocarbamates, oil soluble copper
compounds as described 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 compounds that is frequently 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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aromati c am nes may be fromabout 0.4 w. %or nore

based on the total weight of the |ubricating oi

conmposi tion. [00055] Representative exanpl es of

sui tabl e viscosity nodifiers are polyisobutylene,

copol yners of ethyl ene and propyl ene,

pol ynet hacryl ates, nethacrylate copolyners,

copol ymers of an unsaturated di carboxylic acid and a
the Mtdllyblreiglﬁlﬂidotuﬂ dubridalﬂlﬁg roﬁOdaQﬁ@fsBioﬁf Atparidouéarbnokefid raphdunt of

esters, an artia rogenat ed copol ynpers of .
aron@{jy Iawlr%%yplgeeﬁ%rp aé)t)%tr %% &ty (&‘d’p%rﬁé)’af‘)ﬁginﬁy the total weight of the
hmdkéggﬂﬁﬂﬁf Ligghene, as well as the partially

hydrogenated honopol yners of butadi ene and i soprene.
[00058]0056] Rerpseniative nodefmpless aind spitable ecdisorty ageadiléers are

that are conpatible . with t rhe '
poly ey B SRR Pl b BBl o RUERLANGR e
vt e oo e ey i
interpplymees; olotyiEns aBf 2FigHg el gﬁ%éﬁﬁ?@h}f &a&?ﬁvﬂgfﬂ@t%fg pepolymers of
styre(in’ib/?T%P&'nQ,l Styren@buBIRAP! End LiPrdaulangicHE,Ohs wRSL 8 S partially

, | zed Unsaturated fatty acid; fatty-acid imdes;
hydrogenzisHihnmopammesred dutadisde ard eyt ed
Kyl - substitu -Am I am .
o008ty SHRALL o300 50 055 CLATAES: AR i
otheB iiffr&fidrox yf dicefindladil ewyedliebe damilmied. [ PQOEHIds 6X heoh materials

g Lo TOALIL P ComPELSe ool uble B o

olea®! 8209 of idh@RhMMARPURAR: ANk WiIDaRe;, (dreadabRNthe butane diol
compounds. “Such "organo-netallic friction nodifiers

esterrfyn dimstizgsh wishigeatedafatty aride faity-asibintifes frazeling expragngdy and
a.lubricating. ol It ] Oy X I

ko §y I ERLPGIE OPIRL e tnd BRH! Sufl SHE. o

exanifiéltetloredteilhdlcvanhine ywha tthoxylatl tdlioacalds amerce s,

di t hi ophgsphat es,_ .di t hi ophosphi nat es, hat e
(0008 o anORRE Ba0w St AHESF Sl Bifd IHARt Gpragounds
sucht RE' RS ho-RAYbdmumAlchMptefikUlorgihgaiteriRt @npdolnds and organo-

conpounds i ncl ude nol ybdenum di t hi ocar banat es, .
- tunggfpm| doyrngunds. o phesdip ipagane-mefplidy | frickgmt madidigrs ggy also provide

- A o . . - - C )
o N0 o ORI A s STt
oil @iutheXorfabesetal]lio0Qb8joutitls therenmmayobd -newkiafdde theo carboxylates,
... dispersible" used, herein,o,not .necessari/l .
dithipeaghanates, ¢ H]éqmipﬁ%Sp@%tﬁ%o uq]xggogi}osgarﬁ?sr v é‘gmh?%s’ sopifpphates,
sul filésS SRV ARl Gike,"hs¢ 1 RlxBure®rth&aPRDI Parbéularbe ivderub Uspendaeallic

inthe oil in all proportions. These do mean,
compriney eincludp amalyhdgnup e dithigearbpmatesn dialkoddivpnhesphiates,  alkyl

o BE01 EPHRESY s, Bk o eyl g e
solublh ticiitnh endivhgdten emphxyledes. Mor eover, the additiona

[OOO%E] The terms "oil-soluble" or "dispersible” used herein do not necessarily
indicate that the compounds or additives are soluble, 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 environment in which the oil is employed. Moreover, the additional
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i ncorporation of other additives may al so permt

i ncorporation of higher levels of a particular

additive, if desired. [00059] Pour point depressants,

ot herwi se known as tube oil flow inprovers (LOFI),

| ower the mnimumtenperature at which the fluid wll

flow or can be poured. Such additives are well

known. Typical of those additives that inprove the
incofp@ﬁtloh&ifp&ha{ aticetiels Uhgll algo qferhhénddrpiraticar ef GRhtio leBkly of a
- dialk fumar at e/ vi nyl "acetate copolyners,
Pamﬁ‘é)‘?‘jﬁi%ﬁﬁ’&dfﬁ?%ﬁe@s and nal ei ¢ anhydri de-styrene
[00089PO! YNBSS ke Hé;frbs%gntw bifelisd Rnéwd? as ALBOI FowFRAgFovers

control may be provided by an antifoanant of the
(LOBI dpwiet tkwanmmtypéemp@atureea&awpciethesﬂm@l eokhdlopi ¢r egn be poured.

i met hyl | oxane.,. [0 ]

Suckg g%gv??eﬁtl one BAdT t | \?’%lscggg)g th(r%gv éﬁ)[ fueh r{ﬁ : lmrﬁmve ﬂ)l/e Tow
tempéf‘atulefﬁuﬁﬂthof thdflgidf 06 Cexaap chalkﬂ fsmagteévm}dchcbﬂatea:opalymers

act as a dis ant - oxi dation inhipbitor This .
PolyRESRORIRES] STk ABR AR dOTBECE OB TSE fTHErith Co o Co
alcoR1@DPEAL eshtRRe Bl be ARGy éﬂ'&ﬁﬂ]f&éﬂﬂht §8dhk EGlysiloxane type, for

conposi tions cont ain one or nore of the above-
eXﬂHF[éﬁtSﬂ@ne@Oléqulelé@ﬂUbWﬂ@ ng the DI package, each

itiv vl cal o]

0008 g P bt Lty RRRT GG, bl eRARE g dibidpleiy of
effedlg shiiselbr feiraple,om singlRepidabenhat act s ef dlsm:tsan’emadﬂwnt ighibitor.

of such additives, rankc e lubricants,

wh
This gppropghis ¢ &@Pmanme%tnfwgg%gi f‘t?"&t 4F8- st at ed as

[000BPSS Pelwment uaGtding baEpRdiont eon@b' e LoAgshirt | yfe tﬂ@%ﬁove—
% Mass % (Broad) (Typical Met al Det ergents O.

mentighed addiiges eongpripingihe ok paghkegs, gach additivg i typiglly &)lt’elded into -

e SRR APLETp LR U A 0ty B g nin

Reppémnta‘mX/b d:&'ﬂttn@ dneoumtOosudh atlditiRe) wheousedPoi erinkcase lubricants,

