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FIELD OF THE I NVENTION 5 The invention is directed to polymers suitable for
use as Vi scosi t3¥‘ i ndex inprovers for | ubr| cating oil conpositions, and to
| ubri cati ng ositions containing-tthe defined pol yners. More
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copol ymers wherein at | east one bl OW copol yner of isoprene and
but adi ene; and to lubricating oil c 1 nt ai ni ng the defined

copol ymers. BACKGROUND COF THE | NVENTI ON 15 Lubricating oils for use in
crankcase engine oils contain conponents that are wused to inprove the

vi sconetri c JAELD O THRINVENHON ne oil, i.e., to provide nultigrade oils
such as SAE 5W 30, 10W30 and 10M40. These viscosity performance
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havi ng | ong et hyl ene sequences have a nore crystalline polynmer 30 structure.
Crystalline polyners are |l ess oil soluble than anorphous polyners and as a
result, the (ERCKGROUNDGOF THE INVENTIONausi ng the pluggi ng of engine
filters (and the 1oss of the viscosity nodifying effect). Further, OCPs
havi ng substantial crystalline segnents have been found, again primrily at

| ow tenpefsatures, [ @riafify 8 foptubdink @R ng e oils contain components that are

used to improve the viscometric performance of the engine oil, i.e., to provide
multigrade oils such as SAE 5W-30, 10W-30 and 10W-40. These viscosity

performance enhancers, commonly referred to as viscosity index (VI) improvers
include olefin copolymers, polymethacrylates, styrene/hydrogenated diene block and

20  star copolymers and hydrogenated isoprene star polymers.

Olefin copolymers (or OCP) used as viscosity index improvers conventionally
comprise copolymers of ethylene, propylene and, optionally, a diene. Small
polymeric side chains do not exert a substantial viscosity modifying effect in oil.

25  Polymerized propylene has one methyl branch for every two backbone carbon atoms.
Ethylene polymer is substantially straight chained. Therefore, at a constant amount of
polymer in oil (treat rate), an OCP having a higher ethylene content will display an
increased high temperature thickening effect (thickening efficiency, or TE). However,
polymer chains having long ethylene sequences have a more crystalline polymer

30  structure. Crystalline polymers are less oil soluble than amorphous polymers and as a
result, the OCP can drop out of the oil, causing the plugging of engine filters (and the
loss of the viscosity modifying effect). Further, OCPs having substantial crystalline

segments have been found, again primarily at low temperatures, to interact with



waxes in the oil, and other OCP chains, which results in uncontrollable

I ncreases in |owtenperature viscosity and, in extrene cases, the gelling
of the lubricating oil. These problenms have been found to manifest in

Zi egl er Nattazo?}(‘yp‘%neri zed OCPs containing-greater than about 60 wt.%
ethylene (hereinafter referred to as "high 5 ethylene content OCP(s)"). Due
to their nol exadesin the ofl ami:dnmeanCﬁcaainpm/lyinhmsuhsmMmmdﬂabl@imm'ashs in
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et hyl ene content OCPs. To provi de an i nprovenent in thickening efficiency,

whi | e mai ntai ni ng J ow, tur ,}Jerfor nce, U S. Patent No., 5, 460, 739
suggests star pOl gatggglggogglﬁ,gl exemplifies certain star polymers comprising

hydrogenated poly(butadiene/isoprene) tapered arms containing about 44.3 wt.%

polymer derived from butadiene. Since butadiene initially reacts faster than isoprene

20  when anionic polymerization is initiated with secondary butyllithium (the process
described in the patent), a polybutadiene block is first formed. As the butadiene
concentration is lowered through polymerization, isoprene begins to add to the living
polymer so that, when the polymerization reaction is complete, the chain is made up
of a polybutadiene block, a tapered segment containing both butadiene and isoprene

25  addition product, and a polyisoprene block resulting in a living tapered polymer
chains that, when coupled with divinylbenzene, produce a star polymer having a
polybutadiene block positioned distal from the divinylbenzene-coupled core. The long
ethylene sequences of these external hydrogenated polybutadiene blocks were found
to cause the same low temperature performance problems associated with high

30 ethylene content OCPs.

To provide an improvement in thickening efficiency, while maintaining low

temperature performance, U.S. Patent No. 5,460,739 suggests star polymers



conprising triblock copolynmer arns of hydrogenated polyi soprene/

pol ybut adi ene/ pol yi soprene. The hydrogenat ed pol ybut adi ene bl ock provi des
an increased ethylene content, which inproves thickening efficiency. The
pat ent sugges0BLOPat, by placing the hydBogenated pol ybut adi ene bl ock nore
proximal to the nucleus, the adverse 5 effect on | ow tenperature properties
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for lubricating oil 20 conpositions, which polyners conprise hydrogenated

| i near, radi dlydeogénated polyhuiadiene blocki ofn sizp suifregans taoprovisleprasedit mrtickeningli ene,
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but adi enejgaddy *i%prgﬁé)ﬂggﬁwfsjs in the range of from about 90:10 to about

70: 30, preferably from about 85:15 to about 80:20. 25 In accordance with a

second aspect of the invention, there is provided a copolynmer, as in the

first t, int f f | i, di al f bl | i
copol yer i ef or aOTSHAG, Hiege Eriatoreca el Bty LLEEP Rl e AORIEAT about
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accordance with a third aspect of the invention, there is provided a

copol ymer, asasoriatedreduetsan insphibiljty and cold témoperawie performangsol yner cont ai ni ng
from aboulltj 5 to 25 arns, preferably fromabout 15 to 20 arns, wherein each
arm preferably has a

SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention, there is provided a class of
polymers suitable for use as viscosity index improvers for lubricating oil
20  compositions, which polymers comprise hydrogenated linear, radial and star-shaped
random copolymers of isoprene and butadiene, wherein at least 70 wt. % of the
butadiene is incorporated into the polymer as 1, 4 units and the weight ratio of
isoprene addition product to butadiene addition product is in the range of from about
90:10 to about 70:30, preferably from about 85:15 to about 80:20.

25
In accordance with a second aspect of the invention, there is provided a
copolymer, as in the first aspect, in the form of a linear or radial, preferably a linear
copolymer, preferably having a number average molecular weight of from about
10,000 to 700,000, more preferably from about 50,000 to 200,000.
30

In accordance with a third aspect of the invention, there is provided a
copolymer, as in the first aspect, in the form of a star polymer containing from about 5

to 25 arms, preferably from about 15 to 20 arms, wherein each arm preferably has a



2003L005 -4- nunber average nol ecul ar wei ght of from about 10,000 to

300, 000, nore preferably from about 40,000 to 140,000. In accordance with a
fourth aspect of the invention, there is provided a diblock 5 copolyner
conpri sing a 2P bl ock derlved fronlnnnﬁalkenyl arene, preferably

styrene, and a second bl ock conprising a linear polyner, as in the second
aspect, V\hemainbert deragerhelecwlareweight ofdtan abaut 18€0§ho 360,000.andietprefekably

copol yrer fera out 10,000 to 700,000, nore preferably from
about 50, 000 8@%’00 ?‘Fau&gécor dance with a fifth aspect of the

I nventi on, there Is provided a lubricating oil conposition conprising a
maj or anmount of oil of lubricating viscosity, and a copolyner as in any of
the first, second]nttdordaneadvithoafouithaspeetof the inventiemuhere is prolvizlet iawiblock

nodi fy the viscqsity index of bri.ca 0 0 sition
accor dancé vvl"f’!;ﬁ‘(ﬁ { ¥MET CRIAPAYRGR ﬁr%ﬁlchélepﬁ‘?)‘thf’%dﬁo“qu) Eneg, Pé‘?fF@gB’ a net hod

of nodifyingg yl - onpri sing
a maj or amol of ol ?§é@?bgﬂ?§g® n%ngl Efcdgg?édlﬁg rret ﬁc?ghcg]?%gi ses
adding to saiwhemxh tlmfnurﬂmdmamage mlmu&cmghwﬁthmlﬁlﬂadt éopelmumpreﬁéramy
copolynmer as in any of the first, seco ird urth as§ect. 20 In

accor dance wiffam &b%’é\lgﬁpﬂ te O P90, gore B@f?fﬁb‘é'rfqubﬁbo‘%tﬁgr@o tg 250.809-ded t he use

of a copolynmer of any of the first, second, third and fourth aspect to
nodify the viscosity index of a | ubri cat i ng oil conposition. 25 DETAI LED

DESCRI PTION OF THin hdddrddhicOMithsofiftk aspeonsfahe invehtiad, theay ispgovidedlaas t he
precursors of the copolyners of the present invention can be_ incorporated
into the pol yw¥icating efl cRepositign cefppemag a Esiar apauat Pheil ahlubgcatingvissositYir es

thereof. Prefgg ?Qﬁ%@lxﬁ{& i 'othheOﬁrs{ @gcohﬁ%ﬂggg E@n@%&?ﬁ&%n%a?%&ﬁt' hto

t he pol yner as gredter than

pref erably gregfettive tbhmdlﬂhhawlsaﬂslmmaéx siuthé lubsicatiegibil 8dinpasitidh) wt . % nost
preferably greater than about 90 wt. %, such as about 93 w.%to 100 wm. %
2003L005 -5- But adi ene nononers that may be used as the precursors of the

copol ymerg of the }R%_@éogérﬁnck QMETY LiRfh &5kt BE eI URBh AhED ik PfovidedS RAhYgEr as

either as either
of modifying the viscosity index of a lubricating oil composition comprising a major

amount of oil of lubricating viscosity, which method comprises adding to said oil of
lubricating viscosity an effective amount of a copolymer as in any of the first, second,
third and fourth aspect.
20
In accordance with a seventh aspect of the invention, there is provided the use
of a copolymer of any of the first, second, third and fourth aspect to modify the

viscosity index of a lubricating oil composition.

25 DETAILED DESCRIPTION OF THE INVENTION

Isoprene monomers that may be used as the precursors of the copolymers of
the present invention can be incorporated into the polymer as either 1,4- or 3,4-
configuration units, and mixtures thereof. Preferably, the majority of the isoprene is
30 incorporated into the polymer as 1,4-units, such as greater than about 60 wt.%, more
preferably greater than about 80 wt.%, such as about 80 to 100 wt.%, most preferably
greater than about 90 wt.%., such as about 93 wt.% to 100 wt.%.



1,4-configuration units. In the polynmers of the present invention, at |east
about 70 wt. % such as at |east about 75 wt. % preferably at | east about
80 wt. 9% such as at 5 | east about 85 wt. 9% nore preferably at | east about
90, such as 89880500 wt. % of the butadi-ene is incorporated into the
polymer as 1,4 units. Useful copolyners include those prepared in bulk,
suspensi on, sol utiBitadiene BHbBERNhatAGay Se well las Kietecursuad yhibe icapélymersadf
nononmers to produce hydrocarbon 1o pol yners may be acconplished using
free-radi cal ,the REssefiiaveatian san bhinsorperatediinge thegolysegriassitherasieitherchoty st s,
such as transjji al f ' - ocene
type catal ystfs%'C&Ffé#%%lz%%{st r%ﬁ?e r?mgréggé}f é%é?%v&?{ﬁ%rﬁsﬁégsetﬁ t?‘;rg)lvent I on
are formed viwt ghisach s NAEastEHOUT A5 MAN%aprefetitsipiaclepst | apomyr S0wt. i%)sublags fieen
found to provide copalymers having a narrow nol ecul ar wei ght distribution

(Mv Mn), B5 Sleeshabeut 35w & maxe predsrably afleastabput 9 suddr as Vste HoRavt- Znelit 1. 2.
Most pr ef er alipy y, LGy IARCARLARRGHNTRE Sofifnet et AggENt [ nvention are formed
by pol ynerizing a MXtUre o e 1'soprere and BUtRai ene nononers, in
solution, in the presence of an anionic initiator, to forma living
polymer. 20 As is well known, and disclosed, for exanple, in U S. Patent No.
4,116,917, | i vi ngUgsdnbaeapelympas/inghide tgse peapatngd in bk sespendion,isehition or

pol ymeri zation af. a m xturg. of the conjugated di ene nopnowers. in the
Presence of el Asibeft koo Py REttR R R BRf HRIRE SdfebbEy 4
napht hal efte, pslya8isdyChe dbcbinplisted usihg fRIeSrhgichieatidhid Ar¥ Miorié inifidtbRiodm or a
monol i t hi um hydrocarbon. Suitable |ithium hydrocarbons include 25

unsat ur at ed cRAtyoemaion gatalysts, syohyas trapsitipy metakeatalysisyused fariiegler-Nattamand c
conpounds suc s _phenyl |l ithiu he .t L1i,thiunms, the lvllithiunms and
P eyt ifiaftSieRe Sybe ctdtiNes Brefarhud, She fangbil dbiBtvprepor e Blaska: "

met hyl ['i t hi unfnvéitionl dré fdrnd@viddrRenit bokyRierizhtionldstanidnid Polyerizdtion! Hak Bedtm

hexyll'ithium 2-ethyl hexyllithium and n-hexadecyl|ithium
Secondar y- but fphnd tchprgmidie sopelymersdiavingeainarraw medashlar weeght distritation (Mw/Mn), be

dded | i zat | . X1, i i opal |
fogether 1 ¢ Fuaaf e Pl 2 et dnstitlion AL tshTnisegRE 2 M Bresct by cBF)
unsat ur at ed. 2R@cth@BHolyRrersidfehd présend ifvanGONMre IORMSAH/ Soliyriifg hoEikeeetf ed by

the formula A-M wherein Mis a carbanionic group, i.e., lithrum and Ais a
random copol ythe isopfene gad pptadisne mongmersy 81 sahetiond inethe prosenecifaa anigmia, in the

absence of thg, nt PR 6AN[Rg polymer.