0.01

ressant 0l .to. 5. 1.5 Antif
are IeR el ) Bis el o8 arcsibis S bt BFORhCHRRLP

S e

0Oto 1.0 O to 0.5 Frictipgpefodifiers 0 to 5.0 0 to

1.5 Viscosity Mdifier 001 t0o.10.0 025 tg 3.0
Addysest ock Bal ance Bal ance Mass % Mass %
(Broad) {Typical)
Metal Detergents 0.1 to 15.0 0.29 to 9.0
Dispersants 0.1to0 10.0 1.0to 6.0
Corrosion Inhibitor 0to 5.0 - Oto 1.5
Metal Dihydrocarbyl Dithiophosphate 0to 6.0 0.1t104.0
Antioxidant ) 0to 5.0 0.01t0 2.0
Pour Point Depressant 0.01t0 5.0 0.01to 1.5
Antifoaming Agent 0to 5.0 - 0.001 to 0.15
Supplemental Antiwear Agents 010 1.0 0t0 0.5
Friction Modifiers 0t05.0 0to 1.5
Viscosity Modifier 0.01 to 10.0 0.2510 3.0
Basestock Balance Balance
[60062] 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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[00062] In the preparation of |ubricating oi

formulations it is comopn practice to introduce the

additives in the formof 10 to 80 w. % active

i ngredi ent concentrates in hydrocarbon oil, e.g.

m neral lubricating oil, or other suitable solvent.

16 [00063] Usually these concentrates may be dil uted

with 3 to 100, e.g., 5to 40, parts by weight of
[0006310r | caUkgly Ahdse Ahcdhattes byaywed dhittedfwithn® taddd,te.g.e5 to 40,

ackage in formng. finished lubricants, .e.q. . .
partyhAREHGE! HBRGRIBIISPer PR P HTIBEOT IR MERiE T ktesdn foming

finisEQUILBEeantsS ¢.ot GalBS: Ldfr RARAITHEGupbset dTRoHENIAMS, of course, is
materi al s Igss difficult and awkward as well as to

to mpke tici haaténgs of theei vaniowy matesiplsrlgssodifficuitiangd apvkpvard py wal as to

...Jhus .he grafted ol efi y
factJIE AT of CFRbSPatiniht RafePR Tibys, SR sE U coREiymer
wouldarsugikelsedeployod ia thd fubimi «fatd wol Sowt. % cacenterte, fomexample, in a

embodi nent, the armu%ﬁg,f conﬁent rate I1n a fini shethL ished
lubriga{he; @hiiRRgpo 0 Pae CRBATEISSLD ABSUHEPGFRCHIAc it 4 dipishe
lubriegRfigtoillr Meh FRut RAICRBLhiOferddn td &odl 15 Welht f@temBf the total

oi I'.” [00064] The grafted ol efin copol yners of the
lubripstmgemlt di scl osure will generally be wused in
T xt . . L
000G X b B 35u bR RSy B SR v
used| i dinGatrengitoh lvhe dlybisbatdck, tamlyrrisigtdnngl of lubriemtitlg viscosity,

. mxtures thereof.. [000651 nce, the bhase oil,6 use
RS A AR R

[00085] ect edefdeOfReanYe 6l uk&EwhRRGNAI bSudel A9dRHRBed hMcRSmay be
specified in the Anerican Petroleum |Institute (API)

seledgais@ormiany lofi therhaha pide mbEroupy I-8asdepsifiedin the dndgsigar Peirqleum

.ar o e - o le.2:. el oLt
s PR s SRR TR R BIBEE® SO s D g e
follodsD3 d/or f< 90 80 to 120 Goup Il <0.03 d 90 80 to
120 Goup 11 0.03 And 90 150 Goup IV all
\
e

ol efi ns.. ( PACKE) b1]1q all ot herc ot
Base L) OUBD) | L G ORHEL CP. ag s
Groupil] hase st®8ks. [0008&/OThe basdloil mmy alflfo 120
Groupdht ai n a [¥9-Hér or ne amount=8¢ a pol y- alFHE-120
Groupl 18 i n _(PAX).03 Typi caldyd the pdkyOal pha-ol efih&0 are
GrowheM ved f naimohmihydaelesinhRAGs) from about 4 to about
GroupQy or f r qith @keshotdnélodabioWiro@, 11 from about 6 to
'GroapOMIT 4@ nEiaéhlasl] base stocks.

e

[00066] The base oil may also contain a minor or major amount of a poly-alpha-
olefin (PAQO). Typically, thé poly-alpha-olefins are derived from monomers having from
about 4 to about 30, or from about 4 to about 20, or frbm about 6 to about 16 carbon
atoms. Examples of useful PAQOs 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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atons. Exanpl es of useful PAGs include those derived

fromoctene, decene, mxtures thereof, and the |iKke.

PACs 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. Exanples of PAGCs include 4 cSt

at 100 C poly-al pha-olefins, .6 cSt at 100 C

pol y- al pha-ol efins, and m xtures thereof. M xtures
[00067] ni nelbd badel othimdy bhenfwol égrbiedgfrcpmlliiscéblp'ﬁmpmheﬁj’nﬁ@sized

may, be ed. 17 006 il
hydERPR i EeRoP PSSR R Lo s aDade B Slathesis gas
contARHEOG ARRD TS udthS 6EEchI-DRSEN sitaly1e Huck dhydrocarbons typically

hydrocar bons are made from synthesjs_gas _containin

requpp [HRBRTORIOERSFIAY 18 RHSCHePe ﬂseﬁs&@ﬁ thabateyal.  Igpcrramp ., the
 hydd %B%%Qge  BYRbEAEN A’ BRI o lied RRLIRLL GEISENPal MNos.

er to as the For exanpl e, the
6, 105_@!9 ot aslBQASS; rairdomckgdansi kyolne sanresited s3ing pmcmsefsélé@losed n

03,099 ar 180, 5
US AR AoKaRT 3R MR AP S EvEp e s g SRuRRALR DS, Pat
No. 6|882 |50§f&53L HydroiddnierizBBtnd Wosaxcd uSha hoc2sswes dbclSa] BA0.S. Pat.
processes disclosed in U S. Pat. No.

NOS56%217§0@08%301h39’6?df5§78ﬁ%r| zed and dewaxed using

cess I
OBSES e 36l Fslan (bBep dshieafivs o vol

as naxtdres of ¢ we dnapé o§ angiof Hese)reftthe aipealiscéoped h@ﬂl@b‘q‘@smay be
as_mixt

f
usedt Hle thlfj“ée d)llg © Fgﬁ%gg%defpﬁo 5 ars Blgg,é ﬁ)g%n}ga%n&/tre%ﬁ%téjo%e n@cural or

synthaB&o@ick Svrthbi!i’crfﬁﬁhdiqﬂrlﬁbit&n&fﬁhﬁéimsEoﬂb;hﬂpreﬁﬁl sighile &ﬂ:bbtﬁmed
froma natural or . sy nthetli: sour.ce t@ot furthe

direqslyy fipic APEHE {REEBAL & TGP U fp| ebtaigod il pffom primary

dlstlﬁm&ﬁ' c%}ee@[er di1ToBGidd difeli® rﬁ%ﬁpﬁ LG RAESPH0EAS an@ used without
petrol eum oi|l obtained directly from primary

furthgt tredtinkattwad b¢ apgirgfingd ¢il. oB@%’ted@@lS al‘erserotléwo theomrefined oils

excepfti' h%nfbatl Slfrgpbe gﬁéﬂlﬁé]n%fl nec ﬁt aﬁ% SteE£ {01 PR Ot

mord pidpéréies. t Mlakh euchpueific st mﬂnsqueemd@bwh In@mobavlamsrbmrthe art
further treatedlno purlflcgtion st eps

such; %nggltoqﬁcéraglmn e ﬁ]i,yoﬂyéﬂ?fittggl aﬁ)&n?f e pextraction, ftll?ration

perc@l%lﬁérf lefAR QEirfe@ GIMR afl S aiREE Y PRIBssELsinNASHS thddel st dbtain
he art ‘such as sol'vent extraction, secondary

reﬁnéd s dpatiebto refied ajls Whish have rheen jalyadyf psedriat sesvice.  Such
rere n%ﬁcooll %re' A% kf ﬁ% %Ll’}lé}? & @glé%%s@é@%?%%rﬁ' fef] fapcy ac(ijiltlonally

procesdes™ Sl M 05e" us
procé)slséds bapglhingled dn‘Ec&éd e endiviab oflapeanin aliditieesh eetaminae@gdynd oil

ed in service. Such rerefined oils-are also known
breal WRIPdiS%ed or reprocessed oils and often are

[ooogodi ti O’ﬂﬁé bake oRMRHEES B6mPMed QGtANnGBRIvE chRABdSEor & disclosed
r enoval spent ddditives, contam nants, and oil

in elbb@hmgl@g\helmlbmpglde [agg@;ggpseﬁﬁbnwg éorgpqsﬂmy Aecordingly, the
asec(gmag) 9 ﬁ%%gt A pRddhilN& ﬁl%ﬁpﬁﬁ'c'b{n?ﬂa% fH 8¢ 0060 ranging

from about 50 wi% to about 95 wt % based on a total weight of the lubricant
composition.
[00070] Among other advahtages, the grafted olefin copolymers, described herein,

have been observed to provide improved high and low temperature properties in lubricant
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i n enbodi nents herein to provide a crankcase

| ubricant conposition. Accordingly, the base oil may

be present in the crankcase | ubricant conposition in

an amount ranging from about 50 wt% to about 95 wt %

based on a total weight of the |ubricant

conposition. [00070] Anpong ot her advantages, the

grafted ol efin copol yners, described herein, have
formRBEIBn S DIFREY B pbi@iep i ddekih smatlvasbobing (K e dedldwtank simulator

tenperature properties in_lubricant 18 fornul ations. .
(CCPhesesthy.opwifatey isromeis Viscadiraie Y vitd & ddieh I cpaggature High

Sheaf OV {“Sh%irmska%hﬁg ] %_Sélrn%/_ ')'I%ﬁ'%?ﬂahﬁfe Hdd RN (1CG).

Vi scometer Vviscosit | 3_ Tenperature Hi gh
K ineSiugia IvisvbS &) ymayShemeas8tealzisIdesopibeh ek S T¥inld-445. Measurement

T erature cl lation.(TCQ,. ,.Ki '
of Cofibaerey SRRy CBEvealh e oo dl RS SRy 1e1
may lB_e%'asqrtB@ ﬁwsg@@atin ﬁmﬁggMﬂgggg%ﬁMe&?%g SREERHTHS)
Vischeioigas by eewsordsried 1 ASASHIHEREDA4S by Girar Stabity Index

[ r.e 4 heaf i :
o ERELRAIE A0 FRERSH ) LBESR T i (100

may $t alziabured/by pldeixg teagil en wpapsnatueelcyeding ebrgrtieh evharntemgrpture

. D6278. Tenper.ature led Gelation.(T .
s v A TSP aS By e Fpd Ol 5 PERer ot o
tempeRAITE RondiIBIET i€ nb @FREr&lobsceved is pyaes td tést;dfighlis gle dleserved, it

_low tenmperature over a time period. Ol is observed
fails e tefe | ow tenperature condition; if no gels are

er vegd - ical i haaiNehe kiafted
0oL Ve HIES G dpbiy sonhouahs obaprede it

copdlyrhers desetibablmpeis indyamsvide an iidiatign ohibe grchPeagmy performance

copolynmers described herei V] L.ndi- [ :
of i R R rESGhnmy Cpdr DRt AP pilGnBl pREHERE' e
term6® BPRFipbia@y shdehBg eloRpgmesh elar sheatfesd. pobylymes are coiled up in
.. experience what Is terned as t orary. shear .by. .
oils, sfegFig AMCRFIFHMEH PrefFaRheokyRers Rehpicy tisg ond aeipe th the
sheal Beldin 1 brbineS 1BAYinErs HaPHSBAE fedfRYhiRESMRBImdyNQuse the oil to

polymers fromuncoiling and aligning with the shear
fornef 4 dlicker oil filne aihgiboundapy by theesging virkges ddhickeradl filg is known

| nderance mma . 0ol t j il I

ot} [ R R R T Sl Ficfintayha o RfBr-udt Rty Prbics with
relattveiyc key HITHS fvisbosiiysplonigena ldveert fikee thigknowr andethes gnayi provide

movenent which may lead to | ower fuel econony. Fluids
bettepfyeh econ@Mt i vel y | ow HTHS vi scosity provide a | ower

filmthickness and thugxmyvipppvi de better fue

econony. EXAMPLES [000721 Tn the fol | owi ng exanpl es
[00072F 10) | Inatheetiolowsing- praspyfese b 18bpat pHilenc-propylene” copolymer

containing 80 mole % ethylene was fed to a twin screw exiruder. 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 processing temperature in the extruder was controlled to
between about 180-230° C. The resulting grafied 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 Il 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
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containing 80 nole %ethylene was fed to a twin screw

extr
di ne

uder.
t hyl

Mononers and 2, 5-
-2,5-di (t-butyl peroxy) - 3-hexyne catal yst were

netered into the extruder at the
3. The processing tenperature in the extruder was

controlled to

Wt % shown in Table

t he

bet ween about 180-230 C. The resulting
grafted pol yner was recovered at the end of

mol&xlaf W@&ghtt(ffr B0 3hmpled i veasandasmel Byl gunpanmatiar tecli@ogy using

grafted f
polyw@ne sgndardsy
base oil. The.

yners of exanmp

viscosityy
sol uti on was neasured by

B

les 1-10 were dissolved in
{hesg tsamdis agg sho ig Tablsdpol ymer in the
1300 C of the pol yner