20 As is well known, and disclosed, for example, in U.S. Patent No. 4,116,917,
living polymers may be prepared by anionic solution polymerization of a mixture of
the conjugated diene monomers in the presence of an alkali metal or an alkali metal
hydrocarbon, e.g., sodium naphthalene, as anionic initiator. The preferred initiator is
lithium or a monolithium hydrocarbon. Suitable lithium hydrocarbons include

25  unsaturated compounds such as allyl lithium, methallyl lithtum; aromatic compounds
such as phenyllithium, the tolyllithiums, the xylyllithiums and the naphthyllithiums,
and in particular, the alkyl lithiums such as methyllithium, ethyllithium, propyllithium,
butyllithium, amyllithium, hexyllithium, 2-ethylhexyllithium and n-hexadecyllithium.
Secondary-butyllithium is the preferred initiator. The initiator(s) may be added to the

30  polymerization mixture in two or more stages, optionally together with additional

monomer. The living polymers are olefinically unsaturated.



of the polynerization, the resulting copolynmer will not be a random
copolynmer and 5 wll instead conprise a pol ybutadi ene bl ock, a tapered
segnent contai ning both butadiene and isoprene addition product, and a
pol yi soprene23els. To prepare a random 6epol yner, the nore reactive

but adi ene nononer nmay be added gradually to the polynerization reaction
mxture containi nerofiRidsRabRaehbyelsHRY BORpREReH B thd RfmufioAag, rati o of
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random zest heviltamstead dompaise alpotybatadicnebbock, atapered s'egmemtmnmnmdg botho to t he

pol ymer chain. Suitable rando zers are tertla y am ne such as
trimet hyl ani ¥tadianeapd aoRFRng @ddigio Wamépo HSOPFRNG 2k pfepare a
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sul fide, di ettlwpolymbﬁzzim rehctmnmnmmré cathihingethe thiss reabtiNe/isoprend §ucﬁehatm1&1 hyl
et hyl sul fide; and [ n articular, et he[s such as _di net hyl et her met hyl 20
et her, diet h)ﬂ‘o lax 13tp of Hhe -TRORRTY (0 be me‘dﬂzﬂﬁorbﬁlﬂ’?}lreéﬁ mg,mtmé}p 6@@% et her,

di - benzyl, oc! *}Q{)uued%ve?hﬁ%ls@@{?&ﬁblef’d’ vg’thelreﬁuﬁiémgé’ﬁa%é Pﬁgﬁaﬂpalgven

o- dlnethy oxy Dbenzene, and c such as te

with control Iaddmgmrmnmue@(ﬂmd momraad/t@be tdysol yimerized to thieps piter gationtrhigturé.5
initial and term nal_ portions of the polynmer chains may haveﬁg’reat er than a
"r andont awdahmgé%ndam GoRolyras mﬁa&mmrﬁmew GATFYIRE pvtvtée aplymesizationeact i ve

ronorier,  f eSRARLIEhYe ofISL ENRYSund B LD R AHERADSR BE pbh oGRS LR e

term" random cO nmeans a yner c aln, or a nmer

pr eponder ancelooﬂeamﬁmb the( @ pdt @nd Trahﬁibnﬂrﬂé’/ﬁ)e maaﬁanab&tyctglhemﬁmonidﬂaﬂe 90% such
as greater than 95/& results 30 fromthe random additi on of conmononer

mat er i al &5 THBECoIPAratEd drtoite thgrRadymenghap. \Juiigblsspndammizers ate tegiapsames sugh ¢
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decane, cycl alimethgkanilinef W’idnye; lqgahnekiaedY-ethyl-pipendinecN-hsttiymoaphaline; e. g.
b t ol th th hyl b
enzene, to l{}?lrc])gthm?s s ch 1metﬁyl sulfi de, dleehrgl?gulﬁgle e(}l nyprogglz sulti dge, di-n-butyl

sulfide, methyl ethyl sulfide; and in particular, ethers such as dimethyl ether, methyl

20 ether, diethyl ether, di-n-propyl ether, di-n-butyl ether, di-octyl ether, di-benzyl ether,
di-phenyl ether, anisole, 1,2-dimethyloxyethane, o-dimethyloxy benzene, and cyclic

ethers, such as tetrahydrofuran.

Even with controlled monomer addition and/or the use of a randomizer, the
25  initial and terminal portions of the polymer chains may have greater than a “random”
amount of polymer derived from the more reactive and less reactive monomer,
respectively. Therefore, for the purpose of this invention, the term “random
copolymer” means a polymer chain, or a polymer block, the preponderance of which
(greater than 80%, preferably greater than 90%, such as greater than 95%) results

30 from the random addition of comonomer materials.

The solvents in which the living polymers are formed are inert liquid solvents,

such as hydrocarbons e.g., aliphatic hydrocarbons such as pentane, hexane, heptane,



propyl benzenes. Cycl ohexane is preferred. M xtures of hydrocarbons e.g.,

| ubricating oils, nay also be used. 5 The tenperature at which the

pol ynmeri zation is conducted may be varied w thin a wi de range, such as from
about -50C t @oedh6efk 150C, preferably from7about 20C to about 80C. The
reaction is suitably carried out in an inert atnosphere, such as nitrogen,

and may opti Cﬁﬁdﬂeﬁﬂéﬁlyﬂﬂk%@(ﬁoﬂéﬂe SeXdRE, CRERBELNS, ﬁem?dcyaloaéme%xear@rhaﬁd om
to about 0.5 to about 10 bars. The concentration of the initiator used to
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determ ned by the desire Iecu ar t he 15 Where
2 star pol ynomordcEandse eyRmBRinet piisthd AbubBS oF YO PEOGR D ogoi ng
process may quﬁ&%gFe,ﬂs|rﬁa}aﬂs@gg]h§euonal reaction step, with a pol yal kenyl
coupling agent yal kenyl coupling agents capable of fornming star

pol yners ave been known for a nunber of years and are descri bed, for
exanple, in U S. PBatent No. 20 83 Pal yal kenyl pI| agents are
conventionally con@%ﬁfﬁ E'Fﬁst?"e%‘g WJ%/WBﬁSE uﬁﬁ r\%‘{@gﬁa gr oups.
Such groups a&ﬁmﬂ%%lde}‘a.\get ﬁﬁﬁ%gfrbﬂl 4008t -508CRo QB 1508 f‘}ﬁéferably from about

el ectron-w t hdraw ng noi . an aromatic nu eus. cdonmpounds have
t he property Zﬂﬁéittoaboutesé)éC d’lheiréwtlaﬂ Isenitably canrjed ocat in avipeth kenaspheienslehendent

reaction with different livin r nd in this respect are different 25
from convent |Q§H’é‘lr°%96‘nﬂijg‘§%ap'g‘?rgﬁ¥% P?'r?aﬂuﬁ‘é‘[’ﬁeé PHSHEREEs asRIE??uéFsogHIER‘Bdl ene,
i soprene, £t Cihohli6.§ 85b61ﬁ%'?>‘a[%a| grade pol yal kenyl coupling agents nay be
used. Suc corrpounés may be aliphatic, aromatic or heterocyclic. Exanples

of aliphatic conpounds include the polyvinyl and polyallyl acetylene

di acetyl enes, phosphates and p phates as, well as dipethacryl ates, g.
ethyl ene di net hyl a fyff%eeltraegaﬁgok@sln%t%w%ﬁotpaﬁwaéeﬂeea%%mr eeuﬁlfands

i ncl ude divi %A%ol hi enyI gé’éﬁﬁ' 19&Eteﬁﬂﬂn9&ﬂg'?ﬁe degIQ&nfM&EﬁE ﬁ’%lﬁgi"ﬁle' ng

agents are t omat 1 ¢ conpounds an nost prefer are
pol yvi nyl ar dishg polyorpounds. Exanpl es of such conpounds 2003L005 - 8-
I ncl ude t 1hsose aromatic conpounds, e.g. benzene, toluene, xylene, anthracene,
Where a star polymer is desired, the living polymers formed via the foregoing
process may be reacted in an additional reaction step, with a polyalkenyl coupling
agent. Polyalkenyl coupling agents capable of forming star polymers have been
known for a number of years and are described, for example, in U.S. Patent No.

20 3,985,830. Polyalkenyl coupling agents are conventionally compounds having at
least two non-conjugated alkenyl groups. Such groups are usually attached to the
same or different electron-withdrawing moiety e.g. an aromatic nucleus. Such
compounds have the property that at least of the alkenyl groups are capable of
independent reaction with different living polymers and in this respect are different

25  from conventional conjugated diene polymerizable monomers such as butadiene,
isoprene, etc. Pure or technical grade polyalkenyl coupling agents may be used. Such
compounds may be aliphatic, aromatic or heterocyclic. Examples of aliphatic
compounds include the polyvinyl and polyallyl acetylene, diacetylenes, phosphates
and phosphates as well as dimethacrylates, e.g. ethylene dimethylacrylate. Examples

30  of suitable heterocyclic compounds include divinyl pyridine and divinyl thiophene.

The preferred coupling agents are the polyalkenyl aromatic compounds and

most preferred are the polyvinyl aromatic compounds. Examples of such compounds



napht hal ene and durene, which are substituted with at |east two al kenyl
groups, preferably attached directly thereto. Specific exanples include the
pol yvi nyl benzenes e.g. divinyl, trivinyl and tetrvinyl benzenes; divinyl,
trivinyl and 198%9%8%i nyl 5 ortho-, neta- arft para- xyl enes, divinyl
napht hal ene, divinyl ethyl benzene, divinyl biphenyl, diisobutenyl benzene,
di i sopropenyl inbkude ¢ivae asomhtidi dosgonngse nygl bdxizphs nyluene, Xlenpraattencend, ar omati c
conpounds are thqse represented by the formula A (CH=CH2) x erein Ais an
optional |y subAphfhalang @nd dBreRe; wmﬁﬁe{eesyést&mdwlsat&%ﬁt FHR é%ew SFOURS: | east 2.
Di vi nyl benze | i | Q{aﬁ.g) ' I 0
preferred aro {elr%tﬂ¥ gﬁ%%‘ﬁﬁ g ?%%E%F&t Séé:eﬁ}rﬂcc a ?%38"%?%@%3’?%#% ene
(containing bérzetesrondivingl, fivinyl ahy tetrvinyd benzeinby; ldiwhyl; eivépylrang tdimavisgd. The
coupling agents may be used in adnixture with smal] anpunts of added

o

mononer s whi cAthgrcMBks and para-xyjenss, divinydaphibalene, diginyl ethyhheppeneqdivinyky |
styrene. In s C Cl . ri : ¢ dial kenyl
coupling agen?lﬁpr%lﬂ%’acﬁég?w J;grbg' nat ?g&ié gﬁébgg%d)bgﬁ 5 U%ﬁg%lgs,ﬁpf’e?)}) gﬂléqﬁeﬁh

pol y(di vi nyl bThe preferfedrmpankeryompountiirecheserppresehtedbicihe dsrmuld e pol yal kenyl
coupling agent should be added to the |ivi polymer after the

0 - () I n . .
pol ymeri zat i of ClBFCHple WhsFamayis 3P§P§%ltYa$HP$tque9 appdicaiusleus apd X isgn agent
shoul d be ad r t |.al . b verted
o the 11 ving b8 #1801 8" DIARS R, I ottt e iR veldinel B3fe AORHC
may vary ve t hprfered dematics@ipound! Ppredraéchinioal ghide ldB46§] HénZenewtentaihinghe
coupling agent is used per nole of =~ unsaturated Iivi&g3 ol ynmer. Anmounts of
from about 1 ¢henmeRemans efhsEenemnd A pyiensbmay buseshutheicoupling agsaty 5
nol es per nol LV4 - Al ref . 0t 1 Whi be
added | o BP9 s e BB UE b el ol 80 aaddCmo IR btichnEigaBle  °.
| east about 8gizawt tHe nacl8hs, ig. tyddneton alklyl Mtyitie PO Wubhra dabé,ehsShwlesande
pol ymer. 30 The qoudol ing reaction can be carried out in the sanme sol vent as

the living petsgreed as pAn(diakenyl soppling agens{monoatkepsbaromatic eempeimddarri ed
t at t ' L \
oret orabi 311 Biallfte e holy (Ui Aapli iAok ARAENIeHE hedilnd Ml Pudalls.
e

conducted in an inert atnosphere, e.g. nitrogen, and under pressure of from

about 0.5 bar to apoput 10 bars. ..
The polyalkenyl coupling agent should be added to the living polymer after

the polymerization of the monomers is substantially complete, i.e. the agent should be
added only after substantially all the monomer has been converted to the living
20  polymers.

The amount of polyalkenyl coupling agent added may vary within a wide
range, but preferably, at least 0.5 mole of the coupling agent is used per mole of
unsaturated living polymer. Amounts of from about 1 to about 15 moles, preferably

25  from about 1.5 to about 5 moles per mole of living polymer are preferred. The
amount, which can be added in two or more stages, is usually an amount sufficient to
convert at least about 80 wt.% to 85 wt.% of the living polymer into star-shaped

polymer.

30 The coupling reaction can be carried out in the same solvent as the living
polymerization reaction. The coupling reaction can be carried out at temperatures

within a broad range, such as from 0°C to 150°C, preferably from about 20°C to about



The star-shaped polyners thus fornmed are characterized by a dense center or
5 nucl eus of crosslinked pol y(pol yal kenyl coupling agent) and a nunber of
arms of substantially |inear unsaturated polymers extending outward from
t he nucl eus. 20038005nunber of arnms may vary9considerably, but is typically
bet ween about 4 and 25. The resulting linear or star-shaped copol yners can

then be hydr qagmat €Re Hattiéh mhP b B¥ndiktcdan af indeediosphend, @ aaRleh Omdcat al yst
may be used e.g. a copper or " nol ybdenum conpound. Catal ysts cont ai ni ng

nobl e net al sunder presishrs afdtam abew St batitagbesiPdarsds, can al so be used.
Preferred hydrogenation catal ysts contain a non-noble nmetal or a non-noble
nmet al - cont ai ni ng conpound of Group VIII of the periodic Table i.e., iron,

cobalt, and parti qpedidr¥hapidgoPymersHfi fhhfieard CRArBGeRiedlly PH&HsE Lok or
hydr ogenati on catal ysts include Raney nickel and nickel on kiesel guhr.