M D445. The 19 nol ecul ar

wet-ght—of—the—sanptes WTs neasured by gel [permeatTgn
sahfrehnol@gy US| MbnoRSH VST WidideB AM@iodRr 1 T mer 2 | Catalyst
resul tipiyale® Shown in Table 4. Tabl e w¥sanml e ¥ase wt %
Mononer 1 NDono ;NQ omer 1 Mononmer 2 Catal yst
Pol yimer wt % M?{ Cl0/ 42neCl4 Styrene |1 Al pha
Blefin 10 6. 18 B2 B0/ C12/C 14_StyPene |2 Abpha | 02
A efin 10 6. 18CH/AR/CIELQ/ C%ﬁ/%; Styrene 3 Alpha
@ efiin 20 12]36!ma@BfnCl0/ C13/ C14 Styivene (4 86.18bl & % 0.43
Al'pha A ef i n{2010kZ24640,/96  Ethyllene- C 10 Al pha
ityrene 5 Propxhﬁggkﬁhefln$I@DQ1 13 % 43 Coggbxn?r 0.48
C10—-Al pha 4 ef+nA—St ‘y’i‘" ¢ 6 151113086 C16 A pha
Styriene 7 O Ligipge %1495 Ost#%ne C|16 Al pha |Styrene 8
@l ef i $0 Wble6s 95ABIBRINY e Styrene 3010_Ga 01239 0.96
Ethylene- C10 Alpha
s | Propylene Olefin Styrene 15 11.13 0.43
Copolymer ,
C10 Alpha
6 Olefin Styrene 15 11.13 0.86
C16 Alpha
7 Olefin Styrene 15 6.95 0.27
C16 Alpha ‘
8 Olefin Styrene 15 6.95 0.54
9 None Styrenc 0 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
8 870 287800 179883
9 837 206792 65936
10 550 156514 97725
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10 None Styrene 0 10.00 0.78 Table 4 Viscosity, cSt

GPC Sanple at 1000 C Mv Mh 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 8 870 287800 179883 9 837 206792
65936 10 550 156514 97725 20 [00073] The follow ng
three polyners were used as conparative exanples to

[OOOGB]TD nst Thd éolﬂdﬂﬂhg%hm r;tcﬂymérs tviaze plseﬂs @entcompumhye @ramples to

arative sanp A was a.60
cemgR T e R BYeB Y RO R RGP BY B SOPYRERYE RUEP Il vas o 60
moléj"/ose‘il%‘lé’r%qorbﬁ/l&leQOﬂ afteld c%pblgﬂer il wad digsoReWia Group I 110N

Conpar ati ve sanpe was a nol e%
oil apf Hywi&ne Cpmppytiensanie Bg‘w%ﬁfft #molep ethylens- ptomakﬂm%n grafted
U 0,
copo&rﬁgrg[#ﬁéts?ag éinsssglva o %Gg'(;lu tﬁ g é%lrteéag gg e/5.p m ﬁratwuessglélple C
was ithe stahxe lqraseepxaymtan m&dmﬂ tﬂerpte;matmm dbxevrplies E&amﬂes $d fpPample

C was ro ess t hrou e extruder .under the
C webHAPESeh é&%ﬁﬁ%@ M SERATHORS A PRTRES 110, but
no Iﬁéﬁ(ﬁ‘illé@tor%faﬁs@dﬁ'&g ddded hd) Shis a¥RIpks. @Iﬁﬁiﬁhﬂivaﬁmple C was
l e C was dlssolvedlnaGroupllll(J\lml

dlSSﬂGV ina Groop 41 0Nl & Witer sol utions of the sanpl es :
[0002{1)]I Tabl ?he3 %6{1 43218%0?5 8fth€ QHF E%f} Mble X O’cﬂgl ce conﬁ)aratlve

utions ornmul-ate SA
polyﬁiefﬂohmmhﬁwmedlsé@% fofmualate i ASHBEWSsHhoils. Afhie ils omntamed 10% of a

cka 3% of ur poi nt ressant. The .
dlsp%@ﬂfs& h‘g}‘b‘% |PE?]$36?P 3%&9%5? HEp Py d%P&%?%a& aﬂEtP&T%el‘ solution
was %}uﬁﬂea 1@ akikAB PR 16 oBlaht @ Hidamasit vadeeuty &@a&ufzsn 9 cfSlﬂ,dand the

remai nder was a ni xture of Mdtiva Star

rem@@dﬂ v@s gimigturgoMetivy Brar 3 apd Siagi6 s impé7 dil{1g- 29v€é‘r"é The oils
wer&%ﬁ%&ﬁ%&s@@%@?%@{' l%@oﬁ' E¥Sac{t 31{pr SRPEP-2lat -35° C

_ enperatidre H g
HiglShemperftieHS)ghathedSHTH Nt ItSIGé CT anipbe Temperaye Cpdled Gelation

ac&latton

[060075] 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 oﬁerating
with these oils. The temperature cycled gelation of the Samples 1-10 were improved
over the comparative sample B and C, both of which are 80 mole % ethylene-propylene
copolymers, and were known to be crystalline materials proné_ to gelatioh. 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 5W-30 oils.
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(TCG test.

the samples A, B, C and 1-10 are shown in

[00075] The result of the eval uations of

The active pol ymer

equ

Vi s

al

cosities

Tabl e 5.

required to fornmulate the oils at
| oner for the pol yners

vi scosity was much
according to the disclosure (Sanples 1-10).

of Sanples (1-10) were 466-1024 cP
better than the conparative sanple A The MRV
viscosities of the Sanpl €sbi#510 were al so nuch

The - CCS

-mproved over the conpar-ati-ve——sanpte—A— The—HHS—pf
the Sapphes |1-w@eshoped p rgduchi OMRGYEMRVhe BTG Of
Sangplel Mmparathv@vesclrgph@sc i Ndgeat i Fptan Yiddpr ovBaeny TCG
i n |f uddlutiee ordielot |an engi|ne operaY frg| StEst h 1eSe
IS, Ihe TEMMELat Ur e Gy Clledsgel atdon Pf he Sampl es pag
. otBSr Jhi O ao > ek ok ol kg K oyt e i
Cogol yi®Ps, |ard6aene Wfbwn 1 5 he | ot Al 1% na 302 Fail
matjeri gbe prionesst o |geloati on. SHBwWeVEP3 | cdr efiul2.77 Fail
Feliectbon of i, 012l ipg momeserosand thel | ohArgp ru
T CVC! S U.:) vpct aS TUT rTe Cdaldryst _TTVvTel , S
Yequiredin lorep to ¥48s it ht'’f enpldfAtpr € cycled Pass
gellatigneval yghbon. jgbhus if72¢an Weecpnd uded2ahat  Pas
the pol according to IS ure J ower, i.he
sf‘r dat 9 3@_1:0 i pn\ ]%@Q, !\/F{%gsiI Elé an 'IPICC 2}5 Pass
qaerformance ofo.dibe | SAB SBW[305686 | 4. 132 [Taldl e |5 V7% W Fpss
i/“;”“’ AN% H§,539 ln‘p{o%s Poll ymﬁ Aclt"l'bMLe E)AOP,.EE) Z’a.}Z | Pass
rera—<cPat ot o1l Polymet T 1Y 19U L dl |l
8 30" C 93930 C0_5§5 > St8@ss 1%%3 AR P Ao A4 oy Pes
6241 26543 Q 350 Pasm.97B [10545 (.68%010. 62 N A-96944 Pass
140 [N Aglai | | Gehd. 09 [3.5666| 167489 5813 16812 |0 3602| Pass
Fail 1890 0.534 10.93 5349 19093 0 2. 77 Fail 2
9.15 0.549 10.94 5775 19569 0 2.71 Fail 3 9.00 0.540 .

[00076] 92 5ThSpdlymes seluttorofxagplespf1ipbie)3 @né flge theeeggomparative

oA AR BB R AT T P800 T
a diff@ssnt hhdbis fhckdR, DR-05%621% paid3doitk depfessiassThe 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 fatio. The
oils were evaluatéd 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.

[00077]
much lower for the polymers of Samples 1-10 than for Samples A, B, and C. The CCS

The active polymer required to formulate the oils at equal viscosity was

viscosities of Samples 1-10 were 400-795 cP better than for comparative sample A. The
MRYV viscosities of the Samples 1-10 was also much improved over comparative sample
A. The HTHS of the Samples 1-10 showed 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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8 9.35 0.561 10.87 5743 19021 0 2.64 Pass 9 9.50
0.570 10.97 5735 16440 0 2. 67 Pass 10 10.69 0.642
10.90 5749 15755 0 2.6 Pass [00076] The pol yner.
sol utions of sanples of Table 3 and the three
conparative polynmers solutions were used to
formul ate SAE | ONW 40 oils. The oils contained 10% of
a di spersant inhibitor package, 0.2-0.5% of a pour
80 njixd¢ 4 ciielRheptPRlene 'Ehﬁ)lméry,rmrd ware lknbiworio he ey stadljneshadrials

to atreat rate to a ki L Cc Vviscosi f.
 prong o E4GS: 1 Rer e R R B R BT R T charge
level¥Dhd VRN Skadt tﬂe 2Ryt Bvel vRis| Bqlifedain 23dd o 73ls He temperature

ratio. The il's were eval uated for Kinematic

cyclad g@@tmnteyalaatlcmo’f@s ioe® et conplydey thygdhe pplyaneaﬂt of Sanples 1-10
t
ol FETEAAE sl nth Qs NP MR aP) Podpin e of U s

S5W-8f ofifiese eval uations are shown in Table 6. [00077]
The active pol yner reqw{q glﬁto formul ate the oils at
equal vi scosHy vvas fer for t he pol yners of

Sanpl flor Sanples A, B, Kras

Vi s eﬁft%e t‘g am:l &Y, $511() GRS, eP 4 0% gﬁ?ﬁett(y ’

Sa"tl‘hle Og con‘qﬁ‘f Vet d80fsl ¢ an25Te 3 v§ r%léQSi fé@a% e
of > q} was al $so much |nnrnwed;g¥ew

80 3ar1a1t.88\/é sa)cﬁil’:’e AlS.$he | HTH®I of 10ﬁ%4‘amﬁl es| 13.9p | Pass

showedfgsi gni forant neducti awasover sichg | HTBIS of alA Fail

Enej cofpar atll veymanpl 54 A | B s@d (Gospddli cating aBs | Fail

rptovenent - fuel econoy oI darrengrme operjatt ng
i th thegsoi l|s aof17Sgnplesl 1410848The 1%8#ber atdur g c§47 ed Fail

gel ation of {the Sdnples 1410 was IH) ed over the :
onpar Bi0e [sHd0e |B EhiB C| b8k gf I ¢h-fere 23t gg Fail

gol ¢ Y%ethylleneror dpylese copszylgyrrerslmand wer e Khoswn | Pass

to be crystdlline naterialgs prong to ge¢lation,

4
Howevetd. 08 arlefOf45s gl eét-$on | of SEhe g]r@iﬁgi ng dmonjon®pk | Pass
and thpj 11 chargee lleved & as ekl |agriof |t he cat abyst Fail

A o 2 R T A S S T A L L A S

LB EAY E=] LY ATl LY A>3 \"AYAN] LEA%AAYA" |

T hal thle99po| yreris gf S’amal és $B940 | 1699&r ed Ot he| t 3.8At | Pass

gate, IR OVeD M5, MY HIHSaa0 TG per f or MNCe of | pys

6 WY WY KV TS aCS, ,CP

RV RS tid- T80 oy L Lf‘%n.\m% o Bty S 0529 1 Fail

||||| LILA 2L La\"A3 LI A% T ERVAV) G atl Y

18 cP at4.5i elld Q:SS’Oat Tm5 Sol 13%8n IPbi¥gter 030 I 3.17 Pass

Stress 150 C A 11.88 0.917 15.52 6189 30274 0 3.92
[000?@]33 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 catﬁlyst
Jevels (which result in increased incorporation of the alpha olefin on the polymer) are
more effective for preparing 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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B 15.89 1.03 16.00 NV A 53698 30 VA Fail C 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 Fail 3 12.14 0.729 15.46 5788
17245 0 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 O 3. 35 Faill
6 13.67 0.820 15.52 5530 17059 0 3.22 Pass 7 11.99

[00069;719 1 il %ﬁ%&t&l BaddbRasisg o8s dehthBin@ hidhr levels of
52 5483 15755 0 3.23 Pass 9 12.94 0.776 15.45

active SRdym@5pay Geirpompg graftyponomesy, longerehas. epgftomagpmers and
hlghe],r %?a&sple’\gfeﬁ £ A %ﬁ%xllrgn@g%& léﬁﬁlrﬁﬁ tsh&ﬂ{s%\ﬁ?@&ﬁs (T%ﬁfeelf Ymple

ron o he no its
3-8), I eheed t}arldvatsad)"alhy sttncehmhg&eramcj mwmégbméoﬁeq%} @dnllnnnum of

15 Wi SlgparploB s e et o or BB S R SR PG e 1D test

How@@@fodrhﬁoretv%Ew mwue ofly (:rm, geéaﬁtpl@rs §)] CS)wt.% or hlgher of a
eval uation test. %& eral, gher levels of alp
C10 ginbpjotefingis suffisicat, etfurt hey éatalwri@%qls &’FWSq‘&Fe@fth@ssa TCG

test. ng)i';:rﬁPﬁV £%hd Y€ ’Seéln%mgl B 5 ?%{n? R 0 bV ehtte (SV\@nﬁ:l'l‘e 10 that

inincréased incorpd on o the al pha ol'efin
styrens alone emj:liqm;mssagamé thefBCE test.f Howew, inor case @fbatrel mee polymer

s S OB HIRRS A0 0T i PR O MR s

Jevels Rerd ﬂﬁeﬁ&DﬂoﬁﬂcdrﬁMﬁieﬁanndﬁ@ﬂEr éﬁto thegRSmadckiaye. h ave
conflict with other performnce re%}gl rements, and

[00089ler ef ofdemen siied Fthe ap sraypppEscteghairthe wan sopipnt of asé oils
may fgs\ﬁ%gg[%g]e %Eta&ﬁ’ e Mﬁter @@éﬂe@haﬁlpleﬂgtﬁsoft H6nohfeE SRSdatalyst

t may a e appreciate
level mdaessalazttmpgsmhb ST@mshi ihisgs hegheer mbesvedy lyfse ofg niaydiave a

el S R O, 4y

p@lafeograft ingHo@ter,dieVed and uahlydsle @B cainiadt Fadh mtefaction
n‘gl where the levels of the active polyner
‘andméﬁ eﬂ?ﬁ/@?eS about 0.5 Wt.9%, a mininmumof 15 wt.%