Parti cul afl y noclieusdll aosslivkeshpelntpotyalkenybeopplisg agent) dndsenwbesiofietndef causi ng
metal hydrocarbyl. conpounds to react with organic c ounds of any, one of
the groun . vermsnsally TP st Polumers 2B i HeonBlsumaine

contai ni ng atyhdasst ﬁﬂﬁxﬂi}gﬁd}yﬁonéi&éﬁlﬂg,%t‘i ichy BAtwREN8BLUt @ dni@smet al  at om
via an oxygen atom as described, for 20 exanple, 1n U K Patent No.

1,030, 306. Preference is given to hydrogenation catalysts obtained by
causi ng an alumn trialkyl (e.g. alumnumtriethyl (Al (Et r.al.um num
Sl sonuryl ) o rdfeneufting lindsf ofin®uped SeaLimes G e b mydioentiod Sl

di i sopr opy! ' ] gami aabyst A >4 g&x&noate, ni ckel
di-tert- IqBut ﬁyggﬁibgéaﬁg?ﬁnﬁdgﬁg?ﬁ al tlsaﬁgf sa%lﬁrhgtbggsegoﬂﬁ%géog xylic acids

obt ai ned by medgbdennmofongi®unil e Catadyshancntegning aoblé masal@ orambleanctal-ons i n t he
nol ecul e with carbon nonoxi,de an wat e% .Brréfetrrgﬁ-lﬁr esence of acid catal ysts)

or with ni ck&PRBHERSFYRPYNdS, fan sisebedised Reqgengt WHSEWHRR A ¢ he
ni ckel salt qnkidble REEE HRIERHPRAGDIe matlicBRlafind WEHHRARAE CRBus Py RS Wi |1 be

wel | known to those skilled in the art and the foregoing Iist is by no
means i nt endeerivdic Jablextealsini vehal3andrpasticylan ygucket.i Specific ¢exampesiofmer s of t he

DL e, RO ) AR o BBBRRE RS L BB " 1
S5t LT SRt b OGRS o,
whi ch hydrocarbyl compounds to react with organic compounds of any one of the group
VIII metals iron, cobalt or nickel, the latter compounds containing at least one organic
compound that is attached to the metal atom via an oxygen atom as described, for
20  example, in U.K. Patent No. 1,030,306. Preference is given to hydrogenation
catalysts obtained by causing an aluminum trialkyl (e.g. aluminum triethyl (Al(Et3))
or aluminum triisobutyl) to react with a nickel salt of an organic acid (e.g. nickel
diisopropyl salicylate, nickel naphthenate, nickel 2-ethyl hexanoate, nickel di-tert-
butyl benzoate, nickel salts of saturated monocarboxylic acids obtained by reaction of
25  olefins having from 4 to 20 carbon atoms in the molecule with carbon monoxide and
water in the presence of acid catalysts) or with nickel enolates or phenolates (e.g.,
nickel acetonylacetonate, the nickel salt of butylacetophenone). Suitable
hydrogenation catalysts will be well known to those skilled in the art and the
foregoing list is by no means intended to be exhaustive.
30
The hydrogenation of the polymers of the present invention is suitably
conducted in solution, in a solvent which is inert during the hydrogenation reaction,

Saturated hydrocarbons and mixtures of saturated hydrocarbons are suitable.



pol ymeri zation is conducted. Suitably, at |east 50% preferably at |east
70% nore preferably at |east 90% nost preferably at | east 95% of the
original olefinic wunsaturation is hydrogenated. 5 The hydrogenated random
copol ymer nmaye093ees be recovered in solid f@rm fromthe solvent in which it
I s hydrogenated by any conveni ent neans, such as by evaporating the

sol vent. Al t e4fahiagSdubly, hd hyRiréenh it §dtadnt ROth@kime BPMheRBIVRACIAGVRIGH t he _
solution, and the Solvent stripped off fromthe m xture so fornmed to provide

a 10 concent rpaiymerBatiomis condusted nbuitabds atlsastHOfo, preferablymattleast W% vsbte about

25 wt. % prefera fro out 5 . % to .ab 1 . %.0f . t.he .hydr ogenat ed
random copol@ﬁé’ﬁa atil?ﬁtﬁpgétg’r mogl m\é\%f"{%’éﬁtelﬁ?sggg T ‘%éﬁ% origingl plgtinic

pol yi sopr ene/\polPRubAN RRBogARRUY™er of the 15 invention has a weight ratio
of polymer derived from’ soprene to polymer derived from butadiene of from

about 90: 30 to about 70:30, preferably from about 85:15 to about 80:20. VI
i nprovers that are hydrogenated random copol yners of the invention wll
have a nunber ave?ﬁ&ehy g&Bﬁthfa“ﬂQFb‘FﬂpofW?ﬁfrr’éﬁ L&B‘bﬁ? reLgveIeH In %Ptl*fldg‘frﬁoo,
preferably frifg, qveﬁl@ixpsgﬂich?tiéggdlg EhardiPbyPardy @hGERBAdmeme BugRak by 50, 000
to about 20 250, 000. The term "nunber "aver age ['ecul’ar wei ght", as’ used

her ei n, ref erevaparatitnethersalvert: AN@nagelyeilghg. lutricatag oil adaphe GidedPetheeat i on
Chr omat ogr aphy. (" GPC" with a polys ene, st andard,, subsequent, to

hydr ogenat i orfolqton; @‘q)%é?lf’%?ﬁt“ RPeﬁé’%%{r‘?'Hélﬂe, ““Wﬁ’@rf’ocf@'f"éeiditp IOV de fe nunber
aver age |l e ' : [ |

cal cul at eri? nEdrébgérndg@é%g%tggfﬁocﬁggiﬁﬁ%?{gﬁ{frﬁl@%%fkg?sgﬁﬁgg&tsh%h%ét ual 25
mol ecul ar weipgéferablyefrom dboet § mt.Getodiboans5 wndd ofsthe hgdrogenadéd tahdommt ar pol yner .
The incorporation of additional ethylene units derived fromthe butadiene

i ncreases théoPEly&ert\ﬁémPE%’G?-ti ng polyneric VI inprover. In fact, due to the
properties of the anionically polynerized polyner, the TE of hydrogenated

| i near random 30 pol yi soprene/ pol ybut adi ene copol yners of the invention,
havi ng an et hyl eneA hgdtogeneatedflirfeanranddinpiol yisoprenedindybutfitenstcopolymer ofitirr abl e
to that of an OCP VI ' ene, cont ent out 49

Wt % 10 Koy CmEERgD hgs & Meseh Ftis ChROI LTSN HOBiSRIERS 5 ROVEER AR B nat o
random copol v bafadieh€ of BF¥ENUHoRN90:30 $92P9E:30, Préferably from about 85:15 to
about 80:20. VIimprovers that are hydrogenated random copolymers of the invention
will have a number average molecular weight of from about 10,000 to 700,000,
preferably from about 30,000 to 400,000, more preferably from about 50,000 to about
20  250,000. The term “number average molecular weight”, as used herein, refers to the
number average weight as measured by Gel Permeation Chromatography (“GPC”)
with a polystyrene standard, subsequent to hydrogenation. It is important to note that,
when determining the number average molecular weight of a star polymer using this
method, the calculated number average molecular weight will be less than the actual

25  molecular weight due to the three dimensional structure of the star polymer.

The incorporation of additional ethylene units derived from the butadiene
increases the TE of the resulting polymeric VI improver. In fact, due to the properties
of the anionically polymerized polymer, the TE of hydrogenated linear random

30  polyisoprene/ polybutadiene copolymers of the invention, having an ethylene content
of from about 15 to about 23 wt.% is comparable to that of an OCP VI improver
having an ethylene content of from about 49 wt.% to about 54 wt.%. The TE of VI

improver comprising the hydrogenated random copolymer of the invention is



| nproved conpared to hydrogenat ed pol yi soprene VI inprovers. Therefore, |ess
of the material needs to be used. A hydrogeneated star shaped random

pol yi sopr ene/ pol ybut adi ene copolyner 5 of the invention has a weight ratio
of pol ymer de0P3k8 from i soprene to pol ynkl- derived from butadi ene of from
about 90:10 to about 70:30, preferably fromabout 85:15 to about 80:20.

Such st ar - shapfeovedRe So WRdrogenwed KoPehe WP ithprbveR. TheRHbre AesPGMS,
preferably from about 15 to 2 grgm; ﬁ?er%ﬁ?y eacﬂ armis derived froma

living randorthpoiaieriebpeedads pohsedut adi ene copol ymer. Each arm may have a 10
nunber average nol ecul ar wei ght of from about 10,000 to about 300, 000,
preferably from about 40,000 to about 200,000, nore preferably from about

60,000 to about 14Qy@R3encdted starsANRIdSTahdbH pafyio PM&@BWE@%n@EBﬁOI%@Ped

random pol yi soprene/ ~ pol ybut adi ene copol yners of thé i'nvention nmay have an
overal | nuénbef tlan/mrvargmn hmlaewgbtrrameobmlymmmmddtonl(s@p@oeﬁ@pdbmm

o ef er abl'y | r VR Gat SRt e Aokt 808 teagoR 0. Bsteabttm BB, o
hydr ogenat ed g8 AHea180: Y@ES&h(i%argéggp%dBt?B gnﬂﬁs Waly lcohp¥iSe RomiboRES t@ver age

nol ecul ar wei ght of from about 00, preferably from about
30,000 to 40(B,b©0025 msepmfmldyeitﬂnyabmﬂrﬁabwanﬁﬂ Pefrably edmharm2sdeia@. 20

Wh th to b l.ock,. of bl ock I t he bl ock
Tt vy SR 2 8REE te8oym pbiprhe bt st ool et Lol i Pk b on of
the nonoper Smﬁn&r avél‘@%é’%fe'cﬁ]af‘@efg‘ﬂ?of FORAABLRO] 0,0 PR BBEY 30 odau?@@erm

copolyner, followed b he addition of the other nononer, Spec flcal
monoal kenyl aremaboutctirtp aboutf260,/008, mpsei prefepably frem dhaut 6@;0@0@ dboutrul a

pol yi sopr ene/ pol yhu i ene 25 pol yal kenyl ene-M rnatjvely, the order
can be reversﬁ‘@a@ WH@ Wﬁ%@%&!ﬁ%g ¥@ﬁ@ﬁﬁ:ﬁpqg§@§gﬂgglyﬁ@¥@f£d first,
foll owed by thgy lﬂﬁﬁléde%bpefyrﬁéﬂﬁofﬂléidﬁeﬁn&{ ma?' haw ﬁf‘@%éﬂﬂl ﬂ&hSéﬁv@ﬁ@@mer to

forma living poI ynmer having the fornula pol ynonoal kenyl

ar ene- pol yi sapolemdhlpwbl)gbufranil abpet 0, totabbite?, OHAX), peafgrablyrfeote abomsnoner s

onovi myl Paprido s 33k 1000 Bk orefiiil, Ao thonr S 0%l abRus 809K000s chy s
o-, m and pvvﬁﬂﬁme%& mae&% hya}dg@aate@mnbnﬁéo% rﬁGﬂth&%Nehﬁéﬁh»*ﬂ!PhWeSi yrene.

The preferred nonoal kenyl arene is st%/r ene. 03L005
number average molecular weight of from about 10,000 to 700 000 preferably from

about 30,000 to 400,000, more preferably from about 50,000 to about 250,000.

20 Where the random copolymer is to be a block of a block copolymer, the block
copolymer may be, and is preferably, prepared by step-wise polymerization of the
monomers €.g., polymerizing the random polyisoprene/polybutadiene copolymer,
followed by the addition of the other monomer, specifically monoalkenyl arene
monomer, to form a living polymer having the formula polyisoprene/polybutadiene-

25  polyalkenyl arene-M. Alternatively, the order can be reversed, and the monoalkenyl
arene block can be polymerized first, followed by the addition of the mixture of
isoprene/butadiene monomer to form a living polymer having the formula
polymonoalkenyl arene-polyisoprene/polybutadiene-M. Suitable monoalkenyl arene
monomers include monovinyl aromatic compounds, such as styrene,

30 monovinylnaphthalene, as well as the alkylated derivatives thereof, such as o-, m- and
p-methylstyrene, alpha-methyl styrene and tertiary butylstyrene. The preferred

monoalkenyl arene is styrene.