,' [Oﬂﬁgie]pha ofefthd fgflo‘glltl% @%Cgleghﬂ lﬁh%hne‘ih?féﬁé?rdf@&ne copolymer

qui red to pass t Howev er nmore
containmg dlsmeEACethgilers W@&detoa t“sarsﬁrle%emeqr Niengmerymnd 2,5-

I [
oL Ry By )RR Sy P HE & R oo
wi%t $stvn iDi TAblar) Yhe Iptocéﬁlillgb&rrﬁﬁﬁmtré rionhel attheleb was amprdkd to
9-10 and _Tabl e sanpl e 10 thg\

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 samples was
measured by gel ?ermeation technology using polystyrene standards. These results are

" shown in Table 7.
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styrene al one enabl ed passage of the TCG. test.
However, in a case where nore polyner was present in
the lubricating oils (10MO0 oil, Table 5, sanple 9)
additional catalyst |levels were needed to

i ncor porate nore nononer onto the pol yner backbone.

[ 00080] A person skilled in the art nmay appreciate
that the wax content of base oils nmay al so have an
effect on the nononer | eV¥able7chai n | ength of nononer

| + +-h TOC + +
and—eat-al-yst—evel—ngeessary—to-—pass-the TS test-

| 3 1 BalleCaUABRIRELT V‘@iﬁ:tl(ﬁﬁé@ DiVichofRY 1N@%former 2 | Catalyst

Thi &

Sampiee ALEfREPRENST Ty for ‘i nteract | on webh pol'y gy, Wi %
1Cha ns.—therefore—theg—skitted pers § ey USg gll 0.4
1;3pp'6%m°3§té wafe1endmer, | evel—and eat alyst ol Evel 033

o »

cotleradt gughud ntler aatien |and flass the &EE
13 est $ropyBooeg1] (I)féglf%e foIg ow ng| Sangfes 1[1- 14%.2%An 0.36

1t hybepmvdymrqpyl eéne copol yner  cont aijsi ng 60 nwbe % | 0.72

ethylene was fed To a tw n screw extruder. Nbnoners

and 2,5- dinethyl-2,5-di(t-butyl peroxy)-3-hexyne

catal yst were netered i nTableffe extruder at the w%
——shown—n—Fabte—+—the—processi 'Ilg.gl*ﬂiéijI ature i nthe

S$ﬁé&pd?ﬁﬁmg§ﬂﬁqgﬁro!!ed to—betwebr—aboyt—180-230-.

reaulégﬂﬁogfafted RAVYTEr vaspfecovared py the

enc—of Tt extruder—1 hja i d gooled
3¢§e?;4t;?§0 UBBEZ]Ingk#?gfted E§6%2ers of g"8.“.ple
182 14 her e 1dt8sal vied P9847 G oup 106088 N bas&doi | ht
813m % pol yriéBlin the B4¥850il|. THh21¥Pscasiti && at 100
Cipf these [po$ yrmer| soiamions| wet@oseasured by ASTM
D445, The nol ecul ar wei ght of the sanples was

measured by gel perneation technolqu usiqg
[00083) yst yT@]@Og'ﬂwﬁd%)ﬂlﬁ@nS THebe segwplpstef dplle &pgpdyihe fngrafted

e
contdihedd 00¥0dfea SsEdRdnC idliRbilr Ipatkhgs, 0.83-1039241 alpouetpoplt alepressant.
e PR e B VR Bt o
109 ¢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. The results of these evaluations are shown in
Table 9.

[00084] Thé active polymer required to formulate the oils at equal viscosity was

T AU

)

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—174, it was

demonstrated that the polymers according to the disclosure were capable of producing
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GPC Sanple Viscosity, cSt at 100 C Mv Mh 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 pol yner solutions of the sanples of Table 8 and
the ungrafted conparati ve base pol yner solutions were
used to fornmulate SAE 5W30 oils. The oils contained
10% of a di spersant inhibitor package, 0.2-0.3% of a
engnlifouﬂs Paihntowd EfITHS; sadtimprohied fpell yovromgplaghidbass wéishe ethylene
gstedto treat rate to obtain a kinematic ,
C‘)m‘?ﬂté‘ Beipelymsr baEd9ES- 10.9 ¢St, and the remai nder was a
m xture of Mdbtiva Star 5 and Star 6 oils in a
87.71/12.29 ratio. The oils were eval uated for
Ki nematic Viscosity at 1"@@)@6@, CCS at. - 30 C,

MRV=TPr1—at—35C —Hgh_Tenperaturg—Hgh—Shear ((HTHS)

at 150 CVE¥E t|heW%enpdi%t Ur ecEyal ¢dvte] at | ‘6vn HS, cP

Spmple.  TRALYMEE | ACyg tf’%s“ eMaj%aji amssslar(e d %glsmc

Tabl e jpSelugiongafolymer (207 Gd pol yrer requi r ed™ %

f grmul gt eg 4she |oid.goat| egorl| vesaosit eepss | murh || oweEn

for the ppzyrrer?pﬁgggl_aqr@gges 1352];4 thangsfgor t he Hase 79
I

O T bt e Ror| U (Rl SPREET 0 | 273

cbnparat i 48 sanp)- 9, |1_913I7 at PHA an |4 J \_/:neqqt !‘nz~7_6
fuel ecorbify of @&iPdengilti8s cpeﬁﬁqﬁi ng V%6 t hes® dil 67
Thus it can be concluded that the polyners of

00§ eSTd AR 1Nl LinREL I Y £ A

rforrmnce of t ol I'S". omlt e resu tfor W30
oils. OIE 1s$af&g|n§i&d thal the d1ls mRis witheth® pstymat &ﬂSetnlqﬂés tihBt have a HTHS

ynmers according to the disclosure were
IOW%rt%@u@ﬂSn@m@%n&t b1 b S 8 OFFE, 0 4} g?\%ﬁ?@éﬁﬂs
t & Yh ntgejpt
i) FERATL PR3 by Py v REqShot, o

75/25 Pinye, ofge piiipeer efSangdenp! andBinypleA may g ascd 4 peoduggra SW-
30 o%%%ih%ﬁjrﬂs 0§2gc\f; eld at 1500 C Solution Polynmer 100