In star and linear VI inprovers conprising diblocks of styrene and a

hydr ogenat ed random pol yi sopr ene/ pol ybut adi ene copol yner of the invention,
the styrene block of the linear diblock copolynmer may conprise from about 5
Ww.% to abd0®3le® wt.% preferably frombBbout 20 w.% to about 50 wt.%
nore preferably 5 fromabout 30 wt.% to about 40 wt.% of the diblock

copol yner. The bl %'ﬁta@@ﬂ@liﬁé&wmﬁmﬂm&@pﬁﬁ%&mm% 8fistoRede bpCovered in the
same manner described above. Alternatively, the bl ock copol ynmer may be

sel ectivel y Mhydmeensedrandom palyisepiene/palybutadiene enpolimaeriofike mventiopdthegenat ed
as above, while t .0 aronatic.unsaturations are hydrogenated to,a, | esser
extont. pr ot g PlopEafthg ke ubiRoe R el S R AR VL q e
aromati ¢ unsabbied0 V1%, ?f&eram@rfaﬁﬁ BB D0 wiIB! ®CdboMESWE v s bteerablgchni ques
are also well known to those of ordinary skill in the art and are déscri bed,

for exanplSe, fromab@it 30awtehat toboudbws %9 afthedigoclrReopolyBerrat . No. 27, 145, and
U S. Patent No. 5,166,277. Optionally, the VI inprovers of the invention can
be provided with nitrogen- containing functional groups that inpart

di spersant capabi I'THe B8cK &polignefimiyRER BE hydrof¥tfatdd SldctebdVetddinithcibsdd ¥ has
been to use such "nmultifuncti'onal” "VI inprovers in 20 lubricants to replace
sone or all chaineedelicebed skove. Alletmatiyely; thebledkrriopglynemn maydweakelectivadyps can be

added to a pqlyneric VI inpraover raftin I t rogen-cont ai ni noi ety
onto the pot shbREenied ReBACHHE pledhyruriiing gehyderes B0 a8 SPore. HECHIT 1 | ng
of @ Nl 1{09eHoRM sahurllidiRiaR! MydBichaRdRE h 14EEEr Aiche kPRabIY, A 104N

I ncl ude, for exanple, contacting the polyner and nitrogen-contalning noiety
i n the presenveregicfarably lessethan &6 afahe arvmatiaupsatumiivheare hydtogemated.n t he

presence of a solvent. The free radical initiator nay be generated by
shearing (as in an extruder) or heating a free radical initiator precursor,

such as hydrogen pgiQXive Bydrb3en 48R YethnRfuef e’ BBOREIF RIS T tBsedsfrdinRe
nononer wi Il depend, to sonme 30 extent, on the nature of the substrate

pol ymer and tdkill inghe hrt@hd diesqeseritedc for exgroplecin ©B5S. Patent No a3, %0940 USRe. To
I mpart di spersa ract eristjcs, .0 ar and |linear copolyners, the
anount oflsgra?ﬁt'gg&rﬁﬁﬁaég@?ffgoipmemﬁa' %ﬁ% - is suitably between about 0.4

and about 2.2 w. 9% preferably fromabout 0.5 to about 1.8 wt. 9% nopst

2003L005 - 13 preferably fromabout 0.6 to about 1.2 w. % based on the
total weight of gr@ptieully, the VIimprovers of the invention can be provided with nitrogen-

containing functional groups that impart dispersant capabilities to the VI improver.
One trend in the industry has been to use such “multifunctional” VI improvers in

20 lubricants to replace some or all of the dispersant. Nitrogen-containing functional
groups can be added to a polymeric VI improver by grafting a nitrogen-containing
moiety onto the polymeric backbone of the VI improver. Processes for the grafting of
a nitrogen-containing moiety onto a polymer are known in the art and include, for
example, contacting the polymer and nitrogen-containing moiety in the presence of a

25  free radical initiator, either neat, or in the presence of a solvent. The free radical
initiator may be generated by shearing (as in an extruder) or heating a free radical

initiator precursor, such as hydrogen peroxide.

The amount of nitrogen-containing grafting monomer will depend, to some
30 extent, on the nature of the substrate polymer and the level of dispersancy required of
the grafted polymer. To impart dispersancy characteristics to both star and linear
copolymers, the amount of grafted nitrogen-containing monomer is suitably between

about 0.4 and about 2.2 wt. %, preferably from about 0.5 to about 1.8 wt. %, most



pol ymer. Methods for grafting nitrogen-containing nononer onto pol yner
backbones, 5 and suitable nitrogen-containing grafting nononers are known
and described, for exanple, in US. Patent No. 5,141,996, WO 98/13443, WO
99/ 21902, U. 8003pgiSent No. 4, 146,489, U.93 Patent No. 4,292,414, and U.S.
Pat ent No. 4,506,056. (See also J Polymer Science, Part A Pol yner

Cheni stry, V@kefel?aﬁ fhdi Abddi A6 tolahRt 1.20wt. B Ib¥éron thE tAIGEeigMObpRtied €t L €r' S,
Vol . 20, 481-486 f982 and J. Pol ymer Sci énce, Polyner 10 Letters, Vol. 21,
23-30 (1983) ;pOIaMnherto Gayl ord and Mehta and Degradation and Cross- i nki ng of
Et hyl ene- Propyl ene Copol ynmer Rubber on Reaction wth Maleic Anhydride

and/ or Peroxides; J. Applied Polyner Science, Vol. 33, 2549-2558 (1987) to
Gayl ord, Mehta andyMBBasgtor ?éfﬂﬁ?m%@&%bﬁt&‘ﬂﬂ& rﬁbn&rﬂér%nk@ﬁ@l?fﬂe?ﬁa&b@né&s ed
principally in the fornmulation of Ccrankcase lubricating oils for passenger
car and héavyndutijablé pitrogerengitaining graliingcoononicgeara kmajvorand desanibedfforn oi | of
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conposition wth 20’ the required properties. I'ubricating ol l conposition
may cont ai n tReéymér Sciemce\Rart AnPolyimerChmarstrproll ﬂ6,an88nli198t(l%8)fj dolpdeorut 0 1

. % b f 0 % b 1.5
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i nprover, or limkingted Hikydng-Rr eniRubbet dneRedetion for
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copol yners of: ; .
copol yners, 5 ‘5 Mijsat urated di carboxylic acid and a vinyl
conpound, .2?5%2@@@?@ gga]styrene and acrylic esters, and hydrogenated
copol ymers of styrene/ 30 isoprene, styrene/ but adi ene, and ot her

hydr ogenat ed i soprene/ but adi ene_copol yners, wel] as the partially

hydr ogendfed hono eﬁ?ﬂ?@%‘f’“%ﬂfé‘!ﬁ @H‘é‘t’é’ﬁﬁf‘?% PEREiPaby fsibg dormulation ofs o

| ubri cati ng t tédggs i on nmay be
sel ected frokﬁﬁg(?ﬁére l?{b: %ngggal%l?bn Pg&t synt ea‘ Q%P{L}b(?llé%g lﬂélseg{)ds and

m xt ur es comprise a major amount of an oil of lubncatmg v1scosity, aVl improver as described

above, in an amount effective to modify the viscosity index of the lubricating oil, and
optionally other additives as needed to provide the lubricating oil composition with

20 the required properties. The lubricating oil composition may contain the VI improver
of the invention in an amount of from about 0.1 wt. % to about 2.5 wt.%, preferably
from about 0.3 wt. % to about 1.5 wt.%, more preferably from about 0.4 wt. % to
about 1.3 wt.%, stated as mass percent active ingredient (Al} in the total lubricating
oil composition. The viscosity index improver of the invention may comprise the

25  sole VIimprover, or may be used in combination with other VI improvers, for
example, in combination with an VI improver comprising polyisobutylene,
copolymers of ethylene and propylene (OCP), polymethacrylates, methacrylate
copolymers, copolymers of an unsaturated dicarboxylic acid and a vinyl compound,
interpolymers of styrene and acrylic esters, and hydrogenated copolymers of styrene/

30  isoprene, styrene/butadiene, and other hydrogenated isoprene/butadiene copolymers,

as well as the partially hydrogenated homopolymers of butadiene and isoprene.



thereof. The lubricating oil may range in viscosity fromlight distillate
mneral oils to heavy lubricating oils such as gasoline engine oils,

mneral lubricating oils and heavy 5 duty diesel oils. Generally, the
viscosity of (@gl ranges from about 2-é&#ntistokes to about 40

centi st okes, espeC|aIIy from about 4 centistokes to about 20 centi stokes, as
nmeasured at 100C. O of Ribricating vistobitylesefuliimele ntext afthe\pegrehvinbentivnimay e. g.
castor oil, lard oil); 10 Ii gw d petrgleum oi |l s _and, hydrorefined,

sol vent - t r eat Rdelcteddiom nawsal debrigating gils. synthetig IUbFﬁ@‘%aﬁlEfalnFlrﬂnc‘,mf?Papht heni ¢
and m xed parﬁ]‘ﬂf P"fﬁ@ﬁﬂp (ﬁlﬁl %ge%brﬁc«?ﬁtplfgﬁg hgﬁtt 1&31&%&’%@5'0&% to

derived from coa or s so s ve~-as use e 0|
| ubricating ohdasy ilubticadeg Jm\yzckrmhas bawoliae bﬁg]ﬁﬂdllhallnﬁemuhnbhtiuﬂgaﬂls ahd heavy

hydr ocarbon oils such as polynerized and inter olynerlzed ol efins

pol ybut yl enesdutpdiesel r%ﬁéyﬁ@n@r@l ly the piscesiy- qfébwﬁ) angaeiremaboy h%ﬁ@tlssﬁﬂ%gq nat ed
| ybut yl I I

POk Pt Y1 e SabdiEhdl by BEE0 SSaeciiBy Kk a5 1Mo R S GO AAFRE bk, s

al kyl benzenes nes, ecy enzenes nony énzenes

di (2- et hyl hepyhoupgnzgoes).; pol yphenyl s (e.g., biphenyls, terphenyls,
al kyl ated 20 pol yphenol s); and al kyl ated di phenyl ethers and aIkyIated
di phenyl sulfides and derivative, anal ogs and honol ogs thereof Al kyl ene

oxi de pol yners and i nt ol. s and d atl 4 er eof t erm nal
hydroxyl groups haVd Bazé’ﬂ Hﬁ“ﬁ}“f %}Pg VFﬁt%@? Pﬂﬁ(e -fot F8 r1°|‘ c%f‘?B‘r]l) etc.
25 consti jgit ehé\.ﬂ@b@@éle@rh%’il% afd h&ﬁd}@i@?ﬁn%b! Nol\@ht-frehtb® bt £38 13Gte@ mhifierall IBSSF ar e
exenplified by  pol yoxyal kyl ene’ pol yners prepared by pol ynerization of

et hyl ene oxi déle(paraqﬁﬁmpyna@hdlenmmd@;uxahparaffmuahmthmsdtyawIOés bElubriodting
pol yoxyal kyl ene ner s i SO ne gl ycol ether
havi ng a nol e%‘ﬁ‘f‘g &E é%‘fl%%ldﬁ b%(ﬂs}? ﬂ%lasé‘f%éf@%fn Yol y- et hyl ene gl ycol

havi ng a nol ecul ar melght of 1000 to 1500); and nono- and 30 pol ycarboxylic
esters thereof, for exanple, the acetic acid esters, mxed C3-C8 fatty acid
esters and C13 oxoSmtthlmlilbm?émg@ils irsdudedtyldydcarhonglils @apd halpembsiitoed- 15-

Anot h jtable cl thetic.lu . th t f
i car boxyl ¢ Bedfedrbaryf sull B Bfverestin Rl inBe s GO G Es ucci ni ¢ aci ds
and al kenyl ;fsmsutpleﬁesaﬁb%mpq%es propilche-isatRitAbse @pofmers! Qﬂldrﬁla&fal d,

sebasic acid,fumaric acid ic acid, linol®ic aci dlner nalonlc acid,
al kyl mal oni c gdyblstylems(pgly[l h@;{e@m)cpoly(l-octenes) poly(1-decenes)); alkylbenzenes

(e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated
20  polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and

derivative, analogs and homologs thereof.

Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl groups have been modified by esterification, etherification, etc.,

25  constitute another class of known synthetic lubricating oils. These are exemplified by
polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene
oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers (e.g., methyl-
polyiso-propylene glycol ether having a molecular weight of 1000 or diphenyl ether
of poly-ethylene glycol having a molecular weight of 1000 to 1500); and mono- and

30 polycarboxylic esters thereof, for example, the acetic acid esters, mixed C;-Cs fatty

acid esters and C,3 oxo acid diester of tetracthylene glycol.



5 acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol,
dodecyl al cohol, 2-ethyl hexyl alcohol, ethylene glycol, diethylene glycol
nonoet her, propyl ene glycol). Specific exanples of such esters includes
di butyl adi padoe3Lodi ( 2- et hyl hexyl ) sebacat &5- di-n-hexyl fumarate, dioctyl
sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,

di decyl phthal at e, AfbBECRSMble SEREABAEYRTheiB utri@tinYy bh@é&&pﬁé&%%@ést&& of i noleic
1o acid dinmer, and the conplex ester fornmed by reacting one nole of sebacic

acid with twlcarbbxdicaicidsde.gaphthalie acidgiugcinic zoidl alkyd swaslinis acifds and alkenyl

2- et hyl hexanoi ¢ .acid., Esters useful.as. thetic.oils.alsp.include.those
made Trom C YECREACORBIES sadyrrlaicaEih st 5 perSicasit St 29t or s such
as neopentyl giMeatid, lindlele aciditet, PhP6MPL AR, aIRIAASHY bbids lBenyl malonic

di pentaerythritol and tripentaerythritol. Silicon-based oils Such as the

pol yal kyl -5 padidsymith-a varetyef dcohpls (@rg., uoylyadeohlobshesyll dlanhol dodécy] aledhdli | i cat e
e S S ey U R B B B
tete{“r/;[](e)}:()ylt )eflt $%e%ff§/cﬁe_xp nc{/s%‘f @ﬂg‘slrﬁt%géngﬁj&& Bitubyedlpai, (8 &ttiylhexyl) sebacate,

hexa- (4- net hydi-ihetyhfitrharetd, fibcsil sebeeate, dijsobstyhetetayd, Jitisddecginerslats dioctyl
T 0S8 e AL T ST Sl | o2

phosphat & di ﬂ&ﬂfubeg,e%tsdﬁtfmc 93m§f%§3é§tgpfb§ﬂ|38 %gf}c&‘fihg )oné‘ 'E}Q)Iel:)gil %B%ii: Geid Iwith

t et rahydr of ur ans. ess tispersants intal i I'n suspension ol

i nsol ubl es r eswd mbleg of tetraethglenel glyicohandf twiohmoles bf Hethivitgexaseic acid. conbust i on.
They are particul arly advantageous for preventing the precipitation of

sl udge and the formation of varnish, particularly in gasoline engines. 30

When the VI inprov f ' : | ' C I trogen-
functionalized equiﬁ%/tg‘fgeuﬁ%ﬂfﬁsg{)@%%Pngg%%cﬁ@éot?o%?ﬁ@s@&g%ﬁgr@éént in the
formul ati on 2@036eoxyli6 acids aiepelgcls and pdlybyestérs ainehiids nebparylogipdoldependi ng
upon the amount of djspersant- viscosity index inprover (DVII) used in the
oi | conpodi t i Bimetidelpronage, pentrenghiel, ditentasryihiril and wingalewythritakt i on bot h as

detergents to 5 reduce or renove deposits and as acid neutralizers or rust
i nhibitors, thereby reducing
Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or

polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic
lubricants; such oils include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-

20  ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate, hexa-(4-methyl-2-ethylhexyl)disiloxane, poly(methyl)siloxanes and
poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl
ester of decylphosphonic acid) and polymeric tetrahydrofurans.

25
Ashless dispersants maintain in suspension oil insolubles resulting from
oxidation of the oil during wear or combustion. They are particularly advantageous
for preventing the precipitation of sludge and the formation of varnish, particularly in
gasoline engines.
30

When the V1 improver of the present invention is replaced by a nitrogen-

functionalized equivalent thereof, the amount of ashless dispersant in the formulation



wear and corrosion and extending engine life. Detergents generally conprise
a polar head with a | ong hydrophobic tail, with the polar head conprising a
netal salt of an acidic organic conpound. The salts may contain a
substanti al | gostaischi onmetric anmount of tkge nmetal in which case they are
usual |y described as normal or neutral 1o salts, and would typically have a
total base n RS : 0Oto
80. A large g%ﬁ%?%ﬁ‘.a—gg&d 2 t% g?&jb%gggﬁﬁay beb%%héggggoﬁgttggﬂg% %@p‘%fedggcqeﬁagmexcess
nmet al conpouniscéstygndexaimmprvad DMINsdd axihd @)l cantposigionaci di c gas (e.g.,
carbon dioxide). The resulting overbased detergent conprises neutralized
detergent as the outer |ayer of a netal base (e.g. carbonate) mcelle. Such

overbased 15 det Cegt Sonfipd B Soiish b Ot i kBRI Rkl gal 1Y ui |

have a TBN of from Oto O or nore. rocar by It phat e net al
sal ts aresfr eglueabt yemoedepssisrind\we acidaedtralésets apcustdnhibagenthsreby hedueiigal may
be an alkali or alkaline earth netal, or aluminum 20 |ead, tin,

mol ybdenum  WERGaRbeITOSINCANd) extandigsngine lifg Defergents gangrally coppeise 8 galapn| y

used in lubri ' ' -beap ' ]

Fechni ques by Rl fl albhe RftoBRCBIPLERAL Lol LGB EORUAREE athddd SIS,
usual ly by mreidid érganiofcompournd. Tiw salte heaytvohtait a sutpteatially swoichidd#tic and t hen
neutralizing the formed DDPA with a zinc conpound._ For exa

| e,
di t hi ophosph@roangef, the mejal i which fasethey apeusuallygeseriked asnro ﬁrrermgra{/ and

secondar y,,al ' , Lol L.t hi | ' an be
pr epar ed I\Rhe%gll&?hgd @h%@??&yﬁ%‘%&o&u@m %h%orﬁlén Ba%lrrtgplrgﬁng g%%@g%ﬁféﬁb f I n
character and\STM DR896dofifrbm 0 @ 80URS lazge drhourttdf armtetal e maly be liycorjioratedr y i n

character. To make the zinc salt, any basic or neutral zinc conpound could
be used but tHEeakingE¥Cesh et crmPeunth(s- S aanRxde eshysrexide)svithyahagidic|gps

enpl oyed. 30 Comunth ol Ty EduliS WML EONEAILOARIEK R T2 ne. due

to the use o cess asi € zinc conpo & Neutrali zati on
reaction. 20@3{cognt aslthe dker digyler 0Na inebdl baseqe . oarbandié)asicehdt Sudhasligttaséde
tendency of mineral oils to deteriorate in service. Oxidative deterioration
can be evdderigtaEans By Bg 3 EBNRS 15095 greatas: andtypisalbywill havee FBYjaf drogh t he

nmetal surfac Lscosity gromh. Such oxidation inhibitors include
hi nder ed phe?(?Pst?Hg?Egﬁnl\l)kez earth nmetal salts of 5 al kyl phenolthioesters
having preferably C5 to Cl12 al kyl side chains, calcium

Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and
antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum,
20 lead, tin, molybdenum, manganese, nickel or copper. The zinc salts are most
commonly used in lubricating oil and may be prepared in accordance with known
techniques by first forming a dihydrocarbyl dithiophosphoric acid (DDPA), usually
by reaction of one or more alcohol or a phenol with P,Ss and then neutralizing the
formed DDPA with a zinc compound. For example, a dithiophosphoric acid may be
25  made by reacting mixtures of primary and secondary alcohols. Alternatively, multiple
dithiophosphoric acids can be prepared where the hydrocarbyl groups on one are
entirely secondary in character and the hydrocarbyl groups on the others are entirely
primary in character. To make the zinc salt, any basic or neutral zinc compound
could be used but the oxides, hydroxides and carbonates are most generally employed.
30 Commercial additives frequently contain an excess of zinc due to the use of an excess

of the basic zinc compound in the neutralization reaction.



nonyl phenol sulfide, oil soluble phenates and sul furized phenates,
phosphosul furized or sulfurized hydrocarbons, phosphorous esters, netal

t hi ocarbamates, oil soluble copper conpounds as described in U S. Patent
No. 4, 867, 890z00z1wd5 nol ybdenum cont ai ni ngi1goenpounds and aromati c am nes. 10
Known friction nodifiers include oil-sol uble organo-nol ybdenum conpounds.

Such or gano- ol ybdéﬁﬂﬁhfu'i Bﬁﬁﬁl&ﬁ‘s HPé}itfoF(ﬁfaﬁts%cﬁf&e%eot\éh&’&c 3 bnfietds Ist nd

antiwear credits to a ricating ol [ conposition n exanpl e such
oil soluble odegamatermlsgrbwen(Dmda:ondutedsratrbheambmyxdmedﬁmsimigedntHce

di t hi ocar ba s 15 dith hat e osphi pat es, .xant hates,
hi oxant hat coubaE: HERSTLREOEHEIE PR die el SuRfaee FaL b NEesD EIpaRt | Sishar | y
preferred are, Mﬁqﬁﬁf&ﬁb@ﬁ h@&ﬁhﬁé@@})ﬁ ols, dialiky b4 AbephasRizat es, al kyl

xant hat es and a | oxant hates. O he nown friction noditying materials
i ncl ude gls)/cealkylphmnmhm«asnes lefving2fteferabinge Cs taaCi)\allad isilis, chhins, calcumml e, gl yceryl
nono- ol eate; esters of |ong éhaln qﬁl ycarbox lic acids vmth diols, for

&P

exanpl e, the BRAVRENE} %qlﬁ%'sp solgpl P#ﬁﬂ‘%ﬂ’ fugizecphrngtes Phogphapubiisized
oxazoline co z?cﬁlgihrééa%’aﬂé' @&ﬁh&hb&’éﬁt&yk}ﬁ&hﬂ QEHEQJA% @Fbcﬁﬁﬁl

di am nes and al am nes exanple ow am ne and
et hoxyl at ed tailjpeﬂ\t:(ﬁﬁlbtﬁmdam Mm&‘ii nduns. Bﬂeth(delmmmd molybdemirse known
as |ube oil flow.ipnprovers tgean | ower the mnimumtenperature at which
the fluid wil$onmBiRgSOEMPYUD Q@BQ’BEF‘C AWRES. additives are wel | known.

Typi cal o§ those additives that inprove the low tenperature fluidity of the
fluid are  C8 to Cls dial kyl fumarate/vinyl acetate 30 copol yners, and

pol ynet hacr yl at esKnbwafrictivit hmodifiemsrindladeoid¢olibld diyarmrmalybdémmrasmpeindshe
pol ysi | oxane type, for exanple, silicone oil or polydinethyl siloxane.
2003L005 - 18SudvRrsano-melybdenire frigtinn medifiersdsorprowide antioxidany pad antiwear

mJItipIicity C I I t ct as a
di sper sant - oxi taa %‘%ﬁa l:ilﬁﬁcat%ﬁlg%ﬂé ogﬁi%ngAE(%c ﬁjﬂ@g O?Fl%ﬂ%ﬂogv?mméé%gﬁg)ed not be
further el abomalybdemi eorfipounds, there may be mentioned the dithiocarbamates,
15  dithiophosphates, dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and
mixtures thereof. Particularly preferred are molybdenum dithiocarbamates,

diatkyldithiophosphates, alkyl xanthates and alkylthioxanthates.

Other known friction modifying materials include glyceryl monoesters of
20  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; oxazoline compounds; and alkoxylated alkyl-substituted mono-
amines, diamines and alkyl ether amines, for example, ethoxylated tallow amine and

ethoxylated tallow ether amine.

Pour point depressants, otherwise known as lube oil flow improvers (LOFI),
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 Cg to C,g dialkyl fumarate/vinyl acetate

30  copolymers, and polymethacrylates.

Foam control can be provided by an antifoamant of the polysiloxane type, for

example, silicone oil or polydimethyl siloxane.



It may al so be necessary to include an additive which maintains the
stability of the viscosity of the blend. Thus, although pol ar
group-contai ning additives achieve a suitably |ow viscosity in the
pre-bl endi ng2863egis it has been observed t{ypt sone conpositions increase in
viscosity when stored for prolonged periods. Additives to which are
effective in controlling this viscosity increase include the Iong chain
hydrocarbons functionalized by reaction with mono- or dicarboxylic acids or
anhydri des whi ch @oenelsfabe dibvehfieionpd béditioss ah prévddas Mssliciysgerfsas s as
her ei nbef ore di scl osed. 15 Representative effective anpunts of such

addi tional ad@ist pr/@salnn;lhemslweaddlhve By AKkicasredippassant ardation inhibitos: dHisbel ow:

ADDI Tl VE Mass % r oad s % spersant 0.1 - 20 1-8
Metal Det er géR ploag B3 R did de 8t b et SbSBRARPREL 0™ 02 7\ 20 )

D h drocagb | Dithio hos hate O. 1 - 6 0.1 - 4 Antioxidant 0-5 0.01 - 2
Pour Poi nt Depressant 0.01 - 5 0.01-1.5 Antifoam n Agent 0-5 0.001-0.15
Suppl enental Anti \A;émay Algebe aecessary to irglude apradditivewivglminsaingths satblhtx os

Basest ock Bal ance B e Si t ho h nQ ssen
repar e one. dit sty anie yend oHRoHIEReD Bela€ excdpisdRlatng RifFRRbite s
(concent r at eguFsHIRIdWRBCOEIYIA thepreBIGinOstae it B bdeh \Bsdied@maesomarher eby
several additives can be added simultaneousliy to the oil to formthe

| ubri cati ng cPmpositipasinciease inTHigsopitywhen stbrad&anpromngpdpﬁmdﬁn m@nmm oy
2003L005 __19- f. 5 25, ferably 5 to.l 1y 10
o 15 masd oG el A ertebvomeoarolingRhS s B e iorcn ol hearms o cat i ng

viscosity. T%&rdcﬂt‘b%% hﬁi&u&%dﬂzc@ﬁyfré&ichbﬁ(mt‘}mﬂ&{osfoi?ﬁﬁaﬁ%xgrﬁé 8ligdee to the
following 5 exanples. In the follow ng Exanples, the properties of certain

VI i nprover s aahwydridte sdvi¢tbard usesd inghe prepaiation ef the aslﬂlessrdlspmantsrasar e defined
below. In th% Ex%rgf'nl es,, ial |
ereinbefore disclosed.