[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 copblymers 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 treatment rates and
may also improve fuel economy as indicated by the HTIIS 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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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 13 7.33 0.586 10.87 6411 42713 0 2.76
14 7.49 0.599 10.88 6492 40650 0 2.67 [000851 The SAE
J300 standard specifies a 2.90 cP m ni mum HTHS for
5W0 oils. It is recognized that the oils nade with
t he pol yner of Sanples 11-14 have a HTHS |ower-than .
subrbif)i Bow@vat,msmot! o 6& densttued nEK Eindiedl stocibn f artidutg  tobddieents
. SAE J300 HTHS mninmum,a mxture of grafted and '
discligh AEEQTBORSARIY. SRS S TR sy BB TaCye paosehan
limitMe<t Bhh e nlah BeRBINBY obc SBNR] A thd aANiTRRFRESrthdTBYm the
be used to produce a 5W 30 oil with a HTHS of 2.9
spirie ¢ the 0BCI88Y entboilgnagémer al | y bel i eved t hat
conventional copolyners wth high ethylene content
may have rel atively high polyner efficiency and
better CCS viscosities than the sane copol yners
havi ng | ower ethyl ene content. However, such
conventional high ethylene copolyners typically
requi re higher pour point treatnent anmounts in
lubricating oils in order to avoid gelation. By
conparison, the grafted copolyners of the disclosure
may provide better CCS viscosities and MRV at | ower
pour point treatnent rates and rmay also i nprove fue
econony as indicated by the HTHS viscosities of the
| ubricant. conpositions containing the grafted
copol yners. [00087] Thé disclosures of all patents,
articles and other materials described herein are
hereby incorporated, in their entirety, into this
specification by reference. Conpositions described
as "conprising" a plurality of defined conponents are
to be construed as including conpositions fornmed by
adm xi ng the defined plurality of defined
“conponents. The principles, preferred enbodi nents and
nodes of operation of the present disclosure have
been described in the foregoing specification. \Wat
applicants 26 submt, however, is not to be
construed as limted to the particul ar enbodi nents
di scl osed, ‘since the disclosed enbodi nents are
regarded as illustrative rather than limting.
Changes may be made by those skilled in the art
wi t hout departing fromthe - spirit of the disclosed
enbodi.nents. 27
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What is claimed is: 1. Alubricating oil conposition
conprising: a major anount of oil of |ubricating
viscosity; and a m nor anmpbunt of at |east one olefin
copol ymer havi ng a nunber average nol ecul ar wei ght
greater than about 10,000 up to about 300, 000,
wherein the olefin copolyner is grafted with (A a
Vi nyl -substituted aromatic conpound, and (B) a
Whacerpdvedlissel ected fromthe group consisting of a
C5-C30 ol efin, a polyal kyl ene conpound, and m xtures
1. Atdﬁ;ﬁaaﬁ{g,mme@bﬂmaco fi@ng:atio of A/B in the reaction
m xture ranges fromabout 0.25:1 to about 5:1; and
" opt m@waamyunt@fmlr@éﬂubawmﬁwmsw apdast one
no I
Cob i it B o0 (5P Ghd TR, SO IR mber average
butadlendemdmpmthagmhawbmnwmbeﬂOQOQBag@aMnmé@@ﬂ@}“&aﬂm

wei ght r th n_about t 0. apout . .
300- 000 S SO TRF RO ERIRS IR b il b bt prppatc
1, Vmer&inﬂ')ohﬂ& 4 aBY etcoalRihd seloRel ORI thakeoup consisting of a
non-grafted ol efin copolymer conprise copol yners_ of

et hyl erfes-and e agrolypdpdencaionpaund | apd anigfugssithereofz wherein a
The | ubpicalindrod ks ﬁloﬂi?. ?}é‘[fgﬁr}nﬁfturg | &8 Yond YPERRI25:1 to
~conprising a dispersant/inhibitor package conprising -
a di spesteant:]; amdnet al - cont ai ni ng detergent an

xi. dant

Rk, S35 oDy AR bl R SR8 non 3ihed oldinTobOfimer. stvpene-

3 wherighredeh @of6llyfice € Riethadrsat e cRtyrhdrordrt Bgrengr dufdiene
conS|st|ng of neutral and overbased_ cal ci um
sul f onata@olymenthase naben WEPIBES SR leqy nweighingreater than about

sulfonaﬁﬁb(ﬂgHBQggme@gogyerbased cal ci um phenat e,

cal ci um sa late magnesi um sal i cyl ate, and

m Xt ures thereof 5. The Iubrlcat|ng 0|I composi tion

of aim 3 RgLSan | n
2. TR oo ol of S de M il 2N G Rler and
non-grdhéd 6REh RGpSlyince Oﬁﬁp’{fﬁdetdopﬁ]yﬁlfersﬁd)f&ttml&e ankdesneion ridre C3-Cas

riction modifier is selected fromthe group

aWh%@ﬁ@?%tlng of non-netal containing organic friction

nodi fiers, organonetallic friction nodifiers, and

3. THY fﬁbﬁ&ﬁ?}ng J?Féingéosnlon H&ailU P fufifile Hﬂnlﬂis# rg%ﬁ@ﬁe%ﬁn’t/ﬁﬁb;tor

el n eorganorretallc iction
package comprising a dispersant, a metal-containing detergent, an antiwear agent, an

antioxidant, and a friction modifier.

4. The lubricating oil 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 comprises one or

more polyalkenyl succinimide dispersants.
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nodifier is selected fromthe group consisting of oi
sol ubl e organo-titanium oil soluble '
or gano- nol.ybdenum conpounds, and oil sol uble
or gano-tungsten conpounds. 8. The lubricating oi
conposition of claim®6, wherein the non-netal
containing friction nodifier is selected. fromthe
group consisting of glycerol nonool eate, and nitrogen
6. Toohthaicatimggoif c@mpd)srbiﬁnmmﬁjd:}ﬁiineﬁ,swh@sin'l’che fiietbomi ruadiﬁnlgiscﬁelected
conposition of cla n . the graft.ed.o
from: B51 §TEP  FUTSISHRE] "B DAL e TR ffv%“f%m odifiers
orgafbiBalicriemnactidssand ntiRurdsThésaér. ol ef i ns wherein a
nole ratio of A/B may range from about 0.5:1 to about
2.5:1. 10. An olefin copolyner viscosity, index
- 7. Thaplubrieating oothcpripagitiah ofxalgidér hersdn jta Orgwl@@s@tht‘«ofrwﬂon
f : r
modcfg% osla%%%lke%hﬂggn gl%g %{Jn%g?vgng%?ggg Bf SO ng% % 0 tnﬁmﬁm oil soluble
orgahengilylglefiuro nmgpﬁmtde,rantilméirsohﬂ)tmﬁrgakm, m@@tdnc:oamoumds
300, 000; and (b) a grafting conponent conprising (A
a vinyl-substituted aromatic conmpound and (B) a
8. TH@IHBHB&&? SR REich TR &, Sk GRMBIShétiIGoafaining friction
c5 ha ol efi ns, |nternal ol efins,
modgfisr yip §ela¢t2§/|fm§he SFRUPCOBISHEE 06 B4y ceTnk magyrooleate, arg) éutrogen
cmﬁ%hﬁ%%ﬁmﬁﬂﬂﬁ&ﬁﬂg& of ciaim 10, wherein the olefin
I'yner conprises a copolyner of ethylene and one
or .nore C3-C23 al pha olefins. 12. The olefin
9. The hdriyaidtg 6 compodinidnlofl vibed @) wheleim hk efraftedcalpfd yoiymer is
deri n 3’}:&%’? ggttlih leggﬁ(&)gvg%t o a[tﬁn %g]p 1&1{ omgg]gfg%ggoool%f%?s wherein
a mol&'81i8 o8 W8 nkYRM 6 RIm Bbout b%‘ MolboutIen ei n the
grafting conponent has a nole ratio of AB ranging
fromabout 0.25:1 to about 5:1. 29 14. A nethod for