15 Representative effective amounts of such additional additives, when used in

crankcase lubricants, are listed below:

ADDITIVE Mass % (Broad) | Mass % (Preferred)
Ashless Dispersant 0.1-20 1-8
Metal Detergents 0.1-15 02-9
Corrosion Inhibitor 0-5 0-1.5
Metal Dihydrocarbyl Dithiophosphate 0.1-6 0.1-4
Antioxidant 0-5 0.01-2
Pour Point Depressant 0.01-5 001-1.5
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-0.5
Friction Modifier 0-5 0-1.5
Basestock Balance Balance

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

to form the lubricating oil composition. The final lubricant composition may employ



parts are parts by weight, unless otherw se noted. "Shear Stability I ndex
(SSI)" neasures the ability of polynmers used as V.lI. 1o inprovers in
crankcase | ubricants to maintain thickening power during SSI is indicative
of the resistamcensof a pol yner to degradatg.on under service conditions. The
hi gher the SSI, the |less stable the polyner, i.e., the nore susceptible it

is to degra i L 1 { - i ved
viscosity | ngg)tngggo ??ﬁag% Oég (ﬁ”g a@flgpﬁgﬁs%’q?gkggflgtolva%%h -
kvater kv f cesdentrateythe redneindembeivg bih of mbtibatirg visoveity.c vi scosity of the

pol ymer - cont ai ni ng sol ution before degradation and kva&er is the kinematic
viscosity of the polynmer-containing solution 20 after degradation. SSI is

conventional |y detgl:m 0&%@%@&@%&%%&{%@? %%%Nﬁ%%ﬁ%@g ban (KO

or DI N bench test). e polyner under tes sul | e base
oi | (for exarphmplesohvihefollowing BxathplésOths prspetics of eeain M Idinpyever &€0si ty of
2 to 3 centistokes at, 100C and the resulting fluid is punped through the
testing app&esariped gpiagicestain termsial artawhighpse definpd b&i‘QYf-o@g‘B‘? Examplepalkeni ng
Ef ficiency ( v ' - RoJ rs ability to thicken oil per
unit mass an}';%tsé &%ﬁﬁﬁ@ﬁ?ﬁ*‘?@“‘é&ﬂﬂ%¥%y c In 2 Avail 30 2003L005
-20- wherein c is polyner concentration (grans of polynmer/100 grans

solution), kvoit+polyma is kinematic viscosity of the polynmer in the
reference oil, andSkeaiStabikity Indexc(PR)"dneasures gherapilipy of pelymerevsedas Vol.| . 5

"Col d Cranki i mul .at .n I ankd
char act eﬁlﬂst iq%‘g%gg}g clrgé%?é g%e %tﬂrbéra?lksealﬂ{@ﬁgﬁf&%@gk%%ﬂggﬁ% o(?\ug-hg;yg&gger m ned
using a techindigatbreddsii tebientdofATNyiBPePPadatiSE afiddr Bervide@okditiohsl " Thes used
to measure the apparent viscosity of engine oils o
higher the SSI, the less stable the polymer, i.e., the more susceptible it is to
degradation. SSIis defined as the percentage of polymer-derived viscosity loss and is
calculated as follows:

15

kv, . —kv
SSI =100x% fresh after

fresh kvoil

wherein kv is the kinematic viscosity of the polymer-containing solution before
degradation and kv,g. is the kinematic viscosity of the polymer-containing solution
20  after degradation. SSIis conventionally determined using ASTM D6278-98 (known
as the Kurt-Orban (KO) or DIN bench test). The polymer under test is dissolved in
suitable base oil (for example, solvent extracted 150 neutral) to a relative viscosity of
2 to 3 centistokes at 100°C and the resulting fluid is pumped through the testing
apparatus specified in the ASTM D6278-98 protocol.
25
"Thickening Efficiency (TE)" is representative of a polymers ability to thicken

oil per unit mass and is defined as:

TE 2 Iﬂ( kvoil+po[ym¢r J

oil

30



10 at |l ow tenperatures. A shear rate of approximately 0.2 s-1 is produced at
shear stresses bel ow 100 Pa. Apparent viscosity is neasured continuously as
the sanple is cooled at a rate of 1C/ h over the range of -5Cto -40C, or to
t he tenperat up@Leds which the viscosity e@eeds 40,000 nPa.s (cP). The test
procedure is defined in ASTM D5133-01. The neasurenents resulting fromthe
test met hod | | ent cP, the
i mim At e S aeR YT e HRRAN s Ot fRnG K0 dr B, T et a
whi ch t he Gelmlj,\qaynlendmmmaduwmcoﬂm ofithdpolgmyr Wi the oefetence ¢il/RAW-KTRyik "
measures yield stress and vjscosjt ., engine oils after cooling at

control | ed ré‘l‘@én%\‘r‘e"rlscgsﬁ?ﬁl ﬁ?f’%urs to a final test 20 tenperature
bet ween -15C and -40C. The terrperature cycle is defined in SAE Paper No.
850443, K. 0. Henderson et al. Yield stress (YS) is neasured first at the
test tenperature a‘mlchﬁmﬂdargtsmumﬁls(ﬂq&l'sdﬂneasuma&fstheeddaﬁra:ﬂd@ear stress

of 525 Pa over a shear rate of 0.4 to 15 Apparent viscosity is
reported in ﬁbaragteﬂaﬁwﬁqféranga%ﬁedalpwtscapd lsz@mvmnaa&dmenmségapgg t he
ability of an.@iptque lehiiRAsaMDs09588 the tenperature is |owered.

Performance is re orte I'n degrees centigrade and is neasured using the
test procedure described in ASTM D97-02. After prelimnary heating, the
sanple is cooled at a speC|f| ed rate and exam ned at intervals of 3C for 30

fl ow characteristi égannm& repkdisid tl@ﬁf?@rtama@lrafhwpmnmwwfemglatﬁeﬂs
Speci men s o%?Ee eﬁosfh%%drt aggvogfiﬂ&te Y L1 iERGRRA MR P- 1. CCS

and pour pol n IV€ 0] enpe at ure scorren ri C propertl es

of oil conpoa;n-‘essembeloﬁloms)uw&p;%icm"v@wﬁtyak Irieasuryd cominabily entheahmpe-iol ef i n
pol yners can be neasured using X-ray technigues known in the art as well as
by the use ofcoaleélaﬁﬁé?téﬁfﬂa@h%%ﬁlﬂ:ﬁﬁ‘ge@&r% | eetP\C.onthetesperamgatc an  be

Foom t erper at sk HEiopbedod 0 PR s ()° 78 o BloeBRIpICudrediy o2l o4 21
measur ement . ASTEMES 133-01.tThe mcamn‘emehts résultig foemltiectestanethOd Grefreportedas m

tenperature, and then heated to 150 C at 10C mn. Crystallinity is
cal cul at ed as/iscosity tmPas or ecayivelent ¢Bithg maxinpym sate Of wiscosity (RCTeRsY,

{Gelation Index) and the temperature at which the Gelation Index occurs.

"Mini Rotary Viscometer (MRV)-TP-1" measures yield stress and viscosity of
engine oils after cooling at controlled rates over a period of 45 hours to a final test
20 temperature between -15°C and -40°C. The temperature cycle is defined in SAE
Paper No. 850443, K. O. Henderson et al. Yield stress (YS) is measured first at the
test temperature and apparent viscosity is then measured at a shear stress of 525 Pa
over a shear rate of 0.4 to 15 . for Apparent viscosity is reported in mPa.s, or the

equivalent cP.
25

"Pour point" measures the ability of an oil composition to flow as the
temperature is lowered. Performance is reported in degrees centigrade and is
measured using the test procedure described in ASTM D97-02. After preliminary
heating, the sample is cooled at a specified rate and examined at intervals of 3°C for

30 flow characteristics. The lowest temperature at which movement of the specimen is
observed is reported as the pour point. Each of MRV-TP-1, CCS and pour point is

indicative of the low temperature viscomentric properties of oil compositions.



wherein EAH (J/g) is the sumof the heat absorbed by the polyner above its
glass transition tenperature, xnethylene is the nolar fraction of ethylene

in the pol yner

calculated, e.g., fromproton NVR data, 14 (g/nol) is the

nol ar mass of0@Least hyl ene 15 unit, and 4220 (J/nmol) is the heat of fusion
for a single crystal of polyethylene at equilibrium EXAMPLE 1 Three radi al
pol ynmers were prepared having conpositions as presented in 20 Table I:

Tabl e 1 Pol yner

But adi ene PS Bl ock EP/EB* Block Conp. 1 0 0 71012 Conp. 2

0 3466 75819 Inv.,L. 22.0 0.727Q00,*EP,i,ndi t hy] / DI l.ene i
derived from pol ymerigutiniy 6 AhyenrrabRhERh BB E Ve A AR Rty
et hyl ene/ but efiini4iie$ Rndied ine aftla0 MellQls HyRhd dtdfantifiéredBalyslimigenat ed
but adi ene. The above nol ecul ar wei ghts were determ ned as %I ystyrene

equi val ent wslpnmetrykBISQdesh PSCaapbersediogneastre; aiysalinitp %

lows: 8hree oil s

bl dinth base. bl end with ]
Fesul i ng kviRSymtRamBRIg PR o K R i G2 20t T B 4B i e
(treat) needegdfdr0 nRGhiRURnfent 2 RGbarter! B0 siBsle 2083 0ed B2100at GhAbes. Each

bl ended oil sanple was subjected to degradation in a standard 30- cycle KO

test. Resul t semperambgand then Tebied t@ 1 507Gl ¢0Z/kah. y CeystalilindliBOis fealealatedids (cSt)
kvl O, After (cSt) Polynmer Treat for kv,(r) of 15 ¢St (mass % Al) Conp. 1

15. 00 14.52 dokew

10

$:Conp. 2 15.00 13.72 0.63 1Inv. 1 15.00 14.58 0.61 5

% Crystallinity = (Z AH)X x xi:a x100% ,

methylene 41

wherein ZAH (J/g) is the sum of the heat absorbed by the polymer above its glass

transition temperature, Xmemylene 15 the molar fraction of ethylene in the polymer

calculated, e.g., from proton NMR data, 14 (g/mol} is the molar mass of a methylene

15  unit, and 4110 (J/mol) is the heat of fusion for a single crystal of polyethylene at

equilibrium.
EXAMPLE 1
Three radial polymers were prepared having compositions as presented in
20 Table 1:
Table 1
Polymer Butadiene PS Block EP/EB* Block
Comp. 1 0 0 71012
Comp. 2 0 3466 75819
Inv. 1 22.0 0 72700

*EP indicates ethylene/propylene units derived from polymerization of hydrogenated
isoprene; EB indicates ethylene/butene units derived from polymerization of

25 hydrogenated butadiene. The above molecular weights were determined as
polystyrene equivalent weights.

For each polymer referenced in this example, three oils were blended in the

same base blend with varying VM treat rates. The resulting kvioo values were

30 recorded, and the amount of solid polymer (treat) needed to achieve a target kv;gp was



The data of Table 2 denonstrates that the VII of the invention (Inv. 1) is
nore shear stable than the conparative materials (Conp. 1 and Conp. 2).
Further, less of Inv. 1 is needed to achieve target kvloo of 15.0 cSt,

whi ch est abl i 20084$0% he i nproved thickenin@2efficiency of the inventive Vi

I nprovers. 10 Using VI inprovers Conp. 1 and Inv. 1, lubricating oil

formul ations - ARUMOXI FEdH BléhdeR Hiafiphd wRCMBjdcRASS YR gRAHatTEH in"DdHdafd 30- and
HDD (heavy duty diesel) formulations are prepared using a nmatrix of base
oils (G oup IgyclarBOpgest] Results aB shawn inl Jablg2.ades (15WA0, 5WB0 and 10WA0,
treat rates and pour point depressants 15 (PPDs). The resulting fornul ations
are neasured to determne fresh oil, low tenperature visconetrics (CCS,
Scanni ng Broogfyebd, MRV-TP1, Pour Point). The fresh oil, |ow tenperature
visconetrics_of Tormulations prepared using lny., 1 are_ found to be
conpar abl e tpoPolpmse ¢kvps Epah 86 (wbOh |Gong. After (@81) EXAVPL PoynBaireatdor t o
hi gh-et hyl eng conten{ (greater than 55 wt. % derived fr &y ef iytstne) oljefin
copol ymer (CCP) VI improvers, the VI [inprovers of the imagi%q) can bg
shown to a||01@0 T e e Tty ([n PPD a ase ol Il sefechidgn and
provide |ower treat|rates. Low tenpdrature punpability (MRV- dat a |f or
fresh oils 2b dungnged with B5.00 inprgver of thHgainvention (1nY.63l) or 4
hi gh- et hyl ene_QCP_( Conp 3 having an ethylene content {of 64 w % and M
of 97,000), jnIlmsW0[HDD fbYQRl ations, are WH&ided in Tabl e0&! The oill s
are initially—btrended—w-ttrro—PPD-2663L005—=23=—added,—and—thenr—supptenent ed
with various PPDs at different treat rates. A total of seven PPDs are
tested with five tTRaHathof TablE QldefRmbirdtyPBat the MIEoSthYMiveitod (IGOD-i$mo¥e S -
treat% Y.S. (cP) Y.S. Vis. (cP) PPD 1 0.1 < 35 26194 > 350 1886250 0.3 < 35
24632 < 175 S#tw@Gstalje than thecompargtive materialg$Eomp. 1 and Comp. 2). Further, less of

Inv. 1 is needed to achieve target kvigp of 15.0 ¢St, which establishes the improved

thickening efficiency of the inventive VI improvers.
10
Using VI improvers Comp. 1 and Inv. 1, lubricating oil formulations
approximating commercial PCMO (passenger car motor oil) and HDD (heavy duty
diesel) formulations are prepared using a matrix of base oils (Group 1, Group II and
Group IIT), grades (15W40, SW30 and 10W40, treat rates and pour point depressants
15  (PPDs). The resulting formulations are measured to determine fresh oil, low
temperature viscometrics (CCS, Scanning Brookfield, MRV-TPI, Pour Point). The
fresh oil, low temperature viscometrics of formulations prepared using Inv. 1 are

found to be comparable to those of prepared with Comp. 1.

20 EXAMPLE?2
Compared to high-ethylene content (greater than 55 wt. % derived from
ethylene) olefin copolymer (OCP) VI improvers, the VI improvers of the invention
can be shown to allow for more flexibility in PPD and base oil selection and provide
lower treat rates. Low temperature pumpability (MRV-TP1) data for fresh oils
25  blended with a VI improver of the invention (Inv. 1) or a high-ethylene OCP (Comp.
3 having an ethylene content of 64 wt.% and a M, of 97,000), in 15W40 HDD

formulations, are provided in Table 3. The oils are initially blended with no PPD



0.8 <35 27075 < 35 20921 1 < 35 26935 < 35 21283 PPD 2 0.1 < 35 27240 < 35
21395 0.3 < 35 29207 < 35 23860 0.5 < 35 29251 < 35 22444 0.8 < 35s 34069
<35 23059 1 < 35s 32415 <35 23930 PPD 3 0.1 < 35 29629 < 35 20689 0.3 < 35
29921 < 35 238090050, 5 <35 30154 < 35 21968 - 0.8 < 35 29872 < 35 21750 1 <
35s 30132 < 35 21093 PPD 4 0.1 < 35s 53768 < 35 24426 0.3 < 35 32236 < 35
24440 0.5 <,38edB32AGtheti sBppl2@8aed WAthBvaFiodd PBBY ABdifferdt B84t Tdtes. LATo@bsf 42009 <
105 4$182 PPD 5 0.1 < 35 26492 < 35 22007 0.3 < 35 28116 < 35 23127 0.5 <
35 27121 < 35ewnPPDs gegested3with fge reat raws fargaeh type< 35 28800 < 35 21935 PPD
6 0.1 < 35 26950 < 35 22111 0.3 < 35 28884 < 35 23837 0.5 < 35 28630 < 35
21966 0.8 < 35 29429 < 35 22693 1 < 35 28522 < 35 22640 PPD 7 0.1 <35
24529 < 140 214678 @a@es 35 24646 < 35 30043 0.5 < 35 24468 < 35 20935

0.8 <35 26558 <35 21343

VM Inv. 1 Comp. 3
Vis.
treat% | Y.S. (cP) Y.S. Vis. (cP)
PPD 1 0.1 | <35 26194 | >350 1886250
0.3 <35 24632 | <175 54895
0.5 <35 26015 <35 21955
0.8 <35 27075 <35 20921

1 <35 26935 <35 21283
PPD 2 0.1 <35 27240 <35 21395
0.3 <35 29207 <35 23860
0.5 <35 29251 <35 22444
0.8 | <35s 34069 <35 23059

1 <35s 32415 <35 23930
PPD 3 0.1 <35 29629 <35 20689
0.3 <35 29921 <35 23499
0.5 <35 30154 <35 21966
0.8 <35 29872 <35 21750

1 <35s 30132 <35 21093
PPD 4 0.1 | <35 53768 <35 24426
03 <35 32236 <35 24440
0.5 <35 32060 { <35 28805
0.8 <35 38423 <70 367153

1 <355 42009 | <105 = 45182
PPD5 0.1 <35 26492 <35 22007
0.3 <35 28116 <35 23127
0.5 <35 27121 <35 22042
0.8 <35 26869 <35 21616

1 <35 28800 <35 21935
PPD 6 0.1 <35 26950 <35 22111
0.3 <35 28884 <35 23837
0.5 <35 28630 <35 21966
0.8 <35 29429 <35 22693

1 <35 28522 <35 22640
PPD 7 0.1 <35 24529 <140 214678
0.3 <35 24646 <35 30043
0.5 <35 24468 <35 20935
0.8 <35 26558 <35 21343

1 <35 26745 <35 21539

5 Note: Shaded cells indicate viscometric failures. PPDs used represent

conventional technologies including both FVA and PMA-based polymers



1 <35 26745 < 35 21539 5 Note: Shaded cells indicate visconetric failures.
PPDs used represent conventional technol ogies including both FVA and

PMA- based pol ynmers 2003L005 -24 The VI inprover of the invention is shown to
be | ess sensi 20080050 t he sel ection of bage-oil and PPD than the

hi gh-ethyl ene OCP VII. EXAMPLE 3 5 There are two industry accepted engine
tests for determ ngjj ; L } i ;
performance. In thghgwllﬂgﬁ#gﬁgfo@é @é@%@%ﬁsﬁuﬁp‘g?%ﬁéﬁs%g@ Rﬂ?(E;}tf tl‘ﬁ)s\ﬁvlﬁcuon

t enper at ur e vofmaeilrand PREr than tertdgh-edytbat ©@CR WD usi ng an APl -certified
doubl e-1 ength Sequence DI F test. For the evaluation of HDD formul ations, the
Mack TIQA test is relied upon. Used oils are generated in engine tests and
subsequently k& AMpigad for | ow tenperature visconmetrics performance. For the
double-length™TTTF test, passage requires that used oil, |ow tenperature

vi sconetrigs, part T'hedeard ywdd@Bustndaccafited Fifiine eats ot detertrénatomaifesed/ el lawme W
grade. To pass the Mack T-10A test, MRV-TPL vj sc,osigig t he Lfsed oi |
cannot exceed‘cﬂﬂ?eﬁﬁérecvﬂf%ﬁlwrfﬂr@?ﬂc%tlpé%ev ugfipg P @ﬁi}(ﬂ erautlanpngs used o

regardl ess of c?%g . : i . Wﬂifl - 9?@15 oL i ons
cont ai ni ng 108%@%@ grslsééo%ﬁngé g‘?rgorﬁfgb%cp%?gtg gé\%tgl\f\lg or rrlﬁ egﬁj%ltns are
identical, exdeutlelengti Seyuehce IH toste For (BeevalatioabfHDDNformulations et Miatlh

hi gh- et hyl ene_OCP (Conp,. 4, ethylene content of 58 w.%and M of 135, 000),
and t he ot her TdPAest 18 gelipdapon, dysegroils e gegratd ig snging ests and spsegyentiyo

formul ati gns ' f Lecl sngd GR i
Vi sconet r?@s g%dﬁgglg%ﬁlgelﬁaesrglvgg&grtglc%rgas uljlljl-lé1 ?gzﬁéc} tﬁé&%@%ﬁh I@%Bt’ and
MRV-TP-1 r esphdsagessequipssatiatdned oib, Idbairbmpératu2O0istdifdries) partitalirly GCYMhd nv. 1
Com .4 Test Hours kv40i ncrease MRV-TP1 V{VS' kv4g increase MRV-TP1 Vis. (%
(cP) (% (cP) MRV:IEL canngtdetenorateqoyppone W grade. To pass the Mack T-10A test,
MRV-TP1 viscosity of the used oil cannot exceed 25,000 cP with no yield stress
failure when tested at -20°C regardless of the W grade of the fresh oil.
15
Two 5SW30 PCMO formulations containing 100% Group-1II base oils are
prepared. The two formulations are identical, except for the VI improver. One
formulation is blended with high-ethylene OCP (Comp. 4, ethylene content of 58
wt.% and M;, of 135,000), and the other with a VI improver of the invention (Inv. 1).
20 The two formulations are subjected to a double-length Sequence IIIF test, the

viscometrics for used oils results are measured, and the used oil kv4o and MRV-TP-1

results are provided in Table 4.



10 -3.9 12000 2.0 7850 20 -6.3 12900 8.6 10200 30 -6.2 14700 16.6 12200
40 -4.5 15200 21.9 13600 50 -1.7 15000 26.6 16100 60 0.9 15600 29.5 17000
70 5.1 16300 35.5 18200 80 8.5 17600 40.4 22300 90 11.6 19000 45.3 23300
100 14.8 196000BD0D 25900 110 20.0 208002%8.0 30200 120 31.4 24200 64.4
35200 130 54.5 32000 72.7 49200 140 92.8 45500 83.9 65300 150 153.6 70900

92.7 86500 If{,1243.9 112500 105.9 10200 As shown by the data of Table 4,
with the lubricating oil containing Inv. 1 as the VII, MRV-TP1 viscosity
i ncreases lilhearlYyMn th kv4o and MR¥.1TP1 exceeds the 5 praim | i m t
(60,000 cP) fat Tasy¥déutt af kwhyifrekee4d MRY-TPB®s. 1[0 kahydHéreds20% MRYM-TPha/igill
bl ended wi th the hi gh et hyl eQ%)VI | Corrp cp@) VRV- TPJ(%ﬁi scogity Q@[b)eri or|at es
nmuch faster {tfman WTFU anmd—TTCI €aSES dUUlYﬁOﬁU 000 TP A& POt 470
correspondi nig—t6 K40 :ncr““se ot—oht ott—85%—Hrerefare; .7 caf—he
shown that t . trics“¥For t \/ rovears
of the invention #Pe superi 0r‘6-t30 t hose 12800f hilgh- eth§l ene |cont KROOOCPS.
EXAMPLE 4 Fof HDD30or nul pti on6.2 passage 1d700he Mack T6X0A tdst iK208e orl y
used oil low tengoraturge visggnetric regaooenent. |R1as bden er¥sabl i shed
that adding fhe PRp 15 piterjihe Tést 1g0ggul val ent Jgg T estfing fd1goo/ T (with
PPD. All tes 0| | %Jwere |en0§§1 I .vauls oot ALHET Wi tih [nﬁ()bﬁne i)
(dl sper sant - FAbt-b Gi') paur\agi aft—pase l,ﬁ,jbb ||uv'V|'L3| ;5 Tabte 7 PPD-
response pr of-i+es—tor—both f+ lh ang—after-test loils '5 re—bi v..ged vi t h
t he but adi enje-f regOCDm 2 an&ist he iinvent/608 matler 3140{‘%v | o300

90 11.6 19000 45.3 23300

100 14.8 19600 51.0 25900

110 20.0 20800 58.0 30200

120 314 24200 64.4 35200

130 54.5 32000 72.7 49200

140 92.8 45500 83.9 65300

150 153.6 70900 92.7 86500

160 243.9 112500 105.9 10200

10

15

As shown by the data of Table 4, with the lubricating oil containing Inv. 1 as the VII,

MRV-TP1 viscosity increases linearly with kvs and MRV -TP1 exceeds the

maximum limit (60,000 cP) at a point at which kv had risen to about 120%. For the
oil blended with the high-ethylene VII (Comp. 4), MRV-TP1 viscosity deteriorates

much faster than kvao, and increases above 60,000 cP at a point corresponding to a

kv increase of

only about 85%.

Therefore, it can be shown that the used oil low

temperature viscometrics for the VI improvers of the invention are superior to those

of high-ethylene

EXAMPLE 4

content OCPs.

For HDD formulations, passage of the Mack T-10A test is the only used oil

low temperature viscometric requirement. It has been established that adding the PPD

after the test is equivalent to testing the oil with PPD. All test oils were blended in

15W40 HDD formulation with the same DI (dispersant-inhibitor) package and base

oils. Shown in Table 5 are PPD response profiles for both fresh and after-test oils that

are blended with the butadiene-free Comp. 2 and the inventive material Inv. 1. Low



2003L005 - 26-

be equivalent to the oils
Used Q|
(ePpo3o®E. Vis.

Fresh G|
Y.S. Vis.

tenperature punpability of oils containing Inv.

Fresh G|

Used O |
(cP)

contai ning Conp. 2. TABLE 5 VM Conp. 2 Inv.
treat Y.S. Vis.
PPD 1 0.1-285 26194 <35 16436 <35 26354 <35

(eP) Y.S. Vis.

1is shown to
1
(cP)

13549 0.3 <35 24632 <35 16894 <35 25971 <35 14561 0.5 <35 26015 <35 16130
<35 26917 <35cHh4&dfre P

%E%ﬁ@c&%ﬁn
26935 <35 15927 <35 2 454 <3 14726 PPD

0.

. F&xhd6Ra6 bed
1 <35 27240 <35 15136 <35 28334

ildiefto the Gifd

<35 13678 0.®ntadgn2QROp. 235 16362 <35 28239 <35 14774 0.5 <35 29251 <35
16201 <35 27834 <35 15582 0.8 <35s 34069 <35 15767 <35 29185 <35 16071 1
<35s 32415 <35 17040 <35 30161 <35 16694 PPD 3 0.1 <35 29629 <35 14000 <35
27945 <35 140BARLA-53 <35 29921 <35 15867 <35 27172 <35 15058 0.5 <35 30154
<35 15058 0.8 <35 29872 <35

<35 16108 <3

5813 <35 277

25 <35 15298

1 <35s 30132
<35 52715 <3j
32060 <35s 1§
21080 1 <35s
14820 <35 273
<35 27121 <3§
<35 15329

338 1550ﬁng35 27679 <35 15201 PPD 4 plny. 355 53768 <35 15538
14961 Fr%5h@2[236 <3UstBEHPA <35 BEARK GiBS 15868sedDip <35
013 <3IFZZTNY < 57 | WsB Vie, (BBPPY.</OVISWaR |98, SOVRACE
FFELE §178 <38448255<335 g 35214618490 §
15266 & £35 0.183%5 beddo 23%/1156495<351496654
0.5 |<35 26015 |<35 16130 [<35 26917 |<35 14578
08 |<35 27075 |<35 16004 |<35 26983 <35 14569
1 | <35 26935 |<35 15927 | <35 27454 | <35 14726
PPD2 [ 0.1 |<35 27240 |<35 15136 |<35 28334 |<35 13678
03 |<35 29207 |<35 16362 |<35 28239 |<35 14774
05 |<35 29251 |<35 16201 |[<35 27834 |<35 15582
08 |<35s 34069 |<35 15767 |<35 29185 |<35 16071
1 |<35s 32415 <35 17040 | <35 30161 |<35 16694
PPD3 [0.1 |<35 29629 |<35 14000 |<35 27945 |<35 14081
03 |<35 29921 |<35 15867 |[<35 27172 |<35 15058
05 |<35 30154 |<35 16108 |[<35 27312 [<35 15058
08 |[<35 29872 |<35 15813 |<35 27725 |<35 15298
1 1<35s 30132 |<35 15509 <35 27679 [<35 15201
PPD4 | 0.1 |<35s 53768 |<35 15538 |<35 52715 |<35 1496l
03 |<35 32236 |<35 16614 |<35 31497 |<35 15868
0.5 |<35 32060 |<35s 18013 |<35 32110 |<70 18392
08 |<35 38423 |<70 19644 |<35 38124 |<105 21080
1 <355 42009 | <70 23481 | <35 41886 | <105 24294
PPD5 |0.1 |<35 26492 |<35 14820 |<35 27272 |<35 13566
03 |<35 28116 |<35 15256 |<35 26557 |<35 14616
0.5 |<35 27121 |<35 15266 |<35 25646 |<35 14742
08 {<35 26869 |<35 15641 | <35 27554 |<35 15329
1 | <35 28800 <35 15793 |<35 27241 [<35 15166
PPDG6 |0.1 |<35 26950 |<35 17846 |<35 27874 |<35 14188
03 |<35 28884 |<35 17872 |<35 26589 |[<35 14925
05 |<35 28630 |[<35 18512 |<35 25960 |<35 15013
08 |<35 29420 |[<35 19186 |[<35 28625 |<35 16451
1 |<35 28522 <35 20241 |<35 29795 <35 17132
PPD7 |01 |<35 24529 |<35 14592 |<35 27761 |<35 13410
03 |<35 24646 |<35 14841 |<35 25341 |<35 14406
05 |<35 24468 |[<35 15357 (<35 25004 |<35 14723
08 |<35 26558 |<35 15757 |<35 25181 |[<35 14702
1 |<35 26745 |<35 16175 | <35 24379 | <35 14381

5

Note: Shaded cells indicate viscometric failures.