10. lﬂEro%lf r{]g n%olfgﬂqereggp%w 1%&@(?}%&@&%! cgqme&\%f%&g ieQﬂuder reaction

puﬁhuhﬂicant conposi tion conprising: a major amunt of
oi | rica or ,anount , of

d
at @ éaale wn@pafyg? & gibﬁ%ﬁmﬁgbﬁ nk%}?a hERP MUPRFLRyErage
MOLREULRF W \e%hgﬂah iﬁg@l%hﬁgreit&aﬂﬁaﬁmt 16,000RQibYR 300,000; and

about 300,0 ereln the olefin_ copolyner IS
gr 8P tacgratiing womp@mrﬁ [sompriging 6A hi yinyl-sepsiiiiegnarompisy eappound

of aﬁﬁ@oun HestRelidi Y& nar QO8RS b&s&ﬁﬂg%@d@g@ ghé Bkfins,

ecte rom t he  group con |st|ng 0
CSHﬁBﬁalmilaTnlsmolﬁsoqcﬂqlimb kil eebmetipoulhaeofand ni xt ur es
t hereof; and _

111. The olefin copolymef of claim 10, wherein the olefin copolymer comprises a

copolymer of ethylene and one or more C;-Cp3 alpha olefins.

12. The olefin copolymer of claim 11, wherein the olefin copolymer has an ethylene

content ranging from about 60 to about 85 mole percent of the olefin copolymer.

13. The olefin copolymer of claim 11, 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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optionally, a m nor anmount of at |east one
non-grafted ol efin copol yner, styrene- isoprene
copol yrmer, methacryl ate copol ymer, or styrene

but adi ene copol ynmer have nunber average nol ecul ar
wei ght greater than about 50,000 up to about

300, 000. 15. The nethod of claim 14, wherein the
grafted ol efin copolyner and non-grafted ol efin
copolyner conpri se copolynmers of ethylene and one or
nor e -C23 al pha ol efins. 16. The nethqod of .claim

14. wetwemrﬁmoﬁ@g fg) 1P enamy BGnisle, comPRBRpiuPLealing an engine
ofmg%@B€l§ﬂﬂ}Jﬁﬁﬁ&9ﬁE RAIAGEpHGMEY | Sing a di spersant,
a netal -contalining detergent, an antiwear agent, an
antai noadockameunt afheil af labticting mispesdlyf ansk . 17. The net hod
of claim16 mh he detergent is selecte
£ na st pmbps PEof st B R Pnd BEARDacR0er Brerage
calciu nﬁnswblﬁialnarte@ht frester thn ala@bt dv@0bap ad abmg 368,000mwherein

sul fonate, neutral and ov d_cal ¢ci um phe
cal ci unthsaA! ?f@ylc‘éi’t‘céym%tjngéﬁ ﬁ@vlﬂi’f) | B out 30 weight

M Xt ur egertder §of(a) 18- Vﬂﬂesugﬁhﬁ‘t@g sbmehial J&T&)@uncg/\hgﬁ@ M) a

t he dls%ersant cohprises one or nore polyal ken

su00|nlﬁmmﬁmddswtwgdnﬁsnlB@ goupTeasivien od »fCscCaj oefin, a

16, wher t.he frlctl I l.ected from

the grobl %Yﬂl&’}ﬁ%e COtHi‘pr?ﬁn ggnﬁk%et% ﬂfér%)g%%gl ni ng organic

fr b tdn@ny, o inbt aﬁlﬁuntﬁifgalb@.ﬁf&inalnoh-lgmffedIodHﬁn(m)polymer styrene-
ifiers, and n1xtures t of . 20. The nethod o

f
cI ai m 14OPTpRr@PALIFE gp 5(" al§| SPRIYIRYpofly sBfrene ~ butadiene
copol yngg ogsl*ne‘ileﬁdvg%mﬁe'i% Cg@rﬁ&lb’é’ﬁar%m o) mﬁféhfé}"than about

aromatic c ounds and (B C30 ol efins erein a
mol e réﬁOQDmﬁtqmmeﬁﬁ@(wﬁnge fromabout 0.5:1 to
about 2.5:1. 21. The nethod of claim 14, wherein the
| ubri cant conposition conprises less than 0.5 weight
15. TrRrManéd $odliinbdi, mheﬁ&lptl"ﬁ%ﬁ‘tﬁd diefrecbpolyntechand mdragrafted olefin

copq%ﬁergatogﬁgﬁégq%plygli?% 5&6@6 %ﬁ%&%{?t&'{a%‘i éﬁgﬁﬁéﬁz}’ Lﬁéﬁl?gﬁ

product of: (a) an olefin copolyner wherein the

16. GRROLNIRL RASc@iMUIPeLaNG A8e NBlesH ! 8im déﬁioﬁh"comprlses a
rangi ng from greater than about 10, 000 to about

dlsp@%w@mﬂmtoarmc](dg)? c@rrgmmgl mglwm@n@ meetaliposiatnmg detpsgent, an
evo of carhbox f n ing groups
an“‘)&e&ﬁﬁ%"in&aﬁgm? ’gaéx\ﬁnﬁ MC&‘%}I{I?‘ @k-te éd aromatic compound

and (B) a conponent selected fromthe group :
17. BRaEEbd BOcleim 6 wiRleialthhdctroeit iBSeledtdt! Bomahe 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.

18. The method of claim 16, wherein the dispersant comprises one or more polyalkenyl

succinimide dispersants.
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ol efi ns, polyisoal kyl enes, and m xtures thereof. 23.
The ol efin copolyner of claim22, wherein the olefin
copol ymer conprises a copolyner of ethylene and one
or nore C3-C23 al pha olefins. 24. The olefin
copol ynmer of claim 23, wherein the ol efin copol yner
has an ethylene content ranging fromabout 60 to
about 85 nol e percent of the olefin copolyner. 25.
19. The methetliof damol § nelieraih thé diicioR3Inodiher sisletted from the group

cons?s&igg olg %grrolgglg g&gﬁi{igl%z%%ﬁ{{? lé‘?lit_rio%g iEl%difl%I‘S, 'Dc‘)/rganro%re]:%il 19 friction

modifiers, and mixtures thereof.

20. The method of claim 14, wherein the grafted olefin copolymer copolymer is derived
from a mixture of (A) vinyl aromatic compounds and (B) Cs-Csy olefins wherein a mole

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

21. The method of claim 14, wherein the lubricant composition comprises less than 0.5
weight percent pour point depressant based on the total weight of the lubricant

composition.

22. 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 3OG,OOO; and
(b) a grafting component substantially devbid of carboxylic functionalizing
groups comprising (A) a vinyl-substituted aromatic compound and (B) a
component selected from the group consisting of Cs-Cso alpha olefins, internal

olefins, polyisoalkylenes, and mixtures thereof.

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

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

24. The olefin copolymer of claim 23, wherein the olefin copolymer has an ethylene

content ranging from about 60 to about 85 mole percent of the olefin copolymer.

25. The olefin copolymer of claim 23, 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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