5



1 <35 28800 <35 15793 <35 27241 <35 15166 PPD 6 0.1 <35 26950 <35 17846 <35
27874 <35 14188 0.3 <35 28884 <35 17872 <35 26589 <35 14925 0.5 <35 28630
<35 18512 <35 25960 <35 15013 0.8 <35 29429 <35 19186 <35 28625 <35 16451
1 <35 28522 20BLOB241 <35 29795 <35 171327RPD 7 0.1 <35 24529 <35 14592 <35
27761 <35 13410 0.3 <35 24646 <35 14841 <35 25341 <35 14406 0.5 <35 24468

<35 15357 <35 250@%}o%A9n Hk/RHowtheBTabio6 2RI red orlsx‘é ofifes fordoid freshdndl 4702
1 <35 26745 <35 16175 <35 24379 <35 14381 5 No haded cells indicate

vi sconetri c faftef \gstsls tﬁﬂ@&bbﬁdedzwnh Bhowrnda shm staiold loghethyletsl @CB are PPD

response rof| es f bot h sh and after te | s _that are bl ended with
Invp 1 ang aP @Pﬁ"@ré\) ré%}ﬁa@?%%?} eBse (B 8’ pgjnpa appetite
based on useqoeg ﬁotl c‘B‘éﬁh%e%P@ﬂ abhtamimHRab! bhlie otﬂ@xel"f'anﬁo&l Bﬂ:ﬁ&&?witﬁ rCo%ﬂ
containing Inv. he ot her hand, oil blended wth Co

cat astrophic 4|dms1na11asﬂropwc panpahility falilires dugogsesence mﬁylylldestrdsss Bmcépmpexand
proper PPD }3) utions to the obI emare |imted. TABLE 6 VMInv. 1 Com. 4
Fresh O | L3qlutignsdp ths pro el s, treat Y.S. (cP) Y.S. Vis.(cP)
Y.S. Vis. cP) Y.S. Vis.(cP) PPD 1 0.1 <35 26194 <35 16436 <35 20599 <105
24503 0.3 <35 24632 <35 16894 <35 20031 <175 73387 0.5 <35 26015 <35 16130
<35 20118 <1TABBEBY 0.8 <35 27075 <35 16004 <35 19354 <140 30774 1 <35
26935 <35 15924 <35-10381-.<106-31038-RRD-2 0 13527240 <35 15136. <35 20399
<70 11343 0)3 ¥4 129207 <35 163d8Y L35 22488 <35 14574  Comp. 4
Fresh Oil Used Oil Fresh Oil Used Oil
Vis.
treat | Y.S. (cP) YS. Vis.(cP)|Y.S. Vis.(cP) | Y.S. Vis.(cP)
PPDI |01 |<35 26194 |<35 16436 <35 20599 | <105 24503 .
03 | <35 24632 |<35 16894 <35 20031 <175 73387 -
05 |<35 26015 |[<35 16130 <35 20118 |<175 :39079
08 |<35 27075 |<35 16004 <35 19354 | <140 30774
1 <35 26935 |<35 15927 <35 19381 <105: 31038
PPD2 |0.1 (<35 27240 |[<35 15136 <35 20399 | <70 11343
03 | <35 29207 |<35 16362 <35 22488 <35 14574
05 |<35 29251 |<35 16201 <35 23268 <35 16824
08 |<35 34069 |<35 15767 <35 23235 | </0 16330
1 <35 32415 | <35 17040 <35 22592 <ID5 16435
PPD3 {0.1 |<35 29629 |<35 14000 <35 21164 | 14
03 |[<35 29921 |<35 15867 <35 21341
05 |<35 30154 |<35 16108 <35 22170 | <70 14492
08 |[<35 29872 |[<35 15813 <35 21990 <35 18316
1 <35 30132 | <35 15509 <35 20401 |<70 116156 .
PPD4 |01 |<35 53768 |<35 15538 <35 38313 [<70 14828
03 |<35 32236 |<35 16614 <35 23529 <70 18593
05 |<35 32060 |[<35 18013 <35 25318 <70 . 16449
08 |<35 38423 |<70 19644 |<35 30119 |<I105 19718
1 <35 42009 <70 23481 <35 33421 <105 20896
PPD 5 | 0.1 <35 26492 <35 14820 <35 21290 | <70 15007
03 |<35 28116 |<35 15256 <35 22036 <70 - 15756
05 |<35 27121 |<35 15266 <35 21890 [ <70 14845
08 |[<35 26869 |<35 15641 <35 20998 <70. 15500
1 <35 28800 |[<35 15793 <35 20549 <70 15954
PPD6 | 0.1 | <35 26950 |<35 17846 <35 18283 <70: 15361
03 <35 28884 |<35 17872 <35 21460 <70 16950
0.5 | <35 28630 |<35 18512 <35 21854 |[<70 17106
08 |<35 29429 <35 19186 <35 22993 <105 20182 -
1 <35 28522 |<35 20241 <35 23940 <105 19708




0.5 <385 29251 <35 16201 <35 23268 <35 16824 0.8 <35 34069 <35 15767 <35

23235 <70 16530 1 <35 32415 <35 17040 <35 22592 <105 16435 PPD 3 0.1 <35
29629 <35 14000 <35 21164 <70 14077 0.3 <35 29921 <35 15867 <35 21341 <70
15453 0.5 <3pod3ddb4 <35 16108 <35 22170.9¢0 14492 0.8 <35 29872 <35 15813
<35 21990 <35 18316 1 <35 30132 <35 15509 <35 20401 X70 16156 PPD 4 0.1 <35

53768 <35 15
18593 0.5 <

<70_ 14828 0.3 <35 32236 <35 16614 <35 23529 <70
18013 <35 25318 <70 16449 0.8 <35 38423 <70 19644

<35 30119 <105 I91F
<35 26492 <35 14820
<70 15756 0.5 <35
15641 <35 20998 <70
0.1 <35 2695
21460 <70 1695PPDC.
<35 19186 <39 22993
2003L005 -28-] TABLE
Used Q1 Vig trea
PPD 7 0.1 <35 24529

2202
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Note: Shaded cells indicate viscometric failures.

The data provided demonstrates that the VI improvers of the invention provide

the thickening efficiency of the high ethylene content OCP VI improvers without the

CCS debits, and the cold temperature properties of isoprene and isoprene/styrene

block polymer VI improvers with improved thickening efficiency.

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

10

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

principles, prefetrred embodiments and modes of operation of the present invention

have been described in the foregoing specification. What applicants submit is their

invention, however, is not to be construed as limited to the particular embodiments

disclosed, since the disclosed embodiments are regarded as illustrative rather than

15

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

spirit of the invention. Further, when used to describe combinations of components

(e.g., VI improver, PPD and oil), the term “comprising” should be construed to

include the composition resulting from admixing of the noted components,

20



0.5 <35 24468 <35 15357 <35 19814 X10 15203 0.8 <35 26558 <35 15757 <35
18393 <70, 15507 1 <35 26745 <35 16175 <35 19755 <70 15684 Note: Shaded
cells indicate visconetric failures. The data provi ded denonstrates that the
VI inmprovers of the invention provide 5 the thickening efficiency of the
hi gh et hyl ene content OCP VI inprovers without the CCS debits, and the cold
tenperature properties of isoprene and isoprene/styrene block polyner Vi

i mprovers with inproved thickening efficiency. The disclosures of al

patents, articles and other materials decribed herein are io0 hereby
incorporated, in their entirety, into this specification by reference. The
principles pr ferred enbodi nents and nodes of operation of the present

i nvent i on & * been described in the foregoing specification. Wat
applicants subnmt is their invention, however, is not to be construed as

limted to the AP@cﬁJrﬂePHun%Ble%Qghﬁﬂg&snﬂhé&hrﬁﬁ% fo?'ldBﬁ@atlhé‘S%I Qﬂnﬁﬁé ﬂ:’%@%huch

enbodi nents are reg ard [ustrative rath an es
may be nade by F’Pbi%fewgl?f'?qsé&lleﬁﬂ o &t lgAs! PG\W'?'H(HW‘JQ%?)‘S? f"tﬁhﬁ‘af’%fﬁ{‘ %°°pg'b’l‘?r| t
of the inventi @hisofrare drarbutadiaes) whseth &t Gastavati hef chemhtaﬂahe BigoMbratanpe ment s

(e.g., VI i ”prgn\égfher EPP, 3tk id 4 \Jeﬁﬁt 6 Bis o 'dﬁl ﬂf&?%‘ @Lt%%n&%@&ﬁ ued

to include th osi'tion resu roma ngonent
20 29 CLA I\/S*Odi’dd iy pi?ldyr?éPO'@iﬁft Ebl"le ¥ d?”gﬁséf eféO"a QFIOB*cc?QﬁPytq reipast RpPover
for lubricating oil conpositions, which polyner conprlses at | east one, at

| east par ti abl ynDydy paehaled, shakn SUAREG: LB LARYTRR, o0y Jospr ene and

but adi ene, erel Peast 7 buta ne i s Incorporated into
the polynmer as 1,4 units and the weight ratio of isoprene addition product

t o but adi ene3adgibbipher opagﬁl\wcwhéranm Qa%%'eb/m%rfrohwsabbtﬂ 430 bENIES &fns fh@eagbout
90: 10 to about 70:3

mer_of in said weight ratio
i s from about SEM{8SE 6‘0'5%611?"9*?@%%@ abap, 10, é@lt??ﬁﬂ’t %%Bﬁal m 1, wherein said
star polymer has from about 4 to about 25 arnms, and each armhas a '

nol ecul ar wei,g of fro t 0 . The
LS b0t Sy BT MR ARl . B 1 EOR R b TP I
each arm has a 98" @ouUleae nwdﬁcgfh'twetﬁm?frf@maé%@ﬂxo@ﬂ]%@@ﬂﬂ@,%@out 140, 000.

5. The polymer of claim 4 having a number average molecular weight of from about 450,000 to
about 800,000.

6. The polymer of claim 1, wherein at least about 90 wt. % of the butadiene is incorporated into
the polymer as 1,4 units.

7. The polymer of claim 1, wherein at least about 90 wt. % of the isoprene is incorporated into the
polymer as 1,4 units.

8. The polymer of claim 1, comprising an anionic fiving polymerization product.

9. The polymer of claim 1, wherein said polymer has a molecutar weight distribution of less than
about 1.2.

10. A star polymer, the arms of which are a diblock copolymer having at least one first polymer
block derived from monoalkenyl arene, and at least one second polymer block comprising at
least partially hydrogenated random copolymer of isoprene and butadiene, wherein at least 70
wt. % of the butadiene is incorporated into the polymer as 1.4 units and the weight ratio of
isoprene addition product to butadiene addition product in said copolymer is in a range of from
about 90:10 to about 70:30.



5. The polymer of claim4 having a nunber average nol ecul ar wei ght of from
about 450,000 to about 800,000. 6. The polyner of claim1l, wherein at |east
about 90 wt. % of the butadiene is incorporated into the polymer as 1,4
units. 7. The polyner of claim1, wherein at |east about 90 wt. % of the
i soprene is incorporated into the polyner as 1,4 units. 8. The polynmer of
claim1, conprising an anionic living polynerization product. 9. The pol yner
of claim 1, wherein said polymer has a nol ecul ar wei ght distribution of |ess
than about 1.2. 10. A star polyner, thegarns of which are a di bl ock
copol ymer having at | east one first polymer block derived from nonoal kenyl
arene, and at | east one second polyner block conprising at |least partially
hydr ogenat ed] I. arhd polymepd |ciaime 10, oheieb epid @mes Bave abwinbel avage mhieswdr weight df éast 70
W . %of the bgb&ﬂh@%tb%bbm@éw% b i A1GeaRPLETRE b éom%r.éee'fJoadaam the
weight ratio o I soprene a dition guct to butadi ene additlon product in
sai d copol ymer 58 % ip FopHige “6rf 'OCEB‘EHE{V"‘QD 10 to about 70:30. -30- 11.
The pol yner of claim 10, wherein said arnms have a nunber average nol ecul ar
wei ght of from about 10,000 to about 700,000, and wherein said at |east one
first block tbripe pegrerfof giimablowherel sai number@verbarumole@ilamweighb abfsaid aimp ielfrock
copol ynmer. 11 Th&tpeboteap&k 36d @om 11, wherein sai d nunber average nol ecul ar
wei ght of said arns is from about 10,000 to about 300, 000. 13. A
| ubricating oil conposition conprising a major anount of oil of |ubricating
viscosity, amlAaubreetingnercosibositloaicomarisingra aBjoaameunt ofedil e adtirvaing eiscaam, fayd the
viscosity | nde)éo@%ertg?%ialmqqr!ncﬁt%n%n Oéf ect:vgqmgﬁfy th Psco:Hy m&t-xna%tﬂrboﬂbr%fatm .oil
nmodi fying the viscosity Index Icating sition co ng a
maj or anount GPmWSIt'O@)f | ubricating viscosi ty, Whl ch rret hod conpri ses addi ng
to said oil of lubricating viscosity an effective anount of a pol ymer of
claim 1. 14. A method of modifying the viscosity index of a lubricating cil composition comprising a major
amount of oil of lubricating viscosity, which method comprises adding to said oil of lubricating

viscosity an effective amount of a polymer of claim 1.



